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THE ELABORATION OF COPPER BROMIDE SYNTHESIS
BY ELECTROCHEMICAL METHOD

Abstract. The electrochemical behaviour of copper electrode was studied by anodic polarization in potassium
bromide aqueous solution for the first time. To investigate the processes specificity occurring at anodic polarized
copper electrode, anodic polarization curves were carried out in the potassium bromide solution. The influences of
current density of copper (ic;=100-600 A/m?) and titanium (ir;=20-120 kA/m?) electrodes, electrolyte concentration
([KBr]=1-5 M), solution temperature (t=20-70°C) and electrolysis duration (t=0.5-1.5h) on the anodic current
polarized copper electrode dissolution were investigated and optimal electrolysis conditions of copper (I) bromide
formation were determined. The current efficiency of copper (I) bromide formation reached 72.1% at 200A/m’
anodic current density in the copper electrode; this value decreased by 60% when the current density was further
increased. The effect of the electrolyte concentration on copper (I) bromide formation was found to be significant. At
2 M potassium bromide solution, the current efficiency increased (~ 70%) and reached a maximal value. As a result
of the further increase of the solution concentration, the current efficiency declined sharply. The research result on
defining the electrolyte temperature effect on copper (I) bromide formation process during anodic polarization has
shown that the current efficiency decreases due to an increase in the temperature. This can be explained by the
excessive voltages reduction of oxygen gas evolution in the anode due to the increased temperature, by the increase
in its proportion or by the dissolution of copper (I) bromide compounds.

Keywords: copper electrode, anodic polarization, potassium bromide, electrolyte, current efficiency.

Currently, electrochemical methods are widely used in obtaining valuable inorganic substances used
in many fields of science and technology, chemical industry. A distinctive feature of this method is that it
allows to obtain the valuable substances in pure form without additives and is characterized by a low flow
rate of reagents. The advantages of the electrochemical method are the process simplicity, purity of the
obtained products, no emission of toxic gases, electrolysis occurring at room temperature and the im-
provement of working conditions [1, 2].

Nowadays, various inorganic copper compounds are in high demand due to their wide usage in the
modern scientific and technical spheres. For example, copper halides are a powerful oxidizer used in che-
mical production, especially in the synthesis of organic substances and used as a catalyst in many organic
reactions [3-6].

The data provided in works [7-10] show that the copper bromide forms complex coordinate com-
pounds with organic compounds.

Copper (I) bromide is thermally resistant light-green tetrahedron crystals. It is rapidly oxidized in the
moist air, molds in the light, insoluble in cool water, ethanol and ether and decomposes in hot water. It
dissolves in HCI, HBr, ammonium, ammonium salts, pyridine, concentrated chloride solutions, alkaline
metals bromides and thiosulfates by forming coordinate compounds [11].

In previous studies, the electrochemical properties of copper in sulphate, chloride, iodide and acidic
media were studied and the ways to obtain copper chloride, sulphate, iodide and oxide were offered and
their novelty was protected by patents [12-16].
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The authors [17] investigated copper dissolution in bromide medium in the absence and presence of
HMTA by using Spectroelectrochemical techniques. In this work a passivant C/HMTA/Br” film was
observed in the presence of the inhibitor. The nature of the passivant film was confirmed by in situ
surface-enhanced Raman scattering (SERS) and SEM/EDX measurements. However, in this work the
method of copper (I) bromide obtaining is not suggested.

There are known chemical methods of obtaining copper (I) bromide by a chemical way. According to
this method, the corresponding amount of pure copper sulfate and potassium bromide is heated slowly in
boiling distilled water for 2 hours and then a strong flow of SO, gas is passed until the solution is comple-
tely cooled. At this point, the copper bromide is precipitated as sediment in the form of thin white-yellow
crystals. The sediment is filtered by preserving from daylight, rinsed with boiled water containing SO,for
5-7 times and then filtered again. Subsequently, the sediment is washed with absolute alcohol containing
SO, and then with absolute ether with SO,. The obtained salt can be dried in hydrogen atmosphere over
H,SO, and potassium hydroxide for 3 days and then can be dried in vacuum. Obtaining copper bromide in
a chemical way takes long time, has multistage steps and consists from complex mechanism [18].

In the presented work electrochemical dissolution of copper electrode was investigated by taking
anodic potentiodiodynamic polarization curves in 2M potassium bromide solution. The measurements
were performed in a three-electrode thermostatic cell with potentiostat "Autolab". Silver chloride
(E = +0,203 V) served as the relative electrode, the platinum as an auxiliary electrode, while the teflon
covered copper wire edge was used as a working electrode.

