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Rates of exchange can b« measured in both static and 

dynamic systems, Althugh vigorous treatments relating the 
kinetics of Ion exchange and column performance are lacking 
as yet, these rate measurements axe of considerable aid In 
•••paring various Ion exchange systems.

It is of Interest to speculate on the mechanism of 
exchange by considering how an Individual ion in the bulk 
solution exchange with an Ion within the resin phase. As the 
ion approaches the resin phase, it first diffuses through 
the bulk solution until it reaches a stagnant solution layer 
near the resin surface. It then must diffuse through this 
surface film. It is this film that is referred to in the 
film diffusion rate theory. Once in the resin structure, 
the ion must diffuse through restricted and water-filled 
PMMS pores until It reaches an exchange site. At this point, 
exchange takes place and Ion replaced covers the path taken 
bp the entering ion, uach step of the diffusion, hether in 
the resin or solution phase, must be aceompa led in the 
presence of an ion of the opposite charge, for the law of 
electroneutra11ty must be obeyed at all times. This type of 
diffusion is known as pertlcle diffusion.

Kinetics of exchange reactions has been studied by 
many workers in aqueous media, only a few studios have been 
made in mixed solvents.



Turse and Rleman concluded that the rate determining 
step of the i:>n exchange reaction for several bivalent metals
on Oowex was chemical reaction*6 However* later workers

7 8could not verffy this conclusion* * *
Matsueuru and Wadachi have beported that the rate 

determining steps for the sorption of Co(XX) and Co(lll) on 
anion exchanger Dovox wear# particle diffusion and choalcal

oreaction respectively*w
The differences in the conclusions concerning the rate 

determining step show that the kinetic studies of the ion 
exchange process are difficult* Attempts have been made to 
study the various ion exchange systems to tost as to which of 
the mechanism are applicable*

Cation exchange chromatographic studies of manganese on 
Dowex 50W-X8 are recently reported In our laboratory^0 The 

distribution coefficients for C.i* Zn* Mg, Ni* Cd, Co* Mn, Ca, Pb, 
Th* Al* Hg* S* and Ba were found out in aqueous acetone - succinic 
acid media* The effect of crying concentrations of acetone and 
th® acid on distribution coefficients were studied to find out th® 
suitable conditions for th© separations* Tho quantitative 
separations of manganese from other elements were carried out*

A systematic study of the cation exchange behaviour of 
metals on R~NH^ type resin in aqueous-ammonium acetate and 
ammonium acetate containing other solvents (mixed media) has been 
reported by some workers. Minami and Ishioori** explored the 

possibility of separating barium from lead on a cation-exchanger 
by first elutin 7 the adsorbed load with ammonium acetate at 
pH 6 and then barium* with 10£* ammonium chiBride solution*
The difference in the stability of the anionic complexes of barium



and l^ad with ethylenediaminetetraacetic acid at pH 4,5 and
1210*5 respectively has been utilised far their separation*

Lead $pH * 4*5] passed out of bad and adsorbed barium was

eluted with EDTA (dlsodium salt) at pH 10*5* Khopkar 
13and De studied the cation exchange behaviour of barium on 

ftowex S0SMC8 (H*)* Nitric acid, hydrochloric acid, ammonium 

chloride, sodium nitrate, sodium chloride, ammnlum, acetate, 
citric acid, tartaric acid and EDTA has been used as the 
eluting agents* Barium has been separated from U(VI),Cu\ll), 
Hg(II), Cs, Zn, Cd, Ag, Ce(IV), Zr, Th, Fe(III) and BUIII) 
by 4 M ammonium acetate*

ESSSaCL. I3S& *•
Kinetic studies of exchange reactions of Cu, Pb, and Mg 

Iona with NH^* Ion of Amberlite IR-120 resin In agueoue 

acetone ammonium tartrate media were carried out* The kinetic 
parameters such es interdiffusion coefficient (D), half 
exchange time ( % 1/2), parabolic diffusion constant (k), 

were found out* The effect of concentration of metal ions, 
acetone and ammonium tartrato pm tjese kinetic parameters 
are reported in this chapter* The plots of Bt versus t leads to 
probable mechanism of diffusion* The variations of rate 
constant (k) -ith percentage of acetone and molarities of metal 
Ions were studied* The values of energy of activation (Ea), 
the pre-oxponontlal constant (Do) and entropy of activetion 
( S) were obtained by the studies of kinetics of exchange 
reactions at different temperatures*
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1* Chloride solutions of copper(II), Load (II) and 
Magnesium (II) ■ 0,1 M 

