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Analysis of the obtained functions will enable development of 
recommendations on conformity of working oils to the conditions 
of their operation.

It was found that the Tedex Gear GL-4 80W90 transmission 
oil, used in MAN TGA 6×4 trucks, corresponds by its thermal-
oxidative stability characteristics to the operating conditions. 
At the same time, the study of use of YUKO TО-4 80W-85 
transmission oil in KamAZ 6520 trucks has shown that the oil 
did not demonstrate its functional capacity at runs of 8‒30 and 
45 thousand kilometers. This was confirmed by analysis of the 
mathematical model of variation of thermal-oxidative stability of 
oils depending on relative viscosity, namely, by overshoot of some 
numerical values of the function beyond the level of 0.85 un. for 
the vehicle runs under study.

It was established that the study data can be applied to sub-
stantiation of further operation and selection of transmission oils 
for the studied vehicle models in transportation activities of the 
enterprise.

Keywords: truck, run, transmission oil, thermal-oxidative 
stability, photometry, evaporability, relative viscosity, sample 
mass, operating conditions.
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Development of technical maintenance of transport means 
consists in providing their technical state at a significant level of 
functional operability for which the use of quality lubricants is a 
key requirement. Therefore, determination of technical state of 
truck transmission oils by the method of thermal-oxidative stabil-
ity during their operation is an urgent problem.

This problem was solved and technical state of the transmis-
sion oil was studied on the basis of operational tasks and the 
results of their chemotologic studies. These results can be used in 
development of a system of vehicle maintenance and when sub-
stantiating feasibility of using concrete oil grades during opera-
tion. A procedure for studying, determining state and compliance 
of the working oils by their thermal-oxidative stability with op-
erating conditions during vehicle operation has been developed. 
State of transmission oils was studied during vehicle operation in 
gearboxes of KamAZ 6520 and MAN TGA 6×4 trucks. The study 
of working transmission oils was conducted at following param-
eters: light transmission, evaporability, viscosity. The results of 
studies of light transmission through an oil sample and evapora-
bility after application of the temperature regimes used in testing 
working oils were used in graphical and analytical representation 
of the coefficient of thermal-oxidative stability. Variation of the 
coefficient of thermal-oxidative stability of oils of respective 
grades depending on their relative viscosity was determined. 
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Thermal-oxidative degradation of the EVA copolymer and nano-
composites on its basis in the temperature range of 100–700 °C is 
investigated. It is proved that nanoclay and nanographite as a part 
of nanocomposites increase thermal characteristics of the original 
polymers. The thermal stability of the studied compounds increas-
es in the series: polymer<polymer-EG<polymer-MMT<polymer-
MMT-EG. It is shown that the presence of nanoparticles in the 
polymer matrix reduces the EVA thermal decomposition rate at 
a temperature above 450 °C and increases the coke residue mass 
after the destruction of the initial EVA copolymer at a temperature 
of 250 °C. The synergistic effect of the MMT/EG mixture on the 
processes of slowing down the thermal degradation of the EVA 
copolymer is found.

The effect of organomodified montmorillonite and graphite 
in the EVA nanocomposites on the thermal destruction of the 
intumescent system of ammonium polyphosphate/melamine/pen-
taerythritol is studied. The synergistic effect of the mixture of clay 
and graphite nanoparticles in a hybrid nanocomposite is revealed. 
Synergism consists in increased fire resistance of metal structures 
by almost 20 % compared with the coating containing the polymer-
nanoclay or polymer-nanographite nanocomposite.

Based on the results obtained, the intumescent base of fire 
retardant paint for steel structures, which is recommended for use 
to increase the fire-resistance rating of metal in the hydrocarbon 
fire is developed.

