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Abstract  Solvent extraction studies of copper and zinc have been carried out using Versatic 10 acid and Cyanex 272 
separately from a model brass pickle liquor. Various parameters for the extraction and separation of copper and zinc such as 
effect of pH, extractant concentration, phase ratio etc. have been optimized. It was observed that copper was almost com-
pletely extracted into the organic phase comprising of 30% Versatic 10 acid at the equilibrium pH of 5.0 using the phase ratio 
of 1:1 whereas, zinc extraction was noticed at above pH 5.0. On the other hand the pH0.5 values were 3.5 and 4.6 for zinc and 
copper respectively with 20% Cyanex 272. The difference in pH0.5 value of 1.10 indicated the possible separation of Zn and 
Cu. By McCabe Thiele diagram number of stages required for the counter current extraction of copper and zinc has been 
determined for both the solvents. The stripping study showed that 1 mol/L H2SO4 was sufficient to strip metal ions in a single 
contact from each of the extractant. 
Keywords  Solvent extraction, Pickling solution, Versatic 10 acid, Cyanex 272, Copper, Zinc 

1. Introduction 
Brass tends to build up a black coating on the surface 

called tarnish which is essentially a type of corrosion that is 
caused by exposure to the air. Therefore, cleaning of the 
surface becomes increasingly necessary. The cleaning 
process involves removal of rust and oxide impurities by 
dipping the material in dilute sulphuric acid solution, which 
is usually reused several times before its disposal as a waste. 
As a result the waste pickle liquor is loaded with pollutant 
materials such as copper, zinc, chromium etc. Due to its 
environmentally hazardous nature it cannot be disposed off 
without pretreatment. Recovery of these metals is consistent 
with the goals of waste management strategy since they 
could provide some economical benefits and solve the pol-
lution problem too. To obtain valuable end-products like 
copper powder, copper oxide, zinc oxide and copper/zinc salt 
from such streams solvent extraction is considered an ideal 
technique which has been applied extensively. 

Several workers have carried out numerous investigations 
for the extraction and separation of different metals such as 
copper, zinc etc. for the processing of sulphate solutions of 
various low grade materials or wastes, such as brass ash, 
converter slag and complex ores using different organic 
extractants. The separation of copper and zinc from leach 
solution of a complex sulphide ore was studied by Kumar 
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et al.[1] and Pandey et al.[2]. The results show that LIX 64N 
selectively extracted copper from a copper- zinc solution. 
The raffinate containing zinc was purified and the metal was 
produced by electrowinning. Kumar et al.[3] compared the 
efficiency of LIX 84 and LIX 64N for the separation of 
copper and zinc from a solution containing impurities like 
iron and manganese; LIX 84 showed greater selectivity for 
copper/zinc separation compared to LIX 64N. Similarly, 
Reddy and Priya[4,5] developed a process for separation of 
Cu(II), Ni(II) and Zn(II) using LIX 84I and observed that 
metal extraction depend upon pH and temperature had no 
effect on the extraction of metal. Copper and zinc separation 
from bioleaching solution was carried out by Zhuo-yue et 
al.[6] using LIX 984 and D2EHPA, and various parameters 
for extraction were optimized. The separation of divalent 
metal ions from a synthetic solution containing Zn, Cu, Ni, 
Co, and Mg with D2EHPA was studied by Cheng[7]. The 
extraction order was found to be: Zn2+ > Ca2+ > Mn2+ > Cu2+ > 
Co2+ > Ni2+ > Mg2+ which showed possible separation of 
copper from zinc. Sole and Hiskey[8] reported the extractive 
nature of Cyanex 272, Cyanex 302 and Cyanex 301 towards 
extraction of copper and also studied the nature of extracted 
species in all the cases. The extraction of copper decreases in 
the order: Cyanex 272 > Cyanex 302 > Cyanex 301. The 
trend for metal extraction using Cyanex 272 was found to be 
Fe < Zn < Cu < Co < Ni. The extraction behavior of Cyanex 
301, Cyanex 302 and their binary mixture with Aliquat 336 
towards Cu, Zn, Co, Fe, Mn and Ni was studied by Tait[9]. It 
was found that Cyanex 302/Aliquat 336 can be used as a 
potential solvent mixture for copper/zinc separation. Konglo 
et al.[10] studied the cobalt and zinc recovery from copper 
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sulphate solution by selective extraction of copper by LIX 
984 followed by extraction of cobalt and zinc with D2EHPA. 
Separation of copper and zinc from Hudson Bay mining and 
smelting discharge was studied by Owusu[11] using LIX 622. 
He observed that upto 97-98% Cu was extracted with negli-
gible co-extraction of Zn, Fe, Cd and Co. A process for the 
metal extraction using organophosphorous or carboxylic 
acid as extractant in the acidic range was patented by Preston 
et al.[12]. The synergistic effect between extractant and non 
chelating aldehyde oxime has enabled extraction to take 
place at lower pH. Dukov and Guy[13] investigated the 
extraction of copper and zinc by using LIX 34 and Versatic 
911 acid and their mixtures, and observed that no synergism 
was found when Versatic acid was added. Zinc and copper 
can also be extracted from sulphate media by carboxylic 
acids[14]. The relative order of extraction with increasing 
pH was found to be: Fe(III) < Cu < Zn < Ni < Co < Mn < Ca 
< Mg. Copper and zinc recovery from spent copper pickle 
liquor was studied by Mahmoud et al.[15] using Acorga 
5640 for selective extraction of copper followed by recovery 
of chromium and zinc by precipitation. In the present work 
separation and extraction of copper and zinc from a model 
brass pickle liquor were investigated by using Versatic 10 
acid and Cyanex 272. 

