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ABSTRACT

The separation of copper and zin¢ cations from each-other in agueous acid sulphate solution using tri-n-butyl phosphate
was investigated. The effects of the: a'queoUs’an' and Cu®* concentrations, organic phase concentration of tri-n-butyl phosphate
(TBP), pH and temperature on the degree of extraction of copper and zinc cations were studied. The loading of Copper and Zinc
cations from the aqueous phase into the organic phase were pH dependent, a pH of 5 for copper (11) and PpH 7 for Zinc (11)
appeared to be most favourable. The respective increased concentrations of Cu®* Zn®* and TBP favored cu® and zZn? extragtion.
Temperature had little effect. The expenmental data suggested that the se 2paratlon of Cu** and Zn from each other could be
¢ rried out by changing the pH at 32 +2°C. The separationi- of cu?" from Zn is most favourable at pH.5, while Zn® from Cu®' is
most favourable at pH 7. The expenmental resulis also mdwate {hat this method of extraction could be employed to obtaln up to

90% of each metal ion from the aqueous mixture.
KEYWORDS: extraction, aqueous phase.
IroRODUCTION

Solvent extraction is the most common technique of
metal extraction from a solution or aquecus mixture. The
separation that can be performed are simple, clean, rapid and
convenient. In many cases, separation may be effected. by
sgakmg in a separatory.funnel for a few minutes (Morrison and
fréiser
metallurgical industry for many years for broad range of
separations. (Zygmunt, 1986) reported the removal of Cd, Cr,
Co, Cu, Ni, Mo, V, and Zinc from waste water. Solvent
extraction can also be employed 'in'the separation of elements
whose chemistry are extremely similar such as actinides, rare
“earths or members of same periodic table (McKay, 1967). For
“ahy separation process to be effective, there must be: sufficient
d.ferences in the distribution~c’oefﬁ6ien_ts of the metal ions to
be separated (Zygmunt, 1986). Copper-and Zinc are transition
elements, they form alloys such as brass and bronze. (Hill and
‘Holman, 1995). They are also found in minerals for examples,
Rosasite {Cu,Zn}; {CO3}{OH}, ‘ Cuprodesclomte
(Cu, Zn)Pb(VO4(OH),Zincchalcanitite (Zn, CuS045H20) and
nescloisite (Zn Cu) Pb (VO,) (OH), They are alsa found as
impurities in phlerite (ZnS) and pyrotite (FeS) Ashidi, 1985). in
the refining of Zinc, roasted concentrates are dissolved with
.dilute sulphuric acid to produce a solution containing Zinc
sulphates and copper as impurities, the' tendency of copper is
to be  alloyed with Zinc which corrodes’ the ~aluminium
' ~Cathode (Ritcey and Ashbrook, 1984).
: Many works have been carried out on the solvent
e raction..of copper(11) and Zinc (ll) Cations from their
. aqueous solutions using TPB. (lpinmoroti 1994), (Fletcher,
1955)

The present article descnbes the solvent extraction
method for the separation of Cu* and Zn?* from each other.

'MAT_E-RIALS AND METHOD

- .- - All'the reagents used- were of analytical grade. Tri-n-
‘butyl - Phosphate . (TBP). (East Angelic ~Chemicals),
Zh504.CuSO4 5H,0 (BOH), benzene, HCL and NaoH (May
and Baker). Copper (11) and Zing{11) cations in the agueous
phase were determined using “atomic absorption spectre

1857) This technique has been employed in the

‘photometer, (Buck scientific 200-A,) . pH was measured with a
KENT Ell. 7020pH meter..

PROCEDURE
“ Agueous copper solution (25ml) was' pipetted-into a
clean 250ml separatory funnel, 25ml of TBP in benzene was

~ carefully added.- The mixture was manually shaken for two

minutes while opening the stop cock intermittently to vent any
pressurized air. The mixture was then shaken vigorously for
“five minutes on a mechanical shaker (criffi ins). and allowed to

- stand for 1-2 minutes for-the two phases to separate: About.

