


 

 

 

 

Selected Papers of International Conference of Industrial Technologies and 

Engineering 

 

M. Auezov South Kazakhstan State University 

 

 

Shymkent, Kazakhstan 

November 28, 2018 
 

 

 

 

 

 

 

 

 

 

 

 

ISSN 2410-4604 

 

 

 

 

 

 

 

 

All papers have been peer reviewed 

 

 

To learn more about ICITE 2018  www.icite.ukgu.kz 

 

 

 

 

 

 
 

http://www.icite.ukgu.kz/


EDITORIAL BOARD 
 

EDITOR –IN-CHIEF 

 

Academician of National Academy of Sciences of the Republic of Kazakhstan, Dr.His.Sci., 

Professor, Dariya Kozhamzharova 

 

DEPUTY OF EDITOR –IN-CHIEF 

 

PhD, Professor, University of Wolverhampton, the United Kingdom Jamal Khatib 

  

PhD, Professor, Universiti Putra Malaysia, Serdang, Malaysia Mohamed Othman 

 

 

INTERNATIONAL EDITORIAL BOARD 

Yuriy Nifontov - Dr. Tech. Sci., Professor, Scientific Research Laboratory for Electromagnetic 

Safety, Saint-Petersburg, Russia 

Rufat Abiyev - Dr. Tech. Sci., Professor, St. Petersburg State Institute of Technology (Technical 

University), Saint-Petersburg, Russia 

Valikhan Bishimbayev - Dr. Tech. Sci., Professor, Academician of the National Academy of 

Sciences of Kazakhstan, Almaty, Kazakhstan 

El-Sayed Negim - PhD, Faculty of Science and Engineering, University of Wolverhampton, 

Wolverhampton, United Kingdom 

Oleksandr Ivakhnenko - PhD, Director, Center for Petroleum Research, Heriot-Watt University, 

Edinburgh, Scotland 

Igor Petropavlovskiy - Dr. Tech. Sci., Professor, D.Mendeleev University of Chemical 

Technology of Russia, Moscow, Russia 

Viktor Malyshev - Dr. Tech. Sci., Professor, Institute of Chemistry and Metallurgy named after 

Abishev, Republic of Kazakhstan 

George Kagramanov - Doctor of Chemical Sciences, Professor, DI Mendeleev Russian University 

of Chemical Technology, Russia 

Valeriy Meshalkin - Dr. Tech. Sci., Professor, D.I. Mendeleev University of Chemical Technology 

of Russia, Russia 

Arnold Brener - Dr. Tech. Sci., Professor, M. Auezov South Kazakhstan State University, 

Shymkent, Kazakhstan 

Vyacheslav Tyutyunnik – Dr. Tech. Sci., Professor, President of the International Nobel Center 

for Information (IINC), Tambov, Russia 

Mustafa Nursoy - Professor, Bolu Abant Izzet Baysal University, Bolu, Turkey 

Marat Satayev - Vice-Rector for Scientific Work and Innovation, Dr. Tech. Sci., Professor, 

Corresponding Member of the National Academy of Sciences of the Republic of Kazakhstan, M. 

Auezov South Kazakhstan State University, Shymkent, Kazakhstan 

Eugeny Kenig – Professor, University Paderborn, Germany 

Sergey Gribkov – Cand. Tech. Sci., Professor, Member Correspondent RIA, Center for Science 

and Technology "VINDEK", Moscow, Russia.  

Mikhail Baklanov - Doctor, International University, Center for Microelectronics and 

Nanotechnology Research, Leuven, Belgium 

Nadezhda Slavinskaya - Leading Scientific Researcher, Professor, German Aerospace Agency, 

Stuttgart, Germany 

Anvar Buranov - Doctor, Kok Technologies Inc., Vancouver, Canada 

Mansur Farakhov - Doctor of Technical Sciences, Professor, Center for Engineering Promotion 

"Inzhehim" Kazan, Russia 

Polina Prokopovich - PhD, Professor, University of Cardiff, Cardiff, UK 



Malik Satayev - Dr. Tech. Sci., Professor, M. Auezov South Kazakhstan State University, 

Shymkent, Kazakhstan 

Botagoz Mutalieva - Cand. Tech. Sci., PhD, M. Auezov South Kazakhstan State University, 

Shymkent, Kazakhstan 

Aibek Mirzaev – Cand. Chem. Sci., Professor, M. Auezov South Kazakhstan State University, 

Shymkent, Kazakhstan 

Andrey Desyatov - Moscow Federal State University Enterprise, Keldysh Center, Moscow, Russia 

Natalya Kurakova – Dr. Sci., Professor, Head (Director) of the research laboratory (center) 

(Center for Scientific and Technical Expertise), Moscow, Russia 

Abdizhakhan Sarsenbi - Doctor of Physics and Mathematics, Professor, M. Auezov South 

Kazakhstan State University, Shymkent, Kazakhstan 

Altyn Esirkepova - Doctor of Economics, Professor, M. Auezov South Kazakhstan State 

University, Shymkent, Kazakhstan 

Marat Seydakhmetov - PhD, Associate Professor, M. Auezov South Kazakhstan State University, 

Shymkent, Kazakhstan 

Kulyanda Nurasheva - Doctor of Economics, Professor, M. Auezov South Kazakhstan State 

University, Shymkent, Kazakhstan 

 
 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

4 

 

STUDY ON THE COMFORT PROPERTIES OF RECYCLED WOOL 

FABRICS IN WET STATE 

 
Erhan KIRTAY, Gonca Özçelik KAYSERİ, Hacer IŞIKTAŞ 

 

Ege University, İzmir, Turkey 

 

erhan.kirtay@ege.edu.tr 

 

Abstract 

Clothing is an important factor, which influences humans and their performance. Day by day, people’s 

expectations for clothing increase because of developing technology and increasing variety in products. The most 

important of these expectations is the clothing comfort. Clothing should keep humans in the state of psychological, 

sensorial and thermophysiological comfort, especially during busy working hours. Contrary to common textiles, 

protective and functional garments and some technical textiles like textile dressings are also used in wet state due to 

sweating, rainy climate or some technological reasons. Wool fiber is hygroscopic, which can absorb water vapour by 

30% of its weight. Today wool is not used only in apparel, upholstery and carpet production but also usage in technical 

applications has been increased. In some applications, using recycled wool is preferred because of its high price and 

limited production. 

In this study, thermal conductivity, thermal resistance, thermal absorptivity, relative water vapour 

permeability, water vapour resistance and air permeability of recycled wool/PES blended woven fabrics in wet state 

were experimentally determined by Alambeta, Permetest and air permeability tester and results were discussed. 

According to results it was determined that with increasing fabrics humidity, the air permeability, water vapour 

resistance and thermal resistance decreased, but thermal conductivity, thermal absorptivity and water vapour 

permeability increased. 

 

Key words: thermal conductivity, thermal resistance, thermal absorptivity,relative water vapour permeability, 

water vapour resistance, air permeability,recycled wool, wet textile fabrics 

 
Introduction. Today, because of the rapid development of technology, the continuous change of 

fashion and the increase in product variety, the consumers are more conscious, more selective in clothing and 

the expectations of textile products are increasing especially during activities in business or social life and 

also on vocations. The expected clothing comfort starts with these expectations (Marmaralı 2007). 

The term comfort is defined as "the absence of unpleasantness or discomfort" or "a neutral state 

compared to the more active state of pleasure". There is general agreement that the movement of heat and 

water vapour through a garment is probably the most important factor in clothing comfort. Clothing comfort; 

covers the production and the usage of garments supplying comfortable feels in terms of thermal, 

psychological, aesthetic aspects. (Hes 2007) 

Today comfort is considered as fundamental property when a textile product is valued. The comfort 

characteristics of fabrics mainly depend on the structure, types of raw materials used, weight, moisture 

absorption, heat transmission and skin perception. 

Due to sweating, rainy climatic conditions or some technological reasons, contrary to common 

textiles, protective and functional garments and some technical textiles like textile dressings are also used in 

wet state. 

Wool is hygroscopic. It can absorb water vapour by 30% of its weight and the wetness is not felt. 

Wool fibers have high thermal insulation, high moisture absorption, flexibility, softness, low odor retention, 

antimicrobial properties, flame retardancy and breathability characteristics. Today wool is not used only in 

apparel, upholstery and carpets. Its usage in technical applications has been increased. On some applications, 

using recycled wool is preferred because of its high price and limited production. 

In the early times, while recovery does not often see value and reputation in the national economy 

and society, with the increase in conscious consumers, the bias of being a low-quality product of the product 

produced from the recovered substance is gradually broken. In fact, producers have begun to emphasize that 

they use recycled materials in their production, and thus, they use recycling as a source of prestige under the 

motto of production respectful to nature. 

Recycled wool is manufactured from wool fiber that comes from a variety of wool leftover fabrics. 

In 1813, Benjamin Law found the recycled wool fibers, called 'shoddy', Shoddy is the name given to an 

inferior woollen yarn made by shredding scraps of woollen rags into fibers, grinding them and then mixing 

mailto:erhan.kirtay@ege.edu.tr
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them with small amounts of new wool. The object was to manufacture a cheap cloth which could be made 

into products and clothes. It was also known as Rag-Wool. An even finer shredding process produced what 

was called Mungo. In the beginning, due to the lack of raw materials, the recovery of the wool fiber, which 

has emerged as a necessity, has provided significant economic benefits.  With the evaluation of the wool 

waste, a large part of the need for the pure wool production is met, the life with high comfort properties is 

reached with a lower price and the period of utilization of the fiber is prolonged. Furthermore, it is ensured 

that the natural resources are evaluated efficiently by avoiding the consumption of unconscious materials. 

Goldschmidt et al. (1992), measured the thermal conductivity values of the fabrics produced from 

wool, polypropylene, cotton and porous acrylic fibers. According to the study, it was observed that the 

thermal conductivity values had increased in wet condition for all samples. At 0% humidity level, the 

thermal conductivity value was approximately the same for all samples. The fabrics produced from wool 

fiber having higher degree of natural moisture can provide better thermal insulation than those made from 

other fibers under humid conditions. Ren and Ruckman (2003), examined the water vapor permeability of 2 

different waterproof breathable fabrics and found that water vapor transfer increased in the case of high 

moisture content and high concentration.Güneşoğlu et al. (2005) investigated the dry and wet heat absorption 

properties of futter knitted fabrics. It was determined that the wet absorbency values of all fabrics were 

higher than those of dry conditions. Hes (2007) measured the thermal resistance, thermal conductivity, water 

vapor permeability and air permeability of woven fabrics in wet state having different moisture content. In 

wet fabrics, thermal conductivity values increased and thermal resistance values decreased. The water vapor 

permeabilitywas increased and the air permeability was almost linearly reduced. 

In this study, by using woven fabrics obtained from recovered wool fiber which is respectful to 

nature and lower costs,  thermal properties, water vapor transmission properties and the air permeability 

properties were investigated in terms of the increased moisture content. 

Material and Method. The recycled wool containing fabrics used in this study were supplied from 

various enterprises in Turkey. Totally 10 different woven fabrics having different weaving patterns,  weights 

per meter square values and recycled wool contents were used as given in Table 1. Based on the weaving 

patterns and weight per meter square, fabric samples were categorized in three different groups. The first 

fabric group contained twill fabrics in the weight of 246–274 g/m
2
, the second group was constructed from 

heavier twill fabrics in the weight of 316–359 g/m
2
and in the third group, the fabrics were in plain pattern 

having 241–293 g/m
2
fabric weights 

 
Table 1. Physical properties of the fabrics 
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1D1 D 2/1 4/96 13 10 270 1.23 0.219 8 11 

1D2 D 2/1 18/82 18 9 246 1.24 0.198 11 13 

1D3 D 2/2 35/65 16 13 274 1.34 0.204 10 11 

1D4 D 2/2 60/40 20 16 271 0.83 0.326 12 13 

2D1 D 3/3 25/75 11 11 336 1.95 0.172 7 7 

2D2 D 2/2 32/68 11 11 359 2.49 0.144 6 7 

2D3 D 2/2 50/50 13 12 316 1.41 0.224 6 10 

3B1 B 1/1 68/32 13 8 293 2.59 0.113 6 9 

3B2 B 1/1 50/50 12 11 241 0.94 0.256 9 10 

3B3 B 1/1 45/55 12 9 260 2.23 0.116 8 8 

 

Thermal transition properties, water vapour permeability and air permeability of the fabrics were 

measured in wet state. Thermal properties of the fabrics were measured by Alambeta device. For the 

measurement in wet state, fabric samples were thoroughly wetted with water containing 1% wetting 

agent.The dripping water was removed and allowed to stand for 1 minute. The sample weight was measured 

on the Alambeta device. Before each repeated measurement, some water was removed from the sample and 
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the sample weight was weighed. This process was repeated 5 times for each sample and the moisture value 

was reduced as much as possible. 6
th
 measurements were made at 0% humidity. All moisture on the samples 

was removed by drying at 105 ° C for 15 minutes.   

Calculation of weight increase due to increased moisture: 

 
U [%] = 100. (mw – md) / md 

 

U=weight increase due to absorbed moisture, mw= Weight after mechanically drying, md = weight after 

drying in drying oven.  

 

 
 

Fig 1. Alambeta device 

 

Thermal conductivity () (W/mK), thermal resistance (r) (m
2
K/W) and thermal absorbance (b) 

(Ws
1/2

/m
2
K) values of the samples are measured in Alambeta device (Fig 1).  Measurements were made for 

all fabric samples. For each sample, 6 different moisture values were measured. Measurements were repeated 

1 time for each individual humidity value. The reason for this is that the moisture value does not remain 

constant due to the evaporation due to the time difference between the repeated measurement results. 

The measurement of water vapor resistance and relative water vapor permeability of the fabrics was 

made in Permetest device according to TS EN ISO 11092 standard in wet state. Permetest (Fig. 2) is called 

the skin model, represents dry and wet human skin through thermal feeling, and measures the water vapor 

resistance and relative water vapor permeability of the fabrics. For each fabric sample, 7 different moisture 

values were applied and measurements were repeated 1 time for each individual humidity value. 

 

 
 

Fig.2. Permetest device  

 

Wet air permeability values of the samples were measured in the Textest FX 3300 Air permeability tester 

according to TS 391 EN ISO 9237 standard. The measurements were made for 5 samples with different 

recycled wool / polyester ratios, different weight and thickness values. For each sample, 9 different moisture 

values were measured and the measurements were repeated 1 time for each individual humidity value. The 

measurements were performed under a 100 Pa pressure with a 20 cm
2
 surface area test head. 
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Fig. 3. Air permeability Tester 

 

Results and Discussion. Results of thermal properties of wet fabrics. The results of thermal conductivity, 

thermal resistance, thermal absorbency and humidity values of all fabrics are given in Table 2. 

 

Table 2. Thermal properties of the fabrics 

 

Fabric 

Sample 

Recycled 

wool/PES 

 [%/%] 

Weight 

per unit 

area 

[g/m
2
] 

Moisture 

content 

 ( U )  

[%] 

Thermal 

conductivity 

()   [W/mK] 

Thermal 

resistance (R)  

[m
2
K/W] 

Thermal 

absorbsivity 

(b) 

 [Ws
1/2

/m
2
K] 

 

1D1 

 

4/96 

 

270 

0 0.0448 0.037 89.1 
32.5 0.107 0.0122 336 

55.3 0.115 0.0115 408 

100.7 0.126 0.0111 508 

138.6 0.138 0.01 598 

240.9 0.164 0.0085 789 

 

1D2 

 

18/82 

 

246 

0 0.0399 0.0332 81.1 

35.3 0.0887 0.014 301 

73.4 0.0982 0.0133 397 

103 0.104 0.0127 456 

132.6 0.110 0.0119 512 

196.1 0.124 0.0107 631 

 

1D3 

 

35/65 

 

274 

0 0.042 0.0361 72.9 

14 0.075 0.0196 248 

63.4 0.0787 0.0189 288 

124.2 0.0896 0.0173 363 

204 0.0963 0.0171 451 

280 0.123 0.0131 629 

 

1D4 

 

60/40 

 

271 

0 0.0404 0.0361 80.9 

20.8 0.0646 0.0216 165 

40.3 0.0721 0.0202 219 

91 0.0779 0.0199 317 

133.9 0.082 0.0188 379 

184.6 0.0894 0.0168 435 

 

 

Fabric 

Sample 

Recycled 

wool/PES 

 [%/%] 

Weight per 

unit area 

[g/m
2
] 

Moisture 

content 

 ( U )  

[%] 

Thermal 

conductivity 

()    

[W/mK] 

Thermal 

resistance (R)  

[m
2
K/W] 

Thermal 

absorbsivity 

(b) 

 [Ws
1/2

/m
2
K] 

 

2D1 

 

25/75 

 

336 

0 0.0404 0.0505 76 

43.4 0.087 0.0222 271 

83.1 0.0956 0.0201 326 
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131.9 0.102 0.0194 384 

183.8 0.104 0.0187 432 

251 0.117 0.017 586 

 

2D2 

 

32/68 

 

359 

0 0.0427 0.0592 80.8 

34.9 0.0788 0.0315 234 

57.9 0.0815 0.0308 281 

98.1 0.0854 0.0304 310 

141.1 0.0896 0.0294 360 

192.8 0.0968 0.0289 407 

 

2D3 

 

50/50 

 

316 

0 0.043 0.0387 81.1 

18 0.0698 0.0203 229 

63.9 0.0812 0.0193 316 

113.1 0.0859 0.0184 375 

149.1 0.0923 0.0177 421 

185.2 0.101 0.0163 493 

 

3B1 

 

68/32 

 

293 

0 0.0403 0.0562 58.5 

22 0.0593 0.0341 151 

43.6 0.0687 0.0307 208 

97.4 0.0762 0.0293 249 

144.1 0.0834 0.0268 309 

208.7 0.0917 0.0247 414 

 

3B2 

 

50/50 

 

241 

0 0.0407 0.0323 66.6 

15.7 0.0629 0.0182 200 

32.9 0.0674 0.0177 240 

62.9 0.0706 0.0173 290 

101.5 0.0808 0.0162 384 

178.7 0.092 0.0143 511 

 

3B3 

 

45/55 

 

260 

0 0.0384 0.0531 58.2 

11.5 0.0731 0.0288 195 

55.3 0.0878 0.0249 256 

87.2 0.0915 0.0242 315 

143 0.0958 0.0238 334 

186.8 0.101 0.023 399 

 

The thermal conductivity value increases with increasing moisture content in all fabrics. This is due 

to the fact that the air in the pores is replaced by water with a higher thermal conductivity value. It was 

determined that the thermal conductivity values of the wet samples differ according to the wool content of 

the fabric. According to this; the highest thermal conductivity values of the samples with the highest recycled 

wool content were found to be the lowest and the wet conductivity values of the samples with the lowest 

recycled wool content were highest. This is due to the fact that the wool fiber has its own structure of 

moisture, but that the polyester fiber does not absorb moisture and builds water bridges between the fibers. 

The thermal resistance value decreases with increasing moisture value in all fabrics. This situation is 

due to the increase in the thermal conductivity value which is inversely proportional to the thermal resistance 

because the air in the pores is replaced by the water with higher thermal conductivity value. The reasons for 

the different wet resistance values of the samples are explained by the wool ratio and the thickness of the 

fabric. In the first group of fabric samples, the sample with the highest recycled wool ratio had the highest 

thermal resistance value in the wet state and the lowest heat recovery value of the lowest recycled wool ratio 

was found to be the lowest. In the second and third group fabric samples, the thickness of the sample with 

the highest thickness was found to be the highest, while the lowest thickness of the sample with the lowest 

thickness was found to be the lowest in the wet state. 
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In all fabrics, thermal absorbance value increases with increasing humidity value. This is due to the 

fact that the thermal conductivity and thermal capacity of the fabric are much higher than that of the fabric 

when water enters the fabric structure, which is much higher than the textile fibers and the air in the fabric. It 

was determined that the difference in the thermal absorbance values of the fabric samples was due to the 

recovered wool ratio and fabric density of the fabrics. The sample with the highest recycled wool content has 

the lowest wet absorbance value; the sample with the lowest recycled wool content has the highest wet 

absorbance value. The reason for this situation, moisture structure of the structure of the moisture in the 

structure of the moisture to take its own structure and until a certain rate does not create a sense of wetness, 

but it is believed that the polyester fiber is not in its own structure to create water bridges between the fibers. 

In addition, as the density value of the fabrics increased, the wet absorbency value was also increased. 

Results of Water Vapor Transition Properties of Wet Fabrics. The results of water vapor 

resistance and relative water vapor permeability of wet fabrics are given in Table 3. Measurements were 

made for 5 samples with different recycled wool / polyester ratios, different weight and thickness values. The 

aim was to investigate the effect of moisture on water vapor transmission properties in fabrics with different 

structural properties. 

 

Table 3. Results of Water Vapor Transition Properties of Wet Fabrics 

 

Fabric 

Sample 

Recycled 

wool/PES 

 [%/%] 

Weight per 

unit area 

[g/m
2
] 

Moisture 

content 

 ( U )  

[%] 

Water vapour 

resistance  

(Ret)  

[m2Pa/W] 

Relative water 

vapor 

permeability 

(Pwv)[%] 

 

1D4 

 

60/40 

 

271 

0 9.6 37.1 

8.3 5.1 46 

16.94 4.9 51.1 

30.5 4.2 54.8 

59.32 3.8 57.7 

88.13 3.6 59.4 

125.42 3.3 60.9 

169.49 3.3 61.2 

 

2D1 

 

25/75 

 

336 

0 9.7 36.6 

3.3 7.4 38.4 

50.63 4.9 46.7 

105.06 4.3 49.8 

137.97 4.2 52.6 

183.54 3.5 55.2 

229.11 3.4 56 

275.94 2.8 60 

 

2D2 

 

32/68 

 

359 

0 14 28.5 

4.32 8.9 33.3 

45.94 6.1 38.3 

102.7 5.7 41.6 

139.18 5.2 45.2 

166.21 4.3 49.1 

210.81 3.9 51.3 

 

2D3 

 

50/50 

 

316 

0 9.7 36.8 

3.46 5.3 43.8 

28 3.4 54 

78.66 3.1 55.7 

109.33 3 56.9 

141.33 2.8 58.1 
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186.66 2.7 59 

 

3B1 

 

68/32 

 

293 

0 11 34 

3.66 8.1 36.1 

22.53 5.8 46.3 

49.29 5.1 48.7 

107.04 5 49.3 

143.66 4.6 51.8 

169.01 4.4 52.5 

 

For all samples, the relative moisture content of the fabrics together with the relative water vapor 

permeability increases, while the water vapor resistance decreases. While the liquid water in the wet fabric 

structure is expected to form a partially continuous film and limit the transfer of water vapor, the relative 

water vapor permeability has increased. This is due to the cooling heat flow qv which is recorded by the 

device, the cooling heat flow due to evaporation from the fabric surface, and the total cooling heat flow 

increase. Water vapor resistance of fabrics decreased with increasing moisture. This is due to the increase in 

relative humidity as a result of the absorbed moisture. 

Results of air permeability properties of wet fabrics. The results of the air permeability value of 

wet fabrics are given in Table 4. Measurements were made for 5 samples with different recycled wool / 

polyester ratios, different weight and thickness values. The aim was to examine the effect of moisture 

content of fabrics having different structural properties. 

 

Table 4. The results of air permeability properties of wet fabrics 

Fabric 

Sample 

Recycled wool/PES 

 [%/%] 

Weight per unit area 

[g/m
2
] 

Air permeability 

[l/m
2
/s] 

Moisture content 

 ( U ) [%] 

 

1D4 

 

60/40 

 

271 

221 0 

181 12.94 

171 23.92 

157 36.07 

145 50.98 

126 62.35 

93 75.68 

47.4 95.68 

11 137.64 

 

2D1 

 

25/75 

 

336 

339 0 

310 21.03 

277 32.31 

234 46.03 

204 58.23 

148 82.31 

88.5 99.39 

65.9 115.85 

27.1 163.1 

 

2D2 

 

32/68 

 

359 

223 0 

145 40.68 

126 54.15 

114 69.91 

102 86.53 

80.4 110.6 

51.3 126.64 

29.1 162.75 
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8.85 206.5 

 

2D3 

 

50/50 

 

316 

368 0 

357 20.32 

318 31.47 

299 47.54 

284 57.04 

253 72.45 

217 85.57 

115 117.7 

56 142.95 

 

3B1 

 

68/32 

 

293 

355 0 

320 28.32 

302 40.55 

283 56.29 

272 71.67 

254 88.46 

225 103.14 

151 131.81 

80.3 164.33 

 

For all samples, the air permeability values of the fabrics decrease with the increasing moisture 

content. Due to the increased moisture content of the fabrics, the air permeability values are reduced due to 

the fact that the liquid water in the wet fabric structure creates a partially continuous film layer and blocks 

the fabric pores and restricts the air transfer.  

Conclusion. Fabric properties such as recycled wool / polyester ratio, weight, thickness, density, 

yarn count and thickness values in all fabric samples; it has not been able to change the effect of moisture in 

any of the heat, water vapor and air flow characteristics. 

The results showed that in the case of wetness caused by intense sweating or other reasons, the state 

of discomfort was formed. Due to the moisture absorbed by the fabric, the heat insulation property of the 

fabric, the air permeability property and the evaporating sweat transfer are reduced. However, the transfer of 

water vapor is compensated by the cooling effect caused by evaporation from the wet surface. 
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Abstract 

Cement industry is one of main branches of modern building industry. Saving of power resources is an actual 

problem for the cement industry, which basic output volume in Kyrgyzstan is produced by means of a wet production 

way. In this connection an effective way for saving resources and improvement of cement quality is optimization of raw 

materials’ structure and dispersion. 

Cement plants often apply raw materials polluted by such undesirable impurities as quartz grains, which 

negatively influence on clinker roasting processes and quality of the cement produced. 

Often sand is brought in a raw mixture together with limestone and clay components. Sand content is estimated 

in accordance of a ratio of SiO2/Al2O3 which should not exceed 3. 

Presence of coarse quartz grains in raw mixtures at the roasting leads to deceleration of mineral formation 

processes, increase in the fuel consumption necessary for manufacture of clinker with required saturation coefficient, 

decrease in resistance of lining in a sintering zone, strengthening of clinker dusting. 

Solving of this problem will allow us to expand a raw-material base used at cement plants, to reduce fuel 

consumption, to normalize operation of the enterprisers in whole, to improve quality of production and to lower its cost 

price. 

The article contains results of complex studying of influence of oxide composition and modular clinker 

characteristics on power inputs at roasting a Portland cement raw mixture, and also decrease in negative effect of 

coarse quartz particles containing in these mixtures. 

The research has been implemented using raw materials of OJSC “Kantsky cement plant” characterised by high 

sand content.  

Judging by the research results to neutralise negative effect of coarse-crystalline quartz on the clinker formation 

processes it is recommended the following directions: increase in grinding fineness of limestone and clay components; 

careful homogenization of raw mixtures; reduction of saturation coefficient of raw mixtures. 

 

Key words: raw mixture, grinding, roasting, Portland cement clinker, coarse-crystalline quartz, alit, belite, 

tricalcium aluminate, four-calcium alumoferrite.  

 

Introduction and experimental part. OJSC “Kantsky cement plant” applies for cement production 

the following raw materials: limestone; slates and marl as a clay component; cinders. Cement is produced by 

a wet way with use of solid fuel – coal. For implementation of the research we calculated compositions of 

ternary raw mixtures with addition of the ash obtained at combustion of fuel with different saturation 

coefficient (0.80; 0.70) (table 1, 2) [7]. At carrying out of the research the following analysis techniques were 

used: chemical and electron microscopic. This analysis was carried out by means of a scanning electronic 

microscope JSM-6490LV of JOEL Company. 

 

Table 1 – Calculated results of a ternary raw mixture for production of clinker with SC=0.80 

Component SiO2 Al2O3 Fe2O3 CaO MgO SO3 

Loss 

after 

roasting 

Others Sum % 

Limestone 9.58 2.16 1.23 42.11 0.26 0.14 31.83 0.11 87.43 87.43077 

Slate 0.62 0.17 0.11 0.47 0.04 0.00 0.45 0.09 1.95 1.950411 

Fuel ash 4.55 2.07 0.38 0.26 0.03 0.09 0.08 0.31 7.77 7.771325 

Cinder 0.50 0.18 1.88 0.16 0.05 0.07 0.00 0.00 2.85 2.847498 

Raw mixture 15.26 4.58 3.61 43.00 0.38 0.30 32.36 0.51 100.00 100 

Clinker 22.56 6.77 5.33 63.57 0.56 0.44  0.76 100.00 100.00 

С3S 34.29 

C2S 38.80 
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Table 2 – Calculated 

results of a ternary raw 

mixture for production of 

clinker with SC=0.70 

 

Chemical composition of the raw components of OJSC “Kantsky cement plant” applied for 

preparation of a raw mixture is presented in table 3. 

 

Table 3 - Chemical composition of raw components 

Component SiO2 Al2O3 Fe2O3 CaO MgO SO3 
Loss after 

roasting 
Others Sum 

Limestone 10.96 2.47 1.41 48.16 0.3 0.16 36.41 0.13 100 

Slate 31.92 8.78 5.71 24.14 1.82  22.9 4.71 100 

Fuel ash 58.53 26.61 4.94 3.4 0.39 1.19 1 3.94 100 

Cinder 17.72 6.44 66.02 5.61 1.81 2.4  0 100 

  

Results and discussion. The calculation of raw mixtures has shown, that their sand content increase: 

3.33 and 3.25, respectively.  

Sand content in the initial raw materials was determined according to a free silicon oxide SiO2free 

analysis technique in raw materials and slimes [8]. The following results were obtained: 

 

Limestone – Сslime=51% 

 

Slates – Сslime=57% 

 

Fuel ash – Сslime=7.7% 

 

Slime – Сslime=13.36% 

 

The residue (sieve of 0.08) was analyzed using a scanning electronic microscope [11] and oxide 

compositions and spectra were obtained. 

C3A 8.88 

C4AF 16.22 

  required calculated  Quantity of a liquid phase L, % 

SC = 0.8 0.8 L = 33.6025 

n = 1.863 1.863 

p = 1.27 1.27 

Component SiO2 Al2O3 Fe2O3 CaO MgO SO3 
Loss after 

roasting 
Others % 

Limestone 9.16 2.06 1.18 40.25 0.25 0.13 30.43 0.11 83.5698 

Slate 1.33 0.37 0.24 1.00 0.08 0.00 0.95 0.20 4.15792 

Fuel ash 5.22 2.37 0.44 0.30 0.03 0.11 0.09 0.35 8.91475 

Cinder 0.59 0.22 2.22 0.19 0.06 0.08 0.00 0.00 3.35755 

Raw mixture 16.30 5.02 4.07 41.74 0.42 0.32 31.47 0.66 100 

Clinker 23.78 7.32 5.94 60.91 0.62 0.47  0.96 100.00 

С3S 9.58 

C2S 60.95 

C3A 9.30 

C3A 9.30 

C4AF 18.07 

Sum 97.90 

 
requir

ed 

calculat

ed 
Quantity of a liquid phase L, % 

SC = 0.702 0.702 L = 38.8461 

n = 1.793 1.793 

p = 1.232 1.232 
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The research results are represented in Tables 4, 5, 6, 7. Microphotographs and energy-dispersion 

spectra of the studied samples 1, 2, 3, 4 are shown in figures. 

 

Table 4 – Oxide composition of slates in various points of the sample 

Oxide 1 2 3 4 5 6 

Na2O  0.3   0.2  

MgO 0.71 1.31 0.76 0.68 2.55 1.51 

Al2O3 1.04 12.97 1.3 1.58 13.12 2.65 

SiO2 1.09 57.8 2.89 2.63 42.16 3.27 

SO3     2.78  

K2O  2.77 0.47 0.22 2.81  

CaO 45.52 6.27 49.2 30.39 6.77 40.77 

TiO2  0.62   0.22  

Fe2O3 0.56 11 0.42 0.36 6.71 2.19 

 

Table 5 – Oxide composition of limestone in various points of the sample  

Oxide 1 2 3 4 

MgO 0.3 0.5 2.98 0.58 

Al2O3 0.36 0.49 4.2  

SiO2 52.56 0.47 15.9 0.36 

K2O  0.4 0.71  

CaO 15.04 39.7 33.48 42.49 

Fe2O3  0.34 3.02  

 

Table 6 - Oxide composition of fuel ash in various points of the sample 

Oxide 1 2 3 4 5 6 

Na2O   0.19 0.51  0.67 

MgO 0.33  0.71 0.66 0.43 0.91 

Al2O3 4.21 2.72 33.49 26.5 9.7 2.29 

SiO2 11.85 4.49 47.46 53.92 9.88 3.55 

SO3 0.48  2.88 0.35 0.4 2 

K2O  0.16  1.11 0.3 0.18 

CaO 0.69 0.31 0.78 2.35 33.79 43.9 

TiO2   2.35 0.47  0.23 

Fe2O3 0.86 127.54 1.41 0.66 0.79 0.46 

BaO 81.76      

 

Table 7 – Oxide composition of slime  

Oxide 1 2 3 4 5 6 

Na2O 0.2    0.28  

MgO 1.11 1.66 0.5 2.01 1.44 4.71 

Al2O3 2.46 2.93 0.73 3.78 2.87 2.87 

SiO2 25.34 25.35 0.86 36.21 25.75 5.03 

SO3 0.35 0.48  0.45 0.5 79.88 

K2O 1.29 0.59  1.048 0.94  

CaO 53.34 34.25 41.86 47.47 44.1 2.76 

TiO2    0.42 0.17  

Fe2O3 0.46 0.74 0.17  0.3 62.16 

P2O5 1.15 1.06  1.08 1.08  
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Element Weight 

% 

Atomic 

% 

 

O 33.09 59.44 

Mg 3.88 4.59 

Al 2.74 2.92 

Si 3.34 3.41 

S 0.19 0.17 

K 0.13 0.10 

Ca 1.02 0.73 

Ti 0.13 0.08 

Mn 0.92 0.48 

Fe 54.56 28.08 

 

Element Weight 

% 

Atomic 

% 

 

O 6.90 19.93 

Al 1.44 2.46 

Si 2.10 3.45 

K 0.15 0.17 

Ca 0.22 0.25 

Fe 89.19 73.73 

 

Fig. 1. Microphotographs and energy dispersion spectra of slates 

 

Element Weight 

% 

Atomic 

% 

 

C 15.33 23.33 

O 55.16 63.05 

Mg 0.30 0.22 

Al 0.26 0.17 

Si 0.22 0.14 

K 0.12 0.06 

Ca 28.38 12.95 

Fe 0.24 0.08 

 

Element Weight 

% 

Atomic 

% 

 

C 14.32 22.10 

O 54.80 63.48 

Mg 0.35 0.26 

Si 0.17 0.11 

Ca 30.37 14.04 

 

Fig. 2. Microphotographs and energy dispersion spectra of limestone 
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Element Weight 

% 

Atomic 

% 

 

O 55.43 68.94 

Na 0.14 0.12 

Mg 0.43 0.35 

Al 17.72 13.07 

Si 22.19 15.72 

K 1.15 0.58 

Ca 0.56 0.28 

Ti 1.41 0.58 

Fe 0.98 0.35 

 

Element Weight 

% 

Atomic 

% 

 

O 33.09 59.44 

Mg 3.88 4.59 

Al 2.74 2.92 

Si 3.34 3.41 

S 0.19 0.17 

K 0.13 0.10 

Ca 1.02 0.73 

Ti 0.13 0.08 

Mn 0.92 0.48 

Fe 54.56 28.08 

 

Fig. 3. Microphotographs and energy dispersion spectra of fuel ash 

 

Element Weight 

% 

Atomic 

% 

     

C 9.29 16.92 

O 36.58 50.04 

Na 0.15 0.14 

Mg 0.67 0.61 

Al 1.30 1.06 

Si 11.85 9.23 

P 0.50 0.36 

S 0.14 0.10 

K 1.07 0.60 

Ca 38.13 20.82 

 

Element Weight 

% 

Atomic 

% 

   

O 15.90 32.32 

Mg 2.84 3.79 

Al 1.52 1.83 

Si 2.35 2.72 

S 31.95 32.41 

Ca 1.97 1.60 

Fe 43.47 25.31 

 

Fig. 4. Microphotographs and energy dispersion spectra of slime 
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As follows from the results, coarse-crystalline quartz carriers are the limestone, slates and fuel ash. 

Analysis of the spectra shows that various points of the samples are characterized by increased SiO2 content. 

In addition, we analyzed slime of OJSC “Kantsky cement plant”. As follows from table 7, this 

furnace slime is characterized by high content of free silicon oxide (quartz); it can negatively influence on 

the sintering temperature in the roasting zone, resistance of a coating material, specific consumption of fuel 

and refractory materials, quality of clinker.  

In accordance with the results and on the basis of the calculations the synthesis of a Portland cement 

clinker from the investigated raw materials was implemented. 

The roasting was carried out in laboratory conditions in an electric furnace at temperatures from 

1380
0
С to 1400

0
С. 

Completeness of the roasting process was determined according to CaO assimilation degree in the 

clinker minerals. Free calcium oxide content in the clinkers was determined by an ethyl glycerate method in 

accordance with GOST 5382-91 [7]. Free calcium oxide content in the clinkers was 0,70%.  

The microphotographs were made with chips of the clinker cakes obtained from raw mixtures with 

various compositions and saturation coefficient SC=0,80; 0,70 (fig. 5, 6). 

The microphotograph of the clinker with SC=0,8 proves the well-defined crystallisation of minerals. 

Alit crystals are in a rhombohedral form and as prisms; aggregates of alit crystals and alit crystals with 

melted faces are also presented. Between the alit crystals and on their surface the light, needle-shaped 

calcium alumoferrite crystals and also dark intermediate substance С3А are well visible. Belite in kind of fine 

oval crystals is distributed non-uniformly. Also we can see its coarser roundish crystals.  

Judging by the microphotographs the structure of the clinker with SC=0,70 is inhomogeneously 

granular. Coarse fritted alit crystals include belite crystals. The alit crystals have different geometrical 

contours. The densely packed belite crystals are situated between the alit crystals. Quantity of belite is much 

more, than quantity of alit; it has the appearance of fine roundish and oval crystals. Dark stains in the 

microphotographs are pores. At decrease in the saturation coefficient the quantity of the melt in the clinker 

increases. The melt contains С4AF and C3A. 

 

            
 

Fig. 5. A microphotograph of the clinker structure (SC=0,80, T=1400
0
C) 

 

                
 

Fig. 6. A microphotograph of the clinker structure (SC=0,70, T=1380
0
C) 

 

Conclusion. The research permitted to establish, that a carrier of coarse-crystalline quartz is the off-

grade raw materials containing coarse quartz particles (in particular, limestone, slates and fuel ash). It has an 
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effect on grindability, reactivity, sinterability of clinkers. To solve this problem, i.e. to neutralize the negative 

influence of coarse-crystalline quartz on the clinker formation process we suggest: 

- homogenization; 

- increase in milling fineness of silica; 

- decrease in saturation coefficient of a raw mixture. 

Good homogenization is a necessary condition at the roasting of slimes containing coarse quartz 

grains (more than 200 microns). 

Increase in milling fineness allows increasing surface energy of the particles at the expense of 

chemical bond rupture, growth of the crystal imperfection and the contact area between the particles in the 

melt.  

Changes of properties of the raw mixtures used at the plant, and namely such their characteristics as 

saturation coefficient, silicate and aluminous modules and also oxide composition considerably influence on 

power consumption at grinding, temperature and heat consumption at roasting. Thus, calculation of a raw 

mixture is an important stage and can have an essential effect on manufacturing costs of the cement plant. 
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Abstract 

This paper presents an analysis of some geological and physical features of the structure of productive strata 

in Turan oil and gas province, determining the final oil recovery. The method of influence on the oil reservoir with the 

aim of increasing its oil recovery was chosen. 

The development of deposits only due to natural fields of reservoir energy is ineffective, since it allows 

obtaining only small final coefficients of oil recovery. Since the main type of field development is currently the 

development mode with maintaining reservoir pressure, the methods for maintaining reservoir pressure differ both in 

the way agents are put into the reservoir, and in their composition and properties. To maintain reservoir pressure, 

water, aqueous solutions of polymers, alkaline solutions, foams, gas, carbon dioxide, steam, emulsions, micellar 

solutions, etc. are injected into the reservoir. The choice of an agent for injection into the reservoir in each case is 

determined by the properties of oil, reservoir, development system and other reasons. At the same time, the agent 

injected into the reservoir performs two main functions: maintaining reservoir pressure and improving the process of 

displacing oil from the reservoir into producing wells. 

The physical and chemical bases of application of energy-accumulating additives based on ferroalloys and 

alkaline solutions for enhanced oil recovery have been investigated. A thermodynamic analysis of reactions was carried 

out, which the formation of a thermodynamic effect is possible; in order to determine the possibility of its use in the 

development of technologies for enhanced oil recovery. The kinetics of the interaction of silicocalcium with formation 

water and alkaline solutions in the formation water in Nuraly deposit has been studied. 

 

Key words: feature, oil recovery, heterogeneity, physical-chemical effect on the reservoir, development. 

 

Introduction. The efficiency of oil production from oil reservoirs by modern, practically mastered 

development methods in all countries is currently becoming ineffective, despite the increasing demand for oil 

products. The average final oil recovery in different countries and regions are from 25 to 40%. For example, 

in Latin America and Southeast Asia, the average oil recovery is 24–27%, in Iran - 16–17%, in the USA, 

Canada and Saudi Arabia - 33–37%, in the CIS countries and Russia - up to 40 %, depending on the structure 

of oil reserves and applied development methods. Residual or non-recoverable oil reserves developed by 

industrially developed methods reach, on average, 55–75% of the initial geological reserves of oil in the 

subsoil [1,2,3]. 

In this regard, the task of applying new technologies in oil production, allowing a significant increase 

in oil recovery already developed reservoirs, from which traditional residual oil reserves can no longer be 

extracted, is relevant. This fact is explained by the rapid depletion of the initial reserves of reservoir energy 

as the oil is withdrawn from the reservoir. In order to increase the effectiveness of the existing development 

mode, an artificial effect is applied to the oil reservoir. In this case, it is possible both to improve the 

characteristics of the existing mode of operation of the reservoir, and to replace it with a more efficient one 

in these conditions. 

An experience in the development of oil deposits, as well as theoretical and experimental studies 

have shown that one of the promising methods for enhancing oil recovery of reservoirs used in the fields is 

the physicochemical effect on the reservoir. It contributes to a decrease in surface tension at the interface of 

the displacing agent with oil as a result of a chemical reaction, an increase in in-situ pressure, as well as an 

increase in the temperature of the oil reservoir, resulting in improved filtration characteristics, changes in the 

wettability of rocks, activates the mode of dissolved gas, decreases the viscosity of oil and increases mobility 

of oil.  

Materials and methods. The deposits in Turan oil and gas province are multi-layer; deposits of the 

middle and upper Jurassic are productive. The section of the productive part is composed of terrigenous 

sediments, represented by interbedded sandstones, clays and siltstones, in the lower part argillite strata 

mailto:zhantassov@yandex.kz
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appear. Light oils, high paraffin (4.2 - 22.3%), with a pour point (+8 +29 °C), oil density 812-819 kg/m3, 

sulfur content 0.11 - 0.52%, paraffin 10.8 - 11.5%, asphaltenes 0.11 -0.92%, resins 4.8 - 8.42%. The initial 

reservoir pressure varies within 25.3-29.7 MPa, the temperature is 78-111 0С. The flow rates in the horizons 

range from 25,3 m3/day to 153 m3/day. Produced waters are highly mineralized, potassium chloride, with a 

reservoir temperature of 104-110 0С. Mineralization varies from 132 g/l to 177 [1-6] (Table 1). 

 

Table 1 - Characteristics of some fields in  Turan oil and gas province 

Name 

 of indicators 

Place of field 

Kumkol Aryskum Nuraly Bektas Akshabula

k 

Konys 

1 2 3 4 5 6 7 

Initial reservoir 

pressure, MPa 

11.5-13.76 10.49 19.4-21.5 9.66 17.59-

19.25 

11.2-

11.35 

Reservoir 

temperature, 0С 

49-56 44 85-90 35 68-74 56 

Open reservoir 

porosity, % 

19.3-23.7 17.4 15-19 23.7 11.2-20 19.6 

Permeability, mkm 2 0.172-

1.333 

0.054 0.002-0.308 0.015 0.0028-

0.03 

0.015 

Oil coefficient 0.58-0.71 0.66 0.689 0.45 0.51-0.61-

0.75 

0.58-0.68 

Density, kg/m 3 812-819 854 800-845 865 835 830 

Viscosity, MPa• s 15.6-18.3 16.9-23.8 14.6-22.5 21.3 19.3-20.6 18.5-26-6 

Oil production rate, 

m3/ day (primary) 

125.8 60.9 from 12.8 to 

111-149 

25.4 58-197 70.1-72.7 

total mineralization, 

g/l 

49.7-84 43.3 -63.3 63.7-87.7 28.3 The 

compos

ition of 

formati

on 

waters 

has not 

been 

studied 

The 

composit

ion of 

formatio

n waters 

has not 

been 

studied 

Content 

in oil, % 

Sulfur 0.11-0.52 0.46 0.01-0.9 0.42 0.05-

0.23 

0.16-0.19 

Paraffin

s 

10.8-11.5 9.7-27.2 4.8-25.6 15.9 8.9-

15.6 

12-15 

Asphalt

enes 

0.11-0.92 up to 

16.55 

(total 

content of 

asphalten

es and tar) 

6-17 

(total content 

of 

asphaltenes 

and tar) 

0.38 insignif

icantly 

9.3-10.72 

(total 

content 

of 

asphalten

es and 

tar) 

tar 4.8-8.42 10.78 2.2 

 

The specific features of the geological and physical structures of the productive strata in Turan oil 

and gas province determine the conditions for extracting oil from the subsoil and, consequently, the final oil 

recovery, include the following: - geological heterogeneity of reservoirs and properties of oil and water; - 

physical and chemical properties of oil and produced water; - conditions of occurrence of oil and water. 

Deposits in Turan oil and gas province are represented by high-viscosity oils (viscosity reaches more 

than 20 MPa•s). The content of asphalt-resinous substances of oil differ greatly among themselves. Thus, the 

content of silica gel resins varies from 4.8 to 8.42%, and the combined content of resins and asphaltenes 

reaches to 16.55%. The relative density of oil varies widely - from 812 to 945 kg/m3.  
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One of the main factors complicating the production of reservoirs by water flooding and physical-

chemical of oil recovery facilities at the fields is high salinity within the range of 1068.0 to 1186.9 kg/m3. 

Based on the analysis performed, in order to increase the final oil recovery of the layers of the considered 

fields is: 

- the use of physical-chemical of oil recovery facilities based on increasing the thermal energy of the 

reservoir, maintaining intra-layer pressure at the initial level and using solutions that affect the displacement 

of oil from porous media, in particular, the method of alkaline flooding of oil reservoirs in the presence of 

energy-accumulating additives. 

The use of alkali to increase oil recovery is based on the reduction of surface tension at the boundary 

of the displacing agent with oil as a result of a chemical reaction, leading to the formation of sodium soaps in 

the zone of surfactant contact. They easily dissolve in fresh water pumped after the alkali rim. Surfactants of 

the specified type dramatically reduce the surface tension at the oil-surfactant interface and increase the 

wettability of the reservoir with water. 

The use of alkaline solutions allowed the use of ferroalloys as energy-accumulating additives, 

aluminum, which in an alkaline solution interacts with water to release hydrogen. This will give an 

opportunity to further increase the in situ pressure, and the thermal effect of the reaction will increase the 

temperature of the reservoir. 

Results and its discussion. The Studies of the kinetics of the interaction of compositions based on 

various grades of ferroalloys and aluminum in alkaline solutions of produced water have shown the 

possibility of their use as energy-accumulating additives to increase the in-situ temperature of oil reservoirs. 

In the experiments, an alkali solution of NaOH with a concentration of 0.5-1.0% was used as the alkaline 

solution. The concentration of alkali was chosen based on the current practice of oil displacement by alkaline 

solutions. 

Considering the high cost and lack of its production in the republic, it is of interest to study the 

possibility of replacing alkali with various alkaline solutions, which are alkaline wastes of various industries. 

At the same time, in the case of a positive result, it becomes possible to use them not only for this specific 

purpose, but also for utilization, which is important for reducing environmental tensions in the places of their 

formation and storage. 

In this regard, studies of the interaction kinetics of optimal energy-accumulating additives identified 

in preliminary studies and alkaline solutions, which are alkaline waste from the production of chromium 

compounds and alkaline waste after leaching of diesel fuel distillates, were carried out. 

In the experiments, aqueous extracts of the indicated alkaline wastes were used with a concentration 

of 0.5-1.0%, calculated on the content of NaOH. 

In the course of the experiment, the reaction time was fixed (the beginning and the end of hydrogen 

evolution), the temperature increase of the solution, the amount of hydrogen released. 

The results of the study of the kinetics of the interaction of ferrosilicon with alkaline solutions in the 

reservoir water are presented in Fig. 1, and silicocalcium with formation water and alkaline solutions in 

produced water, show that the interaction process, as one would expect, is accompanied by an intense 

evolution of hydrogen and an increase in the temperature of the reaction mass. Especially, it is noticeable in 

the interaction of silicocalcium with formation water, the temperature of the reaction mass increases by 51-

53% and reaches 76.6 оС, while the release of hydrogen is 2.4-2.56 l/g. 

However, it should be noted that the addition of alkali to a solution of produced water leads to a 

noticeable decrease in hydrogen evolution to 0.64-0.75 l/g, and temperatures to 56.6 - 61.4 оС, therefore, 

further studies using silicocalcium are not appropriate. 

At the same time, the somewhat lower thermal effect of the reaction of the interaction of ferrosilicon 

with alkaline solutions in the reservoir water is 64.4 - 66.6 оС oil recovery facilities, and the less high release 

of hydrogen is 1.7-1.85 l/g, compensated by the possibility of its use in environment, which is preferred for 

enhanced oil recovery. 
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1- FS45, 2-FS65, 3-FS75 

 

Fig. 1. The dependence of the temperature of the reaction mass on the concentration of NaOH for various 

grades of ferrosilicon 

 

From the Fig. 1 shows that the interaction of various grades of ferrosilicon with an alkaline solution 

in the reservoir water, there is a general trend of increasing the temperature and amount of hydrogen emitted 

by the reaction with an increase in the concentration of alkali in the produced water from 0.5 to 1.0%. 

Increasing the alkali concentration to 1.5% in the reservoir water has little effect on the temperature 

increase and the amount of released hydrogen, which indicates its excessive concentration relative to the 

amount of the initial ferrosilicon. 

From the conducted experiments, it follows that of the studied ferrosilicon grades, the FS75 and 

FS65 grades are the most preferable, therefore, the FS45 brand was not used in further experiments. 

In order to determine the possibility of increasing the thermo-accumulating effect of the studied 

additives, a series of experiments was carried out on the kinetics of the interaction of powdered aluminum as 

an independent energy-accumulating additive with alkaline solutions of produced water, and as part of a 

composite mixture with ferrosilicon of FS75 and FS65 grades. 

The experimental results shown in Fig. 2 show that the thermo-accumulating effect of the additives 

studied depends on the alkali concentration, the amount of additives added, the composition of the composite 

additives. 

So, when a concentration of 0.5% of a stoichiometric amount of aluminum equal to 1.5 g is put into 

the solution, the temperature of the mixture increases to 59.9 оC, and 3.7 l/g of hydrogen is released. With an 

increase in the alkali concentration to 1.0% and the amount of aluminum injected to 3.0 g, the temperature of 

the reaction mixture rises to 69.8 оC, and the amount of released hydrogen is 7.4 l/g. 

At the same time, it is necessary to note a high reaction rate; its time is 14.5 minutes at an alkali 

concentration of 0.5 % and 23.6 minutes at a concentration of 1.0 % and a slight thermal accumulation 

effect, which prevents the use of aluminum as an independent energy-accumulating additive. 

A promising energy-accumulating additive is a composite mixture of ferrosilicon grades FS75 and 

FS65 and powdered aluminum. The thermally accumulating effect of a mixture of ferrosilicon and powdered 

aluminum depends on the concentration of alkali in the formation water and the ratio “ferrosilicon-

aluminum”. 

   

. . . 
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1 - FS75 + Al (1.75: 1.5), 2 - FS75 + Al (1.75: 3.0), 3 - FS65 + Al (1.75: 1.5), 

4 - FS65 + Al (1.75: 3.0) 

 

Fig. 2. The dependence of the temperature of the reaction mass on the concentration of NaOH for various 

grades of ferrosilicon with the addition of aluminum 

 

In the studied range of changes in alkali concentrations in the formation water from 0.5 to 1.0%, for 

the mixture FS75 - aluminum with the ratio “1.75-1.5”, an increase in temperature from 86.3 to 91.6 ° C and 

the amount released in the reaction of hydrogen is from 4.3 to 5.2 l / g of the mixture. 

Increasing the amount of aluminum in the mixture to a ratio of PS75 - aluminum "1.75-3.0" will 

allow raising the temperature in the reaction volume to 98.3 оС, and the amount of hydrogen produced will 

be 8.85 l/g of the mixture. 

An analogous character is observed when using an FS65-aluminum mixture with a ratio of 1.75-1.5-

3.0 as an energy-accumulating additive. Here, as in the previous case, with an increase in the concentration 

of alkali in the produced water and an increase in the amount of aluminum in the composite mixture, the 

thermodynamic effect and the amount of released hydrogen also increase. Moreover, in contrast to the 

mixture, “FS75 - aluminum”, in this case, with an increase in the concentration of alkali in the produced 

water, has a more significant effect on the increase in temperature. 

Conclusion. Thus, a series of experiments showed the prospect of using composite mixtures "FS75 - 

aluminum" and "FS65 - aluminum" as an energy-accumulating additive to increase the in-situ temperature of 

oil reservoirs. 

Conclusions: 1. an analysis of the geological and physical features of oil fields in Turan oil and gas 

province is conducted. 

2. A method has been chosen to influence the oil reservoir in order to increase its oil recovery. 

3. The physicochemical principles of the use of energy-accumulating additives based on ferroalloys 

and alkaline solutions for enhanced oil recovery were studied. 

4. A thermodynamic analysis of reactions was carried out, during which the formation of a 

thermodynamic effect is possible, with the aim of determining the possibility of its use in the development of 

technologies for enhanced oil recovery. 

5. The kinetics of the interaction of silicocalcium with formation water and alkaline solutions in the 

formation water in Nuraly deposit has been studied. 

6. The kinetics of the interaction of ferrosilicon with alkaline solutions in the formation water in 

Nuraly field has been studied. It has been established that the thermo-accumulating effect of the additives 

studied depends on the alkali concentration and the grade of ferrosilicon. Of the grades of ferrosilicon under 

investigation, the most preferred are the FS75 and FS65. 

7. The kinetics of the interaction of energy-accumulating additives based on ferroalloys and 

aluminum with alkaline solutions in the formation water in Nuraly field has been studied. It has been 

established that the thermo-accumulating effect of the additives studied depends on the concentration of 

alkali, the amount of additives added, the composition of the composite additives. 
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Abstract 

Based on the available preliminary information about compositions of protective coating layers, the selection 

of raw materials and their analysis were carried out. More detailed information about the individual components, their 

selection, replacement of one raw material for another and the reasons for these substitutions will be given in the 

results of the study. 

The main problem at creating multilayer polymer coatings is the choice of criteria for the possibility of 

combining selected composite materials in a single coating, as well as predicting the behavior of the previously formed 

coating under different operating conditions. A three-layer coating combines such advantages as high chemical 

resistance and interfacial properties of epoxy polymers with mechanical protection with a polymeric polyethylene film 

coating. The characteristics of the three-layer coating are based on the manifesting a synergistic effect between 

individual layers, thus forming strong chemical bonds between the components of the coating, which ensures the 

maximum manifestation of chemical and mechanical properties of protective coatings in general. Three-layer coatings 

have characteristics that none of the existing traditional coatings possess including the previously widely used two-

component coatings based on polyethylene and polymer powders. However, a high value of adhesive contact strength 

between the components is not a main guarantee of long-term reliable operation of such coatings, their performance 

and durability depends on many factors, among them the similarity of components’ behavior under conditions of sharp 

temperature growth is very important. 

 

Key words: vegetable filler, coating, gossypol resin, composite, research, analysis, savilen. 

 

Introduction. The study of the problem of compatibility of polymers is far from complete. The 

problem is of fundamental importance, since its serious solution involves serious problems of modifying the 

mailto:arslan67@mail.ru


Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

25 

 

properties of polymeric materials and therefore it is currently one of the most important in polymer 

chemistry and technology. Now the creation of new polymeric materials is, as a rule, not through the 

synthesis of new polymers, but through the creation of mixtures of known polymers. In this case, we are 

talking not only about mixed compositions, in which the components of the mixture are in comparable 

amounts, but also about the microadditives of polymers, their surface modification, etc. Such issues as 

microphase stratification, the ability to control the composition and size of microphases, etc. also arise here. 

Often polymers are not amenable to mixing, and are not compatible with other polymeric and inorganic 

materials. Accordingly, it is necessary to increase compatibility with other polymers, as well as with fillers 

and other additives. This becomes possible due to physical and chemical changes using functionalized 

polymers and chemicals, agents that promote adhesion between the resin and the filler, graft 

copolymerization, reactive extrusion, crosslinking, etc. Compatibility analysis plays a significant role in the 

development of many technological processes of polymer solutions and mixtures, since most polymers are 

limited compatible with each other and with low molecular weight solvents. The problem of compatibility in 

polymer systems due to its fundamental theoretical importance has been the subject of many fundamental 

and applied studies [1]. 

Studying the properties of polymer composite materials, research on assessing the contribution of 

each of the components of the mixture to their structural features and deformation - strength characteristics 

becomes of paramount importance. The use of simple mechanical mixtures of polymers consisting of 

components with certain properties is not enough to obtain high-quality materials, which is explained, as a 

rule, by the lack of compatibility of most polymer pairs due to low entropy of their mixing and weak 

adhesion in the interfacial area. The latter circumstance is one of the main reasons for phase separation and 

deterioration of the strength characteristics of composite materials. Polymer vapors can be considered 

compatible if they have the same polarity, correspond to each other in structure and solubility, contain the 

same polar groups, or interact with the formation of donor-acceptor, hydrogen or other bonds during the 

mixing process. But, as practice shows, even the fulfillment of these requirements is not always sufficient to 

obtain fully compatible polymer blends. Improving the compatibility of polymers can be achieved by several 

methods: selection of polymer pairs or modification of polymers, which are carried out so that a strong 

intermolecular interaction occurs between dissimilar polymer chains (for example, hydrogen bonding); 

carrying out chemical reactions between components of the mixture, resulting in an interpolymer; the put 

into the system of compatibilizers - low-molecular or high-molecular compounds that enhance the specific 

intermolecular interaction between the chains. Compatibilizers can be graft - and block copolymers. The 

analysis of the compatibility of polymers and the dependences of the glass transition temperature of mixtures 

on the composition showed that they have a different shape and can be described by ratios that do not require 

fitting parameters; for such an analysis it is only necessary to know the chemical structure of the 

components. Of course, this analysis does not cover all possible cases of polymer compatibility. To account 

for all the subtleties of the structure of polymers that affect compatibility and properties, special studies are 

needed. For increasing the level of deformation-strength characteristics of mixtures of polyolefins, a complex 

of studies was carried out in [2] on the formulation of reasonable and refined requirements for initial 

polymers according to macromolecular characteristics and monomeric composition. 

When developing new or modifying existing protective systems, it is often necessary to assess the 

possibility of using certain components to create a three-layer protective anti-corrosion coating, i.e. 

determine the possibility and probability of cracking and peeling of the coating components both between 

themselves and from the metal pipe (steel surface) under test conditions as close as possible to the actual 

operating conditions of the oil and gas pipelines 

Materials and methods. Polymeric materials are now truly revolutionized in technology and in our 

way of life and have become essential in various fields of human activity. Currently, the most widely used 

are polymer-based CMs, with all known homo- and hetero-chain polymers being used as the matrix, and 

organic and inorganic compounds as fillers. The use of heterochain polymers is due to the presence of 

chemically active groups in their chain, as a result of which composites made on their basis possess high 

mechanical properties due to a more durable frame. However, in cost, they are significantly superior to 

composites based on homochain polymers. For the economy of any production, it is important to use cheaper 

materials without losing the operational or physical-chemical characteristics of the product. 

The main difficulty in predicting the behavior of a multilayer coating in various extreme conditions 

is that the coating cannot be considered as a single whole, since it consists of polymeric components of 
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different chemical nature. Therefore, often researchers and developers of multilayer coatings are forced to 

break it into separate components and compare certain properties of polymer components. 

Polymers are characterized by a wide range of mechanical characteristics, strongly dependent on 

their structure. In addition to structural parameters, external factors greatly influence the mechanical 

properties of polymers: temperature, duration and frequency or rate of loading, pressure, type of stress state, 

heat treatment, nature of the environment, etc. As was shown above, oxidative destruction is one of the main 

causes of deterioration of polymers and failure of many polymer products. Therefore, the problem of 

protecting polymers from deterioration is complex. 

Now, to study the behavior of a multilayer polymer coating during thermal destruction is also 

necessary to resort to the study of the behavior of individual components. The study of the behavior of the 

components of a three-layer polymer anticorrosion coating under conditions of a sharp rise in temperature 

(i.e., during thermal destruction), as well as a prediction of the behavior of the coating as a whole, under such 

conditions, was practically not carried out. The use of the modification method allows you to create materials 

with optimal technological, physical-mechanical, adhesive, optical characteristics. When developing such 

materials, the choice of modifier concentrations is determined, among other parameters, also by their surface 

and interfacial properties. 

Results and its discussion. We carried out a comparative analysis of the data of [3,4] for the above 

systems with our experimental data obtained for the developed three-layer coating system, which showed 

good agreement for different coating layers with similar or similar compositions and significant deviations of 

the measured and calculated indicators for various compositions. These conclusions indirectly confirm the 

correctness of the chosen research methods and indicate the compatibility of the components in the proposed 

protective coating system. 

Table 1 shows the values of measured surface tensions for some components of the coating and 

auxiliary compounds in comparison with literature data. Comparison of the characteristics of the surface 

properties of the studied systems with the literature data is impossible due to the fact that new compositions 

were proposed for all three layers of the coating in our work. 

Table 2 shows the obtained values of the characteristics of the surface properties of the investigated 

systems for various contacts of a three-layer coating that has a predetermined (before optimization) 

composition: outer protective polyethylene layer (OPPL), wt.%: Vegetable filler - Guzapai - 30; mineral 

filler - wollastonite - 10 (option 1, OPPL 1) or organomodified layered silicate - 5 (OMLS - MMT, modified 

with 10% guanidine acrylate) (option 2, OPPL 2); savilen - 10; gossypol - 1.0; LDPE - the rest; adhesive 

intermediate layer (AIL), wt.%: Sevilen - 5, gossypol resin - 10, exfoliated vermiculite - 5; LDPE - the rest, 

the inner layer - primer (ILP), wt.%: ED-20 - 60, PEPA - 10, gossypol resin - 20, wollastonite - 10 [5,6]. 

 

Table 1 - Surface tensions of some objects of study 

 object γl , 10 
-3

, N/m γl 
d 

10 
-3

, N/m γl 
h 

10 
-3

, N/m 

Measured Lit. value Measured. Lit. value Measured. Lit. value. 

Distil water. 72.6 72.8 21.7 21.8 50.9 51.0 

 Model r-r 37.0 37.2 28.9 29.0 8.1 8.2 

 LDPE 33.5 33.2 33.3 33.2 0.2 0.0 

ED-20 56.0 55.7 30.1 30.08 25.9 25.62 

 

Table 2 - Surface properties of the studied systems for various contacts of a three-layer coating 

Systems Environment The value of surface free energy,10
-3

N/m Presence of a 

bundle γS1S2 γ S1l γS2l W adg 

OPPL1/ AIL Distil water 17.4 56.4 15.3 54.3 no 

Model r-r 17.3 19.2 9.9 11.8 no 

OPPL2/ AIL Distil water 18.5 58.9 15.3 55.7 no 

Model r-r 18.9 21.3 9.9 12.3 no 

AIP/ILP Distil water 7.2 15.3 14.8 22.9 no 

Model r-r 7.3 9.9 4.3 7.4 no 

ILP/ OPPl1 Distil water 72.5 14.8 56.4 -1.3 Yes 

Model r-r 35.9 4.3 19.2 -12.4 Yes 

ILP/ OPPL2 Distil water 77.2 14.8 58.9 -3.5 Yes 
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Model r-r 28.5 4.3 21.3 -3.0 Yes 

 

The difference in the physical and chemical properties of the components of the protective 

anticorrosion system during the formation and operation of the coating leads to a number of factors that 

adversely affect the strength and durability of such systems. Therefore, when developing protective 

multilayer coatings on the surface of oil and gas pipes, one should take into account the negative effect of 

thermal and diffusion residual stresses that arise, as a rule, leading to the destruction of the protective system. 

Residual stresses act in the interfacial plane and are directed against the forces of adhesion of surfaces. Thus, 

they reduce the strength of the adhesive contact at the interface. Table 3 shows some of the physical-

mechanical and operational properties of the studied polymers that make up the three-layer coating. 

 

Table 3 - Some physical-mechanical and operational properties of the composites that make up the three-

layer coating 

Composite σt, MPa Е, MPa Tm , К σobs, MPa  αv, % 

αv,% wt 

μ * 

OPPL 1 11.13 990 405 0.03 0.01 0.42 

OPPL 2 10.89 980 398 0.04 0.01 0.39 

AIL 22.76 1920 395 1.56 0.08 0.31 

ILP 12.34 2950 380 3.12 0.11 0.35 
* - σt - thermal residual stresses, Е - modulus of elasticity of the coating, tm – maximum temperature during 

the formation of adhesive joints, σobs - stress value due to swelling of the polymer coating in operating 

environments,  αv - degree of swelling of the polymer for 7 days,% by weight; μ – Poisson's ratio.  

 

The level of impact on the strength of the adhesive contact of the components of the protective system 

of thermal residual stresses in the temperature range of 80-120
о
C, affecting the studied multilayer system 

periodically, is 15-30%, and diffusion residual stresses (mainly constant action) are significantly lower - 1-

2%. These results allow us to conclude that the nature and level of thermal and diffusion residual stresses in 

the developed protective anti-corrosion systems allows to obtain quite stable both during the formation and 

during operation of multilayer polymer coatings on the surface of pipes intended for the oil industry. 

Conclusion. The obtained experimental data indicate that during the operation of the developed 

protective systems in physically aggressive media (water and surfactant solution), there is a high system 

stability at all phase boundaries for the three-layer coating system when the ILP - AIL - OPPL 1-2 layers 

alternate if pass the intermediate adhesive coating and realize ILP-OPPL 1-2 contact for option 1 or 2, then 

the system switches to the mode of instability of the adhesive contact. This testifies to the correctness of our 

working hypotheses on the compatibility of components in a separate composition and different 

compositions in a multi-layered three-layer coating and allows further optimization of the compositions 

based on the calculation of the values of the reversible thermodynamic adhesion work for individual layers 

of different composition. 
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Abstract 

Applications of magnetic petrophysics in petroleum engineering demonstrate new potential advantages for the 

oil and gas reservoir characterisation. In particular, petrophysical magnetic hysteresis method can provide rapid, 

improved, non-destructive characterisation of multiple mineral and fluid components for oil and gas field 

characterisation. The advantage of the hysteresis methods is identification of multiple mineral components in the 

petroleum reservoir samples, by acquiring data at a range of low and high applied magnetic fields. The results 

demonstrate importance of using this new technology for detailed reservoir analysis. Formation waters and injected sea 

water, which was pumped through the injected wells into the reservoirs, were also studied. All the fluids were free of 

solids, such as sand, clay and carbonate sediments or other fluid contamination. For magnetic susceptibility 

measurements comprising a magnetic susceptibility balance very sensitive measuring equipment was used.  

