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INTR OD:UCT TON

The speed of lone~exchange is an important practical
consideration. Many ionic reactions in solution are very rapid,
and are limited by the speed with which the reacting ions can
approach each other. Ioneexchange reactions are generally much
slower=gome are very slow 1lndeed because they are heterogeneous
reactions involving diffusion processes which are slower than

those occuring in solution.

The overall mechanism of the exchange reaction.

-
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can be studied in the following stages 2

1. Diffusion of BY from the bulk of the solution to
the surface of the exchanger, replacing ions which
have diffused from the suwrface layer of solution
into the solid.

o. Diffusion of B" within the solid to sites where

Kfis located . Exchange of A# and BYat these sitese.
3. Diffusion of A" through the solid to the surface.

4. Diffusion of A" through the surface layer of
solution into the bulk solution.

In 2all but a few special cases third step is very fast,
and rates of exchange can usually be interpreted as two types
of ionic diffusion process, that in the solid and that in a

surface layer of solution surrownding the particle, where the
ionic concentration differs from that in the bulk solution.

The presence of this surface layer or film can not be demonstrated
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directly, but its thickness can be estimated to be of the order

6 to 10'7 my its presence arises from the fact that it is

of 10~
lmpossible to achieve complete mixing of the solution, however,
efficiently stirred, although the thickness can be reduced by
improved stirring. The ionic diffusion coefficients involved
are the net coefficients for the two exchanging ions, since it
1s difficult to separate the contributions of the individwel

species.

The kinetic equations involving two types of diffusion
processes are extremely complex, but it is possible to select
concitions where elther solid diffusion or liguid film diffusion
becomes the controlling factor. The factors which favour golid
diffusions as. the controlling vrocess are those which minimize
surface effects, either by reducing the thickness of the film,
swamping the exchenger with ions, or reducing the importance of
surface relative to volume. These can be listed as (a) large
varticle size of exchanger, (b) efficient stirring, (c)
concentrated solutions, (d) large lons and (e) a high degree
of crosslinking. Conditions which make film diffusion the
controlling factor include (a) small exchange particles, (b)
In-efficient stirring, (¢) dilute solutions, (d) smell ions
and (e) a low degree of cross-linking.

when the process of solild diffusion 1s rate determining
the diffusion coefficients of ions in the exchanger are lower
than diffusion coefficients of the same ions in solutions. The
activation energy for diffusion is about the same in a

strongly acid cation exchange resin as in aqueous solution .
This suggests that the processes are similar, but that the
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absolute rate in the exchange is reduced compared to that in

1 of

agqueous solution because of steric factors. The kinetics
the ion exchange process are abviously important in the
efficient operation of columgs for seperation processes where
oneaims to approach as near as possible to equilibrium at

each contacting of the solution with the exchanger particle.
The equilibrium is attained by (1) Variation in solution
concentration in the spaces between the particles, (2) ¥ariation
within the exchange particles, (3) Irregular flow of solution
down the colum which tends to spread out the bands and
decrease separation factors by causing them to overlap. The
highest possible efficiency can be achieved by (1) Use of
resins of small particle size, (2) Use of a low rate of flow,

(3) Use of elevated temperature to increase diffusion rates,

(4) Great care in packing colums.

Non-electrolyte sorption can be accurately deseribed
initerms of a constant diffusion coefficient. The kinetics
thus essentially obeys the same slmple rate laws as isotopic
exéhange. BElectrolyte sorption involveg coupled diffusion of
the counter ion and the co-ion; electroneutrality requires
thet the fluxes of these speciles be equals The co~ion,
because of the ponnan effect, is in the minority and hence
determines the rate. The same simple rate laws as in isotopic

exchange apnly, provided that the ponnan exclusion is strong.

The rate of lawg of ion exchange and sorption involve
the Weffective® diffusion coefficients of the mobile species

in the ion exchanger.
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Kinetics of exchange reactions in water as a solvent
has been studied by many workersz.‘Bodamer and Khnin3studied
the behaviour of ion=exchange in solvents other than water.
Shukla and Bha’cnagarbr studied the kinetics of the exchange
reaction of copper ion in non-agqueous solvents. The exchange
reactions of copper ion in ethyl alecohol and acetone at
30.5% and %40.1° in mberlite IRC~50 and 1&{-120(;3“{:3‘.311 exchange
resing were carried out. The rate constants k were calculated
for all systems and it was reported that the reaction 4id not

obey first or second order.

The kinetics of exchange of CaZ*/H* was reported5 in
absolute and aquedous ethanol. Kinetics of exchange of Li*/H*
has been studied in absolute and aquedus ethanol solution. The
formal overall reversible second order rate constant was

report ed6

o« The rates in general are slowver in perfectly nonw-
aquedus systems and slightly faster in such systems containing
alr dried or dehydrated resin. Then the process is considereé
as an adsorption phenomenon; the rate increases with water
content of the mixed solvent systems. The exchange wmder
Investigation has been studied as a diffusion phenomesnon.

This 1s because of the fact that empirical rate laws have their

own limitations. The rate determining step is fownd to be

governed equally by particle and film diffusion steps.

PRESENT WORK

Kinetics o9f exchange reactions Cu”/H*, 002*/3*"
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/", T™/E, ca?t/Et, m2tE*, 2", 1e?/E" ana
Znaf/ﬁ*‘in water=acetone and water acetones~succinic acid
media have been studied. The rate constantsk were calculated
for these systems at various concentrations of acetone
(0, 20, 30 and 50%) and at 0.05 M molarity of metal ions.
The experimental results have been utilized to know the
probgble time required for attaining equilibrium and to

explore the mechanism of ion-exchange prccess{

EXPER TMENTAL

golutions

(1) Chlorides of ¢u, Cd, Ni, Mg, Ca, Co, 2Zn, Al,

Mn, and nitrates of Po, The (IV), Hg =~ 0.05M.

(2) metone 4 - 0, 20, 30, 50

(3) succinic acid = 0.5 M¥
EROCEDURE

o g of air dried Dowek 50W=X8 in H® form was taken
in a 250 ml iodine flask. 100 ml of a mixture containing acetone=
~yater «~succinic acid was added. 8 ml of the metal ion
solution was poured, the solution was stirred. The change

in metal ion concentration was noted at different time

intervals titrimetrically.
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The kinetics of exchange of Cu(IIL), zZn(II), Ca(X), Po(IT)
Th(IV), A1(TI), Hg(IT), Ni(IT), CE(IT), Co(IT), Mn(IT) and Mg(IT)
in 0, 20, 30, 50, percentages acetone in cbsence and presence
of succinic acid (S4) (0.5M) was studied. The Kinetics of
exchange of the metal ions wnder study in aqueous acetone system

represents the mechanism of Mp*/H#'exchange reactionse.
-\'* . *2 T oo o= i1 - v2+ I+ (a3 3 )
2(R 8033y + M (S0In) ——moa (RS0;J; M~ + 2H (goln.)

The resction imvolves in addition to the electrostatic
hyérogen-tietzl exchs=nge, rapid chemiczl change7from the disgolved
Hm=spescies to the nondissocizted metal = svecies. Put in another
way, the acddition of a metal ion to the dissociated sulvhonate
group partially localiges a mair of electrans and thereby
converts a functional group from a dissoclated to a nondissociated
species,

The rates of exchange of metal iong in agueous zcetone~
stccinic acid represent the studies of exchange of M'(n Sk)n*/rf
" where n is the valency of metal ion. Let us consider the example
of exchange of Cu?*ions in aqueous acetone succinic acid on

wavex 50 W X 8. The following compley.lsformed,

2 Mgt
t;
1

2+ 0
Hy¢—C—0_ 0=C—CH; |
J \\Cu | /7
ot —c=07 o—C—CH MC—C¢=0
2 6— i 2 OH
H 0
L ' —
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The extent of reaction, F, Fractional attainment of

equilibrium is exbressed as,

The amount of exchznge at time t

et B A s T (W BT s S b BB e, W, W 0 B O A M M 7 G ST e DY | B Y Bl ey M B et

The amownt of exchange at infinite time

r =

Now, in the »resent case CV§> 8% where C 1s the concente
-ration of metal ion in the solution phasey V 1s the volume
of the solution, T is the concentration of the metal ion in
the exchanger phese, and § is the volume of the exchanger.
Thug, although the system is, in principle, a limited bath,
the equation applicable to the infinite bath can be used in
this case also ag verified by‘ﬂeichenbergs, Helfferich9 and

Bllckenstaff in their studles.

