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THE SEPARATION OF Zn AND Cu USING CHELATING ION EXCHANGERS 

AND TEMPERATURE VARIATIONS 

Andrei A. Zagorodni', Dmitri N. Muiraviev' and Mamoun Muhammed* 

Department of Inorganic Chemistry, Royal Institute of Technology 
100 44 Stockholm, Sweden 

ABSTRACT 

This paper re orts the results of a study on the ion-exchange equilibrium of 
Cu2' and Zn + at different temperatures on chelating ion-exchange resins: 
Amberlite IRC-718 (iminodiacetic acid based functional groups), VPC- 1 
(picolinic acid based) and thiourea-based resins. The separation factors and 
the conditional equilibrium constants of the ion-exchange reaction were 
determined in temperature range from 15 to 75 'C. An estimation of 
thermodynamic functions has also been carried out. Possibility of the 
separation of Cu and Zn mixture by dual temperature ion-exchange method 
has been demonstrated. 

Y .  

JNTRODUCTION 

Chelating ion exchangers are designed for selective sorption of complex-forming 

metal ions. These resins contain as a rule one or more donor atoms which can form a 

coordination bond with metal ions [1,2]. Selectively coefficients of chelating resins are 

usually characterized by a strong p H  dependence, that allows one to enhance the selectivity 

of separation by modulating acidity/alkalinity of the feed solution. The p H  dependency of 

ion exchange equilibria for chelating resins of different types was reported in a number of 
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414 ZAGORODNI, MUIRAVIEV, AND MUHAMMED 

publications [3-121. However, the practical application of this fractionation technique is 

complicated by the use of large acid andor alkali volumes needed for the pH adjustment 

and for the further neutralization of resulting wastes. 

Another type of ion-exchange separation technique is based on applying ion- 

exchange resins with distinct temperature dependence of their selectivity towards the 

desired ions [13-181. Most of the work in this area has been performed with sulfonic and 

carboxylic resins, which are characterized by relatively low selectivity, while chelating ion 

exchangers have not been practically used in dual-temperature separation. 

In the parallel study, it has been shown that iminodiacetic asid based resin 

(Lewatit TP-207) can be successfully applied for the separation of metal ions by the dual- 

temperature ion-exchange technique [ 191. The present study was undertaken mainly to 

obtain information on temperature dependencies of Cu-Zn exchange equilibrium on 

thiourea based ion exchangers and on picolinic acid-based resin from sulfate solutions at 

pH = 1.8. For comparison the behavior of iminodiacetic acid-based resin Amberlite IRC- 

7 18 under the same experimental conditions was also investigated. 

EXPERIMENTAL 

Amberlite IRC-718 resin was received from Rohm & Haus (USA). Experimental 

resin VPC- 1 was synthesized in the Institute of Chemical Technology (Moscow, Russia). 

Thiourea based resins (BTU) were synthesized as described elsewhere [20]. The active 

groups of the resins are shown in Figure 1. Every ion exchange resin was washed 

alternately with HC1 and NuOH solutions three times to remove organic matter present 

from the resin’s manufacture. 

CuSO, .5H,  0 and ZnSO, .7H,  0 (KEBO Lab, Sweden) and H$04 (MRK, 

Germany) of analytical grade were used as received. All solutions were prepared using 

deionized water. The composition of the stock solution remained constant in all series of 

experiments. Zn to Cu molar ratio was 102:12 . The total concentration of SO:. was 

kept constant at 0.14 mol/L. ThepHwas maintained to 1.8 with HzS04. 

The concentrations of Cu and Zn were determined by A A S  technique using 

(Perkin Elmer 603). pH was measured using a glass electrode. The error of 

spectrochemical analysis was less then 1 % for Cu and 2 % for Zn. 
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FIGURE 1. The functional groups of used ion exchange resins: a - IRC-7 18, b - VPC- I ,  
c - BTUO- 1, d - BTUL- I ,  e - BTUL-2. 

