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SUMMARY

The thesis entitled "Studies on inorganic ion exchanger
and ligand exchangers comprises of five chapters. Chapter 1
is general introduction covering the background of the work

presented in this thesis.

Ion exchange is a wide spread phenomenon in analytical
chemistry. New ion exchange materials are being synthesized
at a rapid rate. Ion exchange processes are useful in
separation, removal and recovery of ionic species. These
processes may also find use in ion transport device , fuel
cell preparations and catalysts development. Looking for the
growing interest in the physical chemistry of ion exchange,
emphasis has been given to the thermodynamic, kinetic and

adsorption studies on an ion exchanger.

Theory of 1ion exchange can be understood by the
knowledge of thermodynamics. For the better understanding of
thermodynamics various theories and models have been
deweloped. (The ion exchange equilibrium can be represented
by a general formula as:

A+B ———> B+A

where bar represents the exchangeyphase. The thermodynamic

equilibrium constant can be written as:
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This Ka value 1is further useful in the calculation of
various thermodyanmic parameters like AG, AH & AS/.
Although thermodynamic studies of ion exchange helps in
i;vestigating the conditions at equilibrium but it provides
no information about the mechanism of exchange from one
state to the other and the time required there on. Thus
kinetic studies are performed to take these factors into
consideration. Kinetics depends on the surface area and
hence, the particle size and macroporosity of the exchanger.
The possible rate determining steps may be (i) chemical
exchange (ii) particle diffusion and (iii) film diffusion,
depending on, which ever is the slowest step. Generally
chemical reaction 1is a fast reaction so the rate is
determined mostly by the particle diffusion or by film

diffusion control.

Wheun a solution containing some soclute comes in
contact with a solid some of the solute is taken up by the
solid and this phenomenon is called as "sorption”.

Sorption can be classified as physisorption or
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chemisorption. Both of them differ in their enthalpies. To
understand the nature of adsorption the most convenient way

is the plotting of adsorption isotherms.

The second chapter /deals with the equilibrium studies
for the sorption of Cu* on lanthanum diethanolamine a new
ligand ion exchanger”, an attempt has been made to develop a
ligand ion exchanger by combination of lanthanum nitrate and
diethanolamine/ The material so obtained behaves as a ligand
exchanger, though basically an anion exchanger. To
understand this behaviour, the sorption of Cu2+ on La-DEA is
studied in detail. Rate of sorption is fast at the start and
slows down reaching to a maximum value after 42 hrs. The
equilibrium studies were performed by batch process, shaking
for a period of 42 hrs. Sorption isotherms were obtained by
plotting X/m vs ce. These plots show the variation of
sorption with the increasing temperature revealing a very
complex behaviour. Regression coefficient (R) values for
langmuir equation and Freundlich equation show that sorption
of Cu2+ on La-DEA obeys langmuir equation because R
approaches to unity 1in this case and not in Freundlich

equation. Equilibrium constant for adsorption were obtained

and various thermodymamic parameters viz. AH, AS, AG are



computed using least square method on VAX-11 computer.
Isosteric enthalpies of adsorption A Hm were also computed
for the different sets of temperature and for the whole
range of temperature (20-80°C). For the physical
characterization of this material TGA, IR, XRD and ESCA
studies were performed. Thus it was concluded that the
sorption of Cu2+ on La-DEA is neither solely chemisorption
nor physiosorption but a combined process showing both the
behaviour. An attempt has been made to give the tentative
strﬁcture for this exchange material which helps in the

elucidation of mechanism of sorption.

The third chapter deals with the ion exchange

equilibrium of some alkaline earth metal ions and some

transition metal ions on Amberlite- IRC-718 a chelating
maéérial. Amberlite IRC-718 is a weakly basic ion exchanger
containing a chelating functionality due to the presence of
imino acidic group. This chelating functionality has several
active sites which coordinate with certain metal ions and
render them tightly bound. This resin can function over a

wide pH range hence this resin can recover heavy metal ions

effectively, elution is 100% from this resin.