Keywords: organomodified montmorillonite, thermally ex-
panded graphite, nanocomposite, intumescent coatings, hydrocar-
bon fire.
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To create a fire retardant coating that can be applied in 
the hydrocarbon fire, the nanocomposites of the ethylene-vinyl 
acetate (EVA) copolymer with montmorillonite (MMT), ther-
mally expanded graphite (EG) are synthesized and their structure, 
physicochemical and thermal properties are studied. Using IR 
spectroscopy and X-ray phase analysis, it is found that the EVA 
nanocomposites with montmorillonite and nanographite obtained 
in solution and melt have the same structure.
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paraffin compounds as a shape stabilized phase change thermal energy 
storage material. Thermochimica Acta, 451 (1-2), 44–51. doi: https://
doi.org/10.1016/j.tca.2006.08.015
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The process of oxidative condensation of methanol with acetic 
acid to acrylic acid on B–P–V–W–Ox/SiO2 catalyst modified by 
hydrothermal method has been studied. Modification of the catalyst 
by hydrothermal treatment of the carrier changes its physical and 
chemical properties, and therefore its catalytic properties. The influ-
ence of the main technological parameters – temperature, contact 
time and ratio of reagents on the selectivity and yield of the reaction 
products and on the conversion of acetic acid has been studied when 
hydrothermally treated catalyst was used. The best time of contact 
was 8 sec. which allows to reach the highest selectivity and yield of 
acrylic acid and methyl acrylate. The highest catalytic activity of the 
designed catalyst is observed at the reaction temperature of 673 K, 
however, it is impossible to increase temperature over this value due 
to the limited thermal stability of the catalyst and the sharp increase 
in the formation of complete oxidation products. With an increase 
of methanol part in the ratio of reagents (methanol: acetic acid) to 
1,2:1, the selectivity of acrylic acid and methyl acrylate increases, 
and the selectivity of by-products is significantly reduced. The high-
est yield of the target products in the reaction of oxidative conden-
sation of methanol with acetic acid is observed at a ratio of oxygen: 
acetic acid 1,5:1. The growth of the oxygen: acetic acid ratio pro-
motes reduce of acetone and methyl acetate selectivity but does not 
change the selectivity of methyl acrylate and significantly increases 
the selectivity and yield of acrylic acid. At the best conditions of the 
reaction it was possible to achieve 54.7 % total yield of acrylic acid 
and methyl acrylate. Due to the wide availability and relatively low 
cost of the initial reagents (methanol and acetic acid), the synthesis 
of acrylic acid by the oxidative condensation of methanol with acetic 
acid in the presence of the developed catalyst is very promising.

Keywords: acrylic acid, methanol, acetic acid, heterogeneous 
catalysts, hydrothermal treatment.
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This paper reports the generalized results of computer simu-
lation of physical processes at a rotor-disk film evaporating 
plant. Optimization of the operation mode cannot be achieved 
without establishing patterns in the course of physical pro-
cesses. We have proposed a computer model of hydrodynamics 
that accounts for all the features, initial and boundary condi-
tions. The results of computer simulations make it possible to 
adequately assess the effectiveness of using a rotor-disk film 
evaporating plant (RDFVP) for the concentration of heat-labile 
materials. We have established patterns in the course of physi-
cal processes within a structure of RDFVP by using computer 
simulation of hydrodynamics in the programming environment 
ANSYS and applying a k-ε turbulence model. The result of 
simulation is the derived velocity fields of the concentrated 
fluid (wmax=0.413 m/s) and the gas phase (wmax=8.176 m/s), as 
well as the magnitude of values for shear stress τ=0.94·10-6 Pa. It 
was established that the gas heat-carrier is characterized by the 
highly-turbulent flows with maximum values for kinetic energy  
TKEmax=8.985·10-1 m2/s2. The reliability of results is ensured by 
the correctness, completeness, and adequacy of physical assump-
tions when stating the problem and while solving it using the 
computer aided design system ANSYS. It has been established 
that the proposed structure is an effective alternative to equip-
ment for the concentration of solutions. The data obtained could 
be used when designing heat-and-mass-exchange equipment for 
the highly efficient dehydration of thermolabile materials.

