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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 (іCu=100-600 A/m2) and titanium (іTi=20-120 kA/m2) electrodes, electrolyte concentration 
([KBr]=1-5 M), solution temperature (t=20-700С) and electrolysis duration (τ=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/m2 
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 HCl, 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 Cu/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 SO2 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 SO2for 
5-7 times and then filtered again. Subsequently, the sediment is washed with absolute alcohol containing 
SO2 and then with absolute ether with SO2. The obtained salt can be dried in hydrogen atmosphere over 
H2SO4 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. 

 

 
 

V = 100 mV/s, t = 250С, [KBr] = 2M 
 

Figure 1 – The anode polarization curve of copper electrode in the potassium bromide solution 
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Two anodic maximum corresponding to the oxidation of copper Cu+ and Cu2+ 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 (I) ions form CuBr by reacting with the Br-anions 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/m2; this value decreased by 60% when the current density was further 
increased up to 600 A/m2. 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. 

 

 
 

іTi = 60 kA/m2, [KBr] = 2 М, τ = 0.5 h, t = 200C 
 

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/m2 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: 

Cu0 - ē ↔ Cu+  Е0 = +0,52 V  (1) 

Cu+ - ē ↔ Cu2+  Е0 = +0,15 V  (2) 

The solubility of copper (I) bromide is low (SP = 5,25·10-9) [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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іCu = 200 A/m2, [KBr] = 2 М, τ = 0.5 h, t = 200C 
 

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-KNO3 mixtures 

was measured at 24.80С. 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. 

 

 
 

iCu = 200 A/m2, iTi = 60 kA/m2, τ = 0.5 h, t = 200C 
 

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 20-700С. 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. 

 

 
iCu = 200 A/m2, iTi = 60 kA/m2, [KBr] = 2 M, τ = 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. 

 

 
 

iCu = 200 A/m2, iTi = 60 kA/m2, [KBr] = 2 M, t = 200C 
 

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). 

 

 
 

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: iCu=200 A/m2, [KBr]=2M, t=200C. The current efficiency of copper 
(I) bromide formation by copper dissolution reached 72.1%. 
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МЫС БРОМИДІН АЛУДЫҢ ЭЛЕКТРОХИМИЯЛЫҚ ТƏСІЛІН ЖАСАУ 

 
Аннотация. Ұсынылып отырған жұмыста алғаш рет мыс электродының электрохимиялық қасиеті 

калий бромиді сулы ерітіндісінде анодты поляризациялау арқылы зерттелді. Анодты тоқпен поляризация-
ланған мыс электродында жүретін үрдістердің ерекшелігін зерттеу үшін калий бромиді ерітіндісінде анодты 
поляризациялық қисықтар түсірілді. Анодты тоқпен поляризацияланған мыс электродының еруіне мыс 
(іCu=100-600 A/м2) жəне титан (іTi=20-120кA/м2) электродтарындағы тоқ тығыздықтарының, электролит 
концентрациясының ([KBr]=1-5М), ерітінді температурасының (t=20-700С) жəне электролиз ұзақтығының 
(τ=0,5-1,5 сағ.) əсерлері қарастырылып, мыс (I) бромидінің түзілуінің тиімді жағдайлары анықталды. Мыс 
анодындағы тоқ тығыздығы 200A/м2-ге тең болғанда мыс (I) бромидінің түзілуінің тоқ бойынша шығымы 
72,1% құрады, ал тоқ тығыздығын одан ары жоғарылатқанда ТШ мəні төмендеп 60% көрсетті. Мыс (I) бро-
миді түзілу процесіне электролит табиғатының əсері мардымды екені анықталды. 2 М калий бромиді ері-
тіндісінде тоқ бойынша шығым жоғарылап (~70%), максимальды мəнді көрсетті. Ерітінді концентрациясын 
одан ары жоғарылату нəтижесінде тоқ бойынша шығым күрт төмендеді. Анодты тоқ қатысында мыс (I) бро-
мидінің түзілу процесіне ерітінді температурасының əсерін зерттеу нəтижесі температураның жоғарылауы-
нан тоқ бойынша шығымның төмендейтіндігін көрсетті. Мұны температура артуымен анодта оттегі газының 
бөлінуінің аса кернеулігінің төмендеп, оның үлесінің көбеюімен немесе мыс (I) бромиді қосылысының қайта 
еруімен түсіндіруге болады. 

Түйін сөздер: мыс электроды, анодты поляризация, калий бромиді, электролит, тоқ бойынша шығым. 
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РАЗРАБОТКА ЭЛЕКТРОХИМИЧЕСКОГО МЕТОДА  

ПОЛУЧЕНИЯ БРОМИДА МЕДИ 
 

Аннотация. В предложенной работе впервые исследовано электрохимическое свойство медного элек-
трода при анодной поляризации в водном растворе бромида калия. С целью изучения специфичности про-
цессов, протекающих на медном электроде при анодной поляризации, сняты анодные поляризационные 
кривые в растворе бромида калия. Рассмотрено влияние плотности тока на медном (iCu=100-600 А/м2) и 
титановом (iTi=20-120 кА/м2) электродах, концентрации электролита ([KBr]=1-5 М), температуры раствора 
(20-700С) и продолжительности электролиза (τ=0,5-1,5 ч.) на растворение меди при анодной поляризации и 
были определены оптимальные условия образования бромида меди (I). Выход по току образования бромида 
меди (I) при анодной плотности на медном электроде 200 А/м2 составляла 72,1%, а дальнейшее увеличение 
плотности тока привел уменьшению значение ВТ на 60%. Установлено, что природа электролита оказывает 
существенное влияние на процесс образование бромида меди (I). При 2 М концентрации раствора бромида 
калия выход по току возрастает, и величина ВТ достигает максимального значения (~70%). В результате 
дальнейшего увеличения концентрации раствора выход по току резко снижается. Изучение влияния темпе-
ратуры раствора на процесс образования бромида меди (I) при анодной поляризации тока показало, что с 
повышением температуры выход по току снижается. Это связано с тем, что с увеличением температуры в 
аноде снижается перенапряжение выделения газообразного кислорода и увеличивается его доля, или можно 
объяснить растворением бромида меди (I). 

Ключевые слова: медный электрод, анодная поляризация, бромид калия, электролит, выход тока. 
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