2* Acetone 56 - Qt 10, 30, 50, 70 and 80 
3. Ammonium tartrate 0,06 M and 0.4 M*

iXMMhm
Exactly 1 g of air dried resin Amerlite-IR-120 (NH^*) 

form was taken in an erlynmeyer flask* dO si of mixture 
containing acetone water Ammonium tartrate was added* Appropriate 
quantity of metal Ion solution was added into it at noted time 
so that the overall metal concentration would be 0*002, 00004, 
0*006, 0*008 M or as desired* The change in metall ion 
concentration wa noted at different time intervals 
titrlmetrieally*

ki.

The kinetics of exchange of Cu2+,Pb24,and Mg2*,ions on 

Amberlite m«»l20 (Mi^*) resin in aqueous acetone Ammonium 

tartrate media was studied* The studies represent the 
mechanism of exchange of Cu, Mg, and Pb with the Ambs lito 
IB-120 (NH^ )* the pH of the solution was obs rved to be 

more than 10 and hence the cationic complexes were formed*

fjAC.ti.onal attainment of equilibrium F.

The extent of reaction, F, fractional attainment of 
equilibrium is expressed as

F m T**e amount of exchange at time t
The amount of exchange at infinite time

- Co'inV’ci con |>CX££



TABLE 2 I REICHENBERG TABLE FOR INTERPRETING »F* IN T8KM5 OF Bt

0.3160 0.76 0.9440
0.3320 0,77 0.9850
0,3480 0.78 t.0280
0.3650 0.79 1.0730
0.3800 0.80 1.1200
0.400 0.81 1.1710
0.4190 0.82 1,2240
0.4380 0,83 1,2800
0,4580 0.84 1.3400
0.4790 0,85 1,4040
0.5100 0.86 1.4680
0.5220 0.87 1.5430
0.54S0 0.88 1.6230
0,5690 0.89 1.7100
0.5940 0.90 1.8000
0.6200 0,91 1.9100
0,6470 0.92 5.0300
0,6750 0.93 2.1600
0.7030 0.94 2.3200
0.7340 0.95 2,5000
0,7650 0.96 2.7000
0.7980 0.97 3.0100
0.3320 0.98 3.4100
0.8680 0,99 4,1100
0,9050 1.00 m

0.0678
0.0736
0.0766
0.0861
0.0928
0.0998
0.1070
0.1147
0.1226
0.1308
0.1391
0.1438
0.1577
0.1670
0.1770
0.1880
0.1990
0.2100
0,2220
0.2340
0.2460
0.2590
0,2730
0.2870
0,3010

0.01 0.00009
0.02 0.00036
0.03 0.00076
0.04 0,00141
0.05 0.00219
0.06 0,0032
0,07 0.0044
0.08 0.0057
0.09 0.0673
0.10 0.0091
0.11 0.0111
0.12 0.0132
0.13 0.0156
0.14 0.0183
0,15 0.$210
0.16 0.0241
0,17 0.0274
0*18 0.0309
0-19 0.0346
0.50 0.0386
0,21 0.0428
0,22 0.0473
0.23 0.0520
0,24 0*0570
0.25 0.0623
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Timein

Dependence of fractional exchange (F) on percentage of aeetono 
Tabla 2.2 Metal ion Cu (ii) 0*002 M 

Ammonium Tartrate 0*06 M

Tima
In

Fractional attainment of equilibrium (F)
(Min) Acetone percentage

0 30 50 70

1 2 3 4 5

0 0 0 0 0
30 0*200 0.240 0.280 0.310
60 0.300 0.350 0.380 0. 430
120 0.550 0.640 0.660 0.680
180 3.710 0.820 0.850 0.900
240 0.850 0.950 0.980 0,990
300 0.950 0.980 0.990 1,000
«»o 1.000 1.000 1.000 1,300