2. Materials and Methods 
A typical brass pickle liquor generated at a copper/brass 

industry in India contains 45.1 g/L H2SO4, 25 g/L Zn, 35 g/L 
Cu(II), 1.1 g/L Cr(III), 0.2 g/L Fe(Total), 0.01 g/L nickel and 
134.75 g/L total sulphate. A solvent extraction process was 
developed to separate copper and zinc using Versatic 10 acid 
and Cyanex 272 as extractants. Synthetic solutions contain-
ing 35 g/L Cu or 30 g/L Zn were prepared by dissolving 
required amount of CuSO4 and ZnSO4 in distilled water and 
used in the solvent extraction studies. Kerosene was used as 
the diluent and with Cyanex272, isodecanol was used as the 
phase modifier. Dilute sulfuric acid was used as stripping 
agent for the stripping of metal ions from the loaded organic. 

All solvent extraction experiments were carried out by 
shaking equal volume (except for the McCabe Thiele con-
struction) of synthetic aqueous solution and desired extrac-
tant of known concentration in a separating funnel for 15 min. 
which was found to be sufficient to reach equilibrium. The 
pH of the aqueous solution was adjusted to the desired value 
by adding dilute H2SO4 or NaOH before equilibrium. After 
the phase disengagement the aqueous and organic phases 
were separated. Metal ion concentration in the aqueous 
phase was analyzed by Atomic Absorption Spectropho-
tometer (AAS). Metal contents of the organic phases were 
determined by mass balance. Stripping studies of metal ions 
from the loaded organic phase was carried out with dilute 
sulfuric acid. 

In order to apply the solvent extraction and separation 
process so developed to the real spent brass pickle liquor, a 
model synthetic solution containing 45 g/L H2SO4, 30 g/L Zn, 

35 g/L Cu, 1 g/L Cr, 0.2 g/L Fe and 0.01 g/L Ni was prepared. 
Acid, from the model solution was recovered by solvent 
extraction with tris(2-ethylhexyl) amine (TEHA) (Results 
not included in this paper). Iron was then removed by pre-
cipitation by blowing air at pH 3.5 and temperature 60 oC for 
1h. The resulting solution containing 30g/L Zn , 35 g/L Cu, 
1g/L Cr and 0.01 g/L Ni was used to simulate the separation 
of copper and zinc by solvent extraction with Versatic 10 
acid and Cyanex 272. 