Keywords: rotor-disk film vaporizing plant, heat dissipation, k-ε 
turbulence model, forced convection, ANSYS, CFX, shear stresses.
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A promising direction of technical hydrolysis lignin utilization 
is metallurgical production, primarily iron ore preparation and 
blast furnace process. A significant potential is concentrated in the 
sintering process. In order to improve properties of lignin in the role 
of a fuel, and to remove, with the possibility of trapping, toxic sub-
stances, it is necessary to carry out preliminary pyrolysis. The effect 
of technical hydrolysis lignin of different pyrolization degrees on the 
iron ore sintering process and properties of the obtained sinter is 
experimentally studied. Initial lignin was subjected to preliminary 
heat treatment to the final temperature of 400, 600, 800 and 1000 °С 
without air access. Sintering with the participation of pyrolyzed 
lignin has been carried out via lab-scale sinter pot. After sintering, 
the sinter strength and the macrostructure have been determined. 
The chemical composition of the sinter samples has been revealed by 
X-ray fluorescence analysis.

As a result of the experiments, the possibility of replacing 25 % of 
coke breeze with lignin prepyrolyzed at 800 °С has been determined. 
Under these conditions, the main indicators of the sintering process, 
such as vertical sintering rate, product yield and specific capacity of 
the lab-scale sinter pot, remain virtually unchanged. There is a slight 
decrease in the impact strengths and the abrasion strengths of the 
sinter. However, these figures remain at a technologically accept-
able level. It should be noted that when using lignin as a sintering 
fuel, there is a tendency for some decrease in the iron content of the 
sinter produced with it. The study of the sinter macrostructure has 
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Nickel hydroxide is widely used as the active material of su-
percapacitors. The most active are samples of Ni(OH)2 with (α+β) 
layered structure, synthesized in the slit diaphragm electrolyzer. 
Influence of carbonate anion on the structure and electrochemical 
properties of nickel hydroxide samples has been studied by means of 
sample synthesis in the slit-diaphragm electrolyzer with the use of 
the diaphragm and cation-exchange membrane as chamber separator. 
The experiment revealed that when the diaphragm is used, there is a 
filtration flow from the anodic chamber (alkali with carbonate) into 
the cathodic chamber. Thus, the samples synthesized with the dia-
phragm are formed in the presence of carbonates, while the samples 
synthesized with the cation-exchange membrane – in the absence of 
carbonates. Crystal structure of the samples was studied by means 
of X-ray diffraction analysis, electrochemical characteristics – by 
means of cyclic voltammetry and galvanostatic charge-discharge cy-
cling in the accumulator regime. Comparative analysis of the samples 
synthesized in the presence or absence of carbonates has been con-
ducted. By means of X-ray diffraction and cyclic voltammetry, the 
key role of carbonate ions in the formation of monophase layered 
(α+β) structure has been revealed. The absence of carbonate resulted 
in lower crystallinity, α-phase content, the formation of the bi-phase 
system, composed of the mixture of β-form and (α+β)-structure, at 
high current densities (12 and 15.7 A/dm2). The study of electro-
chemical characteristics revealed a decrease in specific capacity by 
14.7–31.4 % for hydroxide samples formed in the absence of carbon�-
ate ions. The highest specific capacity was obtained for the samples 
synthesized in the SDE at i=10 A/dm2 with the diaphragm (in the 
presence of carbonates) and with the membrane (in the absence of 
carbonates), and are 216.8 and 185 mA·h/g respectively. To increase 
specific capacity, it is recommended to conduct synthesis in the SDE 
with the use of the diaphragm and introduce an additional quantity 
of sodium carbonate into the anolyte.

Keywords: nickel hydroxide, layered (α+β) structure, specific 
capacity, alkaline accumulator, slit-diaphragm electrolyzer, carbonate.
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shown an increase in the pore diameter when the partial replacement 
of coke breeze with lignin while with the increasing lignin pyrolysis 
temperature the pore volume increases.

The studies have demonstrated the possibility of solving the 
urgent environmental issues of technical hydrolysis lignin utilization 
by applying it in the sintering process with preliminary pyrolization. 
A promising direction for further research is the development of 
methods for the preparation of technical hydrolysis lignin for the use 
in iron ore sintering.

Keywords: industrial waste utilization, technical hydrolysis 
lignin, pyrolysis, iron ore sintering.

References

1.	 Lipinin, A. B. (2010). Novaya tekhnologiya sushki i izmelcheniya 
drevesnyh othodov. Polimernye materialy, 12, 18–19.

2.	 Povzun, A., Podkopayev, S., Virych, S., Goryacheva, T., Dorokh, S. 
(2016). Salvage of polymeric and timber-chemical production in 
road construction. Ekolohichna bezpeka, 2 (22), 102–111. 