The ion exchange equilibria were studied under dynamic conditions in  thermostatic 

glass columns providing the heating / cooling of both resin and solution phases. Each 

column was loaded with a specified amount of air-dried resin usually approximately 2 g 

of H+-form. The amount of water in the resin was determined separately by drying the 

resin in vacuum over P205 (until the weight was constant). The feed solution was passed 

through each column at a constant flow rate of 0.5 ml/min, corresponding to a velocity 

0.37 m/h in the column. Achieving ion-exchange equilibrium was monitored by a 

comparison of the concentration of each cationic specie in the effluent with that in the feed 

solution. Then the resins (except Amberlite IRC-718) were washed with 10 ml H 2 0  to 

remove the stock solution from the interbed space. In the case of the IRC-718 resin, the 
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416 ZAGORODNI, MUIRAVIEV, AND MUHAMMED 

feed solution residual was removed by applying vacuum suction because the fast kinetics of 

IRC-718 resin allows hydrolysis of Zn-form during the washing stage. 1 M H2S04 was 

used for elution of sorbed ions. 2 M H2S04 was used to remove Cu residual from the 

VPC-I and BTLJ sorbents. Concentration of Cu, Zn and p H  in the eluate obtained were 

determined. We made a correction for the IRC-718 resin [21] because the solution residual 

cannot be totally removed from the resin bed by the suction. 

The examples of the typical breakthrough curve are shown in Figure 2. It appears 

that the macroporous absorbent IRC-718 has better kinetic properties (for Cu and Zn) then 

the other sorbents. The minima on VPC-I curve were caused by breaks in the solution 

pumping rate. This effect was used for an additional control to test for equilibrium.(The 

equilibrium is reached if there is no concentration decrease in the effluent after the break in 

the pumping.) 

The separation experiment was carried out in the same column as the equilibria 

experiments. The column was loaded with 4 g of air-dried resin IRC-718. The feed 

solution was passed through the column at 0.5 mumin of flow rate. The operating 

temperature was switched in turn between 15 and 75 OC. The volume passed at each half- 
cycle was 150 ml. The effluent was collected in 25 ml fractions. Every fraction was 

analyzed for Cu, Zn and p H .  

DATA TREATMENT 

Figure 3 shows that Cu and Zn do not form positive charged complexes in sulfate 

solutions under the experimental conditions studied. Hence, Mcu=[RCu] and Mzn=[RZn], 

where MMe and [ M e ]  are a total metal concentration and the concentration of its ion in the 

resin phase, respectively. Thus there is only one ion exchange reaction between Cu and Zn, 

which is described by following equation 

RZn f cu2' = RCu + zn2+ . (1) 

First the separation factor for Zn-Cu exchange reaction (1) can be calculated as follows: 
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I IRC-718 
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FIGURE 2. Cu concentration in effluent history. The sorption by IRC-718 and VPC-I at 
75 O C .  

where C,. is a total concentration of metal in the solution phase, which can be expressed as 

follows: 

(3) 

One can write the possible complex formation reactions which may proceed in the solution 

containing Cu2+, Zn2+ and SO:- under the experimental conditions as follows: 

C M e  = [Meiod + [Mefied in conplexesl 

cu2+ + so? = cuso4 ; 

Zn2' + SC$ = Z ~ S O ~  ; 

fl + S d -  = HSOb . 
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I Molar fraction 

0 4 a 12 

FIGURE 3. Equilibrium calculation for the formation of different complexes in a 
solution containing 12 mmolL Cu (CuSO,), 102 mmolL and Zn 
(ZnSO,). (s) represents a solid phase. 

Concentrations of free metal and complex ions in solution can be calculated from the 

respective complex formation constants: 
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CHELATING ION EXCHANGERS 

[HSOil 
PHmi = [H+l[so:-l 

4 19 

(9) 

from the electroneutrality equation 

from the water dissociation equation, 

Kw = [ H ' I [ O H I  , 

and from the expressions for the analytical concentrations of the compounds: 

The complex formation constants (eq. (7)-(9)) were taken from [22]. Analytical 

concentrations of the different components were analyzed. The system of equations (7)- 

(14) was solved numerically. 

The conditional constant of reaction (1) was calculated as follows 

- [RCu][Zn2'] K ,  = 
[RZnl[Cu2'/ 

k ,  is characteristic of the ion exchange reaction (1). It does not depend on the complex 

formation processes in solution. For our system under chosen conditions, the relationship 

between k, and a is given by 

This expression is obtained from the equations (7), (8), (12) and (13). 