Table No, 2,3 Metal Ion $U (11) 0,004 M

Aomonlua Tartrate 0,06 M

1 2 3 4 5

0,00 0.00 0.00 0.00 0.00

30 0.290 0.340 0.430 0.501

60 0.410 0.480 0.520 0.690

120 0.610 0,690 0,740 0.790

190 0,700 0.730 0.830 0.920

240 0,750 0,850 0.880 0.980

300 0,810 0.880 0.950 1.000

360 0,870 0.940 0.990 1.000

420 1.000 1.000 1.000 1.000

cSc? 1.000 1.000 1*000 1.000



Table 2*4 Metal Ion Cu (11) 0*006 M
A&noitlun Tartrate 0*06 M

1 2 3 4 5

0*00 0.000 0.000 0.000 0.000

30*00 0.240 0.300 0.360 0.410
60.00 0.310 0.380 0.420 0*500
120.00 0.570 0,610 0.660 0*710
180.00 0.730 0.760 0, 800 0,850
240.00 0.850 0.880 0.600 0.650
300.00 0,620 0.660 0.680 0,660
360.00 1.000 1.000 1,000 *.000

l.BOO 1,000 1.000 1.000



Dependence of fractional exchange (F) on percentage of 
Acetone
Table 2.6 Metal Ion Pb (II) 0,002 M 

Ammonium Tartrate 0,06 M

Time in (Min, } Fractional attainment of equilibrium (F) 
Acetone percentage

0 30 SO TO
1 2 3 [4 5

0,00 0,00 0.00 0.00 0.00
15 0.090 0,120 0.160 0,240
30 0,180 0,230 0,280 0.330
60 0,610 0,410 0.460 0.500
120 0,760 0,650 0,690 0.730
180 0,870 0,810 0,840 0.870
240 0,950 0.910 0.950 0.960
300 1.000 0.970 0.990 0.990
360 1,000 1.000 1.000 1.000



Table 2.7 Metal Ion Pb (II) 0.004 M 

Ammonium ^artrate 0.06 M

1 2 3 4 5

0.00 0,00 0.00 0,00 0.00

15 0.110 0.170 0,240 0.300

30 0.220 0.230 0.340 0.400

60 0,400 0.460 0.500 0.550

120 0.570 0,620 0.700 0.750

130 0,790 0.840 0.860 0.900

240 0,910 0,960 0,970 0,990

300 1.000 1.000 1,000 1.000



Table 2,5 Matal Ion Cu (II) 0.006 M

Anmonlun Tartrate 0,0d6 M

1 2 3 4 5

0*00 0*00 0.00 0.00 6.00

3D 0.21 , 0.24
l

0.27 0.29

60 0.26
i

i

0. 35 0.38 0.39

120 0*42 / 0.47 0.49 0.52

180 0.65 / 0.68 0.72 0.75

240 0.82 0.85 0.88 0.89

300 0.6t0 0.97 0.98 0.97

360 1*000 1.000 1.00 1.00
/ > f1.060 1.000 1.00 1.00



Tabla 2*8 Metal Ion Pb (II) 0,006 M

Aamonlum Tajrtrata 0,06 M

1 2 3 4 3

0,00 0.00 o.oc 0,00 0.00

13 0,190 0,180 0.300 0,330

30 0,240 0,310 0,370 0.440

60 0,430 0,370 0,610 0,650

iSo 0,760 0,780 0,840 0.870

180 0,920 0,960 0,960 0,970

240 0,990 0,980 0.980 0.990

300 1,000 1,000 1,000 1.000



T«bl« 2.9 ttetal Ion Pb (XI) 0.008 M 

Aoatonlu* Tartntt 0,06 M

1 2 3 4 5

0 0.000 0*0*30 0.300 0.000

15 0.140 0.170 0.200 0.233

30 0.200 0.250 0.280 0.320

80 0.300 0.380 0.420 0.450

120 0.570 0*600 0.630 0.660

ISO 0.850 0.760 0.880 0.820

240 3.950 0.870 0.910 0.940

OX) 0.990 0.970 0.980 0.990

360 1.300 0.990 0.990 0.990

420 1.0X3 i.ooa 1.000 1.000



Dependence of fractional exchange (F) on percentage of acetone
Table 2.10 Metal ion CH| (II) 0.002 MCm

