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ABSTRACT

Separation of Cu2+ ions from aqueous solution containing several co-metals and to
establish conditions for total recovery of the metal was the main purpose of this work.

The ideal conditions for such recovery using an ion exchanger loaded with
8-hydroxyquinoline-5-sulphonic acid were studied.  The results are quite encouraging nearly
100% recovery was observed when the concentration of Cu2+ ions was 2.35 x 10-4 moles/
litre. It was observed that Cu2+ ions can be successfully removed, even in presence of
different concentrations of Ni2+ ions. The high affinity of chelating resin for Cu2+ metal ion
makes it very useful for removing concentrating and analysing traces of metal  ions in
solution, even when large amount of other metal ions are present. Cu2+ ion was chosen
because of its environmental,  commercial and technological importance and its rising cost
in the international market. The efforts were made to study in details both the uptake of the
organic molecule by resin and its subsequent use to separate metal ions.
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INTRODUCTION
The environmental effects of chemical

compounds particularly metal ions can be
considered to be a disturbance in the eco-system
in terms of increased concentration of metal
ions, beyond their natural levels in plants and
animal life as well as in air, water, soil and

sediments.1-2 The recovery of metals from
electroplating and metal finishing has become
increasingly uneconomic in view of energy and
labour cost considerations.3 The environment
has played its role, constant pressures from
environmental agencies to search for methods,
for removal of  metals from liquid streams, even
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when present in diluted concentrations, has led
researchers to turn towards such techniques
as those employing chelating ion exchangers.
With this aim the present work was planned to
study the specific behaviours of Cu2+ ions and
to separate these ions from aqueous solution
containing other co-metal ions. The method
used for this purpose was ion exchange.4-6 

 Ion
exchange during the past several decades has
become an important tool for research and
analysis involving trace ions removal. However
it cannot be considered as a complete analytical
method by itself because it does not permit
direct detection or quantitation. For most
applications ion exchange is an adjunct to
standard analytical techniques.7-8

Industry is contineously seeking ways
to extract/metal ions from effluents, in order to
meet more stringent pollution control loss.
Hence the technology of ion exchange will
continue to find increased usages.

MATERIAL AND METHODS
1. Corning brand glass apparatus were used

in the experimental operations.
2. Double distilled water was used

throughout.
3. Sample of QSA (Riedel-de-Haen West

Germany) was readily available in the
laboratory.

4. Metal ions CuCl2H2O (B.D.H. Analar)
and NiCl2.6H2O (Riedel de Haen G.R.)
were used.

5. An ultra thermostate type U-10 (M/S)
prufgerate medingen Germany was used.

6. To measure the conductance, conductivity
cell (M/S) Toshniwal Pvt. Ltd. (Mumbai)
was employed cell constant was
0.1204 cm-1.

7. To monitor the speed of the Stirrer at 1000
± 20 R.P.M. an electronic stroboscope
type E 102 m/s Toshniwal Pvt. Ltd.
(Mumbai) was used.

8. ‘Nylobolt’ Nylon bag of a mesh size higher
than the resin particles under use was used

to cover the cell, to protect the cell damage
due to agitated resin particles and to
prevent accumulation of resin particles
between the electrodes.

9. A Dolmy stop watch having an accuracy
of ± 0.1 second was used for all time
measurements.

Experimental Details (Procedure)
Part I (a) : Conditioning of the anion
exchange resin.

The resin in the mesh range  36-44 was
soaked in double distilled water and was
transferred in to a long resin column 30 x 2.5
cm of the type reported in the literature and
was converted into the chloride form by adding
sufficient amount of 2N HCl. It was again
washed with double distilled water and kept in
the discicator.  Its weight was recorded daily
till it attained a constant value.
(b) Determination of exchange capacity of
resin

Exchange capacity of the resin was
determined as per the standard procedure given
in the literature. 1.0352 gm of the resin as a
slurry was packed in the burette with a glass
wool plug, 0.2 M KNO3 solution was added,
chloride ions of the resin were exchanged by
nitrate ions. The chloride ions were estimated
by conductometric titration using AgNO3.
From the volume of the silver nitrate solution
required and the weight of the resin taken in
the burette the exchange capacity was found
to be 2.66 meq/g.