6 X 1 -n2 Bt 3
Hence, F = 1- ----»~2--~ .._._..az....._ s £ uu———(‘])
w =1 n
ne
Where B = —“"'2-‘~' o

r = radiuvg of fully swollen resin bed and I = the effective
diffusion coefficient of the two ions wndergoing exchange
within the exchangerp, and n = an integer having any value fron
1 to O

The values 'FY are presented in tables 301 to 3021 are

‘. vresented by Figs. 2.1 to 3.32’G59 3.23t 5-30.
Valueg of Bt as a function of F are calculated as given by

12.'The Bt versus t plots are shown by Figs. 3 .41

Relchenberg
to 3.48 and values of B are obtained from the slopes of these
plotse The values of:Brare given in tables 3025;

From the second Flick's law Barrer developed an
expression for the mathematlcal description of particle mechanism.
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REICHENHERG TABIE FOR INTERFRETING ‘'F!' TN TERMS OF Bt.

F : Bt : P Bt s¢ F ¢ Bt : F & Bt
0.01 0.00009 0.26 0.0678 0.51 0.3160 0O+76 0.4
0.02  0.00036 0.27 0.0736 0.52 043320 0,77 0.9850
0.03 0.00076 0.28 0.0797 0.53 0.3480 0,78 1.0-8
0.0  0.001%1  0.29 0.0861 054 03650 0,79 1.073
0.05 0.00219 0.30 0.0928 0,55 0.3800 0.80 1.1o
0.06 0.0032 0.31  0.0998 0,56 04000 0.81 1.171
0.07 0,004k 0.32  0.107 0.57 O0M190 0,80 1.094
0,08 0.0057 0.33  0.1147 0.58 04380 0.83 1.-8
0.09 0,0073 0.3 041226 0.59 04580 0.8% 1 34
0.10  0.0091 0.35 041308 0460 0OM790 0.85 104
0.11  0.0111 0.36 041391  0.61 0.5000 0.86 1468
0.2 0.0132 0.37 041485  0.62 045220 0.87  1.543
0.13 0.0156 0.38  0.1577 0.63 0.5450 0.88 1.623
0ei+  0.0183 0,39  0.1670 0.8+ 045690 0.89  1.710
0415 0.029 040 041770 0465 0.540 0.90 1.8
0.16 0,021 0.J+1 0.,1880 0466 0.6200 0,91 191
017  0.0274 Od2 041990 0467 0.6470 0.92 2.03
0.18 0.0309 OM43  0.2100 0.68 046750 0.93 5.16
0.19 0.0346 Oudie  0.2220 04,69 047030 0.9% .32
0.20 0.0386  OM5 0.2340  0.70 0.7340 0.95 2.5
0.21 0.0428 0dt6 02460  0.71  0.7650 0.96 2.7
0.22 0.0473  OM47  0.2590 072  0.7980 0.97 3.01
0.23 0.052 OM8 0.2730 0.73 0.8320 0,98 3 &
Out  0.057 049  0.2870 0.7%  0.8680 0.99 k.11
0.25 0.0623 0.50 0.3010 0.75  0.9050 1.0 -




FRACT TONAL EXC HANGE

TABIE - 3C1

60

DEFENDENCE OF/ VALUES ON THE PERCENTAGE OF &C‘W ON}E

.--au-un&"--—’—-------——----

Metal Ton « Cu(TI) (0.00+ M)

Time Ing: Fractlonal attainment of equllibrium (F)
minute :““‘“"""’f""”"""j""‘&dﬁ’M{: TNTECE .
KA [ 20, e Y 50
. ¢ a ¢ b ¢ a ¢t b $ a $ b s a $¢ b =
1 ¢+ 2 ¢ 3 : Lk ¢+ 5 ¢ 6 s+ 7 3 8 3 9
0 0 0 0 0 0 0 0 0
5 0246 0.072 0.05 0.173 0.445 0.097 0.378 0174
10 0.333 04101 0.130 0304 = - - -
15  0.376 0.159 0.30k 0.304 = - - -
20 O3k 0.173 0318  0.391 0.291 0,383 0.50%  0.291
o5 0449 0.376 0.318 0.391 - - - -
30 0449  0.391 0.333 0478 = - - -
40 09  0.5219 0.347 0ML92 - - - -
50 04579 0.536 0.347 0.536 - - - -
60 0.579  0.666 0.347 0.608 0485 0.533 0.679 0.543
90 04710 04739 0.579 0.637 0.0 - - -
120 0.797 0.804% - 0.797 0.689 Auly  0.864 .786
170 - - - - 0.854 - - 902
180 0.884 - 0.695 - - 1.0 1.0 -
240 1.0 0.811 - 0.897 1.0 - - 0.932
45 - - 1.0 - - - - -
300 - 0.869 - 0927 = - - -
360 140 1.0 140
a = Aqueous acetone

= AquedUs acetone + 0.5 M S84 .



Metal Ton=- Ca (II) (0.004+ M )

TABIE- 3C,
1 2 3 s 5 6 7 8 9
0 0 0 0 0 0 0 0 0
5 0.952 04,068 04160 04149 0.131 0.166 0.298 0.3%
10 O.26 0.080 0,333 0.183 = - - -
15 - 0,195 0.333  0.206 0.0 - - -
20 0.287 0,008 0.333 0.087 - - - -
25  0.321 0.298 0.356 0.298 - - - -
30 0,367 0.298 0425 0.310 0.978 0.216 0.385 0448
L0 0413 O3kl Dol D367 2.0 - - -
50 D459  0.528 0.597 0402 - - - -
60 0.517 0.0 0.865% 0.0 0.557 0.5 0.562 04586
90 0.666 0.540 0.781 - - - - -
120 0.666 0,551 0.781 0.551 0.803  0.766 0.614%  0.603
180 0.666 0.80+ 0.839 0.678 0.868 0.833 0.736 0.75
A0 0.793  0.827 0.862  0.793 0.0 - - -
300 0.793 0.827 0.862 0.850 0.885 0.0 0.75%  0.844
360 0.896 0.827 0.862 0.850 = - - -
Lo0 1.0 - 1.0 - 1.0 1.0 0.877 0.86
480 - 0.862 0.885 - -
520 - 1.0 - 1.0 - -
o0 1.0 1.0

- —— N e e

R e -



Metal Ton .- zn (II) (0.004

TABIE- 303
- N
0 0
5 0.565

10 0.623
15 0.666
20 0.666
25 0.753
30 0.768
40 0.826
50 0.855
60 0.855
65 -
90 0.927
120 0977
180 0.0
o4 0

300

360

%80

5140

-~ <

0

0.173
0.253
0.289
0.311
0478
0.550
0.565
0.673
0.768

0.869
0.985

1.0

-

0

0 0

050  0.202 0.316

0 bl2

0.333 0.436

0.579 0.376 =

0594
0.608
0.623
0.623
0.637
0.753

0.846
0.869
1.0

0.384 0.528
0.521 =
0.521 0.609
0.608 =
0.7 -
0.7 -

- 0.678
0.7+ =~
0.884 0.758

- 0.902
1.0 0.908

0913
140

T 5 U .