3. Results and Discussion 
3.1. Solvent Extraction Separation of Copper and Zinc 

with Versatic 10 Acid 

3.1.1. Effect of pH 

 
Figure 1.  Effect of pH on the solvent extraction of copper and zinc.Aq. 
phase: 35 g/L Cu, 30 g/L Zn, Org. phase: 30 % Versatic 10 acid in kerosene 

 
Figure 2.  Effect of pH on the distribution ratio of copper and zinc.Aq. 
phase: 35 g/L Cu, 30 g/L Zn, Org. phase: 30 % Versatic 10 acid in kerosene 
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During extraction of metals using acidic extractants, H+ 
ions are released causing the decrease in pH which subse-
quently lowers extraction of metals in several instances. So 
the extraction process is greatly affected by pH. The effect of 
pH on the extraction of copper and zinc with 30% Versatic 
10 acid was investigated in the equilibrium pH range 3.3-7 at 
a phase ratio of 1:1. It was observed that extraction of metal 
ions increased with pH, and copper was completely extracted 
into the organic phase at equilibrium pH of 4.9. Zinc started 
getting extracted into the organic phase at equilibrium pH 
above 5.0 (Figure 1). Zinc was quantitatively extracted into 
the organic phase at pH 7.0. The pH0.5 values for copper and 
zinc were found to be 4.0 and 5.6, respectively. The differ-
ence in pH0.5 values of 1.6 indicates easy separation of 
copper and zinc with Versatic 10 acid. A plot of log D vs. pH 
(Figure 2) gave a straight line in both the cases with a slope 
of about 2 indicating 2 mole of H+ ion were exchanged with 
each metal ions. 

3.1.2. Effect of Extractant Concentration 

 
Figure 3.  Effect of Versatic 10 acid concentration on the solvent extrac-
tion of copper and zinc. Aq. phase: 35 g/L Cu and 30 g/L Zn, Org. phase: 
Different conc. of Versatic 10 acid in kerosene 

 
Figure 4.  Effect of Versatic 10 acid concentration on the distribution ratio 
of copper and zinc. Aq. phase: 35 g/L Cu and 30 g/L Zn, Org. phase: Dif-
ferent conc. of Versatic 10 acid in kerosene 

To study the effect of extractant concentration on extrac-
tion of copper and zinc, the concentration of Versatic 10 acid 
was varied in the range 10-50 % (v/v) corresponding to 
0.52-2.6 M in kerosene. The experimental results show that 
extraction of copper and zinc increases with increase in 
extractant concentration (Figure 3). As can be seen copper 
extraction increases from 15-99% at the equilibrium pH of 
4.0 whereas, extraction of zinc increases from 15-89% at the 
equilibrium pH of 5.6 using the phase ratio of 1. The plots of 
log D vs. log[Versatic 10 acid] are straight lines with the 
slope of ~2 for both copper and zinc, indicating the associa-
tion of 2 mole of extractant (Eq. 1) in the extracted metal 
species (Figure 4). 

Thus, the extraction equilibrium of copper and zinc (M2+) 
with Versatic 10 acid (HA) in kerosene can be expressed as, 

2
2M 2HA [MA ] 2Haq org org aq

+ ++ ⇔ +           (1) 
The equilibrium constant Kex can be given as: 

2
2

2 2

[MA ][[H ]
[M ][HA]exK

+

+=                (2) 

Equation (2) can be rewritten as 
Log   log 2log [HA]  2pHexD K= + +          (3) 

Where 2
2

[MA ]
[M ]

D +=               (4) 

The Eq. (3) is consistent with the data shown in Figure 2 
and 3 with the slope 2 of respective plots. 

 
Figure 5.  McCabe –Thiele plot for the extraction of copper with Versatic 
10 acid. Aq. phase: 35 g/L Cu Org. Phase: 30 % Versatic10 acid in kerosene 

 
Figure 6.  McCabe –Thiele plot for the extraction of zinc with Versatic 10 
acid. Aq. phase: 30 g/L Zn, Org. Phase: 30 % Versatic 10 acid in kerosene 
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3.1.3. Effect of Phase Ratio Variation 

In order to determine the extraction capacity of 30% 
Versatic 10 acid, the extraction of copper and zinc from 
sulphate solution at different O/A ratio was studied at the 
equilibrium pH of 4.0 and 5.6 respectively. The percentage 
extraction of copper increased from 18 to 96% whereas, zinc 
extraction increased from 13% to a maximum of 87% with 
the increase in phase ratio from 0.2 to 5. Loading capacity of 
30% Versatic 10 acid was found to be 34.95 g/L and 19.60 
g/L for Cu and Zn respectively. Number of counter-current 
stages required for complete metal extraction can be pre-
dicted by the use of McCabe Thiele diagram. Extraction 
isotherm for copper indicates that a total of four stages are 
required for complete extraction of copper whereas, com-
plete extraction of zinc could be achieved in three stages 
using the phase ratio of 1.1:1 and 1.9:1 respectively (Figure 5 
and Figure 6). 

