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Abstract. Ultrafine copper and nickel powders are synthesized by a chemical 

reduction of the metal cations from their salts in an aqueous ethanol solution without and 
with the addition of a polymer stabilizer (polyvinylpyrrolidone and polyvinyl alcohol). 
The structure and morphological features of the prepared metal powders were investigated 
by X-ray phase analysis and electron microscopy. The electrocatalytic properties of the 
Cu and Ni powders have been studied in the electrohydrogenation of acetophenone, nitro-
benzene, p-nitroaniline, and cyclohexanone. A higher electrocatalytic activity of Cu 
powders, as well as skeletal copper, was established in the electrohydrogenation of the 
first three of the listed compounds in comparison with nickel powders, which is explained 
by the ability of copper cations to be reduced from its oxides in the electrochemical 
system under investigation. It is shown that the use of polymer stabilizers in the synthesis 
of Cu and Ni powders contributes to reducing metal particle sizes, but does not increase 
the electrocatalytic activity of the corresponding metal powders. 

Key words: ultrafine metal powders, copper, nickel, polymer stabilizers, electrocata-
lytic hydrogenation of organic compounds. 

 
Introduction.The method of electrode activation, which consists in coating 

the catalytically active powder material with ferromagnetic properties on to 
electrode surfaceand held it with a magnetic field, was developed by Kazakhstan 
scientists in the 70s of the last century [1, 2]. A high efficiency of the method was 
shown in many processes of electrocatalytic hydrogenation of organic compounds 
[3-5] and was introduced into the production of the anticancer drug «metatrexate» 
(at the Shchelkovo Vitamin Plant, in 1989). It should be noted that powders of 
skeletal catalysts (Raney catalysts), such as Ni, Co, Fe were most often used as a 
ferromagnetic material, and as non-ferromagnetic powders were used the skeletal 
copper and copper obtained in an electrochemical cell [6]. For instance,the size of 
particles of skeletal nickel according to Wikipedia is usually 400-800 nm, its 
specific surface area is ~100 m2/g. However, in the review [7] devoted to the 
preparation of skeletal catalysts with reference to corresponding studies, it was 
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noted that crystallites of skeletal nickel have sizes from 1 to 20 nm, of skeletal 
copper from 10 to 100 nm, and in this case the copper grain sizes are 10-13 nm 
and they are collected in larger particles. At the same time,it was concluded that 
the sizes of particles of skeletal catalysts, as well as their catalytic activity, depend 
on the conditions of their preparation [7]. 

With the development of various methods for the preparation of metal 
nanoparticles (NPs) and methods for their investigation, a desire to study their 
catalytic properties, selectivity, and stability in known catalytic and electrocata-
lytic processes has arisen and continues to this day. Metal NPs can be produced 
by various methods, which are divided into three main groups: chemical, 
physical, and biological. According to [8, 9], chemical methods include chemical 
reduction, microemulsion reduction, sonochemical methods, sonoelectrochemical, 
microwave, photochemical, electrochemical methods, and thermal decomposition. 
Physical methods are laser ablation, mechanical mixing, pulsed discharge, electric 
wire explosion, gas evaporation, etc. Biological methods include bacterial, 
fungicidal, and using various plants [8]. All of the above methods have their 
advantages and disadvantages, but the most widespread and available methods for 
producing metal NPs are currently the methods of chemical reduction of metals 
from their salts. 

For each of the metals there are both general chemical reduction techniques 
and techniques that are predominantly applicable to a particular metal. So, many 
studies in the literature have been devoted to the methods of chemical reduction 
of copper; they are reviewed, for example, in [9-11]. As noted in [11], copper 
reduction can occur in aqueous, organic media, aqueous-oil-polymer systems, 
aqueous-oil-surfactant and other media. Such factors as the nature and 
concentration of the copper salt, reducing agent, solvent and stabilizing agents, 
pH of the medium, temperature, a method for separating Cu particles and some 
others are influenced on the size, morphology, stability and other characteristics 
of the resulting copper NPs. Sodium borohydride [12,13],hydrazines [14,15], 
sodium hypophosphite [16], ascorbic acid [17-19], alcohols and polyols (e.g. 
ethylene glycol) [20-22] and some others are used as reducing reagents to 
fabricate copper NPs in reduction reactions. Becausethe copper NPs, like other 
metal NPs, are inclined to aggregation and rapidly interact with water and 
oxygen, it is necessary to synthesize them with stabilizing agents, for instance, 
polymers, surfactants, various complexing agents, organic compounds, which 
form an adsorption layer on the surface of the nanoparticles to protect them from 
oxidation and prevent agglomeration. Due to the manifested physical and che-
mical properties, good electrical and thermal conductivityof copper nanoparticles, 
it is promising to use them as lubricants, antibacterial agents, biosensors, solar 
energy conversion materials, in electronic and optical devices and especially in 
catalysis[11]. 