Survey of the earlier literature shows that only a few
thermodymamic studies have been made on organic ion exchange
resins. Thus thermodymamics of alkaline earths and some
transition metal ions were studied on this resin in sodium
form. A simple approach has been madé using a batch process
fd} equilibrium based on the mass action lLaw modified in
terms of activities. Gluetkauf’s method was used to calculate
the solution activity coefficient. Thermodymamic equilibrium
constant (ka) was calculated by Gaines and Thomas method
after normalising the‘ih values as ;; never approaches 1
in the present studies.

Various isotherms plotted indicate that the bivalent

cations are preferred the by the resin than the Na' ion. The

selectivity sequence is in the order.

Ni* cu®h Ba?h sré*y Fedt caltsy Me?h Pulty Mnét, aAgt

The results of selectivity coefficient (Kc) indicate that
with the increase in temperature the value of Kc decreases.
Kc values also change with the increasing concentration
irregularly. But the increase in Ka value with +the rising
temperature suggests that uptake of metal ions studied is

favoured rather than Na' ion at high temperatures.



[

Positive enthalpy and entropy changes suggest an
endothermic process hence a stronger bond formation between
the exchange matrix and the competing cations. Which is
again confirmed by the negative value of free energy.

The thermodynamics of cation exchange was also studied
on Duolite ES5-467 a ligand ion exchanger. Thus the fourth
chapter describes the ion exchange equilibria of alkaline
earth Cu2+ and Pb2+ ions on this chelating material. This
exchanger contains and amino phosphonic group forming stable
complex with the metallic ions. The advantage of Duolite ES-
467 over other chelating resins containing other chemical
groups such as iminodiacetate group is an improvement in
thermodynamics. Equilibrium studies were performed by batch
process. Temperature influence on the exchange equilibrium
of alkaline earth metal ions and Cu?' and Pbe* with Na' has
been described in this chapter for a temperature variation
of 12-5@°C. The exchange isotherms are plotted for the above
mentioned 1ions and the results indicate a differential

selectivity. The selectivity sequence is in the order.

Mgt > cult > ca?t > Pb2t > Balt » 5ot

Various thermodynamic parameters were calculated and

the results summarized in the text again indicate the



preferential uptake of bivalent cations than the monovalent

Na+ ion.

The fifth chapter entitled "Mechanism of cation exchange
on Amberlite IRC-718 a chelating material” comprises the
studies of kinetics on a synthetic 1ion exchange resin
Amberlite IRC-718 a chelating exchanger material. The
exchanger has been taken in Na* form and kinetics of
exchange reaction of alkaline earths, Cuz+ and Pb2+ ions has
been performed on this exchanger. U(t) wvalues at four
different temperatures 19, 30, 40 and 50°C with + 1°C
variation have been determined and corresponding Bt values
have been plotted as a function of temperature. The results
have been compared to those obtained from Nernst Planck
equation and the recent ash model. The mechanism is found to
be particle diffusion control. Intefruption test has also

been performed to decide the exchange mechanism.

Rate of exchange 1is directly proportional to
temperature (t) and inversely to particle radii (r). Various
parameters like effective diffusion coefficient (Di),

diffusion coefficient (Do), activation energy (Ea) and



entropy of activation (s have been calculated. Knowing B

and r values Di has been calculated by the formula:
Pi = --=- oo (D)

Plots of -log Di against 1/T give the Do values as
intercept and the Ea values as slopes. The entropies of

activation have been calculated by the equation:

Do h as®
et S R 2y
2.72 d2 KT R

Kd values in DMW for different metal ions studied were

found in the order: _
cust > Pvet > Mgt > srét » Ba2t » calt

whereas the mobility rates and activation energy are in the

order

Ba2+ > Sr2+ > Caz+ > cuét > ppet Mg2+



STUDIES ON INORGANIC ION EXCHANGERS
AND LIGAND EXCHANGERS

THESIS SUBMITTED FOR THE DEGREE QF

Boctor of Philosophy

IN

CHEMISTRY

BY

ARCHANA AGRAWAL

DEPARTMENT OF CHEMISTRY
ALIGARH MUSLIM UNIVERSITY
ALIGARH (INDIA)

1989



OO 6 e

T3809




To
Mummp Papa



Ph, Ottice - 5615

DEPARTMENT OF CHEMISTRY
ALIGARH MUSLIM UNIVERSITY
ALIGARH-202002 INDIA

Dated. D8£ Y ) 128?

