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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 CuSiO;°3,8H,0. 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/Si0O,-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/Si0O,-catalyst due to the presence of finely dispersed copper slaty silicate. The difference between the
works [2] and [3] is that the Cu/SiO,-catalyst was obtained by the sol-gel method. However, in [4],
although the Cu/SiO,-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
(Ka,Si0;) 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:

Ka,Si0; + H,0 — 2KaOH + SiO,. (1)

On the anodic polarization curve of the copper electrode (Figure 1) there are observed two waves.

L MA

2.4 +2,0 1.6 F1.2 +0.8 +0 .4

04 08 12 EB
> 0.2

-0.4

-0.6

1-0.5;2-1.0;3-2.5;4-5.0g/l,t=25°C

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:

2Cu° + H,0 — Cu,0 + 2H + ¢ E’=+0,570, B )
The second wave corresponds to the process of the active transition of cuprous copper oxide into
copper hydroxide:

Cu,0 + 3H,0 — 2Cu(OH), + 2H +¢.  E"=+0,669, B 3)

Copper hydroxide formed [7] reacts with potassium silicate and forms a new phase, i.e. copper
silicate:

Cu(OH), + Ka,Si0; — CuSiO; + 2 KaOH. @)

On cathodic voltammetric curves there are observed three waves that probably correspond to the
following reactions:

Cu,0 + 2¢ + H,0 — 2Cu’+ 20H,, (5)
Cu(OH), + 2¢"— Cu”+ 20H, (6)
CuSiO;+ 2¢ + H,0O — Cu’ + SiO, + 20H.. (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 (Ka,SiO;) on copper electrodes there take place the following
processes:

- on the cathode there released hydrogen:

2H,0 +2e " — H,+ 20H, (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/m’, the current yield increases from 16.2 to 81.5 %, respectively.

Increasing the current density above 120 A/m” leads to significant decreasing the current yield of a
nanosized copper silicate powder [10].
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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 °C the current yield of the nanosized copper
silicate powder gradually decreases [13].

With increasing the duration of electrolysis (Figure 2, ¢) 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]:

— 133 =——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Cu’+ H,0 — CuO + 2H" + 2e. )

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 tg (Table 1).

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

Equation R Condition tg>2 Relevance
y= _0,00751'2 +1,6873i —17,253 0.9891 101.8>2 relevant
y=0,7124C* —8,5771C* +14,946C + 70,455 0.9944 199.1>2 relevant
y= -0 00141'2 +0.10577 +76.995 0.9795 54.07>2 relevant
y =-0,8629¢ +100,74 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]:

(- 0,0075:% +1,6873i —17,253)-(0,7124C* —8,5771C” +14,946C + 70,455)
79,2203°[[- 0,001472 +0,10577 + 76,995 ). (- 0.8629¢ + 100,74)] " (1¥

BT =

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

tr=4279>2, R =0.986 and tr=114,3>2, 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 CuSiOs;*nH,O
there has been established compliance with the formula CuSiO; ¢ 3,8H,0.

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/m?, the duration of electrolysis 60 min., pH=11.0, =20 °C, 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.
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KAJIMA METACUWJINKATBI EPTIHAITHIICIHIE MbIC AHOJIbIH HOJISAPU3ALIASJIAY KE3IHJIET'T
HAHOJUCIHEPCTI MbIC CUJIMKATbBI ¥YHTAFBIHBIH TY3LJIY MEXAHU3M

AnHOTanusi. bBenrini  3NeKTPOXMMUSAIBIK SIICTEpAIH HEri3ri apTHIKIIBUIBIFBI TOMEH OJIIeMJIi YHTaK
OeJIeKTepiH ary 00JIbIN TaObLIAaIbI, 0J1 KOCHIMILIA YHTAKTAY Ke3eHiH ykos/bpl. Ka3ipri ke3ne HaHOOJIeM T TOTHIKKAH
MBIC KOCHaJIapblH allyFa OaFbITTajfaH >KYMBICTap KbI3BIFYLIBUIBIK TYIbIPYZa, OHTKEHI ojlap >KapThUIail ©TKi3rill
TEXHUKAChIHAA, (OTOralbBaHUKAIBIK  YAIIBIKTAapAa, Ta3[blKk CEHcopiiapAa, KyH Oarapesiapia  JkoHe
aHTHOAKTePHSUIBIK MaTepUsUIap OHIIPICiHAEe KeH KOJIJIaHbIC TAlKaH.