The error of determinations was examined at 40 'C in the system including 

IRC-718 resin. The confidence limit was found to be k 6 % for a determination and 

k 1.5 % for log Rex determination at 90% probability. 
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420 ZAGORODNI, MUIRAVIEV, AND MUHAMMED 

RESULTS 

The capacities of resins studied for Cu and Zn exchanged at different temperatures 

are shown in Table 1. The equilibrium parameters are collected in Table 2. IRC-718 and 

VPC-1 resins demonstrate a far higher selectivity towards Cu than BTU resins. zcx values 

for IRC-718 depend slightly on temperature, while those for VPC-1 increase 

significantly when the temperature rises. The selectivity parameters of the BTU resins 

also depend on temperature, but low ion-exchange capacities of these resins towards Cu 

and Zn (see Table 1) limit their use in practice. From the results given in Table 2, the 

length of the spacer influences the ZdCu equilibrium parameters of BTU resins. Indeed, 

the functional groups of BTUO-1 resin are attached to PS-DVB matrix via one methylene 

unit. In BTUL-1 resin the length of the spacer increases due to two additional methylene- 

and one imino- chain units. The further increase of the spacer length does not influence the 

selectivity of BTU resins significantly (see Table 2). 

The thermodynamic functions of the reaction (1) may by estimated through the use 

of following base equations: 

AG = fi- T A $ .  

Although xtx is not a thermodynamically meaningful parameter, it can be connected with 

the thermodynamic equilibrium constant K, of reaction ( I )  as follows [23] 

where f is the molar fraction of the better sorbed ion (Cu in our case) in the resin phase. 

When Rex does not depend on the resin composition,one can substitute KeX in equations 

(17) and (18). From the results in Table 1 and Figure 4, it is shown that the composition of 
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1 .o 
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FIGURE 4. Dependencies of copper mole fraction in ion exchangers on temperature. 

IRC-718 resin remains constant within the temperature range studied, whereas that of 

VPC-1 ion exchanger composition is constant in the temperature interval from 30 to 75 OC. 

Hence, variations of Rex are caused by the temperature changes and Rex f f (F )  in these 

intervals. Plots of lnxex = f ( 1  / r )  for two resins are given in Figure 5. The results of 

fi estimation made from the slopes of the straight lines shown in Figure 5 give the 

following values: 
- 

AH,Rc-,,, = 2.32Kj I mol 

dPc-, = 9 . 4 1 ~  I mol 

; 

. 

The calculated temperature dependencies of A 6  and T G  are shown in Figure 6 as well. 
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In K 

n IRC-718 
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FIGURE 5. The approximation of lnk dependencies on 1/7' for the thermodynamic 
calculations. 

DISCUSSION 

The strong temperature dependence of a and allows one to use the resins 

including the picolinic acid groups for the separation of Cu-Zn mixtures. The separation 

was done by passing a solution containing Cu and Zn continuously through the resin bed. 

No regeneration solution is used. The temperature of the column was changed between 15 

and 75 'C ("low" and "high" temperature), for example. Two eluate fractions were 

collected according to the temperatures. The concentration of Cu in the effluent increases 

during contact with the resin at "low" temperature and decreases at "high" temperature. 
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FIGURE 6. Results of thermodynamic calculations. 

However, the practical separation by VPC-1 resin is impaired by the slow kinetics of this 

resin. 

The IRC-718 resin has a weak temperature dependence of a and zex but the 

strong dependence of the total loading exchange capacity (for Cu and Zn) on 

temperature (Figure 7) may be exploited. This is possible because this resin has a high 

selectivity to Cu. The total concentration of Cu and Zn in the work solution increases at 

"low" temperature and decreases at "high" temperature, but the big shifts in the Cu 
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0.0 

2'5 1 [RCu]+ [RZn] 

T (C) 
I I I I 

2.0 

I .5 

FIGURE 7. The temperature dependence of the total loading exchange capacity 
([RZn]+[RCuJ for Amberlite IRC-7 18 resin. 

concentration are accompanied by the insignificant shifts in Zn concentration. The ratio 

CcJC, in the concentrated solution is much more than in feed solution. 

Figure 8 shows the result of separation experiment on IRC-718 resin, where metal 

concentrations and pH are plotted as a function of the volume passed from the beginning of 

one cycle. The Cu maximal concentration in the effluent increases 88% at "low" 

temperature and decreases at "high" temperature. Consequently "high-temperature" 

fraction is a purified solution of Zn which contains only 3.7 times less initial concentration 

of Cu in the most purified fraction. The Cu concentration difference between two fractions 

is 7.6 times. 
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FIGURE 8. Concentration profiles of Cu, Zn and p H  as function of volume of feed 
solution passed for the separation experiment on IRC-718 resin. Zero of the 
volume axes accords to the beginning of the cycle. 