Sagdish P. Rawvat

M.Sc.,, Ph.D.
READER IN CHEMISTRY

CERTIFICATE

This 1is to certify that the work embodied in this
thesis entitled "Studies on Inorganic ion exchangers and
ligand exchangers”, 1is original work carried out by Miss
Archana Agrawal under my supervision and is suitable for
submission for the award of Ph.D. degree in Chemistry of

this University.

£_aral-

J.P. Rawat)




ACKNOWLEDGEMENT

In the preparation of this work, I have been greatly
benefitted by the able, scholarly and sound guidance of
Dr.J.P. Rawat, who was always ready to suggest improvement
in this work. His deep insight into +the subject matter,
combined with apt research methodology has shaped this work
into the present form. The relish of scientific milieu and
principles of balanced scientific reporting learnt from him

would go a long way in the persuit of futﬁre vernitures.

I place on my record my deepest gratitude to Professor
S.A.A. Zaidi, Chairman, Department of Chemistry, A.M.U.

Aligarh for providing research facilities.

I pay my sincere thanks +to my research colleagues
Mrs . Sangeeta, Mr. Sanjeev and my brothers for their constant
encouragement and valuable help and cooperation when I

needed them most. I thank my lab. colleagues also.

I have no words to put forth my tender sentiments to my

parents and Mrs. J.P. Rawat.

Finally, I thank Mr. Suhail Ahmad (M/s Micro Services
Centre) whose patience and excellence in his typing did much
to lighten this task.

I also thank University Grants Commission for

research grant. UAV Q AfYYQ$JOJZ

(Archana Agrawal)



CONTENTS

i1
vii

41

54
56
60
93

109

Page No.
1. Listeof Publications
2. List of Tables
3. List of Figures
4. Chapter : Introduction
Literature cited
5. Chapter 11 : Equil%?rium Studies for the Sorption
of Cu®’ on Lanthanum diethanolamine
- A chelating material.
Introduction
Experimental
Results
Discussion
Literature Cited
6. Chapter III : Ion exchange equilibria of alkaline

earths and some transition metal
ions on a chelating ion exchange
resin Amberlite IRC-718.
Introduction

Experimental

Results

Discussion

Literature cited

111
114
120
155
162



7. Chapter IV

8. Chapter V

Ion exchange equilibria of some
cations on a chelating ion exchange
resin Duolite ES-467.

Introduction

Experimental

Results

Discussion

Literature cited

Mechanism of cation exchange on a
chelating ion exchanger Amberlite
IRC-718.

Introduction

Experimental

Results

Discussaion

Literature cited

164
165
167
185
201

202
204
2017
2356
260



LIST OF PUBLICATIONS

Equilibrium studies for the sorption of Cu2+ on
Lanthanum diethanolamine - A chelating material

colloids and surfaces (In press).

Kinetics of ion exchange on a chelating ion exchanger -

Amberlite IRC-718.

Bull. Chem. Soc. Japan (Comm.)

+
Ion exchange equilibria of Mg2+, Ba?t, srét, CaZ+,CUF
Pb2+, H32+, Mn2+, N12+, Fe3+ and Ag+ metal ions on a
chelating ion exchange resin Amberlite IRC-T718.

React. Polym. Ion. Exch. Sorbenfs (Comm. )

Ion exchange equilibria of alkaline earth ions Cu2+
and Pb2+ on a chelating ion exchange resin Duolite ES-
467.