Among the chemical methods of the preparing of nickel NPs, the most 
developed are polyol methods, when the reduction of metal cations is carried out 
in an alcoholic medium or in a medium of polyatomic alcohols containing more 
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than one hydroxyl group. These polyol solvents themselves can act as reducing 
agents, but more often a reducing agent is added to the system. Thus, work [23] 
describes the preparation of magnetic Ni NPs with a size of 3.4-3.8 nm from 
nickel (II) chloride in an ethylene glycol with the addition of a polymer stabilizer 
(poly(N-vinyl-2-pyrrolidone) and using sodium borohydride as reductant. 
Spherical Ni NPs with sizes from 2 to 600 nm were obtained without the using of 
stabilizers, but also in ethylene glycol, with a reducing agent hydrazine hydrate 
(N2H4·H2O) in the presence of sodium hydroxide and at 60оС[24].The conditions 
for the synthesis of Ni NPs in ethylene glycol solution with using mainly hydra-
zine hydrate were studied in [25-27]. Without a reducing agent, monodisperse 
polymer-stabilized Ni NPs with the sizes of particles 25-42 nm were synthesized 
from nickel acetate in the presence of NaOH and the PVP stabilizer dissolved in 
1,2-propanediol and at 160ºС. The addition of PVP and the concentration of 
NaOHwereinfluenced on the Ni NPs dispersion and the degree of their agglome-
ration [28]. Ni NPs with a diameter of 8.4-13.8 nm were synthesized in ethanol-
solution using hydrazine hydrate [29]. Not in a polyol medium, but, for example, 
in a DMSO-H2O and PVP solution using a borohydride reductant, Ni, Co and 
Ni/Co nanoparticles were obtained and applied as catalysts for the reduction of 
nitroaromatic compounds [30]. It was found that the average size of Ni NPs is 35-
40 nm; however, the availability of van der Waals forces between the particles 
and the tendency of the system to minimize the total surface energy led to the 
formation of Ni NPs agglomerates of 300-1100 nm in size. 

Thus, the presented brief review of the literature on methods of preparing the 
Cu and Ni metals nanoparticles, which are the objects of study in this work, 
showed their great variety, the possibility of choosing and reproducing their 
specific synthetic techniques. 

The aim of this work is to study the behavior and electrocatalytic activity of 
ultrafine copper and nickel powders synthesized by chemical reduction methods 
in the electrohydrogenation of organic compounds when they are deposited on the 
cathode by the method described above. 

 
EXPERIMENTAL PART 

 
For the synthesis of Cu and Ni micro- and nanoparticles, a water-ethanol 

mixture was chosen without and with the addition of water-soluble polymer-
stabilizers – polyvinyl alcohol (PVA) and poly(N-vinylpyrrolidone) (PVP) using 
sodium borohydride (NaBH4) and hydrazine hydrate (N2H4∙H2O) as reducing 
agents.  

According to recommendations in the book [8], the reduction of metal 
cations with sodium borohydride is more efficient carried out at pH>7 and 20-
30ºС(Cu2+ cations) and at pH>7 and temperature 50-90ºС(Ni2+ cations). When 
reducing agent is hydrazine hydrate, the optimal pH and temperature values for 
metals are follows [8]: pH>7 and 60-90ºС(Cu2+ cations); pH ≥ 7 and 90-95ºС(Ni2+ 
cations). 
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The processes of metal cations (Cu, Ni) reduction by sodium borohydride 
and hydrazine hydrate could be described by the following reaction equations: 
 

CuCl2 + 2NaBH4 + 6H2O → Cu0↓ +7H2↑ + 2NaCl + 2H3BO3, 
2CuCl2 + N2H4 +4NaOH → 2Cu0↓ + N2↑ + 4NaCl + 4H2O, 
2NiCl2 + N2H4 +4NaOH → 2Ni0↓ + N2↑ + 4NaCl + 4H2O. 

 

Dispersed copper powders were obtained by using NaBH4 according to the 
following procedure: 

The metal salt (0.05 mol) was dissolved at room temperature in 50 ml of 
aqueous-ethanol mixture (solvent ratio 1:1 by volume). In the case of adding a 
stabilizer,50 ml of 3% polymer aqueous solution was separately prepared and 
added to the aqueous-ethanol solution of the metal salt. The pH value of the 
reaction mixture was adjusted to optimum value for the copper reduction by 1M 
NaOHaqueous solution. The mixture was heated to the required temperature. To 
this mixture, 50 ml of 2M NaBH4 solution (metal salt/NaBH4 ratio was1:2 in 
moles) was poured dropwise and stirred for 1 hour. As a result of the violent 
reaction, dark brown precipitate was produced. Then the mixture was centrifuged 
for 10 minutes at a speed of 1300 rpm. The obtained powder was washed with 
distilled water and ethyl alcohol and dried at 80ºСand pressure of 0.06 MPa. 

The copper and nickel powders were prepared using N2H4∙H2O by the 
following procedure: 

The metal salt (0.05 mol)was dissolved at room temperature in 50 ml of 
aqueous-ethanol mixture (solvent ratio 1:1 by volume). In the case of adding a 
stabilizer, 50 ml of 3% polymer aqueous solution wasseparately prepared and 
added to the metal salt solution. The mixture was heated to the required 
temperature. Separately an alkaline solution of hydrazine hydrate was prepared: 
37 ml (0.75 mol) of 64% N2H4·H2O and 25 ml of 4M NaOH. This mixture was 
added dropwise to metal salt solution with constant stirring and heating. The 
reaction mixturewas centrifuged at 1300 rpm for 10 minutes. The resulting metal 
powder was washed with distilled water and ethyl alcohol. Then it was dried at 
80ºC and pressure of 0.06 MPa. 

The structure and phase constitutions of synthesized ultrafine metal powders 
were investigated using X-ray diffractometer (DRON-2), the morphological 
features of the powders metal particles were scanned on a TESCAN MIRA 3 
LMU electron microscope.  