 

Key words: oil and gas reservoir characterisation, petroleum reservoir minerals, magnetic susceptibility, 

crude oil 

 

Newly developed petrophysical magnetic hysteresis method can provide rapid, improved, non-

destructive characterisation of multiple mineral and fluid components for reservoir characterisation. The 

advantage of the hysteresis method is identification of multiple mineral components in the petroleum 

reservoir samples, by acquiring data at a range of low and high applied magnetic fields. Plots of applied 

magnetic field versus magnetisation, where the slope represents the magnetic susceptibility, provide a 

universal template upon which any reservoir rock or fluid can be typed and characterised. Pure diamagnetic 

components, rock matrix minerals such as quartz and calcite, or reservoir fluids, such as crude oils and 

formation waters, are characterised by straight lines with negative slope. In contrast, the pure paramagnetic 

components, permeability controlling clays such as illite and chlorite display straight lines with positive 

slope. Mixtures of diamagnetic and paramagnetic minerals can be theoretically modelled and compared with 

experimental results on the plots. The presence of characteristic hysteresis loops at relatively low fields 

enable very small concentrations of ferri- or ferromagnetic minerals, such as magnetite or hematite to be also 

rapidly identified. The presence of multiple components, such as diamagnetic, paramagnetic and 

ferromagnetic types in the same reservoir core can be recognised by distinctive changes in the slope of the 

hysteresis curves as a function of applied field. Furthermore, magnetic remanence measurements can 

independently identify the magnetic remanence carrying ferro- or ferrimagnetic particles without any 

influence from the diamagnetic or paramagnetic components, which do not acquire a remnant magnetisation. 

mailto:aleksandr.ivakhnenko@ipetc.co.uk
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As a result the hysteresis and remanence measurements have allowed very sensitive characterisation of 

different reservoir rock and fluid types to be made. The techniques allow distinguishing subtle variations in 

the clastic reservoirs, different carbonate types and different reservoir fluids.  

The advantage of the hysteresis measurements on reservoir samples is that the magnetic 

susceptibility can be determined at a range of low and high applied fields. This allows distinguishing 

different mineral components in a sample as detailed further. Hysteresis curves are plotted on graphs of 

applied magnetic field versus magnetisation, and in the present work the applied field ranged up to almost 

1000 mT. On these plots the magnetic susceptibility is given by the slope of the graph. Changes in the slope 

for a given sample can indicate the presence of multiple components in the sample. Diamagnetic minerals 

(quartz, calcite, kaolinite) or fluids (most crude oils and formation waters) are recognised by exhibiting 

straight lines with negative slope. In contrast, paramagnetic minerals (illite, chlorite) will exhibit a straight 

line with positive slope. A mixture of a diamagnetic matrix mineral, such as quartz and a paramagnetic clay 

mineral, such as illite, will have a slope that is dependent upon the content of the two minerals. 

1. Introduction and Experiments. Magnetic methods are well-known in the area of petroleum 

engineering and geoscience. They have clear advantages for usage in the petroleum industry applications, 

including high resolution and rapidity of measurements [1,3]. However, there is very limited data about the 

magnetic susceptibility of the reservoir fluids, such as crude oils and formation waters. Recent studies by [2]  

showed that among crude oil components the most diamagnetic compounds are the alkanes, and the least 

diamagnetic hydrocarbon compounds are the aromatic hydrocarbons such as benzol with its homologues, 

naphtheno-aromatic and polycyclic aromatic hydrocarbons. Cyclopentane and cyclohexane hydrocarbons 

populate intermediate positions between the most and the least diamagnetic hydrocarbon compounds. 

Alkanes with cyclopentanes and cyclohexanes ranged in value from about -1.00 to -1.13 (10
-8

 m
3
 kg

-1
). 

Aromatic hydrocarbons have a magnetic susceptibility range of -0.85 to -0.97 (10
-8

 m
3
 kg

-1
). In contrast, the 

oxygen and nitrogen compounds were significantly less diamagnetic. In general, the sulphur crude oil 

components exhibit a susceptibility range similar to that of the benzol homologues.  

Hydrocarbon reservoirs contain a variety of naturally occurring fluids, including heavy and light oils, 

gas condensates, formation waters. The results in this study consider the main types of natural reservoir 

fluids in liquid form: crude oils and formation waters. A suite of representative samples of fresh crude oil 

were collected mainly from different oil fields from world oil provinces, including Middle East, North 

America, the Far East and Russia. The samples of crude were chosen with a range of distinctive physical and 

chemical differences. The fluids were kept in their sealed containers until a few days before the 

measurements when they were poured into glass sealed tubes.  

Formation waters and injected sea water, which was pumped through the injected wells into the 

reservoirs, were also studied. All the fluids were free of solids, such as sand, clay and carbonate sediments or 

other fluid contamination. For magnetic susceptibility measurements were used very sensitive measuring 

equipment comprising a magnetic susceptibility balance.  

2. Analysis and Discussions. Analysis of the magnetic susceptibilities of the natural reservoir fluids 

demonstrates that the magnetic susceptibilities of all the studied fluids are diamagnetic. Results show that the 

mass magnetic susceptibility of crude oils is changing in generals from a value of -0.9634 to -1.0401 (10
-8

 m
3
 

kg
-1

). The magnetic susceptibility of this range of crude oils differs by no more than 7.4% in their magnetic 

susceptibility values. The formation waters show a distinctly different range from -0.8729 to -0.8862 (10
-8

 m
3
 

kg
-1

). Formation waters vary by 1.5%.  

Formation waters are distinctly different from the crude oils (around 12%) in terms of their average 

magnetic susceptibilities. This demonstrates that there is a real difference between the magnetic 

susceptibility of the crude oils and the formation waters that would allow us to use this for the reservoir fluid 

detection, in particular in new logging tools. 

Mass magnetic susceptibility has also good correlation with the density of the natural reservoir 

fluids. There is a trend of higher density corresponding to less negative mass magnetic susceptibilities, with a 

clear difference between the oils and the formation waters.  

In relation to stock tank oil gravity there is also a distinct trend of decreasing mass magnetic 

susceptibility with increasing gravity. This trend is consistent with the expected trend on the basis of the 

susceptibility versus density results. Stock tank oil is oil as it exists at atmospheric conditions in a stock tank 

(it tends to lack much of the dissolved gas present at reservoir temperatures and pressures). The gravity is 

expressed as API degrees by the following equation below,   
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API = [141.5 / So] - 131.5 

 

where So is the stock tank oil specific gravity, or relative density, to water at 298 K, and API is an acronym 

for American Petroleum Institute. For a value of 10
o
 API, So is 1.0, the specific gravity of water.  

The values of the API gravity form the common basis of the oil classification system (Table 1). 

Results demonstrate that the magnetic susceptibility and API gravity are related to each other. Therefore, it 

appears possible use magnetic susceptibility for oil type classification. In general Table 1 shows that tar with 

API gravity less than 10
o
 is characterized by mass susceptibility values higher than -0.9592 (10

-8
 m

3
 kg

-1
). 

Heavy oils correspond to susceptibility in the range -0.9592 to -0.9952 (10
-8

 m
3
 kg

-1
). Black low shrinkage 

and volatile high shrinkage oils are characterized by mass susceptibility ranges of -1.0072 to -1.0312 and -

1.0312 to -1.0552 (10
-8

 m
3
 kg

-1
) respectively. 

 

Table 1. Magnetic susceptibility ranges of crude oils 

Reservoir fluid API 

gravity 

Mass magnetic susceptibility 

(10
-8

 m
3
 kg

-1
) 

Tar <10
o 

>-0.9592 

Heavy oil 10
o
-25

o
 -0.9592 - -0.9952 

Black low shrinkage oil 30
o
-40

o 
-1.0072 - -1.0312 

Volatile high shrinkage oil 40
o
-50

o 
-1.0312 - -1.0552 

 

It is important to consider the magnetic susceptibilities of crude oils and formation waters in relation 

to some typical petroleum reservoir minerals, such as the diamagnetic matrix minerals. The comparisons are 

shown in Fig. 1. The reservoir mineral data comes from previously published experimental results. The 

average values of the mass magnetic susceptibilities of the reservoir fluids are comparable but different in 

relation to the diamagnetic susceptibilities of the main matrix minerals, such as quartz, calcite shown in Fig. 

1. However, they are distinctly different from the higher positive values of the paramagnetic reservoir 

minerals such as clays.  

Magnetic susceptibility has potential applications to use in passive sensors in reservoirs for 

distinguishing between formation waters and crude oils. This is important for determination the onset of 

water breakthrough. Such sensors would provide an environmentally friendly alternative to radioactive 

tracers. Although viscosity meters might also distinguish between formation waters and crude oils, the 

magnetic sensors have a further advantage in that they could also rapidly detect small concentrations of 

ferrimagnetic minerals or migrating fines (such as paramagnetic clays). 

Since magnetic susceptibilities of the natural reservoir fluids are more negative than the majority of 

the diamagnetic matrix reservoir minerals such as quartz, feldspar and calcite, and at the same time the 

values are significantly less diamagnetic than the clay kaolinite, it appears that magnetic properties will 

allow typing fluids and minerals in rock-fluid interactions. The relative magnetic forces between quartz and 

formation water and between quartz and crude oil, in the Earth’s field, might be a factor in determining the 

wettability of the reservoir rock. For reservoir rocks containing significant amounts of paramagnetic clays, 

such as illite, the relative magnetic roles of formation water and crude oil could be reversed, most likely 

influencing the changes in wettability that one often observes between clean sandstone and muddy 

sandstones containing paramagnetic clays.  
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Fig. 1. Magnetic susceptibility of typical reservoir diamagnetic minerals and reservoir fluids. 

 

We studied plots of applied magnetic field versus magnetisation, where the slope represents the 

magnetic susceptibility, provide a universal template upon which any reservoir rock or fluid can be typed and 

characterised. Pure diamagnetic components, rock matrix minerals such as quartz and calcite, or reservoir 

fluids, such as crude oils and formation waters, are characterised by straight lines with negative slope. In 

contrast, the pure paramagnetic components, permeability controlling clays such as illite and chlorite display 

straight lines with positive slope. Mixtures of diamagnetic and paramagnetic minerals can be theoretically 

modelled and compared with experimental results on the plots. The presence of characteristic hysteresis 

loops at relatively low fields enable very small concentrations of ferri- or ferromagnetic minerals, such as 

magnetite or hematite to be also rapidly identified. The presence of multiple components, such as 

diamagnetic, paramagnetic and ferromagnetic types in the same reservoir core can be recognised by 

distinctive changes in the slope of the hysteresis curves as a function of applied field. Furthermore, magnetic 

remanence measurements can independently identify the magnetic remanence carrying ferro- or 

ferrimagnetic particles without any influence from the diamagnetic or paramagnetic components, which do 

not acquire a remnant magnetisation. As a result the hysteresis and remanence measurements have allowed 

very sensitive characterisation of different reservoir rock and fluid types to be made. The techniques allow 

distinguishing subtle variations in the clastic reservoirs, different carbonate types and different reservoir 

fluids.  

The advantage of the hysteresis measurements on reservoir samples is that the magnetic 

susceptibility can be determined at a range of low and high applied fields. This allows distinguishing 

different mineral components in a sample as detailed further. Hysteresis curves are plotted on graphs of 

applied magnetic field versus magnetisation, and in the present work the applied field ranged up to almost 

1000 mT. On these plots the magnetic susceptibility is given by the slope of the graph. Changes in the slope 

for a given sample can indicate the presence of multiple components in the sample. Diamagnetic minerals 

(quartz, calcite, kaolinite) or fluids (most crude oils and formation waters) are recognised by exhibiting 

straight lines with negative slope. In contrast, paramagnetic minerals (illite, chlorite) will exhibit a straight 

line with positive slope. A mixture of a diamagnetic matrix mineral, such as quartz and a paramagnetic clay 

mineral, such as illite, will have a slope that is dependent upon the content of the two minerals. We 

theoretically modelled response of different quartz plus illite mixtures on a hysteresis plot that is shown in 

Fig. 2. This shows that, whilst pure quartz has a relatively steep negative slope, small increases in illite 

content can have a dramatic effect on the slope of the hysteresis curve. In particular, just 4-5% illite content 

can cause the slope of the quartz plus illite mixture to become positive. Differences in the slopes of the 

hysteresis curves for different reservoir samples can potentially allow very sensitive and subtle changes in 

the magnetic mineralogy to be readily recognised. This is important, for instance, since small changes in 

illite content can significantly affect fluid permeability. These mineralogical changes may not be necessarily 

be readily identified by other methods, including XRD, which is generally regarded as semi-quantitative.  
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Fig 2. Theoretical models of magnetic hysteresis curves for various mixtures of illite and quartz reservoir 

sandstones. Selected diamagnetic (Dia) and paramagnetic (Para) mixtures are shown for clarity. 100% Dia 

refers to pure diamagnetic quartz and 100% Para refers to pure paramagnetic illite. 

 

The majority of ferro- or ferrimagnetic minerals saturate in fields much lower than the maximum 

field used in the present experiments (1000 mT). The presence of such minerals therefore causes 

characteristic hysteresis “loops” in the low field region of the graphs. The magnetic measurements allow 

these minerals to be quickly and non-destructively detected even when they occur in such small quantities 

that they may not be seen by destructive XRD. 

Example of clastic reservoir rock samples is represented by a clean sandstone and a muddy 

sandstone from the same reservoir. Hysteresis curves for the two studied samples reveal clear differences 

that can be explained by the relative amounts of the different mineral components they contain. Sample of 

clean sandstone exhibits an almost straight line with a steep negative slope. This demonstrates that the 

sample consists primarily of a diamagnetic mineral. This is consistent with the fact that this sample is a clean 

sand, essentially diamagnetic quartz. The slight “loop” in the curve at low applied field indicated the 

presence of a very minute amount of a ferrimagnetic mineral. Sample of muddy sandstone also exhibits a 

negative slope at high fields, indicating a predominant diamagnetic component, again quartz in this case, but 

the slope is less negative that for the sample of clean sandstone. This suggested an increased contribution 

from paramagnetic components in the rock of muddy sandstone. It is consistent with this sample having 

shally components, with a slightly higher content of paramagnetic illite clay. Also the more pronounced 

hysteresis “loop” at low applied fields demonstrated an increased ferrimagnetic component in sample of 

muddy sandstone compared to sample of clean sandstone.  

The vast majority of reservoir fluids are diamagnetic. As shown above and by Ivakhnenko et al 

(2004) there are identified clear differences between crude oils and formation waters on the basis of single 

magnetic reading measurements from a magnetic susceptibility balance, as well as more detailed 

measurements using a superconducting quantum interference device magnetometer. Hysteresis 

measurements have confirmed these differences. The study demonstrates that a crude oil sample from the 

Dunbar Field in the North Sea exhibits a steeper negative slope (more diamagnetic susceptibility) than a 

formation water sample from the same field. The results were consistent with the previous data obtained 

independently from the MSB and SQUID magnetometer (Ivakhnenko and Potter, 2004). For comparison, 

were studied data for kaolinite, quartz and illite using quoted values of susceptibility and reservoir rock 

samples. Therefore, mineral distinctions displayed in these type of plots are very important and useful as a 
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general template for characterising any petroleum reservoir rock or fluid samples, especially in low 

permeability petroleum reservoirs. 

3. Conclusions. It was confirmed that there were distinct differences between the magnetic 

susceptibilities of crude oils and formation waters. All fluids were diamagnetic, but the values for the crude 

oils were more negative diamagnetically. The values of magnetic susceptibility for the crude oils and 

formation waters correlated with their densities and API gravity. It was also demonstrated that the magnetic 

susceptibilities of the reservoir fluids are much closer in value to the main diamagnetic matrix minerals, such 

as quartz and calcite, than the paramagnetic permeability controlling clay minerals.  

The magnetic susceptibility of reservoir fluids appears to be important parameter for rapidly 

characterising types of reservoir fluids, such as formation water and crude oil. It allows quantitatively and 

rapidly distinguishing different types of crude oils. Further work may show that this approach is better than 

the other methods. It is important for detecting major physical properties and the presence of fines and 

contaminants together with detecting changes in fluids in-situ in the presence of the background reservoir 

rock matrix signal.  

Hysteresis plots of applied magnetic field versus magnetisation from rapid, non-destructive magnetic 

measurements can be used as a universal template for characterising different reservoir samples. They can 

help identify multiple mineral components in any reservoir rock sample, and therefore provide another 

means of reservoir rock typing. Different reservoir fluids can also be distinguished. Changes in the slope and 

the magnetic susceptibility of the hysteresis curves reflect the different components. At low fields 

characteristic hysteresis “loops” indicate the presence of ferro- or ferrimagnetic minerals. Straight line 

sections with negative slope are due to diamagnetic components (such as the matrix minerals quartz and 

calcite, as well as most reservoir fluids), whilst straight line sections with positive slope are due to 

paramagnetic components, such as the clay illite. Such straight line sections are generally apparent at high 

applied fields, where there is no influence from the ferrimagnetic components that generally saturate in lower 

fields. The relative amounts of paramagnetic and diamagnetic minerals in a reservoir rock, such as 

paramagnetic clays in a quartz matrix, can be quantified from the slope of the straight line at high fields, and 

applied for low permeability and other types of oil and gas fields.  
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Abstract 

Properties of liquid interfaces are essential for many high-tech productions, such as in cosmetic and 

pharmaceutical industry, or at flotation of minerals or in the pulp and paper industry. Liquid drops and gas bubbles in 

surfactant or polymer solutions are perfect objects for various types of investigations. First of all measurements of 

surface (liquid/gas) and interfacial tension (liquid/liquid) are possible via the shape of drops and bubbles. The 

capillary pressure inside small spherical  drops or bubbles give access to short time tension data. Harmonic 

oscillations of spherical drops or bubbles represent a tool for measuring the dilational viscoelasticity of interfacial 

layers. These dynamic properties help to tailor complex technological systems. 

When single drop and bubble methods are applied under dynamic conditions, there is the same challenge of 

combined effects from adsorption dynamics at the corresponding liquid interfaces and the liquid flow of the fluid phases 

around. This is for example the case inrising drop/bubble experiments as part of the flotation process, or for oscillating 

drops/bubbles in order to measure the dilational visco-elasticity of the interfacial layers. Oscillations at too high 

frequencies the drop and bubble profiles deviate from a Laplacian shape. Capillary pressure tensiometry allows 

measurements at shorter adsorption times and oscillations at higher frequency, however, also these methods have limits 

in formation time and oscillation frequency. 

This contribution gives an overview of the state of the art of experimental tools applied to characterise fluid 

interfaces and discusses their limits of application.  

 

Key words: Drop profile tensiometry, Capillary pressure tensiometry, Rising bubble velocity, Dynamic surface 

tension, Dilational visco-elasticity, Drop oscillations, Adsorption layers, Surfactants, Polymers. 

 

Introduction. Due to the many fields of application, dynamic interfacial properties are gaining 

increasing interest. For an increased efficiency of many technologies production steps typically accelerated 

to highest possible speed. For liquid based technologies, such accelerations result in a fasterformation of 

interfaces. For liquid disperse systems, such as emulsions and foams, this leads to faster and faster formation 

of droplets or bubbles. This trend in many modern technologies generates the request for an increase of 

fundamental knowledge, in form of new experimental tools as well as new theories. As example, we can 

mention here the encapsulations of active molecules, made eithervia classical emulsification [1] or via 

double emulsions [2]. Systematic knowledge on the properties of the involved liquid interfaces is required 

for any successful development of new products.  

The most versatile group of experimentalmethods for the characterisation of liquid interfacial layers 

is tensiometry. This methodology is now mostfrequently used, and it provides quantitative properties of 

liquid interfaces[3].Instead of the classical methods like ring and plate tensiometry, methods like drop/bubble 

profile and capillary pressure tensiometry are the routine techniques now. This is due to the progress made in 

electronic sensors and computer power during the last three decades. For the mentioned tensiometry 

methods, in particularthe availability of video cameras withextremely high quality, high resolution, and high 

frame rates is essential.Also the development of very accurate pressure sensors, working in contact with gas 

as well as with liquids, is an essential fact that allowed to development of excellent tensiometrymethods[4]. 

At present, mainly twocomplementary tensiometry techniques exist – drop and bubbleprofile analysis and 

capillarypressure. They both together cover a very broad time interval from some milliseconds up to hours of 

interfacial age. 

https://www.researchgate.net/institution/Al-Farabi_Kazakh_National_University
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Methodology. In our studies we use mainly two methodologies, the profily analysis tensiometry and 

the capillary pressure tensiometry, which both will be described briefly. In addition, the application of these 

methods for measuring the dilational visco-elasticity is summarised, based on the oscillating of single drops 

or bubbles. Finally we emphasis the large impact of even traces of surface active molecules on the velocity 

of rising bubbles in a respective liquid medium. 

The tensiometry based on the analysis of the profile of pendent drops (PAT) or buoyant bubbles was 

originallycalled axisymmetric drop shape analysis — ADSA[5].Nowadays this method is aroutine tool 

formeasuring the surface and interfacialtension.The most recent state of the art was described very recently 

by Saad and Neumann in[6]. The profile analysis tensiometry has many advantages as compared to the 

traditionalWilhelmy plate and Du Nouy Ringtensiometers.PAT is easy to handle andneedsvery small 

amounts of liquid for the measurements. Followingthe changes in the profile of a drop or bubble with time 

provides the dynamic interfacial tension and hence the process of adsorption of a surfactant or polymer at the 

interface. In [7] the main details for this methodology are summarised, including the optimum for the various 

elements of such a tensiometer. 

The first functioning capillary pressure tensiometer(CPT) based on an electronic pressure sensorwas 

described by a group in Genoa in 1995 [8]. Later in[9] the great potential of this method was demonstrated, 

suitable to characterize liquid-fluid interfaces under dynamicconditions. The method allows to monitor fast 

changes of the surface/interfacial properties.Protocols like growing and oscillating drops are most relevant 

modes of this technique.It is important to note that CPT is the only technique to measure the interfacial 

tension between two liquid of similar density or under microgravity conditions. 

The set-up of a capillary pressure tensiometer (CPT)contains mainly a pressure sensor and an 

accurate dosing system, as described in detail elsewhere [9].The key element, however, is a well-designed 

capillary, which allows to form tiny drops or bubbles at its tip, as their size is rather small, i.e. of about 

r = 100 µm. 

The principle of CPT consists in calculating the surfaceor interfacial tension value from the 

measured pressure P of a drop/bubble with diameter r (determined from a video image) via the Laplace 

equationin its simplest form for spherical menisci, γ= P/(2/r).In the case of very dynamic conditions, such as 

growing or oscillating drops, the hydrodynamiccontributions are important and must be consideredfor getting 

accurate physical values. 

The dilational visco-elasticity of interfacial layers was systematically described already in the sixties 

of the last century [10]. In 1975 [
1
1], for the first time a bubble was generated to harmonic oscillations with 

the aim to measure the dilational elasticity E = dγ/d lnA of the bubble surface, where A is the interfacial area 

subject to harmonic changes.Since then, the tensiometry of oscillating drops and bubblesbecame the routine 

technique for determining the dilational visco-elasticity of interfacial layers. Set-ups for measuring the 

dilational interfacial rheology based on single drop or bubble experiments havebeen described in detail in 

[12]. The set-ups are mainly identical to aCPT, however, a particular dosing system is required to generate 

small drop volume changes. This is in modern instruments realized by a piezo translator [9]. Also PAT 

instruments are suitable for oscillating drop and bubble experiments, however, only at very low frequencies 

of maximum 0.1 Hz.  

In many publications it was pointed out that the velocity of rising air bubbles in surfactant or 

polymer solutionsdepends strongly on the concentration [13], which is due to a change in the mobility of the 

bubble surface. In the case of really pure liquids like water, the bubble surface is completely mobile. 

However, when surfactants or polimers adsorb, the mobility the bubble surface decreases and the rising 

velocity decreases. The theory of Hadamard [14]and Rybczynski[15] predicts that due to changes in mobility 

of the bubble surface its rising velocity can be reduced by about 50%. Else, the bubble rise is determined 

mainly by the bubble's size and by the liquid’sviscosity. 

Results and discussion. After having described the main experimental techniques suitable to study 

important properties of liquid interfacial layers some selected examples will be presented and discussed 

below.  

For the formation and stabilization of emulsions, the distribution coefficients of a surfactant between 

the aqueous and oil phase is very important. Recently, we presented a new protocol by which this 

distribution coefficient can be determined [
1
6]. This protocol is based on the measurement of the dynamic 

interfacial tension of solution drops in oil and of oil drops in the aqueous phase. In Figs. 1 and 2, the 

dynamic interfacial tension curves are shown as measured for different initial bulk concentrations of the non-

ionic surfactant C13DMPO (tridecyl dimethyl phosphine oxide).  
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Fig.1. Dynamic interfacial tension at the interface between aqueous C13DMPOsolutions and hexane; the 

solution drops were formed in hexane atvarious C13DMPO concentrations as labelled at the curves in 

µmol/l;dashed lines are the theoretical calculations; data taken from [16]. 

 

 
Fig. 2. Dynamic interfacial tension at the interface between a hexane drop formed in aqueous solutions of 

C13DMPO at various concentrations as labelled in μmol/l. dashed lines are theoretical calculations; data 

taken from [16]. 

 

As we can see in these figures, at the same initial C13DMPO concentration, the course of the 

dynamic interfacial tensions is very different for the two cases: solution drop in hexane (Fig. 1) and hexane 

drop in solution (Fig. 2). The reason for the remarkable difference is the distribution of the non-ionic 

surfactant between the two bulk phases. What happens is, the surfactant molecules diffuse to and adsorb at 

the interface. At the same time, the adsorbed molecules at the interface are not in equilibrium with the oil 

phase and therefore desorb and diffuse into the oil phase, governed by the distribution coefficient. While in 

the case of a solution drop (about 0.022 ml) formed in hexane(volume of cuvette is 25 ml) the ratio of water-

to-oil is about very small, 0.0009, the same ratio in the opposite case of a hexane drop in the aqueous 

solution is very large, 1136. In the first case, a large amount of surfactant is transported from the aqueous 

phase via the interface into the large oil phase, leading to a remarkable decrease of concentration in the 
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aqueous solution. In contrast, in the second case, only a small number of surfactant molecules transfer from 

the aqueous phase via the interface into the small volume of oil, so that the change in concentration in the 

aqueous solution is not very large. The analysis of the dynamic interfacial tensions, taking adsorption 

desorption and interfacial transfer into account lead to a distribution coefficient of C13DMPO in the 

water/hexane system of about 30. This is in excellent agreement with the earlier work by Ferrari et al. [17]. 

Often, emulsions are stabilized by mixed solutions containing of polyelectrolytes and surfactants. 

Polyelectrolytes are usually not surface active, however, by the addition of counter-charged surfactants 

complexes of high surface activity are formed which then adsorb at the interface and provide surface layers 

at the drop surfaces that prevent them from coalescence.  

In [18] it was shown how surface tension isotherms can provide detailed information about this 

complex formation. A systematic studywas dedicated to systems containing the anionic polyelectrolyte 

sodium polystyrenesulfonate (PSS) and the cationic surfactant dodecyl trimethyl ammonium 

bromide(DoTAB)in [19]. As one can see in Fig. 3, the addition of small amounts of DoTAB leads to a strong 

reduction of the interfacial tension. This can be only explained by the formation of highly surface active 

complexes of PSS and DoTAB. With increasing DoTAB concentration (at a fixed PSS concentration of 10
-

3
mol/l) the complexes become more and more hydrophobic and eventually get compacted via intra-complex 

interaction. Du to an on-going complexation, the very hydrophobic complexes become hydrophilized (via 

hydrophobic interaction between the DoTAB alkyl chains) forming a secondary corona around the earlier 

complexes, which now are almost not surface active. This physical picture was confirmed by additional zeta-

potential measurements, showing a charge transition from negative (PSS and the first complexes) to positive 

(caused by the second corona around the complexes, formed by the cationic surfactants). This process is 

completed after the small plateau in the isotherm for the mixture. Then, any addition of surfactant leads to a 

direct adsorption at the interface, hence to a further decrease of the interfacial tension. 

In [20] another oppositely charged polyelectrolyte/surfactant mixtures at the water/hexane interface 

was investigated, the positively charger polyallylamine hydrochloride (PAH) and the negatively charged 

sodium alkyl sulfates (NaCnSO4 with different alkyl chain lengths n=10, 12, 14 and 16). The general picture 

for the complex format was similar to the system studied before [19], however, the surfactant’s chain length 

plays a role in the formation process of the complexes and the subsequently formed corona. At chain length 

n>12, the surfactant adsorb at the interface rather than take part in the process of complexation. 

 

 
 

Fig. 3. Equilibrium interfacial tensions for solutions of PSS-DoTAB mixtures (1) and DoTABalone (2) at the 

water/tetradecane interface at constant polymer concentration of CPSS = 1 mmol/l;data taken from [19]. 

 

The formation of double emulsionsvia the control of the interfacial layers’ composition was 

discussed in [2].The two images in Fig. 4 show a primary emulsion and the subsequent double emulsion. 

Note, the details of the system compositions are given in [2]. 
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Fig. 4. Image of a primary W/0 emulsion (left), and of a double emulsion (right), taken from [2]. 

 

The formulation of the solutions required for an optimum stabilization of the inner W/O emulsion, 

and the required emulsifiers to form the double emulsion, were supported by interfacial tension 

measurements at the inner and outer emulsion interfaces in order to optimise the concentrations of the 

respective emulsifiers. 

As mentioned above, the velocity of rising gas bubbles in liquids is extremely sensitive to the 

presence of surface active molecules (see for example [
2
1]). The experiment consists in measuring the 

velocity of a bubble rising in a glass column from the place of its formation at the tip of a narrow capillary 

along its pass up to the liquid top. The velocity of the bubble is mainly given by its size and the properties of 

its surface layer. 

In [
2
2]the rising velocities of air bubbles in solutions of proteins, surfactants and their mixtures were 

performed. The diameter of the bubbles used in these experiments was 1.48 ± 0.01 mm, leading to a terminal 

velocity of about 35 cm/s. This velocity refers to a bubble with a completely mobile surface (see Fig. 5). 

Smallest amounts of the studied protein ß-lactoglobulin (BLG) or the surfactant sodium dodecyl sulphate 

(SDS) lead to a completely different velocity profile. Instead of a simple increase with the travel distance and 

then a levelling off at a respective value, which depends essentially on the bubble diameter and the liquid’s 

viscosity, the velocity passes a maximum and then decreases again. Once a sufficiently strong 

immobilisation of the bubble surface is reached, the velocity reaches a terminal velocity. This velocity about 

15 cm/s refers to a completely immobilised bubble surface. As we can see in Fig. 5, at a small concentration 

of BLG and a very small concentration of SDS of almost three orders of magnitude below its critical micelle 

concentration, the bubble surface becomes quickly immobilised.  
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Fig. 5. Local velocity of air bubbles, rising in solutions of BLG, SDS and their mixtures, as a function of the 

distance from the capillary tip; data taken from [22]. 

 

Conclusions. Experiments with single drops and bubbles have been developed over the last decades 

to become standard and routine methods in colloid science of fluid systems. In particular the drop profile 

analysis and capillary pressure tensiometry are powerful tools and provide information about the dynamic 

and equilibrium properties of liquid interfacial layers. This information is essential for the design of liquid 

disperse systems, such as emulsions, foams, double emulsions. It is shown by selected experimental 

examples how interfacial layers are formed by polymers and surfactants. As the two methods allow also to 

measure the mechanical (dilational visco-elasticity) interfacial properties they provide information about the 

stability of systems like emulsions under dynamic conditions like the transport through pipes etc. 

A particular experiment of rising bubbles is discussed as most sensible to the presence of adsorbed 

surface active molecules. While all tensiometry methods do not detect the adsorbed molecules yet, the 

velocity of a rising air bubble in such solution is significantly reduced. The rising bubble acts like a collector 

of surface active species in the liquid and makes them visible in a very easy way. At the same time, rising 

bubbles are part of the flotation process and collect the material to be separated and carry it to the top froth 

layer. Note, however, a complete theoretical understanding of this combined surface science and fluid 

dynamics process is still pending. 
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Abstract 

Kinetic regularities of an ammonia saltpeter thermal decomposition process were studied with application of a 

50% water solution of the ammonia saltpeter produced by JSC “Kazazot”. The process was investigated at changing of 

the solution temperature from 19°С to 110°С at its  monotonous  growth from 19°С to 60°С within 13 minutes, and  

from 60
 
 to 110°С within the next 2 minutes. Then during the next 45 minutes the experiments were implemented at 

constant temperature of 110°С. The ammonium nitrate decomposition process was judged by changing the pH of the 

solution over time. 

The research results have shown, that ammonia saltpeter at all studied temperatures is underwent to thermal 

decomposition. The process takes place most intensively within the first 30 minutes, and then it slowly reaches the 

equilibrium condition within the next 30 minutes. Thus the total degree of ammonia saltpeter thermal decomposition 

makes approximately 4%. 

It was established, that the thermal decomposition process is limited by diffusion of the reaction products in 

the solution volume. The calculated value of the process activation energy makes 4.04 J/mol.  

 

Key words: аmmonium nitrate, physical and chemical properties, solution concentration, solution 

temperature, hydrogen ion exponent, the process rate. 

 

Introduction. One of  basic  properties of ammonia saltpeter is its ability to thermal decomposition 

in a molten state [1-4]. To date, information about kinetic regularities and equilibrium of the processes taking 

place at ammonium nitrate decomposition at low temperatures is practically absent except individual data 

[5,6]. For this reason performance of special investigations for studying of kinetic laws of the ammonia 

nitrate decomposition process in a temperature interval below its melting point is an actual problem.  

Methods (methodology) of experiment. The investigation has been implemented in laboratory 

conditions at chair “Chemical technology of inorganic substances” of M. Auezov South Kazakhstan State 

University using standard test solutions of the ammonia saltpeter produced by joint-stock company 

“KazAzot” with concentration of 50% or 7.65 mol/l. The solutions’ temperature at realization of the 

experiments was maintained from 19 °С to 110 °С during the time sufficient for transition of the ammonia 

saltpeter thermal decomposition process to final equilibrium condition at 110 °С with application of a 

thermostat. Changing of the solution рН in time was an indicator of the ammonium nitrate decomposition 

process.  

Results and discussion. Results of the kinetic studying of ammonium nitrate thermal decomposition 

process expressed as a pH – time dependence are represented in Fig.1. As follows from the data of Fig 1, at 

temperature 19 °С  the investigated solution has рН=5.3. There fore, this ammonia saltpeter solution contains 

residual surplus nitric acid with concentration of  50.1·10
-7 

mol/l. Within the next 4 minutes the solution 

temperature has been increased to 30 °С. In so doing, as the result of ammonium nitrate decomposition on 

the reaction  

 
-

4 3 3 3 NONH NO H NH         (1) 

 

the solution рН has decreased to 4.95. The respective calculated value of hydrogen ions concentration [H 
+
] 

= 112·10
-7 

mol/l. In this case the true gain of hydrogen ions concentration is 112·10
-7 

– 50.1·10
-7 

=  62·10
-7 

mol/l. So, during  4  minutes of the thermal decomposition (τ) 62·10
-7 

moles of NH4NO3 are decomposed and 

62·10
-7 

moles of both NH3 and NO3
-
 are formed.  
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Fig. 1.Kinetics of ammonium nitrate thermal decomposition 

 

After 10.5 minutes from the research initial time the solution temperature has reached 50 °С, рН of 

the solution has decreased to 4.35, concentration of hydrogen ions was [H
+
] = 447·10

-7 
mol/l, the hydrogen 

ion concentration gain was 447·10
-7

 –62·10
-7

 = 385·10
-7

 mol/l. In that way, at τ=10.5 minutes 385·10
-7

 moles 

of NH4NO3 underwent to thermal decomposition and 385·10
-7 

moles of both NH3 and NO3
- 
were formed.  

Within the next 2.5 minutes or after 13 minutes from the beginning of the experiment the solution 

temperature has reached 60 °С, рН of the solution has decreased to 4.10, hydrogen ion concentration has 

made [H
+
] = 794·10

-7 
mol/l, and the gain of hydrogen ion concentration – 794·10

-7
 – 385·10

-7
 = 409·10

-7
 

mol/l. Thus, during τ=13 minutes 409·10
-7

 moles of NH4NO3 underwent to thermal decomposition and 

409·10
-7

 moles of both NH3 and NO3
-
 were formed.  

After 15 minutes from the beginning of the experiments the solution temperature has reached 110 °С. 

Thus рН of the solution was 3.9, [H
+
] = 1260·10

-7 
mol/l, the true gain of hydrogen ion concentration for this 

case was 1260·10
-7

 – 409·10
-7 

= 851·10
-7 

mol/l. So, during 15 minutes of the thermal decomposition 851·10
-7

 

moles of NH4NO3 were dissociated and 851·10
-7 

moles of both NH3 and NO3
- 
were formed.  

As the result of further maintenance of the solution constant temperature of 110 °С within the next 7 

minutes or after 22 minutes from the beginning of the experiment рН of the solution has decreased to 

рН=3.0. In this case [H
+
] was 5011.8·10

-7 
mol/l, the gain of hydrogen ion concentration – 5011.8·10

-7
 – 

851·10
-7 

= 4161.8·10
-7 

mol/l. Therefore, during τ =22 minutes 4161.8·10
-7

 moles of NH4NO3 underwent to 

thermal decomposition and 4161.8·10
-7

 moles both ammonia and nitrate ions were formed.  

Then the solution at constant temperature of 110
 
°С was subjected to further thermal processing 

within the next 9 minutes. In so doing after τ=31 minutes from the beginning of the investigation рН of the 

solution was 3.05, [H
+
] – 8912·10

-7 
mol/l, the true gain of hydrogen ion concentration was 8912·10

-7 
– 

4161.8·10
-7 

= 4750.2·10
-7 

mol/l; 4750.2·10
-7 

moles of NH4NO3 underwent to thermal decomposition and 

4750.2·10
-7 

moles of both NH3 and NO3 
–
 were formed.  

Subsequently the solution temperature was maintained constant at level of 110 °С within the next 29 

minutes or 60 minutes from the beginning of the experiment. The solution рН was measured after 43 and 60 

minutes. It was found, that in this case the ammonia saltpeter thermal decomposition process is reaching an 

equilibrium state that is proved by practically complete coincidence of pH values of the solution at τ =43 min 

and τ =60 min (Fig. 1).  
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Fig 2. Dependence of the ammonium nitrate thermal decomposition degree on time 

 

From the data in Fig. 2 follows, that at the experimental conditions the ammonia saltpeter thermal 

decomposition progressing in time comes to the end after approximately twenty five minutes. Subsequently, 

at the time period up to sixty minutes from the beginning of the experiment its decomposition degree remains 

constant and the total degree of ammonium nitrate thermal decomposition for 60 minutes reaches 3.97 %. At 

the same time, as follows from the data in Fig. 3, the speed of the process under study first increases, and 

then after a time of about 25 minutes begins to fall. 

 

 
 

Fig 3. Dependence of the ammonium nitrate thermal decomposition rate on time 

 

At the same time, the relative change in the speed of the process (Fig. 4), during the time of about 30 

minutes from the beginning of the decomposition process, practically from the first minutes of the process, 

monotonically falls to the limit, almost constant equilibrium values. 

 

 
 

Fig. 4. Relative change of the NH4NO3 thermal decomposition rate in time 
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On the basis of the results of kinetic studying mentioned above using the data of a known graphic 

dependence of natural logarithm of the process rate on inverse temperature (Fig. 5) it was established, that 

the process takes place in the diffusion area, as it is limited by diffusion transition of the products of 

ammonium nitrate thermal decomposition in the solution volume. The calculated value of activation energy 

makes 4,07 J/mol.  

 

 

 

Fig. 5. Dependence of the ammonium nitrate thermal decomposition rate 

 on inverse temperature 

Conclusion 

- Ammonia saltpeter may be thermally decomposed both in the field of low temperatures  (lower 

60 °С) and at raised temperatures (from 60 to 110 °С); 

- the total degree of ammonia saltpeter thermal decomposition in the field of low and raised 

temperatures (from room temperature to 110 °С  inclusive makes approximately 4%; 

- the ammonium nitrate thermal decomposition process in the field of low and raised temperatures 

(from room one to 110 °С inclusive) takes place in a diffusion area;  

- activation energy of the ammonium nitrate thermal decomposition process in the field of low and 

raised temperatures (from room temperature to 110°С inclusive) makes approximately 4,07 

J/mol, it convincingly enough testifies in favour of the new fact that the given process is limited 

by diffusion transition of the decomposition products into the solution volume. 
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Abstract 

An ammonia saltpeter thermal decomposition process was studied with application of a 50% water solution of 

the ammonia saltpeter produced by JSC “Kazazot”. The process was investigated at changing of the solution 

temperature from 19°С to 110°С. In the conditions of experiments, the temperature regime was maintained using a 

thermostat. The process of thermal decomposition of ammonium nitrate was judged by changing the pH of the solution 

over time. 

On the experimental data of pH at τ = 4; 10.5; 13; 15; 22; 31; 43; 60 minutes the molar mass of thermally 

decomposed NH4NO3 and formed NH3 and HNO3, equilibrium constants, degrees of thermal decomposition, speeds of 

the process and their relative changes were calculated. 

The research results have shown, that ammonia saltpeter at all studied temperatures is underwent to thermal 

decomposition. The process takes place most intensively within the first 30 minutes, and then it slowly reaches the 

equilibrium condition within the next 30 minutes. Thus the total degree of ammonia saltpeter thermal decomposition 

makes approximately 4%. 

The calculated results have been processed, represented as diagrams and as tables. 

 

Key words: аmmonium nitrate, thermal decomposition, explosion hazard, temperature, physical and chemical 

properties, equilibrium constant,decomposition degree. 

 

Introduction. Ammonia saltpeter is one of the product, which is widely applied in many branches of 

the national economy. At present ammonia saltpeter is produced by many countries of the world. Its 

technology represents a scientifically substantiated technological decision, completely satisfying modern 

consumer needs both according to its quality, and the product output.  

At the same time, last years both consumers of ammonia saltpeter, and its manufacturers began 

seriously to think about solving problems of decrease in its fire and explosion hazard, further improvement 

of physicochemical and fertilizer properties, increase in agrochemical and consumer value.  

In addition, as follows from the analysis of literary data, a number of individual properties of 

ammonia saltpeter should be additionally studied as these properties have an essential effect on its qualitative 

coefficients and negatively affect technical-economic indicators of the manufacture in whole.  

One of such the properties of ammonia saltpeter is its ability to thermal decomposition in molten 

state [1-4]. As it is known, a temperature factor exerts a very strong impact on a result of polymorphic 

transformations in structure of ammonia saltpeter [5]. To date, information about kinetic regularities and 

equilibrium of the processes taking place at ammonium nitrate decomposition at low temperatures is 

practically absent except individual data [6,7]. For this reason performance of special investigations for 

studying of laws of the ammonia nitrate decomposition process in a temperature interval below its melting 

point is an actual problem.  

Methods (methodology) of experiment. The investigation has been implemented in laboratory 

conditions at chair “Chemical technology of inorganic substances” of M. Auezov South Kazakhstan State 

University using standard test solutions of the ammonia saltpeter produced by joint-stock company 

“KazAzot” with concentration of 50% or 7.65 mol/l. The solutions’ temperature at realization of the 

experiments was maintained from 19°С to 110°С during the time sufficient for transition of the ammonia 

saltpeter thermal decomposition process to final equilibrium condition at 110°С with application of a 

thermostat. Changing of the solution рН in time was an indicator of the ammonium nitrate decomposition 

process.  
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Results and discussion. As follows from the data of Fig 1, at initial temperature of 19°С the 

investigated solution has рН=5.3. Therefore, this ammonia saltpeter solution contains residual surplus nitric 

acid with concentration of 50.1·10
-7 

mol/l.  

Within the next 4 minutes the solution temperature has been increased to 30°С. In so doing,  

the solution рН has decreased to 4.95. The respective calculated value of hydrogen ions concentration [H 
+
] 

= 112·10
-7 

mol/l. In this case the true gain of hydrogen ions concentration is 112·10
-7 

– 50.1·10
-7 

=  62·10
-7 

mol/l.  

After 10.5 minutes from the research initial time the solution temperature has reached 50 °С, рН of 

the solution has decreased to 4.35, concentration of hydrogen ions was [H
+
] = 447·10

-7 
mol/l, the hydrogen 

ion concentration gain was 447·10
-7

 – 62·10
-7

 = 385·10
-7

 mol/l.  

Within the next  2.5 minutes or after 13 minutes from the beginning of the experiment the solution 

temperature has reached 60 °С, рН of the solution has decreased to 4.10, hydrogen ion concentration has 

made [H
+
] = 794·10

-7 
mol/l, and the gain of hydrogen ion concentration – 794·10

-7
 – 385·10

-7
 = 409·10

-7
 

mol/l.  

After 15 minutes from the beginning of the experiments the solution temperature has reached 110 °С. 

Thus рН of the solution was 3.9, [H
+
] = 1260·10

-7 
mol/l, the true gain of hydrogen ion concentration for this 

case was 1260·10
-7

 – 409·10
-7 

= 851·10
-7 

mol/l.  

As the result of further maintenance of the solution constant temperature of 110 °С within the next 7 

minutes or after 22 minutes from the beginning of the experiment рН of the solution has decreased to 

рН=3.0. In this case [H
+
] was 5011.8·10

-7 
mol/l, the gain of hydrogen ion concentration – 5011.8·10

-7
 – 

851·10
-7 

= 4161.8·10
-7 

mol/l.  

Then the solution at constant temperature of 110
 
°С was subjected to further thermal processing 

within the next 9 minutes. In so doing after τ=31 minutes from the beginning of the investigation рН of the 

solution was 3.05, [H
+
] – 8912·10

-7 
mol/l, the true gain of hydrogen ion concentration was 8912·10

-7 
– 

4161.8·10
-7 

= 4750.2·10
-7 

mol/l. 

Subsequently the solution temperature was maintained constant at level of 110 °С within the next 29 

minutes or 60 minutes from the beginning of the experiment. The solution рН was measured after 43 and 60 

minutes. It was found, that in this case the ammonia saltpeter thermal decomposition process is reaching an 

equilibrium state that is proved by practically complete coincidence of pH values of the solution at τ=43 min 

and τ=60 min.  

On the experimental data of pH at τ = 4; 10.5; 13; 15; 22; 31; 43; 60 minutes calculated molar mass 

of NH4NO3 is thermally decomposed, the generated NH3 and NO3, the calculated values of the equilibrium 

constants, degrees of thermal decomposition, speeds process and their relative changes. 

The generalized data and results of the conducted researches, results of calculations of equilibrium 

and kinetic indicators, and also material calculations are represented in Table 1. 

 

Table 1. Generalised data and results of material calculations 

№ Time, 

min 

Indicator Symbol Unit Value Chem.  

reaction 

1 0 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Excess acid concentration  

Equilibrium constant  

HNO3 decomposition degree 

𝐶NH4NO3

initial
 

t 

рН 

[H
+
] 

[HNO3]  

К0 

α0 

mol/l 

°С 

 - 

mol/l 

mol/l 

mol/l 

% 

7.65 

19 

5.3 

50.1∙10
-7

 

50.1∙10
-7

 

50.1∙10
-7

 

100 

  

H
N

O
3
↔

H
+
+

N
O

3
- 

2 4 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Excess acid concentration  

Equilibrium constant  

HNO3 decomposition degree  

The process rate  

𝐶NH4NO3

initial
 

t 

рН 

[H
+
] 

[HNO3]  

К4 

α4 

V4 

mol/l 

°С 

 - 

mol/l 

mol/l 

mol/l 

% 

mol/l∙min 

7.65 

30 

4.95 

112∙10
-7

 

62∙10
-7

 

62∙10
-7

 

0.09 

15.5∙10
-7
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3 10.5 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Excess acid concentration  

Equilibrium constant  

HNO3 decomposition degree  

The process rate  

Relative change of NH4NO3 

decomposition degree 

Relative change of equilibrium 

constant 

Relative change of NH4NO3 

decomposition rate 

𝐶NH4NO3

𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 

t 

рН 

[H
+
] 

[HNO3]  

К10.5 

α10.5 

V10.5 

α10,5/α4 

 

К10.5/К4 

 

V10.5/V4 

mol/l 

°С  

- 

mol/l 

mol/l 

mol/l 

% 

mol/l∙min 

 

 

 

7.649993

8 

50 

4.35 

447∙10
-7

 

385∙10
-7

 

385∙10
-7

 

0.22 

51.5∙10
-7 

2.444 

 

6.209 

 

3.32 

4 13 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Excess acid concentration  

Equilibrium constant  

HNO3 decomposition degree  

The process rate  

Relative change of NH4NO3 

decomposition degree 

Relative change of equilibrium 

constant 

Relative change of NH4NO3 

decomposition rate 

𝐶NH4NO3

initial
 

t 

рН 

[H
+
] 

[HNO3]  

К13 

α13 

V13 

 

α13/α10.5  

 

К13/К10.5 

 

V13/V10.5 

mol/l 

°С  

- 

mol/l 

mol/l 

mol/l 

% 

mol/l∙min  

 

 

 

7.649955

3 

60 

4.10 

794∙10
-7

 

409∙10
-7

 

409∙10
-7

 

0.23 

163.6∙10
-7

 

1.045 

 

1.062 

 

3.17 

 

H
N

O
3
↔

H
+
+

N
O

3
-  

5 15 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Accumulation of hydrogen ion 

concentration 

Thermally decomposed 

𝐶NH4NO3

cur
 

t 

рН 

[H
+
] 

[H
+
] 

 

NH4NO3 

mol/l 

°С  

- 

mol/l 

mol/l 

 

mol 

7.649914

4 

110 

3.9 

1260∙10
-7

 

851∙10
-7

 

851∙10
-7

 

 

Continuation of tabl 1 

  Formed and flown away 

The equilibrium constant 

Degree of decomposition of 

NH4NO3 

The process rate  

Relative change of NH4NO3 

decomposition degree 

Relative change of equilibrium 

constant 

Relative change of NH4NO3 

decomposition rate 

NH3  

К15 

α15 

 

V15 

α15/α13 

 

К15/К13 

 

V15/V13 

mol  

mol/l 

% 

mol/l∙min  

 

 

 

851∙10
-7

 

851∙10
-7

 

 

0.33 

425.5∙10
-7 

1.435 

 

2.081 

 

2.60 

 

N
H

4
N

O
3
 →

  H
+
+

 N
O

- 3
+

 N
H

3
 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

48 

 

6 22 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Accumulation of hydrogen ion 

concentration 

Thermally decomposed 

Formed and flown away 

The equilibrium constant 

Degree of decomposition of 

NH4NO3 

The process rate  

Relative change of NH4NO3 

decomposition degree 

Relative change of equilibrium 

constant 

Relative change of NH4NO3 

decomposition rate 

𝐶NH4NO3

cur
 

t 

рН 

[H
+
] 

[H
+
] 

NH4NO3 

NH3  

К22 

α22 

 

 

V22 

α22/α15  

 

К22/К15  

 

V22/V15 

mol/l 

°С
 

- 

mol/l 

mol/l 

mol  

mol  

mol/l 

%  

mol/l∙min  

 

 

 

7.6498293 

110 

3.30 

5011.8∙10
-7

 

4161.8∙10
-7

 

4161.8∙10
-7

 

4161.8∙10
-7

 

4161.8∙10
-7

 

0.73 

 

 

594.5∙10
-7

 

2.212 

 

7.890 

 

1.40 

7 31 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Accumulation of hydrogen ion 

concentration 

Thermally decomposed 

Formed and flown away 

The equilibrium constant 

Degree of decomposition of 

NH4NO3 

The process rate  

Relative change of NH4NO3 

decomposition degree 

Relative change of equilibrium 

constant 

Relative change of NH4NO3 

decomposition rate 

𝐶NH4NO3

cur
 

t 

рН 

[H
+
] 

[H
+
] 

 

NH4NO3 

NH3  

 К31 

α31 

V31 

 

α31/α22 

 

К31/К22 

 

V31/V22 

mol/l 

°С  

- 

mol/l 

mol/l 

 

mol  

mol  

mol/l 

% 

mol/l∙min  

 

 

 

7.64941312 

110 

3.05 

8912∙10
-7

 

4750.2∙10
-7

 

 

4750.2∙10
-7

 

4750.2∙10
-7

 

4750.2∙10
-7

 

0.79 

527.8∙10
-7

 

 

1.082 

 

1.141 

 

0.88 

8 43 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Accumulation of hydrogen ion 

concentration 

𝐶NH4NO3

cur
 

t 

рН 

[H
+
] 

 

[H
+
] 

mol/l 

°С  

- 

mol/l 

 

mol/l 

7.6489381 

110 

3.02 

9549∙10
-7

 

 

4798∙10
-7
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Continuation of table 1 

  Accumulation of hydrogen ion 

concentration 

Formed and flown away 

The equilibrium constant 

Degree of decomposition of 

NH4NO3 

The process rate  

Relative change of NH4NO3 

decomposition degree 

Relative change of equilibrium 

constant 

Relative change of NH4NO3 

decomposition rate 

NH4NO3 

 

NH3  

К43 

α43 

 

V43 

α43/α31  

 

К43/К31 

 

V43/V31 

mol  

 

mol  

mol/l 

% 

 

mol/l∙min  

 

 

 

4798∙10
-7

 

 

4798∙10
-7 

 

4798∙10
-7 

 

0.79 

 

400∙10
-7

 

1.000 

 

1.010 

 

0.76 

 

N
H

4
N

O
3
 →

  H
+
+

 N
O

- 3
+

 N
H

3
 

9 60 Solution concentration 

Solution temperature 

Hydrogen ion exponent 

Hydrogen ion concentration  

Accumulation of hydrogen ion 

concentration 

Thermally decomposed 

Formed and flown away 

The equilibrium constant 

Degree of decomposition of 

NH4NO3 

The process rate  

Relative change of NH4NO3 

decomposition degree 

Relative change of equilibrium 

constant 

Relative change of NH4NO3 

decomposition rate 

𝐶NH4NO3

cur
 

t 

рН 

[H
+
] 

[H
+
] 

 

NH4NO3 

NH3  

К60 

α60 

 

V60 

α60/α43 

 

К60/К43 

 

V60/V43 

mol/l 

°С  

- 

mol/l 

mol/l 

 

mol  

mol  

mol/l 

% 

 

mol/l∙min  

 

 

 

7.64902276 

110 

3.02 

9549∙10
-7

 

4751∙10
-7

 

 

4751∙10
-7

 

4751∙10
-7

 

4751∙10
-7

 

0.79 

 

279∙10
-7

 

1.000 

 

0.990 

 

0.70 

 

Conclusion 

- Ammonia saltpeter may be thermally decomposed both in the field of low temperatures  (lower 

60 °С) and at raised temperatures (from 60 to 110 °С). The process was investigated at changing 

of the solution temperature from 19°С to 110°С within 60 minutes, total degree of ammonia 

saltpeter thermal decomposition makes approximately 4 %; 

- On the basis of the conducted research, during which the hydrogen index of the studied solution 

is used as the determining value of the experimental parameter, it is possible to obtain 

sufficiently reliable quantitative information about the kinetic and equilibrium parameters of the 

thermal decomposition of ammonium nitrate, as well as the degree of its thermal decomposition, 

to perform material calculations of the studied process. 
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Abstract  

Flotation based on different wettability is a good option for sorting plastics with similar or equal densities and 

those that are difficult to separate by other methods.  

Based on the analysis of main separation methods of plastic wastes, a method for flotation separation of a 

mixture consisting of milled plastics of various types based on the change of their hydrophilic or hydrophobic 

properties at addition of surfactants and gas bubbles into a working liquid was proposed. The flotation apparatus 

design for this method was proposed. 

The analysis of the factors influencing the flotation process with consideration of the apparatus’ design 

parameters, methods for feeding surfactants, mixing, selection of a foam and a concentrate, as well as technological 

parameters and physical properties of phases, was carried out.  

A list of the flotation process’ parameters was determined, which must be specified using mathematical relations or 

experimentally.   

Key words: flotation, wettability, plastics, surfactants, hydrophilic property, hydrophobicity, design parameters, 

technological parameters.  

 

Introduction. To date, main methods for separating plastic wastes are manual sorting and separation in 

water based on the difference in their density using flotation chambers [1-7]. The flotation method for 

separating a mixture of milled plastics in a column apparatus with pneumatic aeration based on their different 

wettability is the most promising technique for expanding a list of recycled polymer types in different 

countries.   

To create a new method for flotation separation of a mixture of milled plastics of various types, it is 

proposed to change a hydrophilic property or hydrophobicity of a certain component or components of the 

plastics mixture by means of addition of surfactants and gas bubbles into the working liquid into its working 

volume. In this case, there is separation of the mixture of milled plastics, which densities may be close to or 

equal to each other, and greater than the working medium’s density. During the flotation process, the emerged 

hydrophobic plastic particles are removed together with the foam in the top part of the flotation apparatus as a 

concentrate, and the hydrophilic plastic particles are precipitated and removed as a precipitate.  

Methods (methodology) of the experiment. Standard methods of physicochemical investigations 

were used to obtain the experimental data.  

Results and discussion.  
The flotation separation of a mixture of milled plastics is carried out as follows. Surfactants are fed into a 

water-filled flotation apparatus (Figure 1), which represents a column-type container 1. Through holes 2 of 

aerator 3 located at the flotation apparatus bottom, a gas (preferably air) is supplied, which is evenly distributed 

along the apparatus sections in the form of fine bubbles 4. Then, a mixture of milled plastics II is fed in the 

flotation apparatus.  

In the presence of surfactants and gas bubbles, hydrophobic particles of the milled plastics form 

“bubble – particle” complexes, density of which is less than that of the working liquid. These complexes 

emerge on the working liquid’s surface under the buoyancy force influence. And the plastic particles of other 

types in the presence of surfactants show hydrophilic properties and precipitate in the bottom part of the 
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flotation apparatust under the gravitational force influence. The hydrophobic plastics are removed together 

with the foam in the upper part of the flotation apparatus as concentrate III, and the hydrophilic plastic 

particles are discharged from the bottom part as precipitate IV.  

 

 
 

1 – a container; 2 – aerator holes; 3 – an aerator; 4 – air bubbles. Flows: I – air; II – a plastic mixture; III –

discharge of a concentrate; IV – removal of a precipitate  

 

Fig. 1. Design of the flotation apparatus with pneumatic liquid aeration  

 

The promising flotation separation method of the mixture of milled plastics can be widely used in the 

production of plastic products, in the processing of industrial wastes, as well as in the separation of plastic 

wastes of household origin in plastic recycling plants. The flotation separation of the mixture of milled 

plastics according to the proposed process can be carried out in the batch or continuous mode.  

To carry out subsequent theoretical and experimental studies of the proposed flotation separation method of 

the mixture of milled plastics, it is necessary to analyze factors affecting the flotation process.  

The flotation is a complex set of subprocesses of a diverse nature, which are greatly influenced by the 

design and technological factors of the apparatus and process.  

First, let’s consider the design apparatus parameters (which are determined during its design). The 

design (shape) of the working zone is able to influence on the nature and direction of the phase flow in the 

apparatus volume, on the possibility of uniform aeration of the working liquid, on the presence of stagnant 

zones in which the material can become lodged and accumulate. The column apparatuses can be, for 

example, round, oval, square and other forms of cross-section with a constant or variable cross-section in 

height. The area of the column apparatus is a characteristic that determines its productivity, but at the same 

time it affects the working liquid aeration uniformity. The height of the liquid layer above the aerator (the 

column height) and depth (level) of the material supply determine the length of the path overcome by the 

particles of the separated materials and the gas bubbles, as well as the probability of the particle colliding 

with the bubble when they pass the working apparatus volume. Insufficient height of the aerated liquid 

reduces the probability of the particle colliding with the bubble when they pass through the working 

apparatus volume. And excess height of the aerated liquid increases the probability of destruction of the 

formed “bubble – particle” complexes, and also increases the hydraulic resistance when the air is supplied 

through the aerator. The area and direction of the material flow affect the uniformity of its distribution in the 

apparatus, the path length and the probability of collision with the bubbles. The method of supplying the 

surfactant and the way it is mixed in the working volume determine its consumption, since the more 

uniformly it is distributed in the working liquid, the more effectively it is used. The method of selection of 

the foam and concentrate (forced or self-flowing) determines the foam product motion mode and method of 

organizing the liquid motion in the apparatus, the presence of circulation. The gas bubbles distribution 

uniformity along the apparatus section is determined by the aerator design. The aerator holes diameter and 
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their number are parameters that affect the bubbles’ size, their number in the apparatus volume, and the gas 

speed in the hole.  

The technological flotation process parameters include operating conditions of the phases and their physical 

properties. The operating conditions affecting the flotation process are consumptions and supply of the phases, their 

motion speed, concentration of the surfactant, size and disperse phases relation, time of the process carrying out.  

The physical phase properties that generally affect the flotation process are the liquid temperature, the 

gas and liquid viscosity, the phase densities, the particle parameters (size, shape, surface state), surface 

tension, type of the surfactant, chemical composition of the separated plastics, salt content, hydrogen index 

(acidity), the liquid pressure, the gas pressure in the bubble, partial pressure of the gas dissolved in the 

liquid, diffusion of the gas and surfactant and other parameters [8].  

Accounting for the effect of the physical phase properties on the flotation process is very complicated, 

since they can exert mutual influence on each other, and dependences of these influences cannot always be 

accurately determined. The operating conditions of such three-phase systems are also quite complex and 

require many simplifications and assumptions. All this complicates to analyze the research objects. 

Therefore, in the future it is necessary to choose which parameters and properties will be used to create and 

study the flotation separation process of polymer wastes.  

Some parameters of the column apparatus can be selected using the data already available in the 

literature and general research methods (comparison, abstraction, analysis, analogy, synthesis, 

generalization). So, for example, among the whole variety of forms of the cross section of the column 

apparatus, the most practical is round shape, since it is easier to organize the uniform aeration of the working 

liquid [9]. In such column apparatuses, with the constant cross section in the height and the smallest number 

of structural elements, there are practically no stagnant zones in the internal volume in which the material 

can become lodged and accumulate. The feeder supplying the mixture of plastics to the apparatus should 

preferably have the smallest projection area on the plane of the apparatus cross section. As when the material 

enters the working liquid, its motion is directed downwards, then the material must be supplied in the upper 

apparatus part towards the ascending flow of the bubbles. This feeder arrangement contributes to a longer 

path length and greater probability of collision of the material particles with the bubbles. In order to 

distribute the supplied material evenly in the apparatus, it is advisable to place the feeder coaxially to it. 

However, the optimum supplying depth should be studied, since when supplying the material, the foam layer 

may have accidental involving (accidental removal) of the non-float component by the gas bubbles into the 

foam product, which will contaminate the concentrate. 

There are several ways to select the foam product from the flotation liquid surface – forced (vacuum 

pumping, mechanical set-downs of various designs, etc.) or by gravity. In general case, it is necessary to 

carry out theoretical and experimental studies for each case. At that, it is necessary to compare the degree of 

spontaneous foam destruction during the time of the foam product presence over the liquid with the degree of 

the foam destruction under the influence of mechanical set-down and choose the optimal method for 

selecting the foam product. It should be noted that in the column flotation apparatuses, the presence time of 

the foam product over the liquid is small, that allows use the method of selecting the foam product by 

gravity. This method is the most economical, easy to manufacture and operate. The foam product is not 

subjected to mechanical influences and only can be spontaneously destructed (coalesced) depending on the 

physical properties of the materials and the presence time over the liquid. With this method, the liquid flows 

with the foam product over the edge of the flotation column and comes to the special launder. Such method 

for selecting the foam product involves continuous flow of the working liquid over the edge of the column, 

for which it is necessary to continuously supply the liquid to the column. The continuous liquid supply is 

also due to the need to maintain its certain level in the column. It is better to supply the liquid through the 

feeder of the initial mixture of milled plastics along with the particles of plastics, which will prevent them 

from sticking to the feeder walls, since the particles can come to the flotation wet, after preliminary washing.  

The absence of a mechanical stirrer in the column flotation apparatus determines the way in which the 

surfactant is supplied into the working liquid flow, as in its turbulent motion in the pipeline and supply to the 

column, the necessary degree of mixing can be ensured. Let’s hypothesize that the surfactant is uniformly 

distributed in the working liquid, and therefore the surfactant diffusion effect will be also neglected. Let’s 

also hypothesize that the partial pressure and diffusion of the gas dissolved in the liquid have negligible 

effect on the flotation process [10]. There is no special external influence on the working medium (by 

ultrasound or electromagnetic field). The influence of salt content and hydrogen index was not taken into 
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account (the quality of water used in the experiments corresponds to the quality of tap water for domestic 

needs).  

Therefore, using the mathematical dependences, or experimentally, it is necessary to determine the 

following parameters of the flotation process and the apparatus design for its implementation: the air 

consumption, the height of the aerated liquid layer (the column height), the material supply depth, the liquid 

temperature, the surfactant concentration, the aerator design, the diameter of the aerator holes and their 

quantity.  

Conclusions. Based on the analysis of the main methods of plastic waste separation, the method for 

the flotation separation of the mixture from milled plastics of various types based on the change in their 

hydrophilic property or hydrophobicity by supplying the surfactants and the gas bubbles into the working 

liquid into its working volume was proposed. The flotation apparatus design was proposed for this method.  

The analysis of factors influencing the flotation process with consideration of the apparatus’ design 

parameters, methods for feeding the surfactants, mixing, selection of the foam and concentrate, as well as 

technological parameters and physical properties of the phases, was carried out.  

The list of the flotation process’ parameters was determined, which must be specified using mathematical 

relations or experimentally.  
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Abstract 

The complex analysis of a number of non-metallic mineral deposits of the Republic of Kazakhstan has been 

carried out, and the potential clay, nonplastic and mineralizing raw materials required for the synthesis of electrical 

porcelain have been selected; chemical and mineralogical composition, physical and chemical, technological properties 

and phase transformations during the heat processing of selected kaolins, white refractory clays, quartz sand, feldspar 

and wollastonite have been studied; the optimal ways of enrichment of chosen natural raw materials have been 

determined; the technology of porcelain for electrical insulating purposes has been developed; the process of porcelain 

formation and its ceramic-technological and dielectric properties have been studied; the possibility of effective 

application of wollastonite as a mineralizers has been shown; the optimum ratio of the porcelain mass components and 

the number of additives needed to improve the porcelain formation process by increasing the formation of crystals of 

mullite at lower temperatures compared to conventional porcelain has been determined; the processes of sintering of 

ceramics with different contents of mineralizing additives have been studied; for first time the possibility of using local 

natural mineral raw materials for producing electrotechnical porcelain with high properties has been proved; the 

developed electric porcelain  technology based on cheap and locally available raw materials will allow to solve the 

problem of import substitution. 
 

Key words: electrical porcelain, kaolin, clay, feldspar, quarts sand, wallostonite. 

 

Introduction. Electrical porcelain is a basic ceramic material used for the manufacture of a wide 

range of low-voltage and high-voltage insulators. Dielectric strength, surface resistivity, dielectric constant 

and dielectric loss angle, porosity, ultimate bending and compression strength of this type of porcelain are 

provided by careful selection and correct ratio of the components of porcelain mass, as well as the structure 

and phase composition. 

Electrical porcelain is not produced in Kazakhstan yet. Plants for the production of porcelain for 

household purposes use mineral raw materials from Russia, Ukraine and Uzbekistan. Meanwhile, according 

to analysts, in recent years in the CIS countries there is a considerable depletion of reserves of high-quality 

raw materials for this branch of the industry. In this situation, studies on the involvement of the raw materials 

of the most promising local fields for raising porcelain industry seems to be very relevant [1-3]. 

In the Republic of Kazakhstan there are considerable mineral resources of clay raw materials - white 

clay, kaolin, bentonite, nonplastic (emaciating) raw materials such as quartz, quartz sand, marshalite, 

feldspar, granite, perlite, wollastonite, talc and others. 