3.2. Solvent Extraction separation of Copper and Zinc 
with Cyanex 272 

Acidic form of the extractant alkyl phosphate Cyanex 272 
often exists in the dimer form[15]. Hence, the metal extrac-
tion using Cyanex 272 (HA) can be expressed by the fol-
lowing reactions: 

2
2 2M 2(HA)  MA 2HA 2Haq org org aq

+ ++ ⇔ ⋅ +         (5) 
The equilibrium constant Kex can be given by 

2
2
2 2

2

[MA 2HA][[H ]
[M ][(HA) ]exK

+

+

⋅
=                  (6) 

Equation (6) can be rewritten as 
2Log   log 2log [(HA) ]  2pHexD K= + +         (7) 

where 2
2

[MA 2HA]
[M ]

D +

⋅
=              (8) 

3.2.1. Effect of pH 

 

Figure 7.  Effect of pH on the solvent extraction of copper and zinc. Aq. 
phase: 30 g/L Zn,35 g/L Cu, Org. Phase: 20 % Cyanex 272 in kerosene 

The extraction of copper and zinc was studied over the 
equilibrium pH range 2.9-5.5 by using equal volumes of 
aqueous and organic (20% v/v Cyanex 272) phases. The 
percentage extraction of metals increased with increase in 
the equilibrium pH of the aqueous phase (Figure 7). It was 
observed that zinc extracted at lower pH value than copper 
and their respective pH0.5 values are 3.5 and 4.6. The dif-
ference in pH0.5 values of 1.10 indicates the possibility of 
separation of copper and zinc. The plots of log D vs. equi-
librium pH (Figure 8) had a slope ~2 indicating the exchange 
of 2 mole of H+ ion with 1 mole of the metal ion extracted. 

3.2.2. Effect of Extractant Concentration 

 
Figure 8.  Effect of pH on the distribution ratio of copper and zinc. Aq. 
phase: 30 g/L Zn,35 g/L Cu, Org. Phase: 20 % Cyanex 272 in kerosene 

 
Figure 9.  Effect of Cyanex 272 concentration on the solvent extraction of 
copper and zinc. Aq. phase: 30 g/L Zn, 35 g/L Cu, Org. Phase: Different 
concentration of Cyanex 272 in kerosene 

The effect of extractant concentration on the extraction of 
zinc and copper was studied in the range 5-50% (v/v) Cyanex 
272, the corresponding concentration being 0.15-1.6M at the 
equilibrium pH of 3.5 and 4.6 respectively (Figure 9). It was 
observed that the percentage extraction of zinc and copper 
increased with increase in extractant concentration. Zinc 
extraction increased from 13-94% whereas that of copper 
increased from 26-92%. In order to establish the number of 
moles of Cyanex 272 participating in the extraction system, a 
plot of log D vs. log [(Cyanex 272)2] was made (Figure10). 
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As can be seen, a slope of about 2 was obtained which in-
dicated that two molecules of Cyanex 272 participated in the 
extraction process to form zinc and copper complexes in the 
organic phase. The slope analysis confirms the extraction 
equilibrium given in Eq. (5). The existence of di-solvated 
metal complex species in the organic phase was also reported 
in earlier investigations[16,17]. 

3.2.3. Effect of Phase Ratio Variation 

The effect of O/A ratio on the extraction of zinc and 
copper under the condition of equilibrium pH of 3.5 and 4.6, 
respectively using 20% Cyanex 272 (0.63M) showed that the 
percentage extraction of zinc increased from 20% to 97% 
whereas the percentage extraction of copper increased from 
21% to 98% with the increase in O/A phase ratio from 0.2 to 
5. Loading capacity of 20% Cyanex 272 was found to be 
34.95 g/L and 29.35 g/L for Cu and Zn, respectively. Num-
ber of counter current extraction stages required for complete 
extraction of zinc and copper from the sulphate solution was 
determined from McCabe Thiele plot. It was found that 3 
counter extraction stages were required for complete recov-
ery of zinc and with 20% Cyanex 272 solution at O/A = 1.8:1 
phase ratio (Figure.11 and 12). 