The electrocatalytic activity of the prepared copper and nickel powders was 
studied in the processes of electrohydrogenation of acetophenone (APh), nitro-
benzene (NB), p-nitroaniline (p-NA) and cyclohexanone (CH). The obtained 
products of their hydrogenation (methylphenylcarbinol, aniline, p-phenylene-
diamine, cyclohexanol) are known organic compounds with a wide range of 
applications. Experiments were carried out in a diaphragm cell in alcohol-
aqueous-alkaline catholyte with a current of 1.5 A and temperature of 30ºС. The 
cathode is a copper plate that was closely contacted the bottom of the cell and 
served as a substrate for the deposited metal powder as a catalyst (by a weight of 
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1 g), platinum gauze was used as an anode. The initial concentrations of the 
organic compounds were 0.198 mol/L (for APh and CH) and 0.066 mol/L (for NB 
and p-NA).The metal powders deposited on the cathode were first saturated with 
hydrogen. Then an organic compound was injectedinto the catholyte and its 
electrocatalytic hydrogenation occurred. The amount of hydrogen absorbed Vt, the 
hydrogenation rate W, the hydrogen utilization coefficient η, and the conversion 
of the hydrogenated compound α were calculated from the volumes of gases 
evolved (oxygen and hydrogen). Hydrogenation products were extracted from the 
catholytes with chloroform, and the extracts were analyzed on a Kristall-5000.1 
chromatograph.  

 
RESULTS AND DISCUSSION  

 
According to the microscopic investigations carried out, the particle sizes of 

skeletal Cu catalyst (after a leaching of Cu-Al alloy (50:50)) vary within the wide 
range (from 0.5 μm to 50 μm) and have a different morphological structure 
(Figure 1). 

 

 
Figure 1 – Micrographs of skeletal Cu particles 
 
Some particles have a twisting and porous surface, which is formed, 

apparently, after the transition of aluminum to an alkaline solution, and which is 
similar in structure to particles in micrographs in various literature sources(for 
example, in [7]). Other particles consist of numerous small crystallites of ~ 0.2-
0.5 µm in sizeagglomerated with each other. All skeletal copper particles contain 
such chemical elements as aluminum and small amounts of oxygen, iron and 
sodium. Apparently, the skeletal nickel particles have a similar structure after 
leaching, andobviously,their sizes depend on the sizes of the particles in an initial 
metal-aluminum alloy. 

Copper powders were synthesized using similar techniques in our work [31]. 
It was shown thatdiffraction peaksin the XRD patterns of these powderscorres-
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pond to the crystalline phases of reduced copper (Cu0) and its oxides (Cu2O and 
CuO). Moreover, in the powders prepared using hydrazine hydrate,the reduced 
copper crystallites contain more than in the powder synthesized with sodium 
borohydride. After application of these powders to activate a copper cathode in 
the electrohydrogenation of acetophenone the content of copper crystalline phases 
in them was increased due to the electrochemical reduction of copper cations 
from its oxides. 

 

 
 
Figure 2 – Micrographs of Cu(NaBH4) particles before (a) and after (b) electrocatalytic 

hydrogenation of APh 
 
The surface morphology of particles of the copper powder synthesized with 

borohydride reductant was examined by performing microscopic analysis. From 
electron micrographs (Figure 2) it follows that copper particles are formed in the 
shape of plates coated with its oxides, the sizes of which are ~ 100-160 nm 
(Figure 2, a). Larger agglomerated particles are also presented. After application 
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of Cu(NaBH4) powder in APh electrohydrogenation, the size of its particles 
slightly decreases (~ 50-120 nm) (Figure 2, b). In the case of preparation of 
copper powder using hydrazine hydrate, the size of its particles is ~ 35-90 nm and 
they are also collected in larger formations [31]. 

In this work, nickel powders were synthesized only with the using of 
hydrazine hydrate and their X-ray diffraction patterns have peaks corresponding 
to reduced nickel (Ni0) and a small amount of NaCl as impurity (Figure 3, a). The 
synthesis of nickel powders in a solution with polymers is also accompanied by 
almost complete reduction of nickel (II) cations and Ni0 particles formation. In 
this case, the corresponding peaks in the X-ray diffraction pattern are slightly 
broadened (Figure 3, c), which may indicate the formation of nickel particles with 
smaller sizes. It should be noted that nickel powders obtained using sodium 
borohydride contain various impurities, including nickel borides, and exhibit the 
weak electrocatalytic properties, which are tested in the process of electrohydro-
genation of APh, and therefore, for hydrogenation of other organic compounds, 
theyare decided do not use. 

 

 
 

 
 
Figure 3 – XRD patterns of Ni(N2H4·H2O) powders after synthesis (a)and after 

electrocatalytic hydrogenation of APh (b), and Ni(N2H4∙H2O) + PVA after synthesis (c) 
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The micrographs of Ni powders prepared without and in the presence of 
PVA polymer are shown in Figure 4. As can be seen from the presented 
micrographs, the Ni powder synthesized without polymer stabilizers (Figure 4, a) 
consists of round particles with sizes of ~ 150-600 nm. These particles are bonded 
to each other in varying chain lengths and simply shapeless formations that 
together form the large agglomerates with a porous structure. According to EDS 
(energy dispersive X-ray spectroscopy) analysis, this Ni powder contains the Cl, 
Na and O chemical elements, obviously in the form of NaCl, NaOHimpurities, or 
nickel oxide. 
 

 
 

Figure 4 – Micrographs of Ni powders prepared without (a) and in the presence of 
PVApolymer (b) 

 
The particles of Ni powder synthesized with PVA polymer (Figure 4, b) have 

really the smaller sizes (~ 90-200 nm), than particles of Ni powder prepared 
without the polymer stabilizer. In last case, the surface of the particles is loose, 
they interact less with each other, and as if they are enclosed in a transparent 
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polymer film. This powder also contains the NaCl, NaOH impurities and possibly 
others. 

The electrocatalytic activity of the synthesized Cu and Ni powders was 
studied in the processes of electrohydrogenation of the following organic 
compounds: 

 

CH3

O NO2 NO2

NH2

C

O

Acetophenone Nitrobenzene

p-Nitroaniline
Cyclohexanone

 
 
The electrochemical reduction of these compounds on a Cu cathode (without 

deposition of metal catalyst powders) proceedsvariously (Tables 1, 2). The nitro 
groups in NB and p-NA are reduced at fairly good reaction rates and conversion, 
although the products contain side-formed compounds. Dimeric byproducts are 
also found in the APhreduction which is carried out at a small rate and low degree 
of conversion. The carbonyl group in cyclohexanoneis not reduced under the 
specified conditions of the electrochemical system.  

