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Layered double hydroxides with different ratios of nickel and 
aluminum in the presence of Ag + ions and without silver have been 
synthesized: Ni:Al – 80:20 %, Ni:Al:Ag – 80:15:5 % and 75:15:5 %. 
The obtained nickel hydroxide powders have a structure similar to 
α-Ni(OH)2 with a large number of crystal lattice defects. As a re-
sult of galvanostatic charge-discharge cycling, it was revealed that 
the addition of silver in the chemical synthesis stage increases the 
hydroxide utilization coefficient at fast discharges but decrease it at 
slow discharges. A possible mechanism that explains the influence 
of added silver during synthesis on discharge characteristics of hy-
droxide powders was proposed. The mechanism is that silver oxide, 
which is a semiconductor, is mixed with hydroxide and increases the 
specific conductivity of the powder. Increased electrical conductivity 
has a positive effect on charge effectiveness, because the initial phase 
has lower electrical conductivity than the oxidized form – NiOOH. 
Because the charge involves two processes – the main process of active 
material charging and evolution of molecular oxygen, the electrical 
conductivity would play a key role in the electrode charging. At low 
electrical conductivity and fast charge, the current would primarily 
be consumed by the side process of oxygen evolution. In case of slow 
charges, additional electrical conductivity due to the presence of silver 
oxide would not have a great effect on charge effectiveness, because 
under such conditions the own conductivity of hydroxide is sufficient. 
Additionally, the presence of silver oxide would decrease the hydrox-
ide content, which in turn would decrease the utilization coefficient 
that is calculated from the total mass of the powder.

Keywords: nickel hydroxide, alkaline secondary battery, 
Ni(OH)2, layered double hydroxide, silver oxide.
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This paper examines the intensive separation technology for 
producing a self-compacting concrete (SCC). We substantiate the 
proposed technology of SCC production through the effective control 
over viscosity of cement-water compositions, which to a large extent 
ensure the mobility of concrete mixes. A separate preparation of 
cement-water compositions at a high-speed mixer with its subsequent 
mixing with fillers in a regular concrete mixer profoundly changes the 
priorities in the production technology of a concrete mix. We substan-
tiate the idea on that the use of the separation technology could opti-
mize the modes of high-speed mixing in order to separately prepare the 
highly concentrated cement-containing suspensions under conditions 
of intensive hydrodynamic impacts on them. Particular attention is 
paid to studying the effect of content of the superplasticizer of poly-
carboxylate type Relaxol-Super PC, microsilica, and polypropylene 
fibers, on effective viscosity of the cement-containing suspension. 
Comparative analysis of influence of the original formulation factors 
on its value is described. It was found that the mechanoactivation 
of a cement-containing suspension in the presence of the admixture 
Relaxol-Super PC leads to the complete destruction of its original 
structure, which is necessary for the uniform distribution of micro-
silica and polypropylene fibers in the volume.

We describe the features of grain composition, rendering exclu-
sive fluidity to the concrete mix, as well as the possibility of laying it 
in the mold without vibration. The intensive separation technology 
makes it possible to obtain SCC with the F4, F5 grades for fluidity, 
and compressive strength at the age of 28 days not less than 55 MPa. 

We have scientifically substantiated and experimentally con-
firmed the effectiveness of mechanical activation for the separation 
technology of self-compacting concrete mixes and the high-strength 
concretes based on them. 