 
Figure 10.  Effect of Cyanex 272 concentration on the distribution ratio of 
copper and zinc. Aq. phase: 30 g/L Zn, 35 g/L Cu, Org. Phase: Different 
concentration of Cyanex 272 in kerosene 

 
Figure 11.  McCabe-Thiele Plot for the extraction of zinc with Cyanex 272. 
Aq. phase: 30 g/L Zn, Org. Phase: 20 % Cyanex 272 in kerosene 

3.3. Stripping of Metal Ions from the Loaded Organic 
Phase 

Stripping studies of copper and zinc from the loaded 
Versatic 10 acid and Cyanex 272 was carried out by repeti-
tively contacting the organic phases with dilute sulfuric acid 
solutions separately. The results of stripping studies are 
given in Table 1. It was observed that 0.25M H2SO4 stripped 
50% and 46% of copper and zinc respectively from the 
loaded Versatic 10 acid whereas complete stripping of cop-
per and zinc was achieved in a single contact using 1.0M 
sulphuric acid. Complete stripping of copper and zinc from 
the loaded Cyanex 272 was achieved using 0.5M H2SO4 in a 
single contact at a phase ratio of 1. The stripped metals can 
be recovered as salts by evaporation-crystallization or metal 
cathodes powder by electrowinning[18]. 

 
Figure 12.  McCabe -Thiele Plot for the extraction of copper with Cyanex 
272. Aq. phase: 35 g/L Cu, Org. Phase: 20 % Cyanex 272 in kerosene 

Table 1.  Stripping of metal ions from the loaded solvents 

H2SO4(M) 

% Stripping of metal ions from the loaded solvents in 
single contact 

Versatic 10 acid Cyanex 272 

Cu Zn Cu Zn 
0.25 
0.50 
1.00 
1.50 

50 
90 

100 
100 

46 
91 
100 
100 

87 
100 
100 
100 

92 
100 
100 
100 

3.4. Recovery of copper and zinc from acid and iron 
depleted spent brass pickle liquor 

The optimum conditions obtained for the extraction and 
separation of copper and zinc from their mixed solution, 
were applied to the model solution with a chemical compo-
sition similar to that of the acid and iron depleted real brass 
pickle liquor (Zn(II): 30 g/L, Cu(II): 35 g/L, Cr(III): 0.5 g/L, 
Ni(II): 0.03 g/L). The standard simulation technique was 
employed for counter current extraction of metal ions from 
the brass pickle liquor. From the above solution copper was 
completely recovered in 4 counter-current extraction stages 
with 30% Versatic 10 acid (Figure.13), at an equilibrium pH 
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of 4.0 and O/A ratio of 1.2:1. At the end of fourth stage the 
loaded organic contained 30.5 g/L Cu, and the raffinate 
contained 30 g/L Zn, 0.5 g/L Cr and 0.03 g/L Ni. In the 
loaded organic Zn, Ni and Cr contamination was not ob-
served. From the raffinate chromium was removed as 
Cr(OH)3 by precipitation at pH 5.3. In this stage there was no 
loss of zinc with chromium precipitation. After removal of 
chromium from the aqueous solution zinc was recovered in 3 
counter-current extraction stages using 30% Versatic 10 acid 
at the equilibrium pH of 5.6 and phase ratio 2:1 (Figure.14). 
At the end of the 3rd stage loaded organic contained 20.92 
g/L Zn and the final raffinate contained 0.02 g/L Ni. Nickel 
contamination of the organic phase was not noticed. 