The purpose of the paper is a comprehensive study of natural mineral raw materials and the 

development of mass composition on the basis of selected import substituting components and technology of 

electrical porcelain. 

Materials and Methods. Objects of study are kaolins of Soyuzny deposit, white clay of Berlinsky 

deposit, quartz sand of Mugojar deposit, feldspars of Sarybulak deposit, wollastonites of Verhne-Badam 

deposits; mass contents, obtained using mineral raw materials of the above-mentioned deposits; technology 

of producing high-voltage electrical porcelain and physical-mechanical properties of synthesized samples. 

In the work the following methods have been used: complex chemical, mineralogical and 

petrographic and electron microscopy studies of raw materials; study of phase-structural changes during their 

heat processing; chemical analyses of raw materials and porcelain have been made according to the 

requirements of the relevant standards; thermal analysis have been  made on the simultaneous thermal 

analyzer NETZSCHSTA 449 F3 Jupiter; elemental analysis has been performed on a desktop energy-

dispersive X-ray fluorescence analyzer, X-Supreme 8000; X-ray studies have been carried out on the device 

DRON-3 with samples in the form of powders; infrared spectral analysis has been carried out on the device 
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«SPECORD 75 IR»; electron microscopy studies have been carried out on the multi-purpose scanning 

microscope JSM-6490LV (JEOL.Ltd, JAPAN). 

Results and Discussion. Obtaining products with a dense sintered mass is a paramount objective. 

Each mineral raw material has its own impact on the quality of the mass being processed. The content and 

ratio of components affect the physical, mechanical and electrical properties of the product. Kaolin in 

porcelain mass is needed for improving the mechanical, thermal and chemical stability of the product and 

making it white. This property of kaolin is developed during the dissolving action of the feldspar at its heat 

processing. Due to the diffusion of aluminum ions from kaolin the aluminum concentration increases in melt 

feldspar. It creates the necessary conditions for the emergence of mullite phase in it. Mullits and glass phase 

being enriched with alumina and silica components, improve the above mentioned properties of porcelain. 

Quantity and purity of the added kaolin also affect the product whiteness. 

Dissolution of quartz in feldspar glass increases refractoriness, viscosity and resistance of the 

product to the deforming efforts during burning process [4]. 

Feldspar component in porcelain mass provides the development of a vitreous phase, which 

dissolves in itself other components of the mass. It gives strength and piroplasticity to the material during 

burning, promotes mass crystallization of mullite. 

Kaolins of Soyuzny deposit due to their mineralogical and chemical composition were chosen as 

kaolin raw materials in order to meet the objectives of our research. Kaolins are represented by dense lumpy 

clay varieties of white and light gray colors. The average results of five chemical analyses of samples from 

different area of the ore deposit are the followings: SiO2 - 59.75%, Al2O3 - 28.94%, Fe2O3 - 0.47%, TiO2 - 

0.32%, CaO - 1.87% MgO - 0.73% K2O - 0.26% Na2O - 0.11%, loss on ignition - 8.53%. 

X-ray analysis showed that unenriched kaolins consist of kaolinite - d / n = 7,1386; 4,230; 2,344; 

1,670; 1,537; quartz - d / n = 3,351; 2,276; 2,233; 2,122; 1,981; feldspars (microcline) - d / n = 3,562; 3,351; 

1,989; hydromica - d / n = 2,344; 2,122 montmorillonite - d/n = 2,233; 2.25; 1,69. By using  petrographic, X-

ray diffraction and chemical analyses their quantitative mineral composition was calculated: kaolinite - 71-

87%, montmorillonite - 6-8%, hydromica 5-7%, quartz - 6.8%, other 4.2%. 

From the chemical analysis it is seen that the content of the most important for ceramic oxide Al2O3 

in raw materials of the deposit is 28.94%. These percentage ratios of mineral components of the kaolin show 

that the increase of gross content of Al2O3 in the raw material can be achieved by removing a portion of 

hydromica (5-7%) and other impurities (2-4%) by means of a simple enrichment. 

For these purposes the raw material enrichment was performed in the laboratory by electrolyte-free 

scheme of wet enrichment. It provided a considerable increase in the volume fraction of kaolinite and 

respectively of Al2O3 in raw materials. The results of chemical analysis of enriched kaolins given in the table 

1. 

 

Table 1. Chemical composition of enriched kaolins of Soyuzny deposit  

Content of oxides, mass % Calcination 

loss SiO2 Al2O3 CaO MgO TiO2 Fe2O3 K2O Na2O 

50.94 36.52 0.29 0.08 0.514 - 0.17 - 11.94 

 

Temperature phase transformations in kaolins are clearly fixed in the thermograms (Figure 1). The 

little effect at 61°C is due to the removal of the adsorbed water. Endothermic peaks at temperatures of 

516.9°C and 572.1°C are associated with the decomposition of kaolinite and separation from its composition 

of the hydroxyl group. At the temperature of 700-850°C there is the decomposition of anhydrous 

metakaolinite Al2O3·SiO2, which was formed earlier at 430-600°C due to the dehydration of kaolinite. Free 

Al2O3 and SiO2 at temperatures of 900 °C or above are grouped into mullite. 
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Temperature, 

0
C 

 

Fig. 1. DTA curves of kaolins of Soyuzny deposit 

 

The mass loss of the samples when heated is 5.64%, which indicates a kaolinite content in an 

enriched raw material is about of 85-88%. 

The research results showed that the enriched kaolins of  Soyuzny deposit are refractory (1690 - 

1750°C), their composition is basic (Al2O3 - 36.52%), with a very low content of coloring oxides (Fe2O3 + 

TiO2 - 0.514%), by their mineral composition they are kaolinite and  finely dispersed (fractions of less than 

10 micron - 88.9%), with a low silica content (free silica - 7.9%),they are moderate plastic with average 

mechanical strength (7.8 MPa) and high temperature of sintering (1400°C). These kaolins by their qualitative 

characteristics do not concede to kaolins used in the manufacture of electrotechnical porcelain in the CIS 

countries. They meet the requirements of the state standard. 

Traditionally, the task of selecting the right varieties of clay materials is very complex. They have a 

wide range of functions. Clays give to ceramic masses forming and molding properties, mechanical strength 

in  their air-dry state, the operational strength and chemical resistance after their burning. 

We took clays of Berlinskoye deposit as plasticizing clay raw material for the research. The data of 

chemical analysis of these clays ,% by mass: SiO2 - 49.50; Al2O3 - 30.9; Fe2O3 - 1.84; TiO2 - 0.92; CaO - 0.61; 

MgO - 0.071; K2O - 0.78; Na2O - 0.11; SO3 - 0.021; MnO - 0.008; loss on ignition - 12.87. 

The mineralogical composition - kaolinite - d/n = 7,138; 3,562; 2.5599; 2.7498; quartz - d/n = 3,351; 

3.3458; 1,819; hydromica - d/n = 5,009; 2.1097; montmorillonite and 1.9801 - d/n = 4,5001; 2,5509; 1,701. 

Enrichment of raw clays was carried out to reduce the amount of coloring oxides. 

According to studies of physical and chemical properties, the enriched clays of Berlinskoye deposit 

are refractory (1630-1790
0
C), by composition are basic (Al2O3 - 32.15%), with an average content of 

coloring oxides, by mineral composition are kaolinite-hydromica, finely-dispersed, medium plastic with 

moderate mechanical strength (4.7 MPa), medium-temperature sintering (1300°C), and strongly sintering 

with low content of free silica. It is discovered that these clays after enrichment meet state standard and can 

be used as a raw material in the production of electrical porcelain. 

Quartz sand of Mugojar deposit were selected and investigated as a nonplastic (emaciating) 

component. Their average chemical composition, % by mass: SiO2 - 98.07; TiO2 - 0.05; Al2O3 - 0.40; Fe2O3 

- 0.11; CaO - 0.14; MgO - 0.09; MnO - 0.07; Na2O - 0.17; K2O - 0.17. 

They are mainly composed of quartz - d / n = 4,355; 4.231; 3,329; 2,219; 1,968; 1,809; 1,658; as 

well as a small amount of orthoclase and microcline - d / n = 4,258; 3,767; 3.5759; 2.4205; 1.6179. 

Quantitative characteristic of the mineral composition: quartz 98-99%,  0.5-1% feldspar,  rarely - ilmenite, 

tourmaline, amphibole, epidote. 

The selection of the desired species of feldspar, introduced for the formation of an optimal vitreous 

phase in the process of synthesis of electrical porcelain is no less responsible. 

Feldspars of Sarybulak deposit were studied. Chemical composition,% by mass: SiO2 - 79; Al2O3 - 

10.915; Fe2O3 - 0.402; TiO2 - 0.105; CaO - 0.153; MgO - 0.017; K2O - 5.8; Na2O - 4.14. Mineral raw materials 
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consist of orthoclase (d / n = 4,019; 2,917; 2, 543; 2,129; 1,723; 1,369), microcline (d / n = 4,173; 3,549; 2,627; 

2,154; 1,789; 1,452), quartz (d / n = 3.3372; 2,441; 2,118; 1,659; 1,374). 

Introduction of mineralizing additives in the ceramic materials in small quantities leads to 

improvement of the process of porcelain formation and increase of amount of mullite crystals. The latters, in 

turn, improve the qualitative characteristics of the finished products [5-7]. 

Wollastonites of Verhne-Badam deposit for the first time were tested as mineralizing additives. 

Color of wollastonite samples is white with grayish tinge. There are also quite transparent colorless types of 

wollastonite. The powder color is white. Externally they look like radially-radiant, needle-crystalline, solid 

and dense masses. 

Results of chemical analysis of the sample of wollastonite (Verhne-Badam deposits) % by mass: 

SiO2 - 46.42; Al2O3 - 0.11; Fe2O3 - 0.53; CaO - 46.09; MgO - 0.5; K2O - 0.7; Na2O - 0.20; loss on ignition - 

7.73. The sample contains: wollastonite (d / n = 3,389; 3,6608; 3,104; 2,757 2,389; 1,781; 1,468) and 

rankinite (d / n = 3,139; 2,599; 2,189; 1,934; 1,467). 

Significance of wollastonite introduction into ceramic mass, as defined in the experiments, is in 

improving the electrical properties of electric porcelain products. This increases resistance to strength 

breakdown, as well as improves the mechanical strength of the finished products. 

It is known [4] that the conductivity of porcelain insulators is of a mixed ionic-electronic nature. 

Ionic component of conductivity is determined by alkali ions Na
+ 

and K
+
, and alkaline-earth ions do not 

participate in conductivity up to 1000 
0
C. Electrolysis phenomenon occurs in porcelain when it is connected 

to the DC source. Its products Na
+ 

and K
+
 are oxidized and can undergo the secondary reactions with the 

material, and thus usually cause a breakdown of the insulators. 

Studies of some authors [8-10] have confirmed the feasibility of replacing alkaline ions in porcelain 

by alkaline-earth ones, in particular, ions of Ca
+ 2

. It has a positive effect on the electrical properties of 

electric porcelain. However, the excessive amount of CaO in ceramic mass narrows its sintering range. 

We performed a series of experiments to find the optimal parameters of the synthesis of the new 

composition of porcelain by taking into account  the results of study of the chemical and mineral 

composition, technological properties, physical and chemical processes and phase transformations during the 

heat processing of above- described kaolins, white clays, quartz sand, feldspars and wollastonites. To 

determine the effect of mineralizers on porcelain properties the compositions with addition of wollastonites 

from 1 to 5% were developed. 

The process of preparation of ceramic materials included the following basic operations - splitting of 

materials in a jaw crusher, fine grinding of the joint rocky and clay materials, magnetic cleaning and 

preparation of plastic mass. The wet fine grinding is carried out in a ball mill at a ratio of the material, balls 

and water of 1: 1.5: 1. Uralite balls were used as grinding media. The duration of grinding is 6 hours. 

Particles sizes of porcelain mass (in microns) and their content (in %) are shown in Fig. 2. 

 
Fig. 2. Particle sizes of porcelain mass after wet grinding 
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Humidity of molding mass was 17-19%. The samples were prepared on the laboratory equipment by 

plastic technology. Test samples dried to a residual moisture content of 1% were burned at the temperature 

of 1280-1320 
0
C. 

Analysis of changes in strength of the samples as a function of the burning temperature (Fig. 3) 

shows that when burning of mass occurs with addition of wollastonite up to 2% the uniform increase in 

strength is observed untill the temperature of 1250 - 1300°C. At the temperature above 1300°C the strength 

decreases. The strength of the ceramic mass with a content of wollastonite from 2 to 3% raises untill 

temperature of 1200 °C only up to values of 50-52 MPa. Then, as in the previous mass the decrease of 

strength characteristics is observed. Samples of porcelain with addition of wollastonite from 3 to 5% have 

very low strength values, so their values are not reflected on the graph. 

 

 
 

М1 – mass with content of wallostonite  to 1 %, М2 – mass with content of wallostonite to 1.5 %, М3 – mass with 

content of wallostonite to 2 %, М4 - mass with content of wallostonite to 2.5 %, М5 – mass with content of wallostonite 

to 3 % 

 

Fig. 3. Changes of porcelain samples strengths with different content of wallostonite after burning at 

different temperature 

High strength of samples with wollastonite (to 2%) at lower temperature (1250-1300°C) compared 

with classic porcelain are due to the fact that the composition of wollastonite in porcelain mass promotes 

formation of the vitreous phase with high reactivity. This speeds up the process of structure formation of 

ceramics, increases content of low mobile calcium ions in the composition of the vitreous phase. 

The content of wollastonite in masses between 2 and 5% narrows the range of porcelain sintering 

and increases open porosity. Apparently, these factors are the cause of reducing the mechanical strength of 

the test samples. 

Most favorable ratio of raw materials is determined to be  in the following ranges: 50 - 55% clay 

components (kaolins and clays), 20 - 25% quartz sand, 25 - 30% of feldspars and 1 - 2% of wollastonites. 

The main physical, mechanical and electrical properties of the optimal composition of porcelain 

samples are determined. Their results are shown in Table 3 below. 

 

Table 3. Physical-mechanical and electrical parameters of obtained samples 

Exponents Value Requirements of state 

standards 

Fire shrinkage ( t= 1350 
0
С) / full shrinkage, % 8.2 / 13.2 - 

Water absorption, % 0,0 0.0 

Density, g/sm
3
 2.71 2.45 
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Bending strength: 

                 unglazed sample, МPа 

                 glazed sample, МPа 

 

69.7 

75.8 

 

60 

70 

Tensile strength: 

                 unglazed sample, МPа 

                 glazed sample, МPа 

 

31.5 

37.8 

 

30 

35 

Electrical strength at frequency of 50 Hz, kV/mm 28.9 25 

Dielectric permittivity at frequency of 50 Hz  

6.5 

 

from 6 to 7 
 

Electrical tests were conducted in accordance with GOST 6433.3-71, GOST 6433.4-71. A favorable 

combination of vitreous and crystalline phases provided fairly high technical properties of the tested samples. 

X-ray analysis showed that the crystalline phases of the burned samples consist of grains of mullite 

(d / n = 2,5398; 2,2112; 1,8789; 1,5119) and quartz (d = 3,3387; 2,4497; 1,8114 ; 1,2843; 1,37). 

Micro-photos made by scanning electron microscope of the chip surface of porcelain with optimal 

composition (Figure 4) show that the samples have a very dense structure. Microscopic photos  show (Figure 

4 a, b, d) clearly distinguishable grains of quartz, surrounded by rims high-silica glass. The outlines of the 

glass-mullite areas corresponding to the original grains of feldspar and nondecayed mass corresponding to 

the clay material are seen. 

High indicators of technical properties of synthesized tested samples of porcelain are explained by 

optimum selection of raw materials, processing parameters of raw materials and the burning temperature of 

the molded samples, as well as achieved peculiarities of phase composition and texture of the porcelain 

mass. Tested samples are dense, sintered mass consisting of mullite crystals, residual grains of quartz and 

vitreous phase. 

The developed of electric porcelain technology based on cheap and locally available raw materials 

will allow to solve the problem of import substitution. 

High requirements for electrical and physical-mechanical properties of electrical insulating 

porcelain, as well as the steady depletion of traditionally used raw materials lead to the need of developing 

new mass compositions of electro-technical porcelain by employing mineral raw materials not used 

previously. 

 

 
а) 

 
b) 
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c) 

 
d) 

 

Fig. 4. Electronic – microscopic picture of electro- technical porcelain of optimal composition, х 2000 

 

Kazakhstan possesses considerable mineral resources for the development of electrotechncal industry. 

According to «ResearchgroupInfoMine», about 20% of kaolin balance reserves of CIS countries are 

concentrated in Kazakhstan. They are considered to be the main source of kaolins in the Commonwealth 

countries. On the territory of Kazakhstan there are 8 known deposits of refractory clay. There is a great 

potential of the country in non-plastic (emaciating) raw components of porcelain mass. One of the most 

important and original components of ceramic masses are potassium-sodium feldspars. Deposits of feldspars 

are discovered in Zhambyl, Karaganda, East Kazakhstan, Almaty and South Kazakhstan regions. In Central 

Kazakhstan vast pegmatite feldspar areas are known. 

Complex investigations of raw materials of domestic deposits for the porcelain industry of the country 

are very relevant nowadays. 

Mineralogical and petrographic analysis of the mining raw materials for the silicate industry, 

experimental and technological research of the authors point out to the possibility of organizing complete 

electro-technical porcelain production by employing raw materials of Kazakhstan deposits. 

The technological scheme of production of electro-technical porcelain on the basis of local mineral 

resources has been developed. Local kaolins, white clay, quartz sand, feldspar and wollastonites were used as 

components of the ceramic mass. 

In vitro electro-technical porcelain products were synthesized and their basic physical and mechanical 

properties were determined. The research results show that the qualitative characteristics of the developed 

compositions of masses meet all the requirements of state standards for porcelain electro-l insulating 

products. 

Conclusion. It was discovered that the kaolins of Soyuzny deposit, white clay of Berlinsky deposit, 

quartz sand of Mugojar deposit, feldspars of Sarybulak deposit, wollastonites of Verhne-Badam deposits by 

their  physical-chemical and technological properties completely meet the requirements of the state standards 

for raw materials  used for production of electro-technical porcelain. 

Electro-technical porcelain with new composition having  high technical properties is obtained. The 

developed technology of production of electro-technical porcelain by employing cheap and locally available 

raw materials will certainly allow to solve the problem of import substitution 
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Abstract 

The main methods of energy saving in the processes of convective drying  are heat  utilization of drying agent 

and forced drying of drying agent with the purpose of intensification of mass transfer. We proposed  the method of 

drying in the heat-mass transfer module (HMTM) under excessive pressure and  the filtering of the drying agent 

through the material. According to this method, crushed wet material is placed in a hermetic heat-mass transfer module 

where an excessive pressure is created by external compressor. Due to  compression in  compressor the air  is heated to 

the necessary temperature. Air is completely are saturating  by vapor  during filtration through a porous structure of 

the wet material then is condensed under excess pressure and vapor-liquid mixture is removed from heat-mass transfer 

module. The work deals with the mathematical modeling and experimental verification of drying process in  the heat-

mass transfer module under the excessive pressure. It is shown that the efficiency of the filtration drying process at 

excessive pressure in 1.5 ... 2 is higher than for convective filtration drying. The factors that increase the energy 

efficiency of the drying process  at excessive pressure are the heating and moving of the drying agent in one unit - the 

compressor, the full use of the enthalpy of the drying agent, the complete absence of losses with outlet drying agent. The 

mathematical models are developed, which allow to carry out engineering calculations of filtration dryers under 

excessive pressure. The proposed hardware scheme of drying process implementation solves the problem of resource 

conservation and environmental friendliness of production. 

 

Key words: drying, filtration, excessive pressure, kinetics, heat mass transfer, energy efficiency. 
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Introduction. Drying is the oldest method for preserving, which are known humanity. It guarantees 

the food safety of the finished product, is used for any type of raw material, provides high technological 

functionality in food technologies (for example, the use of powders), and guarantees long-term storage and 

economy of storage and transportation. At the same time, drying is a very energy-consumption process. 

Compared with other canning methods, the specific energy consumption for the drying process is 6 times 

higher than for sterilization and 10 times for pasteurization. But the shelf-life of dried products is the largest 

of all methods of preservation. 

According to the analysis of literary sources among the methods of drying food plant materials, the 

most widely used at present, the method of convective drying is the main. It is used the in tunnel dryers, belt 

conveyor dryers, spray dryers due to the simplicity of design, low-cost equipment and simple operation [1,2].  

The main problem of the drying process is high energy consumption. The specific energy 

consumption of modern convection dryers is 4000 ... 8000 kJ/kg of evaporated moisture, which is 2 ... 3 

times the theoretical minimum for evaporation of 1 kg of water. Therefore, in the food and processing 

industry, up to 30% of consumed energy is consumed in the processes of drying. And at the same time, up to 

70% of heat is lost with a drying agent that is emitted to the environment at elevated temperatures, which 

leads to high cost of dried products and deterioration of the environmental situation associated with including 

global warming problem. The main reason for the high energy consumption of the convection drying method 

is the extremely low efficiency of multiple energy transformations and its transportation. During the 

convection drying, as a rule, the fuel is converted into gas, then the gas in the steam, which heats up the 

drying agent, and only then that heat is transmitted directly to the product. At each of these stages there are 

irreversible energy losses. 

There are two ways to increase the energy efficiency of dryers [3]. Technological or kinetic, in 

which the drying rate increases due to an increase in heat-mass transfer coefficients [4]. This is achieved by 

preliminary mechanical dewatering of the raw materials before drying, using the highest possible 

temperature of the drying agent and the lowest possible dispersion of the material. It is a versatile, cheap, but 

less effective way to increase your energy efficiency. A more efficient, but more appropriate, is a hardware-

technical way to reduce the unit cost of energy. It consists in applying the recirculation of the drying agent, 

using the heat of moisture condensation, heat recovery, applying a targeted supply of energy to the material. 

Such methods are usually associated with a fundamental change in the hardware scheme of the dryer and 

require serious investments. 

Let's consider the hardware-technical disadvantages of classical schemes of dryers, which cause 

large specific energy inputs to the process of dehydration. In the classical scheme of any convective dryer 

three elements is necessary fan, a heater, a drying chamber. Conversion of energy occurs in the fan and 

heater. Both the first and the second device have their losses, which increase the specific energy 

consumption of the drying process. Due to the fact that the volume of the operating chamber of the dryer, as 

a rule, is greater than the volume of the product, the amount of the drying agent exceeds the theoretically 

necessary, which is due to the need to maintain high values of the coefficients of heat and mass transfer. 

Due to the high cost of energy solutions of lower energy consumption is an important task. 

Earlier we proposed the method of drying in the Heat-Mass Transfer Module (HMTM) under 

increased pressure and the filtering of the drying agent through the material [5]. In this method of drying, the 

function of the heater and fan is performed by a compressor that can simultaneously heat the drying agent 

and give it the required speed. Since the compressor can create high pressure, this method is most suitable 

for filtration drying in the tight layer of the material. In this case, the thickness of this layer can be 

significantly higher than with conventional filtration drying due to the high pressure of the compressor. Thus, 

there are several factors at once to increase the energy efficiency index: it is the heating and moving of the 

drying agent in one device - the compressor, the full use of the enthalpy of the drying agent not only on 

heating and evaporation, but for doing work to overcome the hydrodynamic resistance of the material layer. 

There are high coefficients heat and mass transfer, since the drying agent is directly delivered to each 

particles due to high pressure and friction, the lowering of the temperatures on the outlet of dryer 

(theoretically below ambient temperature), complete absence of losses from the spent drying agent. 

The purpose of this work is to summarize the previously obtained results and to describe the theory 

and technique of the drying method at the excessive pressure. 

Methodology of experiment. For experimental studies, a drying unit was created, as shown in 

Figure 1. According to proposed method of drying wet crushed material is placed in a sealed HMTM where 
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overpressure created by an external compressor. In the result of compression of air in the compressor is 

heated to the required temperature.  

 

 
 

Fig. 1. Scheme of experimental installation: 1 - compressor; 2.6 - temperature sensors; 3,5 - Pressure 

sensors; 4 - Heat-Mass Transfer Module; 7 - throttle; 8 - heat exchanger; 9 - moisture separator 

 

When filtering air through wet porous material is fully saturated with the state of condensation of 

steam and then under excess pressure derives from HMTM. Then the moist air passes through the heat 

exchanger where it is cooled and enters the choke, where the process of throttling is carried out below the 

condensation temperature. After that, in the moisture separator air and liquid are separated. Then, the dry air 

moves to the heat exchanger where it is heated by hot steam from the outlet of the HMTM, and then enters 

the compressor. 

Pressure was regulated by valve at the output of HMTM. Drying kinetics was measured by direct 

weighing of HMTM on electronic scales. The objects of investigation were preliminarily prepared damp 

sawdust, as typical colloid capillary porous material and waste after squeezing of carrot juice. 

Results and Discussion. Consider the differences in classical filtration drying and pressure drying  

(Fig 2). With conventional filtration drying, air is pumped by a fan with pressure p1, heated in a heater to a 

temperature t1 at constant pressure p1 (isobaric) and then filtered through a layer of material placed in a 

drying chamber with a restrictive the grid. In this case the product layer is limited by its hydrodynamic 

resistance (5 ... 10 kPa) and is usually in the thickness from 50 to 150 mm. At the exit from the drying 

chamber, the temperature is t2 at relative humidity 2 (ideally 2 = 1), and the pressure is equal to 

atmospheric pressure p0. 

 

 

a) 

 

 

b) 

 

Fig 2. Scheme of convective drying (a) and HMTM with compressor (b). 1 - product; 2 - heater; 3 - fan; 4- 

drying chamber; 5 - restrictive the grid; 6 - compressor; 7 - Heat-Mass Transfer Module (HMTM); 8 - 

throttle. 
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In the case of filtration drying under high pressure, the adiabatic air is heated in a compressor to a 

temperature t1 corresponding to the pressure of p1 injection and feds directly to a sealed drying chamber. In 

this case air is filtering through a porous layer of the product and completely saturated to the state of 

condensation of steam (t2 at relative humidity 2 = 1). Then, at the expense of the next expansion in the 

throttle, performs work on extruding the mixture of steam-liquid under the influence of pressure difference 

(p2 - p0). 

Compare the theoretical energy efficiency of the adiabatic compression process in compressor and 

isobaric heating in a heater. According to the first law of thermodynamics in the isobaric process, the heat 

brought to the drying agent in the heater is spent not only on increasing its internal energy, but also on the 

work of its expansion. In the adiabatic process, the work carried out by the compressor is transformed into a 

change in the internal energy of the gas. 

 

pdVdUdQ  ;       (1) 

 

dTmcdQ p ,       (2) 

 

where dQ  - is the heat that comes to the air, J; dU  -  change of internal energy of air, J; pdV - work on 

expansion of air, J; m - air mass, kg; cp - specific heat capacity of air at constant pressure, J/(kgК). 

In the adiabatic process, the work carried out by the compressor is transformed into a change in the 

internal energy of the gas 

 

dAdU  ;        (3) 

 

dTmcdA V ,       (4) 

 

where cv - specific heat capacity of air at constant volume, J/(kgК). 

 

Obviously, with the same difference in temperature and mass of air, the energy consumption in the 

heater for heating in the isobaric process will be higher than in the adiabatic compression. 
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where  =1,4 the heat capacity ratio for air. 

 

Thus, the theoretical energy efficiency of the adiabatic compression process in a compressor is 

higher than that of isobaric heating in the heater in  times. 

Considered the same mode for both dryer, when drying agent completely saturated with moisture to 

relative humidity 2=1 at the output of the dryer. Although, for convective drying of such mode in practice is 

not used (usually 2=0,3...0,4), but humidity 2=1 at the output of the dryer is the theoretical limit of 

efficiency of convective drying (at normal atmospheric pressure). For filtration drying at excessive pressure, 

as indicated above, this is the basic operating mode. Productivity on evaporated moisture for both dryers 

taken the same as the temperature of the drying agent. 

As you know, the temperature of the adiabatic compression process in the compressor is connected 

to the pressure thus 
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where t0, t1 temperature at the inlet and outlet of the compressor С; р0, р1 pressure at the inlet and outlet of 

the compressor, Pa. 
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Calculation of this formula shows that with increasing pressure from 0.15 MPa to 4 MPa temperature 

at the outlet of the compressor increases from 60С to 160С (actually in compressor the process is 

polytropic and <1.4 respectively outlet temperature slightly less). The calculations assumed that for 

convective drying heater should heat the air to a temperature t1 at normal atmospheric pressure. In filtration 

drying temperature is provided by compression in the compressor to the appropriate pressure р1. To calculate 

the parameters of humid air we used classical equation for thermodynamics 
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where  -  relative air humidity; d - moisture content of the air, kg steam/kg dry. air;   - air density, kg/м
3
; 

 - specific volume of air, м
3
/kg; I - enthalpy of the air, J/kg;  Сa - specific heat of air, J/(kgK); р -pressure, 

Pa; рh  -  saturated steam pressure of water, Pa;  t – temperature С; 
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where La – air volume expenditure in the dryer, м
3
/s; m/ - drying speed, kg/s; d0, d2 – moisture content of 

the air inlet and outlet of the dryer.  

 

Settings air at the outlet of the dryer determined to isenthalpic drying process 

 

),(),( 2201 dtIdtI  ,      (14) 

 

where t1, t2  - temperature inlet and outlet of the dryer.  

 

In the convection filtration dryer, the total specific energy consumption of the isobar drying process 

is equal to the sum of the thermal and hydrodynamic charges in the ventilator. The specific energy 

consumption in the drying process for convective filtration drying is calculated by equation (15) 
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In the case of filtration drying with the compressor, the energy brought to the compressor is spent 

both on heating the drying agent and on overcoming the hydrodynamic resistance of the product layer. In 

addition, in the presence of a pressure drop, a positive work is being done to squeeze the mixture of vapor-

liquid formed as a result of the contact of saturated vapor and free moisture in the pores and the 
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macrocapillaries of the particulate material. This additional work is carried out only when there is a 

differential pressure on the throttle (p2 - p0)> 0, that is, only in the case of drying under the action of high 

pressure. For a classical filtration drying, the expansion of gas is zero, since the output of the product layer 

pressure is equal to atmospheric. The specific energy consumption in the process of filtration drying under 

excessive pressure is calculated by next equation 
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Parameters of air had taken in equal in both cases t0=20 C; d0= 0,01 kg/kg. Results of modeling are 

shown in Fig. 3. 

 

 
 

Fig. 3. Specific energy consumption for two methods of filtration drying with constant hydrodynamic 

resistance pH = 5 kPa: 

isobaric filtration drying: 1 - 2=1;  2 -  2=0,8;  3 - 2=0,6; 

adiabatic filtration drying: 4 - 2=1;  5-  2=0,8;  6 - 2=0,6; 

7 - latent heat of water vaporization. 

 

In Fig. 3 shows a comparison of the specific energy consumption for two drying methods for a 

typical temperature range of the drying agent of 40 ... 160 ° C, which corresponds to compression pressures 

in an compressor with adiabatic compression of 0.11-0.4 MPa. In calculations, the hydrodynamic resistance 

of the product layer was assumed to be 5 kPa, which corresponds to the usual thickness of the product layer 

for filtration drying 50 ... 100 mm. It follows that the specific energy consumption for isobaric filtration 

drying decreases with increasing temperature, and for adiabatic filtration drying increases with increasing 

temperature (pressure). This is due to the fact that, with increasing pressure of the drying agent, its 

absorption capacity (d2 - d0) decreases. 

As theoretical calculations show, the specific energy consumption for isobaric filtration drying is 

3200 ... 5400 kJ / kg (curves 1-3), while for adiabatic filtration drying 1400-2700 kJ / kg (curves 4-6), that is, 

in a certain range of temperatures (pressures) even less than the specific heat of water vaporization. This is 

explained by the well-known fact that the energy conversion factor in heat pumps, where the useful work of 

the cycle is equal to the difference between and expansion and compression of the gas is also greater than 

unity. Thus, the theoretical analysis carried out confirms the energy efficiency of the proposed drying 

method under the action of excessive pressure. 

To develop a mathematical model of kinetics of the drying process under the action of high pressure 

it was necessary to find an analytical connection between the characteristics of the structure of the porous 
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layer of the material and its dimensions. The fig. 4 shows the geometry of the porous layer structure in the 

cross section of the drying chamber and the model of this structure. 

 

 
  

а) b) c) 

 

Fig. 4. Geometry of the porous structure of the product layer at TMOM; a) - porous product; b) - a model of 

cylindrical capillaries (rectangular packing); c) - model of cylindrical capillaries (hexagonal packaging). 

 

The model consists of parallel cylindrical pores and macro capillaries filled with water, between 

which there is the solid material (a dry substance containing microcapsules filled with vapor). Pores and 

macro capillaries have a length equal to the length of the camera. As is known, the most dense packing of 

cylindrical capillaries is hexagonal, but the least dense --- rectangular. Other packaging options lie between 

these marginal cases. With this in mind, a formula is obtained, which allows to calculate the average radius 

of the porous layer capillaries if the particle size distribution of the disperse material is known. 

 

S1.785r .        (17) 

 

where  r -  the average radius of capillaries, m, S -  the cross-sectional area of the particles of the product, 

m
2
. 

 

On the basis of this, we obtained formula (18) for calculating the hydrodynamic resistance of the 

porous layer, depending on the size of the drying chamber, as well as the characteristics of the layer of the 

disperse material 
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where  - coefficient of dynamic viscosity of humid air, Раs; lTM - length of the camera, m; П - porosity of 

the layer; STM - the cross-sectional area of the chamber, m
2
. 

 

According to this equation, the hydrodynamic resistance is greater, them greater the volume 

consumption of the drying agent, and since the consumption of the drying agent determines the drying rate, 

this equation should be considered as the main condition for the implementation of the drying process under 

pressure.  

To simulate the kinetics of the first drying period, the fact that all the energy of the drying agent is 

completely spent on the evaporation of water from the moist material is used. For conventional convective 

filtration drying, this is really an assumption, since part of the energy goes away with a drying agent that is 

not yet fully saturated. In the case of filtration drying in excessive pressure, this is not an assumption, but a 

real fact. 

On the basis of this we obtain the equation for the kinetics of propagation of the evaporation front in 

the drying chamber 
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where   -  coefficient of heat transfer; tm -  temperature of adiabatic saturation of humid air; t1 - temperature 

at the input; rw - specific latent heat of water vaporization; w0 - initial moisture content of the material, 

c - volumetric concentration of solids in product, kg/m
3
. 

 

Temperature distribution of the drying agent over the length of the chamber 
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The equation of propagation speed of the evaporation front on the length of the camera 
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From the last equation, it follows that it is possible to find a length of the chamber, for which the 

velocity of propagation of the evaporation front is close to the maximum. 
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where xmax - rational length of the chamber, when the speed of the first drying period is rapidly decrease, 

provided lTM> xmax. 

To determine the rational geometry of the drying chamber, we proceeded from the following 

considerations. First, in order to fully utilize the moisture absorption capacity of the air, the length of the 

chamber must be greater than a certain minimum length, which is determined by the condition of the 

saturated steam temperature being reached by the drying agent. Secondly, in order to ensure a high drying 

rate, it is desirable to limit the length of the drying chamber, which corresponds to the period of maximum 

drying speed. Thirdly, the length of the chamber should be limited to the maximum loss of pressure due to 

the hydraulic resistance of the porous material and the pressure of saturated vapor at the exit of the chamber. 

Based on these considerations, we solved the optimization problem. As a result, the following 

inequalities were obtained, which limit the range of possible ratios for length - chamber diameter. 

Condition of full saturation of the drying agent 
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Condition for maximum drying rate 
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Condition for limiting hydrodynamic losses 
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All three inequalities in the first place depend on the volume expenditure of drying agent, which is 

directly proportional to the performance of the dryer. The coefficients that relate the relation ratio of the 
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length - diameter of the chamber with the volume expenditure of drying agent contains all the characteristics 

of the drying process under the action of the excessive pressure. 

On the basis of these inequalities a general view of the rational zone of effective drying conditions is 

obtained. Figure 1 shows this rational zone in the form of a triangle within which boundary requirements are 

satisfied. 

 

 
 

Fig. 5. The rational zone of geometry of the heat-mass exchange module for filtration drying at the excessive 

pressure 

 

The inclination of the corresponding curves depends on the specific values of all the characteristics 

of the drying process under the action of excessive pressure, but the general nature of the rational zone from 

expenditure of the drying agent remains unchanged. It should be noted that the main limitation is the limit on 

the maximum hydrodynamic resistance (curve 3), so a rational ratio of the length - diameter will be located 

near this line. 

The intersection of lines 1 and 3 determines the maximum consumption of the drying agent, and 

therefore the maximum drying performance for a given hydrodynamic resistance at the chosen drying 

temperature. 

The intersection of lines 2 and 3 determines the maximum length-diameter ratio for a given 

hydrodynamic resistance. 

Thus, the resulting dependencies allow designing of a heat-mass-exchange module for the 

implementation of the drying process under excessive pressure. 

In the experimental studies of the drying process under the influence of pressure, we studied the 

kinetics of moisture content and temperature, in the range of pressures from 2 to 5 bar, which corresponded 

to the temperature at the entrance to the drying chamber from 60 to 95 C. 

Since the volume performance of the compressor of the experimental installation depended on the 

injection pressure, in order to compare the kinetic curves obtained for the different initial moisture content 

and the different volumetric flow rates of the drying agent, all curves were constructed in dimensionless 

coordinates. 

Dimensional moisture content 
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where wk is the final moisture content, kg/(kg dry weight). 

     w0 - initial moisture content, kg/ kg dry weight). 

 

Dimensionless time, which takes into account not only the influence of the volume charge of the 

drying agent, but also the volume of the filtration layer 
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Fig. 6 shows typical kinematics of moisture content for pressures from 2 to 6 bar. 

 

 
                                    a)       b) 

Fig. 6. Kinetics of filtration drying under the excessive pressure: 

a)  1 - 0.2 MPa; 2 - 0.3 MPa; 3 - 0.4 MPa; 4 - 0.5 MPa; 5 - 0.6 MPa (layer thickness 30 mm) 

b) 1 - 0.2 MPa; 2 - 0.3 MPa; 3 - 0.4 MPa; 4 - 0.5 MPa; 5 - 0.6 MPa (layer thickness 120 mm) 

 

The drying curves has  two drying periods - a period of warming up of the material, when the drying 

rate is gradually increased, and the period of constant drying rate to practically the final moisture content. In 

our opinion, this is due to the fact that the drying process takes place according to the scheme of propagation 

of the evaporation zone from the entrance to the exit  of the material layer, and this rate is constant under the 

conditions of a thin layer, which corresponds to the theoretical model of kinetics of drying. Increasing the 

pressure from 0.2 MPa to 0.6 MPa increases the drying time by 2 times. The drying time does not depend on 

the thickness of the filtration layer in the range of the investigated values, which is quite understandable 

since the dimensionless time is directly proportional to the thickness of the filtration layer. It is established 

that all the drying curves are constructed in dimensionless coordinates, moisture content – time, are similar. 

As shown by the analysis of the data, the dimensionless drying time for all experiments carried out depends 

only on the pressure. All drying curves with a relative error of 2 ... 3% are described by the following 

regression equation  
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where a1, a2, and a3 are empirical coefficients that depend on the thickness of the filtration layer and 

pressure. 

Based on the obtained correlation, an average drying rate under the influence of the pressure was 

found. 
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where w/ average drying rate, kg/(kg dry weight)/s. 
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The feature of filtration drying is that the temperature is strictly related to the process of compression 

in the compressor. In the experimental installation, the temperature and pressure were measured at the input 

and outlet of the compressor and the input and exit of the drying chamber, and also in the material layer. 

In Fig. 7 shows experimental data on the dependence of the temperature at the inlet to the drying 

chamber on the compression pressure in the compressor, which was approximated by the equation of 

polytropic compression. 

 

 
 

Fig. 7. Input temperature in HMTM, depending on pressure in the compressor 

 

  273273

1

0
0 

















n

n

p

p
tt ,                                                           (30) 

 

where t -  temperature at the inlet to the drying chamber, С; 

          t0 - temperature at the inlet to the compressor, С; 

          p - pressure at the at the inlet to the drying chamber, Pa; 

         p0 - pressure at the inlet to the compressor (normal atmospheric pressure), Pa; 

         n = 1.1 - indicator of polytrope. 

According to the approximation obtained, the polytropic index in the experimental installation was 

n=1,1, which means that the process is approaching isothermal by this indicator. 

Fig. 8 shows the average temperatures (during the drying period) at the inlet, exit to the compressor 

and the exit from the drying chamber. 

Regardless of the input pressure, the temperature at the exit from the drying chamber was 

approximately the same at 30 ° C, which is lower than the temperature of the adiabatic saturation of air at 

this pressure. This fact is an important proof that the drying agent fully utilizes its thermal potential and 

performs work on mechanical dehydration of the wet material.  

As is known, the Energy conversion efficiency of the dryer is calculated as the ratio of the difference 

in temperature at the outlet and inlet of the dryer.  
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where t2 - temperature at the exit from the drying chamber.  

These calculations are shown in Fig. 9. It turns out that at 0.6 MPa, the efficiency factor is twice as 

high as if the temperature at the outlet of the dryer corresponds to the temperature of adiabatic saturation. 

On the basis of the principle scheme of the drying process under the excessive pressure, the dryer 

installation was developed for the drying of the squeeze from the plant raw material. The dryer consists of 

three sections, mounted one above the other and interconnected by the gate locks, actuators, duct system for 

the drying agent. The section is a screw conveyor, between which the shafts are mounted. The drying agent 

is fed under pressure to the sections under the action of the centrifugal compressor. The dryer has a closed 
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circuit, which includes a heat exchanger for cooling before throttling, a separator of liquefied liquid and a 

cyclone for fine purification of exhaust air before feeding to the centrifugal compressor. The table 1 shows 

the technical characteristics of the developed dryer. 

 

 
 

Fig. 8. Average temperature at the in dryer: 

0 - inlet to the compressor; 

1 - inlet to the dryer; 

2 – exit from  dryer; 

3 - the temperature of adiabatic saturation of air at 

this pressure 

 

Fig. 9. Energy conversion efficiency: 

1 – Energy conversion efficiency of experimental 

dryer; 2 - Energy conversion efficiency calculated at 

the outlet temperature of the dryer which equal 

temperature of adiabatic saturation 

 

Table 1. Technical characteristics filtration dryer at the excessive pressure  

Productivity on raw materials 200 kg /hr 

Specific energy consumptions 3505 kJ/(kg Н2О) 

Energy conversion efficiency 0.72 

Drying temperature 80 °С 

Power of compressor 150 kW 

Volume Performance of compressor 6000 m
3
/hr 

Overall dimensions 450047805100  

Mass 5450 kg 

 

Conclusion.  

1) A new method of filtration drying has been developed, according to which fine-grained or 

granular wet material is placed in a sealed heat-mass exchange module, where created excess pressure by the 

external compressor. 

2) It is shown that the efficiency of the filtration drying process at excessive pressure in 1.5 ... 2 is 

higher than for convective filtration drying. The factors that increase the energy efficiency of the drying 

process  at excessive pressure are the heating and moving of the drying agent in one unit - the compressor, 

the full use of the enthalpy of the drying agent, the complete absence of losses with outlet drying agent. 

3) Theoretically proved and experimentally confirmed the possibility of reducing the specific energy 

consumption to the level of physical minimum due to the performance work at expansion of the drying agent 

under the action of high pressure. 
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4) The mathematical models are developed, which allow to carry out engineering calculations of 

filtration dryers under excessive pressure. 

5) The proposed hardware scheme of drying process implementation solves the problem of resource 

conservation and environmental friendliness of production. 
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Abstract 

 The article presents the results of introduction of theoretical positions of geonics (geomimetics) 

when designing cement composites with improved physico-mechanical properties and performance 

properties. An important factor is that these composite binders and concretes based on them are created with 

a significant replacement of energy-intensive cement on technogenic raw material, which helps to improve 

the environmental situation. The composite structure formation processes are presented in the order of 

scaling from the nanostructured to the macro levels. The mechanisms for optimizing the cement matrix 

structure saturation with the binder components are determined. Thus, improving the efficiency of concretes 

is carried out by managing the processes of structure formation, taking into account the theoretical provisions 

of the new transdisciplinary science of geonics (geomimetics).  
 

Key words: composite binder, cement, packing density, calcium hydrosilicates, pores, aggregate, filler  

 

 Introduction. In the modern world saturated with natural and technogenic hazards, protection of 

human life and health should be ensured by optimizing the “man-material-habitat” system by constantly 

improving structural materials for protective constructions [1, 2].  

 Due to the fact that large-scale cement production also significantly impairs the ecological habitat of 

humans, its use should be minimized. The fact that the cement industry’s contribution to the global 

greenhouse gas emissions, especially CO2, is 7-10% and the admission that it is the third most energy-

intensive industry [3-4] cause serious environmental concern in the industrial environment. In particular, in 

the production of 1 ton of clinker, 0.97 tons of carbon dioxide are emitted into the atmosphere [4]. Replacing 

a part of cement with various additives (including production wastes) allows reducing the greenhouse gas 

emissions into the atmosphere.  

 Thus, it is necessary to increase the efficiency of concretes by using composite binders, which are a 

mixture of a hydraulic binder, silica-containing component and various modifiers that help optimize the 

specified characteristics of the final products. The use of highly efficient multicomponent binders serves as 
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the basis for the development and production of modern composites for various purposes with an optimized 

structure and projected characteristics. By the current time, a fairly large number of various composite 

binders have been developed and tested, unique from the standpoint of environmental protection, as well as 

being profitable in terms of capital investments, as well as manufactured and tested on an industrial scale. At 

the same time, knowing all the advantages of such compositions, due to various factors, these composites do 

not have a well-deserved volume of production capacity at cement and concrete plants and markets [5].  

 Theoretical justification. The main component of concrete, which has a significant impact on its 

physical and mechanical properties and operating parameters, is a cement stone. The main component of the 

cement stone is calcium hydrosilicates (С-С-Н), which form a spatial structure that includes the unreacted 

part of the cement grains coated with hydrated new formations, as well as the intergranular space partially 

filled with hydrate new formations. Calcium hydrosilicates have a different structure. For example, a 

crystalline, semi-crystalline or amorphous structure is isolated. The crystalline structure is mainly 

hydrosilicates, which are formed during heat and autoclave treatment, and, moreover, during the 

crystallization of new formations in the pores and in the intergranular space [6].  

The characteristics of composite materials mostly depend on the structure of the dispersed systems 

from which they are composed [7]. The structural strength of this dispersed system, its stability, the rate of 

destruction and restoration of the structure are almost always interconnected. The conglomerate building 

material – concrete belongs to the class of composites. The matrix substance of concrete, consistently on the 

scale levels of the structure, is cement-sand stone, cement stone (so-called microconcrete), cementing agent, 

new formations of this cementing substance, solid phase of new formations, substance of a single structural 

element of the new formation, which corresponds to the scale order from macro to nanoscale structure [8]. 

The orderliness of the structure of composite materials is characterized by the proportionality of the scale 

levels of the structure – by matching the properties of the material at each scale level [9]. The 

implementation of high concrete strength ensures the combined effect of a number of factors: increase in 

density due to the optimization of the grain composition of the binder; reduction of porosity of the cement 

stone, carried out by reducing the water-cement ratio of the concrete mix; filling the pores between the 

cement particles and optimizing the rheological properties due to the lubrication effect; formation of 

secondary hydration products during the pozzolanic reaction with calcium hydroxide Ca(OH)2 as a result of 

the addition of microfillers to the concrete mix [10].  

 Imagine the processes of composite formation in the order of scaling from the macro to the 

nanostructured levels. The macrostructure of a concrete stone consists of densely packed aggregate grains, 

which are pushed apart and glued together with cement paste [11]. As a result of the macrostructure 

formation, the cement paste initially covers the aggregate grains, and then fills its intergranular voids, at that 

the process of uniform separation of the grains takes place. If the amount of adhesive substance increases, the 

aggregate core acquires a more lattice structure, i.e. the packing density decreases [12]. At the macro level, 

the raw material mix can be represented as a model of a polydisperse system “aggregate – binding part”, in 

which large aggregate grains form a volume structure, the gaps between which are filled with dispersed 

particles of the binding part (Fig. 1).  

 

 
 

Fig. 1. Concrete macrostructure model: a – lack of the binding part, b – density packing of the aggregate, 

c – excess of the binding part  

 

The works [13-15] reflect modern physicochemical concepts of the joint action of micro- and 

nanoparticles in dispersed mineral composite systems. With decrease in the particle size, the electrostatic 
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charge on their surface increases, and the interacting forces between the particles increase accordingly [15]. 

The main reason for the formation of stable colloidal and high-molecular structures lies in the presence of 

long-range attraction forces between individual particles. These forces are inversely proportional to the cube 

of the distance between the particles. The attraction between colloidal particles clearly manifests itself at a 

distance of up to several hundred nanometers. The condition of sticking (coagulation) of particles is in the 

dominance of the attraction forces between them over short-range repulsive forces [13]. In addition, it must 

be remembered that the initial hydration period of the cement paste is accompanied by sedimentation, during 

which the aggregate and cement grains are deposited under the action of the gravity force. The time of 

sedimentation processes increases due to the retention of the fine fraction in suspension, i.e. as a result of 

reducing the effect of gravity.  

 During transition to the nano-size, cardinal changes in electronic conductivity, optical absorption, 

chemical reactivity, and in addition, in mechanical properties, in values of surface energy and surface 

morphology of the composites, occur [16]. The nano-sized calcium-silicon-hydrate phase (C-S-H gel) of the 

hydrated cement paste, which has a complex morphology [17], is mostly a network of nanoparticle plates, 

the dimension of which is 60 x 30 nm
2
, and the thickness is 5 nm. The use of nanosilicates in the concrete 

mix allows not only significantly optimize the spatial packing of its components (cement, fillers, aggregates), 

but also reduce the number of pores, as well as significantly harden it. In addition, the use of the nano-

dispersed silicate additives allows control the reaction of C-S-H formation and transformations, which are 

responsible for ensuring the durability of the cement stone, and, in addition, determine a number of 

construction and technical parameters of the concrete mix, for example, shrinkage and creep [374]. Globules 

of the calcium hydrosilicate gel, which contain nanoscale pores filled with structural water, are a solid phase 

with characteristic dimensions of several nanometers, responsible for all the poroelastic properties of the 

cement paste. The nano-sized particles (<100 nm) addition to the concrete mix significantly affects 

durability. In particular, colloidal silica – silicon dioxide microparticles (SiO2), dispersed in water and 

stabilized by a dispersing additive of even smaller particles, interact with Ca(OH)2 faster than with the 

microsilica [18].  

 In order to optimize the cement stone structure saturation with cement and filler, it is necessary to 

correctly select the amount of dispersed additive in concrete, the main criteria of which are:   

- implementation of the most density packing of particles in the cement paste; 

- optimum saturation of the cement with a microfiller in the absence of particle contact with each 

other, if the size of the filler particles is comparable with the cement particles. In this regard, it is logical to 

add ash microfiller with optimal dispersion (even if its activity is small) to the composition of fine-grained 

concrete, which gives savings in the region of 30-40% of cement without deterioration in physical and 

mechanical parameters of products and structures with simultaneous increase in the operational properties of 

the composite. 

Despite this, until now there are no adequate mathematical models for predicting the permeability of 

the cement composites in the building materials science; this slows down the development of common 

methods for the selection of the composition of binders with the designed characteristics of impermeability 

in different periods of hardening [18].  

 In this regard, let assume as a basis the model of S.A. Korolev [18], in which the system of 

macrocapillaries of cement composites is continuous and represents intergranular formations in the cement 

stone structure. The actual macrocapillaries structure is crisp cylindrical, the design structure is cylindrical 

with the reduced hydraulic radius (Fig. 2).  
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Fig. 2. Cement composite model  

 

 Characteristics of the cement stone structure density are such parameters as the macrocapillaries 

radius and geometric density. Moreover, the macrocapillaries radius includes several structure parameters: 

the volume of macrocapillary pores, specific surface area and density of crystallite cluster formations. 

Geometric or structural density is determined by the ratio of the radius of macroscopic cluster hydrate 

formations to the order of the structural lattice.  

Experimental research. To achieve the goal of the work, a composite binder obtained by joint 

grinding of the following components was developed: 60% cement, 25% rice husk ash, 6% quartz sand, 6% 

limestone crushing, 3% hyperplasticizer. The composite binder was crushed to 500-900 m
2
/kg. Water was 

added in an amount necessary to ensure the same mobility, but on the basis of the water-binding ratio, not 

higher than 0.25. The cement stone was studied at the age of 1, 3, 7, 28 days.  

The microstructural analysis showed that for the cement stone from additive-free cement, a matrix 

with a large number of voids and microcracks is characterized, the vast majority of which are represented by 

slightly crystalline and X-ray amorphous new formations, against which the hexagonal plates of Portlandite 

are visible (Fig. 3, a, c). 

The use of the developed composite binder allows compact the microstructure, obtain clearly 

distinguishable systems of needle and lamellar new formations that fill anisometric and isometric voids (Fig. 

3, б, г). This leads to the formation of a rigid matrix with reduced porosity, which, in turn, leads to the 

cement stone hardening.  
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Fig. 3. Microstructure of new formations (at the age of 28 days): neat cement stone (a, c) and cement 

stone on the developed composite binder (b, d) 

 

The differential-thermal analysis of the additive-free cement stone and cement stone on the 

composite binder shows the presence of three main endothermic effects (Fig. 4). The first (at a temperature 

of about 160ºС) is caused by the loss of adsorption water from gel-like hydration products. The decrease in 

the area of this effect on the results of the DTA of the cement stone on the composite binders shows the 

decrease in the content of gel-like new formations as a result of their transition to the crystalline state. 

The following endothermic effect (at a temperature of about 475ºC) corresponds to the calcium 

hydroxide dehydration. The increase in the area of this peak on the thermogram of the additive-free cement 

stone shows a higher content of Portlandite in its composition. 

The last endothermic effect (at a temperature in the region of 525-650ºС) may be associated with the 

calcium carbonate decomposition.  

 

 
 

Fig. 4. DTA results for the neat cement stone and cement stone on the composite binders  

 

Conclusions. The implementation of the theoretical geonics (geomimetics) position allows increase 

the efficiency of managing the structure formation processes in the synthesis of new generation composites 
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through the use of technogenic raw materials. Accordingly, ideas about the mechanism of the highly 

effective action of additives are being modernized, which, with a synergistic approach to their use, can 

ensure the development of materials with a qualitatively new level of physical and mechanical properties and 

performance indicators. 

The use of fine components of binders can significantly expand the composition of new formations, 

reduce the content of Portlandite, increase the dispersion and strength of the packing of calcium 

hydrosilicates, which improves the performance characteristics of composites. 

Thus, the use of the composite binders of various compositions allows create composites with 

predetermined physical and mechanical properties and performance characteristics. However, careful design 

of the compositions is necessary, as well as the choice of the technology for the manufacture of binders. 
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Аbstract 

For each of the known mechanisms of interaction of contacting phases (film interaction of gas and liquid, 

bubbling, the impact, centrifugal, vortex interaction, etc.), a large number of equipment for carrying out the processes 

of mass transfer, contact heat transfer and dust collection has been developed. The choice of the mechanism of 

interaction and, accordingly, the apparatus is determined by many indices, the main of which are energy costs for 

carrying out the process and the achieved efficiency. In addition, the equipment applied must be insensitive to the 

treatment of contaminated gas and liquid flows 

Currently, the devices with a regularly-suspended packing have been created, which use an effective 

mechanism of vortex interaction of gas and liquid, and the prevention of the possibility of overgrowth is provided by the 

introduction of suspended contact elements into the working zone. 

When conducting studies with changes in the operating parameters, it was determined that at low gas flow 

rates (below 3 m/sec), determining the structure of the gas-liquid layer in the apparatus with a regularly- suspended 

packing are liquid droplets. The increase in gas velocity causes the domination of gas bubbles in the gas-liquid layer. 

For modes with a droplet flow of liquid and a dispersed motion of the gas flow in the form of bubbles there are 

proposed the calculation equations.  

 

Key words: apparatus, energy costs, efficiency, regularly-suspended packing, vortex mechanism, operating 

modes, droplet diameter, bubble diameter.  

 

Introduction. Currently, a large number of equipment for carrying out the processes of mass 

transfer, contact heat transfer and dust collection has been developed. The operation of each of the developed 

designs is based on a certain mechanism of interaction of the contacting phases. Such mechanisms can be the 

film interaction of gas and liquid, bubbling, the impact, centrifugal, vortex interaction, etc. The choice of the 

mechanism of interaction and, accordingly, the device is determined by many indices, the main of which are 

energy costs for carrying out the process and the achieved efficiency. In addition, the equipment applied 

must be insensitive to the treatment of contaminated gas and liquid flows 

A combination of the above indices is characteristic for apparatuses with a suspended and regularly 

mobile packing. However, if we analyze the work of each group of apparatuses, it can be noted that the 

apparatuses with a suspended packing have unjustified costs for lifting and keeping the packing elements in a 

suspended state. The apparatuses with a regular arrangement of rigidly fixed packing elements in the case of 

treatment of gas, containing highly adhesive solid particles, may be subject to overgrowth. 

Currently, there are developed the apparatuses with a regularly-suspended packing [1,2], which use 

an effective mechanism of vortex interaction of gas and liquid, and the prevention of the possibility of 

overgrowth is provided by the introduction of suspended contact elements into the working zone. 
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Methods (methodology) of the experiment. To obtain the experimental data on the size of liquid 

droplets and bubble diameters, there have been used the statistical methods of photo processing when 

changing the operating parameters of the apparatus. 

Results and discussion. At gas flow rates from 1 to 3 m/sec., the liquid in the contact zone of 

apparatuses with a tubular-suspended and tubular-fountaining packing is mainly in the form of droplets, 

whereas at gas flow rates of 4-5 m/sec. the gas bubbles are dominated in the gas-liquid layer. Let’s determine 

the average diameters of liquid droplets and gas bubbles. 

The average diameter of liquid droplets. The photos and the visual picture of the formation of 

droplets near tubular elements and moving balls indicate the formation of liquid droplets, practically similar 

in size. As far as it was possible to see during the statistical processing of photos, the formation of droplets 

occurs according to the following mechanism. The liquid, coming for irrigation, falls on the packing 

elements and forms a liquid film on them. The film of liquid is flowing down from the packing elements to 

form streams. The vortices, formed behind the packing elements, are breaking the jets of liquid into droplets. 

Let’s determine the diameter of droplets behind the tubular packing elements and consider them as 

an average value of the whole packing layer. 

Formation and breaking of liquid droplets in the volume of the packing layer is complex [3,4]. 

Breaking can occur both because of droplet deformation and under the influence of the impact of droplets, 

moving at high speed, on the packing and among them. There is adhesion of droplets to the packing and 

coalescence of liquid particles. This constant and repeated change of breaking acts and merging leads to 

alignment of droplet sizes.  Therefore, the estimation of dependence of the average integral value of the 

droplet diameter on the basic parameters of the layer is of interest for calculation equations. 

The mechanism of droplet breaking in a continuous flow is explained [3,5,6], based on the theory of 

local isotropic turbulence. Small-scale pulsations kdl   on a drop, moving in the gas stream with a density

zhG   , are not able to influence even the nature of its movement. Large-scale pulsations change 

relatively little at a distance of about the size of the droplet. Therefore, it can be effectively affected, with 

causing the deformation of shape or breaking, only by pulsations with a scale of kdl ~ . It is considered [3] 

that the sizes of the droplets, breaking in a turbulent flow, at 0ldk   should not depend on viscosity 

properties of continuous and dispersed media.  

We accept the following assumptions: the formation of droplets occurs during the fragmentation of 

the film under the influence of the vortices, arising in streamlining of the packing elements, away from the 

near-wall layers of continuous medium; the droplets at the time of formation have a spherical shape with a 

uniform surface tension; the speed of fragmentation and coalescence of droplets is the same.  The latter 

assumption is true for sequential and multiple breaking of the resulting film. 

When determining the size of the droplet, we proceed from the condition of equilibrium of forces 

acting on the droplet [7,8,9]: 

 

kzh dU /42/)'( 2   ,                    (1) 

 

where in the left side of the equation – the dynamic pressure acting from the inside to the interface due to 

changes in pulsation velocities at a distance kdl  , and in the right side – the capillary pressure. 

The average pulsation velocity can be expressed according to the law of “two-thirds” as follows: 

 

�̅�′ = 𝐸1/3 ∙ 𝑙1/3 = 𝐸1/3 ∙ 𝑑1/3,            (2) 

 

where l – the scale of pulsations, compared with the droplet diameter, i.e. kdl ~ . 

The energy dissipation in the liquid mass is determined by the formula: 

 

zhzh

b
V

Nb
E
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where Nb -  the power of vortices, formed in streamlining of cylindrical tubes: 

 
3

2

g

b L n g

U
N S    ,                 (4) 

 

Here 𝜉𝐿- the coefficient of hydraulic resistance; Ug=Wg/tr – the true speed, m/sec. 

The volume of liquid on the surface of tubes:  

 

zh n plV S   ,                                              (5) 

 

Where the film thickness pl [9] is: 
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Substituting the expression (2), with taking into account (3)-(5) in equation (1) and solving relative 

to kd , we obtain: 
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In equation (7), the values for diameters of jets strd  and the speed of jets motion strU  are determined 

by formulae [9]: 
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The degrees for the terms of equation (7) correspond to the range of degrees, obtained earlier by 

different authors [3,5]. This confirms that the obtained equation almost completely reflects the nature of the 

influence of turbulent flow parameters on the droplet size. 

The average diameter of gas bubbles. One of the complex problems of gas and liquid mechanics is  

stability of the shape and motion of gas bubbles. Among the proposed mechanisms of changing the 

deformation turbulence depending on the modes of motion of particles, the most justified is the mechanism, 

proposed by H. Brauer [10]. In it, based on the classical dependence of the resistance coefficient on the 

Reynolds number, there are three stages of changing the shape of the bubble: 

1. The area of spherical bubbles motion 

 

1ReRe0  п ; 

 

2. The transition region with periodic deformation of the bubble shape 

 

21 ReReRe  п ; 

 

3. The area of stochastic changes in the bubble shape  
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2ReRe п . 

 

To determine the boundary conditions, there are proposed [10]: 

 
209.0

1 73.3Re fK ;      (10) 
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In these dependences: 
zh

пп
п

dW




Re  - the Reynolds number for a bubble, moving in a liquid layer; 

666Re1   и 1530Re2   - Reynolds criteria, which define the modes of the bubble motion; fК  - a 

dimensionless number, called by us as the shape coefficient, taking into account the influence of surface and 

viscous forces on the shape of the bubble.  

The refined calculations based on the known experimental data [11-14] have shown that   

 
2.0

1 4Re fК ;       (13) 

 
25.0

2 44.3Re fК .      (14) 

 

For each of the three stages of bubble motion on the basis of visual observations in the work of H. 

Brauer [10] the description of bubble deformations is given, but there is no assessment of bubble stability.  

This assessment is given in [15] in the study of apparatus with large perforated plates. 

For the area of spherical bubbles motion, on the basis of Prandtl and Levich papers there is deriveed 

an equation for calculating the bubble diameter [15]: 
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 .      (15) 

 

Here пW  is the speed of the forced ascent of the bubble, equal to: 

 













 1

UW
W к

п .      (16) 

 

It is noted [15] that in the region of low relative velocities, the stable bubble has a relatively large 

size. But for these bubbles, the main force that changes its shape is the difference in hydrostatic pressures. 

In the transition region with a periodic deformation of the bubble shape ( 1530Re660  п ) the 

initial spherical shape varies from elliptic to mushroom [10]. A distinctive feature of this mode is a sharp 

increase in the coefficient of hydraulic resistance of the bubble from 0.09 to 2.61. H. Brauer suggests that the 

life expectancy of vortices, arising from deformation, is much higher than the period of shape change, i.e., 

new vortices can interact with the previous ones. That would explain the sharp leap п  . A similar law of 

resistance coefficient change is observed for droplets [12]. 

In this mode, the equation (16) [15] can be used to determine the bubble diameter. 
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The area of stochastic changes in the shape of the bubble 1530Re п  was characterized by H. 

Brauer [10] as an area of shapeless or form-dynamic bubbles. The most interesting is the constancy of their 

resistance coefficient 61.2п при 1530Re п . This phenomenon can be explained by the laws of motion 

of bubbles of small size and their pulsations, so that the vortices formed turbulize the boundary layer of the 

liquid. Therefore, this area can be called the mode of motion of the pulsating change in the shape of the gas 

bubble. Moreover, the change can be local, not on the entire surface. Therefore, it is generally close to 

spherical [15].  

The following calculation equation is obtained for this area [15]: 

 

пzh

п
Wg

d
4341

43

44.3



 .      (17) 

 

Conclusions. When conducting studies with changes in the operating parameters, it was defined that 

at low gas flow rates (below 3 m/s) the liquid droplets are determining the structure of the gas-liquid layer in 

the apparatus with a regularly-suspended packing. Increasing the gas speed causes the domination of gas 

bubbles in the gas-liquid layer. 

For modes with a dropping liquid flow and a dispersed gas flow in the form of bubbles, the 

calculation equations are proposed, which can be used to calculate the heat and mass transfer characteristics 

of the apparatus. 
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Abstract 

The analysis of literature data has shown that to carry out heat and mass transfer processes in the conditions 

of contaminated gas and liquid flow treatment, it is most successful to use the apparatuses with a mobile and regularly 

placed packing. These apparatuses have undoubted advantages over traditional packed and plate apparatuses. Based 

on the study of the operating principle of apparatuses with a movable and regularly placed packing, there are created 

the designs of apparatuses with a regularly-suspended packing. 

For the developed designs of apparatuses with a tubular- suspended and tubular- fountaining packing, there 

have been carried out the studies of heat transfer coefficients depending on the gas flow rate and irrigation density. 

There is given the comparative analysis of the apparatuses under study and the apparatuses with a ball- suspended and 

fountaining packing. 

There are proposed the equations for calculation of heat transfer coefficients in tubes and a packing zone, 

taking into account the structure of a gas-liquid layer when changing the operation modes of the apparatus. 

 

Key words: suspended packing, fountaining packing, regularly-suspended packing, mass transfer, heat 

transfer, heat transfer coefficient, operation modes, calculated dependences. 

 

Introduction. Currently, there are data on the successful use of apparatuses with a mobile packing in 

industry due to the simplicity of design and insensitivity to contamination of the gas-liquid medium with 

solid impurities. However, their significant drawback is a great hydraulic resistance, making the main share 

of energy costs to lift the packing elements and keep them in a suspended state. In another group of 

apparatuses, the packing elements are regularly placed on strings or rigidly fixed in the contact zone. The 

fixed regularity of placement enables to reduce considerably the hydraulic resistance, and due to the 

implementation of adjustable vortex interaction, to intensify considerably the ongoing processes. In the 

apparatuses with a tubular packing of regular structure it is possible to conduct separate heat exchange 

processes without mixing the heat carriers. At the same time, when carrying out the processes of dust 

collection with dust particles, having the increased adhesive properties, there is possible the appearance of 

deposits on the surface of tubes. For this case there are developed the apparatuses with a combined tubular-

suspended packing [1, 2]. 

The main advantage of apparatuses with a combined tubular- suspended packing is the possibility of 

mechanical cleaning of the contact zone internal surfaces from deposits in the process of operation. In this 

regard, the use of such apparatuses is economically feasible, as it permits to ensure the smooth operation of 

the apparatus when cleaning gas, containing highly adhesive dust particles 

Methods (methodology) of the experiment are to determine the heat transfer coefficients under the 

basic law of heat transfer.  
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Results and discussion. In the study of hydrodynamic characteristics of apparatuses with a 

regularly- suspended packing, it was found that the main factor, affecting the pulsations frequency of the 

flow is its velocity. Let us consider the effect of the gas flow velocity on the heat transfer α.  