Keywords: mechanoactivation, self-compacting concrete, effec-
tive viscosity, superplasticizer, polycarboxylate, microsilica, polypro-
pylene fibers.
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The oxidation kinetics of nitrite to nitrate ions by potassium 
ferrate(VI) in a wide range of pH, from neutral to alkaline medium 
has been studied. Two series of kinetic experiments based on the 
different technologies for obtaining potassium ferrate(VI) were 
conducted. In the first series of experiments, crystalline potassium 
ferrate(VI) was prepared by the chemical synthesis. In the pH range 
6.5–11, solid K2FeO4 was added to solutions of nitrite ions at known 
concentration and pH. Kinetic studies were performed under pH 
and ionic strength controlled conditions. Half times for these experi-
ments ranged from milliseconds to a few minutes. In the second se-
ries of experiments, solutions of K2FeO4 were generated by the elec-
trochemical synthesis. Alkaline solutions of potassium ferrate(VI) in 
8.0 M KOH were obtained at t=20 oC by electrochemical dissolution 
of steel plates (S=10 cm2) containing: C – 0.16 %; Mn – 0.43 %; Si – 
0.04 %; S – 0.03 %; P – 0.04 %; the rest is Fe. The experiments were 
performed with fresh solutions of potassium ferrate(VI) and solu-
tions, aged after the synthesis for several days. Kinetic studies were 
performed under nitrite concentrations controlled conditions. Half 
times in this case were in the range of several minutes to hours. It is 
found out that the maximum reaction rate is achieved by aging solu-
tion K2FeO4 after the synthesis for 8 days. Both methods show that 
the oxidation rate is controlled by the concentration of protonated 
ferrate, HF4O–

4. The dependence of the observed rate constants on 
pH, nitrite concentrations and ionic strength has been investigated. 
The true rate constants of reaction are found. Particular orders of the 
reaction by nitrite and ferrate ions and the overall order of the reac-
tion are calculated. The oxidation rate constant of water by Fe(VI) is 
found. The studies presented in this paper are important because the 
oxidation kinetics of harmful inorganic and organic substances by 
ferrates(VI) of alkali metals is widely used to determine the optimal 
parameters of technological processes for the purification of surface 
water, industrial wastewater and air.

Keywords: potassium ferrate(VI), nitrite ions, oxidation kinet-
ics, ferrate(VI) synthesis, alkaline solutions.
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We report results of research into a process of electrochemical 
oxidation of the titanium alloy VT6 in solutions of H2SO4. It is 
shown that the character of forming dependences for alloy samples 
depends on the magnitude of current density. At j<0.5 А·dm–2, a 
continuous oxide film does not form at the surface of the alloy; the 
assigned value for voltage is not reached. At j>0.5 А·dm–2, a continu-
ous oxide film forms at the surface of the alloy; a linear character of 
dependences is observed. The films obtained under these conditions 
relate to the interferential-colored films. A film thickness limit is de-
fined by the assigned magnitude of U and does not depend on other 
parameters of the electrolysis. For the series of identical values for 
U, dependence of τ‒j has a linear shape. The color of the oxide film 
is determined by the value of voltage and does not depend on the 
current density and electrolyte concentration. We established a cor-
respondence between a color of the film and the magnitude of U in 

solution and with the use of 3.5 % polyvinylpyrrolidone as dispersed 
medium. The ratio of salts of ferrum (III)/(II) was 1.5:1. Working con-
centrations of reactive substances were chosen, which resulted in the 
formation of stable dispersions of nanoparticles with magnetic proper-
ties. It was shown that when changing the amount and the method of 
introduction of ammonia solution into the system, more stable disper-
sions of nanoparticles are formed. As a result of the research into sur-
face plasmon resonance of magnetite nanoparticles dispersions, it was 
found that all synthesized solutions are characterized by a maximum of 
absorption at the wavelength of 350 nm, however, intensity of absorp-
tion bands directly depends on dimensions of the particles. Magnetite 
nanoparticles, synthesized with the use of 3.5 % polyvinylpyrrolidone 
(PVP) as dispersed medium, are characterized by existence of three 
bands at 350 nm, 950 nm, and 1,050 nm. The possible mechanism of 
stabilization of magnetite nanoparticles in polyvinylpyrrolidone was 
proposed. In the course of the study, it was found that polyvinylpyr-
rolidone, on the one hand, contributes to nucleation, and on the other 
hand, effectively stabilizes nanoparticles.