Part II (a) : Preparation of 8-hydroxy-
quinoline-5-sulphonic acid (QSA) solution

Weighed  Quality of QSA was dissolved
in boiled water, cooled and than transferred to
the volumetric flask, volume was made up to
the mark. It was then standardised with
standard NaOH solution using Leeds of
Northup pH meter. The concentration of
Q.S.A. Stalk solution was 1.92 x 10-4 moles/
litre. This concentration was maintained
throughout the experiments.
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(b)  Preparation of Metal ion solution
Required amount of the metal salt

preferably as chloride was accurately weighed
and standard solution was prepared.

The metal ion contents of this solution
were estimated potentiometrically by E.D.T.A.
titration as per the standard procedure and also
by the calibration curve given in Table 1.

Nickel ions were estimated by
Beckmann spectrophotometer using D.M.G.
All metal ions solutions were estimated and used
immediately after preparation to avoid hydrolysis
of these metal ion solutions on standing.
Part III : Arrangement of experimental
beaker

All separations of metal ions and all
exchange rate experiments were carried out
in 500 ml corning beaker whose bottom was
blown into  round shape, which enabled, the
resin particles to remain in a constant state of
contineous agitation during stirring of the
solution. To stirr the solution a glass paddle type
stirror was used. The speed of the stirrer was
1000 ± 20 R.P.M.
Part IV : Loading of 8-hydroxy-quinoline-
5-sulphonic-acid

To 0.5 g of the resin 10 ml of double

distilled was added. It was well stoppered and
kept overnight. This was done to allow the resin
to swell. These swollen resin particles permitted
possible experimental data under similar particle
size conditions. The resin particles were than
filtered, dried and transferred carefully to the
experimental beaker containing 200 ml of ligand
(Q.S.A.) solution with the help of a cup shaped
spoon. Beaker was than placed in the
thermostate. The stirrer and conductivity cell
along with fitted nylon bag were introduced into
the beaker in such a way that it allowed free
movement of the resin particles in the
experimental solution. Conductance of the
solution was measured after each 5 minute
interval of time and continued for a fixed period
till it reached the stage near equilibrium
concentration. 25°C temperaturee was
maintained throughout the experimental run.

Chloride ions of the resin were
exchanged by the anions of the ligand which in
term increased the acidity of the solution, due
to apparant increase of H+ ion concentration.
This caused rise in conductance of the solution
due to free H+ ions. Exchange of H+ by R+

follows 1:1 mechanism  (Table 1) gives the
stoichiometry of exchange in ligand.
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Table 2. gives the initial concentrationof
ligand solution used for fixing a definit amount
of ligand on the resin and actual concentration
of ligand in millimoles of the resin after the
exchange.
Part V: Separation of metal ion by the resin
experimentally.

After the ion exchanger Amberlite IRA

401 (CI) was loaded with the 8- Hydroxyquinoline-
5-sulphonic acid, the resin contained fixed
amount of the ligand, it was immediately used
for metal ion separation experiments.

The exchange procedure between this
loaded resin and a divalent metal ion (Cu

2
+)

may be visualised in the folowing scheme.
Where M2+ is a divalent metal ion.

Since the loaded resin was found to be specific
for Cu2+ under the conditions employed in the
present experimental work, M2+ would
represent Cu2+ only. For every Cu2+ ion
exchanged, there is corresponding release of
2H+ ions due to chelation.

RESULTS AND DISCUSSION
1. An effort had been made to throw more

light on understanding the role of chelating
groups in ion exchanger.

2. It was possible to know actual millimoles
of QSA present per gram and to maintain
this quantity in all experiments (Table 1).

3. The work was planned basically in
attempting use of chelate loaded ion
exchanger.  The operative mechanism
was found to be 1:1 (Table 2).

