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PRODUCTION OF COPPER BROMIDE
AT POLARIZATION BY AN ALTERNATING CURRENT

Abstract. The electrochemical method for the production of copper (I) bromide at polarization by an alternating
current at 50 Hz frequency in the potassium bromide solution was developed for the first time. The effects of basic
electrochemical parameters on the copper bromide formation were studied. The electrode pairs, “copper-copper” and
“titanium-steel” electrodes in the two electrolysis, were connected to the electrochemical circuit and impulse current
was obtained. It was shown that the copper bromide formation depends on the current density of the copper electrode
in the first electrolysiscell and the current density of the titanium electrode in the second electrolysiscell. At the
current density 800 A/m?on the copper electrode and 60 kA/m”onthe titanium electrode, the current efficiency of the
copper bromide formation showed the highest value and accounted for 81% respectively. It was observed that when
the concentration of potassium bromide solution is increased up to 2 mol/l, the current efficiency of the copper
bromide formation increases, and it is decreased due to electrode surface passivation at higher concentrations.
Increasing the solution temperature leads to the redissolution of the formed copper bromide, thereby to the decrease
of the current efficiency value. It has been shown that as the alternating current increased, the current efficiency of
the copper-bromide formation decreased, when the current frequency was 300 Hz, it showed the lowest value.
Optimum values of electrolysis parameters were determined and the obtained copper (I) bromide content was
identified by the X-ray phase analysis.

Keywords: copper bromide, alternating current, copper electrode, titanium electrode, current efficiency,
electrolysis.

At present, alternating current (AC) electrolysis is of interest to many researchers in the field of
electrochemistry due to the rapid development of electrochemical processes. Various forms of using AC
allow to eliminate the electrode passivation and to intensify synthesis of many compounds [1].

Copper (I) bromide is a strong reductant that is widely used in chemical production, especially in the
synthesis of organic matters. It acts as a catalyst in many organic reactions [2]. Brominating reactions and
polymerization reactions of aromatic cycle compounds are carried out based on copper bromide [3-7].

Works [8-10] show that copper bromide forms coordination compounds with organic compounds and
[11] presents the first results of the visualization of nanoparticles synthesis process at high speed by using
the CuBr-laser.

Russian scientists [.P.Chernobayev, L.A.Kasatkina and V.G.Kolesnikova obtained copper bromide by
electrolysis in the presence of the anodic current. They carried out their study based on the copper and
graphite electrode in the presence of aqueous solution of the copper vitriol, potassium bromide and
sulfuric acid. The disadvantage of this study is that the SO,gas released as a result of electrolysis which is
poisonous and causes discomfort for the study from the sanitary and hygienic point of view [12].

As previously reported, the electrochemical properties of copper in chloride, iodide, sulphate aquatic
media were investigated and an electrochemical method of obtaining various copper compounds was
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developed [13-16],and the electrochemical methods of synthesis of copper and zinc inorganic compounds
were presented [17].

In our previous study we investigated the formation of copper bromide by polarizing copper electrode
with anodic current and established the optimum conditions of electrolysis [18]. The current efficiency of
the copper bromide formation reached 72%.

In this work, electrochemical production of copper bromide was carried out in the presence of the
alternating current with a frequency of 50 Hz. The experiments for obtaining copper bromide were carried
out in 100 ml thermostatic glass electrolysis. The second electrolysis cell was connected to the
electrochemical circuit for impulse current transmission from the circuit. In the first electrolysis cell, two
flat copper plates (Sc,=0.0006 m?) were placed and 2M KBr solution was used as an electrolyte. In the
second electrolysis cell, a small titanium wire (S;= 0.000006 m”) and a large stainless steel (Sss = 0.0015
m”) were used as electrodes and 5% NaOH solution as electrolyte. It is known from literature [1] that a
small titanium electrode is used as an additional electrode to produce impulse current of such frequency
from the industrial alternating current of 50 Hz frequency. This method is typically used for synthesis of
compounds by dissolving metals at polarization by an alternating current. It should be noted that the
results of the preliminary study revealed that the copper electrode was dissolved to form copper bromide
when performing the electrolysis by using the copper electrode and the titanium wire in 2M KBr solution
with an alternating current, but at that time the titanium wire was agitated and caused difficulties in
performing the electrolysis. In this regard, to avoid titanium agitation, the main copper electrodes in the
first electrolysis cell were immersed in KBr solution, while the titanium wire in the second electrolysis
were immersed in NaOH solution and connected to an AC source (Figure 1). After the electrolysis, the
copper (I) bromide formed in the first electrolysis was filtered, rinsed with distilled water and absolute
alcohol, dried and weighted by the weight method. The current efficiency value was calculated by the
anodic half-cycle period of AC.