Figure 1 shows the graph of dependence of heat transfer coefficients in the apparatuses with a 

movable packing on gas velocity. The analysis of these curves shows that the increase in the gas flow rate 

causes the increase in heat transfer coefficients. This occurs due to the increasing temperature difference on 

the contact surface.  

 

 
 

Conditions of experiments: TV and TF apparatuses (one support and distribution grid); ρН = 600 kg/m
3
; dH = 0,015 m; 

Hst=0,03 m; Sк/Sap=0,28 m
2
/m

2
; tb/b=4; tr/b=2; L=15 m

3
/m

2
hr); L=15 m

3
/ m

2
hr 

1 -  – a tubular- suspended packing; 2 -   – a tubular- fountaining packing 

 

Fig. 1.  Dependence of heat transfer coefficients of apparatuses with a movable packing on gas velocity 

 

 
 

Conditions of experiments: see Figure 1 wг = 4 m/sec. 

1 -  – a tubular- suspended packing; 2 -   – a tubular- fountaining packing 

 

Fig. 2.  Dependence of heat transfer coefficients of apparatuses with a movable packing on irrigation density 

 

The process of formation, motion and interaction of vortices behind the tubes of the tube bank with a 
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frequency, increasing with the growth of gas velocity, makes a great contribution to the development of 

turbulence of the gas-liquid flow. At the same time, the motion of discrete packed elements also contributes 

to the further growth of heat transfer coefficients α. 

When studying the hydrodynamic characteristics of apparatuses with a combined tubular- suspended 

packing in the studied range of gas flow rates and irrigation densities, it was found that at gas velocities 

below 3m/sec. the gas is a continuous flow in apparatuses, while liquid is in a dispersed state there. The 

vortex formation behind packed elements, which is inherent in all regular packings, promotes multiple 

breakups of jet droplets and liquid films, creating a developed interfacial surface. Multiple droplet breakups 

result in equalizing the concentration distribution inside the droplet and the process begins as if from the 

beginning. 

The vortices and the motion of discrete packed elements make a significant contribution to gas-liquid 

layer pulsations, under the influence of which there appear  fluctuations of the free surface of liquid droplets 

(bubbles), accompanied by periodic changes in their shape. Therefore, the frequency of pulsations should 

determine the rate of renewal of the interface, and, consequently, the rate of mass transfer and heat transfer 

At gas velocities above 3 m/sec. in the apparatuses with a tubular-suspended and tubular- fountaining 

packing, practically in the whole volume of the contact zone there is observed a highly turbulized gas-liquid 

layer, in which gas is presented in the form of bubbles. Especially intense turbulization of flows is observed 

in the apparatus with a tubular-fountaining packing. 

In SP and FP apparatuses, the bulk of mass transfer falls on the above-lattice zone. The intensive 

interaction of gas and liquid occurs both during the outflow of gas jets from lattice holes and in the dynamic 

gas-liquid layer [3]. The growth of β𝑟𝑠 in the layer during the increase of wг is mainly caused by the increase 

of the contact surface of phases as a result of enhanced breakup of liquid by pulsations, increasing in scale, 

having high energy, which is in good conformity with the results of studies in hydrodynamics. The intense 

gas - liquid interaction and fragmentation of liquid in the FP apparatus occur in the core of fountaining, 

which occupies only part of the above-lattice zone. Therefore, the phase contact surface is small in it and the 

values of β𝑟𝑠 are correspondingly low. 

Data of β𝑟𝑠, obtained for SP and FP apparatuses [3], have lower values than for apparatuses with a 

combined tubular- suspended packing. This is explained by the fact that the mode of simultaneous vortex 

formation behind regularly located tubes in the tubular packing makes its share of contributions to the 

intensity of mass transfer.   

At the same time, the introduction of discrete ball elements into the tubular packing zone leads to a 

change in the gas-liquid layer structure due to accumulation of liquid, and appearance of the areas, where the 

predominant influence is made by gas bubbles. This is not the most positive effect on the indices of heat and 

mass transfer characteristics. The results of studies of β𝑟𝑠 and α, obtained for an apparatus with a regular 

tubular packing [4], exceed the obtained values for apparatuses with a combined tubular- suspended packing, 

especially in the intensive modes of operation. 

The main advantage of apparatuses with a combined tubular- suspended packing is the possibility of 

mechanical cleaning of the contact zone internal surfaces from deposits in the process of operation. Due to 

this, the use of such apparatuses is economically feasible, as it allows to ensure the smooth operation of the 

apparatus when cleaning gas, containing highly adhesive dust particles. 

The values of heat transfer coefficients α (Figure 2), with the increase in irrigation density  L, grow. This is 

due to the increase in the phases contact surface, which at gas velocities below 3 m/sec. is determined by the surface 

of  liquid drops, the growth in the number of which increases with the growth of L. The increase in the flow of fresh 

liquid at a gas velocity of 4 m / sec. contributes to the growth in the number of bubbles involved in the heat and mass 

transfer process, the increase in the contact surface and, consequently, the growth in heat transfer coefficients. 

The lower values of mass transfer coefficients in the gas phase for SP and FP apparatuses [3] in 

comparison with the devices with a combined regularly- suspended packing are explained by various 

mechanisms of gas-liquid layer formation. If for SP and FP apparatuses the gas-liquid layer formation is 

mainly carried out by chaotically moving discrete packed elements, in the apparatuses with a combined 

regularly- suspended packing, the gas-liquid layer is formed due to the ordered vortex interaction of gas and 

liquid flows during the streamlining of a tubular packing. 

In the apparatuses with a regularly-suspended packing, the heat exchange processes occur in the 

tubes of the tube bank and in the zone of gas-liquid flow interaction. Below are the calculated dependences 

of heat transfer coefficients. 
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Heat transfer coefficients in the tubes of the tube bank. In paper [4] there were studied the heat 

transfer coefficients during the motion of a heat carrier in the tubes of the tubular bank. It is noted that the 

intensity of heat transfer can vary widely and is increasingly dependent on the flow velocity. The change in 

the temperature of liquid occurs both in the cross section and along the length of the tube [5].  

The analysis of numerous study results and the received calculated dependences allows 

recommending the following criterion equations for calculation of the average heat transfer coefficient [6-8]: 

laminar flow  

viscous mode 

Nuzh,d = 0,15·Rezh,d
0,33

·Przh
0,43 

·εl,     (1) 

 

viscous-gravitation mode 

 

Nuzh,d = 0,15·Rezh,d
0,33

·Przh
0,43

×Grzh,d
0,1 

·εl,    (2) 

 

turbulent flow 

 

Nuzh,d = 0,021·Rezh,d
0,8

·Przh
0,43 

·εl.     (3) 

 

As a key temperature there is taken the average temperature of liquid; as a key velocity – the average 

velocity of liquid in the tube, as a key size – the diameter of a round tube or the equivalent diameter of a tube 

of any shape (dekv = 4F/P, where P is the inner perimeter of a channel, m). 

These formulas give an average α at l/d >50. They are applicable for any liquid. For tubes, having 

the length of l< 50×d, the obtained value α should be multiplied by the average correction factor εl,, the value 

of which is given in [6]. 

Many criterion equations of convective heat transfer include a multiplier (𝑃𝑟 𝑃𝑟𝑠𝑡⁄ )0,25, taking into 

account the direction of the heat flow and being close to one, when the liquid and wall temperatures do not 

differ much [9].  When calculating the criterion 𝑃𝑟𝑠𝑡 , the values of physical and chemical properties of 

liquid should be taken by the wall temperature [9]. The value of criterion 𝑃𝑟 in droplet liquids decreases with 

increasing temperature. Hence, for dropping liquids during heating 𝑃𝑟 𝑃𝑟𝑠𝑡⁄ >1 and during cooling 

𝑃𝑟 𝑃𝑟𝑠𝑡⁄ <1. On this ground, during the design of heat exchangers in the calculation of heat transfer 

coefficients for heated liquids there can be taken (𝑃𝑟 𝑃𝑟𝑠𝑡⁄ )0,25=1, with accepting a small error towards the 

reduction of heat transfer coefficients, i.e. towards the reserve. For cooled liquids, when 𝑃𝑟 𝑃𝑟𝑠𝑡⁄ ≥0,5, one 

can take with sufficient accuracy the average value (𝑃𝑟 𝑃𝑟𝑠𝑡⁄ )0,25, equal to 0,93. 

Coefficients of heat transfer in the volume of the combined regular- suspended packing. It is known 

that to carry out the transfer of heat and mass, there is required the difference of potentials in different points 

of medium. Regarding the operation modes of heat and mass transfer apparatuses, as a potential for heat 

transfer there is taken the temperature, and as a potential for mass (water vapor) transfer there is taken the 

partial pressure of water vapor. Consequently, the temperature difference in certain points of medium causes 

the transfer of heat, while the difference of partial pressures - the transfer of mass [10]. 

The real processes in contact apparatuses occur in the conditions of forced motion of exchanging 

media, i.e. in the conditions of convective heat and mass transfer. In this case, the heat transfer and mass 

transfer coefficients in a general case can be obtained from the balance equations of convective heat and 

mass transfer. To do this, there are used simplifications and it is believed that the heat transfer and mass 

transfer coefficients are constant over the surface. 

According to [11], the temperature field in the saturated gas layer does not depend on the physical 

properties of medium, but is completely determined by the shape of the body under consideration. In 

other words, heat and mass transfer between liquid and gas during their direct contact is automodel to 

similarity criteria, including only physical characteristics of media, in particular to Lewis numbers, 

Prandtl numbers, etc. In this case, the shape of adjacent to each other layers of saturated and unsaturated 

gas is the same both for heat transfer and mass transfer, the energy and mass transfer equations and the 

boundary data for them for their regions of definition are completely identical to each other with respect 

to variable temperatures and concentrations. This confirms the analogy of heat and mass transfer 

processes during the direct contact of gas and liquid [11]. 
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Considering the similarity of geometric and physical characteristics of flows, velocity fields and 

static pressure changes, the changes of temperature fields and partial pressures, with fulfilling two single-

valuedness conditions:  

1) adherence to the geometric equality of heat and mass boundaries; 

2) adherence to the similarity of temperature and partial pressure changes in similar points of the 

apparatus, the author [10] noted the preservation of constancy in the ratio of heat and mass transfer 

coefficients: 
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With taking into account the dependences of mass transfer coefficients in the gas phase, the 

expression (4) will take the form: 

at the gas flow rate of 1-3 m / sec. 
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where 
/3.17 L рВ с     – the correlation coefficient; 

кd  - the droplet diameter, m. 

at the gas flow rate of 4-5 m / sec. 
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where 
0,75 /15.6 (1 )TF рK с      - the correcting coefficient; 

пd  - the bubble diameter, m. 

Conclusions. There have been carried out the studies of heat transfer coefficients in the apparatuses 

with a tubular-suspended packing and tubular- fountaining packing depending on the gas flow rate and 

irrigation density. 

There has been done a comparative analysis of the apparatuses under study and apparatuses with a 

ball- suspended and fountaining packing. 

There are suggested the equations for calculation of heat transfer coefficients in tubes and a packing 

zone, taking into account the gas-liquid layer structure when changing the operating modes of the apparatus. 

 

References 

1. Bishimbayev V. K., Volnenko A. A., Yeskendirov M. Z. and etc.. Apparatus with a packing for heat and 

mass transfer and dust collection. Patent for useful model No. 2092, 2017. 

2. Volnenko A.A., Yeshzhanov A. A., Abzhapbarov A. A. and etc.. Apparatus with a packing for heat and 

mass transfer and dust collection. Patent for useful model under Application No. 2018/0037.2, 2018. 

3. O.S. Kovalev, I.P. Mukhlenov, A.F. Tubolkin and etc.. Absorbciya i pyleulavlivanie v proizvodstve 

mineral'nyx udobreniy [Absorption and dust collection in the production of mineral fertilizers]. 

Moscow.:Chemistry, 1987, 208 p. 

4. Sarsenbekuly D. (2016). Gidrodinamicheskie zakonomernosti kapel'no-plyonochnogo vzaimodejstviya v 

usloviyax vixrevogo dvizheniya gaza i zhidkosti [Methodology of calculation and design of apparatuses with 

a tubular packing of regular structure] (PhD dissertation). M.Auezov South Kazakhstan State University. 

5. Sarsenbekuly D., Balabekov O. S., Volnenko A. A., Zhumadullayev D. K. Hydraulic resistance and heat 

transfer during the heat carrier movement in the tube bundle of regular structure. Izvestiya NAN RK. 

Chemistry and Technology series, 2016, No. 1, Pages: 38-43. 

6. M.A. Mikheyev, I.M. Mikheyeva. Osnovy` teploperedachi [Principles of heat transfer]. Moscow: 

E`nergiya, 1977, 344 p. 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

89 

 

7. A.A. Borovik, S.K. Protasov. Proczessy` i apparaty` ximicheskoj texnologii. Sbornik primerov i zadach: 

v 2ch. Uchebnoe posobie [Processes and apparatuses of chemical technology. Collection of examples and 

tasks: in 2 parts. Training manual]. Minsk: BSTU, 2013, 419 p. 

8. B.S. Petukhov, V.K. Shikov. Spravochnik po teploobmennikam: v 2 tome [Handbook for Heat 

Exchangers: in 2 Vol.]. Moscow: E`nergoatomizdat, 1987, 560 p .  

9. K.F. Pavlov, P.G. Romankov, A.A. Noskov. Primery i zadachi po kursu processov i apparatov 

ximicheskoj texnologii [Examples and tasks on the course of processes and apparatuses of chemical 

technology]. Leningrad: Chemistry, 1987, 576 p. 

10. O.Ya. Kakorin. Ustanovka kondicionirovaniya vozduxa. Osnovy` rascheta i proektirovaniya 

[Installation of air conditioning. Fundamentals of calculation and design]. Moscow: Mechanical Engineering, 

1971, 344 p. 

11. E.I. Andreyev. Raschet teplo- i massoobmena v kontaktnyx apparatax [Calculation of heat and mass 

transfer in contact apparatuses]. Leningrad: E`nergoatomizdat, 1985, 192 p. 

 

 

CONCEPTUAL MODEL OF INFORMATION SECURITY OF MEDICAL EQUIPMENT 

MANUFACTURING ENTERPRISES 

 
1
Bakhtiyar R. Ismailov, 

1
Khairulla B. Ismailov, 

1
Murat B. Toimet, 

1
Almat k. Suleyev, 

2
Vyacheslav M. 

Tyutyunnik  

 
1
M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan 

2
 Tambov Branch of Moscow State University of Culture and Art, Tambov, Russia 

 

E-mail: ismailovkhb@mail.ru  

 

Abstract 

This article substantiates the need to ensure the information security of the enterprise for the production of 

medical equipment and the provision of services. A conceptual model for building a corporate information protection 

system has been proposed, which takes into account the influence of objective external and internal factors on the state 

of information security of an enterprise. It is shown that information security consists of a set of measures to ensure the 

security of information assets of the enterprise in question. The solution of any individual issues will not solve the 

problem of information security in general, it can be provided only in the case of an integrated approach. 

 
Key words: enterprise, manufacturing, medical equipment, conceptual model, information security, risk, data 

confidentiality. 

 

Introduction. The modern development of the economy of Kazakhstan and its modernization in the 

framework of the state program of industrial-innovative development is characterized by a growing 

dependence of the market on a significant amount of information flows. Despite increasing efforts to create 

data protection technologies and measures applied, their vulnerability is not only not decreasing, but 

constantly increasing. Therefore, the urgency of the problems associated with the protection of data flows 

and ensuring the information security of enterprises, is increasingly intensified. This scientific article shows 

the need to create and implement a conceptual information security model for an enterprise producing special 

medical equipment and providing medical equipment services. 

Existing modern methods of risk management allow us to solve a number of tasks for a perspective 

strategic development of an enterprise. In particular, it is a quantitative assessment of the current level of 

information security of a medical enterprise, which will require the identification of risks at the legal, 

organizational, managerial, technological and technical levels of ensuring the protection and security of 

information. In addition, the company’s risk management system can include a security policy and plans to 

improve the corporate information protection system to achieve an acceptable level of protection of the 

enterprise’s information assets [1-3].  

Analysis of recent research in this area. The problems of information security of enterprises 

producing and selling medical equipment and services are constantly aggravated by the processes of 

penetration into all spheres of society of technical means for processing and transmitting data and, above all, 

computing systems. The urgency of the problem is evidenced by its extensive analysis in numerous literary 
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sources [4-6]. The intensive pace of development and implementation of information technology elements in 

all spheres of human activity, the implementation of state programs on digitalization, and the intensification 

of competition require the creation of an integrated information security system. This system consists of 

legal, operational, technological, organizational, technical and physical measures to protect information. The 

system is based on scientific and technical principles for building systems to ensure the security of 

information resources of corporate networks, taking into account current trends in the development of 

network information technologies, as well as using research to protect against intruders. 

The purpose of this work is to improve the conceptual model of information security of the 

enterprise, the scope of which is the implementation of medical equipment and services, the introduction of 

such elements that would determine an effective and sufficient set of security requirements. 

The problem of protecting information, in general, is multifaceted and complex and covers a number 

of important tasks: data confidentiality, which is ensured by the use of various cryptographic methods and 

tools; identification of the user based on the analysis of the codes used by him to confirm his rights to access 

the system (network), to work with the data and to change it (provided by the introduction of appropriate 

passwords, analysis of electronic digital signature). The list of similar tasks solved to ensure information 

security and information protection in modern data processing and transmission systems can be continued 

[7,8]. 

The intensive development of modern information technologies, and in particular network 

technologies, creates all the prerequisites for this. The rapid growth of the Internet, together with a 

significant set of new features and services, is brought by a number of new problems, the most unpleasant of 

which is certainly the problem of security. Even a cursory analysis of the computer press shows that the 

problem of the safety and security of information placed on the Internet or in the internal corporate Intranet 

systems is quite acute. Therefore, it is not surprising that all Internet software companies are introducing 

more and more sophisticated information protection tools into their products. 

Internet and information security are incompatible by the very nature of the Internet. It was born as a 

purely corporate network, however, at present, using a single stack of TCP / IP protocols and a single address 

space, it combines not only corporate and departmental networks (educational, government, commercial, 

military, etc.), which, by definition, , networks with limited access, but also ordinary users who have the 

opportunity to get direct access to the Internet from their home computers. A serious failure of local 

networks can paralyze the operation of the enterprise, which leads to tangible material losses. 

The main objects of information security in the enterprise for the implementation of medical 

equipment and services are: information resources with limited access, constituting a commercial secret, 

other sensitive to accidental and unauthorized influences and violation of their security information 

resources, including open (publicly available) information presented in the form of documents and arrays of 

information, regardless of the form and type of their presentation; information processing processes in 

automated systems, information technologies, regulations and procedures for collecting, processing, storing 

and transmitting information, scientific and technical personnel of the developers and users of the system and 

its attendants; information infrastructure, including information processing and analysis systems, hardware 

and software for its processing, transmission and display, including information exchange channels and 

telecommunications, information security systems and facilities, facilities and premises in which the 

sensitive components of an automated system are located. 

The practice of operating automated information systems shows that achieving a 100% level of 

security is expensive and not always advisable, since even the most advanced information protection system 

for today cannot counteract threats that may arise later, and the cost of comprehensive protection can be 

significantly higher than the cost of protected information resources. 

Great help in building an effective information security system can be provided by methods of 

mathematical and computer modeling with the help of which you can choose the optimal set of protection 

tools and also simulate how the created information security system will be effective in the fight against the 

most common threats. Information security implies the absence of unacceptable risk associated with the 

leakage of information through technical channels, unauthorized and unintended effects on the resources 

used in the automated system. Information security criteria are confidentiality, integrity and future 

availability of information. At the same time, confidentiality is understood as the property of information 

resources, including information, related to the fact that they will not be available and will not be disclosed 

to unauthorized persons. Integrity is a property of information resources, including information, determining 
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their accuracy and completeness. In turn, the availability of information is a property that determines the 

possibility of obtaining and using information at the request of authorized persons. 

Information security is a set of measures to ensure the security of information assets of an enterprise. 

Solving any specific issues (technical or organizational) will not solve the problem of information security as 

a whole, it can be provided only in the case of an integrated approach. It is focused on creating a secure 

information processing environment in the corporate system, bringing together heterogeneous 

countermeasures to threats. This includes legal, moral and ethical, organizational, program and technical 

means of ensuring information security. However, only mathematical modeling of the corporate network 

allows to ensure the effectiveness and reliability of the protection systems. 

The principle of building a security system for information resources of a corporate network should 

be based on scientific premises, a scientifically based mathematical model that reveals the internal principles 

of the organization. Based on mathematical modeling, it will be possible to build an organization’s 

information security concept that is sound, with guarantees of security. The concept is a methodological 

basis for the formation and implementation in the organization of a common policy in the field of 

information security (security policy), for making management decisions and developing practical measures 

for its implementation. 

All employees of the company, at whatever level they work, should be trained in information 

security techniques and cooperate fully with those responsible for information security. It is necessary that 

all those involved in ensuring information security, in whatever division they work, help each other. It is also 

necessary for end users to support efforts to protect information, understand the importance of such efforts, 

and strictly follow all prescribed rules. The process of continuous training of employees should be tailored to 

the needs of specific groups and departments. The introduction of information security systems, as a rule, 

leads to more productive use of working time by employees. This is, for example, due to the restriction of 

access to information that is not required for work, as a result of which access to entertainment sites is 

excluded, and the volume of official correspondence is also reduced. 

The information security system should be based on the following principles: 

- forecasting and timely identification of threats to the security of information resources, causes and 

conditions conducive to the infliction of financial and moral damage, disruption of its normal functioning 

and development; 

- the creation of conditions of operation with the lowest probability of threats to the security of 

information resources and the application of various types of damage; 

- creation of a mechanism and conditions for prompt response to threats to information security and 

the manifestation of negative tendencies in functioning, effective prevention of encroachments on resources 

based on legal, organizational and technical measures and means of ensuring security; 

- creating conditions for the maximum possible compensation and localization of damage caused by 

unlawful actions of individuals and legal entities and, thereby, reducing the possible negative impact of the 

consequences of a breach of information security. 

For the effective functioning of the enterprise information security system, it must be equipped with 

a set of hardware and software protection against various information threats. When building an enterprise 

information security system, a model is proposed (Figure 1), which describes a set of objective external and 

internal factors and demonstrates their impact on the state of information security at the facility [9, 10]. 

This model includes the following objective factors: 

- Information security threats characterized by the likelihood of occurrence and the likelihood of 

implementation; 

- the vulnerability of an information system or a system of control measures affecting the probability 

of a threat being realized; 

- risk - a factor reflecting the possible damage to the organization as a result of the realization of a 

threat to information security - information leakage and its illegal use. 

It is necessary to make as detailed a map of the enterprise information system as possible, i.e. 

Describe where and what network equipment is located, which personal computer is connected to which 

port, and what functions are performed on it, determine the circle of people who can work on specific 

computers and their functional responsibilities. It is necessary to describe the route and rights of access to 

electronic documents, analyze the information received and develop mathematical algorithms for ensuring 

the information security of an organization that meets the fundamental goals of protecting information 

resources: accessibility, integrity, secrecy. During the analysis, it is possible to establish: what threat exists 
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and its type, the object of the threat, from whom it can proceed and by what method it can be eliminated. In 

this case, a dynamic model of object interrelationships appears in the system with access control based on 

attributes. 

 

 
 

Fig. 1. Conceptual model of enterprise information security  

 

The proposed methodology for developing an information security concept for a modern enterprise 

that implements medical equipment and services allows fully analyzing and documenting  the requirements 

related to information security, to avoid the costs of additional security measures that are possible with a 

subjective risk assessment, to assist in planning and implementing protection all stages of the life cycle of 

information systems, provide a rationale for the choice of countermeasures , evaluate the effectiveness of 

control measures, compare different options for countermeasures. 

Conclusion. Thus, due to the multistage structure of the conceptual model of information security of 

an enterprise, the introduction of a system for monitoring and securing responsibility, the risk of confidential 

information leaks due to the human factor is significantly reduced. 
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Abstract 

According to long term priorities of development Kazakhstan set the task to increase of business activity and 

acceleration the industrial growth. The State program of industrial and innovative development of the Republic of 

Kazakhstan for 2015-2019 is aimed on it. It is noted that investments in fixed capital in mining industry is more than 

30% of total amount today, processing industry - 12%. 

Indicators of strengthening of investment activity are given: in a total amount of investments the share of Atyrau 

region, Astana and Almaty is highest. The share of innovatively active enterprises in Kazakhstan increased from 4% to 

7, 6%, the costs of the enterprises of technological innovations also increased. It is noted that traditional advantages of 

productions lose the value; non-material production will become the main sphere of employment and the direction of 

investments. Problems of industrial innovative development of the country and a way of modernization of economy are 

shown. 

 

Key words: Industrial and innovative development, investments, technological way, modernization. 

 

Introduction: Geopolitical crisis, volatility of oil prices, sanction policy and delay of growth rates of 

the leading countries exert impact on growth of world economy. Kazakhstan as a part of global economy and 

the country which is in close proximity to epicenter of geopolitical tension comes under influence of all these 

processes. Therefore our country is faced by a problem of increase in business activity and acceleration of 

industrial growth. The State program of industrial and innovative development of the Republic of 

Kazakhstan for 2015-2019 is aimed at it. 

The program is developed according to long term priorities of Strategy Kazakhstan-2050, the Concept of 

including Kazakhstan into number of thirty developed states of the world and also in pursuance of the 

instructions sounded in the President's message to the people of Kazakhstan on January 17, 2014 “The 

Kazakhstan way - 2050: uniform purpose, uniform interests, uniform future”. 

The program is focused on realization of public policy in the field of economy, has significant effect on 

business climate. Achievement of objectives by the country on improvement of conditions of business 

(Doing business), increase in competitiveness of the country (Global Competitiveness Index), decrease in a 

share of the state participation in economy by carrying out privatization taking into account “the principle of 

yellow pages” (Yellow Pages), to include of Kazakhstan in the Index of trust to direct foreign investments 

will be success of the Program (FDI Confidence Index by A.T. Kearney) and Committee on investments of 

OECD, improvement of indicators of the human capital. 

In general it is necessary for successful implementation of the Program that public policy in the field 

of development of agricultural industry, subsurface use, info communication, space, transport and other 

infrastructure, services, including education, did not contradict the key principles, and measures of 

macroeconomic stability were provided. Authors analyze some achievements on execution of the Program 

regarding industrial innovative development in this article. 

 It should be noted that, despite the negative tendencies occurring in the world, industrialization and 

introduction of innovations in Kazakhstan are carried out actively. Today the industrial complex of the 

country occupies a powerful share in structure of GDP (28%), therefore, the general rates of economic 

growth in many respects depend on its dynamics. 

Methods (methodology) of experiment: The set of researches of the western experts is devoted to 

questions of industrial innovative development of the country; there are also publications of scientists of the 

CIS. Working on article, authors got acquainted with some of them. The review of these researches shows 

that else there are enough questions which demand studying: for example, why in the Post - Soviet countries 

measures of the Governments for industrialization, introduction of innovations do not work. There are 

discussions what instruments of management it is expedient to use to stimulation of sustainable development 
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of economy; as far as does creation of innovative business structures improve investment climate and appeal 

of the country? 

For a research method of selection of necessary information of data of Committee on statistics of the 

Ministry of National economy, indicators about a social and economic condition of Kazakhstan and regions, 

reports of the branch ministries, other research organizations are used. At the same time such important 

indicator as a gross regional product can be per capita used as integrated assessment of efficiency of national 

economy and growth of welfare of citizens. 

However when comparing it is necessary to remember heterogeneity of natural, resource, economic 

capacities of country’s regions that influences result of industrial innovative development. National economy 

can be carried to rather difficult and multipurpose objects of a research as we deal with a set of economic 

entities, with different institutional structure and the economic mechanism of management that demands use 

for the description of the whole range of methods of a research.  

To reach objectivity in a research, authors studied internal sources of information, namely: official 

bulletins, periodicals materials, documents and messages of authorities. Besides, open data sources – the 

websites of the companies and institutions, reviews of rating agencies, analytical materials of the scientific 

organizations, Internet resources are used. An integrated approach is shown, i.e. the matter is studied 

comprehensively from the point of view of an economic, political, demographic and ecological situation in 

the country. 

Proceeding from research objectives systematization of the studied material is made. It is about such 

receptions as classification, selection on the basis of statistics. In studying of a problem the system analysis - 

the sequence of a research of a problem from reading a set of articles, studying of statistical data before 

receiving conclusions on problems of industrial innovative development was used. 

Results and discussion: Factors of industrial and innovative development of Kazakhstan. Now in 

structure of economy of Kazakhstan the industry takes almost third part. The mining sector provides more 

than 2,9% of employment and 18% of the gross value added (GVA) in economy. Investments into fixed 

capital in mining industry is more than 30% of total amount today, and in processing industry of only 12%. 

Kazakhstan, the leading exporter of production of the extracting branches (first of all at the expense of oil); 

on an indicator of average per capita export advances all CIS countries. However average per capita export 

of production of processing industry in Kazakhstan is twice lower, than in Russia [1]. 

For the last 5 years of VDS of the non-oil sector grew by 23.4%; VDS of processing industry – 

22.3%; labor productivity in processing industry - 70%; the volume of non-oil export – 6.5%; level of 

innovative activity of the enterprises – 3.6%. The share of local content of goods, works and services in 

purchases of subjects of monitoring increased from 48.2% in 2010 to 67.1% in 2016 [2]. 

It should be noted that data of the last years shows about acceleration of industrial and innovative 

development of the country. Point a number of the facts to it: Kazakhstan becomes the large player of 

logistic services with implementation of the project “Nurly Zhol”; alternative energy sources, “Green 

technologies” on the principle “Smart house” will gain development. Carrying out EXPO-2017 begins to 

gain traction: the branch of light materials in the form of carbon fiber, nanoparticles in semiconductors, 

electronics, and solar batteries develops; in many regions installations on obtaining energy are based of 

alternative sources. 

One of key factors of industrial innovative development is infrastructure. Now in Kazakhstan 10 

special economic zones (SEZ) and 10 industrial zones (IZ) in various sectors of economy, such as chemistry 

and oil and gas chemistry, metallurgy, textiles, information and communication technologies, logistics, 

tourism function [3]. 83 productions with the volume of investment in 203 billion KZT act on territories of 

SEZ. At a stage of realization there are 68 projects with the volume of investment of 1,8 trillion KZT, and at 

a stage of adoption of the investment decision of 348 more projects with the volume of investment of 571 

billion KZT [4].  

 For the last 10 years in SEZ 5 967 work places are created, the output reached 210,8 billion KZT. 

The subjects of industrialization located in territories of SEZ and IZ are given the state support in a part of 

access to engineering infrastructure. At the same time, so far the insufficient development of transport and 

logistics, power and other infrastructure is a barrier to development of industries. 

It should be noted strengthening of investment activity in the country in recent years. The greatest 

increase in investments in 2016 in comparison with 2015 is reached in the Atyrau region -1 470 billion KZT, 

Astana - 782 billion, Almaty – 553 370 billion, so-called “regions of a maximum”. Essential decrease is 

noted in the Aktobe, Karaganda, Kostanay, Kyzylorda, Mangystau and Turkistan regions [1, 5].  
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In a total amount of investments in 2017 the share of the Atyrau region (20.9%), Astana (11.1%) and 

Almaty (7.6%) (Fig. 1) is highest. And in a total amount of foreign investments the greatest share 

accustomed to Atyrau, Mangystau and Aktobe regions. Revival of investment processes was promoted by 

implementation of the SPIID projects for period 2015-2019 years, Cards of Industrialization-2020, the “Road 

map of  business-2020” and also some improvement of an environment in the external and internal markets, 

measures for strengthening of financial institutions of the country. 

 

 
 

Fig. 1. A share of investments into fixed capital of regions in 2016, % 

 

Innovative activity of the enterprises. As a result of the undertaken reforms the share of 

innovatively active enterprises in Kazakhstan increased from 4% to 7,6%, costs of the enterprises of 

technological innovations increased (from 113.5 to 326 billion KZT), similarly by 3 times grew the volume 

of innovative production (from 111.5 to 379 billion KZT), [6]. Preparation of engineering shots for six key 

industries (chemical industry, petro chemistry, food industry, metallurgy, mechanical engineering, and 

industry of construction materials) within “The plan of the nation – 100 concrete steps on realization of five 

institutional reforms” is carried out. 11 basic higher education institutions prepare technical shots for SP IID, 

22 laboratories of cross-disciplinary character are created [4, 6].  
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Fig. 2. The number of scientific research institute, scientific divisions in Kazakhstan 

 

In 2017 on a “Innovation” factor of the Global index of competitiveness of the WEF Kazakhstan 

remains the leader in Central Asia, improved rating on the Technological Readiness indicator - 57 place. 

Kazakhstan has average values of innovation: according to the index of complexity of economy - 64 place; 

on innovations- 59; cooperation of the universities and business in the sphere of research and development -

66; the higher education and vocational training – 60 [7, 8].  

As national economy consists of regions, we consider what innovation situation of territories. For the 

analysis data of the year book “Science. Innovations. Information society” is taken [9]. In Kazakhstan 1783 

Research and Development are distributed unevenly over the country. 837 of them (47%) is concentrated in 

Almaty since long time it was the capital, the largest and prestigious higher education institutions, National 

Academy of Sciences are in it (Fig. 2). 

In 2016 the number of Research and Development of the organizations was 21 269 people, also most 

part – 9 098 scientists (43%) is in Almaty, 2 769 (13%) - in Astana (fig. 3). 
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Fig. 3. Stuffing table of research and development in Kazakhstan 

 

The following large region on scientific potential is East Kazakhstan region - 139 organizations and 2 

213 research associates. One more large region, not only on the number (1 421 people) and existence of 

institutions (165) is Karaganda region, where scientists differ in high efficiency of researches. It should be 

noted as Turkistan region which is poorly presented in the scientific plan where 17% of the population of the 

country live, 63 Research and Development are concentrated, 1 088 people or 5% of the total number of 

workers of science work. 

In statistics of Kazakhstan all innovations are divided into 4 groups: grocery, process, marketing and 

organizational. In regions all specified types are generated. But apparently on the example of grocery 

innovations (fig. 4), in 2016, it was more created in Almaty - 239. Marketing innovations are very poorly 

presented, i.e. market mechanisms of managing at the enterprises are a little developed, the scientific 

research institute, higher education institutions own modern methods of researches insufficiently. On factors 

“Use of new technologies and objects of the equipment”, “Creation of new technologies and objects of the 

equipment” in dynamics can be seen that in general the situation in regions improves if specifically to look 

2016, then besides high rates have Almaty (553 created and 465 used), Astana (167 created and 229 used). 
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Fig. 4. Grocery innovations 

 

In Almaty from the created samples of the new equipment and technology not everything is used, and 

in Astana, on the contrary, is used more, than created that speaks about attraction of innovations of the last 

period or from other regions, the countries. Significantly data on some areas disperse: Akmola (created - 37, 

used -71), Aktobe (31 and 92), Atyrau (23 and 70), Kyzylorda (33 and 52), Turkistan (63 and 105) [5,9]. In 

other areas, on the contrary, created is not used: Zhambyl (119 and 62), Karaganda (97 and 90), Kostanay 

(102 and 94), Pavlodar (46 and 20), East Kazakhstan (124 and 84). The provided figures speak about 

insufficient attention to creation and use of innovations, poorly put work on commercialization of scientific 

and technical developments. From year to year the same 3-4 regions are engaged in innovations, in the others 

there is no essential break. 

The SWOT-analysis of innovative activity of the country showed the following: 

Strengths: 

1) High security with mineral resources;  

2) Macroeconomic and political stability in the country;  

3) Improvement of investment climate and carrying out reforms;  

4) Existence of institutes of development for realization of industrial policy;  

5) Large-scale implementation of SP IID programs for 2015-2019, cards industrialization -2020, the 

road map of business-2020 that promotes generation and use of innovations; 

6) Accumulation of technological and administrative competences in connection with 

commissioning of objects of industrial and innovative development; 

7) Formation in regions of favorable innovative infrastructure (business incubators, offices of 

commercialization, science and technology parks, the centers of business, a co-working centers); 

8) High educational and scientific potential of staff of the organizations for development of research 

and development. 

 Weaknesses: 

1) Low level of susceptibility of business to innovations;  

2) Insufficient stimulation of a transfer of technologies;  

3) Low investment activity and level of the competition in processing industry;  

4) Existence of bottlenecks in infrastructure (transport and logistics, power, water supply) that 

prevents introduction of innovations;  

5) Low competitiveness of innovative system;  

6) Low resource-efficiency and high power consumption of the industry;  

7) Structural problems in economy (“Dutch disease”, a trap of average income, an employment 

problem);  

8) Weak commodity diversification of export; tariff and non-tariff barriers from foreign states in 

relation to the Kazakhstan goods. 
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 Opportunities: 

1) Improvement of the control system behind implementation of innovative projects;  

2) Guarantees on protection and support of long-term investments; 

3) Improvement of search engines and introduction of key technological tasks of the enterprises and 

business;  

4) Increase in demand of resource sectors for the technical equipment, specialized services and innovations;  

5) Introduction of modern production and administrative technologies in processing industry;  

6) Access to the market of EEU, market opportunities in China, Central Asia and the EU;  

7) Growth of competences of Kazakhstan’s scientists as a result of participation in grant programs and 

strengthening of control from Ministry of Education and Science of the Republic of Kazakhstan on 

commercialization of results of scientific and technical activity. 

Threats: 

1) Negative impact of the global and regional crisis phenomena on development of economy and industry of 

Kazakhstan;  

2) The changing environment in the world raw and fuel and energy markets;  

3) Toughening of the control system behind a transfer of technological innovations from industrially 

developed countries for maintaining competitive advantages and communication with sanctions against the 

third countries;  

4) The amplifying competition from the companies from the countries of EEU and other states in domestic 

market of Kazakhstan. 

Problems of industrial innovative development and way of modernization of economy 

Kazakhstan is the leading exporter of production of the extracting branches (first of all oil) on an 

indicator of average per capita export advances all CIS countries. However average per capita export of 

production of processing industry is twice lower, than in Russia. At the same time, according to the country 

report of the IMF in economy symptoms of “the Dutch disease”, in particular, formation of adverse terms of 

trade, growth of costs in economy and institutional problems are observed [10]. It is confirmed also by 

structure of foreign trade. The share of mineral products in structure of export in 2005 - 2016 years grew 

from 64,5% to 80%.  

The Dutch disease is a state of the economy of which two symptoms are characteristic. The first - 

increase in production and export of raw materials. The second is reduction of volumes of national and 

industrial production. In other words, “the Dutch disease” is such state of the economy at which export of 

raw materials slows down development of economy. Falling of the world prices for resources aggravates 

these signs since the economy got used to consume ready, without making anything. 

Also our country faces a problem of "a trap of average income", i.e. at achievement of a certain 

welfare in the range from 10 thousand up to 15 thousand USD of GDP per capita growth of economy can be 

slowed down in connection with growth of the salary, increase in transaction costs and decrease in price 

competitiveness of the country [11]. 

To the countries which broke a barrier last century (Finland, Taiwan, South Korea, etc.), it was 

succeeded to provide growth of economy due to use of innovations and a gain in productivity in the industry. 

For comparison: the labor productivity level in processing industry of Kazakhstan is twice lower, than in the 

countries of OECD; on a share of employed we also concede in this branch to developed countries. 

The analysis shows that the countries which are successfully introducing scientific developments and 

innovations in production have high intellectual potential, cool engineers. As an example it is necessary to 

compare South Korea and Brazil which in 1980 had identical starting conditions, and literally in 20 years the 

difference in GDP due to growth of science and technologies in South Korea exceeded by 3, 5 times in 

comparison with Brazil. In Brazil GDP growth happened generally at the expense of the capital [12]. In 

South Korea success is achieved thanks to scientific developments in the companies and to involvement of 

scientists on production. So, the share of scientists in the companies is  59%, and Brazil -23%.   

About the level of innovation of economy shows also the number of patents. If in Brazil 336 patents 

are the share of the population of 190 million people, then in South Korea 14 440 patents are the share of the 

population of 50 million people. In our opinion, it is result of saturation of production by engineers, scientists 

and also results of mass introduction of innovations in the companies. It is necessary to tell that global trends 

are taken into account and in Kazakhstan. So, in the course of realization of SP IID-2 the focus is gradually 

shifted towards introduction of innovations and development of processing industry. 
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The analysis of system properties of development of the country is demanded by paradigm shifts of 

reforms on the basis of modernization of production structure of economy, its industrial and innovative 

updating. The scientific and technological flexibility of national economy is necessary. The directions of the 

solution of this problem are very diverse - from creating favorable conditions and development of factors in 

the sphere of production of goods before creation of the effective organizational and economic mechanism of 

management of economy. 

 In our opinion, for justification of priorities in modernization of economy it is necessary to lean on 

current trends of global development and in particular, to pay attention to the occurring sequence of change 

of technological ways. The analysis of long-term tendencies of technical and economic development in the 

world and allocation on this basis of technological ways is carried out by many famous scientists [13, 14]. 

Glazyev S. Y, Fetisov G. G. on the basis of the comparative analysis technical and economic development of 

the different countries investigates experience of the centralized management of this process. Development 

of Russia and the USSR in comparison with the countries — technological leaders is estimated, institutes of 

the centralized regulation of technical development of economy are characterized, offers on the system of 

public administration of STP are proved. In the book technological ways are considered. 

In this plan it is necessary to tell that the level of innovation of production both in Russia, and in 

Kazakhstan is insufficient. So, in Kazakhstan a share of the III technological way (the agrarian sector 

generally) - 65%, the IV way – 34% (production of oil, gas, non-ferrous metals), the V way - less than 1%. 

In Russia the V way occupies 3%, IV – 48% (civil mechanical engineering, raw branches), III – 49% 

(agriculture sector, service trade, and households). In the USA it is the share of the IV way – 25%, V - 60%, 

VI are occupied by 15% [15, 16]. 

The research of process of formation and change of technological way allows revealing its regularities 

that helped us to make further offers on modernization of production systems: 

 1. All developed countries passed the same trajectory of technical and economic development. 

Distinctions consisted in duration of a life cycle and separate phases of technological ways. At the same time 

the general regularity consists that the subsequent countries pass the same trajectory of technical and 

economic development quicker than leaders. 

2. Active inclusion in the international labor division in modern conditions is possible only on the 

basis of competitive in separate productions of the fifth technological way, because any of the countries does 

not possess their full complex. Meanwhile the aspirations to simultaneous development of all basic 

productions of the fifth way go to dispersion of resources and technical lag. Therefore the selectivity of 

scientific and technical policy is necessary.  

3. The special importance is gained by timely institutional transformations for the purpose of increase 

in adaptation of society to quickly technological changes, development of methods of definition of priorities 

of technical and economic development and mechanisms of their realization. In this plan realization of SP 

IID-2 represents good base for the subsequent technological breakthrough. 

4. Contrary to the simplified ideas of a scientific technical progress as about constant improvement of 

production by gradual replacement of outdated technologies new, real technical and technological 

development happens by alternation of stages of evolutionary improvement and restructuring of economy 

during which introduction of considerably new technologies is carried out. 

5. In the long term a number of branches of the subsequent technological ways which will demand 

new competences from experts will gain development: 

 5.1 Light materials in the form of carbon fiber, nonmaterial in semiconductors, electronics, and solar batteries. 

However they will create new problems: aluminum replacement, waist, reorganization of production of plastic. 

Kazakhstan as the country with the developed metallurgy it has to be built in this process. “The weightless world” 

is specified in the book by Diana Cowell that in the long term the knowledge-intensive economy will be presented 

as system in which the products changing life, life and production will not have physical weight, in sense of 

physical weight [14].  

5.2 Electricity consumption reduction need of decrease in emissions of greenhouse gases motivate "Green 

technologies". It is reached by application of alternative energy sources, new nonmaterial, revision of system of 

heating and cooling by the principle “Smart house”. Holding EXPO-2017 exhibition forced this direction, some 

ideas begin to be embodied. 

5.3 Development of robotics. In the world today of about 1, 7 million robots, and 120 thousand pieces 

annually are on sale [15]. They found application in branches where participation of people is life-

threatening and also when performing of the standard, repeating operations. Robots which can work without 
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supervision of the person are created, can be among people, react to their teams and are safe for the person. 

Development of this market is relevant for Kazakhstan in the conditions of the shortage of working hands 

and long distances.  

5.4 For Kazakhstan with its extensive territories the paramount value is gained by logistics especially 

transport. For this reason much attention is paid to the program “Nurly zhol” which realization will allow to 

expand export geography, to continue import substitution. Of course, it is possible to localize commodity 

market to the countries of Central Asia, the Areas of Siberia, China. But these countries can fill up us with 

goods, besides often we make similar production. 

  To take the positions leading in the scientific and technical relation, preliminary reorientation of the 

available scientific and technical potential to search and development of basic technologies of the sixth 

technological way is necessary for Kazakhstan. In the conditions of weak technological structure of the 

national economy, backwardness of the market relations such reorientation cannot happen under the 

influence of demand of the commercial sector for research and development. As practice shows, such 

demand generally concentrates around already outdated technologies. Therefore purposeful state stimulation 

of research and development in the perspective directions and active participation of private business 

structures is necessary. 

Besides told, there are deep transformations in control systems, the economic relations which should 

be considered in planning of industrial innovative development: this emergence of new business models, 

rivers-engineering, i.e. returns development of the idea, risks and uncertainty. Fluctuations of national 

currency, a condition of the financial market are of great importance. In a number of the countries as 

Kazakhstan, it occurs along with drop in oil prices. The stated above and other problems of development of 

technologies in the country can be successfully overcome if regions are ready to reforms, there are conditions 

for innovations. 

 Conclusion:  

1. Despite negative impact of external and internal factors, realization of SP IID allowed to provide higher in 

comparison with other sectors of the industry stability of the processing sector. For assessment of results of 

implementation of plans of industrial innovative development bodies of statistics and executive authorities are 

recommended to provide the society of Kazakhstan with wider information.  

2. In the long term non-material production will become the main sphere of employment and the direction of 

investments. It is a paradigm of modern and future economic development of the country. Potential of development 

of post-industrial society us seems in development of infrastructure, the urban environment, convenient dwelling, a 

variety of service trade, etc. 

3. The world becomes the witness of weakening of influence of the traditional, material factors of 

development characteristic of industrial society. Resources and technologically mastered productions move 

to the developing countries which have comparative advantages: proximity to raw materials sources, cheap 

labor, less strict ecological requirements. Defining there is a possession of new key resources – information, 

knowledge and competences. Presence of qualified personnel, access to information technologies, emergence 

of the productions demanding high standard of knowledge [17] become the leading factors.  

4. The traditional advantages connected with economical and geographical situation, existence of 

natural resources and production rather low level of the salary lose the value as in the conditions of 

globalization raw materials can be imported at low prices, not modernized productions become outdated, and 

the low level of the salary allows to produce only production of mass demand by means of the known 

technologies. The specified tendencies of development of world economy, certainly, will influence economy 

of Kazakhstan. Their knowledge is necessary for determination of prospects of development, drawing up 

plans for the future. And here the particularly important becomes the human capital which defines 

competitiveness of the country. 
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Abstract 

The article describes the process of developing a rotary kiln for carbonization and activation of carbon 

materials, which is filed to obtain a patent for an invention. 

 Known thermal module for the production of carbon sorbents with a rotary kiln for carbonization. In the 

known invention in the drum for carbonization, a retort is axisymmetrically fixed, in which carbonization takes place 
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due to conductive heating with hot air, and the pyrolysis gases are completely burned (RU 2095727, cl. F2B 7/04). A 

disadvantage of the known rotary kiln is the insufficient intensity of heat transfer and limited technological capabilities. 

This material describes the furnace operation process for the implementation processes above. 

 

Keywords: carbonization, activation, rotary furnace, carbon 

 

Introduction. The invention relates to the field of technology associated with the production of 

activated carbon from products of plant origin such as coconut chips, apricot stones, by carbonization and 

subsequent activation. 

The rotary furnace for carbonization and activation of the carbon material contains a hollow rotating 

reactor having a loading and unloading side and placed with a slope downwards in the direction of the 

discharge side. Along the entire length of the hollow part of the rotating reactor, conical lattices are installed 

one below the other, the upper and lower parts of which are solid, and the middle is perforated, while the 

lower parts are made with discharge openings under which conical perforated distributors are installed. 

Main part. Known thermal module for the production of carbon sorbents with a rotary kiln for 

carbonization. In the known invention in the drum for carbonization, a retort is axisymmetrically fixed, in 

which carbonization takes place due to conductive heating with hot air, and the pyrolysis gases are 

completely burned (RU 2095727, cl. F2B 7/04). A disadvantage of the known rotary kiln is the insufficient 

intensity of heat transfer and limited technological capabilities. 

Rotary kiln with external heating for carbonization and activation of carbon material, including a 

hollow rotating body having an entrance and a discharge side and placed with a slope downwards in the 

direction of the discharge side; a case surrounding the body and defining with the body a plurality of heating 

chambers, gas burners in each heating chamber, and the temperature of each chamber can be independently 

controlled; annular partitions at intervals along the rotating body to regulate the movement of material 

through the body; lifting strips between partitions for mixing the material, parts lifting the material upwards, 

and forcing the lifted material to fall in cascade in the lower part of the rotating body; means of supplying 

carbon material for supplying it to the loading end of the rotating body; and a supply line for entry into the 

rotating body of the atmosphere of water vapor or carbon dioxide. The maximum depth of the layer adjacent 

to each partition is about 10 cm. The rotating body has 5-10 partitions along its entire length. (RU 2478573, 

publ. 2013). 

A disadvantage of the known rotary kiln is also insufficient heat exchange intensity and limited 

technological capabilities. 

The task of the invention to increase the intensity of heat transfer and simplify the design of the 

furnace. 

The task is achieved by the fact that a rotary kiln for carbonization and activation of carbon material 

containing a hollow rotating reactor, having a loading and unloading side and placed with a slope downwards 

in the direction of the discharge side, the internal device of the rotating reactor, according to the invention, 

the internal device of the rotating reactor one below the other conical arrays, the upper and lower parts of 

which are made solid, and the middle is made perforated, while lower portion formed with discharge 

openings, which are installed under the perforated conical valves. 

Fig. 1 shows the scheme of the proposed furnace, Fig. 2 shows a cross section of a rotating reactor 

with conical grids and distributors. 
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Fig.1. Scheme of the proposed furnace 

 

Installation in Fig. 1, consists of a source material supply system 1, which includes a hopper 2, a 

screw feeder 3, a plate feeder 4, a chute 5, an aspiration chamber 6 with a nozzle 7 bringing out a mixture of 

dust, combustible gases, water vapor and combustion products, as well as rotating drum reactor 8, inclined 

relative to the horizontal plane with an upper end wall 9, connected to the chute 5, and a lower end wall 10 

with an assembly 11 for separately introducing gas jets 12, air 13 and steam 14; section 15 of the reactor 8 is 

equipped with chute 16, connected to the upper end wall 17 of the rotating drum cooler 18, equipped with 

chute 19 and a system for unloading the finished product 20. 

Along the entire length of the furnace, one below the other are installed, conical perforated 

distributors 21 and conical partially perforated lattices 22 with discharge openings 23. 
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Fig.2. Cross section of a rotating reactor with conical grids and distributors 

 

The pre-fractionated raw material 1 is loaded into the hopper 2. By the feeders 3, 4, the raw material 

1 enters the reactor 5 into the reactor 8, which maintains the temperature required for carbonization and 

activation, where through the conical perforated distributors 21 and further along the conical grids 22 , gets 

through the chute 16 into the cooler 18, and then into the unloading system of the finished product 20. 

To organize the process of carbonization or activation, a jet of agent are fed through the node 11, i.e. 

gas 12, air 13, steam 14. 

The essence of the invention is as follows. When the furnace rotates, the source material 1 gets on a 

conical perforated distributor 21, of the first stage (I), where under the action of a moving agent it is evenly 

distributed over the surface and a thin layer drains from it, acquiring some acceleration in the horizontal 

direction, then under the action of the pressure of the agent (gas, air, steam) and horizontal acceleration, the 

particles are evenly distributed over the non-perforated part of the conical lattice 22. Here the particles calm 

down and evenly, in a thin layer, are distributed along the perforator bath of the grate 22. The particles fall 

into the collecting portion of the lattice material not having perforations, to prevent overflow agent, and 

through the discharge opening 23 is fed to a conical perforated distributor 21 of the second stage (II). Then 

the cycle is repeated in the third stage (III). Such a drop in the source material for modern industrial furnaces 

for carbonization or activation creates favorable conditions for contact between the carbonized or activated 

material and the environment of the furnace and, thus, accelerates these processes. 

Conclusion. In comparison with the prototype, the proposed technical solution allows to increase the 

efficiency of the heat exchange process due to uniform distribution of the material along the conical grids 

and organization of the process in a thin semi-weighted layer with a high relative velocity of the agent and 

material, and also allows to significantly reduce the hydraulic resistance in the furnace. 

Rotary furnace for carbonization and activation of carbon material containing a hollow rotating 

reactor having a loading and unloading side and placed with a slope to the bottom in the direction of the 

discharge side and an internal device of the rotating reactor, characterized in that the internal device of the 

rotating reactor is made in the form of conical grids, the upper and lower parts of which are made solid, and 

the middle is made perforated, while the lower parts are made with discharge holes, under which are installed 

conical perforated distributors. 
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Abstract 

 This article presents the results of studies of colloidal cement systems in the presence of surface-active 

substances. It is determined that surface-active substances influence surface phenomena in disperse cement systems. 

With an increase in the surface-active substance additive content, a decrease in the viscosity of the system is observed. 

Reducing the viscosity of dispersed cement systems leads to a reduction in water demand and an improvement in the 

mobility of the closed mixture, which will improve the processability of the solutions. The effect of surface-active 

substanceadditives on the microstructure of the cement stone is manifested in the fact that in its presence in the cement 

stone crystalline neoplasms of considerably less dispersity are formed. It is established that the total and open porosity 

of the hardened cement stone in the presence of surface-active substance is reduced, the technological and strength 

properties are improved. 

 

 Key words: surface tension, viscosity, colloidal cement systems, porosity, mobility, strength,coatings. 

 

 Introduction. The construction of modern buildings and structures requires using of a huge variety of 

finishing coatings, the main purpose of which is not only the formation of architectural appearance, but also 

the protection of structures from external aggressive environments [1-3]. The solution of the problem of 

long-term protection of buildingsand structuresfacades can be the development of decorative coatings, which 

based on colloidal cement systems with a wide range of applications that can provide durability and 

architectural expressiveness of buildings and structures.Development of decorative facing coatings is based 

on the technology of deep processing of raw materials and construction waste, regulation of surface 

phenomena in disperse systems, selection and optimization of composite materials based on colloidal cement 

materials. It is necessary to study the features of processes, to obtain decorative coatings occurring in highly 

disperse systems during the formation of colloidal materials, including surface phenomena in the presence of 

surface-active substance. Processes of flow and structure formation in highly concentrated aqueous mineral 

suspensions and methods for their regulation are among ofthe most pressing problems of colloid chemistry 

[4-6]. On a large scale, such suspensions are used, for example, in the production of concrete and reinforced 

concrete. Aggregative stability of suspensions determines how the technological properties of concrete 

mixtures - mobility, water demand, water separation and so on, and the physical and mechanical properties 

of concrete and reinforced concrete - porosity, strength, frost resistance. One of the most effective ways to 

regulate the rheological properties and the aggregative stability of such suspensions is the use of substances 

that have surface activity at the solid-solution interface (SAS). These substances are called plasticizers and 

superplasticizersin the building materials industry. 

 In this regard, it is important to research the properties of cement systems in the presence of 

surfactants for the development of decorative facade coatings based on dispersed colloidal cement systems. 

The production of coatings based on colloidal cement materials for finishing facade wall panels is one of the 

promising areas of the construction industry in Kazakhstan. Surface phenomena are processes occurring at 

the interface between phases in the interphase surface layer and arising as a result of the interaction of the 

conjugate phases. They are due to the fact that in surface layers at the interphase boundaries due to the 

different composition and structure of the contacting phases, the difference in the bonds of surface atoms and 

http://www.freepatent.ru/patents/2095727
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molecules on the side of one and the other phase, there is an unsaturated field of interatomic and 

intermolecular forces. 

 The water injectedinto the cement mixture during itsproduction, first of all, mustdistribute evenly, 

while the finest layer moistens the entire total surface of the cement particles and fillers, but it has a 

significant surface tension, that is, between the water molecules in its surface layer on phase interface, there 

are significant adhesion forces that prevent its spreading. Surface-active substances (SAS) were used to 

reduce the surface tension of water at the phase interface, for example, at the interfaces between the "water-

solid", "water-air" phases. Surface-active substance reduce the surface tension of water and facilitate its 

uniform distribution by a thin layer on the surface of solids [7-9]. 

 Methods of the experiment. For the production of decorative coatings based on colloidal cement 

mixtures, the non-additive portland cement CEM I 42,5H (PC 500-D0) of the Bukhtarma cement company, 

the natural sand of the Nikolaevsky deposit, various fillers (screening of crushed stone from concrete scrap, 

metakaolin, etc.) additives (superplasticizers, hydrophobic, redispersible polymer powder, etc.).  

 According to the standardST RK 1217, the sand size module Mk was 2,5, in accordance with GOST 

8736 the natural sand modulo size refers to the group of «medium sands». The main percentage of grains of 

sand prevails on sieves with the size of holes 1,25; 0,315 and 0,16 mm. Also used the screening of crushing 

concrete scrapinstead of natural sand. According to the chemical and mineralogical analysis, the screening of 

the crushing corresponds to the requirements imposed on the aggregate, the grain size modulus of the sand 

(Mk = 2,8), the total residual on the sieve 0,63 and 0,16 refers to the coarse. As a surface-active substance, 

the C-3 additive was used, which makes it possible to obtain the greatest plasticizing effect at a lower 

concentration in an amount of 0,4%. Plate shapemethacaolinewith a high specific surface area of up to 30000 

m2/kg, was also used. 

 In the thiswork, methods of mechanochemical activation of feedstock, vibro-mixing and 

modification of dispersed cement systems of surface-active substance were chosen to develop decorative 

coatings based on colloidal cement materials, which allowed obtaining highly concentrated dispersed 

colloidal cement materials with low effective viscosity and high performance properties. For the research of 

colloidal cement systems, standard and generally accepted non-standard research methods were used, 

including chemical-mineralogical, X-ray phase, submicroscopic and other methods of analysis. Quantitative 

evaluation of structural and mechanical properties was carried out with the help of a rotational viscometer 

"Rheostat-2", which allows to determine both the dynamic viscosity of Newtonian liquids and to conduct 

more accurate rheological studies of non-Newtonian fluids. The vibrational viscosity (ηv) was determined on 

a slit vibrational viscometer. 

 Determination of the surface tension of aqueous surface-active substance solutions was carried out 

using the stalagmometric method (static method). To reduce the viscosity of the mixtures and to mold the 

products at a minimum energy cost, vibration and surface-active substance were jointly used, as well as the 

introduction of plasticizing additives into the cement concrete mix for the development of coatings based on 

colloidal cement systems [10-11]. The effect of surface-active substance on the properties of disperse cement 

systems was studied on laboratory samples with dimensions of 4 × 4 × 16 cm after 28 days of normal 

hardening. 

 Results and discussion. Researches have shown that surfactant management is from 0,1; 0,3 to 0,5% 

of the mass of the cement resulted in a decrease in viscosity (η0, viscosity of the virtually intact structure) 

from 1,42; 2,17 to 6,3 times. Optimum is the combination of surface-active substance and vibration effects. 

The higher the frequency of vibration, the more significant is the destruction of the structure.The 

introduction of SASadditives affects all the rheological properties of the system, but the degree of their effect 

is different. To the least extent, the injection and increase in the content of the additive affects the lowest 

viscosity of the extremely broken structure (ηm) and the relative value of viscosity (Hηm). More than the 

SAS, the effect of surfactants can be traced on vibrovosity (ηv).Adsorption of SAS occurs primarily on the 

most energetically active parts of the particle surface, where in the absence of surfactants the strongest 

contacts between particles in the coagulation structure are formed. Effective vibration effects, leading to the 

destruction of most of these contacts due to the weakening of SAS additives, are accompanied by a sharp 

drop in the strength of the structure and the level of vibration. When the frequency of vibration decreases, 

this effect is severalless. It is manifested with large amounts of SAS additives. In the absence of vibration in 

structured systems, the drop in viscosity is less significant, because for very small velocity gradients in the 

zone η0 only the least strong bonds break. 
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 In the zone of viscosity of the ultimately destroyed structure without vibration effects ηm, where the 

role of cross-links is almost insignificant, the addition of SAS additives leads to a change in the nature of 

particle interaction and the change inviscosity of the dispersion medium. With an increased content of SAS, 

it is possible to reduce the intensity of vibration, but it is likely that there is a danger of reducing the ultimate 

strength of the structure due to the screening action of the SAS. Researches have shown that the change in 

the content of surfactants on the water-cement ratio (B/C) is not significant. In the case of vibration, the 

destruction of the structure under variable B/C occurs as follows: in the case of the use of surfactant, the 

bonds between the particles forming the coagulation grid are weakened due to their screening effect, and 

with an increase in B/C due to an increase in the size of the coagulation structure cells and a decrease in the 

number of bonds in unit volume. 

 In the case of structure formation, the application of vibration in the initial period leads to a sharp 

acceleration in the growth of cohesive and contact strength and a directdependence between the strength of 

the initial and final structures is achieved. Based on the general principles governing the properties of 

structured systems in the presence of SAS and the joint action of vibration, it is possible not only to 

substantially change the final properties of materials, but also to affect the whole process of structure 

formation. The pore space of colloidal cement systems is one of the main characteristics of their 

microstructure, a slight change in pore space by volume of voids leads to a change in the basic properties. 

The porosity depends on the initial water-cement ratio, the composition of the new formations of their 

specific volume and the degree of hydration. Therefore, the effect of modification of colloidal cement 

systems by surfactant additives on the basic physical and technical properties of cured cement materials, in 

particular on the porosity of cement stone, was investigated. Among the many factors that affect the 

technical properties of colloidal cement systems (mineral and chemical composition of components, water-

cement ratio, specific surface), the main role is played by the characteristics of the emerging pore structure of 

the cement stone (total number, radius, curvature, closedness), which, in turn, depends on the size and 

stability of existence in the hydrated cement test formed during the hardening of the hydrate phases. 

 To reduce the porosity and, consequently, the water demand of the raw mix, a significant number of 

particles of the smallest size are required to fill the system voids. A specific feature of the effect of the 

additive SAS on the microstructure of the cement stone is the fact that in its presence in the cement stone, 

crystalline neoplasms of considerably less dispersity are formed than without it. 

When researching the structural characteristics of the hardened stone from colloidal cement-sand mixtures at 

different times of hardening, it was established that the total and open porosity of the hardened cement stone 

on the basis of the SAS additives is lower than the values of the porosity of the samples without additives 

(Table 1). 

 

Table 1 – Porosity of cement stone with surfactant additive 

Curingtime, day 

Compositionwithoutadditive CompositionwithSAS additive 

porosity, % 

total open total open 

1 13.62 10.18 12.67 9.78 

3 13.41 11.54 12.31 9.08 

7 15.23 12.36 9.75 6.27 

28 14.89 12.19 8.48 5.24 

 

 The waterproofness of coatings is affected not only by the tightness,of the hardened material, but 

also by the continuity of the coating, which depends mainly on the magnitude of the linear shrinkage strain. 

The addition of SAS reduces the shrinkage of the samples in proportion to the concentration of the additive. 

With an optimum SAS content of 0,4%, a noticeable improvement in crack resistance is observed. 

 The mobility of the cement-sand mortars was determined at the same water-cement ratio. The results 

are shown in Table 2. There is a decrease in water demand and an increase in mobility in samples with 

surfactant additives. The obtained data show that at a superplasticizer content of 0,4% of the cement mass, 

optimal technological and strength properties of dispersed cement systems are ensured. 

Conclusions. The conducted research showed that SAS influence the surface phenomena in disperse cement 

systems, as the content of SAS increases, the viscosity of the system decreases. Reducing the viscosity of 

dispersed cement systems leads to a reduction in water demand and an improvement in the mobility of the 

closed mixture, which improves the processability of the solutions. Adsorption of SAS occurs primarily on 
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the most energetically active parts of the particle surface, which reduces the internal energy of the system 

and reduces the probability of recrystallization processes. 

 

Table 2 – Properties of cement systems depending on the content of surfactants 

The amount of surfactant 

additive,% 

(byweightofcement) 

Normaldensity,% 

Mobility 

(according to 

Suttard), cm 

Ultimatestrengthat, 

MPa 

compression bending 

0 27.4 15 46.1 10.4 

0.1 22.1 23 51.6 12.1 

0.3 21.6 25 53.2 12.2 

0.4 20.7 28 61.7 14.2 

0.5 20.8 29 60.9 13.6 

 

 The peculiarity of the effect of the additive SAS on the microstructure of the cement stone is 

manifested in the fact that in its presence in the cement stone crystalline neoplasms of considerably less 

dispersity are formed than without it. It is established that the total and open porosity of the hardened cement 

stone in the presence of SAS is reduced. With a superplasticizer content of 0,4% of the cement mass, 

optimum technological and strength properties of dispersed cement systems are ensured. 
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Abstract 

A technology has been developed for depositing a metal coating on a surface of silicon carbide powder. For 

this purpose, a copper phosphide film is initially deposited on a surface of the powder. The process consists in wetting 

the powdered silicon carbide with a copper sulfate solution and subsequent treating it with gaseous phosphine. The 

resulting metal-like copper phosphide film has high electrical conductivity, and is also a catalyst for processes of 

chemical nickel plating. It permits to use chemical or galvanic techniques for cladding surfaces of powders with a 

necessary metal. The verification of this technology at laboratory conditions allowed obtaining a nickel coating having 

necessary adhesion to silicon carbide particles.  

 

Key words: silicon carbide, copper sulfate, phosphine, copper phosphide film, chemical nickel plating, 

composite material. 

                                                         

Introduction. Modern production requires the creation of new engineering materials that can be used 

as special materials in fillers for composites. Such materials can be metallized dielectric powders having 

thin-film metal coatings on the surface. Combining the useful properties of dielectrics, similar materials have 

unique properties: high strength, heat resistance, electrical conductivity and can be used as dual-use materials 

[1-5]. 

The main purpose of coating is to improve the retention of grain in the tool matrix, increase the 

thermal conductivity of the working layer, which allows intensifying the cutting modes and thereby 

increasing the efficiency of the tool. This is especially important in the manufacture of abrasive powders, 

which can be used in the manufacture of various tools, as well as an independent product.  

In addition, the metallization of particles can significantly improve the process of feeding the powder 

into the plasma jet, which has a positive effect on the uniformity of the coating formed, reduce the oxidation 

rate of the dusts to be sprayed (for example, carbides), reduce the porosity of the coatings, increase the 

adhesion strength of the coatings to the substrate, and increase their wear resistance [6-8]. 

One of the used for this purpose is silicon carbide. Because of its increased hardness, silicon carbide is 

widely used in engineering. On the basis of silicon carbide lining wear-resistant platinum, sealing rings and 

bushings, reaction-bound ceramics are produced. Rings and bushings made of wear-resistant carbide-silicon 

material are designed for sealing shafts and sliding bearings in pumps that pump oil, oil products, liquefied 

hydrocarbon gases, organic solvents, neutral liquids, as well as acids (except for fluoric acid) and brine 

solutions temperature from 100 
0
С to +500 

0
С. The products are suitable for use in any construction of steam 

with the presence of grease or self-lubricant [9-12].  

In the literature, many methods for applying metallic films to dielectric materials have been described, 

which can be used to film films on silicon carbide. Of these, the so-called physical and chemical methods are 

most often used. In the physical method, pre-molten metal particles are sprayed onto the surface to be coated, 

partially cooled and only melt the surface, adhering to it. A variation of this method is vacuum metallization 

[13-16].  

