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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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MECHANISM OF FORMING NANODISPERSE COPPER SILICATE 
POWDER DURING ANODIC POLZRIZATION OF COPPER 

ELECTRODE IN POTASSIUM SILICATE SOLUTION 
  

Abstract. The main advantage of the known electrochemical methods is the possibility of obtaining powders 
with a smaller particle size, which eliminates the additional stage of its processing, i.e. regrinding. The works aimed 
at obtaining nanodimensional powders of copper oxide compounds that are widely used in the production of 
antibacterial materials, solar batteries, gas sensors, photovoltaic cells, in semiconductor technology, as well as a 
catalyst for the oxygen electrode of a fuel cell with a solid electrolyte, are now of ever-greater interest. 

In this paper by the method of voltammetry there has bee for the first time studied the mechanism of forming 
copper silicate powder nanoparticles during anodic polarization of a copper electrode in a slightly alkaline solution of 
potassium silicate. Based on the results obtained, using the method of mathematical planning of the experiment, there 
has been studied the effect of the current density, the concentration of potassium silicate, the temperature of the 
electrolyte, the duration of electrolysis on the current yield of the nanosized copper silicate powder. The optimal 
parameters of electrolysis in galvanostatic conditions have been determined. The chemical analytical method has 
established the compliance of the electrolysis-produced copper silicate with the formula CuSiO3•3,8H2O. There have 
been performed the electronic microscopic studies of the synthesized copper silicate powder and the particle sizes 
have been determined in the region of 50 nm. 

Key words: nanoparticle, silicate copper powder, potassium silicate, voltammetry, electrolysis, electronic 
microscopy. 

 
Introduction. The unique properties of oxidized copper compounds due to the presence of a 

developed surface are widely used in a lot of branches of engineering and production [1]. Of ever-greater 
interest are the works aimed at obtaining powders of copper oxide compounds that are widely used in the 
production of antibacterial materials, solar batteries, gas sensors, photovoltaic cells, semiconductor 
technology, as well as a catalyst for the oxygen electrode of a fuel cell with a solid electrolyte. 

There is no information of obtaining pure copper silicate in literature, only various reference data on 
the chemical methods of synthesizing other silicate compounds are encountered. For example, the authors 
of Ref. [2] describe the Cu/SiO2-catalysts that contain slaty copper silicate, it has been shown that owing 
to forming highly disperse copper phyllosilicates, these compounds are effective catalysts for converting 
ethanol to ethyl acetate. Similarly to [2], the authors of [3] describe the good catalytic activity of the 
Cu/SiO2-catalyst due to the presence of finely dispersed copper slaty silicate. The difference between the 
works [2] and [3] is that the Cu/SiO2-catalyst was obtained by the sol-gel method. However, in [4], 
although the Cu/SiO2-catalyst is also obtained and its structural properties are studied, good catalytic 
properties are attributed to the presence of copper nanoparticles in the silica gel. 
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Electrode reactions, in particular anodic copper oxidation processes in silicic acid solutions, are 
practically unexplored areas in electrochemistry of copper. Our research tasks include studying the anodic 
behavior of copper in the solution of potassium silicate and identifying the possibility of synthesizing the 
nanosized copper silicate powder. 

Experiment methodology. Voltammetric studies have been carried out by the method of taking 
polarization curves in the solution of potassium silicate. Polarization curves have been taken using a 
clamping electrode of special design [5]. In contrast to the known electrodes, the advantage of the 
clamping electrode design is the ability to polarize powders due to the direct contact with the 
electroconductive surface of the electrode. The anode curves have been plotted using a copper electrode at 
the temperatures of 20-800 °C, the potential sweep rate of 10 mV / s, and the electrolyte concentration of 
0.6-7.5 g/l. 

The electrolysis has been performed in a 300 ml thermostated electrolyzer, the electrodes have been 
made of cathodic copper. To prepare the electrolyte, distilled water and potassium silicate reagent 
(Ka2SiO3) have been used. The method of multifactorial mathematical planning of the experiment has 
been used to study the possibility of obtaining a nanosized copper silicate powder by electrolysis in 
galvanostatic conditions. The effect of the current density, the potassium silicic acid concentrations, the 
electrolyte temperature and the duration of electrolysis has been studied. The duration of the experiments 
has been 15-240 minutes. The precipitate formed by nanosized copper silicate formed during electrolysis 
has been subjected to washing with distilled water, filtration and dried in a special chamber. The obtained 
product has been studied by chemical and electronic microscopic methods of analyzing. 