Preliminary studies have shown that the amount of the copper bromide formed in the first electrolysis
cell directly depends on the current density of the copper electrode in this electrolysis cell and the current
density of the titanium electrode in the second electrolysis cell. Therefore, the effect of the current density
in these electrodes on the current efficiency of the copper bromide formation was comprehensively
studied.

~220V
11
v-24 |7
GCF 8 9
—
10 6

3
1 2

1 - first electrolysis cell; 2 - second electrolysis cell; 3 - copper electrodes; 4 - titanium electrode; 5 - stainless steel electrode;
6 - ammeter; 7 - alternating current source(V-24); 8 - AC frequency generator(GCF); 9 - oscillograph; 10 - resistance (1 Om).

Figure 1 - The principal scheme for the installation used for obtaining copper bromide by impulse current polarization
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The effect of the current density on the titanium electrode polarized by an alternating current in the
second electrolysis cell on the current efficiency of the copper (I) bromide formation was studied at the
range of 20-120 kA/m’. At this time, the current density of the copper electrodes polarized by an
alternating current in the first electrolysis cell was kept constant (800 A/m?). As a result of increasing the
current density of the titanium electrode, the current efficiency of the copper bromide formation in the
first electrolysis cell can firstly be increased and then decreased. At the current density in the titanium
electrode 60 kA/m?, the current efficiency reached the maximum value (81%). This can be explained by
the formation of an oxide layer with semiconductor properties on the surface of the titanium electrode in
anodic half-cycle period. This is due to the current density increase that the oxide layer on the surface of
the titanium electrode is loose, its valve properties become weaker, and the alternating current is poorly
formed in the circuit (Figure 2).

CE., %
F 3
80 '
70
60
50 +
wi
30 1
20§

10 T/

. 2
0 20 40 60 80 100 120 i kA/m’

ica = 800 A/m?, [KBr]=2M, t=0.5 h, t=20"C, v= 50 Hz.

Figure 2 - The effect of the current density in the titanium electrode on the dissolution
of the copper electrode forming copper bromide at impulse current polarization

When the copper electrode is polarized by the production frequency alternating current, the following
electrochemical reactions can take place during its anodic half-cycle period:

Cu’-¢" Cu’ E'=+0.52V (1)
Cu'-e o Cu* E°=+0.15V )

The results of the study have shown that single valence copper ions are stable in bromide solutions
[19].

It is known that the solubility of copper (I) bromide is low (SP = 5.3:10”%) [20, 21], so the formed Cu
(I) ions are interconnected with Br™ ions and copper (I) bromide is formed. It can be observed by the
formation of orange sediment formed at the bottom of the solution:

Cu" + Br— CuBr | (3)

The effect of the current density in the copper electrode polarized by an alternating current on the
current efficiency of the copper bromide formation was studied. The electrolysis of the copper electrode
was performed at the current density of 200-1200 A/m?; the current density increased up to 800 A/m*and
showed the highest value (81%). Further increase in the current density decreases the current efficiency.
This is explained by the increase of the current density, the increase in the percentage of additional
reactions and by the gradual passivation of the electrode after the formation of thin film of the copper
bromide on the surface of the copper electrode (Figure 3).
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Figure 3 - The effect of the current density in the copper electrode on the formation of the copper bromide polarized by AC

During the polarization of copper electrode by an alternating current, the effect of the electrolysis
duration on the current efficiency of the copper (I) bromide formation was considered. The electrolysis
was carried out for 0.5-1.5 hours. As the duration of electrolysis increased, a decrease in the current
efficiency of the copper bromide formation was observed. This can be explained by the increased number
of additional reactions in electrodes due to increased reaction time as well as decreased concentration of
bromide ions in the solution and the passivation of the copper electrode surfaces with electrolysis products
(Figure 4).
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ica = 800 A/m?, ir; = 60 kKA/m?, [KBr] =2 M, t° =20°C, v =50 Hz.

Figure 4 - Effect of the electrolysis duration on the dissolution
of copper electrode forming copper bromide at polarization by AC

The current efficiency of CuBr formation at polarization by AC was investigated in solutions of 1-5
M potassium bromide and results are shown in Figure 5. When the electrolyte concentration exceeded 2
M, the current efficiency was 81% of maximum value. As a result of the further increase of the solution
concentration, a gradual decrease can be observed in the current efficiency. At first, the interaction of the
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bromide ions with the copper (I) ions in the solution increases due to the increased electrolyte
concentration. At high concentrations of the bromide ions, the copper electrode is covered with its
bromide film and the process of passivation take place (Figure 5).