Aacaoniua Tartrate 8.386 M
0.4 M

Time In 
(Min)

Fractional

0

attainment of equilibrium (F) 
Acetone percentage

XO 90 70
i 2 3 4 5

0 0.000 0.003 0.030 0.030

10 0.170 0.290 0.290 0.340

30 0.201 0.292 0.330 0.370

60 0.420 0.480 0.520 0.550

120 0. 430 0.640 0.698 0.720

180 0.780 0.840 0.850 0.830

240 0*800 0.940 0.930 0.790

300 1.000 1,300 8.00*3 1.000



Tabla 2,11 Matal ion Cy (II) 0*004 14

AmmonIucd Tartrata 0*4 M

1 2 3 4 5

0*000 0*000 0*000 o«ooo 0.000

30 0*220 0*300 0*400 0,450

60 0*400 0.470 0*540 0*590

120 0.570 0.640 0.680 0.760

180 0*700 0.700 0*350 0*380

240 0.850 0.392 0*950 0.997

300 0. 910 0*960 0.980 1.000

360 1.000 ol.OOO 1.000 1.000



Table 2.12 Matal Ion Cu (II) 0,006 M

Aasionlua Tartrate 0.4 M

1 2 3 4 5

0.00 0.00 / 0.00 0.00 0.00

30 0.120 0.148 0.1%) 0.220

0.200 0.240 0.272 0.310

120 0.333 0.380 0.410 0.440

180 0 .400 0.450 0.540 0.570

240 0.570 0.620 0.650 0.680

300 0.660 0.700 0.743 0.802

360 0,750 0.820 0,850 0.870

420 0.880 0.900 0,930 0.950

480 1.000 1.000 1.000 1.000



TabU 2*13 M«t»l Ion Cu (II) 0,003 M

Ammonium Tartrato 0,4 M

1 2 3 4 5

0,00 0,00 o.oo 0.00 0(6

30,00 0,200 0,260 0,290 0.310

60 0,360 0,401 0,420 0.450

120 0,520 0.540 0.570 0.594

130 0,610 0,640 0.670 0,690

240 0,670 0,698 0.710 0.740

300 0,710 0,740 0.780 0.790

360 0,840 0.860 0.830 0.890

420 0,910 0.940 0.960 0.970

430 1.000 1,000 1.000 1.000
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Table 2*12 Kinetic parameters calculated for the exchange of
Cu (0.002, 09004, 0.006,0.003 M) on Aaberllte IH-120 

(J#l^ } In aqueous acetone ammonium tartrate (0.06 M)at 
303°k

Acetone
% v/v

tl/2
min

D x 1010
2 - —lm Sec

B x IQ2
see**1 Hate constantk x^Cr min

Parabolic diffusion 
constant K

Cu (0.002 M)

90 34 0.79 1.00 0.89 0.096
70 24 1.12 1.60 1.15 0.109
80 20 1.29 2.30 2.56 0.112

CU (0.004 M)
50 38 0.71 0.60 0.89 0.085
70 32 0.84 0.75 1.05 0.085
30 24 1.13 1.05 1.23 0.093

Cu (0.006 M)
90 36 0.79 1.00 0.79 0.091
70 30 0.90 1.20 1.15 0.090
30 24 1.13 1.65 1.44 0.110

Cu (0.008 M)

90 36 0.75 0.90 1.10 0.038
70 26 1.04 1.12 1.44 0.100
30 20 1.33 1.90 1.77 0.106



Table 2*13 Kinetic parameters calculated for the exchange of
m (0.002, 0.004, 0.006, 0.008 M) on Amberllte IB-120 

in aqueous acetone Afacaonlua tartrate (0.06 M)
at 303® K

Acetone 
% v/v

tl/2
min

D2x 10l? BilO2
a* sec*** sec"*1 Hate constant k xy?