3.	 Loginov, V. F. (Ed.) (2014). Sostoyanie prirodnoy sredy Belarusi. 
Minsk, 364.

4.	 Liu, Q., Wang, S., Zheng, Y., Luo, Z., Cen, K. (2008). Mechanism 
study of wood lignin pyrolysis by using TG–FTIR analysis. Journal 
of Analytical and Applied Pyrolysis, 82 (1), 170–177. doi: https://
doi.org/10.1016/j.jaap.2008.03.007 

5.	 Marusich, N. I., Kotelenec, A. I., Voytovich, A. M., Nadzharyan, L. A.,  
Afonin, V. Yu., Gomolko, T. N., Koneva, I. I. (2007). Gigienicheskaya 
ocenka promyshlennyh othodov s ispolzovaniem alternativnyh test-
modeley na primere gidroliznogo lignina. Gigiena i sanitariya, 2, 70–71.

6.	 Gosselink, R. J. A., de Jong, E., Guran, B., Abächerli, A. (2004). 
Co-ordination network for lignin—standardisation, production and 
applications adapted to market requirements (EUROLIGNIN). In-
dustrial Crops and Products, 20 (2), 121–129. doi: https://doi.org/ 
10.1016/j.indcrop.2004.04.015 

7.	 Revin, V. V., Novokuptsev, N. V., Kadimaliev, D. A. (2016). Prepa-
ration of Biocomposites using Sawdust and Lignosulfonate with a 
Culturе Liquid of Levan Producer Azotobacter vinelandii as a Bond-
ing Agent. BioResources, 11 (2), 3244–3258. doi: https://doi.org/ 
10.15376/biores.11.2.3244-3258 

8.	 Li, H., Deng, Y., Liang, J., Dai, Y., Li, B., Ren, Y. et. al. (2016). Direct 
Preparation of Hollow Nanospheres with Kraft Lignin: A Facile Strat-
egy for Effective Utilization of Biomass Waste. BioResources, 11 (2), 
3073–3083. doi: https://doi.org/10.15376/biores.11.2.3073-3083 

9.	 Zucca, P., Neves, C., Simões, M., Neves, M., Cocco, G., Sanjust, E. 
(2016). Immobilized Lignin Peroxidase-Like Metalloporphyrins as 
Reusable Catalysts in Oxidative Bleaching of Industrial Dyes. Mol-
ecules, 21 (7), 964. doi: https://doi.org/10.3390/molecules21070964 

10.	 Zwain, H. M., Vakili, M., Dahlan, I. (2014). Waste Material Ad-
sorbents for Zinc Removal from Wastewater: A Comprehensive 
Review. International Journal of Chemical Engineering, 2014, 1–13.  
doi: https://doi.org/10.1155/2014/347912 

11.	 Lesko, J., Hudak, J., Semanova, Z. (2017). Impact of biofuel in ag-
glomeration process on production of pollutants. Science of Sinter-
ing, 49 (2), 159–166. doi: https://doi.org/10.2298/sos1702159l 

12.	 Gan, M., Fan, X., Chen, X., Ji, Z., Lv, W., Wang, Y. et. al. (2012). 
Reduction of Pollutant Emission in Iron Ore Sintering Process by 
Applying Biomass Fuels. ISIJ International, 52 (9), 1574–1578.  
doi: https://doi.org/10.2355/isijinternational.52.1574 

13.	 Mežibrický, R., Fröhlichová, M., Mašlejová, A. (2015). Phase Com-
position of Iron Ore Sinters Produced with Biomass as a Substitute 
for the Coke Fuel / Skład Fazowy Spieków Żelaza Wytworzonych 
Z Dodatkiem Biomasy Jako Zamiennika Dla Koksu. Archives of 
Metallurgy and Materials, 60 (4), 2955–2964. doi: https://doi.org/ 
10.1515/amm-2015-0472 