J. of Ind. Chem. Soc. (Comm.)



LIST OF TABLES

TABLES Page No.

1.1 Thermodynamic studies on various ion 6
- exchange material.

1.2 Some of +the important 1ligand ion 17
exchange material.

1.3 Certain oxides, inorganic ion 34
exchangers and 1ion exchange resins
used as adsorbents.

2.1 Table 1.2 of Chapter 1. (Some of the 54
important ligand ion exchange material).

2.2 Conditions of preparation of lanthanum 57
diethanolamine.

2.3 Ion exchange/sorption capacities of 60
some anions and cations on La-DEA.

2.4 Rate of sorption of Cu?’ on La-DEA. 62

2.5 Values of binding energies for 73

different elements in sorbed and
unsorbed exchangers.

2.6 Fitting of Freundlich equation at 78
different temperatures for a constant
particle size.

2.7 Fitting of Freundlich equation for 81
different particle size at 3@3 K.

2.8 Fitting of Langmuir equation at 84
different temperatures at a constant
particle size.

2.9 Fitting of Langmuir equation for 88
different particle sizes at 393 K.

2.10 Isosteric enthalpies and the 98
corresponding equilibrium concentra-
tion at different temperatures.



iii

Equivalent fraction of Mg2+, selecti-

vity coefficient and thegmodynamig
equilibrium constant for Mg - Na
exchange on Amberlite IRC-718.
Equivalent fraction of Ba2+, selecti-
vity coefficient and the§$odynami$
equilibrium constant for Ba - Na
exchange on Amberlite IRC-718.
Equivalent fraction of C32+, selecti-
vity coefficient and theﬁmodynamig
equilibrium constant for Ca - Na
exchange on Amberlite IRC-718.
Equivalent fraction of Sr2+, selecti-
vity coefficient and theamodynamig
equilibrium constant for Sr Na
exchange on Amberlite IRC-718.

Equivalent fraction of Cuzﬁ selecti-
vity coefficient and theﬁmodynamii

equilibrium constant for Cu - Na
exchange on Amberlite IRC-718.
Equivalent fraction of Pb2+, selecti-

vity coefficient and theﬁgodynamig
equilibrium constant for Pb - Na
exchange on Amberlite IRC-718.

Equivalent fraction of Hg2+‘ selecti-
vity coefficient and theﬁﬁodynamig
equilibrium constant for Hg - Na
exchange on Amberlite IRC-718.

Equivalent fraction of Mn2*, selecti-
vity coefficient and thegmodynamic
equilibrium constant for Mn - Nat
exchange on Amberlite IRC-718.

Equivalent fraction of N12+, selecti-
vity coefficient and theﬁ@odynamii
equilibrium constant for Ni -
exchange on Amberlite IRC-718.

120

122

125

127

138

132

135

137

140



.19

.11

.12

iv

Equivalent fraction of Fesﬁ selecti-
vity coefficient and thes&odynamig
equilibrium constant for Fe - Na

exchange on Amberlite IRC-718.

Equivalent fraction of Ag+, selecti-
vity coefficient and thermodynamig
equilibrium constant for Ag - Na
exchange on Amberlite IRC-718.

Thermodyanmic Parameters on Amberlite
IRC-718 at an ionic strength of @.1 at
various temperatures,

Ion exchange capacity of some cations
on Duolite ES-467.

Equivalent fraction of Mg2+, selecti-
vity coefficient and therg&dyanmig
equilibrium constants for Mg - Na
exchange on Duolite ES-467.

Equivalent fraction of C82+r selecti-

vity coefficient and ther@gdyanmii
equilibrium constants for Ca - Na

exchange on Duolite ES-467.

Equivalent fraction of Ba2+, selecti-
vity coefficient and therggdyanmii
equilibrium constants for Ba - Na

exchange on Duolite ES-467.