10ml of the aqueous layer was then carefully run into a clean
250m} conical flask . and taken for analysis. on atomic
ab\‘»;orphon spectrophotometer Similar procedure: was used for
‘the extraction of Zn*".

SEPARATION OF Cu® and Zn*"from each other.

- CuS04 5H20(0. 04M) was prepared by taking 100mi
of ‘0.IM stock solution in" a 250ml using distilled water,
ZnS04(0, 04M) was aiso prepared by taking 100m| of 0.1M
stock splution into 250m! with distilled water. 25¢cm® of each of
the solutions were taken and transferred into a clean conical.
flask. The extractions were carried out at pH 5. and pH 7
respectively while: 30% v TBP in benzene and room
temperature of 32 +2°C were kept constant.

After adjusting the parameters to the desired levels; the
agueous  mixture was transferred into a clean separatory
funnel and the extraction carried out as described above.

RESULTS AND DISCUSSION

Effect of pH on extraction
Tables 1a and 1b shows the effect of pH on the
extraction of Cu®* and Zn®" respectively. It is observed that the
percentage metal extraction increased with increase in pH and
geared to reach a maximum at pH 5 and pH 7 for Cu®” and
respectively (figures 1A and 1B). The tendency for the
degree of metal extraction to fall at high pH has been noficed
by several ‘workers (Baird and Hanson 1983), (Ipinmoroti,
1994) (Ipinmoroti, 1993) and this observation has invariably
been attributed to the possibility of the metal cation getting
hydrolysed ‘at high pH. When the pH is high there is the
possibility of the metals forming non-extractable negatlve ions.
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Table 1a: Effects of pH on Cu** Extractibn

PH Cu'(aq) Cu? (TBP) (% Extraction (D
mg/l .mg/i
20 2431.90 108.10 . 426 0.04
30 1877.30 662.70 26.09 ' 0.35
40 1378.90 1161.10 45 71 - 10.84
50 692 80 184720  |72.72 el
6.0 191010 . 1629.0 64 17 |4 79
70 1009.4 153C 60.286 1.52
Témp. 32 + 2°C. 30% viv TBP
C u” 0,04 M, D = distribution ratio
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Fig. 1a:Degree of CLP* extraction as a function of pH N
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At low pH, the organic extractant TBP can also solvate giving
rise to the extraction of acids (Ritcey and Ashbrook, 1984). It
has been observed that metals appeared to be best
extractable at a pH just below that at which they hydrolysed.

Effect of metal ion Concentration on extraction.

* When the concentration of the metal ions (Cu®* and Zn*") in
the aqueous phase were varied between 0.01-0.06) moldm™®
{Tables 2A and 2B) the degree of metal extraction increased
gradually with increase in ~aqueous metal concentration.
Degree of metal extraction was at maximum at 0.04 moldm
dnd 0.04mdm™> for Cu®* and Zn* respectively. and
subsequently went down very gradually. (figures 1A and IB). In
a solvent- extraction process, an increased in the
concentration of metal ion in the aqueous phase will bring
about an increase in the degree of metal extracted to
compensate and maintain the equilibrium constant, according
to Le- chaterlier's. ‘principle, provided there is sufficient free
extractant available in the solvent to extract more metals

(Manson, 1971). Generally the extraction of metals have been

noticed to be most favourable at low metal concentration.
(huinmoroti, 1 994),

Table 1b : Effects of pH on Zn®" Extraction

PH {znz’ (aq)  {Zn®*(TBP) = (% Extraction |[D
émg/l mgl/l

12 12964 16536, 3252 0.50
3 1157.9 37921 4062 - (0.68
4 1021.6 928.4 47.61 10.91
5 ozt §162"5.5 =260 .10
6 ?8 i7.4 11326 %:58.68 ;1°9-<
7 5948 112552 6437 : l1.81
8 {7770 11730 6015|151
Zn* 003 M ' -

Temp. 32 + 2°C. 30% v/v TBP in-benzene. D = distribution ratio.
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Fig. 1b?. pegree of Zn?* extraction as a function of pH

Effect of concentration of TBP on extraction.