To compare the obtained results on the electrohydrogenation of organic 
compounds using the synthesized metal powders,the experiments were also 
carried out using skeletal Cu and Ni catalysts and Cu and Ni nanoparticles (Tables 
1 and 2) prepared by the method of electric wire explosion (EWE) (fromTomsk) 
[32]. The particle sizes of Cu (EWE) powder are 40-160 nm and it containcopper 
(I) oxide [31]. Nickel powder is represented by reduced nickel crystallites with 
sizes of 50-90 nm.  

The results of the research performed on the electrocatalytic hydrogenation 
of organic compounds on copper catalysts are given in Table 1. 

From the data presented in Table 1 it follows that the electrocatalytic effect 
in the investigated processes in comparison with their electrochemical passages is 
observed for almost all copper powders used. In the electrohydrogenation of APh, 
high values of the rate and APh conversion are obtained on copper powders 
synthesized with the using of sodium borohydride reducing agent both without 
and with the addition of polymer stabilizers. Although in the presence of the 
latter, powders of a larger mass are formed, and as a consequence, with a lower 
metal content in 1 g taken to activate a cathode (Table 1). However, the most 
intense hydrogenation of APh is carried out on skeletal copper. The main product 
of APhhydrogenation is methylphenylcarbinol, a well-known fragrant substance. 

The electrocatalytic hydrogenation of NB and p-NA is also passed most 
intense with the using of skeletal Cu. Close values of the rate of NB 
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hydrogenation and its conversion are obtained on copper powders prepared using 
NaBH4, and for the p-NA hydrogenation on copper powder synthesized using 
hydrazine hydrate and without polymer stabilizers (Table 1). 

 
Table 1 – Electrocatalytichydrogenation of organic compounds with using copper powders 
 

Cu powders 

Copper 
contentin 

1g of 
powder,  

g 

APh NB p-NA CH 

W, 
ml 

H2/min 

α,  
% 

W, 
ml 

H2/min 

α,  
% 

W, 
ml 

H2/min 

α,  
% 

W, 
ml 

H2/min 

α,  
% 

Cu-cathode - 1.0 22.1 7.8 95.6 6.6 86.7 0.0 0.0 
Cuskeletal - 8.5 98.0 9.4 99.6 9.5 94.5 6.5 84.6 
Cu (EWE) NPs - 7.1 99.5 8.3 98.6 8.8 95.2 0.8 21.5 

N2H4·H2O reducing agent  

Cu (H2O + EtOH) 
Cu (H2O+EtOH)+PVP 
Cu (H2O+EtOH)+PVA 

0.985 
0.605 
0.835 

7.3 
5.6 
7.0 

97.2 
72.5 
100.0 

9.1 
7.6 
8.3 

96.7 
100.0 
98.0 

9.3 
7.1 
7.4 

95.5 
93.0 
97.7 

1.7 
1.7 
1.9 

45.9 
50.7 
52.3 

NaBH4 reducing agent 

Cu (H2O + EtOH)  
Cu (H2O+EtOH)+PVP 
Cu (H2O+EtOH)+PVA 

0.797 
0.462 
0.420 

7.5 
7.3 
7.3 

100.0 
100.0 
96.6 

9.2 
9.1 
8.5 

100.0 
99.1 
86.7 

8.6 
8.1 
7.6 

94.2 
96.5 
94.2 

1.5 
3.5 
1.5 

52.5 
75.4 
58.2 

 
The electrohydrogenation of cyclohexanone withapplication of fabricated 

copper powders showed a weak electrocatalytic effect in comparison with the 
absence of electrochemical reduction of CH on the Cu cathode, but almost twice 
and more better, than in the process on Cu (EWE) nanoparticles (Table 1). This 
leads to the conclusion that a decrease in the size of copper particles becomes less 
favorable for the passage of electrocatalytic hydrogenation of CH on them in a 
liquid catholyte medium. Among the possible factors influencing this process we 
can assume a weak contact of these copper nanoparticles with the cathode surface, 
when nanoparticles not attached to it together with the released hydrogen rise 
upward, and their own gravity is not enough to return to the cathode. This 
assumption is consistent with the fact that on larger particles of skeletal Cu the 
hydrogenation of CH proceeds quite intensively and its conversion reaches almost 
85% (Table 1). In addition, it follows from the results obtained that the rate of CH 
hydrogenation sharply decreases on Cu (EWE) nanoparticles and on synthesized 
copper powders in comparison with skeletal copper with larger particles. It can be 
assumed that this reaction is structurally sensitive (or "hindered"), while all other 
investigated processes of electrocatalytic hydrogenation on copper particles are 
apparently structurally insensitive.  

Nickel powders also exhibited electrocatalytic activity in the electrohydro-
genation of carbonyl groups in APh and CH compounds (Table 2). However the 
values of hydrogenation rates are lower than when using Ni (EWE) nanoparticles 
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and noticeably lower than those for Raney Ni catalyst. At the same time the 
degree of APh and CH conversion is close to its value on the skeletal catalyst, and 
in the case of APh, it was even higher. If we compare the results of the 
electrocatalytic hydrogenation of APh and CH (Table 2) obtained on nickel 
powders with the results for copper powders (Table 1), it can be noted that the 
hydrogenation rates of acetophenoneare higher for copper powders, and in the 
case of cyclohexanone, on the contrary, they are higher for nickel powders. It may 
be noted, that the hydrogenation of cyclohexanone on nickel catalysts is related to 
structurally insensitive reactions. 