CONCLUSIONS 

The possibility of the temperature dependent separation of Cu and Zn was 

investigated iminodiacetic acid based, picolinic acid based and thiourea-based resins. The 

results of equilibria study indicated a better CU and Zn separation by VPC-I resin. The 

IRC-718 resin has better kinetic properties and may be used for separation and / or 

concentration of the ion mixture. Earlier studies on dual temperature ion exchange 
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processes [ 13- 181 indicate that the separation efficiency is dependent on the variation of 

the separation factor with temperature. Our results indicate that the variation of the total 

metal loading capacity (of both metal ions) on the ion exchange resins is the determining 

factor for the separation efficiency. This can be easily understood in view of the fact that 

the loading capacity of chelating resins is more temperature dependent than non 

chelating resins. In this case, better separation is obtained when the resins have a much 

higher selectivity for one of the ions (Cu2'). 

ACKNOWLEDGME NT 

The work is funded by TFR (Swedish Research Council for Engineering Sciences). 

We are indebted to the Swedish Institute for their support. We would like to thank 

Dr. G. Zuo for supplying samples of BTU resins, Dr. A. Plyasunov for discussions on 

thermodynamic questions, and Dr. N. Nikolaev for discussions on experimental techniques. 

REFEWNCES 

1. Y. Zhu, E. Millan and A. K. Sengupta, Reactive Polymers. 13,241 (1990). 

2. A. K. Sengupta, Y. Zhu and D. Hause, Environ. Sci. Techno]. 25,481, (1991). 

3. J. L. Sides and C. T. Kenner, Analyt. Chem. 38,707 (1966). 

4. G. H. Luttrell, C. More and C. T. Kenner, Analyt. Chem. 43, 1370 (1971). 

5 .  C. W. Blount, D. E. Leyden, T. L. Thomas and S. M. Guill, Analyt. Chem. 45, 1045 
(1973). 

6. K. Brajter and J. Grabarek, Talanta. 23, 876 (1976). 

7. P. Figura and B. McDuff, Anal. Chem. 49, 1950 (1977). 

8. H. M. Kingston, I. L. Barnes, T. J. Brady and T. C. Rains, Analyt. Chem. 50, 2064 
(1978). 

0. Szabadka, Talanta. 29, 177 (1982). 9. 

10. 0. Szabadka, Talanta. 29, 183 (1982). 

11. D. Voutsa, C .  Samara, K. Fytianos and Th. Kouimtzis, Fresenius. Z. Anal. Chem. 
330,596 (1988). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CHELATING ION EXCHANGERS 429 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

W. H. HOII, J. Horst and M. Wernet, Reactive Polymers. 24,25 1 (199 I). 

V. I. Gorshkov, A. M. Kurbanov and N. B. Apolonnik, Russian Journal of Physical 
Chemistry. 45, 1686 (1971). 

G. Grevillot, J. A. Dodds and S. Marques, J. Chromatogr. 202,329 (1980). 

M. Bailly and D. Tondeur, J. Chromatogr. 202,343 (1980). 

V. A. Ivanov, V. D. Timofeevskaya, V. I. Gorshkov and T. V. Eliseeva, Russian 
Journal of Physical Chemistry. 65, 1296 (1991). 

V. A. Ivanov, V. D. Timofeevskaya and V. I. Gorshkov, Reactive Polymers. 27, 101 
(1992). 

A. Bolto, K. H. Eppinger, P. S. K. Ho, M. B. Jackson, N. H. Pilkington and 
R.V.Siudak, Desalination, 25,45 (1978). 

D. Muraviev, A. Gonzalo and M. Valiente, Anal. Chem. 67,3028 (1995). 

G. Zuo and M. Muhammed, Reactive Polymers. 24, 165 (1995). 

A. A. Zagorodni and M. Muhammed, Selective Ion-Exchange Separation Processes 
without Reagent Regeneration, in Proceedings of the Fourth International 
Conference on Ion Exchange Processes “ION-EX ‘95”, Wrexham, Wales, UK 
(1999, in print. 

E. Martell and R. M., Smith, Critical Stability Constants, 5, Plenum Press, New York 
and London (1982). 

J. Argersinger, A. W. Davidson and 0. D. Bonner, Trans. Kansas. Acad. Sci. 53, 404 
(1950). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