In the works of A.K.Bayeshova and others, the electrochemical properties of copper were investi-
gated in 1M potassium bromide aqueous solution by taking cyclic anode-cathodic and cathode-anodic
potentiodynamic polarization curves. The effects of the rate of potential change and electrolyte tempe-
rature on the copper electrolyte oxidation process were considered. It was assumed that in this process the
electrode reactions would be accompanied by a very complex mechanism and that copper (I) bromide
could be formed on the electrode surface.
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Figure 1 — The anode polarization curve of copper electrode in the potassium bromide solution

— 74 ——



ISSN 1991-3494 Ne 1.2018

Two anodic maximum corresponding to the oxidation of copper Cu” and Cu®" copper in the "plus"
0,03V and "plus" 0,28V potentials on an anode polarization curve of the copper electrode in the potassium
bromide solution can be observed. Since the solubility of copper (I) bromide is considerably lower,
formed copper (1) ions form CuBr by reacting with the Branions in the solution volume and its stability
increase [19].

Mainly, investigation on electrolytic formation of copper (I) bromide were performed in thermostatic
glass cell. The electrolysis was conducted in a galvanostatic mode using the copper electrode as anode and
the titanium wire as cathode. After the electrolysis, copper (I) bromide was filtered off and washed with
distilled water and absolute alcohol, dried and weighted by the weight method. The electrolyte solutions
were prepared from reagent grade KBr and distilled water.

The influence of anodic current density on current efficiency (CE) of copper (I) bromide formation
was investigated in potassium bromide aqueous solution during anodic polarization (figure 2). There was
observed, that the current efficiency of copper (I) bromide formation reached just over 72% at the current
density in the copper anode 200A/m?; this value decreased by 60% when the current density was further
increased up to 600 A/m”. This can be explained by the additional reaction of the oxygen gas evolution in
the anode or a gradual passivation of the electrode covered with the copper bromide. The scientist of work
[17] also established that CuBr precipitates on the electrode surface as the anodic current density becomes
large enough.

CE, %
80 4
60
40
/
7 /
/
20 + /
/
17/

iy = 60 kKA/m? [KBr]=2 M, 1=0.5 h, t = 20°C
Figure 2 — Effect of the anodic current density in copper electrode on the current efficiency of copper (I) bromide formation

The impact of the current density in the additional titanium electrode on the current efficiency of the
copper electrode was studied. According to figure 3, as a result of increasing the current density in the
titanium electrode, the current efficiency initially increases until 60 kA/m* and then followed by gradually
decrease; the maximum CE accounted more than 70%.

During the anodic polarization of copper electrode, the following electrochemical reactions can be
occurred:

Cu’-& e Cu’ E’=+0,52V (1)
Cu™-¢& o Cu* E°=+40,15V )
The solubility of copper (I) bromide is low (SP = 5,25:10™) [20], so that formed Cu (I) ions react with

Br ions and form copper (I) bromide. It can be observed by the formation of orange sediment formed at
the bottom of the solution:

Cu” + Br— CuBr| (3)
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Figure 3 — Effect of the current density in additional titanium electrode
on the CE copper (I) bromide formation during anodic polarization of copper electrode

In work [21], the solubility of cuprous bromide in aqueous KBr and aqueous KBr-KNO; mixtures
was measured at 24.8°C. Based on the results of the analysis, the equilibrium constants for formation of
neutral and negative charged CuBr complexes were given and the ways to calculate the activity coeffi-
cients for the complexes were determined.

The effect of potassium bromide concentration on the current efficiency rate of the CuBr formation at
the anodic polarization of the copper electrode is presented in figure 4. With increasing the concentration
of potassium bromide from 1.0 M to 5.0 M there was observed a sharp growth of the current efficiency of
the copper (I) bromide formation until 2.0 M, while decrease-trend in the current efficiency observed in
higher concentrations.

Initially, the interaction of Br anions with Cu” ions in the solution increases with the rise of the
solution concentration. In high concentrations of the bromide ion, the copper electrode is covered with its
bromide film and becomes passivated.
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Figure 4 — Effect of potassium bromide concentration in the solution
on the current efficiency of copper (I) bromide formation
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The influence of the solution temperature on the current efficiency of the copper electrode dissolution
anodic polarized in the potassium bromide solution was investigated (figure 5). The electrolysis was
performed in temperature intervals 20-70°C. There was continuous decrease of current efficiency of
copper bromide formation through the electrolyte temperature increased. This phenomenon can be
explained by the excessive voltages reduction of oxygen gas evolution in the anode due to the increased
temperature, by the growth its proportion or by the dissolution of copper (I) bromide compounds.