 
Table 2 – Electrocatalytic hydrogenation of organic compounds in the presence of nickel 

powders synthesized withN2H4·H2O reducing agent 
 

Catalyst 

Nickel 
contentin  

1 g of 
powder, g 

APh NB p-NA CH 

W, 
ml 

H2/min 

α,  
% 

W, 
ml 

H2/min 

α,  
% 

W, 
ml 

H2/min 

α,  
% 

W, 
ml 

H2/min 

α, 
 % 

Cu-cathode - 1.0 22.1 7.8 95.6 6.6 86.7 0.0 0.0 
Ni skeletal - 7.9 91.8 8.5 95.9 8.1 91.4 6.7 82.4 
Ni (EWE) NPs 1.0 6.6 100.0 7.5 97.1 7.4 92.7 5.8 58.3 
Ni (H2O + EtOH)  
Ni (H2O+EtOH)+PVP 
Ni (H2O+EtOH)+PVA 

0.97 
0.61 
0.93 

4.2 
4.9 
3.9 

94.5 
91.3 
98.3 

8.2 
5.4 
4.4 

99.5 
96.4 
81.7 

7.4 
5.2 
5.1 

95.8 
80.9 
78.1 

3.9 
3.6 
4.5 

78.7 
68.9 
81.8 

 
For nitro derivatives the opposite picture is observed:the prepared Ni 

powders turn out to be less catalytically active in these processes than Cu powders 
synthesized under similar conditions. Fairly good results for the processes of 
electrocatalytic hydrogenation of NB and p-NA are obtained using skeletal 
nickel.The discussed characteristics of NB hydrogenation on Ni powder prepared 
without participating polymer stabilizers are also close to the results (Table 2). 

The explanation for the lower activity of nickel powders than copper 
powders is the fact repeatedly confirmed by our studies that copper (I, II) cations, 
in contrast to Ni2+ cations, are reduced under specified conditions of the 
electrochemical system. Therefore, the oxide film on copper particles undergoes 
electrochemical reduction with the formation of zero-valent copper, which 
catalyzes the processes of electrohydrogenation of organic compounds, while on 
nickel particles, on the contrary, it prevents electrocatalytic hydrogenation 
reactions. In addition, the energy of adsorption interaction of an organic molecule 
with the catalyst surface and a number of other factors also play an important role 
in catalytic and electrocatalytic processes. 

Conclusions. Copper and nickel powders synthesized by chemical reduction 
in an aqueous- ethanol mixture without and with the addition of polymer 
stabilizer (PVP, PVA) contain metal particles with a wide size distribution 
collected in larger agglomerates. In the composition of Cu powders its oxides 
(CuO, Cu2O)arecontained. The carried out investigations have been established 
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that the cathode activation with synthesized Cu and Ni powders makes possible to 
get an electrocatalytic effect in the reactions of APh, NB, p-NA and CH 
electrohydrogenation, that consists in the increasingof the rate of hydrogenation 
and the conversion of these compounds in comparison with their electrochemical 
reduction on a non-activated cathode.The best results for the electrocatalytic 
hydrogenation of APh, NB and p-NA has been obtained using copper powders, 
including skeletal copper and Cu (EWE) powders, which is conditioned by the 
ability of copper cations to be reduced (including from its oxides)in an 
electrochemical system under given conditions. In the electrohydrogenation of 
cyclohexanone, the Ni and Cu skeletal catalysts exhibit the highest electrocata-
lytic activity, andthe synthesized copper powders are less active in this process 
than nickel powders. This fact can be explained by the presence of a favorable 
interaction of the electrons of the non-full completed Ni d-shell with the electrons 
of the C=O-bond of cyclohexanone, as well as the structural features of CH 
molecules, which prevented the interaction with copper atoms. That is, the 
electrocatalytic activity of Cu and Ni powders depends on the preparation 
method, the size of their particles (apparently,smaller particle sizesare not an 
advantage in the studied electrocatalytic system), on the nature of the metal 
catalyst, the nature of the reducing functional group, the interaction of catalyst 
particles with a cathode, the structure of the molecules of organic compounds and 
a few other factors. 

This research is funded by the Science Committee of the Ministry of 
Education and Science of the Republic of Kazakhstan (Grant No. AP08855930) 
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ОРГАНИКАЛЫҚ ҚОСЫЛЫСТАРДЫ ЭЛЕКТРКАТАЛИЗДІК 
ГИДРЛЕУДЕГІ МЫС ЖӘНЕ НИКЕЛЬДІҢ УЛЬТРАДИСПЕРСТІ 
ҮНТАҚТАРЫ  
 
Е.А. Соболева, Я.А. Висурханова, Н.М. Иванова, М.Е. Бейсенбекова,  
С.О. Кенжетаева 

 
Мыс және никельдің ультрадисперсті ұнтақтары сулы-этанолды ортада сәйкес 

металлдардың тұздарынан полимерлі тұрақтандырғыштың (поливинилпирроли-
донның және поливинил спиртінің) қосылуымен және қосылуысыз химиялық то-
тықсыздану арқылы синтезделді. Алынған металл ұнтақтарының құрылысы мен 
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морфологиялық ерекшеліктері рентгенфазалық талдау және электронды микро-
скопия әдістерімен зерттелді. Алынған Cu және Ni ұнтақтарының электркатализдік 
қасиеттері ацетофенонның, нитробензолдың, п-нитроанилиннің және циклогекса-
нонның электркатализдік гидрленуінде зерттелді. Никель ұнтақтарымен салыстыр-
ғанда, аталған қосылыстардың алғашқы үшеуінің электргидрленуінде, Cu ұнтақта-
рының, сонымен қатар скелетті мыстың электркатализдік белсенділігі жоғарылау 
екені анықталды, ол зерттелген электрохимиялық жүйесінде мыс катиондарының 
өзінің оксидтерінен тотықсыздану қабілетімен түсіндірілді. Cu және Ni ұнтақта-
рының синтезінде полимерлі тұрақтандырғыштарды қолдану металл бөлшектерінің 
кішіреюіне әкелетіні, бірақ сәйкес металл ұнтақтарының электркатализдік белсен-
ділігін арттырмайтыны көрсетілді. 