71

Abstract and References. Technology of organic and inorganic substances

16.	 Miao, Y., Ouyang, L., Zhou, S., Xu, L., Yang, Z., Xiao, M., Ouyang, R.  
(2014). Electrocatalysis and electroanalysis of nickel, its oxides, 
hydroxides and oxyhydroxides toward small molecules. Biosensors 
and Bioelectronics, 53, 428–439. doi: https://doi.org/10.1016/ 
j.bios.2013.10.008 

17.	 Ramesh, T. N., Kamath, P. V., Shivakumara, C. (2005). Correlation 
of Structural Disorder with the Reversible Discharge Capacity of 
Nickel Hydroxide Electrode. Journal of The Electrochemical Society, 
152 (4), A806. doi: https://doi.org/10.1149/1.1865852 

18.	 Zhao, Y., Zhu, Z., Zhuang, Q.-K. (2005). The relationship of spherical 
nano-Ni(OH)2 microstructure with its voltammetric behavior. Jour-
nal of Solid State Electrochemistry, 10 (11), 914–919. doi: https://
doi.org/10.1007/s10008-005-0035-5 

19.	 Jayashree, R. S., Kamath, P. V., Subbanna, G. N. (2000). The Effect 
of Crystallinity on the Reversible Discharge Capacity of Nickel 
Hydroxide. Journal of The Electrochemical Society, 147 (6), 2029.  
doi: https://doi.org/10.1149/1.1393480 

20.	 Jayashree, R. S., Kamath, P. V. (1999). Factors governing the 
electrochemical synthesis of α-nickel (II) hydroxide. Journal of 
Applied Electrochemistry, 29 (4), 449–454. doi: https://doi.org/ 
10.1023/a:1003493711239 

21.	 Ramesh, T. N., Kamath, P. V. (2006). Synthesis of nickel hydroxide: 
Effect of precipitation conditions on phase selectivity and structural 
disorder. Journal of Power Sources, 156 (2), 655–661. doi: https://
doi.org/10.1016/j.jpowsour.2005.05.050 

22.	 Rajamathi, M., Vishnu Kamath, P., Seshadri, R. (2000). Polymorphism 
in nickel hydroxide: role of interstratification. Journal of Materials 
Chemistry, 10 (2), 503–506. doi: https://doi.org/10.1039/a905651c 

23.	 Hu, M., Yang, Z., Lei, L., Sun, Y. (2011). Structural transformation 
and its effects on the electrochemical performances of a layered 
double hydroxide. Journal of Power Sources, 196 (3), 1569–1577. 
doi: https://doi.org/10.1016/j.jpowsour.2010.08.041 

24.	 Cordoba de Torresi, S. I., Provazi, K., Malta, M., Torresib, R. M. 
(2001). Effect of Additives in the Stabilization of the α Phase 
of Ni(OH)2 Electrodes. Journal of The Electrochemical Society,  
148 (10), A1179–A1184. doi: https://doi.org/10.1149/1.1403731 

25.	 Zhang, Z., Zhu, Y., Bao, J., Zhou, Z., Lin, X., Zheng, H. (2012). Struc-
tural and electrochemical performance of additives-doped α-Ni(OH)2. 
Journal of Wuhan University of Technology-Mater. Sci. Ed., 27 (3), 
538–541. doi: https://doi.org/10.1007/s11595-012-0500-9 

26.	 Sugimoto, A. (1999). Preparation and Characterization of Ni/Al-
Layered Double Hydroxide. Journal of The Electrochemical Society, 
146 (4), 1251–1255. doi: https://doi.org/10.1149/1.1391754 

27.	 Zhen, F. Z., Quan, J. W., Min, Y. L., Peng, Z., Jun, J. L. (2004). A 
study on the structure and electrochemical characteristics of a  
Ni/Al double hydroxide. Metals and Materials International, 10 (5), 
485–488. doi: https://doi.org/10.1007/bf03027353 

28.	 Liu, B., Wang, X. Y., Yuan, H. T., Zhang, Y. S., Song, D. Y., Zhou, Z. X. 
(1999). Physical and electrochemical characteristics of aluminium-
substituted nickel hydroxide. Journal of Applied Electrochemistry, 
29 (7), 853–858. doi: https://doi.org/10.1023/a:1003537900947 

