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Growth in the volumes of oils applied for various purposes, 
including motor oils, results in the formation of large quantities of 
toxic waste – used oils. At the same time, they are a valuable raw 
material for the production of fresh oils by their regeneration though 
existing techniques have a number of shortcomings, the main of 
which is the formation of new waste that is difficult to dispose of. 

It is shown that the extraction of used oils by an alkaline aque-
ous-alcohol solution enables an almost complete removal of oxygen-
containing compounds, as evidenced by the reduced acid number, 
from 1.76 mg KOH/g of oil to 0 mg KOH/g of oil. This results in a 
significant decrease in corrosion aggressiveness of the medium.

The results of research into electrochemical processes in model 
solutions of ketones, aldehydes and carboxylic acids revealed the 
possibility to transform their products on electrodes into non-toxic 
useful products – carbohydrate products. 

The results of research into electrochemical processes in model 
solutions of oxygen-containing compounds and extracts of used oils 
at anodic potentials of 2.4 V demonstrated the possibility of their 
transformation on electrodes into useful carbohydrate products. 
This would contribute to an increase in the output of regenerated oil, 
prevents the formation of toxic waste. 

Keywords: carboxylic acid electro-oxidation, electroreduction 
of aldehydes and ketones, regeneration, used oil.
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We studied the reaction of transesterification of triglycerides 
of sunflower oil by aliphatic alcohols С2–С4 in the presence of the 
cationite CU-2-8 in H-form and with the immobilized ions of metals 
and the anionite AV-17-8. We investigated the influence of the type 
of ionite, immobilized cation of metal, the structure of alcohol, molar 
ratio of triglyceride:alcohol, temperature, and the content of catalyst 
in the reaction mixture on the rate of reaction of transesterification 
and conversion of triglycerides. It was established that the activity of 
catalysts, based on the cationite CU-2-8 with immobilized ions of met-
als, in the reaction of transesterification of triglycerides by alcohols 
С2–С4 depends on the type of the immobilized ion of metal. It was 
shown that the cationite CU-2-8 with immobilized ions of Ni2+, Sn2+, 
Co2 and in H-form demonstrates the highest activity in the reaction 
of transesterification. It was established that in the presence of the ex-
amined catalysts conversion of triglycerides decreases with an increase 
in the length of the alcohol chain. Extreme dependence of the rate of 
transesterification reaction and conversion of triglycerides on the con-
tent of the catalyst–ionite was established. Optimum conditions for 
the reaction of transesterification of triglyceride by aliphatic alcohols 
С2–С4 were found. It was established that optimal content of catalyst 
is 2 % by weight; molar ratio of alcohol:TG for ethanol, propane-1-ol 
and propane-2-ol is (4‒5):1, for butane-1-ol, it is 10:1. 

The temperature of reaction should be close to the boiling 
temperature of alcohol. It was shown that the examined catalysts 
demonstrate high activity in the reaction of transesterification of 
triglycerides and make it possible to achieve high conversion rate 
of starting materials. The results obtained indicate the feasibility of 
applying catalysts based on the cationite CU-2-8 with immobilized 
ions of metals in the reaction of transesterification of triglycerides 
by alcohols С2–С4. 

Keywords: transesterification, aliphatic alcohols С2–С4, triglyc-
erides, ionite, ions of metals.
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This study addresses the production of gas hydrate of methane 
with a high gas-hydrate-forming content in a solid phase in the 
isolated system at T=274 K and pressure of 5 MPa and presence of 
mechanically activated rocks close to the bottom of the chamber.

We used mechanically activated samples of various degrees of 
grinding to increase an area of contact surface of heterogeneous 
phases. We carried out mechanochemical activation of materials in a 
vertical vibrating mill (VVM).