CE, %
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Figure 5 - The effect of the potassium bromide concentration on the copper bromide formation at polarization of AC

The influence of the solution temperature on the current efficiency of the copper bromide formation
at polarization of AC in the copper potassium bromide solution was investigated. The electrolysis was
performed between the temperature intervals 20-70°C. As the solution temperature increases, it is possible
to observe that the current efficiency has gradually decreased. This phenomenon can be presumed by the
increase of the oxygen gas release, an additional reaction, due to the increase of the solution temperature
or the dissolution of the formed copper (I) bromide (see Figure 6).
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Figure 6 - Effect of the solution temperature on the dissolution
of the copper electrode forming copper bromide at polarization by AC
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The effect of the alternating current frequency on the current efficiency of the copper bromide
formation at polarization by AC was investigated at 50-300 Hz (Figure 7). Since the AC frequency
increases, the current efficiency of the copper bromide formation decreases, and the lowest dissolution of
the copper electrode was observed at the 300 Hz current frequency. This phenomenon can be assumed
that the periods which rapidly change at high current frequencies cannot fully provide the duration of the
anodic half-cycle period required for the formation of the copper (I) ions, and copper ions, which have
already been formed in the anodic half-cycle period, do not manage to be fully diffused into the solution
volume while the metal ions in a dual and diffusive layer can participate in the reverse oxidation reaction.
This phenomenon is repeated cyclically. As a result, the current efficiency of the copper dissolution
decreases.

CE, %
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icy = 800 A/m?, ir; = 60 kA/m?, [KBr] =2 M, t1=0.5 h, t = 20°C.

Figure 7 - The effect of AC frequency on the dissolution of copper electrode forming copper bromide at polarization by AC

Thus, the effect of basic electrochemical parameters (current density in the copper and titanium
electrode, electrolyte concentration, solution temperature, electrolysis duration, and AC frequency) on the
copper (I) bromide formation by pairing the copper electrode with the titanium electrode in the potassium
bromide aqueous solution at polarization by alternating impulse current was investigated and favourable
conditions for the formation of copper (I) bromide were established: i, =800 A/m’, ir=60 xA/m’,
[KBr]=2 M, t=20°C, 1=0.5 h, v=50 Hz. In these favourable conditions, the current efficiency of the copper
() bromide formation reached 81%. The obtained copper (I) bromide content was identified by the X-ray
phase analysis. The results of the study have shown that they can be used in production copper bromide.
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AMHBIMAJIBI TOKITEH MOJAPU3ALIASIIAY APKBLIBI MBIC BPOMUJIIH AJTTY

AHHOTanMsi. DJEKTPOATApIbl Kanuii Opomuai epitiHaicinae xwuimiri 50 'l UMOynbCTi aliHBIMAJBI TOKICH
noJsipu3auusiiay apkpuibl Mbpic (I) OpOMHIIH anyablH 3JEKTPOXMMMSUIBIK TOCUI ajFaml peT »Kacaiabl. Meic
OpoMUIIHIH Ty3lTyiHE HEri3ri AJIEKTPOXMMUSUIBIK MapamMerpiepiaiH ocepiepi 3eprreimi. Eki ajekrponusepie
OpHAJIACKAH «MbBIC-MBIC» MOHE «THTaH-00JIAT» DJIEKTPOATAp KYMNTaphl AJIEKTPOXHUMUSUIBIK Ti30ekKke Ti30eKTese
JKAJIFAHBIN, UMITYJIBCTI TOK aNbIHABL. MbIC OPOMHUAIHIH TY311yl OIpIHII ANIEKTPOIU3EPIAETI MBIC AJIEKTPObIHIAFbI
TOK THIFBI3/IBIFBIHA YKOHE EKIHIII JIEKTPOIM3EPIAET] TUTAH DJICKTPOABIHIAFbI TOK THIFBI3BIFbIHA TIKENEH Toyen/i
eKeHIri KepceTinai. MbIC 3JeKTPOABIHAAFEl TOK THIFBI3ABIFEI 800 A/M® MoHIHIIE JKOHE TUTAH AJIEKTPOABIHAAFEI TOK
THIFBI3IBIFBL 60 KA/M-Te TeH OONFaHIa, MBIC OPOMHUIIHIH TY3U1yiHiH TOK OoWbiHIIa 1ibiFbiMbl (TLH) eH sxoraps
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MOHJI Kepcertin, colikecinmie 81% kypansl. Kanuit 6poMui epiTiHAICIHIH KOHUEGHTPAIMSICHIH 2 MOJb/J-Te JeiiH
KOFapbUIATKAH/NA, MbIC OpPOMH[IIHIH TY3UIyiHIH TOK OOWBIHINA IUBIFBIMBI  apTafAbl, &l OJAaH IKOFaphI
KOHLIEHTpALMsIap/ia dJEKTPO OCTiHIH MacCUBTENyiHe OalIaHbICThl OYJI KOPCETKILITIH TOMEHACHTIHI aHBIKTANIbI.
EpiTiHai TemMniepaTypachiH XKOFapbuiaTy TY3UIreH MbIC OPOMHM/IIHIH KaiiTa epyiHe oKeleTiHi, COHbIH cainapbsiHan TIII
MOHIHIH TOMEHIEHTIH/AIr aHBIKTAIAbI. AWHBIMANbI TOK JKUUTITIH )KOFapbUIaATKaH CailblH MbIC OPOMUIIIHIH TY3UTyiHIH
TOK OOMBIHINA IIBIFBIMBI TOMEHIEH, TOK jkuimiri 300 I'm OosraHza, €H TOMEH MOHIE M OOJIATBIHBI KOPCETLIII.
DJIeKTPOJIN3 MapaMeTpiepiHiH OHTAMIbl MOHAEPI aHBIKTaubl, ansiaFaH MbIC () OpoMuIIHIH —KypaMbl
peHTreHoha3abIK aHAIN3 dICIMEH HACHTH(DUKANITAHIBL.