L e

0
0.66
0.678

0.0

E TN Ny S

;-

0
0443
0.0

0.517

v ————

O B B W W -:-«-3-.- 1B e e - O . e {9 T B .i A S . W A - Z_q-;... B A N .-.9.-.,—« -

0
0.586
0.609

0.632

-

C.637

-
L4

0.816

0.856

0.95%
1.0
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T4BIE- 3C), Metal Ton - Mg (TI) (0.004+ M)
e R R — T
0 0 o o 0 0 o o o
5 0,067 04109 0.012 0.0 0.292 0.256 0.195 Q.174%
10 046 04146 048 0O.ih6 = - - -
15 0.6  0.219 0.073 0.170 - - - -
=0 0.207 Ou243 0.121 0.182 0.365 0.280 04353  0.291
25 Ou2lt3 04256 Qo134  0.219 = - - -
30 0.092 0Ou262 Qo134  0.219 - - - -
40 0.365 - 0.195 - - - - -
50 0.4+1h - - - - - -
60 0.50 0.A+39 0.0 0.068 0,390 Q462 0512 0543
80 - - 0.378 - - - - -
90 0.536 0.439 - - - - - -
100 - - - Ot1r = - - -
20 0.597 0.536 0.536 0487 0.573 0.0 - 0.786
130 - - - - - 0.792 0.63% -
170 - - - - - 0.841 0.719  0.902
180 0,707 0.585 0.682 C.646 0.658 - - (-
ol 0 - - - - 0.707 0.878 0.820 0932
300 0.853 0804 0817 0.792 0.817 - - -
360 0.890 - 0.902 - .06865 0.963 0.975 1.0
Lo0 - 0902 « - 0.878 = 1.0 140
480 1.0 1.0 1.0 - 0975
540 1.0
680 1.0

——
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TABIE- 305 Metal Ton - Ni (II) (004 ¥ )

17T 3 I 5 6 7 8 k]
0 0 0 0 0 0 0 0 0
5 0.126 Odl2 = 0.231 0,092 0.271 0.016 0.015
8 - =  0.028 - - - - -
10 0u17% 04257 04166 0.231 - - -
15 0.206 0,287 0.286 0.0 - - - -
20 Out6 0409 0.289 0.333 = - - -
25 0.301 0C.39 0.30%  0.333 = - - -

30 0.349  OML54% 0405  0.391 0.11 0406 QO3 0031

L0 - - - - - - - -
60 0.539 0.0 0.637 0.0 0.185 0M423 0.2858 0.4

70 - 0.507 - - - - - -

90 - 0.621 - 0.594 = - - -

120 0.71  0.636 0.811 0.898 0.777 0.542 O.684% 0453

240 - 0.803 - 0.808 0.833 0O.644 0.830 0.765

320 0.904 - 0.913 - - - - -

330 - - - - 0.87 0.711 0.864%  0.796

390 - - - - = 0.88 0.0 - -

1100 0.904 - 0.971 - - - - -

420 - 0984 - 0871 = 0.779 0.915 0.9

480 - - - - 0.944 - - -

510 - - - - - 0.847 0983 1.0

570 - - - - 1.0 - -

690 - - - - 0.983 -

44] 140 1.0 1.0 1.0 1.0 1.0
u‘ﬁi-f i CEARY

b 303 i



T4BIE- 3C, Metal Ton - Cd (TI) (0.00kH )
6

65

1 -3 3 3 > 3 7 o 9
0 0 0 0 0 0 0 0 0
5 0,025 0.237 0.037 0.212 0.53 0.562 0.237 0.337
10 0.087 0.062 04162 0.275 = - - -
15 0.187 0400 O.212 0487 = - - -
20 0.187 0.M475 0.212 0.737 = - - -
25 0.275 - 0.312 - - - - -
30 0.312  0.587 0.337 0.837 0.55 0.787 0400 0.625
35 - 0.65 - 0662 = - - -
40 - 0.712 = 0.825 - - - -
L5 - 0.9 - - - - - -
50 - - - 0.875 - - - -
55 - 09 - - - - - -
60 0.575 - 0.512 049  0.625 0.793 0493  0.762
70 - 0.9 - 0962 = - - -
75 - 0.937 0.0 0975 = - - -
90 - 0975 - 0.987 = - - -
120 0.762 0.0 0.687 0.0 0.631 0.8 0,625 04775
150 - 1.0 - 1.0 - - - -
180 0.862 0.787 0.737 0.962 0.712 1.0
oL0 0.9 0.862 0.887 1.0 0.912
300 0.925 0.925 0.962 0.962
330 095 0.937 - -
360 1.0 0.967
Q0 1.0 1.0 1.0

—~——



TABIE- 3C, Metal Ton-

Co(II) ( 0.004 M )

66

1 3 3 L ] b 7 8 9
0 0 0 0 0 0 0 0 0
5 0,02+ 0.256 0.012 0.134 0,308 0.35 0.382 0.512
10 0.109 ° 0.317 04195 0.219 = - - -
15 04158 0.317 04207 0.256 = - - -
20 0.170 0.353 0Ou3  0.292 0.345 - - 0.52%
25  0.170 0.353 0.256 0.292 = - - -
30 04176 0378 0.292 0.317 = - - -
35 - - 0.365 = - - - -
40 0.182 011 0.378 0.353 = - - -
45 0.268 - 0.378 - - - - -
50 0.353 OM32 0.5 0e365 = - - -
60 04365 069 0.560 OJJro6 0,382  0.634 0,506 0.652
90 0450 0542 04670 04560 = - - -
100 0.536  0.609 0.719  0.615 0.530 0.768 0.6 0.756
180 D.646 0.658 0.804 0.719 0.641 - - 0.804
190 - - - - - 0.853 0.6€ -
4.0 04853 0.719 0.817 0.780 = - - -
250 - - - - 0.753 0.9 C.74+0  0.853
300 0.853 0.804 0.865 0.853 - - - -
3190 - - - - - 0.95 0.765 -
360 0.859 0.817 0.926 0.878 - - - -
370 - - - - 0.925 - - 0951
420 0.878 0.878 - 0926 = - - -
430 - - - - 04932 04975 0.925 0.987
480 - 0.890 - 0963 = - - -
490 - - - - 0.951 - - 1.0
610 - - - - 1.0 - 0.987
660 - 0.987 - 1.0
75 - - 1.0
865 1.0
05} 1.0 1.0 1.0




TABIE- 3Cg HMetal Ton=- Mn (II) (0.00+ M)

b7

1 Pl 3 T 5 5 7 8 g
0 0 0 0 0 0 0 0 0
5 0.077 0,051 0.038 0.129 0.038 0.305 0.20 0.178
10 0.077 0.051 0.064 0.442 = - - -
15  0.168 0.168 0.116 0O.i42 = - - -
20 0.220 0.168 0.116 0.168 = - - -
25 OeM6 0.072 0.168 0.181 - - - -
30 0.272 0.363 0.19% 0.207 = - - -
60  0.350  0.571 0.6 0.285 O.ik2 0,508 0.363  0.198
120 0,506 0.571 0.337 OM02 0.155 0.508 0,381 0.653
180 - - - -  0.71%  O.644 0.690 0.851
oL0 N.623 - D584 - - - - -
47 - 0.636 - 0.58% = - - -
300 - - - -  0.720 0.813 0.709  0.990
367 - 0.766 - D9 = - - -
420  0.753 - 0.675 - - - - -
427 - 0.766 - 0.688 = - - -
87 - 0.766 - 0.701 = - - -
4O - - - - 0.727 0.932 0.963 0499
547 - 0.84% - 0.727 - - -5 -
720 - - - -~ 0466 0866 0.981 0.99
00 0.8370  0.870 0779 0.766 1.0 140 140 1.0

—



T4BIR- 3C, Metal Ion- Pb (II) (0,004 3 )