 
Figure 13.  Counter-current simulation for the extraction of copper. Aq. 
phase: 35 g/L Cu, 30 g/L Zn, Org. Phase: 30 % Versatic 10 acid in kerosene, 
O/A = 1.2:1, Eq. pH = 4.00 

 
Figure 14.  Counter-current simulation for the extraction of zinc. Aq. 
phase: 30 g/L Zn, Org. Phase: 30 % Versatic 10 acid in kerosene, O/A = 2:1, 
Eq. pH = 5.6 

 
Figure 15.  Counter-current simulation for the extraction of zinc with 
Cyanex 272. Aq. phase: 30 g/L Zn, Org. Phase: 20% Cyanex 272in kerosene, 
O/A = 1.8:1, Eq. pH = 3.5 

 
Figure 16.  Counter-current simulation for the extraction of copper with 
Cyanex 272. Aq. phase: 35 g/L Cu, Org. Phase: 20% Cyanex 272in kerosene, 
O/A = 1.8:1,Eq. pH = 4.6 

Counter current simulation was also carried out with 20% 
Cyanex 272 for the extraction of Zn and Cu from the acid 
and iron depleted pickle liquor at the phase ratio of 1.8:1 and 
equilibrium pH of 3.5 and 4.6, respectively. As shown in 
Figure 15, at the end of 3rd counter-current stage 19.62 g/L 
Zn was loaded into the organic phase with no contamination 
of Cu, Cr and Ni. The Zn free raffinate was then subjected to 
the extraction of Cu at the equilibrium pH of 4.6 at a phase 
ratio 1.8:1. It was observed that copper was completely ex-
tracted in 3 counter-current stages with 22.24 g/L Cu loaded 
into the organic phase (Figure 16), leaving behind Cr and Ni 
in the raffinate. The stripped metal solution can be utilized 
for their recovery as salt, metal powder or other value added 
products as reported elsewhere[18]. 

4. Conclusions 
The recovery of copper and zinc from acid and iron de-

pleted-spent brass pickle liquor by solvent extraction using 
Versatic 10 acid and Cyanex 272 as extractants in kerosene 
was studied. With Versatic 10 acid copper was extracted in 
the equilibrium pH range 3.28 to 4.9, whereas zinc was ex-
tracted in the pH range 5.1 to 7. The McCabe Thiele plot 
indicated that 4 counter current stages were required for 
complete extraction of copper and 3 counter-current stages 
for that of zinc with 30% Versatic 10 acid at the phase ratios 
of 1.1:1 and 1.9:1 at the equilibrium pH 4.0 and 5.6 respec-
tively. Simulation of counter current extraction showed that 
at the end of fourth stage the organic phase was loaded with 
30.5 g/L copper with no contamination with other metal ions 
present in the brass pickle liquor. After recovery of copper, 
zinc was completely recovered in three counter current ex-
traction stages loading ~ 21 g/L Zn in the organic phase. 

Solvent extraction of copper and zinc, with a view to re-
cover these metal ions from spent brass pickle liquor, was 
also studied using Cyanex 272 as an extractant in kerosene. 
Unlike Versatic 10 acid, Cyanex 272 extracted zinc at lower 
pH than copper. The difference in pH0.5 values for zinc and 
copper of 1.1 indicated better selectivity of zinc over copper. 
McCabe Thiele plot showed that zinc and copper could be 
recovered in three counter current extraction stages each. 
Stripping of copper and zinc from loaded organic was also 
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LO4(g/L) 
Cu = 30.50 

 
CC-1 CC-2 CC-3 

Aq. Phase 
(g/L) 

Cu= 35, 
Zn = 30 
Cr = 0.5 

Ni = 0.03 

Rf1 (g/L) 
Cu = 27.37 

Rf2 (g/L) 
Cu = 17.46 

Rf3 (g/L) 
Cu = 0.23 

O 
LO2(g/L) 

Cu = 15.88  
LO3(g/L) 

Cu = 24.14 

CC-4 

LO1(g/L) 
Cu = 1.52 

Rf4 (g/L) 
Cu = Nil 
 Zn = 30 
Cr = 0.5 
Ni = 0.03 
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studied. It was found that from loaded Versatic 10 acid both 
copper and zinc could be quantitatively stripped with 1 M 
sulfuric acid in a single stage whereas, from the loaded 
Cyanex 272 these metal ions were stripped quantitatively 
with 0.5 M sulfuric acid in a single stage. Comparison of 
extractability of Versatic 10 acid and Cyanex 272 shows that 
both the extractants can be effectively used for the extraction 
and separation of copper and zinc from the spent brass pickle 
liquor. The pregnant solution of copper and zinc can be 
processed to recover the metals in desired form. Thus, the 
present investigation opens up a scope to recover and recycle 
the metals from the brass pickle liquor in an eco-friendly 
manner. 
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