Discussing results. The electrode reactions, in particular anodic copper oxidation processes in silicic 
acid solutions, are practically unexplored areas in electrochemistry of copper. The tasks of our researchers 
have included studying the anodic behavior of copper in the solution of potassium silicate and revealing 
the possibility of synthesizing the nanosized copper silicate powder. 

It is known [6] that when dissolved in water, potassium silicate is hydrolyzed and its solution has an 
alkaline reaction: 

   
 Ka2SiO3 + H2O → 2KaOH + SiО2. (1) 
 
On the anodic polarization curve of the copper electrode (Figure 1) there are observed two waves. 
 

 
 

1- 0.5; 2 - 1.0; 3 – 2.5; 4 – 5.0 g/l, t = 25 0C 
 

Figure 1 – Cyclic anodic-cathodic polarization curve of the copper electrode 
in potassium silicate solutions 
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The first weakly manifested wave corresponds to the process of forming cuprous copper oxide: 
 
 2Cuо + Н2О → Сu2О + 2H+ + е-. Е0 = +0,570, В (2) 
The second wave corresponds to the process of the active transition of cuprous copper oxide into 

copper hydroxide: 
 
 Сu2О + 3H2O → 2Cu(OH)2 + 2H+ + е-. Е0 = +0,669, В (3) 
 
Copper hydroxide formed [7] reacts with potassium silicate and forms a new phase, i.e. copper 

silicate: 
 
 Cu(OH)2 + Ka2SiO3 → CuSiO3 + 2 KaOH. (4) 
 
On cathodic voltammetric curves there are observed three waves that probably correspond to the 

following reactions: 
 
 Cu2O + 2e- + H2O → 2Сu0 + 2OH-, (5) 
 
 Cu(OH)2 + 2e- → Cu0 + 2OH-, (6) 
 
 CuSiO3 + 2e- + H2O → Cu0 + SiO2 + 2OH-. (7) 
 
Based on the above-mentioned electrochemical studies, the present work has shown for the first time 

the possibility of obtaining a nanosized copper silicate powder by the electrolytic method [8]. 
In a sequential study of the factors, the effect of the current density, the concentration of potassium 

silicate, the temperature and the duration of electrolysis on the current yield of the nanosized copper 
silicate powder has been studied by the method of mathematical planning of the experiment [9]. Point 
dependences have been constructed for the current yield of a nanosized copper silicate powder (Figure 2). 
The approximating function has been selected taking into account the physical meaning of the dependence 
being studied. 

The adequacy of the private dependences for the current yield of a nanosized copper silicate powder 
and pH changing in the solution has been determined from the correlation coefficient R and its relevance 
tR. 

The essence of the processes that occur during electrolysis is that when passing direct current through 
the solution of potassium metasilicate (Ka2SiO3) on copper electrodes there take place the following 
processes: 

- on the cathode there released hydrogen: 
 
 2H2O + 2e - → H2 + 2OH-, (8) 
 
- on the anode there is observed copper electrode dissolution according reactions (2, 3). 
Copper hydroxide formed by reaction (3) reacts with the potassium silicate present in the solution and 

forms by reaction (4) copper silicate of bright blue color. 
From the experimental data (Figure 2) it is seen that with gradual increasing the current density in the 

range of 20-120 A/m2, the current yield increases from 16.2 to 81.5 %, respectively. 
Increasing the current density above 120 A/m2 leads to significant decreasing the current yield of a 

nanosized copper silicate powder [10]. 
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а – current density; b – potassium silicate concentration; c – electrolysis duration; d – temperature 

points: experimental data; line – approximating function 
 

Figure 2 – the effect of preset factors on the current yield of the copper silicate nanosized powder 
 
The initial concentration of potassium silicate has a significant effect on the current yield of the 

synthesized product. The nanosized copper silicate powder is formed only at strict concentration limits 
from 0 to 6 g/l. The maximum value of the current yield of 81.5 % is reached even at the concentration of 
potassium silicate of 1.2 g/l (Figure 2, b) [12]. Increasing the concentration of the latter above 6 g/l leads 
to a sharp cessation of copper silicate formation, the current yield in this case is reduced to zero. 

With increasing the temperature in the range of 20–80 0С the current yield of the nanosized copper 
silicate powder gradually decreases [13]. 

With increasing the duration of electrolysis (Figure 2, c) in the range of 15-60 minutes, the current 
yield of the nanosized copper silicate powder reaches the maximum value of 81.5 %. Further increasing 
the duration leads to decreasing the current yield [14]. 

Decreasing the current yield of the nanosized copper silicate powder with increasing the current 
density, the concentration of potassium metasilicate, the temperature of the solution and the duration of 
electrolysis is higher than their optimal values due to the simultaneous increasing the solution pH for the 
above parameters (Figure 2,a). 