1

o tsry o

0

5

7
10
15
20
25
30
35
40
45
50
60
90
120
180
300
3990
4890
570
900

2 3 I 6~ 7 8 9

0 0 0 0 0 0 0 0
0.258 0.% 0.305 - 0de11 0.352 0.282  0.305

- - - D.061 = - - -
0.388 0.323 0.329 0.369 - - - -
041 0.352 0.376  O.4k - - - -
O+23 O o423 2471 - - - -
OM29  OM11 0435 - - - - -

- OL+77 0488 0488 0.588 0.586 02.317 094
0 Jl7 - - - - - - -

- 0.541 0.547 0.5 - - - -
0.552 - - - - - - -

- 0.611 0.627 0.947 = - - -

- 067 0.682 0.642 0741  0.741 O 0,705

- 0.776 04729  0.76 - - - -

- 0.847 0.8 0.82 0.823 0.823 0.552 0.8

- N.882 0.894% 0.857 0.87 0.80% 0.6 N.882

- - 0952 - 0982 0,982 0917 0.976

- - - - 0.988 0,988 0.952 0.988

- - 0.988 - 0994 1.0 0.976 1.0

- - - - - - 1.0

- 1.0 1.0 - -
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T4B LEw 3C,0 Metal Ton - Th(IV) (0.00% M )
I 3 A 5% 7 g7
0 0 0 0 0 0 0 0 0
5 0.297 0214 0.206 0.238 0.32 0.002 0.202  0.442
10  0.309 04,357 0.285 0.085 = - - -
15 04345  0.38  0.345 0.297 = - - -
20 OM416 OL28 0.369 0.345 - - - -
25 0428 O0M76 OM40  0.392 - - - -
30 OM40 0.5 O+t 0416 0.51 0.32 - 0.333
35 0404 0,523 - OO0 - - - -
LO  0.511 0547 OM46+ Ol = - - -
L5 - 0.619 0.5 0.5717 = - - -
50  0.654  0.714% 0547 0,619 = - - -
60  0.654% 04733 0.595  0.666 0.668 04595 0.583  0.559
90 0.797 0809 0.690 0.738 - - - -
120 0.8 - 0.75 - 0.838 0.761 0.773  0.761
150 - 0.869 - 0,800 = - - -
180  0.845 - 0.845 - - - - -
210 - 0916 - D392 = - - -
A0 0.880 -  0.892 - - - - -
270 - 0.9592 - 0928 - - - -
300  0.940 - 0540 - - - - -
330 - 0964 - 0952 = - - -
360 - - - - 0.958 0.976 0.916 0.940
390 - 0.964 - 0952 0.982 0.988 0,922 0946
L50 - 04976 - 0.576 - - - -
480 - - - - 0.99% 1.0 0940 -
510 - - - 1.0 1.0 - - -
™ 1.0 1.0 1.0 1.0 1.0




TABIE - 3C44 Metal Ton- £1(7II) (0,004 M)

70

1 2 3 L 5 6 7 8 9
0 0 0 0 0 0 0 0 0
5 0,013 0,212 0.075 0,137 0.027 0.162 0.11 04581
10  0.013 0.012 0,088 0O.241 = - - -
15 . 04,013 0.049 0.101 04367 = - - -
20 0.013 0.049 04126 OML3 0.055 0.216 0.33 0.604
25 0,065 0.049 041839 0.586 - - - -
30 0,065 0049 0,215 0.747 - - - -
60 0.342 0.2000 0.007 0827 = - - -
70 - - - - 04466 0.243 0.36 0.627
90 0.355 0419 0.253 0954 = - - -
120 - 0.555 - - 0.388 0.M86 0.61 0.651
125 0.5 - 0.39 1.0 - - - -
360 - - - - 0944 1.0 0.38 0.790
4380 - - - 1.0 1.0 0.837
520 - - - - 1.0
540 - 0.938 0.886 -
660 - 0.938 0.949
o 1.0 1.0 1.0




T4BIE- 3C,, Metal Ton- Hg (II) (0.00: M)

vy Sr—
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]

g

1 2 3 L 5 6 7 8 9
0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
5 0,068 - - 0.589 0.770 0,775 0.766 0.807
8 - C,078 0.773 - - - - -
10 0.103 0.176 0.7973 - - - - -
15 0,137 0.313 0.773 0.803 = - - e
20  0.241  0.372 0981 0.857 = - - -
25 0.31  0.382 0.981 - - - - -
30 0.3k - 1.0 0.892 0.783 0.787 0.779 0.820
60  0.396 - - - 0.797 0.812 0.818 0.871
90 00431  0.647 - 0.910 = - - -
120 0.534  0.725 - = 0.837 0.825 0.831 0910
20 - 0.825 - 0.91 0.851 0.837 0.883 0.923
300 1.0 - - - - - -
360 - - 0918 1.0 140 1.0
® 1.0 1.0 1.0
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FRAC I IDNAL EXCHAIGE

1ABIE -

DEMRRUENCE OF F VALUES ON THE ULRMAERATIER MATAL I0N - Th (IV)(0.00411)

mtfAS 0 2 practionsl sttainment of Equilibrium (F)

D . G S G S T G B St Sen GRS B (S T G T gy WS R B gy S o

: 30 $ 35 s %0 s Ly
: a ¢ b ¢ a ¢ b ¢ a $ b ¢ a ¢ b
1 2 3 5 6 8
0 0 0 0 0 0 0 0 0
5 0.634 0,509 0,27 0.397 0.595 04 0.361 0.562
30 0,646 04533 0,387 0.65 O.= - 0.385 0.610
60 0.69% 0.593 O+ 0,698 0.636 0.678 0.606 0.754
90 - - - - 0.726 0.735 = -
120 0,706 04739  0.581 0.831 0.779 0.821 2.67% 0.79
180 - - 0.678 0.879 - - 0.777  0.844
2l 0 0.87%  0.896 - - 0926 0.892 0.807 091
300 - - D787 0927 0.928 0,912 0.855 0,934
360 0946 0.933 - - 0.952 0964 2.903 0940
L 20 - - 04921 04939 1.0 0.988 -
455 - - - - - 0.927 0952
L80 0,970 0.957 - - - - -
5905 0.988 0,975 - - - - -
540 - - 0.933 0.975 - - -
695 - - - - - 0.975  0.004
00 1.0 1.0 1.0 1.0 1.0 1.0 1.0

a = 20 % Acetone
b = 20 & Lcetone + 0.5 M Sa




Dependence of F vaiues on the temperature,Metal Ion -ig\il)

FRACTIGHAL EXCHANGE

TABLE - 3¢
13

73

0. 004 I
1 2 3 b 5 6 7 8 9
0 C 0 O o o 0 0 G
5 Uel17  0e192 G182 0,048 - - Ue3Y O. 26
10 Ua205 Ga39 0.256 04231 0,658 Ge35 U.50  0e27
20 Ue247 04396 0u365 Ue292 0467 036 052  Cu31
30 0,268 0487 04378 04371 0e582 Oekl 0453 Oo 41
60 04317 Ce585 0,451 0,378 0,71 Q46 0,56 .52
S0 0.378 (582 0e463 0,524 0.73 0Ouk7 0,67 0. 57
110 U39  0.68Y = - - - - -
120 - = 0.52L4 0,634 0,75 0,48 0,76 0s60
170 V.56 Cu743 = - - - - -
180 - = Ge731 0u731 Co79 Ueb4 0,76 0.76
300 - - 0.89 0939 0.85 0480 - -
L10  Ce87 140 - - - - - -
420 - Ue¥87 1.0 = - - -
480 - 140 - - - -
00 1.0 1.0 1.0 1,0 1.0

a= 207 acetone and b=20% acetone + Q.SMSA




TABIE-3C,s ‘letal Ton-Cu(II) (0.00+ In)