In the study, we found out that formation of gas hydrates on 
activated aluminosilicates leads to the cryochemical synthesis of hy-
drocarbons, due to formation of additional reaction centers formed 
upon activation. This indicates a change in the mechanism of forma-
tion of GH during the process. We calculated three rate constants 
for the formation of GH of methane, which vary from 1.20⋅10-2 to  
1.25⋅10-2 hour-1, based on semi-logarithmic anamorphosis. The 
study showed that formation of methane gas hydrates in presence 
of activated additives leads to formation of up to 5−6 % of ethane. 
Chromatographic method confirmed this.

This indicates possibility of carrying out a low-temperature syn-
thesis of higher hydrocarbons in the artificial production of GH, in 
contrast to the known mechanochemical transformations during the 
process of obtaining gas from gas hydrates.

Keywords: methane gas hydrates, mechanoactivation, heteroge-
neous catalysis, rate of hydrate formation, dissociation, aluminosili-
cates, phase transformations.
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The optimization of the synthesis method of ultrafine nickel 
powder for the production of superalloys, by means of direct elec-
trolysis of the nickel ammine complex, has been conducted. The 
influence of electrolyte temperature and ammonia concentration on 
the electrolysis process and powder characteristics has been studied. 
It has been revealed that an increase in electrolyte temperature leads 
to a larger particle size of the powder and formation of compact 
metal particles. It has been determined that the maximum electrolyte 
temperature must not exceed 50 °С. By recording the polarization 
curves, it was established that an increase in ammonia concentration 
leads to increased polarization of nickel formation and formation 
of finer powder. Lowering of ammonia concentration leads to con-
tamination of the powder with barely soluble hydroxyl compounds 
of nickel. Analysis of the anodic curves has revealed that the nickel 
anode is partly soluble. It has been discovered that the addition of 
Trilon B to the electrolyte has a positive effect on powder character-
istics. The powder formed under optimal conditions was composed of 
coral-like particles with the size of 40–70 µm, which could be easily 
ground to their spherical components if no compact metal particles 
were present. High purity of the powder was confirmed by the EDX. 
The cathodic and anodic current yields were determined to be: 
35–41 % and 5–8 % respectively.
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dendrite, Trilon B.
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A conclusion was drawn that the processes of microstructure 
formation of the cement stone with the additive flow in a similar 
sequence but with different intensity. A conclusion was drawn that 
the addition of the kaolin instead of metakaolin affected as follows: 
2.5–10 % by mass reduced the value of NCP by 9.5–8.7 %, respec-
tively; 2.5–5 % by mass did not affect setting times, but with increase 
up to 10 % by mass the initial setting time was shorter (from 48 min 
to 40 min); 2.5–5 % by mass did not affect compressive strength at 
all stages of hardening, but with increase up to 10 % by mass re-
duced strength characteristics of the cement-sand specimens (from 
57.0 MPa to 49.0 MPa).

In case of the addition of 5 % kaolin by mass, an optimal mac-
rostructure of the concrete is formed in which the quantities of 
the ‘’conditionally’’ closed pores are by 17.7 % higher compared to 
those of the concretes with the same quantities of the metakaolin. 
This resulted in the higher freeze/thaw resistance of the concrete 
(from F400 up to F500). Based on the comparison of properties 
and structure of the cement and concrete containing the kaolin and 
metakaolin additives, a possibility to substitute metakaolin by kaolin 
as a correcting additive was established. 

Keywords: alkali activated cement, compressive strength, con-
crete, kaolin, metakaolin, freeze/thaw resistance.
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We conducted experimental studies aimed at determining the 
purity of hydrogen obtained at the electrolysis installation made by 
Hydrogen Technologies (Norway) at the pipe plant Centravis Pro-
duction Ukraine in the city of Nikopol, Ukraine. 

It was established that the determination of hydrogen purity and 
the degree of its purification from impurities (nitrogen) in microcon-
centrations involves two stages of measurements:

– research into the presence of nitrogen in the samples of pro-
duction hydrogen in the microconcentrations of [[N2] 0.001−0.01 % 
(rough estimate);

– research into the presence of nitrogen in the samples of pro-
duction hydrogen in the microconcentrations of [[N2] 0.001−0.01 % 
(fine assessment).