Түйін сөздері: металлдардың ультрадисперсті ұнтақтары, мыс, никель, поли-
мерлі тұрақтандырғыштар, органикалық қосылыстардың электркатализдік гидр-
ленуі.  

 
 

Резюме 
 

УЛЬТРАДИСПЕРСНЫЕ ПОРОШКИ МЕДИ И НИКЕЛЯ  
В ЭЛЕКТРОКАТАЛИТИЧЕСКОМ ГИДРИРОВАНИИ ОРГАНИЧЕСКИХ 
СОЕДИНЕНИЙ 

 
Е.А. Соболева, Я.А. Висурханова, Н.М. Иванова, М.Е. Бейсенбекова,  
С.О. Кенжетаева  

 
Ультрадисперсные порошки меди и никеля синтезированы химическим вос-

становлением из солей соответствующих металлов в водно-этанольной среде без и с 
добавлением полимерного стабилизатора (поливинилпирролидона и поливинило-
вого спирта). Строение и морфологические особенности полученных порошков 
металлов исследованы методами рентгенофазового анализа и электронной микро-
скопии. Изучены электрокаталитические свойства полученных порошков Cu и Ni в 
электрогидрировании ацетофенона, нитробензола, п-нитроанилина и циклогекса-
нона. Установлена более высокая электрокаталитическая активность порошков Cu, 
а также скелетной меди в электрогидрировании первых трёх из перечисленных 
соединений по сравнению с порошками никеля, что объяснено способностью 
катионов меди восстанавливаться из её оксидов в исследуемой электрохимической 
системе. Показано, что использование полимерных стабилизаторов при синтезе 
порошков Cu и Ni способствует уменьшению размеров частиц металлов, но не 
повышает электрокаталитическую активность соответствующих металлических 
порошков. 

Ключевые слова: ультрадисперсные порошки металлов, медь, никель, поли-
мерные стабилизаторы, электрокаталитическое гидрирование органических соеди-
нений.  
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Ғылыми жарияланымдардың этикасы 
  

Редакциялық алқа және "Қазақстанның химия журналы" ғылыми жур-
налының (бұдан әрі – Журнал) бас редакторы "Жарияланымдар жөніндегі 
этика комитеті" (Committee on Publication Ethics – COPE) 
(http://publicationethics.org/about), "Еуропалық ғылыми редакторлар қауымдас-
тығы" (European Association of Science Editors – EASE) (http://www.ease.org.uk) 
және "Ғылыми жарияланымдар әдебі жөніндегі комитеттің" 
(http://publicet.org/code/) қабылданған халықаралық стандарттарды ұстанады. 

 
Баспа қызметіндегі әділетсіз тәжірибені болдырмау мақсатында (плагиат, 

жалған ақпаратты ұсыну және т.б.) және ғылыми жарияланымдардың жоғары 
сапасын қамтамасыз ету, автордың алған ғылыми нәтижелерін жұртшылықпен тану 
мақсатында редакциялық кеңестің әрбір мүшесі, автор, рецензент, сондай-ақ баспа 
процесіне қатысатын мекемелер этикалық стандарттарды, нормалар мен ережелерді 
сақтауға және олардың бұзылуын болдырмау үшін барлық шараларды қабылдауға 
міндетті. Осы процеске қатысушылардың барлығының ғылыми жарияланым эти-
касы ережелерін сақтауы авторлардың зияткерлік меншік құқықтарын қамтамасыз 
етуге, басылым сапасын арттыруға және авторлық материалдарды жеке тұлғалар-
дың мүддесі үшін заңсыз пайдалану мүмкіндігін болдырмауға ықпал етеді. 

Редакцияға келіп түскен барлық ғылыми мақалалар міндетті түрде екі жақты 
шолудан өтеді. Журнал редакциясы мақаланың журнал профиліне, ресімдеу та-
лаптарына сәйкестігін белгілейді және оны қолжазбаның ғылыми құндылығын 
айқындайтын және мақала тақырыбына неғұрлым жақын ғылыми мамандан-
дырулары бар екі тәуелсіз рецензент – мамандарды тағайындайтын журналдың 
жауапты хатшысының бірінші қарауына жібереді. Мақалаларды рецензиялауды 
редакциялық кеңес және редакциялық алқа мүшелері, сондай-ақ басқа елдердің 
шақырылған рецензенттері жүзеге асырады. Мақалаға сараптама жүргізу үшін бел-
гілі бір рецензентті таңдау туралы шешімді Бас редактор қабылдайды. Рецензиялау 
мерзімі 2-4 аптаны құрайды, бірақ рецензенттің өтініші бойынша ол ұзартылуы 
мүмкін. 

Редакция мен рецензент қарауға жіберілген жарияланбаған материалдардың 
құпиялылығын сақтауға кепілдік береді. Жариялау туралы шешімді журналдың 
редакциялық алқасы рецензиялаудан кейін қабылдайды. Қажет болған жағдайда 
қолжазба авторларға рецензенттер мен редакторлардың ескертулері бойынша 
пысықтауға жіберіледі, содан кейін ол қайта рецензияланады. Редакция этика ере-
желерін бұзған жағдайда мақаланы жариялаудан бас тартуға құқылы. Егер ақпа-
ратты плагиат деп санауға жеткілікті негіз болса, жауапты редактор жариялауға жол 
бермеуі керек.  