■in

Parabolic 
diffusion 
constant k

Cu (0.002 M)

30 44 0.61 0.75 0.89 0.072

30 36 0,75 0.90 i.oa 0.098
TO 26 1.04 1.10 1.21 0,109

Cu (0.004 M)

30 40 0.68 0.70 0.33 0.000
90 30 0.90 0,90 1.00 0.089
TO 24 1.13 1.03 1.23 0.103

Cu (0.006 M)

30 34 0*79 0.60 0.89 0.079
30 18 1.30 0.75 1.13 0.100
TO 12 2.23 1.00 e.40 0,109

Cu 0 0.006 M)

30 30 0.90 0.70 1.07 0.083
90 24 1.13 0.95 1.23 0.088
TO 16 1.68 1.25 1.54 0.106



Table 2*14 Kinetic parameters calculated for the exchange of
♦

Cu ( 0,002, 0,004 M) an Amber 11 to IR-120 (f«4 ) In 

aqueous acetone MMONXUM TARTRATE <0,06 M) at 303°K

Aeetew
X v/v

*1/2
min

D x 1010
2 4* sec

B X 102
sec~*

Rate
constant
K x 102 
min~*

parabolic 
diffusion 
constant

K

0 18
Cu (0.002 M) 

1,30 2,00 3,22 0.105

10 3 3.37 4.00 4,60 0.123

30 4 6.73 3,00 7.67 0.172

Cu (0.0O4M)

Cu

0 30 0.90 0,85 2,01 0.093

10 20 1,35 1.05 2.55 0.100

30 14 1,92 1.20 3.53 0.113
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Table 2.15 Dependence of fractional exchange (F) on temperature 

Metal ion Cu (II) 0.004 M

Tine in
(Min)

fractional attainment of equilibrium (F)
Temperature in °K

308 318
a b a b a b

0 0*0 0*0 0.0 0,0 0,0 o.o
10 0*269 0.270 0,354 0,360 0,458 0.468

20 0,472 0.370 0,995 0,572 0,612 0,631

21 0,606 0,448 0,699 0,682 0.715 0.726

40 0,662 0.592 0.710 0.785 0.789 0.792

90 0,740 0,652 0.762 0,842 0.811 0.855

60 0.789 0.760 0,770 0.770 0.956 0.829

120 0,060 0.859 0.825 0,979 0.959 0,948

180 0,609 0,902 0,921 1.000 0.988 0.992
oanaimpme 0.930 0,925 0,958 1.000 1.000 1,000

300 0.985 0.979 0.968 1.000 1.000 1.000

CSo 1.000 l.coo 1*000 1,000 l.OJO 1.000

■HERE a • 50& Acetone + 0.06 M Ammonitfa tartrate 

b m 70% Acetone ♦ 0.06 M Ammonium tartrate



TABLE 2.16 dependence of fractional ox change (F) on temperature 
Metal ion Mg (11) 0.004 M

Time in(Mind Fractional attainment of equilibrium (F) 
.... "T™.r n'l^peratur e in..

a 308 b a 313 b a 318 b

0 0 0 0 0 0 0
10 0.242 0.201 0.263 0.271 0.282 0.291
20 0.312 0.324 0,334 0.345 0.356 0,362
30 0.332 0.395 0.406 0.426 0.442 0,463
40. 0.431 0.495 0,496 0.528 ,545 0.550
•I. 0.082 0.621 0,525 0.622 0.686 0,672
60 0.632 0.678 0.621 0.681 0.696 0.698
120 0.683 0*780 0.742 0,853 0.790 0.880
180 0.780 0,882 0.321 0.809 0.916 0.989
240 0.862 0.911 0.892 0.938 0,942 0.998
300 0.968 0.878 0.961 0,981 0.968 8.000
oo 1.000 1.000 1.000 1.000 1.000 1.000

*iHERE a * $Q% Acetone + 0.006 M. Ammonium Tartrate
b « 70% Acetone + 0.06 M. Ammonium Tartrate,

A
11948













Table 2*17 Kinetic parameters calculated for the exchange of 
Cu and Mn <0.004 M) on Amberlite IR~120 In
aqueous acetone Ammonium Tartrate 0.06 M at various
temperatures.

Temp*
®K

t '2 
min.

D x IQ10 
m2 sec**3.