Table  1
Stoichiometry of exchange in ligand

Name of  Concentration Mechanism Chloride ions Chloride Resistance Resistance
the used in operative expected in ions found at which at which

100 ml ligand of 200 ml of the in 200 ml the the
the solution solution of the experiment experiment
(millimoles) (milliequi- solution started stopped

  A                  B valents) (milliequi- (Ohms) (Ohms)
valents)

QSA  0.3646   0.3265 1:1 0.3275 0.3265 805 170

A -  Initial concentration of ligand solution
B  -  Amount of ligand loaded on the resin
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Table  2
Experimental data for exchange on Amberlite IRA 401 (Cl)

resin loaded with QSA

Temperature = 25°C
Concentration of QSA = 1.92 x 10-3 moles/litre

Time in Conductance of Concentration of
minutes solution solution

x 10–3 x10-4

(mhos) moles/litre
0 1.24 19.2
5 2.87 12.7

10 4.48 7.1
15 5.18 5.0
20 5.49 3.80
25 5.54 3.60
30 5.64 3.40
35 5.71 3.20
40 5.74 3.00

Table  3
Experimental data for exchange on Amberlite IRA 401 (Cl)

resin loaded with QSA
System :  IRA 401 (Cl)-QSA-Cu2+

Temperature = 25°C
Concentration of  original CuCl2 = 18.80 x 10-4 moles/litre

Time in Conductance of Concentration of
minutes (mhos) CuCl2 x 10-4 (moles/litre) CuCl2 x 10-4

0 4.58 18.8
5 5.61 16.5
10 6.06 15.8
15 6.36 15.0
20 6.57 14.8
25 6.75 14.4
30 6.94 14.0
35 7.09 13.8
40 7.14 13.6
45 7.25 13.4
50 7.35 13.2
55 7.40 13.0
60 7.51 12.8

CuCl2 recovered  = 31.92%     Ce (estimated) = 11.9     K = 0.0279      r2 = 0.9944
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Table  4
Standard calibration curve data for CuCl2

Temperature = 25°C CuCl
2

= 18.8 x 10-4 moles/litre
HCl = 36.9 x 10-4 moles/litre

Sr. No.
Volume of Volume of Conductance of Concentration of

CuCl2 in ml HCl in  ml solution CuCl2 solution
x 10–3 (mhos) x 10–4 (moles/litre)

1 50 0 4.54 18.80
2 45 5 5.31 16.92
3 40 10 6.45 15.04
4 35 15 7.46 13.16
5 30 20 8.26 11.28
6 25 25 9.09 9.40
7 20 30 10.20 7.52
8 15 35 11.20 5.64
9 10 40 12.00 3.76

10 5 45 13.10 1.88
11 0 50 13.80 00.00

Table - 5
Experimental data for exchange on Amberlite IRA 401 (Cl) resin loaded with QSA

System :  Amberlite IRA 401 (Cl) QSA-Cu2+-Ni2+

Temperature = 25°C Concentration of  CuCl2 = 18.80 x 10-4 moles/litre
Concentration of  NiCl2 = 20.00 x 10-4 moles/litre

Time in Conductance Conductance Concentration
minutes of solution of CuCl2 of CuCl2

(CuCl2 + NiCl2) (Solution-NiCl2) x 10–4

x 10–3 (mhos) x 10–3 (mhos) moles/litre
0 9.80 4.54 18.8
5 10.50 5.20 17.3
10 11.10 5.80 16.1
15 11.40 6.10 15.5
20 11.80 6.50 14.8
25 12.00 6.70 14.4
30 12.10 6.80 14.2
35 12.30 7.00 13.8
40 12.50 7.20 13.4
45 12.60 7.30 13.2
50 12.80 7.50 13.0
55 13.00 7.70 12.4
60 13.10 7.80 12.2