Equivalent fraction of Sr2+, selecti-
vity coefficient and ther@gdyanmii
equilibrium constants for Sr - Na

exchange on Duolite ES-467.

Equivalent fraction of Cu2+, selecti-
vity coefficient and therggdyanmig
equilibrium constants for Cu - Na

exchange on Duolite ES-467.

Equivalent fraction of Pb2+, selecti-
vity coefficient and theragdyanmii
equilibrium constants for Pb - Na
exchange on Duolite ES-467.

142

145

169

167

168

171

174

177

180

183



.10

Thermodynamic parameters for Mz+ - Na'
exchange on Duolite ES-467 at constant
ionic strength at various
temperatures.

Ion exchange capacity of Amberlite
IRC-718 for various cations at room
temperature.

Rate of exchange of Cu2+ on Amberlite
IRC-718 at constant temperature and
particle size.

Kd values for different metal ions in
different solvents.

Interruption test for Cu2+ - Na'
exchange on Amberlite IRC-718 at 30 +
1°C.

U(t) Bt, T(obs), chabg) values as a
function of time for Cu on Amberlite
IRC-718 at different temperatureg

U(t) Bt, T(obs), WYcaéf) values as a
function of time for Pb on Amberlite
IRC-718 at different temperaturesg

U(t) Bt, T(obs), T(calec) values as a
function of time for Mgt on Amberlite
IRC-718 at different temperatureg.

U(t) Bt, T(obs), 7(ca}g) values as a
function of time for Ba on Amberlite
IRC-718 at different temperaturesg

U(t) Bt, T(obs), ‘?(ca&g) values as a
function of time for Ca on Amberlite
IRC-718 at different temperatureg.

U(t) Bt, T(obs), T(ca%c) values as a
function of time for Sr¢' on Amberlite
IRC-718 at different temperatureg,

182

204

207

210

211

214

216

218

221

224

226



5.11

5.12

5.13

5.14

5.15

vi

U(t) Bt, values a , 2 function of
particle size for Cu - Na exchange
on Amberlite IRC-718 at 3@ + 1°C.

B values as a function of particle
size at 30 °C.

Values of Di (m2 sec—l) for various
ions at different temperatures on
Amberlite IRC-718 by Bt method , Nernst
Planck equation and Ash model.

Comparat Ye value of Do, for alkaline
earth Cu and Pb ions on Amberlite
IRC-718 by Bt method, Nernst Planck
method and Ash model.

Comparative values of Ea and A S* for
Alkaline earths, Cu?’ and Pb%* on
Amberlite IRC-718 by Bt method, and
Nernst Plack method.

229

239

256

257

2569



LIST OF FIGURES

FIGURE Page No.

2.1 Plot a{ F(t) vs Time (Rate of Sorption 63
of Cu®”)

2.2 IR spectra of lanthanum-diethanolamine 64

2.3 Thermograms of lanthanum diethanolamine 65

2.4(a-g) (a) ESCA of unsorbed and 66-72
(b) sorbed La-DEA

2.5 XRD of lanthanum diethanolamine 75

2.6a Plots of x/m vs Ce for 75-5¢ microns 76
at different temperatureg

2.6b Plots of x/m vs Ce for different mesh 77
sizesat 303K

2.7a Langmuir adsorption isotherms of Cu2+ 91
on lanthanum diethanolamine at
different temperatures for 75-5@
microns.

2.7b Langmuir adsorption isotherms of Cu2+ 92

on different mesh sizeg of lanthanum
diethanolamine at 303 K.

2.8 Plot of Ce vs temp (°C) at various 95
critical values of x/m. '

2.9(a-d) Tentative structural formula of 197
unsorbed and Cu®' sorbed lanthanum
diethanolamine.

3.1 Ion exchange isotherm of M32+ ion on 124
Amberlite IRC-718.

3.2 Ion exchange isotherm of Baz+ ion on 124
Amberlite IRC-718.

3.3 Ion exchange isotherm of C.stz'+ ion on 129

Amberlite IRC-718.