Tables 3A and 3B. -shows that the extraction
coefficient of Cu”* and Zn®" increased with increased in the
extractant concentration in the organic phase. This trend has
also been observed for some other metal solvent extraction
systems.- (Baird and Hanson, 19833, (Ritcey and Ashbrook,
1984). Apart from the extractant being more available for
metal, ccn'~ing at high concentration, a relatively iarge
concentration of the extractant could also lead to further
solvation of the metal-extractant complex by the extractant
molecules and this would enhance the solubility of the complex
in the organic phase and thus prevent third phase formation.
The non-linear increase in the degree of metal extraction with
increase in TBP concentration figures. (3A and 3B) might also
be due to dimerization or polymerization of the extractant in
the inert solvent, benzene, at high concentration as previously
observed by many workers (Sekine and Hasegawa, “1977),
(Matsuo, etal, 1966) (Jack werth, 1964). (Ipinmoroti 1993).
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Tabie 2a: Effect of Aqueous Concentration of éopper on Cu®’ Extr_a;:t’ldn,-

ECU |cv ag) . man cu” (T'B'I‘-"’)”mgll % E%xtraétuon D
o . .

001 (459 1 |78 12270 lo.3s
002 |7781 491.9. 3873 063 -
003 |9654 939.6 49 32 0.97
004 7947 17453 168.71 _J2.20
005 |[16219 1553 1 48 92 Joss
006 |21392 1678.8 43.97 {078

Temp. 32 £ 2°C. 30% v/v TBP in benzene

pH 6. D = distribution ratio

Table 2b. Effects of Aqueous Concentration of Zinc on Zn®* Extréction}

-’

Zn” (aqymg/l  |zn* (TBP) |% Extraction ID

M) mgl |

001 |s27.7 1223 18.82 0.23

002 [7786 521.9  140.15 0.67
{003 6936 1256.4 64.43 11.81

004 [12780 1322.0 50.85 1.03

0.05 21374 11126 34.23 0.52
oos~ Joe43s 12667 |32.22 0.48

Temp. 323 2°C 30% v/v TBP pH 7, D = distribution ratio

Table 3a. Effect of Concentration of TBP in benzene on Cu™" Extraction
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D = distribution Coefficient

lswwtBrPin  |cu®(aq) |cu®(org) |% Extraction |D
‘|benzéene i
.mg/l .mgfi

10 16872 (8528 . 13357 051
20 |11638  |13762 js4.18 118
30 "~ [es0.9 18491  |72.80 268
Jao 9536 . |15874 |62.46 170
50. J1s07  J13s93  Jsase9 |21
60 15132 [10268 4043 0.68
CuT0.04M -

.80

Fig. 3a Degree of Cy?* exiraction as & function of organic phase TBP Conc.
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Table 3b_ Effect of concentration of TBP in penzeh‘e'on'Znef E_Xtraction
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20 10473 o027 “las2s - |oss
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40 984 1 9659 - |4953 098
50 1060.1 B889.9  |4563 = [0.84 -
50 1066.3 8837 4532 loss

Zn 003 M Temp. 32+ 2°C pH7, D = distribution ratio -

Table 4a: Effect of temperature on the extraction of Cuzf

Temp°C |cu”(aq) |cu®* (TBP) |% Extraction |D
g/l mg/l

10 2060.2  [479.8 18.89. 0.23
120 18339 |7061  |27.8 0.39.
J30 13640 11760  |46:30 0.86
“Jao 7033  |1836.7 72.31 J2.61
150 7355 1804 5 71.04 125
Je0 7258  |18142 7140 25
Cu004M