For the chemical deposition of metal coatings, reducing agents in the gas phase or compounds 

dissolved in the electrolyte solution are used [17-19]. 

When gaseous hydrogen is used as the reducing agent, the reduction reaction is carried out at a 

temperature of the order of several hundred degrees. 

In this way it is possible to obtain coatings from a fairly large number of metals, but the need to have 

special equipment for heating and dosing gas mixtures limits in the gas phase, often using thermal 

decomposition reactions. The most suitable compounds for this purpose are metal carbonyls. During the 

reaction, under certain conditions, they decompose leaving a metal on the surface to be coated and releasing 

carbon monoxide, which again can be used to produce a metal carbonyl. That is, CO plays the role of metal 
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carrier reagent. This is not only convenient in terms of production, but also minimizes the unproductive costs 

of auxiliary reagents, eliminates environmental pollution. A wide spread of this is hindered by the relative 

high process temperature and the high cost of carbonyls of metals [9].  

With chemo-electrolytic metallizations [17-19], to create an electrically conductive layer, the dielectric 

surface is activated by creating catalytic sites, which are then coated chemically. 

Chemical-electrolytic technology has limitations associated with the use of high temperatures, the 

inability to apply coatings on highly porous materials. 

The above analysis shows that the task of developing effective methods for depositing metal coatings 

on powdered silicon carbide is relevant. 

Experimental part. This work considers the technology of metallization of silicon carbide powders 

by preliminary deposition of metal-like copper phosphide (figure 1). At the same time, the reaction of 

reduction of divalent copper by gaseous phosphine is based on the process of obtaining a copper-phosphor 

film. For this surface layer of the sample, a copper salt solution film is obtained, and then this surface layer is 

treated with phosphine. In this case, the copper salt solution film is converted to copper phosphide. As a 

copper salt, sulfates, nitrates and chlorides of copper sulfate are investigated. 

The starting powders are degreased in a 15-20% solution of hydroxide or sodium carbonate at a 

temperature of 45-50 
0
C until the particles are completely wetted, washed in hot running water. Then a layer 

of metal-like copper phosphide is applied to the surface of the powder particles. For this, the powder is 

immersed in a solution containing 100-200 g/l CuSO4 ∙5H2О. The ratio of the volume of the powder to the 

volume of the solution is 1: 1.2-1.5. With copper sulfate concentrations of less than 100 g/l, the subsequently 

formed copper phosphide film will have: a thickness insufficient to build up the metal with a chemical or 

platinum metal. At copper sulfate concentrations of more than 200 g/l due to the formation of large crystals 

of copper sulfate, subsequent drying of the powder increases the heterogeneity of the thickness of the 

resulting films. Remains of the solution are not the adsorbed surface of the thickness of the resulting films. 

Residues of the solution not adsorbed by the surface of the powder are separated by filtration. After this, a 

sorption layer of a solution 50-70 μm in thickness is formed on the surface of the powder particles. The 

powder is dried for 40-50 minutes at a temperature of 18-25°C to create a gas permeability between the 

individual particles. The dried powder is placed in a sealed chamber and treated with gaseous phosphine. 

Phosphine for the studies was obtained by acid decomposition of powdered technical zinc phosphide. This 

phosphide contains about 22% by weight of phosphorus, and therefore it can be considered that the main 

component is zinc phosphide with a small amount of free zinc. 

When treated with phosphine in the metallization chamber, a reaction occurs between the phosphine 

and the adsorption film of the copper sulfate solution resulting in the formation of copper phosphide by the 

reaction: 

 

     6CuSO4 + 3PH3+3H2O  2Cu3P + 6H2SO4 + H 3 PO3                (1) 

 

In the gas environment after its re-use remains a small amount of phosphine, so this gas must be 

cleaned. For this purpose, the residual gas was passed successively through a layer of copper carbonate and 

an oxidizing solution (500 g/l potassium permanganate). After such purification in the exhaust gas, 

phosphine is not detected. 

In carrying out the experiments, 10 g of the defatted silicon carbide powder were weighed in with 10 

ml of  СuSО4∙5H2О solution (200 g/l). After stirring for 5 minutes, excess solution was filtered. The powder 

was transferred to a Petri dish and dried at room temperature to a wet state (40-50 minutes). 

A petri dish with a dried powder was placed in a hermetic chamber. The air from the free space of the 

chamber was displaced with nitrogen. Then phosphine was fed into this chamber by displacing it from the 

bottle with water. In this case, the absorption of phosphine by the surface film of copper sulfate occurred. 

The phosphine treatment process proceeded at room temperature for several minutes. 
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Fig. 1- Scheme of metallization of silicon carbide particles 

 

1-a single particle of silicon carbide; 2-soaking in a solution of copper sulphate; 3-sorption layer of 

copper sulphate; 4-treatment with phosphine; 5-film of copper phosphide; 6-chemical Nickel plating; 7 - 

Nickel plated. 

 

The phosphine treatment process was carried out at room temperature for several minutes. NiSO4∙7H2O 

g/l. NaH2PO2-10 g /l, CH3COONa-10 g/l, at an electrolyte temperature of 90°C for 30 minutes. 

Further growth of the metal film was carried out by chemical nickel plating in a solution of the 

following composition:  

Samples of powders at various stages of the process were investigated using a scanning electron 

microscope ISM-6490-LV (JEOL, Japan), which makes it possible to obtain electronic images (photographs) 

of individual areas (spectra) of the surface at given magnifications. The microscope made it possible 

simultaneously at the same time to obtain elemental spectra in the form of a table. 

Experimental results and discussion  

 

Figure 2 shows an electronic image of the carborundum powder after applying a copper phosphide 

film. The spectral analysis in table 1 shows that the content of this phosphide (Cu+P) is about 44%. 

However, the entire surface of the powder has a light gray tone characteristic of metal-like copper phosphide. 

and the presence of silicon is due to the fact that due to the small thickness of the copper phosphide film in 

some areas, the scanning probe partially captures the signals of the lower layer of silicon carbide. If this is 

the case, the signals of the lower layer should disappear after deposition of a sufficiently thick layer of 

chemical Nickel. In addition, the phosphide film has good adhesion in carbide particles. This is due to the 

fact that the solution of copper salt penetrates into all pores of silicon carbide, which become gas-permeable 

as the solution dries. Therefore, the flow of the reduction reaction in the pores provides good adhesion of the 

film with silicon carbide. 

 

 
 

 

Fig. 2- Electronic image and the elemental composition of the silicon carbide powder coating the film 

of phosphide of copper 

 

Copper phosphide is a catalyst for the chemical nickel plating process, so the deposition of nickel 

occurs on the surface of silicon carbide particles coated with a phosphide film, including in the pores. This 

should also provide the necessary adhesion of the coating to the substrate. In addition, the process of 

chemical Nickel plating on the surface of copper phosphide is characterized by increased gas release [20, 

elemental composition 

element weight % 

C  12.68 

O  13.79 

Al  0.92 

Si  25.76 

P  7.69 

  

Cu 36.75 
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21]. This leads to some vibrations of the powder particles and promotes the formation of a Nickel coating 

over the entire surface of the powder particles. Therefore, such a coating will provide the necessary adhesion 

between the carborundum particles and the matrix in the preparation of composite products or coatings. 

The reaction is described by the following equations. 

 

NaH2PO2 + H2 O  Na H2 PO3 + 2H
+
 + 2e                                    (1) 

 

NaH2PO2 + 2H2 O   NaH2 PO4 + H2 + 2H
+
 + 4e                                        (2) 

 

3NaH2 PO2  - 2e   Na 3 PO3 + 2P + 3 H2 O                                           (3) 

 

5NaH2 PO2  - 4e  Na3 PO4 + 4P+ 2 Na OH + 4 H2 O                            (4) 

 

Ni 
2+

+ 2e    Ni                                                                                       (5) 

 

2H
+
 + 2e        H 2 

 

As can be seen from these equations, the process of chemical nickel plating is accompanied by the 

release of hydrogen. In addition, it also releases elemental phosphorus, which gives the coating additional 

hardness. Figure 3 shows the electronic image and elemental composition of the powder after applying a 

layer of chemical Nickel. The estimated coating thickness is 0.8-1.0 mm. 

 

 

 

elemental composition 

element weight % 

C  7.18 

O 2.38 

Al  0.39 

Si  13.22 

P  5.48 

Ni  71.35 

 

Fig. 3- Electronic image and elemental composition of silicon carbide powder of chemical nickel 

application 

 

As follows from these data, the nickel coating contains 7% of phosphorus and covers about 90% of the 

powder surface. This makes it possible to use such the silicon carbide powders for production of composite 

products or coatings. If it is necessary, the coating degree of powder surfaces can be increased by repeated 

implementation of the above operations.  

Conclusion. For the deposition of metal coatings on powdery materials a gaseous phosphine was used. 

So, for metallization of a silicon carbide powder first of all it is wetted with a copper sulfate solution creating 

an adsorption layer on its surface, and then this layer is transformed in a metal-like copper phosphide by 

treatment with phosphine. Copper phosphide is a catalyst for chemical nickel plating processes. It promotes 

the deposition of a nickel layer. Although the copper phosphide film thickness is insignificant, it catalyzes 

the chemical nickel plating process well. This permits to deposit the coatings of a necessary thickness on a 

surface of silicon carbide powders. 
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Abstract 

This article contains the results of studying of a uranium extraction process from a productive solution. The 

extraction of uranium from a productive solution is usually realized by ion-exchange resins, and namely by strong base 

anionites, which matrix represents cross-linked divinylsturene with functional groups in kind of quaternary ammonium 

bases. In real conditions total exchange capacity is incompletely used. Capacity of an ion exchanger depends on 

concrete conditions (рНof a medium, filtering rate of a solution through an ionite layer, sizes of ionite grains and an 

ion-exchange column itself, concentration of a substance and temperature, nature of exchanging ions). In this case it is 

spoken about working or equilibrium exchange capacity of a resin. It is always determined for concrete conditions and 

its limiting value tends tototal exchange capacity. 

 

Key words: uranium, sorption, ionite, desorption, resin, anionite, sorbent, column, eluate, capacity.  

 
The extraction of uranium from a productive solution is usually realized by ion-exchange resins, and 

namely by strong base anionites, which matrix represents cross-linked divinylsturene with functional groups 

in kind of quaternary ammonium bases.  

During the contact of fresh anionites in chloride form with productive solutions there is transition of 

the anionites from chloride form in sulphate or bisulphate ones according to the reaction: 

 

2(R4N)
+
-Cl

- 
+ SO4

-2
 = (R4N)2

+
-(SO4)

-2
 + 2Cl

-
 

 

Applied strong base anionites selectively extract uranium from sulphuric acid solutions under the 

following chemical reaction: 

 

(R4N)2
+
-(SO4)

-2
 + [(UO2)

 +2
-(SO4)2

-2
]

-2 
= (R4N)2

+
-[(UO2)

+2
-(SO4)2

-2
]

-2
 + SO4

-2
 

 

Basic physical and chemical properties of ion-exchange resins (also called ionites, in particular – 

cationites and anionites, sorbents) are: 

 total exchange capacity; 

 static exchange capacity; 

 dynamic exchange capacity; 

 chemical resistance of ionites to acids, alkalis and oxidizers; 

 fractional composition (size of particles); 

 mechanical durability; 

 bulk weight; 

 swelling ability. 

Total exchange capacity (TEC) characterises ability to ion exchange in which all active groups 

participate, irrespective of their nature. 

In real conditions total exchange capacity is incompletely used. Capacity of an ion exchanger 

depends on concrete conditions (рН of a medium, filtering rate of a solution through an ionite layer, sizes of 

ionite grains and an ion-exchange column itself, concentration of a substance and temperature, nature of 

exchanging ions). In this case it is spoken about working or equilibrium exchange capacity of a resin. It is 

always determined for concrete conditions and its limiting value tends to total exchange capacity[1]. 

A size of ionite grains at their industrial use determines hydraulic resistance of an apparatus.  

Mechanical durability of ionite grains determines their service life and, therefore, this parameter 

influences economic efficiency of the chosen ionite.  

Bulk weight is a parameter, which is taken into consideration at transportation. Swelling ability 

characterises change of the ionite volume at its immersion in a working solution. 
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One of characteristics of a resin in real conditions of a sorption process is operating time of a resin 

layer to overshoot.  

Let's consider the processes which occur in a column at relative movement of a resin and a solution. 

When a solution containing uranyl ions incomes above in the top part of a column with a resin saturated with 

sulphate ions there is an exchange reaction between the ion exchange resin and the solution and after some 

time from the moment of feeding the solution certain distribution of the sulphate and uranyl ions along the 

column length is established.  

The scheme in fig.1 concerns an initial stage of a sorption process. In the process all ionite particles 

in the top layers (I) exchanged sulphate ions for uranyl ions; the solution passes through this zone without 

changing its composition; uranium concentration corresponds to initial uranium concentration in a 

productive solution (PS). In the transition zone (II) there is ion exchange and the ionite contains ions of both 

kinds. Concentration of uranium in the solution at input in zone (II) is less than initial uranium concentration 

in PS; at outcome from zone (II) it is practically equal to zero. The solution in zone (III) practically does not 

contain uranyl ions, and the resin is in the sulphate form. 

 

 
 

Fig. 1. Scheme of an ion exchange process in a column 

 

The intermediate stage of the resin saturation process is shown in fig.2. In transition zone (II) the 

resin is close to saturation and uranium concentration in the solution at input in zone (III) is not zero. The 

resin in zone (III) already contains ions of both types; the solution outgoing from the column contains 

uranium. The situation, when the solution outgoing from an ion exchange column contains uranium, is called 

“overshoot” of a column. At the subsequentfeedof the solution the uranium concentration in the solution 

outgoing from the column will increase to achieving its initial concentration C. This moment (fig.3) 

corresponds to establishment of equilibrium between the ionite and the solution along all length of the 

column. 
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Fig. 2. The ion exchange output curve 

 

The ion exchange output curve is represented in fig.2. Concentration of initial overshoot of uranium 

ions in the solution Сp.s. and concentration Сfin answering to maximum use of ionite capacity are caused by 

sensitivity of applied analysis techniques. In conditions of a standard mine developed by an underground 

extraction way the sensitivity of uranium determination by a volume method (titration) makes 1-2 mg/l.  

The solution volume ΔV = Vfin – Vp.s. corresponds to the width of ion exchange front in a column; 

this volume is also called width of the output curve or width of stationary front of a sorption wave. 

Ionite capacity at the overshoot moment is called dynamic exchange capacity (DEC). It can be 

calculated in accordance with the ratio: 

 

DEC = С0 * (Vp.s. - V0)/m, 

 

where V0 - free volume of a column; С0 - concentration of a solution incoming into a column; m –ionite 

weight. 

 

Dynamic exchange capacity is always less than total exchange capacity of an ionite; it depends on 

properties of exchanging ions and an ionite, equilibrium and operating conditions.  

A ratio of dynamic exchange capacity to total exchange capacity is called ionite application degree. 

The more this parameter is, the better an ionite is used. Ionite application degree depends mainly on 

dimensions of a column and sharpness of a sorption front. The sorption front sharpness is defined by a 

number of factors. The ion exchange equilibrium state is of great importance. According to relative affinity 

of an ionite with ions A and B there are three types of sorption fronts at ion exchange (fig.3).  
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Fig. 3. Propagation of sorption front in a column: 

a - self-sharpening sorption front; 

b – parallel transport of sorption front; 

c – diluted sorption front. 

 
In case of high selectivity of an ionite to ions B (KА/В> 1) the sorption front tends to self-pointing 

and gets a stationary form which does not depend on time t. There is replacement of A ion with B ion 

(fig.3а). 

If KA/B =1, the sorption front is more stretched, than in the case of replacement, and has a constant 

form. There is parallel transport of the sorption front (fig.3b). 

If KA/B <1, the sorption front during the motion gets the increasing tendency to expansion (fig.3c). 

Thus, the less the front width is, the later the overshoot is reached and the more efficiency of the 

column. However, the equilibrium condition on its own account does not determine sharpness of the sorption 

front. The important factor is kinetics of the process. The ionite-solution contact occurs in a column at 

limited time, which generally is not enough for establishment of equilibrium in a layer. The nearer to the 

equilibrium condition a layer is, the fuller the exchange in the transition zone (and the narrower the zone).It 

depends on the difference between the exchange rate and the front travel rate. Otherwise the exchange occurs 

in non-equilibrium conditions and the ionite application degree decreases[2]. 

All the factors increasing the ion exchange rate or slowing-down the front travel rate can promote the 

front sharpness and, eo ipso, increase of the ionite application degree. The exchange rate can be increased if 

to reduce sizes of the ionite grains. However, it is necessary to remember, that fine sizes of ionite particles 

lead to increase in resistance of the column.  

The transition rate of the sorption front mainly depends on relative motion rate of the phases and 

concentration of the initial solution. At decrease of these quantities the front can be sharper. 

Increase in the ionite application degree is promoted by increase in a ratio of the column length to its 

diameter. However here there are limits, which are determined both resistance of a layer, and propensity of 

narrow columns to wall effects and channeling. Nonuniformity of filling the column with an ion exchange 

material and the wall effect lead to stretching the sorption front. The sorption front stretching is also 

promoted by longitudinal diffusion causing smearing of a concentration profile lengthwise the column. The 

longitudinal diffusion effect is especially appreciable if the solution rate is low.  

So, it is possible to draw a conclusion that increase of the ionite application degree is promoted by: 

 high selectivity of an ion exchanger; 

 small sizes of ionite grains; 

 heat; 

t t t

t+dt t+dt

t+dt

К А/В > 1 К А/В = 1 К А/В < 1

а б в
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 a high ratio of a column length to its diameter. 

However, in each separate case it is necessary to consider the negative influence of all the factors 

mentioned above.  

For desorption of uranium from saturated ion exchangers it is needed (1) to bring the ionite into a 

state of contact to a solution containing such the ion, affinity to which is higher, than affinity the ionite to 

uranyl ion, or (2) to considerably increase concentration of such the ion, which selectivity is slightly lower. 

Interaction of a uranium saturated ionite with a solution containing nitrate ions can be an example of 

the 1
st
variant. In this case the interaction reaction occurs according to the following equation: 

 

(R4N)4
+
-[(UO2)

 +2
-(SO4)3

-2
]

-4
 + 4NO3

- 
= 4(R4N)

 +
-(NO3)

- 
+ [(UO2)

 +2
-(SO4)3

-2
]

-4
 

 

This is the case so-called nitrate desorption. Its result is a solution named a marketable strippant (also 

a regenerate, an eluate; depending on a process of transition of a saturated ionite’s component in solution). In 

the process nitrate ion concentration in the initial solution makes from 50 to 150 g/l depending on the process 

conditions[3]. 

An example of the 2
nd

 variant is interaction of an ionite saturated with uranium with a solution 

containing sulphate ions in much higher concentration, than in a productive solution. The interaction can be 

described by the following chemical reaction: 

 

(R4N)4
+
-[(UO2)

 +2
-(SO4)3

-2
]

-4
 + 4SO4 

2- 
= 4(R4N)

 +
-(SO4)

2- 
+ [(UO2)

 +2
-(SO4)3

-2
]

-4 

 

This case is called sulphate desorption; the sulphate desorption product also is a marketable 

strippant. During the process sulphate ion concentration in the initial solution makes from 100 to 150 g/l 

depending on the desorption conditions.  

For processing of the uranium solutions obtained by underground leaching desorption by nitrates is 

applied more often because of relative dynamics (the process proceeds faster, than when sulphate 

desorption), besides, sulfuric acid in considerable concentration is a strong oxidizer and can cause gradual 

destruction of a resin. 

At realisation of desorption a desirable result is a strippant with maximum possible uranium 

concentration at rather low consumption of a nitrate reagent. Ammonia saltpeter (ammonium nitrate) is the 

most widespread nitrate agent [4]. 

Let's consider an example and try to understand a principle of organisation of a desorption process. 

There are1m
3 

of a resin saturated with uranium with uranium concentration of 40 kg/kg. At its processing 

with equal volume of a nitrate solution (a desorbent) only a certain part of uranium passes in the solution; at 

the same time the uranium concentration in the resin remains high enough in order to use its effectively in a 

desorption process, approximately so: 
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To obtain a more concentrated solution it is recommended to use consecutive processing of a saturated 

resin with a number of solutions with various uranium content, in order of decrease of its content according 

to the following scheme: 

 
 

The desorption products are a number of solutions with various uranium content and a resin 

containing 2-3 kg of uranium per 1m
3
 and also high quantity of nitrate ions (180-200 g/l)[5]. 

A goal of a following stage of the process is removal of a part of retained nitrate ions from the resin. 

This stage is called denitration; it consists in the processing of the resin with a strong sulphuric acid solution 

(50-70 g/l) and proceeds under the reaction equation: 

 

2(R4N)
+
-(NO3)

-
 + SO4

-2
 = (R4N)2

+
-(SO4)

-2
 + 2NO3

– 

 

In this way it is possible to return a part of nitrate ionsto the desorption process, i.e. transfer nitrates 

in a solution with nitrate ion concentration of 40-50 g/l; this solution is called a denitration mother solution. 

The mother solution is a basis of a stripping (desorbent) solution; in this case the quantity of ammonia 

saltpeter added in the solution is much less than if a solution would be prepared using pure water.  
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Abstract 

A promising way of solving the fundamental problems of oncology is the search and creation of active 

polyfunctional molecules containing catalytic centers that act on intramolecular processes with access to the treatment 

of neoplastic diseases. The polyfunctional agents capable of specific interaction with nucleoproteins of tumor cells in 

combination with catalytic functions of influence on metabolic processes form a new class of drugs, which creation will 

significantly expand the possibilities of antitumor therapy. 

The article presents the synthesis of a complex compound of samarium with pyrazinehydroxamic acid as a 

ligand with the general formula of Sm(L1-H)2CI2)(H2O)2. A test for its antitumor action was performed according to the 

standard method using mice of both sexes weighing 18-20 grams, which were subcutaneously transplanted with a 

suspension of tumor cells "Sarcoma-180". The main indicators for improving the results of the treatment were the 

decrease of the tumor mass by 94.4% and its volume of 99% in the experimental groups in comparison with the 

indicated parameters of tumor growth in the control group. 

 

Key words: hydroxamic, benzoylphenylhydroxamate, pyrazinehydroxamic, succindihydroxamic, samarium, 

molecular H-DNA, organic ligand. 

 

Introduction. Investigations of the complex formation of rare-earth metals with new classes of 

organic ligands offer the challenge of their usage in the chemical industry, medicine, metallurgy, agriculture 

etc. Hydroxamic acids and their derivatives are advanced ligands for the studying the complex formation 

properties of them, because the presence of a few heteroatoms (N,O,S) and functional groups helps to obtain 

the complexes with metals that have a different compositions and structures. A high complexing ability of 

the hydroxamic acids with metals is used in the production of the nonferrous, rare and rare-earth metals, 

analytical chemistry, and derivatives are used in medicine as antibacterial and anti-inflammatory agents. One 

of the main tasks of the development of the chemical industry is to obtain the effective analytical reagents; in 

this case hydroxamic acid derivatives hold key position.    

However there is no data about conditions of the complex formation of the rare-earth metals with 

hydroxamic acids and their derivatives, about their structures and stability in the solutions that gives the 

interest for prediction of their properties and usage in practice.  

Thus one of the most important tasks for the Republic of Kazakhstan is to obtain a new complex 

compounds that will be effective both in practical and theoretical side [1].   

The invention relates to a process for the preparation of a samarium having antitumor activity.      

The object of the invention is to provide a new complex compound with a higher reproducibility and a 

degree of inhibition of tumor growth.   

Methodology. The task posed  is solved by the use of pyrazine hydroxamic acid as the organic 

ligand in the process for obtaining a new complex samarium compound (III) having antitumor activity by 
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reacting a samarium compound with an organic ligand upon heating, as a samarium compound , samarium 

oxide (III), with the ratio of the resulting samarium salt and pyrazine hydroxo acid being 1:3, the reaction 

product is precipitated with ammonia solution, decanted with hot water and dried at temperature of 60ºC.   

Inhibition of tumor growth is 97,9% when using the obtained compound against 84% observed in the 

prototype.    

The invention relates to methods for preparing complex compounds of rare earth metals having 

antitumor activity.  A method for obtaining an antitumor agent by mixing an aqueous solution containing a 

DNA and an aqueous solution of a cytostatic is known where potassium tetrachloroplatinite is used as a 

cytostatic agent. By the proposed method, an antitumor agent capable of inhibiting tumor growth by 94% can 

be obtained. 

The disadvantage of the known method is the complexity of its implementation [2]. 

The closest to the present invention is a process for preparing a complex compound of platinum (III) 

with a high molecular H-DNA. Isolated from the spleen of cattle of grade A, having an antitumor activity by 

the interaction of the compound Pt with an organic ligand upon heating (A.C.1685944 USSR, CO 7 F 15/00, 

A61K 31/382, A61P 35/00, published by BI №39, 1991).  

The preposed method of preparation consists in the interaction of cisdichlorodiaminoplatinum (II) 

with H-deoxyribonucleic acid as an organic ligand at a molar ratio of 6:4 at a temperature of 78±0.5ºC for 

13-30min.  

A shortage of the prototype is a low (44%) reproducibility of the method of obtaining an antitumor 

agent, as well as a low degree of inhibition of the tumor (84%).   

The object of the invention is to obtain a new complex compound with higher reproducibility and a 

degree of inhibition of tumor growth.     

The technical result achieved when the invention is not used is to increase the degree of inhibition of 

tumor growth during treatment with the proposed drug.         

Results and discussion. Element analysis of the fine crystalline sample confirms the composition of 

the synthesized target compound: 

Found: N – 15.15%, C – 22.18%, H – 2.12%, H2O – 6.45%. 

Calculated: N – 15.80%, C – 22.50%, H – 2.3%, H2O – 6.75%. 

On the basis of the results of the analysis, the obtained substance has the following formula: (Sm(L1-

H)2CI2)(H2O)2. 

The proposed integrated samarium mixture as an individual drug is a fine crystalline powdery 

substance of yellow color. It is stable in aqueous solution and in air, able to be stored for a year without 

changing the properties at room temperature and in a refrigerator. Its composition and structure are 

determined by elemental analysis and physicochemical studies in aqueous solution and in a solid state. 

Below we give specific examples of the study of the biological activity of the proposed compound (Table 1). 

    

Table 1 - Effect of the drug on the growth of Sarcoma tumor 

Groups Number 

of 

living 

Introduction 48 

hours after 

tumor 

transplantation 

 

m tumors,      

g 

V 

tumors, 

d 

tumors, 

cm. 

SRW, 

weight % 

SRW,%                       

by the 

bottom 

SRW, 

vol.% 

Dose 180 mg/kg 

1control 

 

 

 

6 

 

Distil.water for 

0.5ml every 

day.10 days 

2.4  

 

5.44 

 

 

1.58 

 

 

- 

 

 

- 

 

 

- 

2 

in/abdomen 

 

 

6 

Drug+0.3ml 

leaf. of water 

per 

year.10days 

 

 

0.5 

 

 

0.0021 

 

 

 

0.13 

 

 

78.2 

 

 

93.7 

 

 

99.9 

3 

Per.Os 

 

6 

Drug+0.5ml 

leaf . of water 

per 

year.10days 

 

0.21 

 

0.001 

 

0.1 

 

97.9 

 

94.4 

 

99.9 

Pt-DNA    84 - - 
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The process is carried out as follows: Sm2O3 in amount of 0.1 mole is dissolved in 1 ml steaming 

hydrochloric acid. As a result of the reactions between samarium oxide and HCI, 0.2 mole of SmCI3 is 

formed:  Sm2O3 + 6HCI →2SmCI3 + 3H2O. 0.1M PGA solution preheated to 70±5ºC is added to the solution 

of the obtained salt in the ratio 3:1, according to the stoichiometry of the reaction equation.  

The object of the present invention is achieved by the use of pyrazine hydroxamic acid (PGA) as an 

organic ligand in the process for preparing a novel samarium compound (III) having an antitumor activity by  

reacting a samarium compound with an organic ligand upon heating according to the invention, the 

samarium oxide(III) dissolved in HCI , with the ratio of the resulting samarium salt and pyrazine hydroxo 

acid being 1:3, the reaction product is precipitated with ammonia solution, decanted with hot water and dried 

at 60ºC.  

The resulting complex compound is precipitated with a solution of ammonia (1:10). The precipitate 

is centrifuged and washed with multiple decantation with hot distilled water to remove impurities. The 

isolated complex is dried in an oven at T=60ºC, then in a desiccator over H2SO4. 

Tests for antitumor activity were carried out in the Republican Cancer Research Center № 30 of 

Uzbekistan using mongrel mice of both  nares with a mass of 18-20gr of (w) vivarium wiping of Och 

“Nihol”. The animals were kept under natural lighting conditions and 23Cº with free access to standard 

laboratory feed and water. Effectiveness of the proposed intention is the study of the effect of the drug on the 

growth and development of transplanted animal (trum) tumors, as well as the general state of the tumor-

bearing organism in terms of tumor growth inhibition by tumor growth inhibition (TPO). To obtain 

experimental tumor-bearing animals, non-native mice were subcutaneously transplanted with a suspension of 

Sarcoma tumor cells (S-180) (1,2-10cells). In the 48 hours after the transplantation of the Sarcoma tumor (S-

180), the animals of the control group received distilled water 0,5ml daily for 10 days. The tumor was 

recovered by measuring three mutually perpendicular diameters and weighed [3-4].  

The inhibition of tumor growth (TRO) of the animal test subgroups with respect to control animals 

was calculated by the formula. TRO=(mVk-mVo)·100%·mVk.  

Conclusion. The animals were weighed before and after the experiment, the masses and volumes of 

the tumor were determined in the control [5].   To equip the obtaining data, which were subjected to 

statistical processing by a standard procedure, it was established that the developed drug based on the 

pyrazine hydroxamic samarium (III) complex possesses high antitumor activity.  

The proposed method for obtaining a complex samarium (III) compound differs significantly from 

other methods by the high reproducibility of the test groups. The recipients of the preparation were compared 

with the similar parameters in the animals of the control subgroup by the simplicity of the synthesis, and the 

drug is able to inhibit tumor growth in 97,9%.  Method for the preparation of a complex samarium 

compound(III) having an antitumor activity , by reacting a compound of a smear with an organic ligand 

heating , characterized in that, as a samarium compound (III), having an antitumor activity by reacting a 

compound of a smear with an organic ligand under heating , characterized in that as a samarium compound 

oxide dissolved in HCL at a ratio of the salts of samarium and pyrazine hydroxamic acid is formed, equal 

to1:3, the reaction product precipitates with a solution of ammonia, decanted  with hot water and dried at 

temperature of 60ºC. 

 

References 

1. Commuzzi Clara, Di Bernardo Plinio, Porfanova Roberto,Tollazzi Marillena, Zanonato Pierluigi 

Polyhedron. Affinity of lanthanides (III) ions for oxygen and mixed oxygen-nitrogen-donor ligands in 

dimethylfozide: A thermadynamic and spectroscopic investigation // Proc. of 12 ISMEC Meeting 

“Thermodynamics of Metal Complexes”, No.14-15. - Parma, 2001. –, P. 1385-1397. 

2. Yue Shantang, Liao Wuping, Li Degian, Su Qiang, J.Rare. Extraction mechanism of rare earths with 

sec-octylphenoxy acetic acid by two-phase titration technique. Chen. Soc. Rare Earths, 2002, Vol.20, No. 5, 

Pages: 416-419.   

3. Swiatch-Kozlowska, Jolanta Gurmel-Kontecrf, Elzbeta Pgridine. 2,6-dihydroxamic acid - a powerful 

dyhydroxamate ligand for Ni
2+

, Cu
2+

  ions. Dalton Transaction, 2002, Issue 24, Pages: 463-465 

4. H. Bounhalfa, T. J. Brickman, S.R. Armstrong and A.L. Crumbliss. Kinetics and Mechanism of iron 

(III) Dissociation from the Dihydroxamate Siderophokes Alcaligin and Rhodotorulic Acid. Inorganic 

Chemistry, 2000, Issue 30, Pages: 559- 562 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

124 

 

5. H. Boukhalfa and A.L. Crumbliss. Multiple Path Dissociation Mechanism for Mono-and Di 

(hydroxamato) ion (III) Complexes with Di-Hydroxamic Acid Ligands in Aqueous Solution, Inorg. Chem., 

2000, Issue 39, Pages: 43-46.  

 

 

PROSPECTS AND MODERN CONDITION OF OIL DISPLACEMENT USING  WATER 

SOLUBLE POLYELECTROLYTES 

 

Oral K. Beisenbayev, Aziza B. Issa, Saltanat Zh. Sikymbayeva,  

Aidana A. Nurmakhanbetova, Aigul Sh. Kydyralyeva 

 
M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan 

 

e-mail: oral-kb@mail.ru     

 
Abstract 

The solution of the problem of reservoir recovery increasing, to date, is of particular importance, because  

only 1% of increase in the oil rate would give a significant growth in the annual production, according to some 

estimates it is equivalent to the discovery of new oil fields. Therefore, today it is necessary to intensively introduce new 

advanced technologies directed at implication in the development of all types of residual oil in fields that have entered a 

final stage of operation and the effective development of heavy high-viscosity oil deposits. 

The use of polymer surfactant solutions as injecting agents is one of the most effective methods for increasing 

the oil recovery in a flooded reservoir by improving both a displacement process and a coverage one. Today, there is 

no doubt that use of surfactants in various technologies for oil recovery increasing  is the most preferable solution from 

the point of view of preserving reservoir properties of productive strata and influencing the process of preparing and 

transporting oil. 

 

Key words: oil, displacement, waterflooding, oil recovery, surfactants. 

 
The limited use of modern technologies for oil recovery increasing leads to the fact that the oil 

recovery factor (ORF) is reduced to 3-4% over the decade. Along with this, OIR increase only to 1% would 

give increase in the annual production in a significant amount. Therefore, today it is necessary to intensively 

introduce new advanced technologies directed at implication in the development of all types of residual oil in 

fields that have entered the final stage of operation and the effective development of heavy high-viscosity oil 

fields. 

With all the advantages of the industrialized method of oil deposits flooding as a method of the most 

complete oil recovery, it nevertheless no longer provides the necessary final degree of oil recovery from 

reservoirs, especially in conditions of heterogeneous porous media and high viscosity of oil, when relatively 

low coverage of reservoirs is achieved. After the development completion  in in the interior of oil fields 

remains from 40 to 80% oil reserves. Residual oil is mainly in such a state that it is difficult to extract it by 

conventional development methods [1]. 

The flooding use according to traditional technologies predetermines the natural and inevitable 

watering of the layers according to their processing. Most oil fields are multilayered. At the same time, the 

strata differ from each other in reservoir properties, and when they are jointly developed, oil is not evenly 

displaced throughout the reservoir, which causes the formation of residual oil in low-permeable interlayers 

and zones. 

These factors significantly affect the development completeness of oil reserves, i.e. on the final 

coefficient of oil recovery and on the conditions of profitable exploitation of oil fields. Thus, the average 

project oil recovery in the fields of Russia does not exceed 40-43%. 

In other words, about 57-60% of the initial oil reserves will not be recovered. Despite some high 

rates of oil recovery ratios, the development of a significant part of oil deposits in all countries of the world 

is characterized as unsatisfactory from the point of view of the complete development of oil reserves. For 

example, in Latin America and Southeast Asia, the final oil recovery ratio is 24-27%, in Iran - 16-17% in the 

USA, Canada, Western European countries, Saudi Arabia - 33-37%. 
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Residual reserves (non-recoverable) oil reaches an average 55-85% in different countries from 

original geological reserves.Residual reserves on separate developed fields are changed at even wider range 

(30-90%). 

The acuity of the problem of oil recovery increasing is due to the fact that with the steady decline in 

the oil production, the depletion of easily accessible actual reserves located in favorable natural-geological 

conditions, there are practically no effective technologies for developing hard-to-recover oil reserves in the 

country. 

The problem solution  of the efficiency increasing of developing fields with hard-to-recover reserves 

is associated with the creation of new and improvement of existing physicochemical methods that ensure a 

more complete recovery of oil and volume reduction of associated water. In this connection, the methods of 

development regulation of deposits entering  advanced stage, with high development of reserves and a 

significant water content of the recovered products, become important. 

It is known [1] that one of the most effective ways of oil recovery upgrade is oil field flooding using 

polymeric surfactants. 

According to expert estimates [2], recently the share of oil produced due to enhanced oil recovery 

(PN) with various methods of waterflood has increased in world production. Thus, the choice of the most 

efficient production method is becoming increasingly important for petroleum engineers today. 

The use of polymer surfactant solutions as an injecting agent is one of the most effective methods for 

oil recovery increasing of the flooded reservoir by improving both the displacement process and the coverage 

process. The mechanism of polymer surfactant solutions is associated with the addition of certain 

concentrations of water-soluble polymers in the injected water in order to increase the viscosity of the 

working agent. The main function of surfactants is to reduce the surface tension between being displaced and 

displaced phases. The polymer helps to increase the oil viscosity in reservoir conditions and thus, a more 

favorable ratio of mobility is reached [3-5]. 

The surface tension between the emulsified crude oil and the associated salt solution is decreased at 

polymer surfactant waterflooding. Due to dispersing properties of surfactants, oil mobile structure is 

destroyed. At surface tension decreasing, the capillary forces are decreased, as a result, oil becomes more 

mobile. After polymeric surfactants exposure, the structure is restored with the formation of a new oil bank. 

The viscosity of the polymer surfactant solution is increased to ensure the mixture movement of polymer 

surfactant and oil bank towards the base of the operating well. The use of polymeric surfactants solutions  

leads to decrease to final oil saturation than that provided by the waterflood regime, which results in a more 

effective coverage of the reservoir with a displacing agent, which reduces the content of injection fluid 

required for oil recovery [6]. 

Despite the fact that the basic concept of polymeric surfactant flooding is quite simple, flooding  

assessment and development  with polymeric surfactants is much more complicated than the separate 

injection of chemicals. The water flooding use of  polymeric surfactant for a particular field depends on the 

factors number, including: reservoir heterogeneity, oil viscosity, residual oil saturation, chemical resistance, 

the ability of the polymer to expand in the reservoir, the compatibility of the polymer and surfactant, the 

compatibility of the injected agent with oily rock and formation fluids in actual conditions, well placement 

and flow rate, reagent costs, preparation and quality control of injected polymer solutions, as well as the 

ability to shore polymer injectivity. Thus, a qualitative geological model of the field and experimental 

laboratory tests are required for the qualitative assessment and development of polymer-based surfactant 

flooding. Currently, modified polyacrylamide derivatives or copolymers based on it, as well as mixtures of 

water-soluble polymers (WSP) and surfactants are used for oil fields flooding in the CIS countries and 

abroad. In this regard, a preliminary study, forecast and analytical review of the synthesis of polymeric 

surfactants and their use in flooding is presented in this article. 

It is known that various types of WSP have been analyzed and evaluated, including hydrolyzed 

polyacrylamide, hydroxyethyl cellulose, carboxymethyl hydroxyethyl cellulose, xanthan gum, glucon, etc in 

recent years. 

Polyacrylamide and xanthan gum are the most commonly used polymers to change the solution 

mobility. Polyacrylamide is the only polymer that increases solution viscosity and stimulates a noticeable 

decrease in the effective water permeability. 

Polyacrylamide refers to the most common types of polymers used in oil fields. The polyacrylamide 

viscosity is a function of the chemical solution. For example, an increase in solution salinity especially 

divalent cations, reduces the apparent viscosity of  polyacrylamide solution. 
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Xanthan gums are also referred to polymers used in the petroleum industry to control mobility. They 

are fermentation products derived from xanthan gum. Xanthan gum is a polysaccharide made from 

monomeric units of D-glucose, D-mannose, and D-glucuronic acid saccharides. As a rule, xanthan gum is 

less susceptible to chemical solutions. 

The polymer holdback in the soil through adsorption or mechanical capture has both advantages and 

disadvantages associated with the problems encountered in controlling the mobility of polymer flooding. 

This is due to the fact that the adsorption surface area can be increased due to large and small capillaries, and 

the smallest diameter of the capillary can lead to a greater capture of polymers. While polymer adsorption is 

a factor for polyacrylamide polymers, xanthan gum is not significantly adsorbed on rock surfaces. 

In this regard, methods have been developed for producing modified polyacrylamide derivatives, 

polyacrylonitrile, ie, water-soluble polymers, by the method of hydrolysis and esterification in the presence 

of butyl methacrylate. Esterified derivatives of gossypol resin are used as surfactants. 

These polymeric surfactants have a greater number of different properties, in contrast to polymers 

with a normal structure due to the content in the molecular structure of various functional groups. For 

example, polymeric surfactants on the basis of quaternary ammonium are viscoelastic surfactants. The use of 

such polymeric surfactants as displacing agents will, to some extent, correct such technical shortcomings as: 

lack of solubility, emulsification, ability to change rock wettability and reduction of the oil-water surface 

tension. 

With increasing viscosity of the polymer solution, the sweep efficiency and the displacement effect 

are increased, i.e. polymer productivity is increased, which indicates the importance of such a parameter as 

the viscosity of the polymer surfactant solution. 

The study of the viscosity dependence on the concentration of various polymer solutions (Fig. 1) 

prepared in formation water showed that with an increase in the content of solids (polymer base), the 

viscosity also increases. 

 

 
 

Fig. 1. Dependence of specific viscosity on the concentration of various WSP polyacrylamide derivatives (1), 

polyacrylonitrile (2) and fiber waste "Nitron" (3) 

 

One of the mechanisms of oil recovery upgrade for surfactants and a combined polymer system is the 

ultra-low surface tension caused by surfactants. Ultra-low surface tension fosters to mobilization of trapped 

oil and displaced oil from the reservoir. This property is manifested in connection with the special structure 

of the polymeric surfactant. Hydrophilic and hydrophobic parts in the molecular structure are oriented on the 

surface and, consequently, lead to surface tension slashing. 

Thus, it can be seen from the literature [7–11] that oil recovery upgrade depends on fluid viscosity, 

relative permeability, surface tension, wettability and capillary pressure. Even if all the oil comes in contact 

with the injected chemicals, some of it will still remain in the reservoir. This is the result of capillary 
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trapping oil droplets due to the high surface tension between water and oil. Capillary number (Nc) is used to 

express the force acting on trapped oil droplets in the porous medium.  

The equation describes the relationship of Darcy velocity, viscosity and surface tension to capillary 

number: 

where: Nc  is the Darcy velocity function (υ), μ is the viscosity of the mobile phase, σ is the surface tension 

between mobile and trapped oil phases [Berger & Lee, 2006]. 

Thus, fundamental research has recently been conducted on the development and application of cost-

effective surfactants. 

The results of the flooding of WSP and surfactants in a weight ratio (1:0.25) of concentration are 

presented in Table 1. 

 

Table 1 - Results of polymer surfactant waterflooding with a polymer base content of 88.5% 

Experimental data Oil saturation 

(%) 

Oil recovery 

during water 

flooding (%) 

Oil recovery 

during polymer 

flooding (%) 

Total recovery (%) 

WSP and SAS 0,01% 

(400 mg/L, 

31.83 mPa·s) + 

waterflooding 

 

73.16 

 

37.60 

 

10.38 

 

47.98 

WSP and SAS 0,1% 

(650 mg/L, 

39.7 mPa·s) + 

waterflooding 

 

72.36 

 

37.0 

 

13.48 

 

50.98 

WSP and SAS 0.25% 

(925 mg/L, 

61.35 mPa·s) + 

waterflooding 

 

69.88 

 

37.88 

 

16.29 

 

54.17 

 

As you can see in the table the polymeric surfactants water flooding can increase oil production to 

more than 10% after waterflooding and oil displacement efficiency will upgrade with solution concentration 

increasing. At equal viscosity, oil displacement efficiency with polymeric surfactants with a high content of 

the basic substance is much higher than that by polymers with a low and medium content of the basic 

substance. 

Today, there is no doubt that the surfactants use in various technologies for enhancing oil recovery is 

the most preferable from the point of view of preserving reservoir properties of productive formation and 

influencing the process of oil preparation and transportation. This is determined by the multifaceted 

mechanism of surfactants function:  

1. The surfactant addition into water reduces interfacial tension of water at the boundary with oil. Oil 

droplets are easily deformed and filtered through pores narrowing, which increases the speed of their 

movement in the reservoir at low interfacial tension. In addition, during concentration surfactant is higher 

than the CCM (critical concentration for micelle formation), low interfacial tension at the boundary 

“solution-oil” foster to solubisation of oil components in the surfactant solution. 

2. The surfactant addition into water by reducing the surface tension reduces interface angle, i.e. 

increases wettability of rock with water. Hydrophilization combined with decreasing of interfacial tension 

leads to a strong weakening of the adhesion interactions of oil with the rock surface. 

3. Aqueous solutions of surfactants exhibit a cleaning action with respect to oil, which covers the rock 

surface with a thin film, contributing to the rupture of oil film. By adsorbing at the interface of oil with water 

and displacing active oil components, creating adsorption layers with high strength at the interface, 

surfactants facilitate the meniscus deformation in the pores - reservoir capillaries. All this increases the depth 

and rate of capillary water absorption into the oil-saturated rock. The dispersion of oil in water occurs more 

intensely under the surfactant influence, and the surfactant stabilizes the resulting dispersion. The sizes of the 

oil drops are reduced. The probability of their coalescence and sticking to solid surface is reduced. This leads 

to a significant increase in the relative phase permeability of the porous medium for oil and water. 

4. The better displacement oil with water containing WSP and SAS is also associated with the strong 

influence of surfactants on the rheological properties of oil. The introduction of surfactants into oil leads to 
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the isolation of paraffin microcrystals and destruction of spatial structure formed by them, as well as to the 

introduction of surfactants into the associates of asphalt-resinous substances, resulting in a decrease in the 

degree of aggregation of ARS (asphalt-resinous substances) in the solution of low-molecular-weight 

hydrocarbons and decrease in oil viscosity. 

In general, oil recovery depends on many factors, the control path course of which are currently 

known or are being studied, because a large proportion of oil reserves still remains in the reservoir. The 

increase in oil recovery ratio is a relevant and important problem in the oil and gas sectors of the Republic of 

Kazakhstan. The use of water-soluble polymers and compositions with surfactants makes it possible to 

largely level the conductivity of filtration pathways for oil and water, level the oil displacement front f by 

water, extend the non-water period of well operation, which as a result contributes to enhanced oil recovery. 
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Abstract 

Physicochemical characteristics of a chrysotile asbestos ore (serpentinite), commercial chrysotile asbestos, 

and chrysotile asbestos waste of the Zhitikara deposit are presented. Asbestos dust is a two-component inorganic dust 

consisting of chrysotile asbestos fibrous particles and granular particles of host rocks. Both types of particles have the 

same chemical composition - magnesium hydrosilicate and differ only in a structure of their crystal lattice. The electron 

microscopic and X-ray phase methods were used to study a chemical and mineralogical composition of the pulverized 

waste formed at processing the chrysotile asbestos at “Kustanaiskiye Mineraly”JSC. It was determined that the main 

minerals are serpentinites, talc, hematite and magnetite. The average chemical composition of the chrysotile asbestos 

waste, in wt. %: MgO – 40,15; SiO2 – 32,2; Fе2О3 – 6,8; А12О3 – 0,72; СаО – 0,63 and a small amount of  МnО,  NiO 

and Сr2О3. 

 

Key words: chrysotile asbestos, magnesium oxide, serpentinite, X-ray, electron microscopy. 

 

Introduction. Chrysotile asbestos accounts for 96% of global asbestos mining. The largest of the 

world's developed deposits of chrysotile asbestos: in Russia - Bazhenovskoe (Middle Urals), Ak-Dovurak 

(Tuva region), in Kazakhstan - Zhitikara (Kustanai region), and abroad - Canada (Canada) and in Zimbabwe 

(South Africa). Russia is the largest producer of asbestos in the world of [1,2]. 

In Kazakhstan, the only company for the extraction and enrichment of ores from the Zhitikara 

deposit and the production of marketable asbestos is "Kustanaiskie Mineraly" JSC. The enterprise is a city-

forming for the settlement of Zhitikara with 40 thousand inhabitants. The raw material base of the joint-stock 

company is the Zhitikara deposit, which ranks fifth in the world in terms of reserves. The company produces 

about 200 thousand tons of chrysotile asbestos per year.  

The Zhitikara deposit belongs to the Bazhenov subtype of chrysotile asbestos deposits, each of which 

has common features and at the same time is characterized by specific features. The hyperbasites of the 

deposit belong to the dunite-harz-burgite formation, the degree and types of serpentinization are not the same 

in different parts of the massif. Asbestos deposits are controlled by a series of faults located in the zone of a 

large regional fault, in which the Zhitikara deposit does not differ from other asbestos deposits. 

Chrysotile asbestos is a fine-fibred white or greenish-yellow mineral (3MgO • 2SiO2 • 2H2O) with a 

silky sheen, forming veins in ultra basic rocks, mainly in peridotites. Veins have a transverse fiber structure 

with a fiber length from fractions of a millimeter to 5-6 cm (occasionally up to 16 cm) with a thickness of 

less than 0.0001 mm. A remarkable property of this mineral is the ability to wrinkle and fluff into a fine-

fibrous mass, like linen or cotton, suitable for the manufacture of non-combustible fabrics.  

Commercial chrysotile asbestos consists of a mixture of fibers of different lengths and their 

aggregates. Asbestos aggregates with unreformed fibers with a diameter of more than 2 mm are called 

“lumpy asbestos”, and less than 2 mm are called “needles”. “Fluffy” is called asbestos, in which the fibers 

are thin, deformed and confused. Particles of the accompanying rock and asbestos fiber passing through a 

sieve with cell side dimensions of 0.25 mm in the light are called “dust”. Chrysotile asbestos, depending on 

the length of the fibers, is divided into eight grades (from 0 to 7). 

Chrysotile asbestos waste (CAW) consisting mainly of the minerals of the serpentinite group is a 

large-tonnage waste containing host rock of many minerals. In particular, "Kustanaiskie Mineraly" JSC 

(Republic of Kazakhstan) produces annually about 12 million tons of ore, of which 6-7% is extracted into 

commodity fiber, 2.5-3% is the production of other building materials and road dumping. The remaining 90-

92% are waste from the processing plants and are sent to the dump. Waste is crushed serpentinite, which 

occupy a large area and represent an environmental hazard. At the same time, these dumps, due to the high 

content of magnesium oxide in serpentinites (40-50%), can be considered as a man-made deposit of high-Mg 

raw materials, providing savings of natural resources, reduction of energy costs for the production of 
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materials. Chrysotile asbestos waste (CAW) consisting mainly of the minerals of the serpentinite group is a 

large-tonnage waste containing host rock of many minerals. In particular, "Kustanaiskie Mineraly" JSC 

(Republic of Kazakhstan) produces annually about 12 million tons of ore, of which 6-7% is extracted into 

commodity fiber, 2.5-3% is the production of other building materials and road dumping. The remaining 90-

92% are waste from the processing plants and are sent to the dump. Waste is crushed serpentinite, which 

occupy a large area and represent an environmental hazard. At the same time, these dumps, due to the high 

content of magnesium oxide in serpentinites (40-50%), can be considered as a man-made deposit of high-Mg 

raw materials, providing savings of natural resources, reduction of energy costs for the production of 

materials. 

The accumulation of significant volumes of mining waste leads to the formation of peculiar career-

dump natural-technical systems. Production and enrichment wastes are stored in dumps, the height of which 

reaches 100 m [3]. 

Dumps are a mixture of overburden rock and semi-rock loose rocks. In the composition of the rock, 

chemically active components are not noted, since serpentinites, diabases, porphyries dominate here. 

However, the bulk of the waste consists of semi-rocks and loose overburden, which are represented by thin 

quaternary sedimentary eluvial-diluvial sediments. The overburden dumps that rise above the other elements 

of the techno-geo-systems are the main supplier of silt particles, which as a result leads to pollution of the 

atmosphere, soil cover and surface water.   

Asbestos breeding dust is qualified as inorganic dust with SiO2 content up to 20%, it is two-

component, consisting of chrysotile-asbestos fibrous particles and granular particles of host rocks. Both types 

of particles have the same chemical composition - magnesium hydrosilicate and differ only in the structure 

of the crystal lattice. The most dangerous to human health are respirable asbestos fibers (asbestos-containing 

dust), whose length is more than 5 microns, diameter less than 3 microns, and the ratio of fiber length to its 

diameter is more than 3: 1. The share of asbestos-containing dust is 12.5% of the total mass of emissions [4]. 

According to the conclusion [5], the mineralogical composition of the rocks, which are the raw 

material in the production of commercial chrysotile asbestos, "Kustanaiskie Mineraly" JSC, is represented by 

serpentinites peridotites. According to the results of chemical analysis [5], the waste of the concentration 

plant, as well as overburden rocks of the Kiembayev chrysotile-asbestos deposit of "Kustanaiskie Mineraly" 

JSC, has the composition shown in Table 1.  

 

Table 1 – The chemical composition of overburden and tailings 

Item Name Content, % 

Overburden Enrichment waste 

Element Oxide Element Oxide 

Aluminum Al 2.70 5.08 4.20 7.90 

Magnesium Mg 24.60 40.84 30.78 51.10 

Silicon oxide SiO2 (common)  30.75  21.05 

Iron Fe  2.58 3.69 2.93 4.19 

Calcium Ca  0.48 0.67 0.41 0.57 

Nickel Ni  0.35 0.44 0.40 0.51 

Chrome Cr  0.34 0.65 0.35 0.67 

Lead Pb  0.20 0.22 0.20 0.22 

Copper Cu  0.015 0.019 0.01 0.013 

Cobalt Co  0.013 0.017 0.017 0.022 

Manganese Mn  0.054 0.085 0.066 0.104 

Zinc Zn  0.039 0.048 0.036 0.045 

Other by-products  13.70  12.84 

Total:   96.21  99.23 

 

All the main minerals of the serpentine group have a composition that corresponds to the formula 

Mg6[Si4O10](OH)8, and in natural samples the substitution of one of the indicated elements by some other is 

very small. Structurally, all serpentines are essentially the trioctahedral analogs of kaolinite. Among the 

serpentines, there are three main polymorphic modifications: chrysotile, anti-burning and lizardite (their 

differences relate to lattice deformations and crystal morphology). Serpentine received its name due to the 
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characteristic surface appearance of many serpentinites resembling the back of a snake (serpent). To 

characterize this group of similar minerals, the name “serpentine” is used as a collective term, while a rock 

consisting mainly of serpentine is called serpentine. 

Chemically, these minerals are hydroxyl-containing silicates and aluminosilicates of magnesium, 

potassium, iron, and other elements. 

All serpentine minerals have a layered structure. The complex anions of silicates of the serpentine 

subgroup are represented by two layers of silicon and oxygen tetrahedral. The SiO4 tetrahedral are connected 

to each other by three common vertices and form a flat layer of continuous length in two dimensions, like a 

hexagonal grid. All tetrahedral in this layer are turned in one direction and are connected to the brucite layer, 

in which, on one side, two of every three hydroxyls are replaced by oxygen atoms, which are the vertices of 

the SiO4 tetrahedral. The normal distance between complex layers of this type is approximately 7.3 Å.  

The author [6] emphasizes that the dimensions of the layer of brucite [Mg(OH)2], which is a 

component of the layer, do not exactly correspond to the dimensions of the layer of Si2O5, as a result of 

which the chrysotile crystallizes in the crystal, so that the bulkier the part is outside. Chrysotile fibers are 

thus constructed of twisted ribbons forming cylinders with a length of several thousand angstroms with an 

outer diameter of several hundred angstroms, the walls of which contain up to 15 layers. 

Atoms (ions) inside packets have a strong covalent bond, almost completely compensated. On the 

outer sides of the packets, the oxygen ions in each tetrahedron are associated with two silicon ions, so there 

is no valence bond for sufficiently strong adhesion of the packets to each other. They are bonded to each 

other by very weak residual Wanderwald forces, so that all layered silicates exhibit very easy splitting into 

the thinnest plates (fibers). Macroscopic serpentine masses can be recognized relatively easily by their 

characteristic dark green hues, low hardness, slip mirrors, greasy shine in a fracture, etc. All species are more 

or less easily recognized by a microscope by their characteristic structure [6, 7]. 

The hardness of ordinary serpentine is 2.5-3.0, antigorite 3.5, ophite 2. Specific weight: 2.5-2.7. 

To determine the area of rational use of natural substandard and man-made magnesium-containing 

raw material "8" classified by chemical composition, depending on the content of magnesium oxide: 

I  -  M g O  c o n t e n t  o f  a t  l e a s t  6 5 % ,  

I I -  w i t h  M g O c o n t e n t  o f  4 5 -6 5 % ,  

I I I - c o n t a i n i n g  M g0  1 5 -4 5 % ,  

IV -  w i t h  M g O c o n t e n t  n o t  mo r e  t h a n  1 5 % .  

According to this classification, wastes from asbestos-processing enterprises are classified as 

medium-magnesian silicate raw materials - II, which contain 40-45% magnesium oxides.. 

Research methodology. X-ray analysis (XRF) was carried out on a DRON-3 diffract meter, with Cu 

cathode radiation and a nickel filter. Diffractograms were recorded by the powder method with ionization 

recording of diffraction maxima at room temperature with a goniometric speed of two degrees per minute. 

When decoding reflexes of radiographs used ASTM card file. 

Electron-microscopic studies were performed on a JSM-6490LV electron raster microscope (REM-

firm JEOL Ltd, Japan) complete with systems of energy-dispersive microanalysis INCA Energy 350, texture 

analysis of polycrystalline and crystalline samples HKL Basic. The device allows you to conduct research: 

the fine structure of inorganic materials (dislocation structure, block structure, boundary structure, phase and 

structural transformations, especially the fine structure of materials depending on the modes of their 

production and processing, the location of particles of inclusions, pores, voids, etc.), research ultrafine-

grained, nanostructured and amorphous materials. The magnification is from 5 to 300,000, the resolution in 

high vacuum mode is 3.0 nm.   

Results and discussions. The microstructure of the mineral particles of waste and their 

decomposition products were obtained in reflected electrons on a JSM-6490LV scanning microscope (JEOL, 

Japan), in a low-vacuum mode at a pressure in the chamber of 30 Pa and an accelerating voltage of 20 kV. 

The work carried out to determine the content of the main components in the waste of “Kustanaiskie 

mineraly” JSC using chemical methods of analysis and the capabilities of the SEM show that its chemical 

composition does not depend on the particle size distribution, i.e. homogeneous. Using SEM, you can also 

determine the microstructure of the components of the waste. 
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Fig. 1. Mapping and microanalysis of serpentine waste (according to SEM) 

   

It can be seen from the electronic structure Fig. 1 that the initial serpentines waste contains 

aluminum ions А1
3+

 as an impurity, which can replace silicon ions in the tetrahedral silicon-oxygen SiO4 

layer and magnesium ions Mg
2+

 in the octahedral layer. At the same time, in the octahedral layer, magnesium 

can be isomorphically replaced by iron, nickel, chromium, and other cations, and therefore isomorphic 

modifications of serpentinites can be formed.  

The JSM-6490LV electron microscope examination of the mineral microstructure shows (Fig. 2) that 

the mineral is polydisperse, it contains a lot of mineral with fine-fibrous needles of serpentine 1-2 mm in 

length, besides coarse fibers 0.5 -5 microns which can be assumed talc, as well as a lot of large and small 1-

10 micron lamellar amorphous particles such as hematite and magnetite. 

 

 

 

 
 

Fig. 2. Electron micrograph of the original CAW 

 

Table 2 – Mineralogical composition (averaged) of CAW 

Component Formula  Mineral 

impurity 

Mass fraction,% (peak 

intensity) 

Serpentine 3MgО2SiO22H2O  57 

Talc 3MgО4SiO2H2O  17 

Brucite Mg(OH)2  9 

Forsterite Mg2SiO4  6-7 

Magnesium oxide MgО  4 

Magnetite and hematite Fe
+2

Fe
+3 

O4  4-5 
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According to the results of X-ray phase analysis, “Kustanaiskie Mineraly” JSC was mainly 

represented by serpentine. From the x-ray of the starting material, d/n-(J/Jo) reflexes were found: 7.18 (100), 

4.42 (18), 3.60 (80), 2.48 (32), 2.11 (5) , 1.52 (20), 1.47 (10) characteristic of serpentine. 

X-ray phase analysis revealed the identity of the mineralogical composition in various samples of 

CAW-1, CAW-2, CAW-3 (Table 2). 

 

Conclusions. 1) According to the results of chemical and electron microscopic analysis, the 

averaged chemical composition of the CAW Zhitikara field, in %: MgO = 40.15; SiO2 = 35.20; Fe2O3 = 6.80; 

A12O3 = 0.72; CaO = 0.63 and a small amount of MnO is present; NiO; Cr2O3. 

2) Serpentinite and talc are main minerals, hematite and magnetite are accompanying ones. 

3) Chemical composition of man-made magnesium-containing raw materials includes medium-

magnesian-silicate raw materials - II, which contain 40-45% of magnesium oxides. 
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Abstract 

A method for producing composite coatings is proposed, in which initially a layer of a non-metallic phase is 

created on the surface to be coated. For this, a product is wetted with a copper sulfate solution, then a non-metallic 

phase is sprayed onto this layer. When the product is subsequently processed with phosphine, there is formation of a 

primary metallic layer, which fixes the non-metallic phase on the surface of the product. Further overgrowth by the 

metal phase (matrix) by galvanic or chemical means. The method allows to introduce up to 40% of a non-metallic 

phase. Therefore, there is a need to develop alternative technologies. 

 
Key words: composite coatings, powders, graphite, titanium dioxide, copper phosphide. 
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Introduction. The development of many branches of modern technology largely depends on the 

development and practical use of different types of metal coatings. A promising way is the use of composite 

coatings that contain non-metallic inclusions along with a main metallic phase, which gives the products new 

functional properties inherent in the components of the coating (heat resistance, chemical resistance, high 

hardness), as well as completely new properties such as amorphous structure, catalytic activity, 

photosensitivity, etc [1-2]. 

The main methods for obtaining such composite films are galvanic deposition of metals or alloys 

from electrolytes containing suspensions of nonmetallic particles. 

The formation of the СС  is based on the rotation into the cathode-evolving metal of particles of the 

second phase with a size from 1-10 nm to several micrometers. This process depends not only on the conditions 

of electrolysis: temperature, mixing, but also on the dispersity, nature and number of particles. The possibility of 

their use for the preparation of CС is determined by their physicochemical properties. First of all, this is the size, 

shape and ability to acquire a positive charge [3,4]. The smaller the size and the more distorted the crystal lattice 

of particles, the easier they are captured by irregularities in the surface of the metal. By acquiring a positive 

charge, dispersed particles move faster to the cathode and are easier to integrate into the coating. 

In this case, the particles of this phase, when the solution of the electrolyte is stirred mechanically, 

fall on the surface of the article and become infected with the precipitation of the base metal. Although the 

main provisions of technology were developed back in the last century [3,4], interest in this method has not 

yet been extinguished. This was promoted by scientific achievements of recent years in the field of 

nanotechnology, chemical sources of current, catalysts, etc. So at present the object of large-scale research 

has become nanocomponent coatings. 

Among the parameters that positively influence the amount of particles included, there is a high 

concentration of nanoparticles in the electrolyte solution, a decrease in particle sizes. Mixing, ultrasonic 

treatment and the use of impulse current also have a positive influence [1,2]. 

To increase the anticorrosive and tribological properties, the efficiency of introduction of aluminum 

oxide into nickel coatings is shown [5]. In [6], corrosion inhibitors of magnesium alloys are proposed to 

incorporate inhibitors into the coating composition. The results obtained show that the protective properties 

of such coatings are higher than those obtained by plasma electrochemical oxidation. The composite material 

consisting of polyaniline and graphite of a vein graphite needle is suitable as a protective coating for steel 

surfaces [7]. 

The nickel-reduced composite coating of graphene oxide exhibited high electrocatalytic activity for 

the hydrogen evolution reaction [8]. 

There are some other methods for obtaining composite coatings, but they are small-scale and solve 

individual problems. Thus, chemical vapor deposition of thin films of photocatalytic titanium dioxide into 

which synthetic hydroxyapatite [Ca10 (PO4) (OH)2 ] was added during the synthesis of the dioxide was 

described. Tests of photocatalytic activity showed that the inclusion of hydroxyapatite in composite films 

increases their effectiveness. [9] The development of a composite coating for magnesium from a conductive 

polymer of 3,4-ethylenedioxythifene and graphene oxide [10] is also reported. In this case, the composite 

coating was obtained on Mg samples by electropolymerization in an ethanol medium. Increasing the 

corrosion resistance makes it promising to use medical implants based on Mg. A strong antimicrobial coating 

was also made by incorporating the TiO2 / Ag composite in an emulsion solution of polyvinyl acetate [11]. 

The use of electrolyte-suspension requires constant mixing, which complicates the design of galvanic 

baths and often disrupts the stability of the electrolyte solution. In addition, the content of the second (non-

metallic) phase in the composite coatings in some cases does not exceed a few percent [2,3]. There are 

difficulties when large particles are included in the cathode sediment. At the same time, there is also no 

possibility of applying composites on non-conductive surfaces. 

Experimental part. Materials. In the research, powdered graphite grade C-1 TU 113-08-48-63-90 

(Russia) and titanium oxide (IV) of the grade "osch" 7-3 TU 6-09-3811-39 (Russia) were used. Separate 

stages of the process were studied with the ISM-6490-LV (IEOL, Japan) scanning electron microscope, 

which makes it possible to obtain an electronic image of the surface and the elemental composition of the 

surface layers. 

Method for obtaining a composite coating. The low-temperature method developed by the authors 

for depositing electrically conducting films on metallic and dielectric materials [12-14] assumes the use of 

gaseous phosphine as a reducing agent. 
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In this technology there is an intermediate stage of creating a sorption layer on the surface of the 

product by wetting with an aqueous solution of copper sulfate. We propose at this stage to spray on the 

wetted surface of the product particles of the second phase. In this case, the particles will be temporarily 

retained by the surface tension of the aqueous solution. Later they will be fixed with a layer of solid copper 

phosphide formed. 

With this in mind, a somewhat modified technology for obtaining a composite coating will consist of 

the following main stages: 

- preliminary surface preparation; 

- creation of a surface layer of copper sulfate solution; 

- Sputtering of the non-metallic phase; 

- treatment with gaseous phosphine; 

- additional galvanic or chemical metallization; 

- grinding or polishing. 

The preparation of the sample surface is carried out to remove the oxide films and to create 

wettability. For this, methods commonly used in galvanic engineering are used [3]. In this paper, the 

preparation of copper samples was carried out by stripping with abrasive paper, degreasing and etching in 

nitric acid. 

The surface layer of the copper sulfate solution is created by dipping the samples for 3-5 seconds in a 

solution containing 300 g/L copper sulfate. After removing the sample from the solution, the removal of the 

solution due to the adhesion forces is 100-120 ml / m
2
, which ensures the creation of a 50-70 μm solution 

layer on the sample surface (Fig. 2, a). The concentration of copper sulphate300 g/L ensures further 

formation of a copper phosphide layer sufficient to retain the second phase. At higher concentrations, the 

formation of formless surface crystals of copper sulfate is enhanced. 

        After creating a film of copper sulfate solution, the sample is shaken to remove the inflow of solution in 

separate areas. Then, the non-metallic phase is sprayed onto this wet layer. Sputtering was carried out in a 

cylindrical vessel having a diameter of 10 cm and a height of 40 cm. The sprayed powder is covered in the 

lower part of the vessel, and the sample is hung on the lid, which hermetically sealed the top of the cylinder. 

Compressed air was supplied through the opening in the lower part of the cylinder. In this case, the particles 

of the second phase rise to the upper part of the cylinder and adhere to the wet surface of the sample. The 

time of spraying does not exceed 20-30 seconds. To compensate for excess pressure, the cylinder cover has 

an opening to which a rubber ball was attached. As a result of the deposition, the surface layer was filled 

with particles of the second phase. At the same time, some particles may not be completely covered by the 

electrolyte solution. 