B X to2 
sec

Rate constant 
k * IQ 
•in*!

m-m wm a  at—i

Parabolic 
diffusion 
constant K

Cu (0.004 M) Acetone SQS* # v/v

303 38 0.71 0.60 0.8c 0.085
306 36 0.75 0.60 0.92 0.083
313 30 0.70 0.70 1.90 0.089
318 24 *.13 0.75 1.35 0.098

ACETONE 70* f v/v

303 32 0.84 0.75 1.05 0.085
308 30 0.70 0,80 1.09 0.098
313 24 1,13 1.05 1.40 1.104
318 20 1.35 1.40 1.77 0.107

Mg (0.004 M) Acetone 50%# v/v

303 30 0.90 0.90 1,02 0.089
308 24 1.13 1.15 1,40 '.100
313 18 1.50 1.50 1.85 0,100
318 12 2.25 1,95 2.30 0.115

Acetone 70%, v/v

303 24 1.13 1,08 1,27 0.103
308 22 1.23 1.40 1.40 0,105
313 16 1.88 2.go 1.85 0.078
318 11 2,25 2.75 2.55 0.115
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Table 2.18 Values of energy of activation (Ha), pre-exponentlal 
constant (1%) and entropy of activation (4 S) for 
Cu(ll) and Mg (XX) (0.304 M)(0.O6 M taaonlua tartrate)

04—4^0048^*^ HB—# 9k ̂

Metalion Acetone Da x 1010 
w? Sec*1 KJ BOl

AS
3 mol*1 deg*

Cu SO 3.781 32.82 — 33.25

70 5.248 49.01 - 32.82

ZnMg 50 1.775 32.83 - 34.31
70 2.239 29.35 - 34.13



Now In tho present ease CV ^CV where C Is tho concentration 

of metal Ion In the solution phase, V is the volume of tho 

solutlon9 5 Is the concentration f metal Ion in exchanger 

phase, and ? Is the volume of exchanger, Thus, although the 

system is, in principle, a limited bath, the equation 

applicable to the infinite bath can be used In this case also 
as verified by Helchenborgf* NelfforieiP and Bliehenstaff 

in their studies* Hence,

F 1
(la Go

n** j_

-ftn2
e (1)

where

B D

r * radius of the fully swollen resin bead,

0 m the effective diffusion c efficient of the 
two ions undergoing exchange within the 
exchanger, and

n « on integer having any value from 1 to.00.

The values of F are presented in Tables 2.2 t> 2*11 and 

the behaviour of F with time t is presented by Figs* 2*1 to 2*10*

Values of Bt where Kb -JT P # wfcere obtained corresponding to
r

various F values using uiechonberg table R* The Bt versus t plots 

are shown by Figs, 2*19, 2.26 and the values of B are obtained 

from th slopes of these plots* The values of B are given 

in Table 2*12 to 2*14 and 2*17*

fetCftsfc.at &m%%nU*\kwM.*AUL\sm *

*he values of F, fractional attainment of equilibrium

uawr
KQUiAPig*,



presented In Tables 2*2 to 2.11 and tha graphs of F versus t 
give an idea of the exchange process concerned* It Is observed 
that the half exchange tine t 1/2 decreases as the percentage 
of acetone Increases* It indicates that the process of exchange 
becomes fester In presence of acetone* pe; equation

D increases with the rise in concentration of acetone* It is 
noted that the equilibrium period decreases with the rise in 
percentage of acetone* the nature of graph9 F vs t# indicates 
the sudden rise in earlier part and beetles parallel to time 
axis leading towarding saturation* The greater adsorption 
tendencies of these metal; ions on taberllte IK-120 (NH^*) 
are in agreement ith the high values of distribution 
coefficients present in Tables* 3*1 to 3*4 in Chapter in.

