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ABSTRACT 

Recovery of copper from actual spent etchant cupric chloride solution used in manufacturing of 

printed circuit board (PCB) containing 124 g/l Cu
+2

 ions concentration and 60 g/l hydrochloric acid was 

investigated in a batch mode jacketed tank. This tank was constructed with inner dimensions of 

19×10×15 cm
3
. Cylindrical rode-shape titanium was used as cathode, while two rectangular shaped 

graphite were used as anodes. The parameters studied were: current density (0.16-0.30 A/cm
2
), copper 

concentration in etchant solution (30-124 g/l) and the temperature (25-45o C). The highest current 

efficiency obtained was about 92% and the lowest power consumption achieved was about 2.7 W.h/g 

within the temperature range 25-35
o
 C. 
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INTRODUCTION 

Metals contaminations in waste streams are serious problem for several industries. .these streams 

containing a metal concentration higher than the acceptable limit set by law. Therefore, the treatment of 

contaminated streams is required in order to reduce the amount of metal to an acceptable level. The 

prospect of recovery has attracted interest among industries for environmental and economic reasons. 

Many previous studies have attempted to find reasonable ways to recover heavy metals. 

Electrochemical technology offers an efficient means of controlling pollution as it provides removing of 

heavy metals via redox reactions (Tenterio, 1978, Sioda, 1980 and Simonson, 1984). 

The aim of the present study was to establish an electrolytic deposition method for the recovery of 

copper (II) from spent etchant cupric chloride solution taken as waste stream from Electronic Industries 

Company by electrowinning.  

Operating conditions are very important to specify the typical deposition of the metal on the 

cathode surface (Parikh, 1974).  

Any condition that increases the rate of formation of nuclei tends to increase the number of 

crystals and the deposit will be fine grain spongy or as powder (Mantel, 1960). 

The following factors have been found to significantly affect the character of the metal (copper) 

deposits on the cathode: quantity and concentration of copper ion, current density, temperature, shape of 

the electrodes, and ratio of anode to cathode surface area (Parikh, 1974). 
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Materials and Experimental Method 

This study illustrates the laboratory design of electrowinning system as well as the experimental 

work to investigate the best conditions of copper recovery from spent etchant cupric chloride solution 

which was brought from Electronic Industries Company (EIC) / printed circuit boards' production factory.  

The test solution contains 124.5 g/l (124,500 ppm) copper ions and 60 g/l (60,000 ppm) 

hydrochloric acid (HCl). 

Experiments were studied in a batch mode using D.C. power supply (HP 6269B) operated at a 

constant current mode. 

A cylindrical rode-shaped cathode of titanium and two rectangular-shaped of graphite anodes 

were used. The ratio of anode to cathode surface area was 4.6. Cathodic and anodic potential recorded 

versus a saturated calomel electrode (SCE). 

One litter of solution was electrochemically treated for 30 minutes with mixer speed of 120 rpm in 

a jacketed tank with inner dimensions of 19×10×15 cm
3
 and outer dimensions of 21×12×17.5 cm

3
. 

Chiller was used to supply water to electrolytic cell through the tank’s jacket to maintain the electrolyte at 

a desired temperature. Figure 1 shows the schematic layout of the experimental apparatus. 

 

Fig. (1). Schematic layout of the electrical circuit 
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Results and Discussion 

This study concerned with simple formulas based on Faraday’s law of electrolysis and energy 

consumption for producing high purity copper metal from electrolytes through an aqueous electrolysis. 

The economics of electrowinning is not introduced since this is not the main subject in this study. 

 

g deposited, weight lTheoretica

g deposited, weight Total
100.%. ×=EC                                                         …1 

 

Figure 2 represent the relationship between cathodic current efficiency and Cu
+2

 ion concentration 

for different temperatures. 

It is clear that current efficiency decreases with increasing Cu+2 ion concentration when other 

conditions remained constant. Low ionic metal concentration is in general used for production of fine 

grained deposits (Mental, 1960). 
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Fig.( 2)., Current efficiency versus copper concentration at different temperatures and current density = 

0.20 Amp/cm
2
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Figure 3 shows the effect of increasing temperature on current efficiency at different current 

densities and copper ion concentration. 

Current efficiency decreases as temperature increases. Decreasing the temperature decreasing the 

ionic migration, diffusion and convection, which promote the rate of formation of crystal nuclies. 

Figure 4 shows that current efficiency decreases with increasing current density. Increasing the 

current density increases the capacity or output of product. 

Because of high current densities are employed, so that the concentration of the discharging ion 

declines considerably in the cathodic layer, the temperature increase may be ascribed, in this case to an 

appreciable increase of ohmic resistance of the cathodic layer following ion discharge, so part of current 

converts to heat which causes decreasing of current efficiency (Calusaru, 1979). 
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 Fig. (3)., Current efficiency versus temperature at different current densities and copper concentration= 

93 g/l 
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Fig.( 4)., Current efficiency versus current density at different copper concentrations and at 45
o
 C 

Power consumption is a vital to the economic justification of the method; it depends on current 

applied, cell voltage, time and weight of copper recovered. 

 

g

h V I
 n consumptioPower =                                                                                   …2 

 

Power consumption is electrical power required to deposit one gram of metallic ions as metal on 

the electrode in one hour Mantel, 1960). 

The cell potential is the sum of a number of components. 

 

saccell VVVV ++=                                                                                                  …3 

 

Potential drop across the solution (Vs) depends upon the conductivity of solution. As the 

conductivity of solution decreases, Vs increases due to the increasing in the resistance of solution and 

leads to increase in power consumption (Canning, 1970), which means increasing the cost of copper 

recovery. 
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Figure 5 shows at minimum Cu
+2

 ion concentration, higher power consumption is recorded 

because the solution of low conductivity causes an increase in the resistance of solution, accordingly the 

voltage of the cell increases leading to increase in power consumption. As Cu
+2

 ion increase above 80 g/l, 

power consumption raises because at high Cu
+2

 ion concentration current efficiency decreases leading to 

decrease the weight of copper recovered. 

Figure 6 shows that the higher the temperature the higher the power consumption because 

increasing the temperature decreases the weight of copper recovered due to a decrease in current 

efficiency compared with cell voltage. 
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Fig. (5)., Power consumption versus copper concentration at different temperatures and current density = 

0.16 Amp/cm
2
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Fig. (6)., Power consumption versus temperature at different current densities and copper concentration= 

93 g/l 

Figure 7 shows that power consumption increases as current density increases. Current density has 

the greatest effect because as current applied increases, cell voltage increases and also current efficiency 

decreases which leads to decrease in the weight of copper recovery, accordingly power consumption 

increases. 
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Fig. (7)., Power consumption versus current density at different copper concentrations and at 25
o
 C 

 

CONCLUSIONS 

1. Current efficiency increases with decreasing Cu
+2

 ion concentration for all current 

densities and temperatures. The highest current efficiency between 75 to 92 % and lowest 

power consumption is about 2.7 to 3.7 Watt. h/g, within 60-124 g/l Cu
+2

 ion concentration, 

were achieved under the conditions of 0.16 to 0.2 Amp./cm
2
 current density and 25-35

o
 C 

temperature. 

2. Although the highest current efficiency had been achieved at minimum Cu
+2

 ion 

concentration of 31 g/l, the operation was not economic, because of high power 

consumption.  
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