29.	 Caravaggio, G. A., Detellier, C., Wronski, Z. (2001). Synthesis, sta-
bility and electrochemical properties of NiAl and NiV layered double 
hydroxides. Journal of Materials Chemistry, 11 (3), 912–921. doi: 
https://doi.org/10.1039/b004542j 

30.	 Li, Y. W., Yao, J. H., Liu, C. J., Zhao, W. M., Deng, W. X., Zhong, S. K.  
(2010). Effect of interlayer anions on the electrochemical perfor-
mance of Al-substituted α-type nickel hydroxide electrodes. Interna-
tional Journal of Hydrogen Energy, 35 (6), 2539–2545. doi: https://
doi.org/10.1016/j.ijhydene.2010.01.015 

31.	 Zhao, Y. (2004). Al-substituted α-nickel hydroxide prepared by 
homogeneous precipitation method with urea. International Journal 
of Hydrogen Energy, 29 (8), 889–896. doi: https://doi.org/10.1016/ 
j.ijhydene.2003.10.006 

A: Mathematical, Physical and Engineering Sciences, 471 (2174), 
20140792–20140792. doi: https://doi.org/10.1098/rspa.2014.0792 

2.	 Vidotti, M., Torresi, R., Torresi, S. I. C. de. (2010). Nickel hydroxide 
modified electrodes: a review study concerning its structural and 
electrochemical properties aiming the application in electrocatalysis, 
electrochromism and secondary batteries. Química Nova, 33 (10), 
2176–2186. doi: https://doi.org/10.1590/s0100-40422010001000030 

3.	 Chen, J. (1999). Nickel Hydroxide as an Active Material for the 
Positive Electrode in Rechargeable Alkaline Batteries. Journal of 
The Electrochemical Society, 146 (10), 3606. doi: https://doi.org/ 
10.1149/1.1392522 

4.	 Sun, Y.-K., Lee, D.-J., Lee, Y. J., Chen, Z., Myung, S.-T. (2013). 
Cobalt-Free Nickel Rich Layered Oxide Cathodes for Lithium-Ion 
Batteries. ACS Applied Materials & Interfaces, 5 (21), 11434–11440. 
doi: https://doi.org/10.1021/am403684z 

5.	 Lang, J.-W., Kong, L.-B., Liu, M., Luo, Y.-C., Kang, L. (2009). Asym-
metric supercapacitors based on stabilized α-Ni(OH)2 and activated 
carbon. Journal of Solid State Electrochemistry, 14 (8), 1533–1539. 
doi: https://doi.org/10.1007/s10008-009-0984-1 

6.	 Lang, J.-W., Kong, L.-B., Wu, W.-J., Liu, M., Luo, Y.-C., Kang, L.  
(2008). A facile approach to the preparation of loose-packed Ni(OH)2 
nanoflake materials for electrochemical capacitors. Journal of Sol-
id State Electrochemistry, 13 (2), 333–340. doi: https://doi.org/ 
10.1007/s10008-008-0560-0 

7.	 Aghazadeh, M., Ghaemi, M., Sabour, B., Dalvand, S. (2014). Electro-
chemical preparation of α-Ni(OH)2 ultrafine nanoparticles for high-
performance supercapacitors. Journal of Solid State Electrochemistry, 
18 (6), 1569–1584. doi: https://doi.org/10.1007/s10008-014-2381-7 

8.	 Zheng, C., Liu, X., Chen, Z., Wu, Z., Fang, D. (2014). Excellent 
supercapacitive performance of a reduced graphene oxide/Ni(OH)2 
composite synthesized by a facile hydrothermal route. Journal of 
Central South University, 21 (7), 2596–2603. doi: https://doi.org/ 
10.1007/s11771-014-2218-7 

9.	 Wang, B., Williams, G. R., Chang, Z., Jiang, M., Liu, J., Lei, X., Sun, X.  
(2014). Hierarchical NiAl Layered Double Hydroxide/Multiwalled 
Carbon Nanotube/Nickel Foam Electrodes with Excellent Pseudo-
capacitive Properties. ACS Applied Materials & Interfaces, 6 (18), 
16304–16311. doi: https://doi.org/10.1021/am504530e 

10.	 Kotok, V., Kovalenko, V. (2017). The properties investigation of 
the faradaic supercapacitor electrode formed on foamed nickel sub-
strate with polyvinyl alcohol using. Eastern-European Journal of 
Enterprise Technologies, 4 (12 (88)), 31–37. doi: https://doi.org/ 
10.15587/1729-4061.2017.108839 

11.	 Kotok, V. A., Kovalenko, V. L., Solovov, V. A., Kovalenko, P. V., 
Ananchenko, B. A. (2018). Effect of deposition time on properties 
of electrochromic nickel hydroxide films prepared by cathodic tem-
plate synthesis. ARPN Journal of Engineering and Applied Sciences,  
13 (9), 3076–3086.