The various factors contributing to this obs rvation
are* 1} 4he andlling and solvent fractl -nation behaviour of 

as vvell as metal forms of Amfeerlite IB-120 
in mixed media*

11) the solvated sl2a of ions in these media
Hi) Salectlvitles of the resin for various Ions in 

various madia* and
tv) the vlscocitles of the solvent mixtures and

electrolyte solutions in these solvent mixtures*



The solvated sixes of the Ions under study are governed
by overall solvation of the Ions In specific solvent medium* In
nixed solvent* cations are usually preferentially solvated by
water* The extent to which the organic solvent Is excluded
from the solvation shall depends upon the ability of the organic

17solvent to solvate the cation* In this extent* a study by Zlpp
shows that alkali metal cations are solvated almost euqlly by
acetone and methanol* The similarity In the solvating tendoney
of theso organic solvents for alkali metal ions Implies that
the cations In aqueous acetone or aqueous methanol solvents
would have a solvation shall consisting of water molecules and*
more or less* the some number of organic solvent molecules*
depending upon the composition of the mixed solvent*

In the mixed systems* Ionic selectlvltles of the resins
18have also been considered as a factor influencing the rates *

The rate determining step in Ion exchange is* ass a rule*
lnterdlffuslon of the counter ions either In the resin Itself
or across the adherent liquid film* The afcewer of these
processes controls the overall rate* In syst ms with organic
solvents* the mobilities of th~ counter ions in the rosin are
usually leaver than in aqueous systems because swelling is less
pronounced and electrostatic Interactions wit fixed charges
are stronger* Particle diffusion thus Is relatively slow and

19usually is the rate controllinj mechanism*
The problem of diffusion in porous media Is usually 

approeehed with the use of either of two rather different tvpes



of models* In the first type* tho medium Is considered as 
consisting of two phases* namely the solid frame /ork and the 
intersticlal pore phase, diffusion is viewed on taking place 
in the pores only* In such models* diffusion is necessrlly 
slower than in the corresponding homogenous systems having the 
same composition as the pore phase* In the second type of models* 
the medium la considered as a single homogeneous phase* analogous 
to an ordinary solution* Diffusion in ion exchange resins Is 
assumed to be no different from thet in solutions of chloride 
has bean ms analogous orga ic electrolytes*

EftnaiMiUfi.dUftiatan .fiannaaiIK)
The rate determining process for most cation exchange 

resins Is primarily the diffusion rates of the ions throughout 
tho gel structure* and are therefore dependent on particle size* 
concentration* temperature degree of aturation of exchange 
capacity* and resin hydration* Fractional at alnment of 
equilibrium F is related with time t by parabolic diffusion law 
namely5*3 •

F - K V~i
where K is a constant that varies linearly with the reciprocal 

of the particle diameter* The values of K were obtained from 
slope of curves F versus ■ Presented by Flgs*2*ll to 2*18*

It is observed that the values of K are constant at a 
particular concentration of a metal ion and Is Independent on 
the percentage of acetone* The values of K for Cu sure greater 
than the corresponding values of Pb in aqueous acetone 0*06 M 
Ammonium Tartrate media* The values of K forthe exchange of Mg 
are found to be greeter than these of Cu and Pb* This indicates that 
the selectivity of the resin is In the order of Cu > Pb> Mg 
The same trend is observed in the studies of distribution



coefficients in Chapter III*
The diffusion mechanism nay be decided by Bt versus t 

graphs* The graphs are presented by Figs* 2*19 to 2*26 It 
Is observed that these plots are linear passing through the 
origin* The values of B are presented in Tables 2*12, 2*13 
and 2*14* It Is o served that the values of B increases with 
the Increase In percentage of acetone* indicating that the 
rate of adsorption is Increased at higher concentrations of 
acetone* Those results support our results on distribution 
coefficients that the distribution coefficients Increase at 
higher concentrations of acetone* The values of B follow the 
sequence that S Cu > B Pb > B tig* This sequence supports 
our findings of selectivity of metal ions towards the resin*

For the systems studied at various percentages of acetone* 
the linear nature of Bt versus t plots* passim through the 
origin* suggests that the rate of diffusion is controlled by 
particle diffusion* Same of the curves show ilight deviation* 
at later stages* indicating that the final stage of exchange is 
not controlled by particle diffusion alone*