.10

.11

.12

.13

.14

.15

.16

viii

Ion exchange isotherm of Sr2+ ion on

Amberlite IRC-718.

Ion exchange isotherm of Cu‘g+ ion on
Amberlite IRC-718.

Ion exchange isotherm of Pb2+ ion on
Amberlite IRC-718.

Ion exchange isotherm of Mg2+ ton on
Amberlite IRC-718.
Ion exchange isotherm of Hg2+ ion on

Amberlite IRC-718.

Ion exchange isotherm of Mn?‘+ ion on
Amberlite IRC-718.

Ion exchange isotherm of Fe3+ ion on
Amberlite IRC-718.

Ion exchange isotherm of Ag+ ion on
Amberlite IRC-718.
Normalized plots of seléctivity

coeff%gients vs equivalent fractions
of Mg ion in exchanger phase.

Normalized plots of selectivity
coeffjcients vs equivalent fractions
of Ba ion in exchanger phase.

Normalized plots of selectivity
coeffaiients vs equivalent fractions
of Sr ion in exchanger phase.

Normalized plots of selectivity
coeff%gients vs equivalent fractions
of Ca ion in exchanger phase.

Normalized plots of selectivity
coeff%eients vs equivalent fractions
of Fe ion in exchanger phase.

129

134

134

139

138

144

144

147

148

149

15¢

150

151



.17

.18

.18

.20

.21

.22

.23

.24

ix

Normalized plots of selectivity
coefficients vs equivalent fractions
of Hg ion in exchanger phase.

Normalized plots of selectivity
coeff%gients vs equivalent fractions
of Cu ion in exchanger phase.

Normalized plots of selectivity
coeffiiients vs equivalent fractions
of Pb ion in exchanger phase.

Normalized plots of selectivity
coeff&gients vs equivalent fractions
of Mn ion in exchanger phase.

Normalized plots of selectivity
coeffagients vs equivalent fractions
of Ni ion in exchanger phase.

Normalized plots of selectivity
coefficients vs equivalent fractions
of Ag  ion in exchanger phase.

Plots of 1ln Ka v 1/T for alkaline
earth metal ions.

Plots of 1ln Ka vs 1/T for +transition
metal ions

Ion exchange isotherm of Mgz+ ion on
Duolite ES-467.

Ion exchange isotherm of Caz+ ion on
Duolite ES-467.

Ion exchange isotherm of Ba2+ ion on
Duolite ES-467.

Ion exchange isotherm of Sr2+ ion on
Duolite ES-467.

Ion exchange isotherm of Cu2+ ion on
Duolite ES-467.

162

152

1563

1563

154

158

158

179

173

176

179

182



.18

.11

.11

.13

X

Ion exchange isotherm of P2t ion on
Duolite ES-467.

Normalized plots of selectivity
cogfficient vs equivalent fraction of
Pb ion in exchanger phase.

Normalized plots of selectivity
cog{ficient vs equivalent fraction of
Cu ion in exchanger phase.

Normalized plots of selectivity
coafficient vs equivalent fraction of
Mg + ion in exchanger phase.

Normalized plots of selectivity
coa{ficient vs equivalent fraction of
Sr ion in exchanger phase.

Normalized plots of selectivity
coa ficient vs equivalent fraction of
Ba ion in exchanger phase.

Normalized plots of selectivity
coaﬁficient vs equivalent fraction of
Ca ion in exchanger phase.

Plot of }f Ka vs o /T for alkaline
earths, Cu and Pb ions.

Rate of exchange of Cu®* on - Amberlite
IRC-718.

Effect of an interruption on the rate
of Cu2+ ~ Na’' exchange on Amberlite
IRC-718.

Rate of exchange of cu?t at different
temperatures on Amberlite IRC-718.

Rate of exchange of Pbet at different
temperatures on Amberlite IRC-718.

Rate of exchange of Mg2+ at different
temperatureson Amberlite IRC-718.