14

W

1 2 3 L 5 6 7 8 9
0 0 0 0 0 0 0 0 0
5 0.188 0.086 0.10 0.31 0.07 0.05 0.01 0.159
10 0,246 0.115 0.21 OMk 0.15 0.07 0.0 0.4
20 0.30 0.13 0433 O0M5 0.33 040 0,07 0.39
30 0.347 0144 0.36 OM6 0.347 o049 0.08 040
60 0.362 0.318 240  OM7 00.507 0.50 0.401 0Ok2
90 0.37 0,391 0.56 0.73 0.52 0.52 0.33 D46
120 0.39 0405 0.5 0.76 0.528 D.61 OM6 0478
180 040 0.504% 0.66  0.77 0.608 0.659 0.53 0185
300 0.71 0.826 0.88 0.8% 0.71 0.81 0.62 04753
360 - - 0.86 1.0 - - - -
L 20 0.86 1.0 0.88 1.0 N.808 0.985 OO
4380 0.986 _ 1.0
540 1.0 092 1.0
660 0.98
720 1.0

e W e e S i s - B

[



TABIC= 3C16 Metal Ton=Zn(II) (0.004 1)

73

1 2 3 L 5 6 7 8 9
4] 0 0 0 0 0 0 0 0
5 0.33 041  O.1h 0463 0.356 0.597 0436 0.5
10 0.37 0.5 0432 0.65 0.39 0.60 0.50 0.505
20 0.52 0.57 0.53 0D.67 0.66 0.6 0.51 0.528
30 054 0.71 0.66 0.78 0.67 0.70 0.528  0.540
60 0.6 0475 0.67 0.79 0.74 071  0.56 0.643
990 0.65 0479 0.68 0.84% 0.81 0.861  0.98 0472
120 0.3 - 0.69 0.85% 0.85 0.85 0.655 0,79
130 D81 D 0.80 1.0 0.91 0.90 0.73 0.77
290 - 1.0 - - - - -
300 0.88 0.86 1.0 .93 0.0 0,988
360 0.9 - 0.9 0o - -
Lon 140 0.95 1.0 0.958 1.0
480 - - - 1.0
540 1.0

" e B T St



TABIE- 3017 Metal Ton- Co (IT) (0.004 M)

o,

1 2 3 L 5 6 7 8 9
0 0 0 0 0 0 0 ) 0
5 0,025 0.025 0.13% 0.109 0.32 0.317 0.97 0.8
10 0e162 0.037 O.146 04134 O om - - -
20 0.275 0.312 0.158 0.329 0.3 0451 0.05¢ 0.03C
30 0,312 0.393 0.243 0,390 - - - -
60 04325 04575 0= - 0.353  0.560 N.317 0.317
90 0.35 0.593 90.451 0.597 - - - -
120 0.356 0.6 OM63 0.F58 0.53 0.743 0,573  0.634
180 0437 0.7 0.5+ 0,731 0w 081 0.756  D.F9¢
235 - - - - 0.65%  0.865 0. -
300 0.625 0.762 0.792 0.841 - - - -
369 - - 0.926 0.853 - - - -
420 0.762 0926 0.951 0.902 - - - -
435 - - - - 0.13 0926 - -
%50 - - - - - - 939 907
180 0.837 1.0 - - - - - -
540 0.925 0987 1.0 - - - -
600 1.0 1.0 - - -
630 01D 1.0
675 0.962 1.0
® 1.0




TABLE=3C18 Metal Ion- Fb (II) (0,004 M)

1 2 3 4 5 6 T 8

0 0 0 0 0 0 0 0

5 00388 0o447 06325 0,369 0,63 0,4820,108 0,494

10 0 0 06325 0,369 - - -
30 00423 0,635 o331 0488 O¢= 0,647 0,397 0,576

60 00552 00670 00445 0,619 Oe= 0,67 0,542 0,694
100 - - - = 0,714 0.~ - -
120 06635 0,741 Op= 0,75 Oe= 0,87 0,662 0,764
240 06776 04658 0,807 04657 0,773 0,917 0,831 0,858
360 - - 00891 0,892 0o~ - 0643 0,917
420 0,905 0,917 0,927 0,540 O~ - - -

D - - - - 0,904 0,941 =~ -

5 0,917 0,976 - - - - - -
540 0,988 1,0 0,951 0,588 = - - -
560 - - - - 0,940 0,964 =~ -
600 - - - - - - 0,987 0,952
660 - 0,987 - - - - -
680 - - - 0,976 0,988 =~ -
780 - 0,993 = - - - -

® 1.0 1,6 1,0 1,0 1,0 1,06 1,0




TABLE -3019 Metal Io-n = Ca(II) (0,004 M)

1 2 3 4 5 6 7 8 9
0 0 0 0 0 0 0 0 0
5 00391 0,46 0,386 04253 0,375 0,402 0,315 0,545
30 0e432 0,493 0,506 0,493 0,462 0,415 0,447 0,701
60 0,445 0,526 Op- - 0,475 0,467 0,523 0,727
120 0050 0471 0,52 0,666 Opm - 0,513 0,740
185 - - - - 0,50 0,740 - -
240 0,58 0,828 0,533 0,826 = - 0,671 0,766
300 - - - - 0,725 0,87 =~ -
360 00662 0,947 0,546 0,893 = - 0,697 0,870
420 - - - - 0,837 0,909 - -
480 0,743 0,986 0,693 0,946 = - - -
600 0,851 - - - - - - -
660 - - - -( 0.875 0,948 =~ -
780 - - - - 0,912 = - -
® 1,0 1,0 1,0 1.0 1,0 1,0 1,0 1g0
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TABLE- 3C,, Metal Ion- Cd (II) (0,004 M)
1 2 3 4 5 6 7 8 9
b 0 0 0 0 0 4] 0 0
5 06375 0,662 0,289 0,5 0,289 0,525 0,282 0,462
30 O¢ 4 0,75 0,381 0,762 Op=~ - 0,461 0,5
40 - - - - 0,427 0,75 - -
60 0,412 0,8 0,486 0.875 = - 0,615 0,775
100 - - - - 0,553 0,787 = -
120 0,512 0,9 06602 0,925 Oy~ - 0.641 0,862
160 - - - - 0-R54 0,925 = -
220 - - - - 6 1.0 - -
240 0,675 0,975 0,802 1,0 0,743 1,0
360 - - 0,894 - 0.858
420 0,775 1,0 0,907 - -
440 - - - 0,805 -
485 0,937 - - -
540 0,95 04947 - -
560 - - 0,968 -
600 1,0 - - 0,987
660 0,986 - -
680 - 00993 -
() 1.0 1.0 1,0




J

GO

TABLE-3C,, Metal Ion~-Mn(II) (0,004 M)
1 2 3 4 5 6 7 8 9
0 0 0 0 0 0 0 0 0
5 0,366 0,539 0,324 0,5 0,036 0,756 0,173 0,36
30 0,458 0,619 0,337 0,527 0,647 0.756 0,405 0,386
60 0,52 0,809 - - 0,659 0,78 0,420 0,4
120 0.527 0,825 0,472 0,648 = - 0,521 0,66
185 Op= - - - 0,75 0,878 = -
240 0,555 0,936 0,554 0,837 0.~ - 0,797 0,8
300 - - - - 0,818 0,902 = -
360 0,583 1,0 0,567 0,852 = - 0,927 0.893
420 - - - - 0,931 0,875 = -
480 - 0,581 0,891 = - - -
060 - 0,581 O,= 0,931 1,0 - -

® 1,0 1,0 1,0 1,0 - 1,0 1,0
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According to this equation F against t plot gives
a linear relation for smll values of t and then becomes
curved. The slopes of the straight lines in this figure give.
thevalues of interdiffusion coefficients of the ion emchange
systems. The values of T of the various systems are given in
tables 3022 anc 3023';‘

The half exchange time t:% values of interdiffusion
process for the concerned ion exchange systems were cleuwlated

from equation

1'.'2 r2 .
t_% = O. 03 0 ——wwe OT 0.0287 et s e
D o

(A) Effect of concentration of Acetones

The values of F, fractional atldanment of equilibrium,
presented in table 301 to 3(':21 and the graphs of F versus t
Fig 3.1 to 3.12 and 3.23 t0 3.30 give an idea about the exchange
processes concerned. It was observed that menaganese was least
preferred by Dowex 50 W-X8 H*form.' This can also be seen by the
distribution coefficients of the managanese in aqueous acetone
sucelnic acld solution. Very small K values (table 14{:2‘) indicate
the low sorption tendency of ranaganese. In absence of the acids
M /5" exchange was shown to be slow. All other metal ions Cu,
Zn, Mg, ca. P, Thy, Al, Hg, N1, Cd, Co show high distribution
coefficients with succinic acid. (table 14-C2.}) at esch concen-
~tration of acid and acetone. 80 Mn*/l—fh,}«P(nSADn*/H*exchanges

for these metaldions are observed to the larger extent.