Keywords: nanoparticles, magnetite, plasmon resonance, poly-
vinylpyrrolidone (PVP), absorption bands, radius of nanoparticles, 
aggregation resistance.
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the range of 10‒100 V. This effect is due to the fact that the formation 
of a film at anodic polarization occurs in the presence of a gradient in 
the potential whose quantity for titanium is a constant magnitude. 
Increasing the assigned magnitude of U leads to a proportional in-
crease in the maximum thickness of the oxide, which determines its 
color. Results of our study on determining the effect of electrolysis 
parameters on the characteristics of oxide films made it possible to 
substantiate the mode for obtaining TiO2 films at the surface of the 
alloy VT6. The data obtained form the basis for the development of 
technology for electrochemical oxidation of titanium implants in 
order to render functional properties to their surface.

Keywords: oxide films, titanium dioxide, implant, electrochemi-
cal oxidation, forming dependence.
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We have investigated the influence of the ratio cement:fly-ash 
and the temperature of mixing water on the properties of aerated 
concrete mixes and aerated concrete. It was established that the 
rational cement-fly ash ratio is 1:1; the mixing water temperature is  
40 °C. Experimental research confirmed that the introduction of 
waste from salt processing and metakaolin to the formulation of bind-
ing compositions leads to the formation, rather than the metastable 
hexagonal calcium hydro-aluminates, of the stable compounds in the 
structure of partitions between pores of the hydrocalumite and hydro-
carboaluminate type. That allowed the targeted structure formation 
of partitions between pores of the non-autoclaved aerated concrete, 
which improves the density of partitions and the strength of aerated 
concrete. It is shown that the introduction of polypropylene fibers 
to composition of aerated concrete does not affect the kinetics of 
swelling of the aerated concrete array. However, the introduction of 
polypropylene fibers improves the strength of aerated concrete based 
on the modified binding composition containing metakaolin by 47 %, 
the modified binding composition containing carbonate-containing  
waste ‒ by 32 %. For the aerated concrete of the В1.5–В2 class of 
strength, at a density within 615‒625 kg/m3, the estimated coefficient 
of thermal conductivity is 0.16 W/(m∙K), which makes it possible to 
reduce heat losses through external enclosures.

Thus, there is reason to assert the possibility of the targeted 
control over the processes of forming a strong structure of partitions 
between pores using the modified binding compositions containing 
supplementary cementitious materials. The application of polypro-
pylene fibers enables the reinforcement of aerated-concrete array, 
forming a strong structural frame of partitions between pores, and 
ensuring greater strength of the non-autoclaved aerated concrete. 

Keywords: non-autoclaved aerated concrete, kinetics of swell-
ing, density, strength, polypropylene fiber.

References 

1.	 Poroshenko zatverdyv ratyfikatsiyu Paryzkoi klimatychnoi uhody 
(2016). Dzerkalo tyzhnia. Ukraina. 2016. Available at: https://dt.ua/
UKRAINE/poroshenko-zatverdiv-ratifikaciyu-parizkoyi-klimatich-
noyi-ugodi-215094_.html

2.	 Sanytskyi, M. A., Pozniak, O. R., Marushchak, U. D. (2013). Ener-
hozberihaiuchi tekhnolohiyi v budivnytstvi. Lviv, 236. 

3.	 Kearsley, E. P., Wainwright, P. J. (2001). Porosity and permeability of 
foamed concrete. Cement and Concrete Research, 31 (5), 805–812. 
doi: 10.1016/s0008-8846(01)00490-2 

4.	 Sanytsky, M., Pozniak, O., Roussyn, B., Szymanek, A., Szymanska, J. 
(2011). Concrete based on modified cementitious system with fine 
ground mineral additives. Non- traditional cement & concrete, Pro-
ceedings of the 4th International Conference, 85–92.