CE, %
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icy =200 A/m?, ir; = 60 kA/m?, [KBr] =2 M, t1=0.5 h

Figure 5 — Effect of the solution temperature on the current efficiency of copper (I) bromide formation

The effect of the electrolysis duration on the current efficiency on dissolution of anodic current
polarized copper electrode was studied between 0.5-1.5 hours (figure 6). Gradual failing trends of current
efficiency of copper (I) bromide formation was observed as a result of increasing the duration of electro-
lysis. This can be explained by the increase in the number of additional reactions as time goes by, the
decrease of the concentration in the bromide ions solution and the passivation of electrode with
electrolysis products.
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Figure 6 — Effect of the electrolysis duration on the current efficiency of copper (I) bromide formation
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In conclusion, the formation of copper (I) bromide compound was detected during anodic polari-
zation of the copper electrode in the potassium bromide solution. The obtained product was analyzed by
the X-ray phase analysis method and the formed product was proved to be CuBr based on these analyses
(figure 7).
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Figure 7 — Rentgenogram of copper (I) bromide formed during the electrolysis

Thus, the effect of basic electrochemical parameters (current density of copper and titanium electro-
de, potassium bromide concentration, electrolyte temperature, electrolysis duration) on copper (I) bromide
formation during anodic polarization of copper electrode in potassium bromide aqueous solution was
investigated. On the basic experimental data, the optimal conditions for the formation of copper (I)
bromide compound were established: ic,=200 A/m?, [KBr]=2M, t=20°C. The current efficiency of copper
(I) bromide formation by copper dissolution reached 72.1%.
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MBIC BPOMUIAIH AJTY ABIH SJIEKTPOXUMUAJIBIK TOCIJIIH )KACAY

AHHOTanMsi. Y ChIHBUIBIN OTBIPFAH YMBICTA ajfalll PeT MBIC 3JIEKTPOJBIHBIH 3JIEKTPOXUMHUSIIBIK KACHETI
Kanuii OpOMUII CyJIbl epITIHAICIHAEC aHOATHI MOJSIpU3aALMsIaY apKbUIbl 3€pPTTei. AHOATHI TOKIEH MOJISpU3aLHs-
JIAHFaH MBIC DJIEKTPOABIH/A KYPETIH YPIICTEp/IiH epeKLIeNiriH 3epTTey YIIiH Kanuii OpoMuIl epiTiHAICIHAe aHOATHI
MOJISIPU3ALMSIIBIK  KUCBIKTap TYCIpiIAi. AHOATBHI TOKNEH NOJSPH3ALMSIAHFAH MBIC SJIEKTPOJBIHBIH €pyiHe MBbIC
(ice=100-600 A/m?) xome Tutan (ir=20-120KA/M’) 3MEKTPOATAPHIHAAFHI TOK THIFBI3IBIKTAPHIHBIH, SIEKTPOIHT
konnentpauuscoiaby, ([KBr]=1-5M), epitinai Temneparypachiabiy (t=20-70°C) oHe 3JEKTPONH3 Y3aKThIFbIHBIH
(t=0,5-1,5 car.) acepiepi KapacTslpbuibil, MbIc (I) OpoMuniHIH TY3UTyiHIH THIMAI >Karaaiiapsl aHbIKTaNAbl. MbIC
AHOJBIH/IAFBI TOK THIFBIBABELL 200A/M>-Te TeH OONFaHIa MbIC (I) ObpomuaiHiH TY3UTyiHIH TOK OOWBIHINIA IIBIFEIMBI
72,1% xypanpl, all TOK THIFBI3IBIFBIH O/aH apbl xorapeuiaTkanga TII moni Temenaen 60% kepcerrti. Msic (I) 6po-
MHI TY3UTy MPOIECiHE JEKTPOIUT TaOMFATHIHBIH dCepi MapAbIMIBI €KeHI aHBIKTAaNAbl. 2 M kamuit 6poMumi epi-
TiHAICIHAE TOK OOWBIHIIA MIBIFBIM jKoFapbutan (~70%), MaKCUMalbaAbl MOH/I KepceTTi. EpiTiHal KOHIIEHTpaunsaChIH
OJIaH apbl J)KOFApbUIATY HOTHIKECIHIE TOK OOWBIHINA IIBIFBIM KYPT TOMEHAEI1. AHOATHI TOK KaTbichiHaa MbIC (I) 6po-
MUJIIHIH TY311y MpOIEeCiHe epiTiH/I TeMIIepaTypachiHbIH dCEpiH 3epPTTey HOTHXKECI TeMIIepaTypaHbIH >KOFapbUIaybl-
HaH TOK OOWBIHILIA IIBIFEIMHBIH TOMEHIEHTIHAIrH KopceTTi. MyHBI TeMIeparypa apTybIMEH aHOJTa OTTer] Ia3bIHbIH
OeJTiHyIHIH aca KepHEYJITiHIH TOMEH/IEI, OHBIH YJIECiHIH KoOeriMeH Hemece MbIC (1) OpoMu/Ii KOCBUIBICHIHBIH KaliTa
epyiMeH TyciHaipyre 0osapl.