Due to pH increasing in the solution, a competitive reaction occurs to form copper (II) oxide on the 
surface of the copper anode, which leads to passivation of the electrode and contamination of the resulting 
product [11]: 
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 Cu0 + H2O → CuO + 2H+ + 2e-. (9) 
 
It follows that in order to ensure purity and to achieve relatively high current yield results of the 

nanosized copper silicate powder, the optimal pH of the potassium metasilicate solution in electrolysis 
should correspond to 10-11. 

The adequacy of the private dependences for the current yield of the nanosized copper silicate powder 
has been determined from the correlation coefficient R and its relevance tR (Table 1). 

 
Table 1 – Coefficient of correlation R, its value tR for private functions of the current yield of the nanosized copper cilicate 
powder  
 

Equation R Condition tR>2 Relevance 

253,176873,10075,0 2  iiу  0.9891 101.8>2 relevant 

455,70946,145771,87124,0 23  CCCy  0.9944 199.1>2 relevant 

995,761057,00014,0 2  y  0.9795 54.07>2 relevant 

74,1008629,0  ty  0.9316 14.10>2 relevant 

 
The obtained equations for the current yield of the nanosized copper silicate powder taking into 

account relevant functions are generalized by the dependence in the form of their product [15, 16]: 
 

 

   
     123

232

74,1008629,0995,761057,00014,02203,79

455,70946,145771,87124,0253,176873,10075,0







t

CCCii
ВТ

   (10) 

 
When comparing the results of the experiment and calculation, we find the values R = 0.97 and 

tR=42792, R = 0.986 and tR=114,32, which confirms the adequacy of describing the experimental data 

by equation (10), respectively. The confidence interval calculated through tR [17] is 1.89 %. 
Electron-microscopic studies of particles of a nanosized copper silicate powder on a transmission 

scanning electron microscope were performed. It is established that the particle size of the copper silicate 
powder synthesized by us lies in the region of 50 nm (Fig. 3). 

There have been carried out electronic microscopic studies of the nanosized copper silicate powder 
particles on the transmission scanning electronic microscope. It has been established that the sized of the 
powder synthesized lies in the region of 50 nm (Figure 3).  

 

 
 

Figure 3 – Photomicrograph of copper silicate nanopowder on the transmission scanning electronic microscope 
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The chemical analysis of synthesized nanodisperse copper silicate has been carried out for copper and 
silica according to the well-known methods [18]. According to the results of the analysis, the copper 
content in the precipitate is 44.81 %, and silicon 20.13 %; when converted to copper silicate CuSiO3•nH2O 
there has been established compliance with the formula CuSiO3 • 3,8H2O. 

Conclusions. It has been established that two waves are observed on the anodic polarization curve of 
the copper electrode in the solution of potassium silicate. The first weakly manifested wave is referred to 
the process of forming cuprous copper oxide, the second wave corresponds to the process of active 
transition of cuprous oxide to hydroxide that reacts with potassium silicate and forms a new phase, i.e. 
copper silicate. 

Based on the carried out electrochemical studies, it has been shown for the first time that it is possible 
to obtain a nanosized copper silicate powder by electrolysis from the aqueous solution of potassium 
silicate. Using the method of mathematical planning of the experiment, the effect of the current density, 
the potassium silicate concentration, the solution temperature and the duration of electrolysis on the 
current yield of the nanosized copper silicate powder has been studied. The highest values of the current 
yield of the nanosized copper silicate powder have been achieved under the following conditions of 
electrolysis: the current density 120A/m2, the duration of electrolysis 60 min., pH=11.0, t=20 0С, the 
potassium silicate concentration 1.2 g/l, above 6 g/l leads to a sharp cessation of forming the nanoscale 
copper silicate powder. 

The electronic microscopic method has been used to determine the particle sizes of the nanosized 
copper silicate powder synthesized that lie in the region of 50 nm. 

 
REFERENCES 

 
[1] Dausheva MR, Songina OA (1973) Povedenie suspenzii trudnorastvorimykh veshchestv na elektrodakh. Uspekhi khimii, 

2:323-342. (In Russian). 
[2] Xue Yu, Shubo Zhai, Wanchun Zhu, Shuang Gao, Jianbiao Yan, and others. (2014) The direct transformation of ethanol 

to ethyl acetate over Cu/SiO2 catalysts that contain copper phyllosilicate. Journal of Chemical Sciences. 126:4:.1013–1020. DOI: 
10.1007/s12039-014-0659-z (In Eng). 