TABLE=3C

82

KIENTIC giRAMETERS or M** / u* AT ARIOUS PERCENTAGES OF ACETONE
Metal 1ple\cr§:gz:ge: obse‘x:gé'd in 1D emzmi‘x:;l : k Parab:ii:tl:ni:fusion
min, D X 10
4 =3 B s} @az|P { a 3 B
1 2 3 4 5 .o 7 8
CdXI) o© 32 39 Te61 6424 0,081 0407606
20 58 36 4,2 6,70 04060 0,0766
30 66 38 3,69 6441 0,0621 0,0723
50 20 52 1,21 4,08 0,0866 0,0713
zn(II) O 4 28 00,91 8,7 001391 0,0894
20 14 26 17.4 9,37 00,1442 0,0958
30 18 2 13,53121,8 0,1557 0,142
50 21 3 11,60 81,22 0e125 04115
Mg(II) o© 80 82 3,04 2,97 0,0561 0,0484
20 110 132 2421 18,4 0,0512 0,0438
30 70 33 3,48 7,6 0,0488 0,06
50 56 80 4,35 3,04 0,0546 0,0465
Ca(1I) O 55 46 4,43 5,29 0,066 0,053
' 20 38 84 6.4 2,9 0,0837 0,0625
30 48 56 5007 4,3 00064 0, 0638
50 60 40 4,07 6,09 0,0714 0,0798
Pb(II) O 30 32 8.12 7,61 0,0838 0,0862
20 28 25 8e¥ 947 0,0728  0,0921
30 15 18 6e2 13,5 04,0931 0,093
50 99 16 2,46 15,5 0,091 0,0915
Th(Iv) O 34 30 Tel 8412 0,083 0.0956
20 43 38 566 6,4 0,0703 0,0763
30 26 45 9.3 553 0,0928 0,076
50 43 50 5666 4,87 0,0744 0,08

Contd, on next page
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a= Aqueous acetone

b= Aqueous acetone + 0,5 M SA

=1 2 3 1 5 3 ] )
AL(III) O 124 109 1,965 2,23 0,043 0,05
20 125 20 1,949 12,18 0,0376 0, 0945
30 137 125 1,77 1,94 0,0487 0, 0528
50 70 3 3,48 81,22 0,0561 0,072
Hg(II) O 72 43 3,38 5¢6 0,056 0,079
20 3 5 81,2 48,7 062 0,208
30 3 4 81,2 60,91 043575 0,347
50 4 2 60,91 121,8 0e344 04384
Ni(II) o© 54 66 445 3469 0,06 0.0842
20 34 56 7416 4,35 040737 0,07
30 Y 115 34,81 2,11 0,0714 0,06
50 85 135 2,86 1,8 0,0583 0,0412
ca(xId o 56 22 4,35 11,07 0,0702 0, 108
20 58 15 4420 16924 0,063 0.125
30 20 7 12,18 34481 0,0827 0,145
50 60 15 4,0 16,24 0,075 0.114
Co(II) o© 111 T0 2,19 3,48 0,048 0, 0769
20 52 70 4,68 3+ 48 0,069 0¢ 0644
30 104 24 2,34 10,15 0,05 0,0833
50 60 18 4,06 13,53 040637 0,084
Mn(II) O 125 70 1,942 3,48 0,0459 0,0524
20 220 195 1,1 1,24 0,03285 0,0375
30 140 60 1,7 4,06 0,0474 0o 0467
50 101 75 2.4 3,24 0,04125 0,06435




TABLE-3C,,

KINETIC PARAMETERS OF Mn7/H+ A® VARIOUS TEMPERATBRES

Metal $ %‘%an“ t1/2 $ D cmfmi?-l ¢ Parabolic diffusion
o cb served D X 10” Constant k
¢ in min.

13 | Pt a8 | p 4 a b
1 2 3 4 5 6 7 8

Cu(I11) 30 170 135 1,43 1,8 0,065 0,045
35 60 25 4,06 9,47 0,07 0.081
40 65 60 3,74 4,06 0,074 0,085
45 170 107 1,43 2,27 0,043 0,077

Zn(II) 30 16 10 15,22 24,36 0.061 0.13
35 22,5 4 10,83 66,91 0,12 0014
40 15 4 16,24 60,91 0,143 041955
45 12,5 10 19,49 24,36 0.16 00225

Mg(II) 30 135 35 1,8 6096 0, Ob4 0,065
35 70 60 3,48 4,06 0,08 0,078
40 12,5 82,519,49 2,95 0,1525 0,113
45 5 524 548,73 4, 64 0,17 0,13

Ca(I1x) 30 120 27 2,03 9,0 00775 0,0875
35 30 57T 8.1 4,2 0,09 0,0875
40 45 65 5.4 3.7 0,085 0,18
45 65 5 3,74 48,7 0,14 0,245

Pb(II) 30 55 3 4,43 81,22 0,08 O0e115
35 50 30 4,87 81,22 Dol 06 12
40 10 5 24,3 48,73 Oe11 0o 16
45 50 10 4,87 24,36 0,07 0622

Contde, on next page



1 2 3 4 5 6 7 8
Th{(IV) 30 2,5 4,0 97,47 60,51 00115 0,098
35 5660 5.0 4,35 48473 0.125 0,175
40 4,0 7.0 60,91 34,81 0,135 0.19
45 32,0 5,6 Te€1 48,73 0617 0,255
ca (I1I) 30 115,60 4,0 211 60,9 0,165 0431
35 65,0 660 3,74 40461 0,125 0423
40 7040 540 3,48 48,73 0,125 0¢205
45 45 7.0 S5¢41 34,81 0e125 O0e21
Co(II) 30 21040 650 1,16 3,74 0,055 0,075
35 100,0 32,0 2,43 7.61 0,075 04068
40 135,08 55,0 1,80 4,43 0,044 0o 0637
45 95,0 6040 2,56 4,06 0,053 0,058
Mn(II) 30 50,0 y ¢ 8,12 34,81 0,081 0011
35 150,0 5.0 6,56 48,73 0,145 04235
40 3,0 2,0 6609 121,83 0,285 0,345
45 1000 46,0 5,41 60,91 0,075 0,17

a= 20 %Acetone

b= 20 % Acetone + 0,5 SA




The half exchange time t% (table 3022) increases as
the De“cent%ge of acetone is increased. As Per equation -

% = 0. 03-f;-~ ’ t, is inversely proportional to P anc hence
the values of D decreases with the rise In concentration of
acetone. The values of D from (table 3C22) shoy similar
behaviour .