5.	 Shishkina, A. (2016). Study of the effect of micelle-forming surfac-
tants on the strength of cellular reactive powder concrete. Eastern-
European Journal of Enterprise Technologies, 2 (6 (80)), 66–78.  
doi: 10.15587/1729-4061.2016.63706 

6.	 Prabha, P., Bhuvaneshwari, B., Palani, G. (2015). Nano Modified 
Foam Concrete. The Masterbuilder, 168–174.

7.	 Marushchak, U., Sanytsky, M., Mazurak, T., Olevych, Y. (2016). 
Research of nanomodified portland cement compositions with high 



78

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 3/6 ( 93 ) 2018

11.	 Shishkin, A. (2016). Study of the effect of compounds of transition 
elements on the micellar catalysis of strength formation of reactive 
powder concrete. Eastern-European Journal of Enterprise Technolo-
gies, 2 (6 (80)), 60–65. doi: 10.15587/1729-4061.2016.63957 

12.	 Sheynich, L. A. (2002). Special’nye betony i kompozicionnye mate-
rialy. Budivelni konstruktsiyi. Mizhvidomchyi naukovo-tekhnichnyi 
zbirnyk, 56, 367–377. 

13.	 Shishkin, A., Shishkina, A., Vatin, N. (2014). Low-Shrinkage Alco-
hol Cement Concrete. Applied Mechanics and Materials, 633-634, 
917–921. doi: 10.4028/www.scientific.net/amm.633-634.917 

14.	 Termkhajornkit, P., Nawa, T., Nakai, M., Saito, T. (2005). Effect of 
fly ash on autogenous shrinkage. Cement and Concrete Research,  
35 (3), 473–482. doi: 10.1016/j.cemconres.2004.07.010

DOI: 10.15587/1729-4061.2018.133797
RESEARCH OF THE TREATMENT OF DEPLETED 
NICKELPLATING ELECTROLYTES BY THE 
FERRITIZATION METHOD (p. 52-60)

Gennadii Kochetov 
Kyiv National University of Construction and Architecture,  

Kyiv, Ukraine
ORCID: http://orcid.org/0000-0003-0041-7335

Tatiana Prikhna 
V. Bakul Institute for Superhard Materials, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-9458-8479

Oleksandr Kovalchuk 
Kyiv National University of Construction and Architecture,  

Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-6337-0488

Dmitry Samchenko 
Kyiv National University of Construction and Architecture,  

Kyiv, Ukraine
ORCID: http://orcid.org/0000-0003-3305-8180

Considerable attention has been paid recently to the develop-
ment of comprehensive recycling of industrial wastewater, which 
provides for an appropriate degree of purification for both organiza-
tion of circulation water supply, and subsequent disposal of waste 
of water treatment. The improved ferritization process, which al-
lows decreasing original concentration of nickel ions in depleted 
electrolytes of nickel plating from 50–100 g/dm3 to <0.2 mg/dm3, 
was presented. The experimental ferrite-reactor with the use of the 
traditional thermal and electromagnetic pulse method of activation 
of ferritization process in the range of generating frequencies of up 
to 0.9 kHz was developed. Economic benefits of the use of the elec-
tromagnetic pulse activation compared to the high temperature one 
were identified. Kinetics of extraction of nickel and iron ions from 
aqueous solutions was explored. The impact of the basic techno-
logical parameters of ferritization at different ways of activation was 
experimentally determined. The most effective results of treatment 
of highly concentrated wastewater were achieved using the electro-
magnetic pulse (T=20 °C) and thermal (T=70 °C) way of activation 
of the ferritization process at the original ration of concentration 
Fe2+/Ni2+ within 3/1–4/1, total concentration of ions of heavy 
metals of 20–25 g/dm3, original pH of the reaction mixture of 9.5 
and duration of ferritization process of 15 min. Research into phase 
composition and physical properties of ferritization sediments was 
performed. Comparative analysis of sediment volumes at different 
ways of compaction was carried out. Sediments are mainly charac-
terized by the crystalline structure, ferromagnetic properties, and 
considerable chemical resistance. This provides for actual environ-
mental ways of recycling, which makes it possible to avoid the loss 

Under certain conditions, an increase in the rate of hydration of 
the binding substance increases the strength of concrete at compres-
sion. This is especially true for the reactive powder concretes.