[3] Liming He, Xiaochun Chen, Jingsheng Ma, Hailong He, Wei Wang (2010) Characterization and catalytic performance of 
sol–gel derived Cu/SiO2 catalysts for hydrogenolysis of diethyl oxalate to ethylene glycol. Journal of Sol-Gel Science and 
Technology. 55:3:285–292. DOI: 10.1007/s10971-010-2247-0 (In Eng). 

[4] Tongmei Ding, Hengshui Tian, Bingqin Zhao. (2016) Synthesis of 1,3-propanediol through diethyl malonate 
hydrogenation on Cu/SiO2 nanoparticles. Reaction Kinetics, Mechanisms and Catalysis. 118:2:497–508. DOI:10.1007/s11144-
016-1008-7 (In Eng). 

[5] Baeshova AK, Baeshov A, Ugorets MZ, Buketov EA (1980) Katodnaia poliarizatsiia dispersnogo selena v rastvorakh 
gidrookisi natriia na tverdykh elektrodakh. ZhPKh. 53:2:2122-2125. (In Russian). 

[6] Brauer G (1956) Rukovodstvo po preparativnoi neorganicheskoi khimii. Leningrad, Izdatel'stvo Leningrad. (In Russian) 
[7] Naumov IuI, Molvina LI, Korolev GV (1979) Elektrokhimiia. 15:4:597. (In Russian). 
[8] Dospaev MM, Lisova IV, Lu NIu (1998) Issledovanie fiziko-khimicheskikh zakonomernostei obrazovaniia khrizokolly v 

kremnievokislykh rastvorakh. Tez. dokl. Mezhd. nauchno-prakt. konf. «Kompleksnoe ispol'zovanie mineral'nykh resursov 
Kazakhstana». P. 221. (In Russian). 

[9] Dospaev MM, Lisova IV, Lu NIu (1998) Fiziko-khimicheskii metod sinteza khrizokolly iz rastvora kremnievokislogo 
natriia. Sb. tr. Mezhd. nauchnoi konf. «Nauka i obrazovanie – vedushchii faktor strategii Kazakhstan-2030». P. 99-101. (In 
Russian). 

[10] Dospaev MM, Figurinene IV, Baeshov A (2007) Elektrokhimicheskii metod polucheniia silikata medi. Mezhd. konf. po 
khimii i khimicheskoi tekhnologii, posv. 50-letiiu osnovaniia Instituta Obshchei i Neorganicheskoi Khimii im. akademika NAN RA 
Manveliana M.G. P. 215-216. (In Russian). 

[11] Miliutin NN (1978) Elektrokhimicheskoe povedenie medi v shchelochnykh rastvorakh. ZhPKh. 12:426-429. (In 
Russian). 

[12] Dospaev MM (2008) Obrazovanie silikata medi pri elektrokhimicheskoi poliarizatsii mednogo elektroda v rastvorakh 
metasilikata kaliia. Vestnik KarGU, ser. khim. 1:26-29. (In Russian). 

[13] Dospaev MM, Baeshova AK, Dospaev DM, Ivanskaia LA (2008) Mekhanizm elektroliticheskogo polucheniia kremnii 
soderzhashchikh soedinenii medi. Tr. VI mezhd. Beremzhanovskogo s"ezda po khimii i khimicheskoi tekhnologii. P. 103-106. (In 
Russian). 

[14] Dospaev MM, Baeshov A, Karimova LM, Dospaev DM (2009) Izuchenie vliianiia razlichnykh parametrov elektroliza 
na obrazovanie silikata medi. Promyshlennost' Kazakhstana. 4:584-86. (In Russian). 



Известия Национальной академии наук Республики Казахстан  
  

   
136  

[15] Malyshev VP (1978) Matematicheskoe opisanie rezul'tatov mnogofaktornogo eksperimenta, provedennogo po metodu 
Zeidelia-Gaussa. Vestnik AN Kaz SSR. 4:31-38. (In Russian). 

[16] Malyshev VP (2008) Kineticheskii i tekhnologicheskii analiz obobshchaiushchikh matematicheskikh modelei khimiko-
metallurgicheskikh protsessov. Reports of the national academy of sciences of the republic of kazakhstan. 2:13-18. 
https://doi.org/10.32014/2018.%202518-1483 (In Russian). 

[17] Malyshev VP (2000) K opredeleniiu oshibki eksperimenta, adekvatnosti i doveritel'nogo intervala 
approksimiruiushchikh funktsii. Bulletin NAS RK. 4:22-30 https://doi.org/10.32014/2018.2518-1467 (In Russian). 

[18] Fainberg SIu (1958) Analiz mineral'nogo syr'ia. –Moskva, Goskhimizdat. (In Russian). 
 