The various possible factors contributing to this
observation are (i) the swelling and solvent fraction behavious
of H# as well as metal forms of Dowex 50 W=X8 in mixed media.
(ii) the solv-ated size of ions in these media (1iii) selectivities
of the resgin for various ions in various media, ané (iv) the
viseosities of the solvent mixtures and electrolyte solutions

in these solvent mixtures.

The solvated size of the ions under study are governed
by the overall solvation of the ions in the svecific solvent
medium. Th mixed solvent, cations are uswlly preferentially
solvated by water < the extent to which the organic solvent is
excluded from the golvation shell depends upon the ability of
the organic solvent to solvate the catian. In this context, a
study by zipp13 shows that alkall metel cations are golvated
almost equally by acetone andé methanol. The similazrity in the
golvating tendency of these organic solvents for alkali metel
ions implies that the cations in aquedous acetone or aqueous
methanol solvents would have a solvation shell congisting of

water molecules and more or less, the same number of organic

B3R o
L2 ey
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solvent molecules, devencing upon the composition of the

mixed solvent.

In the mixed solvent systems ionic selectivities of the
resins have 2lso been considered as a factor influencing the
rates.

The viscosities of the aqueous-acetone~carboxylic
acid solubions are generally not available in the literaturc.
However, the viscosities of the aquedous -~ acetone itself,
may give an indication of the general variations of the
viscosities of the various solutions. The viscogities L
acetone vater system at 0, 20, Uk acetone are reportags
as 8.9595, 10.7, 10.0 millipdse respectively.

It can be seen that the viscosities 15 of the
water-acetone mixtures are significantly higher than that of
water and seen to be responsible for the lowering of rates in
these media as compared to aqueous medium. The variations of
D' for the same types of exchange Mn(nSA)n*/H* acetone water
mixtures as a function of percentage of acetone does not
correlate with the viscosity variationg. This emphasigzes
thet all the factors mentioned above should be taken in to
consideration. gimilar conclusion that the role of vigcosities
of acetone=yater and methanoleyater nmixtures in Ii+/H?, Na+/H?
and K?/H# exchanges on cationic resin was studied by Nancan

16 and the values of F was found to be decreasing

and Gupta
with rise in concentration of acetone (from O=hlL.2%)
The curves F versus t for Cu(II), 2n(II) , Ca(II)

Pb(II), Th(IV), &1(III), Hg(II), NL(II), CA(II), Co,(II),



Mn(II), and Mg(II) exchanges on Bowex 50 W-X8H" resin in

aquedus acetone, aqueous acectone~SA are presented by gigs.

3¢1 t0 3412+ The curves show that almost complete exchange

takes place for the whole range of mixed solvent (HéO-CH3EG.Cﬁ3)
compositiony The attainment of exchange equilibrium in waters

1s faster than [H20-CH3 co cz-13] media .

The rate~determining step in ion exchange 15, 2s a
rule, interdiffusion of the counter lons either in the resin
itself or across an adhnerent liguid film. The slower of these
two processes controls the over=all rate. In systems with
organic golvents, the mobilities of the counter lons in the
resin are usually lower than in aqueous system because swelling
1s less pronowced and electrostatic Interactions with fixed
changes are gtronger. Particle diffusion thus is relatively slow

7

and uswlly 1s the ratee=controlling mechanism1 .

In the process of ion exchange in mixed agueous-

organic solvents, the resin accunmulates water in i%s porss.
Electrolyte sorption may be particularly strong. At the sane
time , the mobilities of the cowmter ions in the resin remrin
relatlvely high because the presence of water guaranteess at
least moderate swelllng and lonicedissocigtion. This shous

that , In many cases, ion exchange rates can be considgrably
increased by addition of water to the organic solvent1 » 19 20'

Values of Bt versus t plots are shoyn in figs 3 .41 to

3."{'8.



B values

T w2y

B = gy where I is the interdiffusion
coefficient i‘arrexchanging ion inside the exchanger particle
and ry the radius of exchanger rarticle. The experimental
data can be tested to determine whether or not they confirm

to eguation.

ao
6 1 2
-n“ Bt
IR n2

by plotting Bt values corresponding to experimentally delermined
F values fron Reilchenbergt!s table (table 331), against time. The
plots of Bt versus time for the exchange between positively
charged complexes of 2Zn, Cu, Mg, Co with H'h of Dowex 50 W-X8 in
aqueous acetone, aqueous acetone suecinic acid are presented by
figures 341 to 3.48. It is generally observ-ed that these
plots of Bt versus t are linear passing through the origin, with
constant value of inter diffusion coefficient. For the systems
studied at 20 percentage of acetone and 209 acetone and 0.5 M S4,
the rate of diffusion is controslled by particle diffusion. Some
of the curves show slight deviations at later part indicating
that in the findl stages of the exchange the diffusisn 1s not
controlled by particle diffusion alone. The linear mature of

Bt versus t plots indicate that the process of exchange is
controlled by particle diffusion and the values of B show the
following sequence

ey ) Fo & M) Th(IV)) Mg = ca ) Co) Cu
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Parabolic diffusion constant tkt:-

The work of Boyd21?13 ¢t 21 and Kunin and Mayerso?

indicates that the rate of cation exchange in cation exchange
resin is diffusion controlled. Boyd has distingulshed between
two diffusion processess. First at concentrations of less than
0.003 My the diffusion of ions through a film of golution
about each particle 1s considered to be the rate-determining
processe. Second, at concentration above 0.1M, the diffusion

of ions throughout the marticle becomes the rate determining
steps The film diffusion must be controlling for the strong
acid resins in very dilute solution and particle diffusion must
be controlling in solutions of moderate concentrationg’.

The parabolic diffusion law23 is,

F = kJt ,

Where F is the fractional attainment of equilibrium and
k is a constant and may be called as the parabolic diffusion
constant+ The values of k were ontained from the slope of
F versus J% Plotse Fige 313 to 3.22 at room temperature and fig.
331 to 340 for different temperatures. The values of k for
Ca, Mg, Mn, Po, Ccd, Cuy, Cco, 2n, Ni, &1(IIL}, Th(IV), Hg at
varilous percentages of acetone and at various temperatures
(excluding AL(III), Hg and Ni) are presented in table 3022.

The values of k in aguedus acetone succinic acid media
were found to be greater than those iIn aqueeus acetone media.
As the temperature increases the values of k were found to be

increased.



Effect of temperatures-

The values of diffusion coefficients (T:) and half
exchange time t% for exchange reactions of Cu, 2n, Cd, Co,

Mn, Mg, P and Th(IV) with E' 1ons on Doweg 50 W-X8 in
aquedus acetone, aquesus acetone-8h at 30, 35, 40, 45° C are
represented in tables 3023 and in fig. 3.31 to 340, Tt 1is
observed that the values of TAncrease and those of t% decrease
with the increase in temperature.

The problem of diffusion in porous media is usuvally
approached with the use of either of two rather different
types of models. In the model of the first type, the medium
is considered as consisting of two phases, namely the solid
frame work and the intersticial pore phase. Diffusion is
viewed as taking place in the pores only. Th such models,
diffusion is necessarily slower than iﬁ the corresponding
homogenetdus systems having the same composition as the pore
Phase. In the models of the second type, the medium is
considered as a single homogeneous phase, analogous to an
ordinary solution. Diffusion in ion exchange resins is
assumed to be no different from that in solutions of analogous
organic electrolytes. Be=nzyltrimethyl ammonium chloride
has been used as a model electrolyte for Dowex 1 anion exchanger
in c1” formgu.

As In ordinary solutions, diffusion coefficients in
ion exchangers increzse with increasing temperature. As a rule,

the increzse in mobility with the temverature is some what



TABLE~
3024

THERMODYNAMIC PARAMETERS CALCULATE~D FOR THE EXCHANGE MP(nsa)?¥/ ™
.