Byt sxxyMbIcTa BOJIBTAMIIEPOMETPHSI 9IICIMEH aJIFalll PET TOMEH CLITLII KaJIuil METaCHIHUKAThI ePTIHIICIHIAE MbIC
aHOJIBIH TMOJIIPHU3ANMSIAY KE3IHIE MBIC CHJIMKATHl YHTArbl HAHOOOJIICKTEPIHIH TY3UIy MeXaHH3iMi 3epTTesi.
AJBIHFaH HOTIDKENep HEri3iHJe OKCIIEPUMEHTTI MaTUMaTHUKAJBIK JKOclapiay oiCiH IaijanaHa OTBIPBII
HAHOOJILIEMAlI MbIC CHWIMKAThl YHTArblHBIH INBIFBIMBIHA TOK  THIFBI3JBIFBIHBIH, KalWi  METaCHIMKAThI
KOHLICHTPALMSICHIHBIH,  3JEKTPOJIMT  TEMIIEPAaTYypPacChIHbIH,  O3JIEKTPOJU3  Y3aKTHIFBIHBIH ~ 9cepi  3epTTelii.
["anbpBaHOCTATHKAJIBIK JKaFAaliAarbl SJIEKTPOJIU3AIH THIM/AI apaMeTpliepi aHbIKTaIbl. XUMHSJIBIK aHAIN3 9/liCiIMEeH
QJIEKTPOJIM3 apPKbUIbI ajblHFaH MbIc cwiukaThiHbH CuSiO;03,8H,0 dopmynackiHa coiikecTeri JomenaeH .
CuHTEe3JIeNreH MBIC CHJIMKAThl YHTarblHAa JJIEKTPOHABI MUKPOCKOIMSIIBIK 3€pTTEYyJep JKYPri3iiai j>KoHEe OHBIH
OeJIeKTepiHiH OJIIeMi aHBIKTBUIBL, oap SOHM elieM aiMarbiH/a.

Tyiiin ce3nep: HaHOOOIILIEK, MBIC CHIIMKATBI YHTAFbI, KNI METACHIIMKATBI, BOJILTAMIIEPOMETPHS, 3JICKTPOJIU3,
AIIEKTPOHABIK MUKPOCKOIIHSI.
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MEXAHUN3M OBPA30BAHUA HAHOAUCITEPCHOI'O ITOPOIIKA CUJIMKATA ME/IM B
PACTBOPE METACHUJINKATA KAJIUA

AnHoTanusi. OCHOBHBIM IPEUMYIIECTBOM HM3BECTHBIX SJIEKTPOXMMUYECKUX METOJOB SIBIISETCS BO3MOXHOCTD
MOJIy4EHHs] TIOPOLIKOB C MEHBIIUM Pa3MEpOM YacTHUIl, YTO MCKJIFOYAET JIOMOJHUTEIbHYIO CTaIHI0 ero o0paboTKu —
JousMmenbueHre. Bce Oonpliuii MHTEpEC BBI3BIBAIOT PAa0OTHI HANpaBIEHHbIE Ha IOJYY€HHE HAHOpPa3MEPHBIX
MOPOILIKOB OKCHJHBIX COSIMHEHHH MeIH, KOTOpble HAaXOAAT IIUPOKOE IPUMEHEHHE B IMPOU3BOJICTBE aHTHOAKTeE-
pHAaIBHBIX MaTEPHUAJIOB, COJIHEYHBIX OaTapeil, ra30BbIX CEHCOPOB, (POTOraIbBaHUYECKUX SYEEK, a TAKIKE B TEXHUKE
[IOJIYIIPOBOJIHUKOB B KaueCTBE KaTajau3aTopa s KUCIOPOJHOIO 3JIEKTPOAA TOIUIMBHOIO 3JIEMEHTA C TBEPIbIM
JIIEKTPOJIATOM.
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B nanHOit paboTe METOIOM BOJIbTAMIEPOMETPHUHU BIIEPBbIE MCCICIOBAH MEXaHWU3M 00pa30BaHMs HAHOYACTHIL
MOPOILKA CWJIMKaTa MEIM IIPH AHOJHOW MOJSIPU3ALMK MEIHOrO JJIEKTpoJa B CJIA0OIIENIOYHOM pPAacTBOpE
MeTacuinkara kanus. Ha OCHOBaHMM MOJYyYEHHBIX Pe3YyJIbTATOB C HCIIOJNB30BAHHEM METOJda MaTeMaTH4eCcKOro
IUIAHUPOBAHUSI OJKCHEPHUMEHTa M3Y4YEHO BIIMSHHE IUIOTHOCTH TOKA, KOHIIGHTPALMM MeETacHiMKara Kajus,
TEMIIEPaTYPhbl AJIEKTPOJIUTA, MPOAOIDKATEIBHOCTH 3JIEKTPOJIM3a Ha BBIXOJA [0 TOKY HAHOPA3MEPHOrO MOPOILIKa
cunukara mead. OnpeseneHbl ONTUMAJbHbIE MapaMeTpbl JJIEKTPOJHM3a B TallbBAHOCTATUYECKUX YCIOBHUSX.
XUMHYECKUM METOJIOM aHajHM3a YCTAaHOBJIEHO COOTBETCTBHUE MOJIYYSHHOTO JIIEKTPOIM30M CHIMKaTa Meau (opmyrie
CuSi05¢3,8H,0. TIpoBeneHbl 3IIEKTPOHHO-MHKPOCKOIHUYECKUE KCCICIOBAHUS CHHTE3MPOBAHHOIO IOPOIIKA
CHITMKATa MEX 1 OIPEeesICHbI pa3Mephl €ro YacTHlIl, KOTOpbIE Jiexar B obnactu 50 HM.

KaroueBble cioBa: HaHOYACTHIA, MOPOLIOK CHJMKATA MEAM, METACHIIMKAT Kalus, BOJbTaMIIEPOMETpUS,
AIIEKTPOIIN3, JICKTPOHHAST MUKPOCKOIIHS.
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