We determined that the purity of production hydrogen, obtained 
during research, was 99.9±0.1 %. A given value for purity does not 
match certification indicators for purity of production hydrogen 
claimed by the manufacturer to equal 99.9999 %.

We analyzed the reasons for the mismatch between the purity of 
obtained hydrogen and claimed characteristics. A detailed analysis 
revealed that the possible cause of high nitrogen concentration in 
hydrogen is the worn piston rings in the stage of compressor pistons, 
which causes the penetration of nitrogen in microconcentrations 
into production hydrogen. Piston rings in the compressor’s stage 
were replaced. Repeated studies into purity of production hydro-
gen indicate that the purity of production hydrogen amounted to 
99.99±0.01 %, which corresponds to the hydrogen of grade A.

Keywords: electrolysis installation, degree of purification, con-
centration of technical hydrogen, impurity, chromatography, digital 
filtering.
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The kinetics of anodic reactions occurring on copper in thiocar-
bamide-citrate solutions was studied. Thiocarbamide forms stable 
copper (I) complexes of the cationic type with a coordination 
number equal to unity. Citric acid ensures acid pH value of elec-
trolyte and causes active dissolution of copper under conditions of 
anode polarization. The joint presence of CS(NH2)2 and C6H8O7 
in the solution contributes to the copper electrode activation under 
conditions of anodic polarization. Increasing the concentration of 
thiocarbamide leads to a drastic shift of copper dissolution potentials 
towards the region of negative values. Study of the kinetics of anodic 
behavior of copper by acquiring the voltammograms revealed the 
nature of the limiting stage of reaction. 

It is shown that the process of dissolution in a thiocarbamide-
citrate electrolyte is controlled by the diffusion phase. This is 
confirmed by the results of graphical processing of polarization 
dependences in coordinates η–lg(1–ja/jd). An increase in υр within  
5‒100 mV·s–1 causes an increase in jd from 2.2 to 12.0 mА·cm–2, 
which indicates diffusion control over the process. The process of 
copper dissolution proceeds under stationary mode with uniform 
etching of intragrain boundaries and volume of the metal’s grain.

Keywords: complex compounds, anodic polarization, limiting 
stage, diffusion overvoltage, polarization dependence.
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Heat energy storage is one of the most common technical solu-
tions in the conditions of operation of low-potential and renewable 
energy sources. Adsorption heat energy storage devices based on 
the composite media “silica gel – salt” are the most effective in 
these conditions. The technique and technology of sol-gel synthesis 
of the composite adsorption materials “silica gel – sodium sulfate” 
and “silica gel – sodium acetate” have been developed. A special 
feature of this technique is a two-stage process involving the forma-
tion of silicon phase nuclei in the interaction of aqueous solutions 
of silicate glass and sulphuric or acetic acids in the presence of a 
polymeric quaternary ammonium salt and subsequent coarsening of 
the particles with the gradual addition of solutions of silicate glass 
and the corresponding acids. The essence of the technology consists 
in successive stages of formation and integration of the silicic phase 
nuclei, hydrolysis of functional OH- groups, filtration and drying of 
the fine precipitate. A qualitative difference in the adsorption prop-
erties of the synthesized composites and the mechanical mixture of 
salt – silica gel with sorption capacity inferior to them on average 
by 30 % is revealed by differential thermal analysis. The processes 
of application of the composite adsorption materials “silica gel – 
sodium sulfate” and “silica gel – sodium acetate” obtained by the 
sol-gel method have been studied. A qualitative difference in the ki-
netics of adsorption of water by the composite adsorbents is shown 
as compared to massive salts. It is established that the amount of 
heat of adsorption of water vapor by the composite adsorbents of 
the materials “silica gel – sodium sulfate” and “silica gel – sodium 
acetate” is approximately 30 % greater than the linear superposi-
tion of salt and silica gel.

Keywords: heat-accumulating materials, composite sorbents, 
sol-gel synthesis, adsorption heat, energy storage density, kinetics 
of hydration. 
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