М. М. Доспаев1, А.Баешов2, А.С. Жумаканова2,  
Д.М.Доспаев2, Б.Б.Сыздыкова1, К.С. Какенов3, Г.А.Есенбаева3 

 
1Ж. Əбішев атындағы Химия-металлургия институты, Қарағанды, Қазақстан, 

2Д.В. Сокольский атындағы Жанармай, катализ жəне электрохимия институты, Алматы, Қазақстан, 
3Қарағанды мемлекеттік техникалық университеті, Қарағанды, Қазақстан, 

4Қазтұтынуодағы Қарағанды экономикалық университет, Қарағанды, Қазақстан. 
 

КАЛИЙ МЕТАСИЛИКАТЫ ЕРТІНДІНДІСІНДЕ МЫС АНОДЫН ПОЛЯРИЗАЦИЯЛАУ КЕЗІНДЕГІ 
НАНОДИСПЕРСТІ МЫС СИЛИКАТЫ ҰНТАҒЫНЫҢ ТҮЗІЛУ МЕХАНИЗМ 

 
Аннотация. Белгілі электрохимиялық əдістердің негізгі артықшылығы төмен өлшемді ұнтақ 

бөлшектерін алу болып табылады, ол қосымша ұнтақтау кезеңін жояды. Қазіргі кезде наноөлшемді тотыққан 
мыс қоспаларын алуға бағытталған жұмыстар қызығушылық тудыруда, өйткені олар жартылай өткізгіш 
техникасында, фотогальваникалық ұяшықтарда, газдық сенсорларда, күн батареяларда жəне 
антибактериялдық материялдар өндірісінде кең қолданыс тапқан.  

Бұл жұмыста вольтамперометрия əдісімен алғаш рет төмен сілтілі калий метасиликаты ертіндісінде мыс 
анодын поляризациялау кезінде мыс силикаты ұнтағы нанобөлшектерінің түзілу механизімі зерттелді. 
Алынған нəтижелер негізінде экспериментті матиматикалық жоспарлау əдісін пайдалана отырып 
наноөлшемді мыс силикаты ұнтағының шығымына тоқ тығыздығының, калий метасиликаты 
концентрациясының, электролит температурасының, электролиз ұзақтығының əсері зерттелді. 
Гальваностатикалық жағдайдағы электролиздің тиімді параметрлері анықталды. Химиялық анализ əдісімен 
электролиз арқылы алынған мыс силикатының CuSiO3•3,8H2O формуласына сəйкестегі дəлелденді. 
Синтезделген мыс силикаты ұнтағына электронды микроскопиялық зерттеулер жургізілді жəне оның 
бөлшектерінің өлшемі анықтылды, олар 50нм өлшем аймағында. 

Түйін сөздер: нанобөлшек, мыс силикаты ұнтағы, калий метасиликаты, вольтамперометрия, электролиз, 
электрондық микроскопия. 
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МЕХАНИЗМ ОБРАЗОВАНИЯ НАНОДИСПЕРСНОГО ПОРОШКА СИЛИКАТА МЕДИ В 

РАСТВОРЕ МЕТАСИЛИКАТА КАЛИЯ 
 
Аннотация. Основным преимуществом известных электрохимических методов является возможность 

получения порошков с меньшим размером частиц, что исключает дополнительную стадию его обработки – 
доизмельчение. Все больший интерес вызывают работы направленные на получение наноразмерных 
порошков оксидных соединений меди, которые находят широкое применение в производстве антибакте-
риальных материалов, солнечных батарей, газовых сенсоров, фотогальванических ячеек, а также в технике 
полупроводников в качестве катализатора для кислородного электрода топливного элемента с твердым 
электролитом.  
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В данной работе методом вольтамперометрии впервые исследован механизм образования наночастиц 
порошка силиката меди при анодной поляризации медного электрода в слабощелочном растворе 
метасиликата калия. На основании полученных результатов с использованием метода математического 
планирования эксперимента изучено влияние плотности тока, концентрации метасиликата калия, 
температуры электролита, продолжительности электролиза на выход по току наноразмерного порошка 
силиката меди. Определены оптимальные параметры электролиза в гальваностатических условиях. 
Химическим методом анализа установлено соответствие полученного электролизом силиката меди формуле 
CuSiO3•3,8H2O. Проведены электронно-микроскопические исследования синтезированного порошка 
силиката меди и определены размеры его частиц, которые лежат в области 50 нм. 

Ключевые слова: наночастица, порошок силиката меди, метасиликат калия, вольтамперометрия, 
электролиз, электронная микроскопия. 
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