Авторлар редакцияға ұсынылған материалдардың жаңа, бұрын жарияланбаған 
және түпнұсқа екендігіне кепілдік береді. Авторлар ғылыми нәтижелердің сенімді-
лігі мен маңыздылығына, сондай-ақ ғылыми этика қағидаттарын сақтауға, атап 
айтқанда, ғылыми этиканы бұзу фактілеріне жол бермеуге (ғылыми деректерді тұ-
жырымдау, зерттеу деректерін бұрмалауға әкелетін бұрмалау, плагиат және жалған 
тең авторлық, қайталау, басқа адамдардың нәтижелерін иемдену және т. б.) жауап-
ты болады. 

Мақаланы редакцияға жіберу авторлардың мақаланы (түпнұсқада немесе басқа 
тілдерге немесе басқа тілдерге аударылған) басқа журналға(журналдарға) берме-
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генін және бұл материал бұрын жарияланбағанын білдіреді. Әйтпесе, мақала автор-
ларға авторлық құқықты бұзғаны үшін мақаланы қабылдамау туралы ұсыныспен 
дереу қайтарылады. Басқа автор жұмысының 10 пайызынан астамын оның автор-
лығын және дереккөзге сілтемесіз сөзбе-сөз көшіруге жол берілмейді. Алынған 
фрагменттер немесе мәлімдемелер автор мен бастапқы көзді міндетті түрде көрсете 
отырып жасалуы керек. Шамадан тыс көшіру, сондай-ақ кез-келген нысандағы 
плагиат, оның ішінде рәсімделмеген дәйексөздер, өзгерту немесе басқа адамдардың 
зерттеулерінің нәтижелеріне құқықтар иемдену этикалық емес және қолайсыз. 
Зерттеу барысына қандай да бір түрде әсер еткен барлық адамдардың үлесін 
мойындау қажет, атап айтқанда, мақалада зерттеу жүргізу кезінде маңызды болған 
жұмыстарға сілтемелер ұсынылуы керек. Қосалқы авторлардың арасында зерттеуге 
қатыспаған адамдарды көрсету болмайды. 

Егер жұмыста қате табылса, редакторға тез арада хабарлау керек және бірге 
түзету туралы шешім қабылдау керек. 

Қолжазбаны жариялаудан бас тарту туралы шешім рецензенттердің ұсыным-
дарына сәйкес редакциялық алқа отырысында қабылданады. Редакциялық алқаның 
шешімімен жариялауға ұсынылмаған мақала қайта қарауға қабылданбайды. 
Жариялаудан бас тарту туралы хабарлама авторға электрондық пошта арқылы 
жіберіледі. 

Редакциялық алқа мақаланы жариялауға жіберу туралы шешім қабылдағаннан 
кейін редакция бұл туралы авторға хабарлайды және жариялау мерзімін көрсетеді. 
Рецензиялардың түпнұсқалары журналдың редакциясында 3 жыл бойы сақталады. 
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Этика научных публикаций 
 
Редакционная коллегия и главный редактор научного журнала «Хими-

ческий журнал Казахстана» (далее – Журнал) придерживаются принятых 
международных стандартов «Комитета этики по публикациям» (Committee on 
Publication Ethics  – COPE) (http://publicationethics.org/about), «Европейской 
ассоциации научных редакторов» (European Association of Science Editors – EASE) 
(http://www.ease.org.uk) и «Комитета по этике научных публикаций» 
(http://publicet.org/code/). 

 
Во избежание недобросовестной практики в публикационной деятельности 

(плагиат, изложение недостоверных сведений и др.) и в целях обеспечения высокого 
качества научных публикаций, признания общественностью, полученных автором 
научных результатов, каждый член редакционного совета, автор, рецензент, а также 
учреждения, участвующие в издательском процессе, обязаны соблюдать этические 
стандарты, нормы и правила и принимать все меры для предотвращения их 
нарушений. Соблюдение правил этики научных публикаций всеми участниками 
этого процесса способствует обеспечению прав авторов на интеллектуальную соб-
ственность, повышению качества издания и исключению возможности неправо-
мерного использования авторских материалов в интересах отдельных лиц. 

Все научные статьи, поступившие в редакцию, подлежат обязательному 
двойному слепому рецензированию. Редакция Журнала устанавливает соответствие 
статьи профилю Журнала, требованиям к оформлению и направляет ее на первое 
рассмотрение ответственному секретарю Журнала, который определяет научную 
ценность рукописи и назначает двух независимых рецензентов – специалистов, 
имеющих наиболее близкие к теме статьи научные специализации. Рецензирование 
статей осуществляется членами редакционного совета и редакционной коллегии, а 
также приглашенными рецензентами других стран. Решение о выборе того или 
иного рецензента для проведения экспертизы статьи принимает главный редактор. 
Срок рецензирования составляет 2-4 недели, но по просьбе рецензента он может 
быть продлен. 

Редакция и рецензент гарантируют сохранение конфиденциальности не-
опубликованных материалов присланных на рассмотрение работ. Решение о публи-
кации принимается редакционной коллегией Журнала после рецензирования. 
В случае необходимости рукопись направляется авторам на доработку по заме-
чаниям рецензентов и редакторов, после чего она повторно рецензируется. Редак-
ция оставляет за собой право отклонить публикацию статьи в случае нарушения 
правил этики. Ответственный редактор не должен допускать к публикации инфор-
мацию, если имеется достаточно оснований полагать, что она является плагиатом. 

Авторы гарантируют, что представленные в редакцию материалы являются 
новыми, ранее неопубликованными и оригинальными. Авторы несут ответст-
венность за достоверность и значимость научных результатов, а также соблюдение 
принципов научной этики, в частности, недопущение фактов нарушения научной 
этики (фабрикация научных данных, фальсификация, ведущая к искажению иссле-
довательских данных, плагиат и ложное соавторство, дублирование, присвоение 
чужих результатов и др.) 