Tyiiin ce3nep: Mbic OpOMHU/II, UMITYJIbCTI alHBIMAJIBI TOK, MBIC 3JIEKTPOJIbI, TUTAH 3JIEKTPOAbI, TOK OOMbIHIIA
IIBIFBIM, DJIEKTPOJIH3.
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HOJYYEHUE BPOMUJA ME/IM ITPHU TOJISIPU3AIIMA HEPEMEHHBIM TOKOM

AnHoTauus. BrepBeie pa3paboTaH 3NEKTpOXMMHYECKHH crmocod momydeHus Opommma mean (1) mpum
MOJISIPA3ALMHN 3JEKTPOJOB HMMITYJIbCHBIM MEpEeMEHHBIM TOKOM ¢ dacToToi 50 I'm B pacTtBope OpomMmma Kaiws.
HccnenoBaHo BIHMSIHUE OCHOBHBIX JJIEKTPOXMMHUYECKHX MapamMeTpoB Ha Mpoiecc o0pa3oBaHHs OpoMmHIa MeEu.
WMnysieCcHBIN TOK OBLT MOyYeH BCIICACTBHE MOTPYKEHHS IBYX Iap 3JEKTPOJIOB «MEIb-MEIb» U «TUTAH-CTAJb» B
ANIEKTPOIM3EPH], COCAMHEHHBIE B AIIEKTPOXMMHYECKYIO IIeTIh IocienoBareibHo. [lokazaHo, 4To oOpazoBaHHe
OpoMma MeaH 3aBUCHUT OT IUIOTHOCTH TOKA HAa METHOM JJIEKTPOJE B IIEPBOM AIIEKTPOIM3EPE U IUIOTHOCTH TOKA Ha
THTAHOBOM JIEKTPOZE BO BTOPOM dJIeKTponu3sepe. [IpH IIOTHOCTH TOKa, paBHOH 800 A/M*Ha MEIHOM IEKTPOJC U
60 KA/M’ Ha THTAHOBOM DJIEKTPOJE, BBIXOL IO Toky (BT) oOpa3zoBanust 6poMuaa MEAH TOCTHUraeT MaKCHMaIbHOTO
3HaYeHHsA U cocTaBisieT 81%. YCTaHOBIEHO, YTO MPH YBEIMYCHUH KOHIICHTPAIIMH pacTBOpa Opommaa Kayus A0 2
MOJIB/JI BBIXO/J] TI0 TOKY 00pa3oBaHKs OpOMHU/Ia MEIH MOBBILIAETCS, a MPH 00Jiee BHICOKUX 3HAUCHUSX KOHLIECHTPAIHH
BCJIE/ICTBHE MACCHUBAIIMH MMOBEPXHOCTH DJIEKTPOJA JAaHHBIN IMOKA3aTeNlb YMEHBIIACTCA. BBIABICHO, YTO MOBBIIICHHUE
TeMIepaTypbl pacTBOpa TPHBOAWT K pacTBOpeHHIo oOpas3oBaBmierocs OpoMmaa meaud W yMmeHbmieHnio BT.
[ToxazaHo, 9YTO ¢ MOBBIIEHHNEM YaCTOTHI TOKa YMEHBIIAETCS BBIXOJ 10 TOKY 00pa30BaHM OpoMHIa MEAH U caMoe
HU3KO€ 3HAYEHHE ero HabmrogaeTcs mpH JacToTe Toka, paBHOW 300 I'l. YcTaHOBIIEHBI ONTHMAJbHBIC MapaMeTPh
ANIEKTPOIIN3a, COCTAB MOTydeHHOTO Opomuna meau (I) maeHTnduInpoBaH peHTTeHO(Pa30BEIM aHATN30M.

KiroueBble cjioBa: OpoMuI MeIH, UMITYJIbCHBINA MEPEMEHHBIA TOK, MEIHBIN 3JIEKTPOJ], THTAHOBBIN 3JEKTPO/,
BBIXO/I IO TOKY, DJIEKTPOJIU3.
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