12.	 Kotok, V., Kovalenko, V. (2018). A study of the effect of tungstate 
ions on the electrochromic properties of Ni(OH)2 films. Eastern-
European Journal of Enterprise Technologies, 5 (12 (95)), 18–24. 
doi: https://doi.org/10.15587/1729-4061.2018.145223 

13.	 Wang, Y., Zhang, D., Peng, W., Liu, L., Li, M. (2011). Electrocata-
lytic oxidation of methanol at Ni–Al layered double hydroxide film 
modified electrode in alkaline medium. Electrochimica Acta, 56 (16), 
5754–5758. doi: https://doi.org/10.1016/j.electacta.2011.04.049 

14.	 Huang, W., Li, Z. L., Peng, Y. D., Chen, S., Zheng, J. F., Niu, Z. J. 
(2005). Oscillatory electrocatalytic oxidation of methanol on an 
Ni(OH)2 film electrode. Journal of Solid State Electrochemistry,  
9 (5), 284–289. doi: https://doi.org/10.1007/s10008-004-0599-5 

15.	 Fan, Y., Yang, Z., Cao, X., Liu, P., Chen, S., Cao, Z. (2014). Hierarchi-
cal Macro-Mesoporous Ni(OH)2 for Nonenzymatic Electrochemical 
Sensing of Glucose. Journal of the Electrochemical Society, 161 (10), 
B201–B206. doi: https://doi.org/10.1149/2.0251410jes 



72

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 1/6 ( 97 ) 2019

tion Materials Based on Modified Phenol-Formaldehyde Resins 
Reinforced with Mineral and Synthetic Fibrous Fillers. Mechan-
ics of Composite Materials, 50 (2), 213–222. doi: https://doi.org/ 
10.1007/s11029-014-9408-0 

47.	 Vlasova, E., Kovalenko, V., Kotok, V., Vlasov, S. (2016). Research of the 
mechanism of formation and properties of tripolyphosphate coating on 
the steel basis. Eastern-European Journal of Enterprise Technologies,  
5 (5 (83)), 33–39. doi: https://doi.org/10.15587/1729-4061.2016.79559 

48.	 Deabate, S., Fourgeot, F., Henn, F. (1999). Structural and electrochem-
ical characterization of nickel hydroxide obtained by the new synthe-
sis route of electrodialysis. a comparison with spherical β-Ni(OH)2. 
Ionics, 5 (5-6), 371–384. doi: https://doi.org/10.1007/bf02376001 

49.	 Kovalenko, V., Kotok, V., Kovalenko, I. (2018). Activation of the 
nickel foam as a current collector for application in supercapacitors. 
Eastern-European Journal of Enterprise Technologies, 3 (12 (93)), 
56–62. doi: https://doi.org/10.15587/1729-4061.2018.133472 

50.	 Kotok, V., Kovalenko, V. (2017). Optimization of nickel hydroxide 
electrode of the hybrid supercapacitor. Eastern-European Journal 
of Enterprise Technologies, 1 (6 (85)), 4–9. doi: https://doi.org/ 
10.15587/1729-4061.2017.90810

DOI: 10.15587/1729-4061.2019.156599
DETERMINING THE RATIONAL COMPOSITIONS OF 
LOW-STRENGTH CONCRETES (p. 47-52)

Alexsander Shishkin
Kryvyi Rih National University, Kryvyi Rih, Ukraine

ORCID: http://orcid.org/0000-0001-6820-7604

Nikolay Netesa
Dnipropetrovsk National University of Railway Transport named 

after academician V. Lazaryan, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-9134-8023