We studied the effect of surface-active substances, capable of 
forming micelles, on the rate of formation and the resulting mag-
nitude of strength at compression of the alkaline reactive powder 
concretes. A particular feature of our research was studying the 
simultaneous action of surface-active substance that forms micelles 
and a reactive powder or a filler on the change in the strength of 
concretes. It was found that the specified micellar solutions and re-
action powders change the character of formation of strength of the 
alkaline reactive powder concretes. The rate of strength formation 
over the early stages increases due to the micellar catalysis of hydra-
tion of blast-furnace granular slag, while their enhanced compressive 
strength is maintained at the late stages of hardening.

Strength of the alkaline reactive powder concretes, when apply-
ing the surface-active substances that form micelles, reaches 260 % of 
the strength of such concretes without any additives. 

It was proved that the micellar catalysis could be used to con-
trol the hardening processes of a binding substance, consisting of 
blast-furnace granular slag and an alkaline component, and to form 
the strength of the resulting artificial stone. That shortens the time 
required for concrete to achieve the designed strength and improves 
the absolute magnitude of the compressive strength of such con-
cretes at the age of 28 days.

Keywords: blast-furnace granular slag, alkali, micellar catalysis, 
concrete strength, powder concrete, micelles, surface-active sub-
stances.
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Studying the kinetics of the Fischer-Tropsch process is a rather 
important task, since this process is very sensitive to the temperature 
mode, as well as to the characteristics of the catalyst. In addition, a 
given process is accompanied by many side reactions that negatively 
affect the rate and selectivity of the reaction. The Fischer-Tropsch 
synthesis is an alternative source for obtaining high-quality fuel 
from coal or biomass rather than petroleum. Therefore, investigating 
the kinetics of the Fischer-Tropsch reaction, in order to improve the 
selectivity and activity of catalysts, and to determine the rate con-
stants of chemical reactions, is a relevant problem.

The choice of the catalyst is one of the main factors affecting 
the quality and product yield for the Fischer-Tropsch synthesis. We 
fabricated two samples of cobalt catalysts for conducting the experi-

of valuable and, at the same time, toxic metal – nickel. The proposed 
comprehensive process of recycling liquid industrial waste prevents 
pollution of the environment, ensures effective and efficient use of 
water, raw materials, and power in the system of galvanic production.

Keywords: wastewater treatment, ferritization, industrial pro-
duction, electrolytes of nickel plating, heavy metals, waste, disposal.
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ments. The first sample of the catalyst Со/γ-Al2O3 contains cobalt 
nanoparticles of the same size. The second sample of the catalyst 
(Со)/γ-Al2O3 was obtained by the method of impregnating the car-
rier with a solution of cobalt nitrate. The catalyst, obtained through 
the method of impregnation of (Со)/γ-Al2O3, demonstrated a higher 
activity, larger by an order of magnitude than the monodispersed 
catalysts. However, the monodispersed catalyst showed high selec-
tivity for the lower hydrocarbons.

In order to calculate the kinetics of the Fischer-Tropsch process 
and to find the reaction rate constants, we developed a software 
module in the programming environment MS Visual Studio 2017 
in the programming language C# using the .NET Framework v4.6 
technologies. 

By using the developed program module, we calculated reac-
tion rate constants of the Fischer-Tropsch process. After analyz-
ing the data obtained, one can see that the relative error is within  
2…3 %, demonstrating the adequacy of the proposed model to solve 
the inverse problem of chemical kinetics. Therefore, we can state that 
a given model for the calculation of rate constants could be applied 
to study the Fischer-Tropsch process.

Keywords: Fischer-Tropsch reaction, cobalt catalyst, inverse 
problem of kinetics, rate constant.
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