Направление статьи в редакцию означает, что авторы не передавали статью (в 
оригинале или в переводе на другие языки или с других языков) в другой журнал(ы) 
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и что этот материал не был ранее опубликован. В противном случае статья не-
медленно возвращается авторам с рекомендацией отклонить статью за нарушение 
авторских прав. Не допускается дословное копирование более 10 процентов работы 
другого автора без указания его авторства и ссылок на источник. Заимствованные 
фрагменты или утверждения должны быть оформлены с обязательным указанием 
автора и первоисточника. Чрезмерные заимствования, а также плагиат в любых 
формах, включая неоформленные цитаты, перефразирование или присвоение прав 
на результаты чужих исследований, неэтичны и неприемлемы. Необходимо при-
знавать вклад всех лиц, так или иначе повлиявших на ход исследования, в част-
ности, в статье должны быть представлены ссылки на работы, которые имели 
значение при проведении исследования. Среди соавторов недопустимо указывать 
лиц, не участвовавших в исследовании. 

Если обнаружена ошибка в работе, необходимо срочно уведомить редактора и 
вместе принять решение об исправлении. 

Решение об отказе в публикации рукописи принимается на заседании редак-
ционной коллегии в соответствии с рекомендациями рецензентов. Статья, не реко-
мендованная решением редакционной коллегии к публикации, к повторному 
рассмотрению не принимается. Сообщение об отказе в публикации направляется 
автору по электронной почте. 

После принятия редколлегией Журнала решения о допуске статьи к публи-
кации редакция информирует об этом автора и указывает сроки публикации. Ориги-
налы рецензий хранятся в редакции Журнала в течение 3 лет. 
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Ethics of scientific publications 
 
The editorial board and editor-in-chief of the scientific journal “Chemical 

Journal of Kazakhstan” (hereinafter - the Journal) adhere to the accepted 
international standards of “the Committee on Publication Ethics” (COPE) 
(http://publicationethics.org/about), “European Association of Science Editors – 
EASE” (http://www.ease.org.uk) and “Committee on the Ethics of Scientific 
Publications” (http://publicet.org/code/). 

 
Public recognition of the scientific results obtained by the author, each member of 

the editorial board, author, reviewer, as well as institutions involved in the publishing 
process is obliged to comply with ethical standards, norms, and rules and take all 
measures to prevent violations thereof. This is needed to avoid unfair practice in 
publishing activities (plagiarism, presentation of false information, etc.) and to ensure the 
high quality of scientific publications. Compliance with the rules of ethics of scientific 
publications by all participants in this process contributes to ensuring the rights of authors 
to intellectual property, improving the quality of the publication, and excluding the 
possibility of illegal use of copyright materials in the interests of individuals. 

All scientific articles submitted to the editorial office are subject to mandatory 
double-blind review. The editorial board of the Journal establishes the correspondence of 
the article to the profile of the Journal, the requirements for registration and sends it for 
the first consideration to the executive secretary of the Journal, who determines the 
scientific value of the manuscript and appoints two independent reviewers - specialists 
who have scientific specializations closest to the topic of the article. Reviewing of articles 
is carried out by members of the editorial board and editorial board, as well as invited 
reviewers from other countries. The decision on choosing a reviewer for the examination 
of the article is made by the editor-in-chief. The review period is 2-4 weeks, but it can be 
extended at the request of the reviewer. 

The editorial board and the reviewer guarantee the confidentiality of unpublished 
materials sent for consideration. The decision on publication is made by the editorial 
board of the Journal after reviewing. The manuscript is sent to the authors for revision 
based on the comments of reviewers and editors if necessary. After which, it is re-
reviewed. The editors reserve the right to reject the publication of an article in case of a 
violation of the rules of ethics. The executive editor should not allow information to be 
published if there are sufficient grounds to believe that it is plagiarism. 

The authors guarantee that the submitted materials to the editorial office are new, 
previously unpublished, and original. Authors are responsible for the reliability and 
significance of scientific results, as well as adherence to the principles of scientific ethics, 
in particular, the prevention of violations of scientific ethics (fabrication of scientific data, 
falsification leading to distortion of research data, plagiarism, and false co-authorship, 
duplication, appropriation of other people's results, etc.). 

The submission of an article to the Editorial Board means that the authors did not 
transmit the article (in original or translation into other languages or from other 
languages) to another journal (s), and this material has not been previously published. 
Otherwise, the article is immediately returned to the authors with a recommendation to 
reject the article for copyright infringement. Verbatim copying of more than 10 percent of 
another author's work is not allowed without indicating his authorship and links to the 
source. Borrowed fragments or statements must be made with the obligatory indication of 
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the author and the source. Excessive borrowing as well as plagiarism in any form, 
including unofficial quotations, paraphrasing, or appropriation of rights to the results of 
other people's research, is unethical and unacceptable. It is necessary to recognize the 
contribution of all persons, who in one way or another influenced the course of the 
research in particular the article, should contain references to works that were of 
importance in the conduct of the research. Among the co-authors, it is inadmissible to 
indicate persons who did not participate in the study. 

If an error is found in work, it is necessary to notify the editor and together make a 
decision on the correction. 

The decision to refuse publication of the manuscript is made at a meeting of the 
editorial board by the recommendations of the reviewers. An article not recommended for 
publication by the decision of the editorial board is not accepted for reconsideration. The 
refusal to publish is sent to the author by e-mail. 

After the editorial board of the Journal decides on the admission of the article for 
publication, the editorial board informs the author about it and indicates the terms of 
publication. The originals of the reviews are kept in the editorial office for three years. 
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