Metals Tempe-: D, cm2m1n~1 H Ea H S
rature D_ X 107 kJ mole"l JK mole~t deg'l
% a b a b a b
Mg(II1) 303 11,89 5754 22,8 4,518 34737 34995
Zn(II1) 303 3,236 3,388 12,865 74342 4,2 4,208
co(II) 303 2,951 5,495 3,557 S¢ 644 4¢233 5644

Cu(II) 303 19,65 15,49 29,05 22,133 3,552 3,554

Th(IV) 303 15,49 12,02 11,11 11,71 34642 34733
Pb(I1) 303 54012 7,079 5,76 6 384 4,044 3,93

ca(zI) 303 12,59 1,6 21,84 13,28 3.716 3,798
Ca(11) 303 60457 15486 14,29 26,81 3,554 3,634

a = Aqueous acetone 20 %

b = Agueous acetone + 0,5 SA
(20 %)
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TABLE- 3C,,
'B ! VALUES
it e
Metal :Temperatures B x 10>
OC g
a D
1 2 3 4
cu(Ir) 30 1,37 1,37
35 4.0 4,75
40 2,75 4,25
45 1.75 2,37
zn(II) 30 6e 5 15,5
35 5,75 17.§
40 1,28 11¢8
45 4.37 9,0
Mg(II) 30 1,5 6,0
35 4,5 3,33
40 9,0 555
45 6e 5 4,62
cal(1Ir) 30 1,75 6625
35 3,0 5¢0
40 4,0 5,0
45 2,75 6475
Pb(II) 30 6625 9,0
35 3.75 8,0
40 4,87 11,0
45 5425 12,0

Contd, on next page
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1 2 3 4
Th(I¥) 30 6425 6.0
35 345 10,6
40 7487 8437
45 4,62 Te5
ca(ir) 30 2,75 18,7
35 3,75 26,2
40 3,5 12,5
45 4,87 11,5
Co(I1I) 30 8e75 | 3.25
35 2,62 7.0
40 3475 4,25
45 2,0 4,0
Mn(II) 30 5437 11,5
35 1.5 5425
40 4,75 8425
45 2,25 4,62

A a= 20%Acé-tone
b= 20% Acetone + 0.5 M SA




TABLE~ 302 6 +

RATE CONSTANT ‘k* FOR M°* PN DOWEX 50 w-x8 & romM

Metal  ; Temperature; kx min~1
Ion oc Water 4+ Acetone 20%,s Water +Acetone +0,5 M SA
(v/ V) (20% v/vg
x x 1073 kK X 10°
1 2 3 4
Cu(IIx) 30 0, 668 4,8
35 5,05 5.6
40 2. 41 4,19
45 2,09 1,58
Zn(II) 30 8094 5¢ 43
35 0.95 9,74
40 4, 56 4,31
45 3.71 5S¢ 59
Mg(1I) 30 3.625 795
35 6023 6. 144
40 3,166 3,477
45 446 6,24
Ca(I1I) 30 1,66 4,6
35 0431 6.1
40 0,619 1.35
45 2,58 6.1
Pb(11) %) 4,02 7422
35 5.9 Te36
40 0.88 7.6
45 4,3 5.75

' Contd.on next page
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1 2 3 4
Th{IV) 30 1,91 7.31
35 4,76 3.40

40 7.88 7.72
45 4,45 7.31

ca(ir) 30 3.16 10,0
35 545 237.0
40 4,72 8.44

45 4,02 11,0

Co(1I) 30 0,79 4,68
35 2.71 8432

40 1,64 6,68
45 5,08 5,15

Mn(II) 30 0, 504 41,0
35 1,72 3,45

40 2425 4,39

45 2,46 533
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greater in ion exchanger than in ordinary aqueous solutions.
Sctivation energy of diffusion in standard ion exchange resins
is about 6 to 10 XK. cal.male“1, as compared to about 3 to 6
K.al. mole™ ! in solutions.2?? 269 27 7 can be explained
because the retarding specific or electrostatic interactions
become weaker, the matrix becomes more flexible and the ions
become smaller as solvation is reduced. ITn the standard anion
exchangers, the values of diffusion coefficients are about

4+ to 1/10 of the corresponding coefficients in water and
denends much less on the counter-~ion valence.

1
¥
metal ions used, as showyn in fig. 3.59 to 3.66. The values of

Flot of log D versus . is a straight line for all the

Ea, energy of activation, were obtained by applying the
Arrhenius equation T" = Do exp (=Ea/RT). The values of Ea for
the exchange reactions understudy are presented in table
302&' The values of BEa are in good agreesment with that fownd

28

in literature 292 for particle diffusion mechanism in standard
ion exchange resins (25.1 to 41.84+ KJ mole™ ). Varshney and
E&emdas3o observed that the values of energy of activation
encreases with a decrease In the hydrated radii for alkaline
earths. The hydrate ionic racdili contribute to the mechanisnm
of exchange in two wayse. (a) by affecting the position of
equilibrium, and (b) by affecting the rate of attainment of
equilibrium.

The vre~exoonential constants, Po is related with the

entropy of activation ASS* as follow331,

Do = 2.72 (KT d'/n) exp (AS /R)



where Ky = Boltzmann constant, T = 303°K, d = ionic jump,
distance between twd successive pogitions of ion in the
nrocess of diffusion taken31 as equal to 5 X 10’10
h = Plankt!s constznt and R = gas congtant.

The values of entrovy of activation are in part associated
with the change In hydration stetes of the lons as they leave
the aqueous solution and enter the solid vhase and\vice-versa.
Table 3024 sitmerises the caleculated values ofzss which ar
negztive as observed in tantalum, arsenu*egg, ferric antimontte 3,

30

Sn(IV) arsenovhosvhate’ ", The negative values of Axs* observed
may be in part due to an overell increzse in the hydration as
the hydrogen ionsg-replace larger cowunter ions in solution,
indicating thereby certain degree of dehydration of cations
while diffusing into the s0lid »-hase. This is in agreenent
with the observation of Hzrvie and Nancollas 3uwho pointed

out thet ILi* and Na” diffuse as hydrated svecies with he

‘o s H R .
Poscibility of ¥ being anhydrous on zirconium phosvhate.

Ratg,c’:}nst?il’l‘ts s Wt o

. T S o

The range of validity of a gimplified rate equation
can only be establishel by a series of experiments under various
conc“.itions35 or by comparison with more rigrous solutions. log
(1-F2 versus time t for the exchange systenms are plotted. &
revresentative set of the plots for ¢u, Co, c¢, ¥g, Zn, Co
exchange systems have shoyn in fig (3.49 to 3.58). The plots
are linear shoying that the exchange systems follov the firs

order kinetic equation.
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(1-F)=eg-x-p (=kt)
where k values for the exchenge process have been computed fron
the slopes of three linear vlots and Trecorded in teble (30263.
The values of the rate constant k are in agreement with the
folloying overall relations.
(a2 The values of k for the metal ions in aqueous acetone,
aqueous acetone ¥ 0.5 I 8§ A media are in following sequence.
ca> > Th> Mg> B> Co> Ca> Cu> .

(b) k increascs at high temperatures. The rate of ion
exchange 1Increaces with the increase in temperature fron
30 to 500 C, suggesting that the mobility of the ilon increcses-
with Increcsing temperctures The uptake decreases with time.
These findings are gimilar to the findings of the distribution
coefficients (chapter - L) of the metal ions in these media.
The distribution coefficients increase with rise in perc—entage
of acetone. In case of Zn and C4 the distribution coefficients
are higher than those of Co, Cu, Ca, Mg and hence the rates of
exchange 9f Zn and CE are fownd to be greater than those of Co,
Cu, Ca and Mg. The distribution coefficients of the metal ions
shoyed the following order.

> P> Ca> Cu> CO> 0d> > Mg

Similarly the orcer is observed by rate constants. 4s

ot

ig}

the distribution coefficients of the metal iong in various

aclidic media showed the sequence.
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