Tyiiin ce3aep: MbIC JJIEKTPO/IbI, AHOATHI TTOJIIPU3ALNS, Kalui OPOMHUIIL, SIEKTPOJIUT, TOK OOMBIHINA LIBIFBIM.
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PA3BPABOTKA 2JIEKTPOXUMHUYECKOI'O METOJA
HOJYYEHUA BPOMUJIA MEIN

AnHotanusi. B npenyioxenHoii pabore BriepBbIe MCCIEAOBAHO AIIEKTPOXMMHUUECKOE CBOWCTBO MEIHOTO 3JIeK-
TpOJia TIPH aHOAHOW TOJIIPHU3AIMK B BOAHOM pacTBope Opomuaa kamus. C LeNblo M3yUeHHs CeHU(pUIHOCTH ITpo-
LIECCOB, IMPOTEKAIOIIMX HAa METHOM O3JIEKTPOAE IPH aHOAHOW IOJISIPU3ALMK, CHATHI aHOIHbBIE MOJIIPHU3ALOHHBIC
KPHMBBIE B PACTBOpE OpOMHIA Kaius. PacCMOTpPEHO BiIMSHME ILUIOTHOCTH TOKa Ha MemHoM (ic,=100-600 A/M%) u
tuTanoBoM (ir;=20-120 kA/M”) snekTposax, kKoHuenTpamun sextponuta ([KBrj=1-5 M), Temmeparypsl pactBopa
(20-70°C) u mpomoKHTENEHOCTH 3neKTponu3a (1=0,5-1,5 4u.) Ha pacTBOPEHHE MM IPU AHOIHOM TOJIAPU3ALUH 1
ObUTH OIpezesIeHbl ONTUMAaNIbHBIE YCIIOBH 00pa3oBanust Opomuna memu (I). Beixon o Toky obpasoBanus OpoMuia
meu () IpH aHOHO# IIOTHOCTH HA MeHOM 3nekTpoze 200 A/m* coctapisna 72,1%, a nanbHeiilee yBennueHne
IUIOTHOCTH TOKa MpHBed yMeHblIeHHio 3HadeHne BT Ha 60%. YcraHOBIEHO, 4TO NPUPOAA IEKTPOJIUTA OKa3bIBaET
CyLIECTBEHHOE BIMsSHHUE Ha mpouecc obpasoBanne 6pomuna meau (I). Ilpu 2 M koHUeHTpanuu pacTBopa Opomuna
KaJusl BBIXOJ[ IO TOKY Bo3pactaeT, W BemuuuHa BT mocruraer makcumanbsHoOro 3HaueHus (~70%). B pesymnbrate
JIANTbHEHILIET0 yBEINYEeHUs] KOHIIEHTPALUK PAacTBOPa BBIXOJ 10 TOKY PE3KO CHIKaeTcsl. VI3ydeHue BIMSHHS TeMIle-
patypsl pacTBopa Ha mporecc oOpa3oBaHus Opomuzaa Menu (I) mpu aHOAHOW MOJSPU3ALMKM TOKA IOKa3allo, 4To C
MOBBIIIEHUEM TEMIIEPATyphl BBIXOJ MO TOKY CHIDKAETCS. JTO CBS3aHO C TEM, YTO C yBEIMYEHHEM TeMIepaTyphl B
aHOJI€ CHIDKAETCsI TIepeHalnpspKeHNe BBIIEICHUS Ta3000pa3HOro KUCIOpoaa M YBEJIIMUUBACTCS €T0 JIOJIsl, MIIM MOKHO
00BsICHUTB pacTBOpeHneM opomua menu (I).

Ki1ioueBble ¢j10Ba: MEIHBIN 3JIEKTPO/I, AHOHAS MOJISIPU3ALNsl, OPOMUJL KA, SJIEKTPOJIUT, BBIXOJ TOKA.
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