.pH 5, 30% viv TBP in benzene, D = distribution coefficient

Table 4b Effect of temperature on Zn°" Extraction

Temp°C |zn®'(aq) |zn*"(TBP) |[% Extraction {D
“.mg/! Mg/l -

|20 7986. |11514  |5905 - 1.44
30 7151 |12349 - |6333 1.73
40 8354 [12543 64.32 {180
s0 . less.a |11146.  |s7.16 1.33
60.  [e354 11146 |57.16 1.33
70 8354  |11146 57.16 1.33
Zn" 0.03 M

.pH 7, 30% v/v TBP benzene, D = distribution ratio

. F '3 Jb Degree of Zn? extraction 38 2 function of organic phase. TBP Can"
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Fig. 4a’ Degree of Cu®® extraction as a function of Termperatire.
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Table 5a: SEPARATION Cu2’ from Zn”* At pH §

cu® n*
Metal Conc. In aq phase.( mg/l) 10353  1754.2
Metal conc. in organic phase (mg/l) :1504.7 845.8
% Extraction - 5924 3253

D ' 1.45 048

E:fect of Temperature on extraction
The effect of temperature on the equilibrium extraction of Cu®*

and Zn** was minimal. Tables 4A and figure 4B shows that a.

extraction based on TBP might be run

at room temperature.  This would save energy and
consequently lower the production cost. As for Cu the
degree of extractlon increases with increasing temperature
“from 10°C to 40°C and remaining constant as the temperature
was further increased. (Table 4A and 4B). This suggests that
high temperature favours the extraction of Cu®" from the
adueous phase to the organic phase. Since solubility
increases with increasing temperature. Hence, a process
plant for Cu** extraction based on TBP might be run at a
temperature slightly above room temperature

process plant for Zn**

SEPARATION OF Cu®" and Zn** FROM EACH OTHER.

The separation of Cu®* and Zn®" from each other in
aqueous acid sulphate solution using TBP:in benzene was
carried out at two different conditions based on pH change.
Table 1A shows that at pH 5, 59.24% of Cu® and 32.53% zn**
were extracted respectively. At pH 7, 24.58% (Cu”) and
59.68% (Zn *} were extracted from the aqueous mixture. The
results obtained show that the position of equilibrium in the two
mefals depends upon the pH of the system. Thus, the
distribution coefficient (D) varies as the pH changes.

.Metal separation by solvent extraction has been -reported by
many workers (Zygmunt 1986) reported the extraction and
separation of uranyl nitrate from fission product using TBP.
Metal separations may be achieved by the control of .pH and
oxidation sate. The pH of the agueous phase Plays a very
lmportant role in-metal extraction. While increase in pH favours
the extraction of metal species, a pH is reached at which
hydrolysis and olation occur resulting in a decrease in the
metal extraction, (Ipinmoroti, 1993). Hence, the well used
statement that metals extract best at a pH just below that at
which they hydolyse (Ritcey and Ashbrook, 1984).

CONCLUSION:

. The results obtalned showed that the separation of
Cu® and Zn®* from each other could be carried out by
changing the pH of the aqueous phase at 32 +2°C. The
separation of Cu from Zn*" is most favourable at pH 5, and
30% TBP in behzene. White Zn’" would be separated from
Cu®* atpH 7 and 30% TBP in benzene.

The experimental result also indicate that subsequent
_extraction could be. employed to obtain up to 90% of each
metal ion from the mixture.

Tables 5b; SEPARATION of Zn”* from Cu®* At pH 7.

. ey
cu*  zn*
Metal Conc. In aq phase. (Mg/}). 1915.7 »_1152.3*\"
Metal Conc. in organic phase (mg/l) 624.‘3 1447.7.
% Exlraction 24.58 - 55.68
o 0.33 1.26

Temp. = (32 2)°C
30% ‘v TBP

N = 0.04M. Cu2” =0.04M
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