Treatment with gaseous phosphine is carried out for the reduction of copper ions. In this case, the 

liquid sorption layer of the copper sulfate solution is transformed into a solid metal-like copper phosphide in 

which the particles of the nonmetallic phase are distributed. The process is carried out in a sealed chamber. 

After placing the sample, the chamber is purged with nitrogen to remove air and then phosphine is fed into 

the chamber. As a result of the reaction 

 

6 CuSO4+3PH3+3H2O→2Cu3P +6H2SO4+H3PO3 

 

phosphine is absorbed to form copper phosphide. The film is dark gray color has a pronounced metallic 

properties, has a metallic shine and conducts an electric current well. The electrical conductivity of the 

coatings, determined by measuring the resistance of the coating by the direct current method, was 

359÷40010
-6

Оm
-1
m

-1
[12]. The film thickness is about 0.5 μm in the absence of the deposited non-metallic 

phase. When the non-metallic particles are sprayed, its thickness can increase considerably. After washing 

the reaction by-products, the film is a layer of solid copper phosphide with embedded non-metallic phase 

particles. 

It is seen from this figure that some particles of the second phase are only partially bound by solid 

copper phosphide, so it is recommended to apply an additional layer of the metal phase completely covering 

these particles. For this, standard galvanic or chemical methods for depositing metals can be used. 

If necessary, the surface of the coating can be aligned by grinding or polishing  

Results and Discussion.This process was tested to obtain composite coatings by introducinginto the 

metal matrix particles of graphite and titanium dioxide. Earlier, the possibility of introducing diamond 

particles into a copper coating was demonstrated [15]. 
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The results of the experiments are given in Table 1. From these data it can be seen that the number of 

particles of the dielectric phase sputtered onto the wet surface of the part, and then fixed with copper 

phosphide, remained unchanged in the CС. 

 

Table 1 - Material balances in the preparation of composite coatings 

Nameofoperation Non-metallic phase to be introduced 

Graphite TitaniumDioxide 

Weight, g Weight, g Weight, g Weight, g 

The initial sample S=50см
2 

4.554 - 4.522 - 

Treatmentwithcoppersulphate 4.836 0.282 4.800 0.278 

Sputtering of the second phase 5.357 0.496 5.412 0.589 

The formation of a copper phosphide layer 5.092 -0.278 5.151 -0.261 

Coating (copper) 5.966 

 

0.874 

 

6.022 

 

0.871 

 

Content of the second non-metallic phase 35 40 

 

Fig. 1 shows the electronic image of the graphite-containing composite coating after fixing with copper 

phosphide (1, a) and after applying an additional layer of plated copper (1, b). In order to reveal the structure, 

part of the surface layer of copper is removed by grinding. 

 
sample with a nonmetallic graphite phase, obtained after fixing with 

a copper (a) phosphide layer and after applying metallic copper (b). 

 

Fig. 1. Electronic image of the surface of a composite coating 

 

Both copper and graphite phases are clearly marked in the photo. The elemental composition showed 

that the dark areas correspond to metallic copper, the lighter graphite. 

In the preparation of a composite coating containing, as a non-metallic phase, titanium dioxide, also 

a certain portion of the spherical TiO2 particles having a diameter of 20-50 μm is only partially covered with 

an electroconductive layer of copper phosphide (Fig. 2, a). 

Since titanium dioxide does not have electrical conductivity, their outer surface remains clean. These 

areas during the subsequent application of the copper plating layer will not be sufficiently associated with the 

matrix due to the absence of an electrically conductive layer. Therefore, in order to enhance the bond 

between these particles and the matrix, it is recommended that the copper phosphide layer be re-applied. 

After this, as seen from Fig. 2b, a dense overgrowth of the nonmetallic phase is achieved, which leads to an 

improvement in the mechanical properties of the obtained CC. 
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sample with a nonmetallic titanium dioxide phase obtained after fixing with 

a copper (a) phosphide layer and after applying metallic copper (b). 

 

Fig. 2. Electronic image of the surface of a composite coating 

 

Sufficiently strong adhesion of titanium dioxide particles to each other and to the surface of the sample 

indicates that the copper sulfate solution penetrates into the micropores of these particles and then forms a 

single phosphide backbone that holds together nonmetallic particles. 

Conclusion.The developed method of obtaining composite coatings, in which the processes of 

applying the non-metallic phase to the surface of the article and depositing the matrix metal separately have 

the following advantages. 

The amount of non-metallic phase in the composite coating will not be related to the galvanic process, 

and will depend on the retention of the particles by the wet surface of the part when sprayed. This allows 

obtaining coatings with an increased content (up to 40%), regardless of the physicochemical properties of the 

second phase. This is especially important, since the prerequisites are created for the introduction into the СС 

of substances that are not introduced or introduced in small quantities during the usual galvanic method. 

Also, the proposed method makes it possible to obtain CС with relatively large (up to 50 μm) particles of the 

nonmetallic phase. A number of restrictions are also removed that take place when obtaining a CС based on 

chromium. These limitations are associated with strong gas evolution during chromiumning, which prevents 

the entry of nonmetallic particles into the cathode deposit. 

The range of substances used as the second phase is expanded, since the restriction on the delivery of 

these substances to the surface of the cathode is removed. There are new opportunities for the introduction of 

nanostructured, fibrous, etc. materials in the composition of the CC. Sufficiently high electrical conductivity 

of copper phosphide makes it possible to obtain composite coatings with a metal matrix on dielectric 

surfaces. 

The method makes it possible to conduct a metal overgrowth in ordinary stationary baths, without 

changing the standard technology. This will simplify the pilot-industrial test and introduce the proposed 

technology into production. 
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Abstract 

The problem of optimization of multi-element reactor systems with a continuous type of technological process 

within the framework of automated control systems is considered. The high complexity and multidimensionality of the 

emerging optimization problems make it difficult to apply traditional approaches based on a holistic view of the 

optimization object. Implemented in this case, the centralized approach to solving the optimization problem is highly 

costly because of the need for significant computing resources. 

The proposed approach is characterized by using a structured representation of the reactor system with the 

subsequent structuring of the optimization problem. At the same time, the solution of the problem is assumed in the 

decentralized control system, consisting of a set of local control systems that operate autonomously, and coordinating 

their coordinating body. The desired optimum for the reactor system as a whole is achieved as a result of information 

exchange between local management systems and the coordinating authority. In the process of this interchange, local 

control systems solve optimization tasks for individual elements of the reactor system, taking into account the actions of 

the coordinating body, whereas the coordinating body solves the global task of optimizing the reactor system as a whole 

by properly coordinating solutions of local problems. 

The positive effect of decentralization of management is achieved due to the fact that the emerging local 

optimization problems and the global coordination problem are much simpler than the initial task of controlling the 

reactor system. Therefore, their solutions are much less expensive in terms of consumed computing resources. 

 

Keywords: complex technological system, mathematically method, optimization, system, account, coordination 

task, management system. 
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Introduction. To implement the decentralized approach, it is proposed to use the method of situational 

decomposition. This method provides ample opportunities for varying control, which does not impose 

special requirements on the structure of the original optimization problem, in contrast to 

the classical decomposition methods. 

Reactor systems with a continuous type of technological process are characteristic for the majority of 

chemical, petrochemical, biological and allied industries. In this regard, their optimization in the automated 

control of the technological process is an important and urgent task. 

In cases where the reactor system contains a small number of elements, its optimization is not 

particularly difficult on the basis of a well-established traditional approach, which uses a holistic view of the 

reactor system and a centralized approach to its optimization. 

However, when the reactor system contains a large number of elements with numerous and diverse 

mutual relations, which is typical for technological processes in the scale of completed production and 

production associations, its optimization often turns into an intractable problem. Meanwhile, at the present 

time, it is the automated control systems that cover the completed production cycle that are ensuring its 

optimization. 

The difficulties are caused by the fact that the emerging optimization problems usually have high 

dimensionality, a large number of complex constraints requiring consideration, so that their solution, 

involving traditional approaches in the conditions of centralized control systems, requires increased amounts 

of computing resources that significantly increase the cost of creating and maintaining such systems. 

Elimination of these difficulties can be achieved through the use of a decentralized approach to the 

creation of a management system [1] based on the decomposition of the emerging optimization problem. The 

essence of decomposition methods lies in the fact that a complex multidimensional optimization problem 

reduces to an equivalent set of simpler problems that can be solved together. The resulting tasks include local 

optimization tasks for individual structural elements - the subsystems of the object under consideration and 

the global task of coordinating local tasks. Local and coordination tasks are solved jointly within the 

hierarchical iterative procedure of information interchange, in the process of which local tasks are solved 

autonomously taking into account the impacts generated in the process of solving the coordination problem. 

Whereas the solution of the coordination problem is to find such effects for local problems in which the 

coordinated solution of the latter causes the solution of the initial optimization problem. 

The application of mathematical methods of decomposition is facilitated by the structural 

decomposition of the optimized object, i.e. its representation in the form of a complex technological system 

(СTS) (Fig. 1). 

As an integral control object (Fig. 1), the STS is characterized by the following set of vector state 

parameters: w - external disturbances; u - controls; z - outputs. As a result of the structural decomposition, 

СTS is transferred to another state space, characterized by the states of its interconnected subsystems (Fig. 

1b). Each i- subsystem (Fig. 1c) defines its state with the following vector coordinates: w - external 

disturbances, x - inputs that are outputs of other subsystems, u - controls, y - inputs that are inputs of other 

subsystems, z - outputs, which are also outputs of the СTS. 

Structural decomposition allows us to represent the mathematical model of the СTS by a set of models 

of subsystems of the form: 

 

  Niuxwgy iiiii ,,2,1,,,   

  .,,2,1,,,ˆ Niuxwgw iiiii 
                                          (1) 

 

In these models, the output outputs of the subsystems include their own output variables yi, arriving at 

the inputs of other subsystems, and the variables wi, identified with the outputs of the СTS, which also allow 

determination via the coordinates of the subsystem data. In the sequel, both of them will be considered 

jointly as generalized outputs of yi. Separation of these into related and unrelated is possible in describing the 

mutual relationships between subsystems. Such descriptions, supplementing the models (1) to the full 

description of the СTS, can be represented in the form: 

 

,,,,2,1,,,2,1, jiNjNiycx jiji                               (2) 
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where cij is the operator that converts the outputs of the j-х subsystems to the inputs of the i-х 

subsystems. 

This makes it possible to formulate the optimization problem for the СTS also in a structured 

formulation, in which for each subsystem a particular optimization criterion can be formulated: 

 

  .,,2,1,,, Niuxwff iiiii                                  (3) 

 

a) 

 
b) 

 
c) 

 
 

Fig. 1. Holistic (a) and structured (b), representation of the СTS, isolated i-th subsystem (c). 
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Accordingly, the existing limitations on the modes of operation of the СTS can be represented in the 

form 

  Niuxwh iiii ,,2,1,0,,  ,                                      (4) 

 

where hi is a definite vector-valued function. 

 

Results of discussion. Having a mathematical description of the СTS, objective functions and 

constraints for the subsystems, one can put a formalized optimization problem for the СTS as a whole, 

structured along separate subsystems, of the form: 
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Niuxgy iiii ,...,2,1),,(   

Niuxh iii ,...,2,1,0),(                                                    (5) 

Niyсx
N

j

jiji ,...,2,1,
1




 

 

Here F is a scalar objective function, identified with the criterion of optimality of the СTS state; cij is 

the adjacency matrix describing the relationship of the elements of the vector xi to the elements of the vector 

yj. The number of rows of the matrix n is determined by the dimension of the vector xi, and the number of 

columns of m by the dimension of yj. If the k-th component of the vector xi corresponds to the e-th 

component of the vector yj, then the matrix element located in the k-th row and the e-th column is equal to 

one. Otherwise, this element is zero. 

To solve problems of the type (5), it is proposed to use the situational decomposition method [2]. 

The advantage of this method is that it does not impose any requirements on the structure of the elements of 

the problem, whereas all known classical decomposition methods require an obligatory separable problem. 

This requirement, implying the freedom to divide all the structural elements of the problem, significantly 

narrows their scope of applicability. 

The method of situational decomposition assumes reduction of the original problem of optimization 

of type (5) to a set of simpler private subtasks, each of which corresponds to a certain situation that has 

developed in the STS. In this case, an additional problem arises of recognizing situations, taking into account 

which the corresponding particular problems are addressed. This problem of recognition of situations can be 

interpreted as a coordination problem, whereas a particular problem is treated as an analog of a local control 

problem. 

The task of recognition of situations can be formulated in a general way as follows 

 

    i

ooo

Di
R

yux ,:),,(  ,                                                     (6) 

 

In this case, it is possible to take into account the situations that develop in the СTS at the time of 

making management decisions, and modify the management task by eliminating insignificant variables. The 

result of such a modification can be a maximum simplification of the problem, which allows us to speak 

about a unique decomposition of the original problem, since it reduces to a set of simplified tasks that can be 

solved separately. 

When problem (1.2) is reduced to a set of modified (partial) subtasks, an additional problem arises 

for recognizing situations that are taken into account in particular problems. This problem can be treated as a 

coordination problem, whereas a partial subtask is regarded as an analog of a local control problem. 

The problem of recognition of situations can be formulated as follows 

 

    i
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Di
R

yux ,:),,(  ,                                                           (7) 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

142 

 

Where 

ooo

yux ,,
 
- the concrete values of the input variables x, controls u and outputs of the STS, 

respectively, i is the number of the situation,
 iD - the set of variables of the problem (5), taken into account 

in the i-th situation , YUXDDi  , X, U, Y – sets of variables x, u, y, respectively, R is the vector 

mapping operator 






 ooo

yux ,,

 

in pair i,
 iD

 

A particular control problem that takes into account the situation can be formulated in the form 
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where i is the number of the situation; N - number of possible situations; xi, ui, yi - modified vectors of 

inputs, controls and outputs of the СTS; Fi - modified objective function; Ui is the modified set of admissible 

solutions of the problem, due to the modified functions gi, hi ,; U is the set of admissible solutions of the 

original problem (5). 

The particular problem (8) for different situations in the general case will be different, so the 

implementation of the method leads to a decentralized control system with variable structure. 

The task of identifying the situation R in an analytical form, in particular, as a function of R (x, u, y), 

as a rule, is not possible. For this reason, the main way to set it is to build numerical procedures for selective 

selection of signs of situations. Allocation of a set of significant variables iD , which are to be taken into 

account in problem (8), involves evaluating the sensitivity of the output variables yi to the permissible 

changes in the i-th situation for the values of ui for a given xi, or the solution of the additional problem of 

identifying the CTC model with the definition of its optimal structure. All this in practice is problematic 

enough. 

To solve these problems, it is suggested to consider only typical situations, to correlate with them the 

emerging current situations and, if certain conditions are met, to equate current situations with specific 

standard situations. The quality of management can be improved by simultaneously taking into account two 

or more typical situations when the current situation can not be unambiguously assigned to one of the 

standard ones. In this case, a mechanism should be provided for identifying common variables for 

overlapping typical situations. 

Situations can often be estimated from the values of the variable inputs x. In this case, the problem 

(1.1) can be reduced to a sequence of particular static problems of the form 

 

i

iii

u
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.,,2,1 Ni                                                                  (9) 

 

where N is the number of considered situations. 

The formalization of the coordination task of recognition of situations can be made as follows. 

Denote by D the set of situations considered in the control problem of the СTS (5), each of which has its own 

composition of effective variables. Suppose that D admits a partition into L of subsets Dk, k = 1,2, ..., L 

corresponding to standard situations. All current situations are subject to an assessment of belonging to Dk, k 

= 1,2, ..., L, and task (5) is an equivalent task for the identified model situation Dk. 
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In the simplest case, typical situations do not intersect, i.e. 

 

                             Dk  Dj = ø, k=1,2,…,L; j=1,2,…,L; k≠j                                          (10) 

 

In the general case, in the case of particular problems, all the typical situations in which intersection 

takes place must be taken into account. With this in mind, the task of coordination can be formulated as 

follows: 

 

;,...2,1,0;0 Ljad j   

 SsPpLk ks ,...,2,1,;,...,2,1  

1;1;1 
kks

abd                                                        (11) 

        LjDD j ,...,2,1,    

 

where d, bks and aj are auxiliary variables used as indicators; ps is the s-th sign of the situation; Pk is the set 

of distinctive features of the k-th model situation: D - a set of effective variables that are taken into account 

in the modified control problem; 
iD - intersecting sets of typical situations for which 0ja . In the absence 

of intersecting features, problem (11) is reduced to a sequential search of systems of signs of typical 

situations Pk in order to find a system completely coinciding with the signs of the current situation. This 

problem can be formulated as: 

 

                     ;,...,2,1,max1
1
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The solution of the problem is k = k
*
, for which the sum of the significant characteristics of a typical 

situation 


S

s

ksb
1  

-is maximal. Accordingly, the set of accounted variables of the modified control problem is

*k
D . 

Taking into account the problem of the lower level (8) identified by the typical situation, k is solved 

with respect to the variable uk on the set Uk. 

The method of situational decomposition is well applicable to optimization problems of complex 

reactor systems, since the latter are characterized by operating modes in which the need for generating 

control solutions usually arises when changing the quality characteristics of the processed raw materials, or 

when changing the type of the final product. In both cases, it is possible to clearly identify the emerging 

typical situations in terms of raw material quality at the inputs of the reactor system. At the same time, for 

each situation, a transition to a different composition and structure of the reactors involved is possible. Such 

a transition requires only specifying an appropriate topology of the modified reactor system by reformatting 

the contiguity matrix describing the connections between the reactors. The arising particular problems (8) are 

simply modified simply by taking into account the models and limitations for the reactors involved. 

This approach was tested on the model problem of cascade optimization of reactors of the type [3,4]: 
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This task is typical for the technological processes of hydrometallurgical processes, in particular for 

the process of hydro treating cobalt. 

Here: F - the criterion of the efficiency of the technological process; CiCo - losses of cobalt at the i-

th stage; qi is the flow of liquid through the i-th reactor; qci is the consumption of soda ash in the i-th reactor; 

Cij, is the concentration of j components at the outlet and the entrance to the i-th reactor (j = 1, .., 5 are 

indices for iron, copper, nickel, cobalt, hydrogen ions, respectively), i = 0,1,2, 3; V - volume of reactors; rij - 

the reaction rates at the i-th stage for the j-th components;
 jiij CC )1(  - the equation of communication 

between the stages of the process. 

When treating poor solutions, the minimum concentration of impurities is already reached in the first 

stages, i.e. the degree of recovery of cobalt is weakly dependent on the operation of other reactors. As the 

flow rate and the concentration of the solution at the input of the process change, the influence of subsequent 

stages increases. With this in mind, it becomes possible to identify typical situations that link the 

concentration of the product at the entrance to the cascade with the number of reactors to be controlled. 

In the simplest case, when only model situations are taken into account without their combinations, 

the coordination problem can be formulated as follows 

 

qп, ;1;110  ikDC Со
 

 qп, ;2,1;220  ikDC Со
 

qп, ;,...,2,1;0 NiNkDC NСо                                             (14)  

 

where D1, D2, ..., DN are the specified ranges of load values for the input flow of the solution qn and the 

cobalt concentration C0Co at the inlet of the reactor system. 

Conclusion. In this case, the modified or particular control problem for the k-th model situation will 

have the form 
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Here )3,2,1,0,( iCF iCok  - criterion of optimality of the initial control problem (6.6), modified 

taking into account the k-th model situation, ijC
 
- concentration of impurities in the reactors, determined by 

the model of the process adapted to the k-th model situation. 

For the joint solution of problems (14) - (15), the developed algorithm of situational control was used 

on the basis of the Complex Box method. The solution of the particular problems (15) was carried out using 

the algorithm for finding the optimum using the sliding tolerance method [5]. 

The computational experiments carried out showed the high efficiency of the proposed approach for 

optimization of complex reactor systems. 
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Abstract 

The present article contains the results of studying of hydrodynamic laws of impact interaction of a gas with a 

liquid surface in a dust precipitation zone of a hybrid gas-liquid apparatus intended for realisation of complex 

purification of a gas from dust and a gas component. 

Hydrodynamic laws of changing key parameters of a formed paraboloid liquid cavity (depth, diameter and 

opening angle) on gas stream outflow regimes have been established.  

Experimental researches have shown that dependences of drops’ diameter and quantity of an entrained liquid 

on a gas velocity change in accordance with a square law. At the same time concentration of drops in a flow core grows 

at moving off from an impact point of a gas flow with a liquid surface. 

 

Key words: apparatus, hydrodynamics, dust precipitation, absorption, gas, liquid, velocity. 

 

Introduction. Efficiency of the inertia-turbulent and diffusion processes underlying mechanisms of 

dust precipitation and gas absorption in impact-inertia apparatuses (rotoclons, Doyle’s scrubbers, inertia-

turbulent apparatuses with moving packing, etc.) depends mainly on hydrodynamics of interaction and 

structure of flows in contact zones. At the same time, results of experimental studying of hydrodynamic 

regularities of such the processes in literature are extremely scant. So, works [1-6], considering dust 

separation processes in impact-action apparatuses, contain experimental data only about hydraulic resistance 

and dust precipitation efficiency. Authors of these works do not give detailed information on hydrodynamics 

of shock interaction of a gas with a liquid surface. However, the hydrodynamics of this process is of great 

importance not only for ascertainment of basic mechanisms of aerosol sedimentation in an interaction zone 

and development of calculation techniques of an apparatus, but also it is of purely scientific interest in the 

field of hydrodynamics of diphasic mediums. In this connection, we have implemented experiments 

concerning studying of hydrodynamic laws of gas-liquid shock interaction. 

An experimental unit. An experimental unit for studying of a complex gas purification process in a 

hybrid gas-liquid apparatus is represented in fig.1.  

The apparatus 3 consists of two gas processing zones – a dust precipitation zone and an absorption 

zone situated sequentially and divided by a plate19.  

The unit includes circulation14 and pressure 2 tanks, a slime sedimentation tank 16, a drop catcher 7, 

a dust feeding device consisting of a dust feeder12 and a compressor 13, a cylinder for feeding a gas 17, a 

fan 9, a pump 1 and valves 6. The unit operates under evacuation.  

mailto:mares@inbox.ru
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The unit operation procedure. An air flow at the expense of evacuation created by a fan 9 is fed 

through an inlet branch pipe11 (Dpipe=0,2 m) in the bottom part of the apparatus 3 filled with a liquid up to a 

level of the branch pipe cut. The air stream after outflow from the branch pipe interacts with a liquid surface. 

Depending on the outflow velocity various regimes of impact interaction of a gas stream with a liquid 

surface were observed – from unstable (the outflow velocity is 2-7 m/s) with formation of non-stationary 

gravitational waves to a quasi-stable one (the outflow velocity is 10-40 m/s) with formation of a liquid cavity 

(a hollow). Then the gas stream spreads on a liquid surface, where at the expense of tangential stresses on a 

phase contact area there is formation of capillary wave flows from which crests carry-over of a liquid as 

drops takes place. The gas-drop flow formed from the liquid cavity zone gets in the tube space (space 

between the branch pipe and the apparatus shell). Here the gas velocity decreases to 1,0-2,0 m/s that is 

enough for separation of a dropping liquid. 

Subsequent processing of the gas is implemented in the absorption zone operating according to a 

gas-liquid countercurrent mode. The absorption zone consists of a plate packing layer, a sprinkler 15 and a 

separating plate19. The packing represents a block of strings 4 with the plates 10 fixed on them.  

Then the processed gas on a gas pipe through a drop catcher7 and a fan 9 is discharged in to the 

atmosphere, and the liquid drains in the bottom part of the packing zone, and then through a connecting pipe 

– in a circulation tank14.  

The separating plate 19 prevents from ingress of a spraying liquid from the absorption zone in the 

duct precipitation zone. It promotes autonomy of spraying the zones.  

 

 
 

1 – a pump; 2 –a pressure tank; 3 – a case; 4 – strings; 5 – a device for maintenance of a liquid level; 6 – a 

valve; 7 – a drop catcher; 8 – a flue damper; 9 – a fan; 10 – packing elements; 11 – an inlet branch pipe; 12 – 

a dust feeder; 13 – a compressor; 14 – a circulation tank; 15 – a sprinkler; 16 – a slime sedimentation tank; 

17 – a gas cylinder; 18 – a loading connecting pipe; 19 – a plate; 20 – a drainage connecting pipe 

 

Fig.1. The experimental unit 

 

The liquid, caught in a drop catcher 7, flow down in a circulation tank 14. Regulation of the gas 

consumption is made by a flue damper 8 in accordance of the diaphragm indication. Irrigation of the dust 

collection and absorption zones is implemented on independent circuits.  

Loading and discharge of the liquid in the dust precipitation zone is carried out periodically. Loading 

is realized by means of water feed from a water supply system in the apparatus cavity through a loading 

connecting pipe 18 up to a level of the branch pipe cut11. The required liquid level is maintained by means 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

147 

 

of a device 5; the excess liquid is drained in a slime sedimentation tank 16. A waste solution is also 

discharged in the slime collector 16 through a drainage valve 6 and then in a sewer system.  

Studying of hydrodynamics of the dust precipitation and absorption zones was carried out separately. 

The present article contains results of the hydrodynamic research of a shock interaction zone of a gas flow 

with a liquid surface (the dust precipitation zone).  

Hydrodynamic parameters of the dust precipitation zone were determined on the basis of indications 

of a measuring complex including a chamber  diaphragm, a membrane differential manometer and a 

secondary indicating instrument. In addition, we implemented visual observation of dynamics of formation 

of a liquid cavity, wave and drop flows in volume of the cavity using the graduation scale, marked on the 

apparatus case, and high-speed video filming. 

Results and discussion. First of all, let us consider the hydrodynamics of formation of a liquid 

cavity, i.e. we will be interested in a form and sizes of the formed cavity depending on outflow regimes of a 

gas from a branch pipe. A circuit of interaction of a gas stream with a liquid surface is represented in fig.2. 

Characteristic dimensions of the liquid cavity were its depth hc, diameter Dc, and also its opening angle βc, 

since at the steady-state interaction conditions the cavity profile looked like an elliptic paraboloid. 

 

 
Fig.2. A circuit of interaction of a gas stream with a liquid surface  

with formation of a liquid cavity 

 

The gas outflow regime depends on its velocities on the branch pipe cut. In this case the branch pipe 

diameter and the liquid level in statics were constant (on the branch pipe cut level).  

Experimental curves of dependences of the liquid cavity depth and diameter on the gas outflow 

velocity are represented in figures 3 and 4. 

Increase in the gas outflow rate from the branch pipe leads to intensive growth as hc both Dc. At the 

same time the intensity of their growth is various. If a curve  .. pbС Wfh   has a concave type, i.e. we 

observe quadratic growth of the cavity depth on the gas velocity, then a curve  .. pbС WfD 
 
is convex, and 

increase in the liquid cavity diameter with growth of the gas velocity occurs in accordance with a logarithmic 

law. It is evidence of more pronounced dependence of changing the cavity depth on the gas flow rate. 

Diameter of the cavity is also influenced by the gas rate, but at the same time certain influence is rendered by 

height of the liquid layer hl  which, in turn, depends on a ratio of .. pbap DD . Just such the nature of 

interaction predetermines a deformation type of a free liquid surface, which at steady-state conditions gets a 

paraboloidal profile of the liquid cavity formed. This circumstance indicates that one of the basic 

hydrodynamic parameters of the process is opening angle of the cavity βc. 

Dynamics of changing of the cavity opening angle βc on the gas outflow velocity is represented in 

fig.5. This diagram contains as calculated and experimental data. As follows from the diagram, the nature of 
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changing of the cavity opening angle βc on the gas outflow velocity is identical to the nature of changing of 

the cavity diameter on Wb.p.. In so doing the effect of surface tension of the liquid is more strongly 

pronounced. 

 

 
 

Experimental conditions: air – water; .. pbD = 0,2 m; ..6 pbap DD  ;g = 15,0610
-6 

m
2
/s; g = 1.21 kg/m

3
; l = 

1000 kg/m
3
;  = 0,073 N/m. 

 

 
 

Fig.3. The cavity depth hc  – gas outflow velocity Wb.p. dependence 

Experimental conditions: see fig.3 
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Fig.4. The cavity diameter Dc – gas outflow velocity Wb.p. dependence  
 

 
 

Calculation and experiment conditions: see fig.3 

Line - calculation; points - experiment 

Fig.5. Cavity opening angle в – gas outflow velocity Wb.p. dependence 

 

Results of the visual observations and video filming have shown that the shock interaction process of a gas 

stream with a liquid surface is accompanied by formation of a liquid cavity, a wave flow on its surface and 

drop entrainment of a liquid from the interaction zone (the cavity). 

The gas spreading on a paraboloidal surface of a liquid cavity leads to formation of capillary waves on this 

surface. Their formation is caused by influence of high gradients of fluctuating velocity and pressure of the 

turbulent gas stream (Re 10
5
), which, in turn, provoke tangential stresses along the surface. Crests of the 

capillary waves, at achievement of a certain size, are separated from the surface as drops. I.e. the drop 

formation occurs in the interphase boundary layer of the liquid cavity. The formed drops under the influence 

of elevating force are transported in the flow core and thrown out in the space over the liquid as a gas-drop 

jet (fig.6). 
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Calculation and experiment condition: see fig.3 

Line - calculation; points - experiment 

 

Fig.6. Average drop diameter dd – gas outflow velocity Wb.p. dependence 

 

The average drop diameter dd – gas outflow velocity Wb.p. diagram is represented in fig.6. As follows from the 

diagram, the drop diameter with increase in the gas velocity decreases practically linearly. True, at velocities 

more than 35 m/s there is a tendency to nonlinear decrease. 

A comparative diagram of dependence of calculation and experimental data about changing the quantity of 

entrained liquid from the cavity surface on the gas speed is represented in fig.7. 

The quantity of entrained liquid at the gas speeds more than 25 m/s grows practically in accordance with a 

square law. However, the increase in ql predetermines also intensive growth of hydraulic resistance in the 

dust precipitation zone – Pd. 

The experimental studying has shown that the quantity of entrained liquid also increases in the gas stream 

spreading direction that is naturally connected with increase in the ellipsoid surface along the gas flow. At 

the same time content of the entrained liquid in the flow core also grows during moving off from the point of 

spreading the gas stream.  
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Calculation and experimental conditions: see fig.3 

Line - calculation; points - experiment 

 

Fig.7. Volume of entrained liquid q
l
– gas velocity Wb.p. diagram 

 

Conclusion. The experimental unit including a hybrid inertia-turbulent apparatus with two gas 

processing zones – dust precipitation and absorption – for studying of complex gas purification processes has 

been developed. 

Hydrodynamics of impact interaction of a gas jet with a free liquid surface in the dust precipitation zone has 

been studied. Hydrodynamic laws of changing the key parameters of the formed paraboloidal liquid cavity 

(depth, diameter and opening angle) depending on the gas outflow velocity have been established.  

The experimental research has shown that dependence of the drop diameter and quantity of entrained liquid 

on the gas velocity changes according to a square law. In this case the concentration of drops in the gas flow 

core grows during moving off from the point of impact of the gas stream with the liquid surface. 
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Abstract 

The presented article contains results of studying a mechanism of a liquid’s dispersion process at gas jet efflux 

on its surface. As a result, using basic propositions of theoretical hydromechanics of wave and drop flows of a liquid, a 

model of its dispersion has been suggested. 

New equations for calculation of key parameters of capillary wave flows on a surface of the liquid structures, 

formed in a gas-liquid impact zone (for gas efflux regimes at 
5

.. 10Re jg ) have been developed. The formula for 

calculation of average diameter of the drops formed in a gas stream - liquid surface interaction zone has been obtained. 

On the basis of processing of the obtained experimental data the empirical dependence allowing us to determine 

quantity of an entrained liquid as drops from the interaction zone has been suggested. 

 

Key words: hydrodynamics, gas, jet, flow, liquid, dispersion, wave, drop, diameter.  

 
Introduction. It is known [1], that gas-liquid mass exchange and dust separation apparatuses of 

impact-inertia action (various rotoclons, Doyle’s scrubbers, inertia-turbulent apparatuses with moving 

packing, etc.) are widely applied in various industries. However, till now in scientific literature there is no 

the holistic theory of hydrodynamics of impact interaction of a perpendicularly directed gas flow with a 

liquid surface.  

As follows from works [2, 3, 4], shock interaction of a gas stream with a surface is accompanied by 

formation of a liquid cavity in the area of spreading a gas stream on a liquid surface. This article is devoted 

to a question of formation of wave flows on a surface of a liquid cavity and liquid drop entrainment from the 

impact zone.  

 

Governing equations. Spreading a gas stream on a semi-ellipsoidal surface of a liquid cavity causes 

formation of wave flows on this surface. Initiation of these wave flows is provoked by influence of heavy 

gradients of fluctuating velocities of a gas stream (
5

.. 10Re jg ).  

At achievement of a certain size the waves’ peaks separate from the surface as drops with diameter 

dl. The drops are transported in the flow core under the influence of elevating force and thrown off from the 

impact zone [2, 4]. 

Supposing sphericity of the drops and proceeding from the equilibrium condition of forces operating 

on a drop, we will write down: 

 

  322

12
lll dd 


  ,                                                  (1) 

 

where  - surface tension coefficient, N/m; l - density of a liquid, kg/m
3
;  - gradient of fluctuating 

velocity, m/s.                          

For gradient of fluctuating velocity with scale lb.  we can write: 
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dx

d
lb





 . .                                                      (2) 

The velocity gradient causes usual Newtonian tangential stress on the cavity surface: 

dx

d
ggl





 .                                                       (3) 

where g - dynamic viscosity coefficient, Pa∙s. 

For tangential stresses we have the expression [3]: 

2
...

8
hgg

ж
gl W


  ,                                                  (4)  

where l - hydraulic friction coefficient; g - density of a gas, kg/m
3
; ..hgW - average velocity of a gas in a 

cavity, m/s. 

Assuming analogy of the wave flow on a deep liquid surface with the ascending film flow along a 

solid surface we can apply the dependence [4] for determination of l  correct for .Rew   1200: 
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where l - kinematic viscosity coefficient of a liquid, m
2
/s; min.wu  - minimal velocity of a wave, m/s. 

Expression [5] for minimal length of a wave min  can be written by the following way:  

glT
k
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min

min

2
                                             (6) 

where mink - minimal wave number; T - surface tension force, N.  

Minimal wave velocity can be determined under the formula: 

minmin. 2 kgwu  .                                                (7) 

As follows from the suggested drop formation mechanism, the fluctuations with scale lп.с  dd are 

key fluctuations.  

So, solving the balance equation (1) concerning dd and using the formulas (2)÷(7), we obtain the 

following expression for the average drop diameter: 
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where 
2

..hgW - average rate of a gas in a cavity, m/s.  

In accordance with [6], at potential spreading a non-disintegrated part of a liquid jet on a flat surface 

the average velocity in two points of the spreading liquid can be calculated as the arithmetical mean sum of 

velocities in these points. Using the assumption about insignificant influence of a liquid cavity’s curvature on 

changing the local spreading rates, the equation for determination of average gas velocity in a cavity will be 

written the following way: 
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where nozW - gas velocity at output from a branch pipe, m/s; bk - proportionality coefficient depending on 

the ratio nozаp DD , where аpD  - diameter of an apparatus, m; nozD - diameter of a branch pipe, m. 

For calculation of bk  coefficient we obtained the following empirical dependence:  
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The average drop diameter – gas velocity in a branch pipe diagram is represented in fig. 1. Judging 

by the diagram, the drop diameter depends practically linearly on Reynolds number of a gas Renoz. 

 

 
 

Line – calculation; points  – experiment 

 

Fig. 1. The average drop diameter – Reynolds number Renoz diagram 

 

In addition, for determination of drop flow characteristics it is necessary to know the total amount of 

the liquid which is thrown off as drops from the impact zone. 

In connection with the big difficulty of analytical solution of such the problem we have implemented 

its parametrical analysis which has shown that the amount of the liquid thrown off from the impact zone lq  

is a function of following key parameters: 
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where a, b, c, d, e, f – exponents;  hK - coefficient depending on stability of a liquid cavity’s form; hS - area 

of a semi-ellipsoidal surface of a liquid cavity, m
2
. 

 

Using a dimensional theory and results of processing of our own experimental data (2), we obtained 

the formula for calculation of the amount of entrained liquid lq  per time unit: 

5,0
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k

S
Wq  .                                                 (12) 

 

where   2
min llwLp   – Laplace criterion, characterizing a correlation of viscosity and surface 

tension forces of a liquid in case of its wave flow.  

 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

155 

 

To take into consideration various factors at the calculation of amount of entrained liquid lq  the 

functional connection between regime criteria of wave flow on a surface of a liquid cavity – Reynolds Rew 

and Laplace Lpw numbers – was established:   
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A diagram of the liquid amount entrained from a cavity surface on the gas velocity is represented in 

fig. 2.  

 

 
 

Fig. 2. A diagram of the liquid amount entrained as drops from a cavity surface on Reynolds number 

Renoz   

 

Conclusion. The new equations for calculation of key parameters of capillary wave flows on a 

surface of the liquid structures formed in the gas jet-liquid impact zone (for gas efflux regimes at 
5

.. 10Re jg ) have been developed. The formula for calculation of average diameter of the drops formed in 

a gas stream - liquid surface interaction zone has been obtained. On the basis of processing of the obtained 

experimental data the empirical dependence allowing us to determine quantity of an entrained liquid as drops 

from the interaction zone has been suggested. 

Comparison of the calculated (equations (12) and (13)) and experimental data has shown their 

satisfactory convergence. The maximum error has made  

So, on the basis of semiempirical approach the new equations for calculation of basic hydrodynamic 

parameters of the wave and drop flows formed at shock interaction of a gas jet with a liquid surface have 

been suggested. These equations can be useful at engineering design of gas-purifying impact-inertia 

apparatuses. 
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Abstract 

In work is investigated impact of ferromagnetic filler on dielectric properties of the polymeric composite 

materials (PCM) on the basis of the pitch modified epoxy-dean pitch. As fillers used barium hex ferrite powders with 

effective sizes of particles of 2 and 20 μm. Processes of structuration of PCM were carried out in magnetic field at the 

increased temperatures. There are established temperature and frequency dependences of relative dielectric 

permeability and a tangent of angle of dielectric losses on degree of crystallinity of PCM, on concentration and 

dispersion of filler, technologies of the structural organization and conditions of influence of magnetic field. 

 

Key words: polymeric composite materials, magnetic field, the increased temperature, the structural 

organization, dielectric properties, temperature and frequency dependence. 

 
Introduction. Features of electric properties of polymeric dielectrics are studied rather in detail [1-4, 

etc.]. 

It is known that the dosed filling of a polymeric matrix particles of ferrodielectrics, metals and their 

alloys, graphite, soot, carbon particles, etc. of various form and the size allows to operate and give 

purposefully to a composite necessary electric, magnetic and physicomechanical properties. Recently in 

physics and chemistry of polymers become perspective development of the new polymeric composite 

materials (PCM) with creation of technological processes on their receiving, the allowing PСM to give 

controlled structure and beforehand the set properties. Intensively continuing regular researches of polymeric 

composites with various fillers are caused with variety of ways of production process of receiving PCM, 

existence of a wide class of the polymers entered by a kind of types, types and dimensions into a matrix of 

fillers synthesized so far and also variety of the studied properties. 

Results of numerous experimental and theoretical works show, that electro physical properties of 

composites, such as conductivity, dielectric and magnetic permeability are most sensitive to changes of 

packing of particles in a composite, especially if in the course of receiving and structuration of PСM to 

influence, for example magnetic and temperature fields when the entered fillers have physical parameters 

necessary for this purpose [5-7 and references to articles]. However, aspects of regulation of electro physical 

properties of PСM are studied by impact on their structure by physical fields insufficiently, and data on 

influence of orientation factors of magnetic field on electro physical properties of the filled PСM remain 

beyond the scope so far of scientific publications. 

Thus, studying of polymers with the disperse ferrimagnets’ included in volume of a matrix is 

interesting from the point of view of researches of regularities of change of electric characteristics of PСM in 

interrelation with the structural organization of magnetic particles in a polymeric matrix and with the nature 

of their interaction.  

In the present article is realized a basic opportunity to operate electro physical properties of the 

polymers filled with ferromagnetic particles with change of their chemical structure, dispersion, volume 

maintenance, orientation of ensemble of particles in volume of a polymeric matrix at impact on the three-

phase environment of external magnetic field. 
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Technology of receiving PCM. Description of technological installation. For the purpose of 

management of distribution of ferrite filler in volume of polymer and also for an exception of sedimentation 

and agglomeration of particles of filler was used the electromagnetic installation creating in a gap between 

poles constant or variation magnetic field. The flowchart of technological installation with functional 

elements is provided on Fig. 1.  

 

 
 

Fig. 1. Flowchart of technological installation: 1 – an electromagnet with coils, 2 – tension regulator 

for food of windings of an electromagnet, 3 – the rectifier, 4 – a container of a cylindrical form for filling and 

rejection of PCM, 5 – the mini-electric motor of a direct current, 6 – the thermostat for hardening of PCM at 

the increased temperature, 7 – the laboratory autotransformer for power supply of electric heating elements 

of the thermostat, 8 – resistance electric heaters from a nikhromovy wire, 9 – a  chromfir-tree-kopelevye 

thermocouple, 10 – the high-precision regulator of temperature, 11 – zero thermostat, 12 – the digital 

voltmeter. 

 

Technological installation allows to receive the filled PCM with chained, quasihomogeneous and 

another, the nature of distribution of magnetoactive particles of filler beforehand set in volume of a 

polymeric matrix. Samples of PCM received at influence of the rotating magnetic field, with simultaneous 

hardening of a polymeric matrix at the increased temperature. The rotating magnetic field was created by 

means of rotation of a container with the cured PCM in the field of influence of uniform power lines of 

constant magnetic field. 

Prescription structure of PCM. As binding ED-20 pitch was applied epoxy диановая. An important 

technological stage was used modifying of ED-20 pitch, as the modifier DEG-1 diethylene glycol in the ratio 

of 100% of mass parts respectively. At this DEG-1 acts at the same time as thinner for decrease in viscosity 

of polymeric binding. Polymeric binding this compounding it is cured at a temperature of 438 K within 3 

hours, with energy of activation of hardening E = 64 kJ/mol [8].   

For giving to a polymeric matrix of the accelerated polymerization, the increased heat stability and the best 

dielectric properties it was used low-viscous (0,06 Pass) at T = 295 K hardener isomers 

methyltetrahydrophthalic anhydride izo-MTGFA. The mass amounts of the modified pitch and hardener 

defined from stoichiometric structure equaled: ED-20 + DEG-1 – 100 masses an hour, izo-MTGFA – 90 

masses an hour. As a result of addition izo-MTGFA and also due to the continuous Brownian and orientation 

movements of magneto active particles of filler in the conditions of influence of the rotating magnetic field 

and magneto caloric effect process of sewing together of a polymeric phase was intensified and time of 

hardening was reduced from 3 to 1,5 hours. 

By preliminary researches it was established that for polymeric binding on the basis of dianovo-

epoxy resin with the set prescription structure time of jellification was about 30 minutes since the beginning 
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of process of hardening of a polymeric phase. With increase in content of ferrite filler jellification time was 

also reduced at the maximum filling about 15 minutes. 

As ferromagnetic filler was chosen two types of magneto solid powder of hex ferrite of barium with 

a structural formula BaO6Fe2O3 and with effective sizes of particles of 2 and 20 μm. Magnetic and physical 

characteristics of BaO6Fe2O3 are described in article [9-11]. 

For the qualitative analysis of processes of structuration in the environment of a polymeric phase in 

its low-viscous state made visual observations of behavior and dynamics of ensemble of particles of ferrite at 

influence of magnetic field, with use of a container with transparent walls. At the same time varied the size 

of induction of magnetic field, dispersion and concentration of filler, rotation frequency ditches with 

magnetorheological polymeric suspension in the field of power lines of magnetic field.  

As a result of these researches it was established that uniform rotary motion of a container in 

magnetic field leads to gradual destruction of agglomerates of particles of ferrite, to their aspiration to be 

reconstructed and guided periodically along power lines of magnetic field, to intensive interaction of 

particles with polymeric binding, with walls ditches and to inelastic collisions among themselves. In the 

course of it particles were enveloped polymeric binding and with growth of viscosity of a polymeric matrix 

effect of hobby of chains of ferrite particles for the environment began to prevail over their orientation 

effects in magnetic field. At the same time was reached chained structures broke up to separate particles, 

there was a gradual stabilization and localization of particles of ferrite to their adjustable orientation and, the 

main thing, uniform (matrix) distribution of filler on all volume of a binding phase. 

Production of samples of PCM of the set form. For receiving the studied PCM samples in 

previously prepared vessel filled in modified binding the chosen compounding on the basis of ED-20. This 

mix heated to 333 K and at its continuous mechanical hashing added disperse hex ferrite of barium (samples 

prepared the content of filler in the number of 20, 40 and 60% of masses in hour from the mass of polymeric 

binding). Duration of mixing was 20-30 minutes. The prepared suspension filled in in a container from the 

ftoroplast of a cylindrical form. Before filling of polymeric mix the cover, internal walls, laying of a 

container were processed by anti-adhesive. Laying from the ftoroplast is inserted on a bottom of a container 

and serves for extraction of a ready sample of PCM as its pushing out through an opening at the bottom of a 

container. After filling of a container easy-flowing PCM, densely closes a cover and the container with a 

compound with the known concentration of filler is established on the drive of the rotation mounted in the 

device of the thermostat and is ready for carrying out processes of hardening and structuration. For receiving 

several identical samples with the set concentration and dispersion of particles of hex ferrite of barium 

prepared one batch. 

After installation of the container in the thermostat installed in interplay space by means of tension 

regulator in a gap between poles of an electromagnet was created constant magnetic field from magnetic 

induction B = 65,0 mTl. Joined the furnace of the thermostat and on reaching temperature of polymerization 

of T = 438 K a container with a composite was given to rotation with frequency f =1 Hz. After time t = 30 

min. (jellification time) from the moment of process of hardening of a compound, rotation of a container 

stopped and further hardening of a polymeric phase proceeded in lack of magnetic field. After the expiration 

of time of hardening of PCM the thermostat was switched-off and made cooling of the polymerized PCM. 

After that monolithic PCM of a cylindrical form with height of 30 mm and with a diameter of 15 mm was 

taken out from a container, and by means of its cutting received samples with thickness of 1,5 - 2,0 mm. For 

carrying out further researches samples were exposed to grinding and polishing, with observance of all 

requirements of methods of carrying out such operations. Etching with use of solutions of H2SO4, H3PO4 

acids was made for cleaning of surfaces of samples. Before etching samples were degreased in acetone or 

alcohol. Polishing of surfaces of samples was carried out on cloth or with use of thin powder of oxide of 

chrome. After polishing they were degreased and washed out by the distilled water. The drained PCM 

samples depending on concentration and dispersion of filler were sorted by groups for carrying out 

experiments. 

Experiment and discussion of results. There are investigated temperature and frequency 

dependences of relative dielectric permeability of   and tangent of angle of dielectric losses of tgδ PСM on 

the basis of an epoxy dean of ED-20 pitch modified by DEG-1 diethylene glycol and isomers 

methyltetrahydrophthalic anhydride izo-MTGFA and filled with disperse hex ferrite of BaO6Fe2O3 barium. 

The average sizes of particles BaO6Fe2O3 were 2 and 20 μm. When receiving samples concentration of 

ferrite filler in the number of 20, 40 and 60% varied. All concentration specified in work are shown in mass 

parts.  
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Value  and tgδ determined by two-electrode system in the range of frequencies from 1 to 50 kHz, at 

a temperature from 295 to 463 K with application of the special screened and grounded warmed measuring 

cell like "sandwich" having the system of measuring and potential electrodes with a diameter of 15 mm. 

Samples were located in a measuring cell with clamping electrodes from stainless steel.  

Device to carrying out measurements of capacity with and tgδ of samples with a fine precision used 

the P5016. Then on the basis of the measured values of the specified parameters and the geometrical sizes of 

samples the sizes were defined by standard methods  and tgδ.  

The main results of researches of temperature and frequency and temperature dependences of  and 

tgδ of samples of a polymeric matrix on the basis of the modified ED-20 and the filled BaO6Fe2O3 PCM on 

its basis are presented in Fig. 2-4. 

Apparently from Fig. 2 and 3, for all filled PСM samples with increase in concentration of 

hexaferrite of barium is observed the noticeable growth of tgδ and . This effect can be explained with 

growth of crystal areas in a polymeric matrix due to crystal structure of particles of hexaferrite of barium 

with high in comparison with epoxy binding values of the studied dielectric parameters.  

However, on temperature dependences the nature of growth of tgδ for the considered sizes of 

particles of ferrite is shown on a miscellaneous: at dispersion of particles of d = 2 microns’ growth of tgδ is 

observed to T = 413 K and curves pass through maxima, and further at temperature increase (within T = 433 

– 443 K) there is a falling of tgδ values to a minimum, to a tendency of its increase at the increased 

temperatures (Fig. 2, a). In this case losses are caused by polarization, and with a growth of temperature of 

tgδ passes through a maximum. This results from the fact that at low temperatures the viscosity is high and 

there are no losses, and at high temperatures the viscosity is small and dipoles are displaced, without 

experiencing friction. 

 

 
(a) 

 
(b) 

 

Fig. 2. Temperature dependences of a tangent of angle of dielectric losses of tgδ PСM at frequency F 

= 5 kHz, concentration of BaO6Fe2O3 in masses. hour, d = 2 μm, (b) d = 20 μm. 

 

At dispersion of particles of d = 20 μm on temperature dependences growth of tgδ is observed is 

more expressed, the weak maximum is shown in the field of T temperatures = 373 - 413 K, is observed 

further at temperature increase the essential growth of  tgδ  (Fig. 2, b). 

These differences in behavior of tgδ are connected in the first case, perhaps, with high deficiency of 

initial structure of particles of hex ferrite of barium with sizes d = 2 μm. In the second case of a particle with 

d = 20 μm have more densely packed crystal structure and with growth of temperature the intensity of shift 

or movement of charges and loss increases are caused mainly by conductivity, and it leads to growth of tgδ. 
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(a) 

 
(b) 

 

Fig. 3. Temperature dependences of dielectric permeability of   PCM at a frequency of 5 kHz. (a) d = 2 

microns, (b) d = 20 microns., concentration of BaO6Fe2O3 in masses of hour. 

 

It is known that ferrite have rather big dielectric permeability depending on frequency and 

composition of ferrite. With increase in frequency the dielectric permeability of ferrite falls and in ferrite is 

observed the magnetostriction phenomenon. 

 

 
(a) 

 
(b) 

 

Fig. 4. Temperature dependences of a tangent of angle of dielectric losses of tgδ PCM 

from frequency, concentration of BaO6Fe2O3 – 60% (in masses. h), d = 2 microns, (b) d = 20 microns. 

 

Apparently from Fig. 3, at equal concentration of BaO6Fe2O3 the greatest  values are observed at 

PCM filled with particles with d = 2 μm that can be explained with rather high deficiency of crystal structure 

of these particles. The shown weak areas of a maximum are connected by processes of a disorientation of 

electronic, ionic, ion-relaxation and migration polarization at a temperature T = 438 K. At the same time the 

size of a contribution of everyone to total polarization eventually depends on energy of a crystal lattice of 

ferrite and a power condition of their specific surface. The behavior of  in Fig. 3 (a) and (b) is confirmed by 

the above-stated explanations in behavior of tgδ depending on temperature: at d = 2 μm of particles of hex 
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ferrite temperature increase causes growth of , since when heating dielectric the intensity of shift or 

movement of rather free charges increases, and at high temperatures the viscosity is small and dipoles are 

displaced, without experiencing friction.  

To hex ferrite particles with d = 20 μm higher pack and crystallinity of structure unlike hex ferrite 

particles with d = 2 μm therefore the weak growth of  can be connected with manifestation of migration 

polarization and also existence of a vitreous interphase layer on a surface of these particles are characteristic. 

In Fig. 4 tgδ maximum shift towards the increased temperatures and falling of its values with 

increase in frequency of electric field is observed. With growth of frequency ions or dipoles do not manage 

to be displaced after the frequency of electric field thereof polarization begins to be shown poorly and tg 

considerably falls.  

The minima observed in Fig. 4 (a) at T = 433 – 453 K and the further growth of tgδ can be connected 

with increase of migration polarization due to accumulation and approach of saturation of charging states at 

these temperatures that also 2 μm have a talk initial deficiency of structure of particles of hex ferrite with d = 

2 μm. 

Conclusions. The technology of receiving the filled PCM consisting of electromagnetic installation 

is developed of the thermostat, the device of rotation of a container and elements on management of 

technological parameters. 

On the developed technology are created experimental samples of polymeric composite materials on 

the basis of epoxy resin, with the set concentration of filler - barium hex ferrite with a structural formula 

BaO6Fe2O3 and with effective sizes of particles of 2 and 20 μm. 

Uniform distribution of particles of hex ferrite of barium in a polymeric matrix was reached due to 

the rotation cured at the increased temperature of the filled compound in constant magnetic field. 

Researches of dielectric are conducted properties of the created PCM samples in low-frequency area 

(1 kHz – 50 kHz) in the range of temperatures of T = 295 – 463 K. 

Temperature and frequency dependences of relative dielectric permeability of  and tangent of angle 

of dielectric losses of tgδ are received, discussion of results is carried out, the explanation and scientific 

justification for observed changes are offered dielectric properties of the PCM  .  

Effects of influence of high-disperse particles of BaO6Fe2O3 with average sizes 2 and 20 of micron at 

a size of relative dielectric permeability  and tangent of angle of dielectric losses of tgδ PCM are established 

that is caused by a condition of crystal structure of ferromagnetic fillers. The effect is more expressed with a 

diameter of particles of d = 20 μm and at concentration of micro particles of hex ferrite of barium up to 60 

mass percent, and dielectric properties polymeric binding can be changed in 7 and more times.  
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Abstract 

The research purpose consists in studying of chemical composition of Kazakhstan lithium-containing hydro 

mineral raw materials and suggesting an effective production technology of lithium and lithium compounds. Chemical 

composition of hydro mineral raw materials of the Republic of Kazakhstan has been investigated. Production 

techniques of lithium concentrates and conditions of concentration of lithium minerals from water-salt systems have 

been studied for guided search of effective ways of lithium salts manufacture from brine and sediments of Kazakhstan 

salty lakes. 

The obtained data will allow to obtain lithium salts from the brine and silt of Aral salty lakes and to increase 

yield of the valuable marketable product. Development of a lithium production technology and industrial organisation 

of manufacturing pure lithium salts will improve the region economy and prosperity.  

 

Key words: hydro mineral raw material, salt solution, silt, lithium chloride, rare earth element. 

 

Lithium is a rare metal which recently is widely used in manufacture of glass, alloys and batteries, 

refrigerating engineering, electronics, metallurgy, medicine, aerospace and war industries, atomic 

engineering, etc. Lithium in nature meets either in ores or in liquid brines. However, limited reserves of solid 

lithium ores and high cost of its mining prove efficiency of lithium extraction from hydrochloric salts 

according to perspective technologies. 

For last forty years the world application level of lithium products has increased more than in 2.5 

times at the expense of thriving industries as pharmaceutics, manufacture of synthetic rubbers, thermo 

elastoplastometers, high-purity lithium salts, various chemical current sources [1].  

Leaders of lithium products manufacture from lithium-containing hydromineral raw materials are 

companies “Cuprus Foot Minerals” (USA), “Minsal SA” (Chile) and “SQM” (Chile) that use brines of 

Atacama desert as a basic raw source. Inexhaustible reserves of hydromineral raw materials with high 

lithium content are available also on the Euroasian continent in province Tsinghai (China) as lake brines of 

magnesium-type lithium chloride and deep calcium chloride brines in Irkutsk Oblast, Krasnoyarsk Territory 

and Republic Sakha (Russia). However, owing to high calcium and magnesium content these raw material 

types are nonconventional. The attempts to process the nonconventional hydromineral raw materials into 

lithium products by reagent techniques, repeatedly undertaken by Russian and Chinese specialists, have not 

led till now to positive results. Application of new non-traditional lithium-containing hydromineral raw 

materials such as polycomponent calcium and magnesium chloride brines of Western Siberia mineralized 

water in the world production is possible only by means of search of the new solutions providing the 

possibility of realisation of their reagentless concentration and obtaining of primary lithium concentrates. On 

this basis there is the possibility to develop technologies of complex non-waste processing of polycomponent 

lithium-containing any-type brines providing manufacture of asked-for lithium compounds [1].  

Unique lithium properties maintain growth of its consumption on other markets such as manufacture 

of fats, glass ceramics, primary batteries and metal powders. The demand will continue to grow 

approximately on 8% in connection with growth of needs of the electric vehicle market [2]. 

At the same time about 27% of the world lithium consumption is applied for manufacture of 

accumulators in comparison with 15% in 2007. 
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(3C – computers, communications, consumer goods; Power – electric tool; Heavy Duty – powerful storage 

batteries (12 V); Transportation – electric transport vehicles) 

 

Fig. 1. Lithium consumption in recharged batteries in accordance with areas of final application in 2002-

2017 [2]. 

 
The most large-scale manufacturers of lithium-ion accumulators and cathode materials are China, 

Japan and South Korea – about 60% [2]. 

Lithium mining has made more than 168 ths tonnes of LCE for last 5 years. It is basically 

implemented in Australia, Chile, Argentina and China; approximately 50% of lithium is produced from 

mined minerals, and 50% - from lake salts. 

Leading manufacturers are Talison Lithium (Australia), SQM and Rockwood Lithium (Chile) and 

FMC (Argentina). More than two thirds of the lithium extracted from minerals in Australia further are 

processed in chemical products in China where manufacturers, such as Tianqi Lithium, manage factories on 

processing of mineral raw materials [2]. 

Large lithium reserves are granite and pegmatite sodium-lithium minerals. However, lately 

sedimentary-type deposits and underground mineralized and salt lake water assume ever greater importance 

[3,4]. 

Now leaders of the world lithium market are FMC Lithium Division (the USA) and SQM (Chile); 

each of these companies control to 30% of the world lithium market. In the South America this metal is 

extracted at the bottom of dry salty lakes. Extraction of rare-earth elements from brine and solid sediments is 

considered in numerous works [5]. 

Sorption methods are widely used in applied radiochemistry: extraction and separation of rare-earth 

elements (REE), processing of irradiated nuclear fuel and transuranium elements (TUE), and also for 

treatment of liquid radioactive wastes [5]. Synthesised ion exchange materials of AXION type represent 

phosphorus-nitrogen-containing ion exchange polymers, which possess high selectivity to REE and TUE 

ions in strong acid mediums. The AXION ion exchange compounds are very promising for extraction of 

uranium, REE and TUE from nitric acid mediums, and also for extraction of indium from zinc-containing 

industrial waste.  

Lithium reserves are in the east of Kazakhstan; these are large deposits in Kalbinsky maintain ridge 

and also in Aral Sea Coastal region – at the bottom of the dry sea. The information that saline soils of Aral 

Sea Coastal region contain lithium is mentioned in old Soviet reference books. The major part of lithium is 

situated in lake water and lake silt, underground water, sea water (to 10.5 mass %). 

At production of lithium salts from the hydro mineral raw materials depending on lithium content in 

various compounds inorganic and organic sorbents were applied in the past. Extraction of lithium from 

complex mineral compounds was not always successful because of low extraction degree of lithium in a 

product. 
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Brines of Southern and Northern basins of Zhaksykylysh Lake contain 20-120 mg of lithium per kg; 

lithium content in the lake silt is considerably higher and makes 60-400 mg/kg. Available reserves of 

hydromineral raw materials in lakes, lake slimes, brines and saline sediments of the Aral region will allow to 

provide annual need in lithium. 

Undoubtedly, analysis of known data and existing technologies of processing of the hydro mineral 

raw material is very important; studying of its composition and obtaining of new results taking into 

consideration solubility of the salts and impurities contained in it will allow determining optimum conditions 

of extraction, norms of leaching agents consumption, and also other technological indicators. 

For implementation of experiments according to the suggested technology we have preliminary 

investigated composition of brines and silt of the salty lakes situated in Aral Sea Coastal region using a 

mass-spectrometer with inductively coupled plasma Varian ICP-820MS. The results obtained are represented 

in tables 1 and 2. 

 

Table 1 – Composition of the Zhaksykylysh Lake brine* 

Sample number 1 2 3 4 

Li, mg/kg 263.502 311.942 128.386 142.019 

*- the brine was sampled from various points of the lake 

 

Table 2 – Silt composition of Aral region salty lakes  

Sample number 1 2 3 4 

Li, mg/kg 1001.725 1051.354 415.404 403.314 

 
As follows from the data of tables 1 and 2, lithium content in the brine fluctuates in limits of 128.38-

263.50 mg/kg, and in the silt – 403.314-1051.354 mg/kg. Extraction of lithium from these raw materials can 

be realised by sorption or extraction techniques using effective reagents. 

Complex processing of the brine and the silt and obtaining of lithium from them as marketable 

lithium chloride or lithium carbonate will permit us to increase the need for the hydro mineral raw materials 

and improve the well-being of the region. 

Conclusion. Thus, the obtained data will allow to obtain lithium salts from the brine and silt of Aral 

salty lakes and to increase yield of the valuable marketable product. Development of a lithium production 

technology and industrial organisation of manufacturing pure lithium salts will improve the region economy 

and prosperity. 
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Abstract 

The paper considers the current state of  raw material base of potash ores in the Republic of Kazakhstan, 

issues of market evaluation of the mineral and raw material potential, analyzes the consumption and production of 

potash salts and their use in Kazakhstan’s chemical industry. Currently there is no productions of potassium fertilizers 

and salts in Kazakhstan, what causes an extremely high demand for potassium salts. There are several deposits of 

potassium salts on the west of Kazakhstan; their reserves range among the largest in the world. Among them, the 

explored Chelkar deposit has not yet moved to the production stage. This market is free, and  there is a need for 

domestic production of potassium chlorine-free fertilizers due to the fact that they are harmless and indicators of any 

chemical industry with the use of potassium salts is much higher. It has been substantiated that the Chelkar deposit 

development based on introduction of innovative technologies for the mining and processing the salts will make it 

possible to cover the needs for potassium fertilizers of both the domestic and foreign markets. 

 

Key words: potassium fertilizer, potassium salt, carnallite, Chelkar deposit, production, chlorine-free fertilizer, 

market evaluation. 

 

Introduction. Nowadays, more than ever, there is a long-felt need to increase world of potassium 

fertilizers. Potassium salts, according to some experts, have become an original new "rare earths". Today 

they are consumed by the whole world. This market, unlike most others, has been developing steadily, 

without significant downturns for several decades. More than 95% of potassium salts mined in the world are 

used to obtain potassium fertilizers, and the rest part is used for production of detergents and various 

chemicals.  

Although potassium enterprises traditionally belong to the chemical industry and fertilizer 

production, in their essence and technology they are more similar to mining enterprises, because their main 

production assets are mines, and their main wealth is deposits of potash and other salts. In the global potash 

industry, Kazakhstan traditionally plays an important role, occupying a special place both in potassium salts’ 

mining and in the amount of explored reserves and forecast resources. At present, there is no production of 

potassium fertilizers and salts in Kazakhstan, which leads to a high demand for potassium salts. Another fact 

testifies the large potential of Kazakhstan’s deposits: salts are deposited quite close to the surface, so that 

open extraction methods can be used for their mining. 

 The potash ore reserves in Kazakhstan amount to about 6 billion tons and are represented by three 

largest deposits located in the west of the country: the Zhilyansk polyhalite ore deposit in the Aktobe region, 

the Chelkar and Satimola carnallite and sylvinite ore deposits in the West Kazakhstan region (Fig. 1). The 

Chelkar potassium ore deposit is located 98 kilometers on south-east of Uralsk and about 160 kilometers 

north of another deposit, Satimola; it covers an area of about 779 square kilometers [1]. In terms of 

orography, the territory is located in the northern part of the Caspian Caspian Sea region lowland and 

belongs to the typical steppe zone, with all its inherent features. The relief of the Chelkar uplift has an 

asymmetrical structure. The highest heights of the upland surface are located in its northern part. To the 

south, its surface gradually decreases and imperceptibly merges with the flat steppe spaces. The northern 

slope of the uplift by a rather steep ledge ends in the direction of the lake basin and is markedly dissected; its 

highest point, Mount Sassai, has an absolute height of 94 m, and the surrounding uplifting steppes have the 

form of a flat plain with the surface height of the order of 18-20 m. In the lake area, the dome most clearly 

appears in the relief in the form of a ridge-hilly upland, framing the lake from the south. To the south, east 

and west the relief gradually flattens and turns into a plain. The basin of Chelkar lake, as already noted, is an 

inter-dome compensatory downwarping. 
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Fig. 1. Reserves of potash ores in Kazakhstan 

 

The lake water with a normal mark of +16.7 m, is slightly mineralized. Its water surface occupies about 200 

km
2
 with a length from north to south of more than 18 km and a width of 15 km. The depth in some places 

reaches 13.5 m. In the 1950s and 1960s, geological exploration at this field was carried out under the 

conditions of common economic space of the USSR. 

 Revealed as a part of the salt strata of Chelkar salt dome structure of rich boron-bearing rocks, layers 

of high-quality sylvinites, as well as carnallite and almost monomineralic bischofite rocks, allowed to 

promote the Chelkar uplift to a number of very promising objects of complex mineral-salt raw materials. Of 

the salt minerals known in the Chelkar uplift, the main ones are halite, anhydrite, sylvine, carnallite, kizerite, 

bischofite; in the borate group there is boracite, which is especially widespread, as well as calibroite, 

sulfoborite, hilgardite, ginorite, preobrazhenskite, hydroboracite. The boreholes in the salt layer of the 

Chelkar uplift revealed a diverse complex of rocks, among which the main ones are rock salt, anhydrite rock, 

sylvinite, carnallite rock, kieserite rock, and bischofite rock. Large concentrations of borates, confined 

mainly to rock salt, kieserite rock, anhydrite rock and less often to sylvinite, are also encountered here. The 

described types of salt rocks are met on the Chelkar uplift with numerous wells in various areas. It should be 

noted that there are various transitional rocks - sylvinite-carnallite, halite-carnallite, halite-carnallite-

bischofite, etc., which are a layered alternation of carnallite, bischofite and other breeds.  As already 

noted, in the process of study, more than 600 wells were drilled to a depth of 1,200 meters on the uplift area. 

Nevertheless, the factual material on which all constructions can be based to get representation about the 

geological structure of the Chelkar uplift, mode of occurence of salt rocks, the mineralogical composition 

and quality of potassium and boron bearing horizons is not enough [2]. Since they are harmless and the 

performance of any production with the use of potassium salts is much higher, the need for the production of 

this fertilizer is relevant. 

 Presently the company LLP “Batys Kaliy” is working on the industrial development of this deposit. 

“Kazakhstan Potash Corporation”, which owns in Kazakhstan subsoil use rights for three potash deposits - 

Zhilyansk, Chelkar and Satimola - also intends to develop the potassium fertilizer production. Since 2011, 

“Kazakhstan Potash Corporation” has invested $ 631.6 million in Kazakhstan. Taking into account the life 

term of projects and the situation in the global potassium fertilizer market, investors expect that the business 

will be fairly stable. In 2016, the import volume of potassium fertilizers in Kazakhstan amounted to $ 14 

million (Fig. 2).  
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Fig. 2. Import of potassium fertilizers 
 

 To achieve leading positions in tough competition, it is necessary to have a well-developed 

infrastructure, railway and sea transport complex and corresponding logistic systems. 

Belarus plans to help Kazakhstan to set the development of these minefields. This was announced at the 

opening of the Belarus-Kazakhstan Economic Forum in Minsk. In addition to a large-scale project for the 

development of potassium salt deposits, there are about 30 joint Belarusian-Kazakh projects at various stages 

of development, including the creation of productions for quarry and agricultural machinery and food 

industry products [3]. 