Rate of exchange of Ba2+ at different
temperatures on Amberlite IRC-718.

185

186

187

188

189

190

191

200

208

212

218

218

223

223



5.7

5.8

5.9

xi

Rate of exchange of Ca
temperatureson Amberlite IRC-718.

2+ at different

Rate of exchange of Srz+ at different
temperatures on Amberlite IRC-718.

Influe
of Cu

Bee

Amberlite IRC-T718.

Effect
Bagi -
718 at
Ef ?ct

Mg -
718 at

Effect
Sr£$ -
718 at
Effect
Pb52 -
718 at
Effect
Cagi -
718 at
Effect
CuEi -
718 at
Effect

exchange for Cu

of temperature
Na® exchange on
particle radius

of temperature
Na exchange on
particle radius

og temperature
Na  exchange on
particle radius

of temperature
Na® exchange on
particle radius

oﬁ temperature
Na'  exchange on
particle radius

of temperature
Na' exchange on
particle radius

of pgrticle size on the rate
- Na exchange

at 390°C omn

on the rate of
Amberlite IRC-
= @.8175 cm.

on the rate of
Amberlite IRC-

= @.0175 em.

on the rate of
Amberlite IRC-
= @.8175 cm.

on the rate of
Amberlite IRC-
= @3.6175 cm.

on the rate of
Amberlite IRC-
= @.0175 cm.

on the rate of
Amberlite IRC-
= @.0175 cm.

of partic&i size on the rate of

IRC-718.

- Na*t on Amberlite

Plot of B vs 1/r2 for Cu2+ at 30°C.

Nat - Sr35

Plot of time vs X (eq ) from movi
boundary method for
exchange at different

temperature at

particle radius = 0.0175 cm.

Plot

boundary

of time vs X (eq 3) from moviag
method for Na' - Ca

exchange at different temperature at
particle radius = @.2175 cm.

228

228

230

231

232

232

233

233

234

234

238
242

242



.20

.21

.22

.23

.24

.25

.26

.27

.28

Plot of
boundary
exchange
particle

Plot of
boundary
exchange
particle

Plot of
boundary
exchange
particle

Plot of
boundary
exchange
particle

Plot of
exchange

xii

time vs X (eq 3) from movi 4
method for Na MgB
at different temperature at

radius = 4.0175 cm.

time vs X (eq 3) {rom movigg

method for Na - Ba
at different temperature at
radius = @.0175 cm.

time vs X (eq 3) {rom movig%
method for Na - Pb
at different temperature at
radius = 9.0175 cm.

time vs X (eq 9) grom movigg
method for Na - Cu
at different temperature at
radius = @.8175 cm.

4 vs t for Ca?t - Na*
at different temperatures on

Amberlite IRC-718 under the condition
of particle diffusion.

Plot of
exchange

T vs, t for cudt - Na'
at different temperatures on

Amberlite IRC-718 under the condition
of particle diffusion.

Plot of
exchange

v vs t for Mg2+ - Na*
at different temperatures on

Amberlite IRC-718 under the condition
of particle diffusion.

Plot of
exchange

T vs t for Pbet - Na*
at different temperatures on

Amberlite IRC-718 under the condition
of particle diffusion.

Plot of
exchange

T vs t for Sr2+ - Na*
at different temperatures on

Amberlite IRC-718 under the condition
of particle diffusion.

243

243

244

244

246

247

248

248

249



.29

.30

.31

.32

.33

.34

.35

.36

.37

.38

xiii

Plot of 7T vs t for Ba?t - Nat
exchange at different temperature$ on
Amberlite IRC-718 under the condition
of particle diffusion.

Plot of log Di vs 1/T K on2 Amberliﬁg
IRC-718 by Bt method for Pb and Cu
ions.

Plot of log Di vs 1/T ‘K on Amberllai
IRC-718 by Bt method for Sr and Ca
ions.

Plot of log Di vs 1/T K 'on Amberllgi
IRC-718 by Bt method for Ba and Mg
ions.