Conductance of NiCl2 = 5.30 x 10-3 (mhos) Conductance of CuCl2 = 4.54 x 10-3 (mhos)
CuCl2 recovered = 35.11% Ce (estimated) = 9.8
K = 0.0190 r2 = 0.9860
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Table - 6
Experimental data for exchange on Amberlite IRA 401 (Cl)

resin loaded with QSA

System :  Amberlite IRA 401 (Cl) QSA-Cu2+-Ni2+

Temperature = 25°C

Concentration of  CuCl2 = 18.80 x 10-4 moles/litre

Concentration of  NiCl2 = 30.00 x 10-4 moles/litre

Time in Conductance Conductance Concentration
minutes of solution of CuCl2 of CuCl2

(CuCl2 + NiCl2) (Solution-NiCl2) x 10–4

x 10–3 (mhos) x 10–3 (mhos) moles/litre

0 15.30 4.54 18.8
5 16.10 5.30 17.2
10 16.60 5.80 16.2
15 16.90 6.10 15.5
20 17.20 6.40 15.0
25 17.50 6.70 14.4
30 17.80 7.00 13.8
35 18.10 7.30 13.2
40 18.50 7.70 12.4
45 18.50 7.70 12.4
50 18.50 7.70 12.4
55 18.50 7.70 12.4
60 18.50 7.70 12.4

Conductance of NiCl2 = 10.80 x 10-3 (mhos)

Conductance of CuCl2 = 4.54 x 10-3 (mhos)

CuCl2 recovered = 34.05%

Ce (estimated) = 11.6

K = 0.01416

r2 = 0.9241
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4. A standard copper ion experiment
containing dissolved CuCl2 in double
distilled water was carried out, thereby
allowing a study of decrease in
concentration of Cu2+ ions in solution with
time nearly for 1 hour (Table 3). The

CuCl2 concentration after 1 hour remains
fairly the same. Concentration of Cu2+

ions was determined by conductance
measurement for this a standard
calibration curve data is given in
(Table 4).

Table  7
Experimental data for exchange on Amberlite IRA 401 (Cl)

resin loaded with QSA
System :  Amberlite IRA 401 (Cl) QSA-Cu2+-Ni2+

Temperature = 25°C

Concentration of  CuCl2 = 18.80 x 10-4 moles/litre

Concentration of  NiCl2 = 40.00 x 10-4 moles/litre

Time in Conductance Conductance Concentration
minutes of solution of CuCl2 of CuCl2

(CuCl2 + NiCl2) (Solution-NiCl2) x 10–4

x 10–3 (mhos) x 10–3 (mhos) moles/litre

0 18.10 4.54 18.8
5 19.20 5.60 16.5
10 19.60 6.00 15.7
15 20.00 6.40 15.0
20 20.40 6.80 14.2
25 20.80 7.20 13.4
30 21.20 7.60 12.5
35 21.20 7.60 12.5
40 21.20 7.60 12.5
45 21.20 7.60 12.5
50 21.20 7.60 12.5
55 21.20 7.60 12.5
60 21.20 7.60 12.5

Conductance of NiCl2 = 13.46 x 10-3 (mhos)

Conductance of CuCl2 = 4.54 x 10-3 (mhos)
CuCl2 recovered = 33.52%
Ce (estimated) = 11.50
K = 0.0252
r2 = 0.9872
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5. The effect of different concentration of a
co-metal ion i.e. Ni2+ as NiCl2 on the
recovery from an aqueous solution was
studied results are given in (Table 5,6,7)
results of table 5,6,7 indicate that even in
presence of different concentrations of
Ni2+ ion only Cu2+ ions are exchanged
by the ligand loaded resin.

6. The concentration of Cu2+ ion was also
varied to see if it had any effect on the
recovery of Cu2+ ion from the aqueous
solution.  These results of are given in the
table 8.

7. When Cu2+concentration was 18.80 x 10-
4 moles/litre, the recovery was 32.95 to
35% but when concentration of Cu2+ ion
was 2.35 x 10-4 moles/litre the recovery
was 100% (Table 8).

8. This technique is cheaper than chelating
resins which are costly and with a choice
of the chelating agent can be made

specific towards one metal. It is flexible,
smooth, distinct and easy to undertake.
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