 The task of the research is to choose ways of processing carnallite from the Chelkar deposit and to 

search for new technologies of potassium fertilizers to meet the needs of both the domestic and foreign 

markets. 

 Materials and methods. One of the main minerals of Chelkar ore is carnallite. Carnallite is a salt 

consisting of two types of compounds, potassium and magnesium chlorides, which is defined with the 

formula 𝐾𝐶𝑙 ∙ 𝑀𝑔𝐶𝑙2 ∙ 6𝐻2𝑂. It is a white crystalline product with a pinkish or greyish tinge; it is 

incombustible, fire and explosion proof. All existing methods of carnallite processing are based on greater 

solubility of magnesium chloride in comparison with solubility of potassium chloride; they are divided into 

methods of complete and incomplete dissolution. The first methods consist in the complete dissolution of 

carnallite ore by hot circulating liquor, which contains a significant amount of MgCl2 and little amount of 

KCl. When the obtained solution is cooled, most part of the potassium chloride crystallizes (mixed with 

NaCl). The mother liquor is evaporated and cooled; at that carnallite crystallizes [4]. Production of potassium 

chloride by the flotation enrichment of potash ores is based on the flotation or flotation-and-gravity 

separation of water-soluble ore minerals in a saturated salt solution. In this case the sylvin or other potassium 

minerals are usually foam products. [5]. The main stages of the manufacturing process include the following 

operations: 

1. ore dry and wet grinding; 

2. "attritioning" of clay impurities from ore particles in special mixers; 

3. separation of clay sludge by mechanical desliming in hydrocyclones and hydroseparator; 

4. treatment of salt pulp with special reagents with depressors in order to suppress sludge foaming 

and sorption of flotation reagents on the surface of clay particles (the most common treatment is sludge 

combining mechanical desliming of the main mass of clay particles with subsequent processing of the pulp 

with reagents-depressors); 

5. treatment of saline pulp with flotation reagents, which are fed into special mixers, partly, directly 

into flotation machines. The flotation reagents include: the main component — the collector, in which water 

soluble aliphatic amines, depressants and deactivators (silicic acid, polyacrylamide, etc.) and foaming agents 

(pine oil, alcohols, dodecylamines, etc.) are used in the sylvite flotation [6, 7]. 

 Results and discussion. Considering the deficit of potassium fertilizer production in China, 

estimated at 5-6 million tons of potassium chloride, Chinese companies with serious government support are 

involved in almost all potash projects in Laos, Thailand, Kazakhstan and Uzbekistan, setting up dumping 

prices for the subsequent sale of potassium fertilizers to their country in advance at a price of 250-320 dollars 

[8]. The chemical industry is a basic and socially significant sector of the economy, having a significant 

impact on the formation of macroeconomic indicators of the Republic of Kazakhstan. However, there are 

certain difficulties in developing new deposits. Thus, the production of potassium salts is characterized by a 

complex combination of factors. 
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 On the one hand, there is a constantly growing population of the planet and an increase in the 

consumption of mineral fertilizers, on the other hand, there is growing competition among fertilizer 

producing countries. On the one hand, the cost of raw materials is still low, for example, compared to oil, on 

the other hand, the market is saturated with potassium chloride fertilizers.  

 On the one hand, there is a high country concentration of deposits of potassium salts, on the other 

hand - the active development of their own and "foreign" deposits of countries-importers of potassium 

fertilizers.  

Further development of the industry can be carried out in several directions:  

- increasing the complexity of raw material processing to obtain new types of export products 

through the introduction and development of new innovative technologies and the development of scientific 

research and technologies;  

- involvement in the processing of carnallite ores of the Chelkar deposit and technogenic mineral 

formations, which will expand the raw material base and increase the level of research and development and 

design work; 

- creation of industries aimed at potassium fertilizer production for the needs of the domestic market 

with the subsequent focus on foreign markets. Considering that the competition in world markets on the 

processing the raw materials is very high, and the profitability of raw materials supply is growing, 

government intervention is necessary to avoid technical backwardness;  

- in the absence of demand in the domestic market, government policies should promote exports to 

foreign markets; at the same time, create conditions for ensuring the consumption of products in the domestic 

market; 

- in the case when products will be in great demand in foreign markets, a restriction should be 

envisaged for the export of raw materials by introducing differentiated export duties in order to create 

knowledge-intensive industries in the country; 

- it is necessary to constantly adjust the development plans of large companies and enterprises, 

taking into account the needs of the internal and external markets; 

- provision of protection of companies’ rights and, in general, entrepreneurship in the development 

of the chemical complex, for investing in projects and long-term investments in research and developmental 

works. 

 Conclusion. The performed review of the potash ore reserves in Kazakhstan and known methods of 

processing carnallite ores showed that the explored Chelkar deposit has not yet moved to the mining stage. 

This market in Kazakhstan is free, there is a need for domestic production of potassium chlorine-free 

fertilizers in default of such production, for refusing from export of these products. It has been substantiated 

that the Chelkar deposit development based on introduction of innovative technologies for the mining and 

processing the salts will make it possible to cover the needs for potassium fertilizers of both the domestic and 

foreign markets. 
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Abstract  

The article substantiates the relevance of development and application of new types of effective binders for 

manufacturing heat-resistant materials and, above all, unburnt composite binders using technogenic mineral raw 

materials, specified by high energy intensity and large capital investments for production of heat-resistant materials. 

The results of the studies have shown that slags of ferrochrome productions in terms of a mineralogical 

composition are promising for the use as a refractory filler for heat-resistant materials, as well as a component and a 

hardener for heat-resistant composite binders. 

A mineralogical composition of the slag of high-carbon ferrochrome production includes the following main 

minerals – forsterite Mg2SiO4 and spinel MgAl2O4. 

A mineralogical composition of the slag of low-carbon ferrochrome production is represented by dicalcium 

silicate Ca2SiO4 (a basic phase), magnesium oxide MgO and spinel MgAl2O4. 

 

Key words: heat-resistant composite material, technogenic mineral raw material, slags of ferrochrome 

production.  
 

Introduction. One of the effective heat-resistant materials that meets the modern requirements for 

protection of thermal units is heat-resistant concretes, which in recent years have been increasingly applied 

in various industries using high-temperature processes. 

Main advantages of heat-resistant concretes over traditional single-piece heat-resistant fire-clay 

bricks are that at the manufacture of heat-resistant products and structures using a concrete technology, such 

energy-intensive technological processes as hard firing of fire-clay and fire-clay products are not required. 

At present, aluminosilicate systems based on liquid glass, anhydrous sodium silicate, which includes 

an alkaline sodium component, which acts as a catalyst for dissolving amorphous silica, accelerating the 

dispersion of particles, and polymerizing hydrated neoplasms in a heat-resistant binder – heat-resistant 

aggregate – are widely used in the manufacture of heat-resistant concretes. 

Heat-resistant materials using binding compositions based on liquid glass are used in thermal units in 

ferrous and nonferrous metallurgy, thermal energetics, chemical, oil refining industry, as well as in the 

building materials industry [1-3]. 

High energy intensity and large capital investments for the production of heat-resistant materials 

have led to the particular relevance of the development and application of new types of effective binders for 

heat-resistant materials, and, above all, unburnt composite binders using technogenic mineral raw materials. 

Taking into account the refractory characteristics of slag of high-carbon ferrochrome, in [4] it is 

proposed to use it as a component of refractory materials. At the same time, it is proposed to use finely 

ground slag from the production of high-carbon ferrochrome and tubular dust from gas cleaning from 

furnaces for the production of high-carbon ferrochrome as raw materials for the manufacture of fire-clay 

bricks.  

Methods (methodology) of the experiment. Physical and technical properties of the slags, formed 

at manufacturing ferrochrome, as components for heat-resistant composite binding materials have been 

determined in accordance with the established standard methodology.  
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When carrying out the studies, diffractograms of the samples under the study were obtained using an 

X-ray diffractometer (DRON-3) with CuКα radiation with a nickel filter.  

The elemental slag composition has been determined using a scanning electron microscope (JSM-

6490LV). 

Results and discussion. The choice of the ferrochrome slags as components for composite heat-

resistant materials is specified by their mineralogical composition, as well as by the fact that these slags are 

large-tonnage and affordable technogenic raw materials. 

Disintegrating slags of low-carbon ferrochrome are also promising for the use as a hardener of 

binding compositions based on liquid glass [5].  

The results of determining the granulometric composition, bulk density and phase composition of the 

slags from the ferrochrome production are presented in Table 1. 

 

Table 1 – The granulometric composition, bulk density and phase composition of the slags of ferrochrome 

production  

Indices  
Ferrochrome content in the slags, weight %  

High-carbon Low-carbon 

Granulometric composition:  

Fraction of more than 5 mm 

Fraction of 3-5 mm  

Fraction of 2-3 mm  

Fraction of 1-3 mm  

Fraction of 0.5-1 mm 

Fraction of less than 0.5 mm  

Including fraction of 0.088-0.5 mm 

Fraction of less than 0.088 mm  

  

31.9 

31.1 

4.5 

2.5 

4.5 

25.5 

12.7 

12.7 

  

4.1 

23.4 

18.5 

17.5 

17.5 

19.0 

9.5 

9.5 

Bulk density, g/cm
3
 1.92 1.58 

Mineralogical composition determined by an X-ray   

phase analysis 

Mg2SiO4 

(a basic phase) 

(Al,Cr)2O3, 

Са2SiO4 – admixture  

Mg2SiO4 

(Mg, Fe) (Al, Cr)2O4 

Са2SiO4 

 

A chemical composition and refractoriness of the slags formed at manufacturing high-carbon and 

low-carbon ferrochrome are represented in Table 2.  

 

Table 2 – A chemical composition and refractoriness of the slags  

Slag type  
Content of oxides, % 

Refractoriness, ºС 
Cr2O3 MgO Al2O3 SiO2 СаО FеO 

High-carbon ferrochrome slag 5.1 43.1 17.8 31.2 2.4 1.1 1630 

Low-carbon ferrochrome slag  5.2 13.4 7.1 29.3 45.2 1.1 1360 

 

According to the X-ray phase analysis represented in Fig. 1, the mineralogical composition of the 

high-carbon ferrochrome slag includes the following main minerals: forsterite Mg2SiO4 (d=3.89, 3.48, 2.77, 

2.27, 2.16, 1.75, 1.49 Ǻ), spinel MgAl2O4 (d=4.81, 4.25, 2.47, 1.58 Ǻ), partially an amorphous glass phase 

and admixture of dicalcium silicate Ca2SiO4. 
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Fig. 1. Diffractogram of the slag of high-carbon ferrochrome production 

 
The diffractogram of the low-carbon ferrochrome slag, as shown in Fig. 2, confirmed the presense of 

dicalcium silicate Ca2SiO4 (a basic phase), magnesium oxide MgO and spinel MgAl2O4. 

 

 

 
Fig. 2. Diffractogram of the low-carbon ferrochrome slag  

 
The prevailing content of dicalcium silicate Ca2SiO4 in the composition of the low-carbon 

ferrochrome slag sample is also confirmed by its elemental composition determined by means of an electron 

microscope JSM-6490LV (Table 3). 
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Table 3 – The elemental composition of the low-carbon ferrochrome slag sample (average values of three 

lines x 50)  

Content of elements, weight %   

Total  О Mg Al Si Ca Cr Fe 

40.08 6.67 2.35 13.42 32.33 4.88 0,24 100.00 

 

Conclusions. The results of the studies carried out showed that the ferrochrome slags according to 

their mineralogical composition are promising for use as a refractory filler for heat-resistant materials, as 

well as a component and a hardener for heat-resistant binding compositions.  

The mineralogical composition of the high-carbon ferrochrome slag includes the following main 

minerals – forsterite Mg2SiO4 and spinel MgAl2O4. 

The mineralogical composition of the low-carbon ferrochrome slag is represented by dicalcium 

silicate Ca2SiO4 (a basic phase), magnesium oxide MgO and spinel MgAl2O4. 
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Abstract 

For the utilization of the distiller waste formed during the production of soda ash, it was proposed the calcium chloride 

conversion using various reagents that precipitate calcium in the form of sparingly soluble precipitates. Such reagents 

can be calcium soda itself, sodium phosphate or sodium sulfate. From the point of the cost of raw materials view the 

most economical way is a conversion with the help of natural sodium sulfate, produced in large quantities in the Aral 

Sea area. Conducted research have showed the possibility of implementation of conversion process with the separation 

of the calcium sulfate precipitate and the formation of a solution of  NaCl, which can be reused in the production of 

soda ash. Based on the results of the research, the conversion conditions are determined: temperature, duration of the 

process, sodium sulfate limit. Sodium sulfate is added as a solid salt – anhydrous thenardite. Mass and heat balances of 

the process of conversion of the distiller waste are presented. On the basis of technological calculations, the 

consumption factor for raw materials per ton of distiller waste is determined. Based on certain optimal process 

conditions – temperature, time and consumption of sodium sulfate, the reactor volume and its main dimensions were 

calculated. The principal technological scheme of the conversion of the distiller waste in the production of soda ash 

was proposed.  

 

Key words: soda ash, distillation liquid, mother liquor, conversions of distiller liquid. 
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Soda ash is one of the most important products of inorganic synthesis; it is widely used in various 

industries. In connection with the need for a general increase in the effectiveness of soda production, there is 

a need to develop new improved technologies for soda production that ensure the integrated use of raw 

materials and effective utilization of industrial waste, that is, the improvement of the soda production 

technology based on environmental requirements, taking into account economic indicators [1-12]. 

At the same time, the basis of any production is technology: it is its effectiveness that the main 

indicators of the production process such as economic activity depend on. In this regard, the main direction 

of developing the production of soda should be the improvement of its chemical technology; nevertheless, 

the environmental requirements or restrictions must be taken into account, and economic indicators, 

conditions and requirements play a leading role, as in any business. 

So far, the most common way of soda ash production is the ammonia method of Solvay, which 

accounts for up to 70% of the world production. Based on the use of cheap and affordable raw materials 

(sodium chloride and limestone), the production of soda by ammonia method has a high level of organization 

of technological processes (continuity, complex automation) and relatively high economic efficiency. At the 

same time, the technology of obtaining soda by ammonia method is very imperfect in terms of the use of raw 

materials, the presence of a significant amount of liquid, solid and gaseous waste, as well as losses of thermal 

energy [1-3]. 

To produce 1 ton of soda ash the 1.5 tons of sodium chloride and the same amount of calcium 

carbonate consume. At the same time, as a waste, a distiller waste is formed in a volume of up to 10 m3 per 1 

ton of soda, which is removed from the process at a temperature of about 1000°C and contains about 1500 kg 

of calcium and sodium chlorides and about 250 kg of solid suspensions. With discharges, about 30% of raw 

materials are lost (30% sodium and all chlorine).The distiller waste contains components that can serve as 

raw materials for the production of chemical products, which is a promising direction for the recovery of 

waste from the production of soda ash [3]. 

Discharge of the distiller waste leads to mineralization of natural reservoirs, to a significant change 

in the biological picture of the reservoir. Therefore, the question of the utilization of this waste arises. At 

present, the problem of pollution of surface and groundwater by industrial effluents is acute all over the 

world. 

At the distillation station for the production of soda ash by the ammonia process the ammonia is 

regenerated from the liquid coming from the vacuum filters (filter liquid) and from weak liquids in which 

ammonia is contained in the form (NH4)2CO3. The filter liquid contains, in addition to NaCl, mainly 

ammonium chloride (bound ammonia), as well as ammonium carbonate and bicarbonate (so-called semi-

bonded ammonia). The filter liquid at a temperature of about 30°C is fed to distillation in an amount of 5.7 – 

6.2 m3 per 1 ton of soda [1-9]. 

The process of ammonia recovery from the mother liquor consists of two stages. In the first stage, 

decomposition of carbon ammonium salts takes place: 

 

                                                                              (1) 

 

                                                                                           (2) 

 

In the second stage, a solution of ammonium chloride reacts with lime milk according to the 

reaction: 

 

                                                                     (3) 

 

In the apparatuses of the distillation department, there are also side reactions of the interaction of 

lime milk and calcium chloride with ammonium and sodium sulfates, the presence of which is due to the 

presence of SO42- ions in the crude brine: 

 

                                           (4) 

 

                                                                          (5) 
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Both these reactions are accompanied by the formation of gypsum, a significant amount of which 

precipitates under the conditions of this process. 

Side reactions include also the interaction of ammonium carbonate, which did not decompose completely in 

the first stage of the process, with lime milk. In this case, calcium carbonate is less soluble than Ca(OH)2: 

 

                                (6) 

 

When the filter liquid interacts with lime milk and CaCl2, undesirable side reactions (3) – (6) occur, leading 

to the precipitation of sparingly soluble CaSO4 and CaCO3 precipitates that clog the distillation apparatus 

and cause them to be periodically cleaned [1-8].  

Solid residual - distiller slurry is a chalky material consisting of 70–80% of particles of 0.1–0.2 mm in size. 

Slurry composition includes the following components: calcium carbonate 50–65%, calcium hydroxide 2–

10%, gypsum 5–10%, calcium chloride 5–10%, impurities of clay minerals and quartz 5–10%, and other 

components. Millions of tons of distilled slag are accumulated at the enterprises of the soda industry [8]. 

 

Table 1 – Chemical composition of waste products of soda production 

Distiller waste, composition, g/dm3 Mother solution, composition, g/dm3 

CaCl2 NaCl CaSO4 MgCl2 NaHCO3 Na2CO3 NaCl 

149.77 69.78 5.81 2.44 145.25 52.99 5.26 

 

The composition of the distiller waste varies within certain limits and depends on the quality of the brine and 

limestone, the volume of the liquid received, the degree of NaCl utilization, the concentration of lime milk 

and other factors. 

The main way to reduce the amount of chloride waste of soda production is their processing with the receipt 

of marketable products. Currently, there are the following areas in the solution of the problem of waste 

disposal: the production of calcium and sodium chlorides from the distiller waste; application of a distiller 

waste in the oil and gas industry; use of slag for obtaining ameliorant, calcium hydroxide, cement less binder 

and other products. One of the promising ways of utilizing the distiller waste can be its use as a raw material 

for the production of high-quality chemically precipitated calcium carbonate, which has found the wide 

application in many industries [8]. 

The solid residue of the distiller waste includes a number of oxides, which are parts of compounds of silicate 

systems with binding properties, which indicates the principal possibility of obtaining binding materials 

based on these wastes of soda production. In this case, the disadvantage of the silica component in the 

distillate sludge requires its compensation, for example, quartz sand [9]. 

Distiller sludge is also recommended for the use of producing the filler of asphalt-concrete mixtures, 

linoleum, polyvinylchloride tiles, plugging materials [6]. 

Another option for disposing of the distiller waste is to use it after special preparation for pumping into oil 

wells in order to maintain reservoir pressure [10]. 

A method for processing a distiller waste is described with the preparation of CaCl2 and NaCl [5]. This 

method is based on the process of a three-stage evaporation, which determines the multistage production, 

complex process equipment, the use of lime kiln gas and large energy costs. 

The largest consumer of CaCl2 (50 % of total consumption) is road and municipal facilities that use it to 

fight ice, snow and snow removal on roads and streets in winter, and for degusting roads in the summer. 

Compared to NaCl, CaCl2 solutions have a lower freezing point that is the undoubted advantage of CaCl2. 

A method for the preparation of anhydrous calcium peroxide is known, where a distiller waste is used as a 

feedstock [7]. The disadvantages of this method include the need to use reagents such as hydrogen peroxide 

and ammonia solution. In addition, in the production of calcium peroxide, this method produces a significant 

amount of sewage containing ammonium and sodium chlorides. 

The process of the distiller waste processing with obtaining Ca(OH)2, NaOH and HCl was studied [6]. The 

process was consisted of two stages. In the first stage, the distiller waste was treated with NaOH. As a result, 

a precipitate of Ca(OH)2 was formed, and the water part contained mainly NaCl. In the second stage the 

filtrate was subjected to processing in a three-chamber membrane electrolyze. As a result of the distiller 
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waste processing by the proposed method, it is possible to obtain calcium hydroxide, a mixture of sodium 

hydroxide and sodium chloride, as well as hydrochloric acid. 

With the aim of processing the distiller waste into commodity CaCl2 and NaCl, it is clarified and purified 

from SO42- ions, and then exposed to evaporation. As a result, sodium chloride precipitates first, it is 

separated, washed and wrung out on the centrifuges. The clarified distiller waste is evaporated normally in 

multi-hull evaporators. When the concentration of 40% CaCl2 is reached, almost all sodium chloride 

contained in the liquid is precipitated [8]. It can be returned to the production of soda. Spilled off from the 

mother liquor, washed and dried sodium chloride is very pure and suitable for food purposes. 

The settled distiller waste is subjected to carbonization and treatment with barium chloride followed by 

settling to purify the liquid from the lime and gypsum dissolved in it. If SO4-2 ions are present in the 

solution, the heating surfaces of the evaporators can get gypsum coated. Cleaning the solution with BaCl2, 

however, leads to an increase in production costs [3]. 

The polythermal evaporation of a distiller waste is a promising method for the production of calcium and 

sodium chloride. The currently used chlorobaric purification of the distiller waste from the SO42- ion is very 

expensive. In addition, the deficiency and poisonous nests of the reagent preclude the possibility of obtaining 

food salt in the production of calcium chloride, where the distiller waste is purified by barium salts. 

At all soda production plants, pre-treatment of raw solution from impurities – calcium and magnesium salts – 

is now carried out with the help of soda and lime. During the purification process, reactions with the 

formation of poorly soluble salts of Mg(OH)2 and CaCO3 precipitating take place. For example: 

 

                                                                         (7) 

 

                                                                                  (8) 

 

The study of the problems of soda production waste products utilization made it possible to determine the 

following directions in its solution: 

1) Production of calcium and sodium chlorides from a distiller waste. 

2) Use of a distiller waste instead of fresh water during oil production. 

3) Use of solid waste to produce ameliorant, calcium hydroxide, without cementing binder and other 

products. 

The effectiveness of using distiller waste of soda production is primarily to prevent the huge damage caused 

by salinization of rivers, underground water sources, and agricultural land. 

For the utilization of the distiller waste, it is possible to propose the calcium chloride conversion using 

various reagents that precipitate calcium in the form of sparingly soluble precipitates. Such reagents can be 

calcium soda itself, sodium phosphate or sodium sulfate. 

From the point of the cost of raw materials view the most economical way is a conversion with the help of 

natural sodium sulfate, produced in large quantities in the Aral Sea area. 

Previous studies of this process of the distiller waste conversion have showed the possibility of its 

implementation with the separation of the calcium sulfate precipitate and the formation of a solution of NaCl, 

which can be reused in the production of soda ash [12]. This process is described by the reaction equation: 

 

                               (9) 

 

Based on the results of the research, the conversion conditions are determined: temperature – 70 0С, duration 

of the process – 45 minutes, sodium sulfate limit – 100% for calcium ions content in the distiller waste. 

Sodium sulfate is added as a solid salt – anhydrous thenardite composition,% (by mass): Na2SO4 = 91.82; 

MgSO4 = 1.32; MgCl2 = 0.46; CaS04 = 4.54; Al2O3 = 0.27; Fe2O3 = 0.12; Si02 = 1.47. 

As known [12], at a temperature of 70°C, calcium sulfate dehydrate CaSO4∙2H2O crystallizes in this system. 

For technological calculations, we take the following composition of the distiller waste: СаСl2 – 11.5%;  

NaCl – 5.6%; Са(ОН)2 – 0.9%; СаSO4  – 0.25%; СаСО3 – 0.6%.  

To ensure uniform mixing of the suspension in the reactor and to avoid the formation of supersaturated 

solutions, it is necessary to add water to the reactor, which is supplied from the gypsum-washing step after 

filtering the suspension. The flow rate of water is taken equal to 420 kg per 1000 kg of distiller waste. 
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Mass and heat balances of the process of conversion of the distiller waste are conducted, which are presented 

in Tables 1 and 2. 

Calculation of the consumption of sodium sulfate for the conversion of calcium chloride in the composition 

of the distiller waste is carried out according to the following reactions: 

the main reaction: 

 

                                (10) 

 

the adverse reaction: 

 

                          (11) 

 

Table 1 – Mass balance of distiller waste conversion 

Input Output  

Name of product Mass, kg Name of product Mass, kg 

Distiller waste, including 1000 Suspension, including 1539.58 

CaCl2 115 а) solid phase, including 219.08 

NaCl 56 CaSO4∙2H2O 199.12 

CaSO4 2,5 CaSO4 10.64 

СаСО3 6 СаСО3 6 

Ca(ОН)2 9 SiO2 2.63 

Н2О 811.5 Al2O3 0.48 

  Fe2O3 0.21 

Natural sodium sulfate, including 179.04 b) liquid phase, including 1320.46 

Na2SO4 164.39 NaCl 177.22 

MgSO4 2.36 NaОН 9.73 

MgCl2 0.82 MgSO4 2.36 

Al2O3 0.48 MgCl2 0.82 

CaSO4 8.14 Н2О 1130.33 

Fe2O3 0.21 Water vapor 59.49 

SiO2 2.63   

3. Water 420   

Total 1599.04 Total 1599.04 

 

Table 2 – Heat balance of distiller waste conversion 

Input Kg J Output Kg J 

Distiller waste 1000.0 1.292∙109 Suspension, 

including 

 

1539.58 

 

1.786·109 

Sodium sulfate 179.04 0.0459·109 - solid phase 219.08 0.0875·109 

Water 420 0.624·109    

Heat of main reaction  0.096·109 - liquid phase 1320.46 1.79∙109 

Heat of adverse reaction  – 0.034·109 Water vapor 59.49 0.134∙109 

Total 1599.04 2,024∙109 Total 1599.04 2,012 ∙109 
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Fig.1. Schematic diagram of the conversion of a distiller waste 

 

On the basis of technological calculations, the consumption factor for raw materials per ton of distiller waste 

is determined, t: natural sodium sulfate  – 0.179; water 0.42. 

The main process equipment used for the conversion of the distiller waste is a stirred reactor. Based on 

certain optimal process conditions – temperature, time and consumption of sodium sulfate, the reactor 

volume and its main dimensions were calculated. 

In accordance with the current production at a capacity of 100 thousand tons/year of soda ash, 900000 m3 of 

distiller waste is formed. The density of the distiller waste is 1.13 t/m3. Then the total mass of the distiller 

waste is: 

90000 . 1.13 = 1017000   t/year of the distiller waste. 

At an annual working time fund of 330 days, or 7920 hours, the hourly capacity of the equipment is 1 017 

000/7920 = 128 t/h of the distiller waste. 

Total process time is 45 minutes = 0.75 hours. Sodium sulfate consumption 128 . 0.179 = 22.9  t/h.  

Water consumption:  128 . 0.42 = 53.76 t/h. The process temperature is 90 °C. 

Fig. 1 shows the principal flow diagram of the conversion of the distiller waste in the production of soda ash. 

As can be seen from above, the technological calculations of distiller waste conversion process in the 

production of soda ash with the help of natural sodium sulfate producing in the Aral Sea area were proposed.  
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Abstract 

For achievement of the modern technological level of economy advancement in our country the priority should 

be given its development not on the basis of production and investment factors, but on the basis of innovations. An 

innovation is the end result of introduction of a novelty for the purpose of obtaining an economic, social and scientific 

and technical effect. 

Another important component of the innovative development of economy is energy-saving and increase in 

energy efficiency. Now in Kazakhstan the energy-saving and increase in energy effectiveness of all branches of 

economy is a foreground task, and its solution will promote resolution of a complex of power, ecological and economic 

problems. 

Development of new materials and technologies is the objective necessity of Kazakhstan forward progress. The 

suggested scenario of development of the direction “New materials and technologies” to 2030 in Kazakhstan proposes 

advancing and dynamic growth of economy of the Republic of Kazakhstan, allowing gradually introducing in operation 

new power and production capacities, being guided by new energy and recourse saving technologies taking into 

account assured demand for the new materials, which give a chance of transition to “green” economy and sustainable 

development of the country. 

One of the Kazakhstan problems is small home market. In this connection the paramount attention at creation 

of new materials and technologies should be given not only to import substitution, but also to export potential increase. 

It is favoured by the fact that last years in Kazakhstan were created conditions and possibilities of confident and long-

term innovative development of the national economy giving the importance and demand of a know-how sector for 

steady growth. 

Key words: Magnesia binding agents, caustic magnesite, dolomite, magnesium hydrooxychlorides, cement, 

composite materials,  

 

Introduction and the research results. A major direction of the building branch is creation of 

effective, ecologic binding agents and building materials meeting modern requirements. Now cost of a basic 

component of traditional building materials – cement – has considerably increased and continues to growth. 

https://waste.ua/cooperation/2004/thesis/michailova.html
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In connection with increase in volumes of modern construction and with shortage of binding 

materials the cement imported from abroad is widely used. 

Magnesia binding agents for building purposes are used in Australia, Germany, Greece, the USA and 

other countries. These cementing materials, especially last 10-15 years, are widely applied in Turkey and 

China; interest to them has also renewed in Russia. Magnesia binding substances are active components of 

building composite materials, plaster mixtures, xylolite mixtures, artificial marble, foam magnesite, 

decorative facing plates. 

Growth of caustic magnesite manufacture is connected with escalating of capacities in Spain and 

Turkey, creation of new manufactures in Canada and Russia and increase in export from China. In these 

countries magnesia binding materials are produced from magnesite and bruxit [1]. 

Large manufacturers of caustic magnesite are Turkey, China, the USA, Democratic People's 

Republic of Korea, Austria, Slovakia, Greece and Russia. In Kazakhstan magnesia binding materials are not 

produced. Basically it is imported from China. In Kazakhstan there are no magnesite and bruxit deposits for 

manufacturing magnesia binders, but available dolomite deposits and considerable quantity (more than 135 

million tonnes) of technogenic magnesia raw materials were a sufficient cause for performance of researches 

on determination of technological parameters of producing caustic dolomite and qualitative products on its 

basis [1]. 

Magnesia binders have a number of important advantages in comparison with Portland cement [2]: 

- absence of solidification shrinkage; that allows to do large-area jointless floor topping; 

- high hardness, wear resistance and shock durability of hardened magnesia stone that determines 

durability of the materials; 

- high adhesive properties allowing to lay solutions and concretes practically on any surface and to 

apply with organic and inorganic fillers; 

- light colour providing pure, bright tones of materials; 

- high plasticity; 

- thermal stability in a wide temperature interval and incombustibility. 

Comparative characteristic of magnesia cement and Portland cement is represented in table 1. 

 

Table 1 – Comparative characteristic of magnesia cement and Portland cement 

Parameter of a product Magnesia cement  Portland cement  

Grade 600-1000 400-500 

Roasting temperature of raw 

materials, 
о
С 

800 1450 

Setting time 50 minutes  2-4 hours 

Term of turnkey delivery of 

a mini cement plant  
6 months 1-2 years 

Cement sale price, tenge per 

tonne 
15000  20200  

Production profitability, % 58 30 

Payback period, year 1,7 3-4 

Electric power need, kWh/t 85-90 92-96 

Raw material need Dolomite, wastes Limestone, clay, additives, gypsum 

Technology 

 roasting magnesia raw 

material and obtaining 

caustic MgO; 

 preparation of solid 

MgCl26H2O; 

 simultaneous grinding and 

mixing the components; 

 packaging in bags 

 mining of limestone and clay; 

 preparation of a raw mixture (crushing, 

grinding, correction of the raw 

composition); 

 roasting; 

 simultaneous grinding of clinker and 

gypsum; 

 packaging in bags 

Interaction with organic 

fillers (wood, straw, lignin, 

rind, husks, textile and 

others) 

Does not interact 
Interacts (owing to it cost price 

decreases) 
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Stability in aggressive 

mediums 
High  Low 

Tempering agent Magnesia salt solution Water  

Bending strength > 10 6 

Compression strength > 40 40 

 

The specified advantages of a magnesia binder in comparison with Portland cement cause 

organisation of its manufacture in south Kazakhstan regions using natural and technogenic raw materials. 

The suggested manufacturing diagram of a composite magnesia binding agent is represented in Fig. 

1. 

 

 
 

Fig. 1. Manufacturing diagram of a composite magnesia binding agent 

 

Magnesia binders, being natural binding substances, undoubtedly, have big prospects as much more 

harmless and less power-intensive materials in comparison with Portland cement. 

At the manufacture of magnesia binders by means of roasting and subsequent grinding there is a 

simple energy and resource saving way – addition of an initial not burnt rock or magnesium-containing 

technogenic waste during the grinding. 

At implementation of this research we have applied the concentration tailings of polymetallic ores of 

JSC “Achpolimetal”, containing to 60% of dolomite [3], as the technogenic waste. Volume of concentration 

products of polymetallic ores quite often surpasses the raw material resources and can be a source of 

universal technogenic raw materials for manufacturing magnesia cement [4]. These concentration tailings – 

carbonate-barium waste – represent a fine-grinding material not demanding additional grinding before its 

use. Granulometric composition of the tailings: particles with size less than 85 µm make 25-30%; 25-85 µm 

– 55-65% and > 200 µm – 10-15%. Basic minerals are dolomite (50-60%), limestone (10-15%), barium (10-

20%), clay substances (5-8%), ore minerals (2-3%). 

The research has shown that addition of the fine-grain polymetallic ores’ concentration waste 

increases durability of magnesia binding agents owing to decrease in water absorption, increased fineness of 

the cementing agents and reinforcement of a mineral component’s matrix. 

Results of physico-mechanical tests of mixed magnesia binding material are represented in table 2. 
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Table 2 – Results of physic-mechanical tests of magnesia binders 

Composition of a binding agent Quantity of an 

additive, % 

Ultimate compression strength, MPa 

3 days 7 days 14 days 28 days 

Magnesia binder - 32.5 50.2 69.1 71.6 

Magnesia binder + the tailings  30 30.0 52.3 70.0 73.9 

Magnesia binder + the tailings 40 27.9 47.8 66.5 68.3 

 

Samples of the obtained magnesia stone are shown in Fig. 2. 

 

 
 

Fig. 2. Samples of the obtained magnesia stone 

 

The microphotographs of hydration products of the investigated samples of the composite magnesia 

binding material implemented by means of a scanning electronic microscope are represented in fig. 3. 

 

        
 

Fig. 3. Microphotographs of hydration products of the studied samples 

 

The research results have shown that the structure of the hardened magnesia binder practically has no 

pores. Hollow space between the particles is filled by new formations of needle or lamellar forms. The 

dense, practically pore-free structure of the solidification products can provide insignificant water absorption 

of the hardened magnesia stone. The magnesia binder’s solidification products are mainly magnesium 

hydrooxychlorides. In the sample volume the formation of needle crystals of magnesium tri- and penta 

hydrooxychlorides occurs. Simultaneously with the volume crystallisation there is formation of local zones 

of needle crystals. On the internal surface of the micro pores there is formation of magnesium 

hydrooxychlorides needle crystals, overgrowing of the free volume of magnesia cementing material; calcium 

carbonate
 
intensifies the processes of formation and crystallization of hydrooxychloride phases in all the 

volume of the pores that provides increase in the stone’s density and water resistance [5]. 

The variety of concrete’s operating conditions in industrial building defines a wide range of its 

properties and qualifying standards including ecological and special protective ones. 

Main indicators determining concrete’s protective properties are such its physical and chemical 

characteristics as density and presence of fixed hydrate water. 

It is known, that for protection against gamma radiation it is recommended to apply concretes with 

the heavy natural and artificial fillers containing elements with big nuclear number. These are barium, iron-

ore, cast-iron and other elements. 

For manufacturing protective concretes any cementing materials can be used. 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

182 

 

Portland cement has the greatest distribution as a binding agent. Barium presence in Portland cement 

composition improves its protective properties [6]. 

However, the most perspective direction is use of magnesia cements for production of concretes. 

Magnesia cement contains double quantity of fixed water in comparison with Portland cement; it follows 

from the formula of magnesia cement’s hydration products –  3(5)МgO·MgCl2·11(13)H2O. 

For determination of radiation-protective properties of the composite binders, produced on the basis 

of magnesia cement and polymetallic ores’ benefication tailings added in number of 30-70%, we made 

samples – disks in diameter of 5.0 cm and thickness of 0.25-0.23 cm. 

The experimental assessment of linear attenuation coefficient was carried out in “Radiation 

Monitoring Centre” of V.G. Shuhov Belgorod State Technological University. The measurement 

instrumentation includes a dosimeter-radiometer DKS-96-05-01, a detecting unit BDKS-96b, a radiation 

source – 
226

Rа. The measurement results are represented in table 3. 

 

Table 3 – Values of linear attenuation coefficient of the composite binders on the basis of magnesia cement 

depending on quantity of the barium-containing additive 

Sample №  Sample 

thickness, cm 

PAED 
*
  

(a source) 

mkZvch
-1

 

PAED 
*
  

(after rotection) 

mkZvch
-1

 

Linear 

attenuation 

coefficient, cm
-1 

Quantity of the 

barium-containing 

additive, % 

1 0.25 1.75 1.70 0.1159 30 

2 0.27 1.75 1.68 0.1509 40 

3 0.25 1.75 1.67 0.1692 45 

4 0.25 1.75 1.66 0.1863 55 

5 0.27 1.75 1.65 0.2105 60 

6 0.27 1.75 1.63 0.2308 65 

7 0.30 1.75 1.61 0.2403 70 

* Power ambient equivalent dose gamma radiation 

 

As follows from the table data, addition of the barium-containing additive (polymetallic ores’ 

concentration tailings) in the magnesia binding material (Sorel’s cement) in quantity from 30 to 70% 

promotes increase in the gamma and X-ray radiation protection efficiency. Such the materials can be used for 

carrying out of emergency works at atomic power engineering enterprises, building of filler structures for 

radioactive waste bunkers and storages, and also for filling of joints and cracks in building structures, wall 

and ceilings plastering in X-ray and radiation therapy rooms, radiation defectoscopy laboratories and other 

rooms with ionizing radiation sources [7]. 

Conclusion. The obtained results allow to raise a question about organisation of manufacturing 

magnesia binders and products on their basis in Kazakhstan and to expand a raw-material base for their 

production. 

Expediency of manufacturing magnesia binding agents on the basis of dolomite is connected with 

the following factors: availability of raw material resources, low power consumption at the expense of 

roasting temperature decrease, wide application area. 

The research has been implemented in accordance with the plans of state budget themes and grant 

financing in scientific laboratories of M. Auezov South Kazakhstan State University and V.G. Shuhov 

Belgorod State Technological University  (Russian Federation). 

The results, obtained at the research implementation, are scientifically substantiated solutions 

allowing to make a contribution to development of the basic directions of the Government program of 

industrial innovative development of Republic of Kazakhstan, namely building material science in the field 

of production of composite magnesia binders and building products on their basis, which promote energy-

saving and competitiveness and can be recommended for application in industrial practice. 
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Abstract 

Application of alternative fuel is one of the techniques used for decrease in power inputs at cement 

manufacture. Replacement of basic fossil fuel by combustible waste – this energy-saving technology, applied almost at 

all factories of Europe, is extremely slowly introduced in Kazakhstan. 

One of the variants of partial fuel replacement is to burn worn-out automobile tyres in revolving furnaces. 

According to information of Association of Rubber Manufacturers in the USA in 2004. 43 cement plants have constantly 

used tyres as fuel. Fuel from tyres according to its heating value is approximately equivalent to fuel oil; gradual 

combustion of tyres in a furnace allows to reduce NOx emissions to 30%, and also decreases to reduce emission of 

waste gases in the atmosphere. 

Researchon use of alternative fuel in South Kazakhstan oblastisan actual problem as questions of decrease in 

fuel and electric power consumption, emissions of hotbed gases in the environment are key directions of development of 

cement manufacture in all countries. 

The research results have shown, that introduction of alternative fuel lowers clinker formation temperature, 

increases porosity of clinker, that will lead to reduction of electric power consumption at grinding, and iron and zinc 

oxides, containing in a cord component of waste tyres, modifyclinker minerals that promotes increase in their hydration 

activity and allow producing cements with high durability. 

 

Key words:alternative fuel, worn-out automobile tyre, roasting, clinker formation, cement clinker. 

 

For implementation of the research we used a raw mixture consisting of the raw materials produced 

bya cement plantof JSC “Sas-Tobe Technologies”: limestone, loess of the Sas-Tobe deposit, blast-furnace 

slag and gypsum. Chemical composition of the raw mixture and clinkeris represented in table 1. 
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Table 1. Chemical composition of the raw mixture and clinker 

Component SiO2 Al2O3 Fe2O3 CaO MgO SO3 R2O 
Calcination 

losses Others Sum 

Raw 

mixture 19.19 2.87 3.46 40.24 3.56 0.46 0 35.58 0.63 100 

Clinker 20.47 4.46 5.38 62.47 5.53 0.71 0 - 0.98 100 

  

Granulated rubber obtained at crushing of worn-out automobile tyres was used as alternative fuel. 

It is known [1], to provide the most effective roasting process of cement clinker it is necessary to use 

alternative fuel with high caloric content. Taking into consideration temperature conditions, which should be 

provided in a cement furnace to obtain qualitative clinker and required economic benefit,caloric content of 

alternative fuel should be more than 15 kJ. Waste tyres chosen as alternative fuelanswer this requirement. 

Their average caloric content makes 25-30 kJ/kg. The granulated rubber produced from waste tyres and 

prepared to experiment is shown in Fig.1. 
 

 
 

Fig.1. A crushed tyre 

 

An electronic microphotograph of the crushed tyre is represented in Fig.2.  

 

 
 

Fig. 2. Microstructure of a crushed auto-tyre 

 

Judging by Fig.2, an organic part of the crushed rubber is carbon. 

Data of the analysis of the granulated rubber burned at 900
0
С made by means of a scanning electronic 

microscope JSM-6490 LV are represented in Fig.3. 
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Fig. 3. A microphotograph of a product of roasting the alternative fuel and its X-ray spectral analysis 

 

 As follows from Fig.3 the rubber cord component contains basically iron, zinc and sulphur. Also it 

contains residual carbon, which burnt incompletely at 900
0
С. Presence of these elements can have an effect 

on the roasting process and phase structure of Portland cement clinker [2]. Works [3,4] contains information 

that zinc oxide is a mineralizer and allows to lower the clinker roasting temperature. 

 From work [5,6] it is known, that micro elements penetrate into clinker minerals and causegrowth of 

their hydration activity. 

 The rubber chip produced at crushing of waste automobile tyres was added to a raw mixturein 

various quantities (1%, 2%, 5%, 10%). The prepared raw mixtures were carefully mixed and pressed as 

pellets with humidity of 13%, diameter of 2 cm and height of 1,0-1,5 cm under pressure of 20 MPa (Fig. 7). 

 

 0%          1% 

 2%          5% 

10% 

 

Fig. 4. Pellets obtained under pressure of 20 MPa from rawmixtures withaddition of alternative fuel 

(1%, 2%, 5%, 10%) and additive-free 

 

The roasting was implemented in an electric furnace SNOL7.2/1500at temperature of 1400°С. The 

roasting was gradual, completely characterising thermal processes occurring in a revolving industrial 

furnace. Aging time at maximum temperature of 1400°Сwas15 minutes. The burnt samples are represented 

in Fig.5. 
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 0%     1% 

 2%    5% 

10% 

 

Fig.5. Burnt samples 

 

The appearance of samples roasted at 1400
0
С is different. Additive-free clinker is denser than clinker 

with the additive of alternative fuel. The more quantity of the additive was added in a raw mixture, the more 

porous roasting product – clinker was obtained.The reason of increase in quantity of pores is burning out of 

an organic part of the alternative fuel. 

After the roasting the obtained clinker cakes, applied for experiments, were crushed in laboratory 

conditions in a porcelainmortar before full sieving through a sieve №008 for subsequent determination of 

free calcium oxide and implementation of X-ray phase analysis. Free calcium oxide content was determined 

using an ethyl-glycerate method in accordance with GOST 5382-91 [8]. 

Results of CaO content determination in synthesised clinkers are representedin table 2. 

 

Table 2 – CaOfree contentin clinkers with various content of the alternative fuel. Roasting temperature – 

1400°С. 

Mixture СаОfree content 

Additive-free 1.30 

1% of crushed alternative fuel 1.13 

2% of crushed alternative fuel 1.09 

5% of crushed alternative fuel 0.99 

10% of crushed alternative fuel 0.85 

 

Free calcium oxide content at the addition of alternative fuel in a raw mixture in quantity of 

1,2,5,10%decreased from 1,3% (additive-free) to 1,13; 1,09; 0,99; 0,85, respectively. It is explained by the 

fact that the alternative fuel composition includes zinc oxide, which is a good catalyst of the clinker 

formation process.  

Then the roasting products were analyzed by an X-ray phase techniques. Judging by the analysis 

results the quantity of an alumo-ferrite phase in the clinkers grows with increase in quantity of the alternative 

fuel, and quantity of an aluminate phase decreases in comparison with their content in the additive-free 

clinker. The increase of СuAF content has occurred at the expense of oxidation of the iron contained in the 

cord component of waste tyres. 

Quantitative assessment of the minerals’ presence was made on the basis of characteristic diffraction 

reflections with interplanar spacing d/n=2.64Å (calcium alumo-ferrite),d/n=2.69Ǻ (tricalciumaluminate) and 

d/n =3.03; 2.60; 2Ǻ17Ǻ(alit). It is necessary to notice, that the alit content grew with increase in quantity of 

the additive. 

Use of waste tyres allows us not only to reducethe natural fuel consumption, but also to increase 

quality of clinker. Presence of ironand zinc in a cord part of autotyres allows us to change properties of 

clinker meltand modify clinker minerals. Modifying of clinker minerals provides increase of their hydration 

activity and produce high-strength cements. 
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Abstract 

This article contains the research results of metal chloridеs  sublimation  from slags after fuming by a mixture 

of the calcium and sodium chlorides contained in a distilled liquid. The research was implemented by a thermodynamic 

modelling method on the basis of a fundamental principle of Gibbs energy minimum using a software package HSC-5.1. 

It was established, that the copper chloridе  sublimation  begins at temperature higher 1000
o
C, zinc and lead ‒ higher 

600
0
С. Chloridе  sublimation  of copper is decelerated by chlorination of Cu2O and transition of CuCl in gas, zinc ‒ 

chlorination of ZnSiO3, and lead – transition of PbCl2 in gas; The temperature growth positively influences on chloridе  

sublimation  of the metals; Increase of the chlorinating components weight from 7 to 10% practically does not have an 

effect on αchl(Cu) and αchl(Pb), but slightly raises αchl(Zn): at 10% of Σ(CaCl2 + NaCl) and 1500
0
С αchl(Pb) is 98.63%, 

αchl(Zn) – 64.45%, αchl(Cu) – 21.90%. Chloridе  sublimation  of iron is insignificant and makes 0,026% at 1500
0
С. 

Pressure reduction promotes growth of chloridе  sublimation  degree. 

 

Key words: thermodynamic modelling, slag after fuming, distilled liquid, sodium and calcium chlorides, lead, 

copper and zinc chloridе  sublimation . 

 

A considerable problem of soda ash manufacture is formation of an industrial waste – a distilled 

liquid. Production of each a tonne of soda ash gives 8,5 m
3
 of a distilled liquid, which contains СаСl2  118-

125;     NaCl  58.6-80 ;  CaCO3  6-15;  CaSO4  2-2.7;      Mg(OH)2  3-10;       CaO  2-4;   Fe2O3 +Al2O3  1-3; 

SiO2  g/m
3
 [1].  

There are some known methods of processing a distilled liquid: production of waterless calcium 

peroxide, where a distilled liquid is used as an initial raw material [2], production of ammonium chloride by 

processing of a filter liquid of the soda ash manufacture, which can be used in textile industry, 

pharmaceutics, at soldering of metals, tin-lead plating, for filling of galvanic cells, as a nitric fertilizer [3]. 

mailto:danapazyl@mail.ru
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Preliminary processed distilled liquid can be apply for pumping in oil wells for the purpose of maintenance 

of formation pressure [4]. However such the way of its recycling is possible only if soda ash manufacture is 

situated in the oil extraction area. Also there is an electrochemical method of distilled liquid processing with 

obtaining of Са(OH)2, NaОН and НСl [5]. 

However, all these methods were not introduced because of low technological and economic 

indicators. In this connection search of new technologies of distilled liquid application is actual. The present 

article contains results of investigation connected with use of basic components of distilled liquid ‒ calcium 

and sodium chlorides – as chlorinating agents at processing of waste slags (after a purge) of JSC 

“Yuzhpolimetall”. 

The research was implemented by a thermodynamic modelling method on the basis of a fundamental 

principle of Gibbs energy minimum using software package HSC-5.1, developed by Finnish metallurgical 

company Outokumpu [6]. We studied effect of temperature and quantity of a chlorinating agent (a calcium 

and sodium chlorides mixture) on equilibrium distribution degree (α, %) and equilibrium chloridе  

sublimation  degree of zinc, lead and copper (αchl , %). In all the experiments a mass ratio of CaCl2/NaCl in a 

mixture of chlorides was constant and equal 2. Weight of a mixture of calcium and sodium chlorides was 

equal 10, 8 and 7% of slag weight. Composition of slag, mass %: Cu2O – 1,5; ZnS – 1,9; PbS – 0,2; PbSO4 – 

0,2; ZnSiO3 – 6,4; SiO2 – 22,7; Fe2O3 – 40; СаO – 13,9; СdO – 0,9; MgO – 3,8; Al2O3 – 5,5; MnO – 0,7; 

Na2O – 3,0; TiO2 – 0,3. Quantity of oxygen in all the experiments was constant and equal 2,1% of weight of 

slag (oxygen was added for oxidation of zinc and lead sulphides, and also for suppression of iron chloridе  

sublimation  [7]). 

Research results and their discussion. Primary quantitative information about influence of 

temperature and quantity of chlorinating agents on lead, zinc and copper distribution degree is represented in 

Fig.1.  
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Fig. 1. Temperature effect on lead, zinc and copper equilibrium distribution degree in a system slag – (CaCl2 

+ NaCl) ‒ О2 at pressure of 0.1 MPa 

 

As follows from Fig.1 the interaction products in the studied system are ZnCl2, PbCl2, CuCl 

(condensed and gaseous). Complete chlorination of lead is observed already at 500
0
С, and its transition in a 

gas state – at temperature higher 600
0
C. Chlorination of copper with formation of CuCl also occurs at 500

0
С. 

However, copper is chlorinated worse than lead. Gaseous copper (I) chloride (CuCl) is formed at temperature 

> 1000
0
C. Zinc chloride at 500

0
С practically is not formed. Gaseous ZnCl2 is formed in the system at 

temperature > 600
0
C. Using the obtained results about quantitative distribution of the metals we determined 
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temperature effect on equilibrium chloridе  sublimation  degree of these metals. Judging by Fig.2, complete 

chloridе  sublimation  of lead comes to the end at 1500
0
С and it is controlled by transition of PbCl2 in gas. It 

is necessary to notice, that at temperature > 1300
0
C there is formation of lead subchloride PbCl. 

 

 
 

Fig. 2. Temperature effect on lead, zinc and copper equilibrium distribution degree in a system of slag – 

7% of (CaCl2 + NaCl) ‒ О2 

 

Copper chloridе sublimation  in the system does not have high development. Copper chloridе  

sublimation degree αchl(Cu) at 1500
0
С makes only 20.56%. Copper chloridе  sublimation  is controlled by 

both chlorination of Cu2O and transition of CuCl in gas. Zinc chloridе  sublimation  degree at 1500
0
С is 

55.74%. The low chloridе  sublimation  degree of zinc is caused by the difficulty of ZnSiO3 chlorination, and 

for lead – by transition of PbCl2 in gas. Thus, the obtained results allow us to speak, that chloridе 

sublimation degree of metals from slag increases in the following way: αchl(Pb) > αchl(Zn) > αchl(Cu). It is 

necessary to notice, that in the system of slag ‒ 10% of (CaCl2 + NaCl) ‒ О2 the chloridе sublimation 

degrees are sufficiently low. So, at 1300
0
С αchl < 0.001%, and at 1500

0
С αchl < 0.022%. Increase in quantity 

of the calcium and sodium chlorides mixture from 7.0 to 10.0% leads to essential change of αchl(Pb) and 

αchl(Cu); at the same time  αchl(Zn) slightly grows (table 1).  

At 1500
0
С αchl(Cu) increases from 20.56 to 21.9%, αchl(Zn) – from 55.74 to 64.45%. At the same 

time αchl(Pb) decreases from 99.07 to 98.63%, and αchl(Fe) increases from 0.022 to 0.026%. 

 

Table 1. Effect of temperature and (CaCl2 + NaCl) quantity on αchl  

(CaCl2 + NaCl), % 

of slag mass 

αchl , % Temperature, 
0
С 

900 1100 1300 1500 

10.0 𝐶𝑢 0.06 0.74 5.23 21.90 

𝑍𝑛 6.52 14.87 33.48 64.45 

𝑃𝑏 30.42 75.19 92.94 98.63 

8.5 𝐶𝑢 <0.01 0.56 4.67 20.86 

𝑍𝑛 1.02 6.10 26.11 59.49 

𝑃𝑏 39.52 76.18 93.27 98.63 

7.0 𝐶𝑢 <0.01 0.39 4.66 20.56 

𝑍𝑛 0.27 3.50 31.57 55.74 

𝑃𝑏 34.86 77.49 93.62 99.07 
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Temperature effect in case of 10% of Σ(CaCl2 + NaCl) on equilibrium chloridе  sublimation  degree 

of the metals can be described by the equations: 

 
4 2

4 2

4 2

368.64 0.6974 2 10

110.9 0.2431 1.1 10

103.89 0.2048 5 10

Chl

Chl

Chl

Pb T T
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Cu T T













      

     

     

 

 

According to Le Chatelier principle the process of copper and zinc chloridе sublimation can be 

improved if to reduce pressure in the system. 

 

Conclusion. On the basis of the implemented research of metals’ chloridе  sublimation  from slags 

after fuming by a calcium and sodium chlorides mixture the following conclusion was drawn: 

- chloridе  sublimation  of copper begins at temperature > 1000
0
C, zinc and lead – > 600

0
С. Chloridе  

sublimation  of copper is decelerated by chlorination of Cu2O and transition of CuCl in gas, zinc ‒ 

chlorination of ZnSiO3, and lead – transition of PbCl2 in gas; 

- the temperature growth positively influences on chloridе  sublimation  of the metals; increase of the 

chlorinating components weight from 7 to 10% practically does not have an effect on αchl(Cu) and αchl(Pb), 

but slightly raises αchl(Zn): at 10% of Σ(CaCl2 + NaCl) and 1500
0
С αchl(Pb) is 98.63%, αchl(Zn) – 64.45%, 

αchl(Cu) – 21.90%.  

- сhloridе  sublimation  of iron is insignificant and makes 0.026% at 1500
0
С.  

- аccording to Le Chatelier principle the metals’ chloridе sublimation degrees can be increased by 

pressure reduction. 
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Abstract 

Further economic and social development of Kazakhstan requires constant improvement of technological 

processes to improve productivity and quality of labor, reduce production costs, shorten work times, economize the use 

of natural resources. 
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At a lower temperature, concrete strength increases more slowly than with normal. At a concrete temperature 

below 0 ° C, curing virtually ceases, unless salt is added to the concrete to reduce the freezing point of water. Concrete, 

which began to harden, and then frozen, after thawing continues to harden, and if it has not been damaged by freezing 

water at the very beginning of hardening, its strength gradually increases. The intensity of the build-up of strength 

depends on the temperature of the medium. Increasing the temperature accelerates the hardening of concrete, 

especially in wet conditions. The strength of concrete up to 28 days, solidified at temperatures of 5-35 ° C, can be 

approximately determined  

Providing high construction rates, improving quality and reducing the cost of production of concrete work in 

winter conditions required builders to improve old methods of winter concreting and develop new ones with higher 

economic indicators. 

In the production of prefabricated and monolithic concrete, the longest technological process is the aging of 

the molded structures. Depending on the required strength, its duration at normal temperature varies from 7 to 28 days. 

Reducing the time of recruitment is an indispensable condition for any technology for the production of concrete works, 

as long-term hardening of concrete has become incompatible with the current pace of construction. 

 

Key words: decrease in the cost price of manufacture of concrete works; technologies of winter concreting; 

economic effect; activity of cement; heat treatment; hydration of cement; reinforced concrete products and structures. 

 

Introduction. Currently, it is possible to freely control the processes of setting and hardening of 

concrete, because they know the mineralogical composition and fineness of cement grinding, the necessary 

temperature and additives to be introduced. The production of concrete works in winter conditions requires 

deep engineering knowledge in the theory of cement hydration and hardening of concrete. 

Before proceeding to the consideration of methods for the production of concrete work in winter 

conditions and their feasibility study, it is necessary to get acquainted with the theory and technology of 

winter concreting. 

In the production of concrete work in winter conditions, it is necessary to carefully study the phase 

transformation of water and develop measures that ensure a normal thermal regime. The state of water in the 

concrete largely determines the process of hydration of the minerals of cement and hardening it over time. 

When calculating the cooling time of products and structures in the frost, it is necessary to account for the 

heat of melting and crystallization of ice [1]. 

At a negative temperature in the concrete mix, water begins to freeze, but does not immediately turn 

into a solid state. It partially remains in the liquid phase in the form of films on the inner surfaces of the 

capillaries, as well as in gels even at very low temperatures. So, according to research in cement paste at t = -

0.5 ° C, up to 21% of ice is formed, and when the temperature is lowered to -4 ° C, the percentage of ice 

increases to 60%. At the same time, a significant part of the water in the liquid phase is retained even at 

temperatures from -40 to -60 ° C [2]. 

Methods (methodology) of the experiment. The experiments were carried out simultaneously in 

laboratory conditions and at the construction sites of Astana. For this purpose, underground laboratories were 

created in which natural permafrost conditions are preserved. Some test results are given in Table. 1. 

 

Table 1 - Growth strength of concrete at a temperature of -0,9 to -2,7 ° C, depending on the pre-exposure and 

chemical additives 

Pre-conditioning 

under normal 

conditions, day 

Strength of concrete after exposure  

in contact with permafrost 

without additive with additive 
with complex additive 

NKM 

1 month 7 month 1 month 7 month 1 month 7 month 

Concrete composition 1: 1.85: 3.85 Class B15 on cement grade 500, 

B/C = 0.5 (cement consumption 340 kg/m3) 

0,1 15.3/69 17.9/80 19.1/86 22.6/101 17.7/79 25.1/112 

1 15.6/70 21.1/95 18.5/83 22.4/100 18.4/82 24.1/103 

3 18.6/83 23.6/106 17.7/79 23.2/104 18.2/85 23.8/107 

7 20.4/92 25/112 20.6/92 26.1/116 19.5/87 25.6/115 

Concrete of composition 1: 1.85: 3.95 class B7.5 on cement grade 300,  

W/C = 0.56 (consumption 340 kg/m3) 

0,1 5.5/38 5.7/39 13.2/90 13.1/90 14.9/102 17.2/118 
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1 6.8/47 10.5/72 13.7/94 16.2/111 12.4/85 19.3/132 

3 10/69 11.3/77 13.5/92 14.3/98 12.9/88 13.1/90 

7 12/82 12.6/86 14.8/101 16.6/114 13.2/90 14.5/99 

 

As can be seen from Table 1, depending on the activity of cement and W/C at a monthly age, 

concrete without additives placed in 2-3 hours on frost acquires a strength of 40-70% of R28. After a 3-day 

exposure in normal conditions to a month of age, concrete collects strength of about 70-80% of R28. 

Consequently, the introduction of additives when laying concrete in the permafrost is expedient. 

On the basis of these studies, when constructing pile foundations grillage is concreted with the 

addition of sodium nitrite, potash or calcium chloride in small amounts, since this gives a great economic 

effect. In the laboratory, experiments were carried out to check the value of the preliminary holding before 

the freezing began, as well as the fineness of the cement grinding. 

The ambient temperature was maintained from -4 to -6 ° C, the portland cement of Shymkent and the 

Cement Plant Standard were used. Data on the strength set are given in Table. 2. 

 

Table 2 - Concrete hardening at a temperature of -5 ° C for 28, 90 days 

Holding mode 
Preparation 

of cement 

Strength of concrete at the age, days 

28 90 
28 (normal 

hardening) 

V B V B V B 

Immediately into the 

refrigerator at -5 °C 

without 

powder 

2.3/6 5.2/15 6/17 5.9/17 35.8/10

0 

34.9/10

0 

with 

powder 

7.7/16 7.7/19 9.9/20 13.2/3

2 

48.9/10

0 

40.6/10

0 

Holding for 40 hours 

at + 15 ° C, then at -5 ° 

C 

without 

powder 

16.7/47 21.1/6

0 

21.7/6

1 

24.1/6

9 

35.8/10

0 

34.9/10

0 

with 

powder 

27.4/56 29.3/7

2 

31.5/6

5 

37.8/9

3 

48.9/10

0 

40.6/10

0 

Note. Above the line there is strength of concrete, MPa, under the line - in% of R28, B - portland cement of 

Voskresensky plant, B - Belgorod plant. 

 

As can be seen from Table. 2, the fineness of grinding positively affects the rate of strength set. Of 

great importance is the pre-exposure at positive temperature. Thus, concretes prepared without a powder and 

with a powder, placed in a refrigerator at -5 ° C, after 28 days give a different increase in strength. 

In Table. 3 shows the data of the experiment on the increase in strength at negative temperatures of 

concretes, pre-aged under normal conditions and having a certain strength. It is appropriate to pay attention 

to the fact that hardening of concrete continues at temperatures below -10 ° C. 

 

Table 3 - Accumulation strength of concrete at low temperatures 

Strength of concrete before 

freezing,% of R28 

Strength of concrete before freezing,% of R28 

Temperature, ° С 

0 -2 -5 -10 -20 

0 

5–10 

15–20 

30–50 

50–60 

40–60 

50–70 

– 

20–30 

30–40 

45–50 

– 

5–10 

15 

20 

15 

1–3 

3–5 

15 

10 

1 

2–4 

10 

8 

 

The strength characteristics of concrete that has undergone heat treatment and aged at a negative 

temperature are affected by water saturation. The results of the experiments showed that in saturated samples 

water at freezing causes large internal stresses, which reduce the strength of concrete. In air-dry samples, 

water is much less, since it is found mainly in shallow pores and capillaries, where it freezes at a lower 

temperature. Therefore, in air-dry samples, there are no structural disturbances that would affect the strength 

of concrete. Different moisture content in the steamed concrete in the frost is the cause of different strength 

data. Under natural conditions, reinforced concrete products and structures can be subjected to both water 
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saturation (rain) and dehydration (wind, sun), which certainly affects the stability of the results in 

determining the strength. It must also be remembered that in natural conditions, the temperature fluctuates 

considerably during the month, therefore the minimum monthly temperature is indicative [3]. 

Table 4 shows the approximate increase in strength of parboiled concrete under the conditions of 

subsequent hardening, depending on various environmental factors. 

 

Table 4 - Approximate increase in strength of concrete class B22.5 on Portland cement after steaming in 

various conditions 

Strength of 

concrete after 12 

hours after heat 

treatment,%, 

from branded 

Curing 

time after 

treatment, 

day 

Concrete strength at hardening,%, from branded 

in a hot, 

humid 

climate 

in dry 

hot 

climates 

in the 

warm 

season 

in the 

transition 

period 

in the cold 

season (-10 

° C and 

below) 

50 

1 60 60 55 50 50 

3 80 70 65 55 50 

7 90 80 70 60 50 

14 100 80 80 70 50 

28 105 80 100 80 50 

70 

1 75 75 75 75 70 

3 85 85 85 80 70 

7 105 90 90 80 70 

14 105 95 95 85 70 

28 110 100 105 90 70 

 

From Table 4, we can draw the following conclusions: 

- the strength of concrete after 12 hours after heat treatment was 50% of the brand, in the cold season 

(-10 ° C and below), the strength was not observed after 1, 3, 7, 14, 28 days. 

- when strength was set at 70% after heat treatment, the strength at -10 ° C was also not observed and 

remained at 70% of R28; 

- the same was repeated when strength was 85% from R28 during heat treatment. 

Results and discussion. These data can be used by workers in the construction industry in 

determining the minimum values of temper strength in different climatic zones. 

In the production of concrete work in winter conditions, it is recommended to use aplitic high-

aluminates Portland cement. Intensive hydration and heat release of these cements provide rapid formation of 

the structural strength of concrete. 

Figure 1 shows a graph of the kinetics of the strength set by concrete at a temperature of +20 to -20 ° 

C without prior exposure to it at positive temperatures. It can be seen that in light concretes there is an 

increase in strength to -15 ° C. This can be explained, as previously noted, by the presence of porosity in the 

aggregates. 

On the basis of complex studies, it is possible to formulate the main provisions on hardening of 

cement and concrete at negative temperatures: -15 -10 -5 0 5 10 15 20 concrete strength,%, from R28. 
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Fig. 1. Kinetics of strength growth of freshly prepared concrete during 28 days of hardening at temperatures 

from +20 to -20 ° C (% of R28): 1 - heavy concrete; 2 - lightweight concrete 

 

Conclusions: The hydration of cement and the hardening of concrete in the frost are directly 

dependent on the content of the liquid phase in them. Freezing the liquid phase not only slows down, but also 

interrupts the process of hydration of cement, and also disrupts the physical structure of the cement stone, 

especially its adhesion to the aggregate. For hardened concrete, the most dangerous is the low temperature, 

which causes freezing of water in thin capillaries and gels. In such cases, concrete is in the stage of 

suspended animation. 

At present, the tempering strength of products and structures of factory manufacturing, depending on 

their purpose. It is widely used to account for the strength set in frost when various chemical additives are 

added to the concrete. Concrete hardening at a negative temperature is taken into account when 

manufacturing concrete works by the thermos method. 
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Abstract 

In the article complex theoretical studies of the interaction of the base with the surrounding soil are carried 

out. Their precipitation was determined and the stress-strain state of the soil mass was estimated. The results of the 

research allowed us to determine the distribution of pressure in the pore fluid, stress in the skeleton of the soil and 

changes in the sediment surface of the compacted soil mass. 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

196 

 

On the basis of these mechanical and mathematical models to describe the process of compaction of 

multiphase heterogeneous soils obtained new resolving equations of mechanics. They are solved with respect to a 

limited sealing area. The effects of creep and heterogeneity are established.      

 

Key words: soil, base, compaction, consolidation, elastic, elastic, strength 

 
Introduction. To solve certain problems in the mechanics of compacted porous media, it is 

necessary to consider together the equations reflecting the continuity of the solid and liquid phases of the 

soil, the state of its skeleton, as well as the equilibrium conditions of the unregulated state of the compacted 

soil mass, that is, 
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state of his skeleton  

 

          tzyxKtzyxazyxtzyx ,,,,,,,,,tz,y,x,Ф,,,,, 0   ,                             (2) 

 

as well as the equilibrium conditions of the compacted soil mass 

 

        zyxPtztxPnzyxtzyx ,,,,,,,,,, **  .                                               (3) 

 

where Ф - function reflecting the condition of the soil skeleton;
 ),( tM – time-varying porosity; )(

10
  – 

the initial porosity ratio; ),( ta  – compression ratio; М(x,y,z) – the studied point of the Packed array;  

Е– soil deformation modulus; k– filtration coefficient;  – volume compression ratio; ср– the average 

porosity ratio;  x,y,z– the coordinates of a point in space;  – the volumetric weight of water;  ),( tMp – the 

pressure in the pore fluid; ),( tM – the sum of the principal stresses; )(* M – the sum of the principal 

stresses for stable ground conditions; )(* Mp – pore pressure for the same condition;  q– external load. 

 

Below, subject to the scheme, we will construct a number of equations of the seal of multi-

component heterogeneous and anisotropic permeability of soils taking into account linear creep their 

skeleton. Then these equations for certain modifications will be solved for specific boundary value problems. 