Andriy Netesa
Dnipropetrovsk National University of Railway Transport  

named after academician V. Lazaryan, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0001-9216-4878

The paper reports regularities in the influence of the amount of 
waste from iron ore enrichment at a rational composition of grain com-
ponents on strength of concretes with a minimal cement consumption. 
Low-strength concretes are used in the non-reinforced structures, so 
they are not subject to the requirement for the minimal cement con-
sumption in order to ensure the protection of reinforcement against 
corrosion. A significant reduction in cement consumption by low-
strength concretes while maintaining the required strength can be en-
sured by a rational grain composition of the components of a concrete 
mixture, which is characterized by the ratio between large, medium, 
and small components of 52:23:25. In such formulations, the required 
amount of fine-grained component is achieved by introducing the fine-
grained components, made, for example, from the secondary products 
of industry, specifically the iron ore dressing waste.

The result of the research conducted established that ensuring 
the rational grain composition of the concrete mixture components 
provides for the required low strength of concrete at a significantly 
less cement consumption than that for concretes whose composition 
is defined in line with other procedures. It was found that it is advis-
able to use the iron ore dressing waste as a fine-grained supplement, 
the introduction of which at rational amount ensures significant 
improvement in the efficiency of cement utilization in concretes of 
low strength. Application of concretes of the proposed formulations, 
which could be used for temporary structures ‒ a concrete cap for 
making floor slabs at formwork-free molding, could save a signifi-
cant amount of cement, and dispose of the secondary products from 
industry. The research has also established that the use of plasticizers 
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Formation of 1.5 m3 of wastewater per 1 ton of carbamide in the 
form of flash steam condensate accompanies carbamide production. 
It is necessary to purify flash steam condensate from nitrogen com-
pounds by two-stage desorption and hydrolysis. Disposal of residual 
N-containing compounds occurs at biological wastewater treatment 
plants under industrial conditions. Such a multistep purifying meth-
od leads to reduction of up to 72–77 % of N-containing compounds, 
but it requires high electrical and thermal energy costs. The method 
is the most modern and the most promising one, it is implemented at 
carbamide synthesis plants everywhere.

The study proposes a new method for the disposal of N-contain-
ing compounds in flash steam condensate produced by carbamide 
production by processing ammonia, carbamide and biuret to hy-
drazine sulfate. The study on the synthesis of hydrazine sulfate in 
wastewater from the production of carbamide defined mechanisms 
occurring during synthesis of raw hydrazine in an electromagnetic 
reactor. The study proved that the proposed method of disposal is 
economically viable, environmentally friendly and energy efficient. 
It reduces a load on biological wastewater treatment plants, reduces 
the cost of electrical and thermal energy.

The method gives a possibility to process N-containing com-
pounds of flash steam condensate into an expensive product ‒ hydra-
zine sulfate. Experimental studies confirmed that electromagnetic 
radiation has a positive effect on the synthesis of raw hydrazine. This 
leads to an increase in efficiency of the hydrazine synthesis reactor 
by 88 %. We analyzed three of the most probable chemistries of the 
process of raw hydrazine synthesis reactions using the non-imperial 
method of quantum chemistry. The study showed that the initial 
yield of the finished product is 5.3 kg per 1 m3 of nitrogen-containing 
raw materials during disposal of flash steam condensate at a model 
plant by processing into hydrazine sulfate taking into account an 
optimization parameter. There is an increase in the yield of the final 
product to 6 kg per 1 m3 at repeated multiple use of the filtrate as 
a source of sulfuric acid. We performed a projection of the results 
of the model installation at industrial scale taking into account 
an operation of the carbamide synthesis device, with a capacity 
of 330,000 tons/year. Thus, we identified that the maximum esti-
mated production capacity of the hydrazine sulfate synthesis unit is 
132–150 kg/day. We calculated the profitability of the device for the 
synthesis of hydrazine sulfate considering the obtained data on the 
estimated capacity of the device. We established that the net profit 
is at least 12 % according to the proposed scheme in the production 
of hydrazine sulfate.

Keywords: carbamide production, flash steam condensate, hy-
drazine sulfate, raw hydrazine, electromagnetic reactor, electromag-
netic radiation.
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