?he exchange of Cu (0*004 M) and Mg (0*004 M) on Settee 
Amberlit: ZB —120 (NH^*) form in aqueous acetone ammonium tartrate 
media was studied at 308* 313 and 318° K. The effect of temp* 
on fraetl nal attainment of equilibrium (F)* half exchange time 
(t^2)* lnterdlffuslon coefficient (D)* parabolic diffusion (K)



and B values Is soon frost the values presented In Table 2*15 to 2«1?
The variation of F versus t at 308f 313 and 318° K In 50# 

and 70# aeetone (0*08 M) At Ammonium tartrate are presented In 
Pigs* 2*35 to 2*38* It Is observed that the uptake of Cu and 
Mg (0.004 M) Ions Is Increase at higher temperatures. The amount 
of adsorption of Cu end Mg at 308» 383 Is nearly doubled at 
318° K upto 40 minutes* The comparative rates of uptake becomes 

slower upto 3 hrs and the rates are nearly the same after 5 hrs.
It Is also observed that the rate of adsorption of Cu and Mg 
at 70# acetone is greater then that at 50# acetone*

The values of half exchange time t*^2 decrease and those

of Interdiffusion coefficients increase with rise In temperature*
It Is concluded that the rate of exchange Is enhanced by the temp*
The energies of activation (Ea) were calculated from log D versus
iA plots (Pigs* 2*51 and 2*52) and the values •£»presented

in Table 2,18* suggest that the rates of metal Ions are activated
by the energy supplied by temperature*

The values of energy of activation for Cu(NH^) tart,
**1exchanges axe 32*82 and 48*01 K J mol at 50 and 70 percentages

of aeetone respectively and for Mg (NH.*)tert* exchanges the values
*1are 32,83 and 29*35 K 3 mol at 50,70 percentages of acetone*

The values of ICa for particle diffusion mechanism in
21 22standard ion exchange resins were found * to be 25,1 to 41,84 

K J mol"’*. The values of Ea for the systems understudy are in 

good agreement with the above values Indicating that the exchange 
are mostly governed by particle diffusion mechanism*

The pre exponential constant, Do is related with the 
entropy of activation as fellows.

Do - 2*72 ( Kf Td2Ai) exp (4^ S#/ft )



where BK a Boltzmann constant, T » 303°K* d « ionic Jump

(distance between two successive position of ion in the
«*10process of diffusion) taken an equal to 5 x 10 m* h » Plank*s 

constant and R « gas constant*
The values of entropy are found to be negative and axe 

not measurably affected by acetone* According to *'rank and 
Evans 5 nisatlon of natural molecules into charged species*
The negative values of entropy were also observed by the

23behaviour of the dislocation of acetic acid in methanol *
The nagative values of entropy are indeed what one would

OJLexcept lnreactlons involving ionisation of neutral molecules*
Since the transformation of the outer to the lnnor complex
involves ionization it is likely that the activated complex Is
also similar to ion pair* and will therefore be stabllzed by

25solvation to a greater extent than the Initial state. The
negative entropy indicates that the activated complex is lees 

26favourable •

ftata
Log (i-F) versus time (t) fox the exchange systems are

plotted, and are presented in Fi- s 2*27 t 2*34 The plo s
are linear showing that the exchange systems fellow the first
order kinetic equation*

(l-F) « exp <-Kt)

Where K represents the exchange rate constant* The K values 
fer the exchange proeessess have been computed from the slopes 
of these linear plots and recorded in Table 2*12 to 2*14* The 
values of rate constants (K) are In agreement with the following 
overall relations*



a) The rate constant *K* increases as the percentage

of acetone increases.
b) The valuesof K for the metal Ions In aqueous acetone 

citric acid are in the following sequence l.

Cu > Pto > Mg
c) The rate constant Increases as the concentration of 

metal ions is increased from 0.002 to 3QQ03 M solutions.
d) The rate of lan exchange increases with the increase 

in temp ature from 303° to 318® K (Table 2.17), 

suggesting that the mobility of the Ion Increases ,1th 
increase!ng temperature. Tho uptake increases ith time.

These findings are similar to the findings of the distri
bution coefficients (chapte III) of the metal i .ns in 
these media. The distribution coefficients Increases with 

tho rise In percentage of acetone. The distribution 
coefficients of the metal ions showed the following order.

Kd Cu > Kd Pb > Kd Mg
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