So, for the General case instead  tzух ,,,0    take an expression like. 
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Methods (methodology) of experiment. Then the ratio, (4)-(6) substituting in equation (1) we give 

it to the following form 
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If we take into account the equality (3), the equation (7) is presented as follows 
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This equation is nonlinear and is based on the nonlinear creep theory. This equation shows the value 

of   tzyxf ,,, , being a nonlinear function of voltage  .,,, tzух
 
For expression   tzyxf ,,,  usually 

take power dependence. It will be used in the preparation of the final expression that determines the form of 

the basic equation of the question under consideration. 

We substitute the expression (8) in (9 and search for the solution of the equation in the following 

form    
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 Then the solution of the nonlinear Integro-differential equation of consolidation is reduced to the 

definition of integrals of the following system of linear Integro-differential equations 
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n- it takes a value of 1,2,3 depending on the problem under study; 
   n

H

n  ,0   - Integro-differential operators of types 
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Having solved this system of equations for specific problems, then using the ratio (3) we can 

determine the sum of the main stresses. This value, in turn, makes it possible to find the change in pressure in 

the pore fluid or head in time and spatial coordinates and determine the draft of the compacted array under 

the action of an external load. 

System of equations (11) for 0H  and the variable coefficient of compressibility relative 

to the spatial coordinates have the form 
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ni - integro-differential operator of the form 
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This system of equations corresponds to the state of the compacted array, when the relationship 

between the sum of the main stresses and the porosity coefficient is presented as (4). 

If     tMGtMGf KKKK ,,   then equations (9) with respect to pore pressure  tMP ,  have the form 
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 n

HL ,0     - the same integro-differential operator given in (15). 

 

Result and discussion. This equation describes the state of the compacted soil layer, when the 

relationship between the porosity coefficient and the sum of the main stresses has () form, i.e. it is the 
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equation of consolidation of heterogeneous - hereditary - aging soils, the filtration coefficient of which are 

different in three mutually perpendicular directions. 

The solution of equation (16) is found using the perturbation method successfully applied in the 

theory of elasticity of inhomogeneous bodies [1] 

According to this method, we introduce a small parameter e  as follows 

 

   MM O .... ,                                                         (17) 

 

where  Mo - some continuous function. 

 

Then the solution of equation (16) at (17) can be represented as follows  
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Here  tMPj , - some unknown continuous function to be defined. 

 

To determine this function of expression (17) and (18) substituting in (16), then equating the 

coefficients of the right and left sides of the obtained equality we find the following system of equations 
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Having solved this system under appropriate initial and boundary conditions, we find unknown 

functions  tMPi ,  which, substituting in (18) we obtain a calculation formula for determining the pressure 

in the pore fluid, depending on the spatial coordinates and time. 

If you use the ratio () instead of the function f, the consolidation equation () can be reduced to 
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here  tMK ,, - creep core and it is the main characteristic of the sealing medium;  in ()  tMGKK ,  

replacing it with the value () we find 
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Solution of the system of equations (21) for two-dimensional compaction. 
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This problem should be formulated as follows: find continuous functions  , ,jp M t  satisfying in the field 

 1,0 ,G x l y h t        system of differential equations (21) with given initial and boundary 
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and   у = 0  conditions. These boundary conditions correspond to the design scheme shown in Fig. At the 

beginning we define the solutions of equation (21) satisfying the initial (22) and boundary (23) conditions of 

the studied problem, It is in the area 
 1,0,  thуlxG
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and the value of ,jkG  included in the ratio (25) in relation to the problem under consideration is from 
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To define a continuous function  1 ,p M T
 the resulting ratio (24) is substituted in the following system 

(21). Then this equation of the function can be represented as follows 
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Here are the values 
 1

jkI
 and 

 1
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 accordingly have the form 
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and the coefficients 
 2

A    
 2

,B   
 2

,R  included in the ratio (29)   и (30) calculated using the following 

formulas
   2 2
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Expression (31) includes the main characteristics of the compacted mass and it fully reflects the 

physical and mechanical properties of the soil. 

Similarly, you can define all the unknown search  ,,,2 tyxp      /..... ,1,,3 ytxpyxp nt  . 

For the m – 
th
 approximation, the solution (21) satisfying the initial (22) and boundary (23) conditions takes 

the form 
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Thus, using the expressions (24) – (34) the solution of equation (21) is determined.               

Further bearing in mind the appropriate expressions 

     0 , , 1 , 1, ,, , ......, , ,p x y t p x y t p x y t  i.e. according to the formula, we calculate the division in the pore 

fluid of an inhomogeneous elastic creeping medium. At the same time for  , ,p x y t  have  

      2

, 0 , 1 , , 2 , ,, , ( , ) ..... ( )
m

m

p x y t p x y t p x y t p x x t p x y t      
  (35)

 

after finding the pore pressure, it is easy to calculate the sum of the main stresses and sediment of the layer. 

Conclusion. Solutions of flat and spatial problems of compaction of a multiphase inhomogeneous 

soil array cannot be obtained in a closed form without making certain assumptions, the main of which is the 

hypothesis of the constancy of the sum of the main total stresses. 

A characteristic feature of some soils is a layered texture, which determines the anisotropy of their 

filtration properties, i.e. different filtration coefficients in the longitudinal and normal directions relative to 
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the stratification. Taking into account this property of the soil together with its creep in the consolidation 

equations leads to new qualitative results. 

When predicting the sediment base is often necessary to simultaneously take into account the properties of 

creep and soil heterogeneity. This leads to a new qualitative result that better describes the sediment layer 

over time. According to this sediment layer continues after complete dispersion of the pore pressure and is 

proportional to the logarithm of time. The perturbation method is one of the effective methods for solving the 

problems of consolidation of inhomogeneous elastic-creeping soils. At the same time, it makes it possible to 

translate individual nonlinear equations into a system of linear ones. Such a problem is solved in another 

formulation in [1-3] 
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Abstract  

In areas of oil production and oil refining, there is an intensive transformation of the morphological properties 

of soils: a change in the color characteristics of the soil profile toward the predominance of gray and dark brown hues, 

the soil structure worsens. The final result of oil pollution is the formation of soil areas with unusual features for zonal 

conditions, zonal types are replaced by technogenic modifications, the productivity of soils is reduced, up to the 

necessity of removing contaminated land from agricultural circulation. 

In any oil-producing regions, the discharge of technogenic streams into the soil is accompanied by a change in 

the composition of soil solutions. There is salinization of soils. The degree of salinity varies from weak to very strong, 

down to the formation of technogenic salines. There is considerable salinization of soils with oil and commercial waters 

with the formation of secondary stable salines. In hydromorphic soils, the formation of hydrogen sulphide is possible 

when contaminated with sulfuric oil species. In the soils of oil fields there is also an increase in the concentration of 

heavy metals. In particular, the content of Pb, Cu, Zn. 

 

Key words: soils, saline, heavy metal(HM), chemical element, acids, fields, oil products(OP).  

 

Introduction. Monitoring of soils. The zonal subtype of soils on the territory is gray-brown desert 

soils. A feature of the landscapes of Kumkol, Aryskum, Maibulak is the weak resistance to anthropogenic 

loads. Desert ecosystems are in a relatively equilibrium state before the time of anthropogenic disturbance. 

Based on the materials of the monitoring surveys, the main soil differences were identified: 

- gray-brown ordinary medium- and light-loamy; 

- gray-brown solonetsous medium- and light-loamy; 

- gray-brown underdeveloped gravelly loamy; 

- solonetzes brown medium loamy; 

- smooths, saline, loamy; 

- loamy salines [1]. 
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A common feature of soil-forming rocks is their carbonate content and the presence of water-soluble 

salts. 

On the slopes of the unevenness of the relief of deposits, erosion processes are developed (ravines, 

rills, ruts). In relatively developed valleys, accumulation of loose material appears. On steep slopes, along 

with erosion, the processes of the gravitational series prevail: landslides, screes, landslides. 

To characterize the state of the soil cover, the physical and chemical properties of soils, their fertility 

and resistance to anthropogenic impact, soil sections were laid at stationary ecological stations, the 

morphological properties of soils and the ecological state of soil-soils were described [2]. 

Samples of soils for general analyzes were selected, in accordance with the Instruction for 

Conducting Large-scale Soil Surveys of the Lands of the Republic of Kazakhstan, on genetic horizons by the 

method of a continuous column. The sampling depth is 0-5 and 5-20 cm. To eliminate the local features of 

the distribution of polluting chemicals at ecological stations, non-point (individual) and combined samples 

were selected. The combined sample was composed of not less than 5 point samples, evenly distributed on 

an ecological site on the basis of the envelope principle. The volume of point samples was approximately the 

same. Point samples were combined and thoroughly mixed, then a combined sample weighing about 500 g 

was taken. Strictly the conditions were fulfilled, excluding the possibility of contamination of soil samples 

during their selection and transportation. Samples were collected in bags of food polyethylene. All the 

samples were registered and numbered, for each sample a certain form of accompanying card was filled 

[2,3,4]. 

The list of the main polluting substances (their hazard classes) and permissible concentrations that 

are potentially dangerous for soils is shown in Table 1. 

 

Table 1 - The list of the main polluting substances, dangerous to the soils, their hazard classes and maximum 

allowable concentration limits by content forms 

Name 

elements 
Hazard Class 

Permissible concentration with background, mg/kg 

Gross content Movable forms 
Water-soluble 

forms 

Сuprum 2 23.0 - - 

Сuprum 2 - 3.0 - 

Plumbum 1 32.0 6.0 - 

Zinc 1 - 23.0 - 

Zinc 1 110.0 - - 

 

The data obtained from the above scheme are the initial (basic) data for establishing the dynamics of 

the monitored indicators while conducting further observations of changes in the state of soils. 

Industrial monitoring of the condition and chemical contamination of soils in Kumkol, Aryskum, 

Maibulak is conducted at 5 stationary stations (ecological sites). Periodicity of observations of the state of 

soils - twice a year, in spring and in autumn. Observation of soil pollution - quarterly. The main indicators of 

the physical and chemical properties of soils, pollution with oil products, heavy metals, radionuclides are 

monitored, and a surface radioactive background is recorded. Below is a description of the soil and the 

ecological state of the stationary ecological stations in the field during the vegetation period 2017.  

Materials and methods. Station 1. Coordinates: 46030'39 "N, 64058'87" E.  

The station is laid on a relatively elevated site of a wavy plain 200 m to the north of well 27. Soils - 

solonetses brown medium saline medium loamy. The surface of the soils is fractured, traces of motor 

vehicles are noted, the road digression is weak. From hydrochloric acid, the soils boil strongly from the 

surface and throughout the profile. Land for use in agricultural production is unsuitable. Vegetation is 

represented by single saltworts. 

Station 2. Coordinates: 46029'73 "N, 65001'17" E. 

The station is located on a slightly wavy plain 350 m east of well 8. The earths are used as poor 

quality pastures. Vegetation is represented by halophytes, rare ephemerals, a total projective coverage of 

about 5%. Soils are saline typical medium clayey. The surface of the soil is loosened because of the 

abundance of salts, covered with small pebbles of 1-2 cm in diameter, traces of motor vehicles are noted, 

road digression is weak. From hydrochloric acid, the soils boil strongly from the surface. 

Station 3. Coordinates: 46027'89 "N, 64059'44" E. 
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The station is located on a hilly-wavy plain 150 m east of the SSN, in the middle part of the sloping 

northern slope. The earths are used as pastures of poor quality. Vegetation is represented by halophytes, the 

total projective coverage is about 5%. Soils are salines typical of light-clayey soils. The soil surface is 

fissured, loosened because of the abundance of salts, covered with small pebbles of 1-2 cm in diameter, 

traces of motor vehicles are noted, road digression is weak. From hydrochloric acid, the soil does not 

effervesce. 

Station 4. Coordinates: 46026'46 "N, 65000'13" E. 

The station is organized on a hilly-wavy plain at the top of a flat hillock. The earths are used as 

pastures of poor quality. The vegetation is represented by halophytes, the total projective coverage is 15%. 

Soils - salines typical medium loamy. The surface of the soil is covered with small pebbles of 1-2 cm in 

diameter, traces of motor vehicles are noted, road digression is weak. From hydrochloric acid, the soils boil 

strongly from the surface and throughout the profile. 

Station 5. Coordinates: 46023'04 "N, 65004'82" E. 

The station is laid at the foot of the chinks of the denudation plateau 200 m to the east of the well 17. 

The earths are used as low productive pastures. Vegetation is represented by halophytes, the total projective 

coverage reaches 30%. Soils - solonetzes brown, medium saline, light-clayey. The surface of soils is covered 

with small pebbles, traces of motor vehicles are noted, road digression is weak. According to the thickness of 

the supra-solonets horizon, solonetz stations are classified as medium. The granulometric composition of 

solonetzes is heavy, represented by silty light clays and heavy loam. From hydrochloric acid, the soils boil 

strongly from the surface. 

Results and discussion. In any oil-producing regions, the discharge of technogenic streams into the 

soil is accompanied by a change in the composition of soil solutions. There is salinization of soils. The 

degree of salinity varies from weak to very strong, down to the formation of technogenic solonchaks. The 

inflow of insignificant volumes of reservoir and sewage into the soil, even with a relatively low 

concentration of salts, leads to a marked salinization of the original soils. 

 

 
 

Fig.1. Results of the analysis of water extract of soils of the Kumkol field, 2015-2017. (dry residue 

concentration). Threshold limit value - 1500 mg/lit. 

 

Underground waters of technical purpose are enriched with chlorides, contain a large dry residue, 

suspended substances. According to hydrochemical indices, the reservoir waters are of the chloride class of 

the sodium group. Water is used for production needs and for pumping into the food layer. As can be seen 
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from the diagram, the dry residue concentration exceeds the maximum permissible concentration in the 2nd 

and 3rd quarters (Fig.1). 

The mechanical composition of the main soil types in the Kumkol field is shown in Table. 2. 

 

Table 2 - Mechanical composition of the main soil types in the Kumkol field, 2015 

№ 

Stati

on 

Fraction content as a percentage 

0-5 5-2 2-1 1-0.5 0.5-

0.25 

0.25-

0.1 

0.1-

0.05 

0.05-

0.01 

0.01-

0.005 

0.005-

0.001 

< 0.001 

                                                             Mm 

2 quarter 

St.2  5.4 4.1 2.7 3.5 3.5 3.3 15.8 13 5.4 15 28.3 

St.4  4.8 3.5 2.5 3.0 2.8 1.7 18.6 10.3 8.7 14.8 30.1 

3 quarter 

St.2 - 0.1 0.1 - 0.1 1.4 2.7 12   8.7 20.6 4.3 

St.4  0.1 2 0.5 1 0.75 0.3 5.2 8.3   0.3 26.3 7.5 

 

Conducted ecological and toxicological studies of soils on the territory of the Kumkol field during 

the growing season of 2015. showed that the soil - vegetation system contains NP below the sanitary 

standards (Table 3). 

 

Table 3 - Content of oil products in the soils of the Kumkol field in 2015 

Station number Depth of selection, cm 
Petroleum products, μg / g 

2 qr 3 qr 4 qr 

St.1 0-5 90.5 119.0 85.0 

St.2 0-5 90.5 97.5 93.4 

St.3 0-5 122.3 92.6 101.1 

St.4 0-5 89.1 92.4 99.0 

St.5 0-5 76.9 94.9 87.9 

 

Based on the results of research in the Kumkol field in 2015, it can be seen that the soil-vegetation 

system contains heavy metals and oil products within background values. 

The concentrations of heavy metals in soils during the observation period were of a mosaic structure 

due to the spatial variability of soil characteristics and were characterized by certain features of cumulation. 

When comparing the accumulation of metals, a slight increase in the concentrations of zinc, 

cadmium and lead was observed. The content of copper in soil samples practically does not change. This 

reflects the natural variation in the ability to accumulate heavy metals on soil characteristics. 

Analytical studies (chromatographic analysis of decane extracts of soils) contaminated with oil 

products of the Kumkol field, selected during the growing season of 2015. Minor quantities of toxic oil 

derivatives have been found. In the soils of the surface layer, the derivatives of the aliphatic series from C13 

to C33 predominate. In the samples taken at station 2, in the IR spectral study, absorption bands of valence 

and deformation vibrations of C-H bonds of branched hydrocarbons of oil origin were detected. In the 

spectra of the extracts there are bands of stretching vibrations of the C-H terminal methyl groups (CH3-), 

which additionally indicates the presence of hydrocarbons in the ground, at the same time, a very weak 

intensity of the absorption bands in the 2900-2950 cm
-1

 region, valence vibrations of C-H bonds of 

methylene groups -CH2-, which also indicates the presence of small amounts of hydrocarbons in soil 

samples. 

Chromatographic analysis of decane extracts of soils showed that the hydrocarbon composition of 

the samples consists of parafinonaphthenic (72% by weight) and resins (up to 6%). Undefined components 

up to 8% of mass, and aromatic hydrocarbons are contained in trace amounts. Quantitative data on the 

content of organoelement compounds in soil CH, CH2, CH3 correspond to a level not exceeding the MAC 

[5,6]. 

Analysis of model vegetation species for heavy metals and oil products during the growing season of 

2015. confirmed mainly the background content of elements and oil products (Tables 4, 5.). 
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Table 4 - Heavy metal contamination of model vegetation species growing on the Kumkol field, vegetation 

period 2015 

Hm 

mg/kg 

Zn Cu Pb Cd 

Maximum permissible level (MPL) 

50 30 5 0.3 

№  

Stat. 
2qr 3 qr 4 qr 2 qr 3 qr 4 qr 2 qr 3 qr 4 qr 2 qr 3 qr 4 qr 

Stat.2 7.52 5.12 6.9 3.79 4.09 3.26 5.1 4.86 4.31 0.26 0.13 0.22 

Stat.4 7.49 4.34 6.03 4.8 3.75 4.11 2.47 4.05 3.69 0.47 0.24 0.30 

 

Table 5 - Pollution by petroleum products of model vegetation species growing on the Kumkol field, 

vegetation period 2016 

№ Stations Model view 
Petroleum products, μg/g 

2 qr 3 qr 4 qr 

Station 1 Biyurgun 0.12 0.12 0.11 

Station 2 Mortuk eastern 0.30 0.29 0.13 

Station 3 Mortuk eastern 0.20 0.19 0.11 

Station 4 Biyurgun 0.18 0.17 0.17 

Station 5 Biyurgun 0.10 0.09 0.09 

 

The permissible level of toxic elements in fodder plants in mg / kg is: for Zn - 50.0, for Cu - 30.0, for 

Pb - 5.0, for Cd - 0.3 mg / kg. It can be seen from the table that the content of these elements in the selected 

plant samples is within the normal range [3]. 

Analyzes of samples for the content of harmful substances (HM and OP) indicate that the 

concentrations of metals and oil products in the vegetation in the Kumkol field are similar to the general 

background or levels of poorly polluted industrial areas. 

The ecological situation in the Kumkol field during the growing season of 2016 has developed 

slightly in other aspects than in the same period of 2015: during the period of 2015 the phenological 

composition of the communities has changed. 

From the data shown in the tables and figures, it can be seen that the content of the investigated 

elements in the selected plant samples is within the limits of the norm. A slightly increased content of lead 

and cadmium in the 2nd quarter is noted, which in turn does not affect the vegetative development and the 

general state of vegetation [3,6]. 

As a result of monitoring observations for the whole vegetation period, a spatial assessment of the 

vegetation cover in the Kumkol field is given in terms of the degree of impact of natural and anthropogenic 

desertification processes. The general condition of species affected by desertification, model species-

accumulators of harmful substances - indicators of anthropogenic disturbance and pollution is estimated. 

The main factors of anthropogenic disturbance of the vegetation cover of the Kumkol field are 

mechanical disturbances related to drilling and well operation. In general, the ecological situation in the 

Kumkol field is satisfactory. Technogenic impact on the state of vegetation outside the allotted area for wells 

is negligible. In close proximity to the wells, on areas of approximately 50x50m, strong mechanical 

disturbances of the soil and vegetation cover are observed. The vegetation cover is most often absent, but in 

places there is a natural overgrowth by single specimens of annual saltworts [6.7]. 

During the drilling and operation of oil and gas wells, toxic wastes that contain a large number of 

chemical elements and compounds are included in the closest geographical areas of the hydrosphere and the 

lithosphere, where the environment is isolated [8]. 

Conclusions. To reduce the degree of technogenic contamination of soils, the following measures 

are recommended: 

- provide waterproofing sites for objects when drilling wells; 

- complete exclusion of environmental pollution during the operation of technology and equipment 

for the preparation of clay and water drilling fluids, chemical reagents; 

- provision of waterproofing of slurry collectors into which the drillable rock is routed; 

- to provide for the sealing of the system for collecting, separating, preparing oil; 

- installation of automatic shutdown of wells in case of accidents; 
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- burying the wellheads with an earthen shaft in case of an oil spill during the first hours; 

- maximum use of reservoir and industrial wastewater for injection into the reservoir; 

- conducting qualitative technical reclamation of lands with phytoindroduction. 

- the various methods of land reclamation common in recent years with the use of natural sorbents; 

- as a way of reclamation of contaminated soils, it is possible to recommend the application of 

phosphorus fertilizers, which makes it possible to fill a lack of phosphorus, in addition to the main task of 

reducing the phytotoxicity of heavy metals. 

- for soils contaminated with oil, petroleum products, carcinogenic hydrocarbons, there is an 

increased content of nitrogen-fixing, denitrifying and sulphate-reducing microorganisms, the recovery of 

such soils is based on accelerating the decomposition of nitrogen by introducing organic nitrogen-containing 

fertilizers and specific microorganisms. 
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Abstract 

 

Durability of machine parts is laid at the stage of product design based on the use of modern methods for 

calculating their durability. It is necessary to take into account the operating conditions of parts for wear resistance, 

hardness of the surface layer, resistance to aggressive media, and many others factors. Modern methods of surface 

hardening machine parts can significantly increase the surface hardness, wear resistance and resistance to cyclic 

loads. Performance characteristics are achieved by increasing the quality of the treated surface by chemical-thermal 

treatment methods. The paper considers the application of the method of low-temperature chemical-thermal treatment 

of steel parts in order to increase their wear resistance and durability. The research of optimal modes of chemical-

mailto:vn-pecherskiy@mail.ru


Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

208 

 

thermal treatment in salt melts in the temperature range 560-650 °C has been carried out. The influence of the structure 

of the surface layer on the strength characteristics and wear resistance of the parts is investigated. As a result of the 

studies, a generalized parameter for evaluating the effectiveness of surface hardening by the carbonitriding method was 

proposed. 

 

Key words: part, carbonitriding, hardness, surface hardening, impact strength, wear resistance, 

durability. 
 

Introduction. Durability of machines as a whole is ensured by the characteristics of individual parts 

and their entire set. For example, the most common way of reducing the durability of mating machine parts 

is the wear of the working surfaces. In connection with the organization of production of machine-building 

products, it was required to develop intensive methods of processing machine parts and methods of 

increasing reliability, including wear resistance, hardness and fatigue strength of parts. The current task now 

is to ensure the reliability of machine parts in difficult operating conditions, especially when combined 

action of friction and repeatedly variable loads.  

To improve the wear resistance and corrosion resistance of highly loaded parts, surface hardening is 

used by chemical-thermal treatment methods. High requirements for ensuring the specified durability of the 

mating parts are achieved by applying finishing methods of treated surfaces and surface hardening, such as 

carburizing, nitrocarburizing, boriding, etc.  

Despite the available results of studies of physical and chemical processes in surface hardening, the 

development of optimal modes of chemical-thermal treatment of machine parts is an important design and 

technological task. Of particular interest is the development based on the introduction of new principles of 

the organization of the technological process and the optimal choice of chemical elements saturating the 

surface of the part to obtain the specific properties required by the operating conditions. 

 Purpose and statement of the problem. The aim of the study is to develop a generalized parameter 

for evaluating the effectiveness of surface hardening methods and using it to predict the longevity of parts. 

The research tasks include studying the effect of hardening of the surface layer on increasing the strength, 

hardness and wear resistance of parts. On the example of one of the methods of surface hardening - 

carbonitriding, consider the possibility to change the properties of a part as a whole, while meeting the 

strength and durability requirements for the main section of the workpiece, with increasing hardness, wear 

resistance and contact strength of the surface layer. Investigate factors that significantly affect the properties 

of the surface layer and determine quantitative characteristics. 

A review of methods for improving durability. The most common types of chemical-thermal 

processing methods are carburizing, nitriding, boriding and nitrocarburizing. During carburization, the 

carbon-enriched surface layer takes good care of tempering and tempering, as a result of which the surface 

hardness of the cemented part sharply increases. As defects in cemented parts, we note the significant time, 

low process productivity and cumbersome equipment [1]. 

Nitration provides an increase in wear resistance of parts, and heat resistance reaches 500 °C. 

Increased wear resistance and fatigue strength [2]. The cyanidation process, in comparison with the 

carburizing process, requires much less time to obtain a layer of a given thickness, is characterized by much 

less deformations and warping of parts of complex shape [3]. 

Low-temperature cyanide is used for high-speed steels in order to increase the wear resistance of the 

tool and is carried out after a full cycle of heat treatment of the tool at 500-600 °C, this provides very high 

hardness and wear resistance [4]. Residual compressive stresses formed in the surface layer after cyanidation 

significantly increase the resistance of multi-cycle fatigue. 

In high-temperature nitrocarburization, steel is saturated to a greater degree with carbon than 

nitrogen, and in the case of low-temperature nitrocarburization (carbonitriding) it is more nitrogen than 

carbon. 

Carbonitriding is a kind of chemical-thermal treatment, which is the diffusion saturation in the melts 

of salts of the surface of steel and cast iron parts with nitrogen and carbon to form iron carbonitrides and 

nitrides, alloying elements. The thickness of the reinforced layer is up to 0.2-0.3 mm. The duration of the 

process is from 5 to 90 minutes. Carbonation provides: an increase in the hardness of the surface in 2-5 

times; increase of wear resistance by 2-10 times; increase in fatigue strength by 30-80%; increase of 

corrosion resistance in 50-200 times; reduction of the coefficient of friction by a factor of 1.5-2; exclusion of 

scoring and grasps in friction pairs [5]. 
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With carbonitriding at a temperature of 550-650 °С, the durability of machine parts and tool life is 

increased, and the processing costs are 10-20% of the total cost of production parts. The impact strength of 

the strengthened layer is relatively high, which leads to the absence of stain and delamination during work. 

Liquid carbonitriding is also unique in that, after processing, the original surface cleanliness and 

dimensional accuracy of the parts are preserved. Therefore, carbonitriding is used after finishing operations 

(grinding, polishing, honing, etc.). 

Parts after carbonitriding can be supplied to the assembly without further modification. The use of 

carbonitriding allows the replacement of such expensive and scarce materials as bronze, brass, stainless 

alloys for ordinary structural steel. After carbonitriding, steel parts for corrosion resistance, coefficient of 

friction, ability to resist scuffing and grasping are not inferior to bronze and brass, and in terms of wear 

resistance and strength characteristics significantly exceed them. Carbonitriding has significant advantages 

over traditional carburizing and nitriding processes in terms of saturation intensity, performance 

characteristics of the strengthened layer, stability of the geometry of the parts. It is most expedient to use it 

for parts of machines operating under conditions of friction and wear (camshafts, cams, bushings, gears, 

couplings of threaded joints, etc.). Carbonitriding is used to increase wear resistance, corrosion resistance 

and facilitate assembly-disassembly after long-term operation of the locking joints of drill pipes, which work 

for a long time in corrosive environments. In a number of cases, carbonitriding makes it possible to avoid 

applying galvanic coatings on steel parts without impairing their performance properties, while substantially 

reducing the cost of production [5]. 

 Results and discussion. Durability of parts is largely determined by the physicochemical properties 

and geometric characteristics of the surface layer. As a measure of the wear resistance of hardened parts, the 

dependence of wear on the hardness of the surface layer is used. As shown by the analysis of the results of 

the studies [6], the dependence of the abrasive wear of metals on their hardness is nonlinear. With increasing 

hardness of the material of parts, their linear wear decreases. With a hardness of 225 ... 450 kg / mm
2
, there 

is a significant decrease in the amount of linear wear [6]. 

In the present studies of materials (steel 40 and 40X) threaded joints of drill pipes, an urgent problem 

is the brittle failure of the joints [2]. Corrosive wear, abrasive wear, fatigue, all these phenomena are realized 

when these compounds are used. The degree of hardening of the surface layer was evaluated by HRC 

hardness measurement, for which the hardness was measured on the metal surface and inside the metal (by 

layer etching). As a result, the thickness of the strengthened layer h and the degree of strain hardening δ were 

established, as well as the hardness of the surface layer and the core before and after carbonitriding. 

The fatigue strength is also determined by the properties of the surface layer, the presence of residual 

stresses and the surface roughness. After carbonitriding, the surface of the part has a roughness 

corresponding to preliminary machining. Residual stresses are removed upon tempering before 

carbonitriding. The mechanical properties of the diffusion-saturated surface layer significantly exceed the 

core properties of the part and depend on the temperature and time of the carbonitration process, so the wear 

resistance and fatigue properties of the parts improve significantly.        However, the authors of the study [7] 

of the influence of the roughness of the working surfaces on their wear resistance have established that the 

minimum surface roughness does not always ensure its high wear resistance [7]. 

Investigations of the distribution of hardness and micro hardness over the depth of the hardened layer 

have shown a significant decrease in the micro hardness, and, as can be seen from Fig.1, at a depth of the 

order of 0.5-0.6 mm the micro hardness decreases almost twofold [7].  
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a - the presence of a spinal cord; 

b - absence of a cane band; 

c - after shot blasting, 

hB - thickness of troostite strip, mm 

lef - depth of effective layer, mm. 

 

Fig. 1. Change of micro hardness in the depth of the hardened layer [7] 

 

Based on the results of our research and the available literature data on hardening of parts in 

carbonitriding, the fundamentals of methods for evaluating the effectiveness of surface hardening have been 

developed. The characteristics of durability are determined by the chemical composition, structure, 

geometric and mechanical properties of the surface layer. 

After carbonitriding, the surface layer acquires a high hardness. For example, for steel 40X in the 

initial state after quenching and tempering, the part has an initial hardness in the range of 30-35 HRC, and 

after carbonitriding, the surface layer has a hardness of 55-62 HRC. To take into account the increase in 

hardness and the simultaneous decrease in the plasticity of the surface layer, let us consider the coefficient of 

evaluation of the hardening of the surface layer by increasing the hardness: 

 

pHRC

HRC
K 0

1                                                                    (1) 

 

and decrease in the impact strength of the component in the total volume: 

 

pKCV

KCV
K 0

2                                                                   (2) 

 

where the subscripts refer to the original and processed states of parts or specimens. 

When determining K2, it must be taken into account that 〖KCV〗p should be determined on samples, 

the V-shaped incision in which should be after all heat treatment modes in order to avoid the influence of 

structural changes in the area of the mechanical cut. 

Consider the case of work parts, such as stepped shafts, for which characteristic is the destruction 

with the simultaneous action of several factors. This is a local wear of the surfaces of friction pairs and a 

multi-cycle fatigue arising from repeatedly-variable loads. When working parts subjected to fatigue failure, 

the durability of parts can be calculated using known approaches to the process of damage to materials. 

The accumulation of microdamages leads to the formation of one or more microcracks, which are the 

result of destructions in the stress localization zone, for example in the area of stress concentrators. The 

process of destruction of the surface layer is controlled by the situation at the tip of the crack, for the 

description of which we use the concepts of fracture mechanics. 
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Since the reinforced layer with high hardness is more brittle, the probability of cracks of length lcr, 

equal to the depth of the strengthened layer, increases. The critical length of a crack of length lcr can be 

represented in the form: 

 

crC lK 1 .                                                                      (3) 

 

In turn, a number of approaches to the expression of the critical stress intensity factor through the 

impact strength and the yield strength are known. In general form, this dependence has the form [2]: 
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 ,                                                            (4) 

 

where K1C is the critical stress intensity factor, σ0.2 is the yield stress in our case of the core of the material of 

the work piece, KCV - is the toughness, and A and B are the empirical coefficients.  

In some studies, the relationship between the yield point and the hardness of a hardened layer is 

shown, as suggested in [8]. Thus, the yield strength can be predicted from the hardness level, as a linear 

relationship, as shown in [8]: 

 

08.1571647.32.0  HB  (MPa).                                              (5) 

 

We perform the transformations and express the corresponding parameters through the hardness of 

HRC and the toughness of KCV. We determine from this expression K1C and replacing the yield strength by 

an expression analogous to equation (5) in a general form expressing the relationship between yield stress 

and hardness, after transformations we obtain the equation for the generalized parameter; 

 

      ,
2

CKCVHRCP                                                 (6) 

 

where the coefficients α, β and C are empirical coefficients determined in the tests of specimens, before and 

after hardening. 

The coefficients of the equations are determined on the basis of generalized criteria, determined on 

the basis of the physical interpretation of the experimental results. This determines the mechanical 

characteristics of parts, such as yield strength, impact strength, surface hardness, wear resistance. 

These coefficients reflect the relationship of the deformed volume at the tip of the crack with the 

hardness, ductility and toughness of the material being studied. 

The resulting equation and its structure suggest the following explanation of the change in the 

durability of parts after carbonitriding in order to increase the wear resistance and hardness of the surface 

layer. As can be seen from the structure of equation (6), the generalized criteria correlates with the impact 

toughness and the change in the yield strength with the hardness of the material. In equation (6), these 

coefficients reflect the relationship of the deformed volume at the tip of the crack with the hardness, 

ductility, and toughness of the material being studied. 

Conclusions. The most effective method of increasing the durability of the mating parts is surface 

hardening with carbonitriding. For a comparative evaluation of the effectiveness of surface hardening, it is 

proposed to use a generalized criterion that takes into account an increase in the hardness of the surface layer 

and a decrease in the toughness in the total volume of the product.  

The criteria developed allow us to give preliminary assessment of the effectiveness of the 

carbonitriding without long-term tests to determine wear resistance. The definition of the presented criteria is 

based on the results of express test methods. It is necessary to determine the hardness of the surface layer and 

toughness of the hardened part. In principle, this evaluation technique is also applicable in the case of 

carbonitriding by boriding.    

References 

1. V.S. Kushner. Materialovedenie [Material Science]. Omsk: OmGTU, 2008, 232 p. 



Selected Papers of International Conference of Industrial Technologies and Engineering (ICITE 2018) 

212 

 

2. Pecherskiy V., Tleuova Zh., Koishybay M., Jumaliev B. Increase  of Strength  and  Durability  of Steel  

Parts  of Machines by the Method of the Surface Hardening. Industrial Technology and Engineering, 2017, 

Issue 4(25), Pages: 20-28. 

3. Yu. M. Lakhtin., V.P. Leont'eva. Materialovedenie [Material Science]. Moscow: Mashinostroenie, 

1990, 528 p. 

4. V.M. Nikiforov, Texnologiya metallov [Technology of Metals]. Moskva: MashGiz, 1953, 390 p. 

5. A.I. Shveyov, T.V. Shveyova, R.V. Kazantsev. The study of hardness of welded joints of parts in the 

automotive industry. International Journal of Applied Engineering Research, 2017, Vol.12, Issue 6,  

Pages:912-917. 

6. Semchuk GI, Dudnikov A.A. The analysis of ways of increase of durability of cultivator paws. The 

East-European Journal of high technologies, 2013, Vol. 5, Issue 1(65), Pages: 67-71. 

7. Astaschenko V.I., Shveev A.I., Rodkin I.M., Shveeva Т.V. Improved criteria for assessing the quality of 

metal cemented parts, The Way of Science, 2014, Issue 5, Pages: 27-33. 

8. Baron A. A., Slyusareva O.F. Investigation of the temperature dependence of the Brinell hardness, 

News VolgGGU, 2014, Vol. 9, Issue 9 (136), Pages: 93-96. 

 

 

STRENGTH IMPROVEMENT OF ADHESIVE RUBBER COMPOUNDS WITH TEXTILE 

CORD 

 

Gauhar Z. Turebekova, Gulzhamal Zh. Pusurmanova, Svetlana B. Lyubchik, Karina E. 

Issabayeva, Guzaliya F. Sagitova  

 
M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan 

 

e-mail: karinisa@mail.ru 

 
Abstract  

Formation of adhesive compound begins with bringing its elements into contact, in this case, wetting and 

spreading of adhesive material on the surface of the substrate occurs, which promotes the formation of molecular 

contact. In the contact zone between molecules of the adhesive material and the substrate, dispersion forces act to form 

van der Waals bonds and other molecular bonds. The resulting adhesive compound is characterized by a certain 

strength (static and dynamic or fatigue), depending on the mechanical and fatigue properties of the boundary 

(transition) layers. In order to ensure high adhesive strength of rubber-cord composites, it is necessary that the 

mechanical and fatigue properties of the transition layers approach the corresponding characteristics of monolithic 

rubber. The elastic-liquid properties of the transition layers must be intermediate between the corresponding 

characteristics of the adhesive material and the substrate in order to minimize their deformation. The test results of 

carcass rubbers showed that when replacing some ingredients with zeolite, the environmental damage is reduced, and 

the physical-mechanical properties of rubbers are improved, and the bond between rubber and textile cord is especially 

increased, which ultimately leads to increase in the product quality.   

 

Key words: adhesion, rubber mixture, textile cord, adhesive material, impregnating composition, artificial 

fibers, carcass layers 

  
In engineering and in various areas of the industry, rubber-cord parts and products from them are 

widely used. Therefore, the strength properties of adhesive compounds are of great importance.  

Formation of adhesive compound begins with bringing its elements into contact, in this case, wetting 

and spreading of adhesive material on the surface of the substrate occurs, which promotes the formation of 

molecular contact. In the contact zone between molecules of the adhesive material and the substrate, 

dispersion forces act to form van der Waals bonds and other molecular bonds. Due to the molecular contact 

under the action of heat, in the presence of functional groups in the elastomeric matrix of the adhesive 

material, capable of reactions with the functional groups of the substrate, chemical bonds are formed. The 

resulting adhesive compound is characterized by a certain strength (static and dynamic or fatigue), depending 

on the mechanical and fatigue properties of the boundary (transition) layers. In order to ensure high adhesive 

strength of rubber-cord composites, it is necessary that the mechanical and fatigue properties of the transition 

layers approach the corresponding characteristics of monolithic rubber. The elastic-liquid properties of the 
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transition layers must be intermediate between the corresponding characteristics of the adhesive material and 

the substrate in order to minimize their deformation. Under these conditions, the destruction of the composite 

will take place over the body of the adhesive material or the substrate (cohesive nature of the destruction). If 

the substrate has a highly dissected surface, such as, for example, a cord thread, twisted from many thin 

threads (topmasts) or wires, then rheological properties are very important to achieve high strength of the 

composite. To achieve molecular contact, it is necessary that the rubber mixture in a short period of time 

during the passage of the cord fabric, the calender gap passes inside the cord thread and displaces air and 

moisture from there. Some authors explain the positive effect of white soot on the bond strength of rubbers 

with textile and metal cord by decrease in the surface tension of the rubber mixture, when introducing the 

amorphous silicic acid in it.  

Modifiers that slow down the vulcanization (increase the induction period), improve, respectively, 

the fluidity of the mixture and increase the bond strength of the rubber-cord composite. Apparently, ability of 

some ingredients to increase the induction period is one of the reasons for the effectiveness of its influence 

on the adhesive properties of rubbers.  

The main reason for the significant increase in the bond strength in rubber-cord systems with a cord 

of artificial and synthetic fibers when introducing the modifier is formation of chemical bonds between the 

elastomeric matrix of rubber mixtures and cord (impregnated or non-impregnated).  

RU modifier and low molecular weight oligodihydroxybenzylamines, formed during its heating, 

easily interact with the functional groups of viscose or polyamide cord. The intensity of the chemical 

interaction of RU modifier and products of its thermochemical transformations with carbon-chain elastomers 

(SKI, SKD, BSK) is relatively small. After introduction to elastomers the functional amide, aminoether, or 

aldehyde groups (for example, due to oxidation of rubber), the bond strength in rubber-cord systems 

increases substantially (Table 1). Significant slowdown in the decrease in the bond strength in these systems 

with increasing test temperature, as well as after expanding in benzene vapors or fatigue, confirms increase 

in the concentration of chemical bonds at the rubber-cord boundary.  

 

Table 1 – Bond strength of rubbers containing 3.0 mass part of RU modifier, based on different types of 

rubbers with 23 K impregnated cord (vulcanization, 153ºС, 30 min.)  

 

Rubber  

 

Gel content in 

binary rubber 

mixtures with 10 

mass parts of RU 

 

Bond strength by N-method, N/m 

20ºС 150ºС After expanding in 

benzene vapors 

After fatigue, 

ε=70% 

SKD - 4.2 3.0 2.9 - 

SKS-30ARK 8 5.0 3.4 3.3 4.0 

SKI-3 22 6.0 5.0 4.0 4.5 

SKS-25AZ-

5ARK 

28 9.8 5.0 4.8 6.6 

 

Similarly, it is possible to explain some increase in the bond strength in the rubber-cord systems with 

RU modifier when SKI-3 is replaced by SKI-3-01, containing terminal nitrosoaromatic groups. Low 

molecular weight oligodihydroxybenzylamines, which are formed during RU decomposition, reacting with 

the amine group in the molecule of SKI-3-01 increase the concentration of chemical bonds at the rubber-cord 

boundary. Unequal concentration of chemical bonds at the phase boundary is explained by differences in the 

bond strength when phenols and their oligomers are introduced into the rubber mixtures together with 

aminomethylating compounds (HMTA, hexamethylol melamine, etc.). Therefore, the correlation between 

the content of the gel fraction formed during the heating of SKI-3 rubber with the phenol-HMTA system and 

the bond strength in the rubber-cord system with the polyamide cord can also be explained by the fact that 

the rate of interaction of oligodihydroxybenzylamines with the polyamide or impregnating elastomer is faster 

than with the rubber in the covering mixture.  
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Table 2 – Mechanical properties of rubbers filled with different modifiers. 

 

Indicators  

SKI-3:SKMS-30 ARKM15 

(70:30) 

Polychloroprene 

rubber SP-50 

RU RT RU RT 

Content of modifier, mass parts  3 3 1 1 

Nominal rupture resistance, MPa  15.7 16.0 11.7 16.5 

Bond strength with non-impregnated 

viscous cord, kN/m 

6.0 9.4 5.5 10.0 

Bond strength with non-impregnated 

viscous cord after aging at 100ºC during 72 

hours, kN/m 

3.8 5.7 4.8 5.8 

 

A somewhat higher level of the bond strength in the rubber-cord systems when using natural rubber 

in comparison with SKI-3 when modifying RU and some other systems is also explained by increase in the 

concentration of chemical bonds in the phase boundary due to the interaction of modifiers with functional 

oxygen-containing groups (carboxyl, aldehyde).  

 The greatest effect of increasing the bond strength with introduction of systems with different 

phenols (and HMTA) is given by resorcinol. Apparently, low molecular weight 

oligodihydroxybenzylamines, which are formed during the interaction of resorcinol with HMTA 

decomposition products, are relatively stable and do not pass as quickly into inactive three-dimensional 

resins as derivatives of monatomic phenols (Table 2). But resorcinol is toxic and causes serious kidney and 

liver diseases, therefore its use in rubbers is problematic.  

Zeolite is aluminosilicate rock of alkaline-earth metals of volcanogenic-sedimentary origin of 

Chinkanai deposit consists mainly of silicon oxide (74%), which causes chemical activity of this zeolite. It is 

also distinguished by high surface activity and ability to form additional bonds, which makes zeolite as 

promising to use in rubber ingredients of polyfunctional action. The technology of preparing the zeolite for 

mixing consisted of the following stages: its grinding, sieving through a sieve and burning. Carcass rubbers 

were prepared in rubber mixers of Central laboratory of JSC “Intercomshina”. Zeolite was introduced into 

the rubber mixture at the 1
st
 mixing stage. Standard rubber mixture formulations were used for the textile 

cord lining, where the zeolite partially and completely replaced the toxic ingredients (white soot, RU 

modifier, resorcinol, etc.). To determine vulcanization peculiarities of the mixture in the presence of zeolite, 

the rheological characteristics of R-100 rheometer (Monsanto company) were studied. The determination of 

the vulcanization properties of the mixtures that were modified and filled with zeolites showed that the 

technology for the processing and vulcanization of these mixtures is practically the same as the standard. The 

mixing was carried out in two stages. The mixing mode: duration is 3 minutes, temperature at the end of the 

mixing is 130ºC, rotor speed is 40 rpm at the first stage; at the second – duration is 2 minutes, temperature at 

the end of the mixing is 110ºC, rotor speed is 30 rpm. Vulcanization of the samples was carried out at 155°C 

for 15 minutes.  

The standard test methods were used to determine the technological and physico-mechanical 

properties of the rubber mixtures and their vulcanizates. The effect of modifying the rubber with the zeolite 

was evaluated by comparing a complex of test and reference rubbers.  

Сonclusion: The test results of the carcass rubbers showed that when replacing some ingredients 

with the zeolite, the environmental damage is reduced, the physicomechanical properties of the rubbers are 

improved, and the bond strength between the rubber and textile cord is especially increased, which ultimately 

leads to increase in the product quality. The main advantage of using polyfunctional action compounds 

(zeolite) is to reduce the release of carcinogenic compounds and industrial dust during the main 

technological processes (mixing, calendering, assembling, vulcanization) and thereby improve working 

conditions.  
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Abstract 

The work of modern firms and commercial organizations is not conceivable without automation systems. 

Currently, there are many programs in this area. Some of them are designed for organizations with a broad 

specialization and are not convenient for use in small enterprises with a narrow specialization. Often their introduction 

to enterprises requires additional capital investments and training of personnel. The developed subsystem allows 

simplifying daily work of employees due to automation of commercial activity of the company. The subsystem allows 

you to reduce the time required for preparing specific reports and accounting for the organization's activities, to reduce 

unproductive costs when implementing them, to exclude the possibility of errors in the preparation of accounting 

documents, which gives a direct economic effect. The program to be developed will improve the efficiency and quality 

of management, improve the efficiency and clarity of decisions, reduce the amount of routine paper work and increase 

the productivity of workers in accounting. 

 

Key words: information subsystem, commercial activity, automation, software, computer technologies, 

programming environment, enterprise 

 

At present, computer technologies have found wide application in various fields of the national 

economy, including in the sphere of sales. It is difficult to imagine the work of a modern enterprise without 

the use of computers. Now they are used not only as computers, but also as a means of communication. This 

allows you to increase the speed and quality of data exchange between the supplier and customers [1]. 

Thus, the relevance of this work is seen in the creation of a new improved automated information 

subsystem of the company's commercial activities, in order to enhance the competitiveness of this company, 

as well as meet customer requirements. 

The aim of the work is the development of a subsystem for the automation of the commercial 

activities of an enterprise. This automation covers operations for accounting for goods receipt, accounting for 

the sale of goods, and also for analysis, it is possible to view the statistics of the arrival and sale of goods. 

The use of this subsystem allows reducing the time required for the preparation of specific reports and 

accounting for the activities of the organization, to reduce the unproductive costs of their implementation, to 

exclude the possibility of errors in the preparation of accounting documents, which gives a direct economic 

effect. Tables, reports created through the functioning of the created programs, increase the efficiency of 

workflow, improve the possibility of teamwork, increase the speed of processing information and graphically 

illustrate complex commercial information in the organization, which proves the effectiveness of using the 

information subsystem [2]. 

For the correct organization of accounting of warehouse operations and sales of products, the 

following tasks are necessary: accounting for the receipt of materials to the warehouse in the context of 

suppliers and species; accounting for the sale of goods in the context of customers with a quantitative and 

summary calculation; accounting for leftovers of goods in the warehouse in the context of the species; 

maintenance of parish statistics and expenditure statistics. 

We consider each problem separately. 
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Accounting for the receipt of materials in the warehouse is a very important task, in which it is 

necessary to take into account who received the materials, when the materials arrived, at what price, the 

expiration date of materials, the payment term for the materials received. Accounting for the sale of goods 

will help to get information about which product is most often shipped, i.e.  is in greatest demand. On base 

the data of the receipt of goods and the sale of goods it is calculated accounting for balances of goods in the 

warehouse.  Accounting for payments to suppliers for materials will help to avoid unnecessarily listed money 

and create debt with suppliers. All the tasks of organizing the recording of warehouse operations and the sale 

of products must be carried out by centralized accounting, in connection with the fact that it is impossible to 

unite all the bases in a single complex. The main task is to get the maximum possible profit, i.e. creation of 

AIS firm. The subjects of activities are: 

- whole sale and retail trade; - intermediary services in the sale of goods; - supply and marketing; 

- implementation in accordance with the established procedure of other types of activities 

Modern scale and speed of introduction of means of automation of management in a national 

economy with a special sharpness puts the task of carrying out of the complex researches connected with all-

round studying and generalization of arising problems both practical and theoretical character. 

The accumulated experience suggests that the workstation should meet the following requirements: 

 timely satisfaction of the information and computing needs of a specialist; 

 minimum response time and user requests; 

 adaptation to the level of training of the user and his requests; 

 simplicity of mastering work methods on AWP and ease of communication; 

 reliability and ease of maintenance; 

 ability to quickly learn the user; 

 ability to work as part of the computer network. 

So, the developed trading program should support the above properties and meet the requirements. 

The developed subsystem for the registration and sale of goods is designed for receiving, 

transferring, storing and processing information between the company's divisions, employees of the 

enterprise, as well as to ensure control over the actual availability of products in the warehouse, optimal 

placement of products in the storage area and for efficient shipment of finished products. 

The system allows you to account for the following warehouse operations: 

- acceptance of products to the warehouse; 

- shipment of products from the warehouse; 

- movement of products by warehouse; 

- conclusion of contracts with customers. 

Requirements for the software are as follows: 

- operational accounting of the actual movement of finished products at the enterprise in warehouses, 

- registration in the information base of the receipt of products to the warehouse and its sale from the 

warehouse, which leads to a change in the state of the quantity of products in warehouses; 

- entering in the database all customers cooperating with the company and employees; 

- sharing of rights when working with this system (login and password); 

- formation of various reports on employees, clients; 

- convenient and flexible search of necessary information in the database; 

- the formation of output documents (a waybill, a cash flow statement, a payment order, an 

agreement on cooperation with the client, a letter with the termination of the contract, an acceptance 

certificate, etc.). 

The developed subsystem provides: 

- creation and maintenance of the following reference books (classifiers): groups (for sharing rights 

when working with the system), employees of the enterprise, positions of employees, clients, departments in 

which employees work, discounts for regular customers; 

- Pleasant and convenient interface for the user; 

- prohibition of "direct" deletion of information (the mode of deleting data with control of cross-

references). You cannot delete information from directories, if there are movements in the database for this 

record; 

- the ability to send mail using the selected mail program on the user's computer; 

- the operation of the system in the administrator mode, endowed with all the rights in the developed 

system and the ordinary user, who is given rights only to view not all system data and reports. 
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The technological process of information collection will be the input of information from primary 

documents to databases, control over the admissibility of values, ensuring the input of data by selecting them 

from directories with pre-entered data into them. After the user completes all necessary fields, the automated 

information system stores the information in the database [3]. 

The transfer of information in the system is done in the form of documents and by means of a local 

computer network, the latter ensures an increase in efficiency. 

To process data in an automated information system, a batch processing mode is used. 

Characterizing this mode of data processing, it is necessary to note the following its characteristic features. 

Input of data stream is carried out from local input devices. The execution of the mode includes three phases: 

preparation, execution and completion of the process. In this case, the first phase requires the definition of a 

sequence of actions and input of initial data. The second phase involves the logical conversion of source 

files, the creation and streamlining of working files, processing information and generating output, 

monitoring the results of the solution. The final phase is printing. These features need to be considered in 

connection with the specificity of the functional task. The use of batch mode allows reducing the intervention 

of the operator in the process of solving the problem requires only preliminary input of data, excludes the 

possibility of user intervention and, thus, changes in the sequence of actions performed. However, due to this 

there is a more complete loading of equipment, which begins to work on a rigid schedule [4]. 

Ensuring the issuance of information is made in the form of established forms of documents and 

reports based on the criteria determined by the user and the information base, which, if desired, can be 

printed on paper. 

The technology of development of the information subsystem for automation of the commercial 

activities of a construction enterprise was considered using the example of creating software "AIS of a 

construction enterprise" in Delphi 7 visual programming environment. The first page that the user hits is 

called the main page (Fig. 1), it has a simple and intuitive interface. There is also a main menu:  

1. Operations (операции) 

2. Reports (отчеты) 

3. Classifiers (классификаторы) 

4. Setting up (настройка) 

5. Exit (выход) 

 

 
 

Fig. 1. Main window of the program 

The program menu is represented by the following tabs (the main forms of the information 

subsystem are shown in Fig. 2): 
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1. Operations (операции) 

2. Reports (отчеты) 

3. Classifiers (классификаторы) 

4. Setting up (настройка) 

5. Exit (выход) 

As a result of the work done, a subsystem of accounting and sales of the company's goods was 

developed, which made it possible to reduce the number of employees engaged in accounting for warehouse 

operations and the sales of goods, significantly reduced the number of errors allowed for standard operations 

of operational accounting. 

So, business automation is necessary first of all to those companies that are dynamically developing, 

who aspire to take leading positions in the market, those who, with the help of enterprise automation, plan to 

increase competitive advantages over other companies. Having implemented the setting and automation of 

business processes at his enterprise, and receiving operational information, the company is able to 

significantly increase its profits, increase sales and successfully implement investment projects [5]. 

 

 

 
 

Fig. 2. Main window of the program 

 

The developed software complex allows automating the activity of employees in accounting and 

sales of goods and fully meets the requirements of the terms of reference. The software product is a holistic 

single complex. 

Further development of the software package can be oriented to increase the functionality of the 

system. 
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Abstract 

The article touches upon the topical theme of calculation of spatial thin-walled structures of the coatings in a 

nonlinear formulation. Deduce geometrically and physically nonlinear equations of shallow reinforced concrete shells 

by the method of differentiation of their time. Basic relations between forces and deformations of reinforced concrete 

shallow shell obtained previously in the works of  A. Tokmuratov. The proposed method studies the changes of 

parameters of stress-strain state in the process of concrete creep is very convenient for the implementation of numerical 

methods on modern computers. The authors further expect a solution to this problem on specific schemes gentle smooth 

and ribbed concrete shells. 

The difference equations of  shallow reinforced concrete shells with allowance for nonlinear deformations 

recorded in finite differences. All the stiffness characteristics of the shell are assumed to be variable both over the 

surface and the thickness of the shell. Solving differential equations with the aid of difference operators are reduced to 

a system of algebraic equations. For the case of pivot bearing shells under the grid 8x8, a system of 98 equations is 

calculated by the approximation method of non-linear theory of plasticity. 

 

Key words: reinforced concrete shells, variable equations, nonlinear deformations. 

 

Introduction. The present work develops one option of a practical calculation method of flat 

reinforced concrete envelopes of a double positive Gaussian curvature on the basis of the equations of the 

non-linear heritable theory of concrete creep of N.H. Arutyunyan or I.I. Ulitsky in differentiation form [1]. 

Methods (methodology) of the experiment.  Such form of note of integral dependences of the 

theory of heritable creep gives the chance to consolidate the solution of an objective to an initial value 

problem for the normal system of differential equations of first order [2] that does numerical realization of a 

task on the computer quite convenient and simple. 

 

 
 

Fig.1. Envelope calculation scheme 
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Let the considered envelope (Fig. 1) be affected by stationary intensity loading q (x, y). We will 

receive the equations of quasistatic movement of an envelope through derivation on time of the non-linear 

equations of flat envelopes [3].   
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Differentiating once on expression time for efforts of N, T and the moments of M, H [2] (Fig. 2), we 

receive expressions for speeds of running efforts and the moments of a reinforced concrete envelope. 
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Fig.2. Element of an envelope with the indication of positive signs of internal efforts 
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Derivation on time of geometrical ratios between deformations and curvature of an envelope [3] 

gives. 
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Having substituted physical and geometrical dependences [3] in expressions (2) and carrying out an 

integration on thickness within pr  , we will receive 
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Excluding by means of expressions for tension 2211,  и 12  [2] from (5), we will receive 
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Integrals ijD , ijpD , ikD , ;3,2,1( i
 

)2,1j , contained in (7) are determined by formulas of a 

numerical integration of Simpson and have a form 
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Expressions of rigidity characteristics )10,...,1( kBk  are given in [2]. 

Let's take into consideration the function of speed in the form of efforts F(t,x,y). 
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Then, resolving the first three from expressions (4) concerning speeds of deformations of a median 

surface, we receive 
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By means of (10), and also physical and geometrical dependences from (4) we come to expressions 

for speeds of running flexion moments and torsion torques. 
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Coefficients 1354 ,...,, DDD  are described in expressions [2]. Having substituted the corresponding 

flexons on coordinates of X and Y from expressions (10) and (12) in the equationы (1), we will receive the 
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system of quasistatic equations of motion of a flat reinforced concrete envelope under the influence of a 

continuous load of q(x,y). 
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Here differential operators ),(1 DFL  ... have the form, similar to the operator [2], where instead of 

coefficients of ,...,,..., 1134 ВDD  it is necessary to substitute according to ,...,,..., 1134 ttt ВDD  and instead of 

functions F, w
/
- according to F,w

/
.  

Results and discussion. The distribution law on a surface of an envelope of the coefficients (11) and 

(13) containing rigidity characteristics of section and parameters of nonlinear creep is presented in the form 

of the complete equation of n order by means of approximating polynoms [2]. 

Solution for functions of efforts and deflection will be searched in a form of  
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where function ),( yxij  
and ),( yxWij  are selected depending on lean conditions on a contour of an 

envelope. 

Then the allowing system (14) after the Bubnova-Galerkina [3] procedure has a form of: 
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Here iPA - coefficients, containing values of rigidity and geometrical characteristics [2], sizes )(tij ,

)(tfij   and so on; 

iPA - coefficients, containing rigidity characteristics and parameters of nonlinear creep (11) and (13), 

geometrical characteristics, sizes )(tij , )(tfij  and so on; 

jy - derivants on time from sizes )(tij and )(tfij . 

The order of m system of the linear algebraic equations (16) is equal to the doubled number of the 

withheld terms in ranks (15).  

Allowing system (16) relatively to iy  will bring it to the form: 
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Conclusions. Thus, the task of determination of parameters of quasistatic movement of a flat 

reinforced concrete envelope comes down to the solution of Cauchy problem for the normal system of 

differential equations of first order (17) which easily implemented by numerical methods (for example, by 

Runge-Kutta method). Starting conditions of a task (t=0) are defined from the solution of physically non-

linear problem of a bend of the considered envelope [2]. On each integration step on time kt  we will have 

new values of sizes ( )ij t  and ( )ijf t  and, using the main dependences [2], it is possible to calculate all other 

parameters of an intense strained state of an envelope ,...),...,...,...( 441 ijt ADDB  at present time which are 

accepted to starting conditions for the following integration step ttk  . 
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Аbstract 

The article discusses the use of drainage water in irrigated areas. To ensure timely full of irrigated land with 

watering, in addition to surface water resources, it is also necessary to find internal reserves to increase water supply 

of irrigated land. To such resources the re-use for irrigation of drainage system can be included.   

In the conditions of Southern Kazakhstan, where irrigated land is located in the basins of transboundary 

rivers, the water availability of existing irrigation systems varies between 75-95%, and in low-water years it drops to 

50-60%. At the same time, huge volumes of collector-discharge and sewage, formed in river basins, are dumped beyond 

their limits, polluting water sources and worsening the environment. The volume of collector-drainage water withdrawn 

from the irrigation systems of the southern regions of Kazakhstan is 1.2-1.5 km3. This is the main prerequisite for 

increasing the water availability of irrigated land through the use of collector-drainage waters for irrigation and 

groundwater for sub-irrigation. 

Practical experience in the reuse of collector-drainage waters for irrigation to fill the deficit of irrigation 

water in the area is available, for the calculation period were adopted July-August two months with the highest daily 

water consumption. The mineralization of water in the reservoirs for the last five years averages up to 2 g / l, which 

allows even without mixing using for repeated irrigation. 
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Introduction. At present, the dependence of the water supply of the irrigation systems of 

Kazakhstan on the flow of Transboundary Rivers from China, Russia, Uzbekistan and Kyrgyzstan, which is 

44% of the total inflow of surface waters, has increased. There is a tendency to reduce transboundary runoff 

due to accelerated economic and social development of neighboring countries, as well as due to climate 

change. According to forecasts, the inflow of Transboundary Rivers may be reduced by 40% by 2030 [1]. 

Experience in the operation of irrigation systems in Kazakhstan shows that modern system of water 

resources management and protection of water resources from depletion and pollution on irrigation systems 

leads to disruption of natural balance in irrigated ecosystems. As a result, the processes of pollution of 

surface and groundwater are accelerating, the level of degradation of irrigated lands is increasing and the 

functioning of irrigated agriculture as a whole is unstable. 

In the conditions of Southern Kazakhstan, where irrigated land is located in the basins of 

Transboundary Rivers, the water availability of existing irrigation systems varies between 75-95%, and in 

low-water years it drops to 50-60%. At the same time, huge volumes of collector-discharge and sewage, 

formed in river basins, are dumped beyond their limits, polluting water sources and worsening the 

environment. The volume of collector-drainage water withdrawn from the irrigation systems of the southern 

regions of Kazakhstan is 1.2-1.5 km3. A similar situation has arisen in the irrigated lands of the Maktaaral 

district of the Turkestan region (the former South Kazakhstan region), where irrigation water comes from the 

territory of Uzbekistan. This is the main prerequisite for increasing the water availability of the irrigated 

lands of the Maktaaral massif by using collector-drainage waters for irrigation and groundwater for sub-

irrigation. 

Materials and methods. In the late 80s of the last century, the salinity of the Syrdarya River in the 

middle reaches reached 1.2-1.4 g / l. The results of long-term observations of the dynamics of mineralization 

of collector-drainage and groundwater show that their mineralization decreases year by year. For example, 

the collector-drainage water of the Maktaaral massif during the growing season varies within the limits of 

1.5-3 g / l. The chemical composition of collector-drainage waters varies from sulfate-hydro carbonate to 

sulphate-chloride-sodium type. Water quality assessment according to the irrigation coefficient (according to 

Priklonsky) show from 3 to 12. The risk of solonetzation (according to SAR) is less than 10 mg.eq., Which 

refers to a slightly dangerous degree. This indicates the possibility of their use for irrigation and washing of 

savory and saline lands [3]. 

The Maktaaral district of the Turkestan region is located in the southernmost part of the Republic of 

Kazakhstan and borders on the Republic of Uzbekistan in all directions except the northern one. The main 

activity in this region is the production of crop production on irrigated lands, the area of which is 147.1 

thousand hectares. Here the main wedge of lands occupied by cotton is concentrated (94.8 thousand 

hectares). Under vegetables and melons are allocated 29,5 thousand hectares, forage and grain crops 12,5 

thousand hectares, for gardens and vineyards 2,9 and other 5,8 thousand hectares. 

The main source of irrigation of the irrigated lands of the Maktaaral district is the interstate main 

channel (IMC) Dostyk, into which water is supplied from the territory of Uzbekistan. 

In connection with the transition from 1993 operation of the water management complex of the 

upper reaches of the Syrdarya River from irrigation to the energy regime, problems with water availability of 

irrigated lands suspended from the Dostyk channel by the Kazakh part began. To solve this problem, a water 

channel with water supply from the Shardara reservoir was constructed with a flow of 60 m3 / with three 

cascades of pumping stations. 

However, in low water years, due to the low water level in the bowl of the Shardara reservoir, the 

operation of the engine canal does not allow to reach the design volume of water intake. For example, during 

the period of peak water consumption of agricultural crops (July-August) from August 5 to August 8, 2016, 

less than 20 m3 / s was delivered to the territory of the Maktaaral district by interstate main channel Dostyk, 

which is 4.5 times lower than the approved limit, and in 2018 on August 9 and 12, up to 20 times (Fig. 1). 

Obviously, for timely full provision of irrigated lands of the district with irrigation water, in addition 

to surface water resources, it is also necessary to find internal reserves for increasing water supply of 

irrigated lands. These resources include reuse for irrigation of collector-drainage water both from wells of 

vertical drainage (WVD), and from the collector-drainage system. According to calculations, the annual 

volume of actual total water supply for 2016-2017. on the used area of irrigated land, respectively, amounted 
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to 816.8 and 849.9 million m3, or 84-87% of the plan (977.7 million m3) of water supply, the volume of 

water supply during the vegetation period in these years was respectively 482.9-524 , 9 million m3 or 74-

75% of the water supply plan for the vegetation period, and in July-August months, at the peak of water 

consumption, the volume of water supply was 70-74% [4]. 

The main thing which should be noted that, if in general for the whole year or for the entire 

vegetation period the water shortage is from 15 to 20%, then in the period of maximum water consumption 

in July-August months the water shortage is from 25 to 30% (Fig. 2). 

 

 
 

Fig. 1. Daily water discharge on the Dostyk channel in July-August months 2015, 2016, and 2018*. (m3 / s) 

* - Data for 2018 before August 13 (operational).thousand m3 
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Fig. 2. Planned and actual volumes of water supply for 2016-2017 

 

The average weighted annual irrigation rate of agricultural crops in 2017 was 5.8 thousand m
3
 / ha, 

and during the last seven years the vegetation period averaged 3.7 thousand m
3
 (Fig. 3). 

 

 
 

Fig. 3. Dynamics of distribution of specific water supply in irrigated lands of the Maktaaral region for 

2000-2017. 

 

When analyzing the non-vegetation (July-August) water supply limit, it is established that in these 

months it should be 282.45-300.7 million m
3
, and the actual volume of water supply on average for the last 

three years was 188.3-200.5 million. m
3
 or the volume of under-delivery of water was 90.0-100 million m

3
. 

Results and discussion. Practical experience on the reuse of collector-drainage waters for irrigation 

to fill the deficit of irrigation water in the area is available. According to Moroz I.K. in the low-water year 

1975, 50 million m
3
 of drainage water was used to irrigate cotton and other crops, and in 1979 to 1987, from 
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the annual amount of water from 7.6 to 41 million m3 of drainage water was used for irrigation. During the 

settlement period, July-August (60 days) was adopted for two months with the highest daily water 

consumption [5]. 

Proceeding from this, it is proposed to fill the lack of water due to open collector-drainage systems. 

The average volume of which since 2000 was about 204.2 million m3, including about 42.0 million m3 in 

July-August of the month (Fig. 4). 

At the same time, the mineralization of water in the reservoirs over the last five years averages up to 

2 g / l, which, even without mixing, can be used for repeated irrigation (Fig. 5). That is, according to the 

long-term data in July-August, for irrigation, it is possible to use the collector-drainage waters in the amount 

of 42.0 million m3, which will increase the water availability by an area of 11.6 thousand hectares, and on 

average for a growing season with a volume of collector-drainage waters 100.2 million .m3 to an area of 27.8 

thousand hectares. 

 

 
 

Fig. 4 .Dynamics of drainage flow of the Maktaaral district for 2000-2017 

 

 g/l 

 
 

Fig. 5. Mineralization of drainage waters of the Maktaaral region for 2013-2017 

 

In addition, of the Vertical Drainage Water, located on irrigated land in three rural districts in the 

amount of 146 pcs., As well as in the monitoring zone of the Irrigation and Drainage Improvement Project 

and the Water Management and Land Reclamation Project in the amount of 218 pcs of which only 94 pcs 

equipped with double-acting spillway, according to the project, the total volume of pumped water during the 
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vegetation period is 17.25 million m3 (Fig. 6). In general, the mineralization of water is more than 4 g / l, 

where it is recommended to mix with irrigation water in proportion up to 1: 5. 

 

 
 

Fig. 6. The use of groundwater for irrigation from a dual-action of Vertical Drainage Water 

 

Conclusion. As a result, in the vegetation period for irrigation in the Maktaaral district, it is possible 

to use the collector-drainage waters in the amount of 117.4 million m3, which will provide about 32.6 

thousand hectares of irrigated land with irrigation water. 

One of the mandatory conditions for the use of collector-drainage waters for irrigation in the summer 

is that in the autumn-winter period on these lands it is necessary to conduct washing irrigation with river 

water. 
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