Plot of log Di vs 1/T K'on Amberlite
IRQ -718 by Efrnst Planck equation for
and Ba ions.

Plot of log Di vs 1/T K'on Amberlite
IRg-?lB by Efrnst Planck equation for
and Pb ions.

Plot of log Di vs 1/T K on Amberlite
Igg -718 by frnst Planck equation for
and Cu ions.

Plot of log Di vs 1/T K on Amberligg
IRC-718 by Ash model for Cu and Pb
ions.

Plot of log Di vs 1/T K on Amberllgi
IRC-718 by Ash model for Ba and Mg
ions.

Plot of log Di vs 1/T K on Amberliaﬁ
IRC-718 by Ash model for Ca and Sr
ions.

249

251

252

252

253

253

264

254



Chapter-1

Tutroduction



There are two phases of analytical researches via.

(1) To develop the techniques for chemical analysis.

(2) To study the mechanism and theory of these techniques.

Ion exchange is a wide spread phenomenon in analytical
chemistry. New materials which exhibit ion exchange
behaviour are being synthesized at a rapid rate. Ion
exchange processes are useful in separation, removal and
recovery of ionic species. These processes may also find
utility in ion transport devices fuel cell preparations and
catalysts development. A better understanding of these
processes can be developed by thermodynamic and Kinetic

studies in order to relate theories with experiments.

Theory of ion exchange and the underlying mechanism
involved 1in the exchange process can be understood by the
knowledge of thermodynamics and kinetics respectively. The
thermodynamic study is of course the study of chemical
equilibria. Rigorous thermodynamics however gives an
inherently abstract treatment devoid of the mechanical or
microscopic images which would lead one to a feeling of
greater intimacy and understanding of the phenomena. The
most successful treatments have been based on the model
which incorporates observed physical characteristics. Yet
properties of any particular model are reflected not only in

the form of equations obtained but usually also in the physical



interpretation to which these equations lead. In the case of
organic exchangers the most successful models take into
account the swelling observed when the resin change the
environment or the ionic form. Hence various theories and
models were developed in this respect having +their own

merits.

In one approach attempts have been made to correlate the
activities with some measurable quantities with the
thermodynamic equations. The earliest approach was based on
Semi-empirical or empirical equations to fit in experimental

1 gave the first quantitative formulation of

results. Gans
ion exchange equilibria using the law of mass action in its
simplest form which was extended by Kielland.? The formula
did not involve the concept of activity coefficient. A
suitable choice of the general treatment was given by Gaines
and Thomas.3 However Gregor was able to relate selectivity
to hydrated ionic volumes in his semi-~ quantitative model.
Rigid structure, negligible swelling pressure and a
differential selectivity has made the study simple on
inorganic exchangerg. When an exchanger in counter ion A form
is placed in a solution of counter ion B there will be an

equilibrium set up for the distribution of A and B between

the exchanger and the solution phase according to their



(A}

salectivity for +the exchanger phase. At equilibrium this
exchange process may be represented as

A+B(aq) =B + A (aa) - (1)

Where bar represents the ion in the excpanger phase.
For the sake of convenience the effect of co-ion on the
equilibrium may be neglected. The thermodynamic equilibrium

constant for the above reaction may be written as

. = a (Bl (A} Xg . £
-2 B Teho
3, ap (Al (B] Xp - fp

" Where x represents the activity coefficient in the exchanger
phase and f is the activity coefficient in the solution
phase. Thermodynamic equilibrium constant is particularly
used to find out the free energy changes of the ion exchange

processes by the expression
AG= - RT 1ln Ka o (3

The ionic selectivity 1s governed by the lowering of free
enaergy of the system which gives the information about the
preferential uptake of the counter ions by the exchanger. Ka
values at different temperatures give the value of enthalpy
change. Changes in the number and the strength of the bonds

involved in the ion exchange reaction is directly related to



enthalpy changes. The ion exchange reaction (equation-1)
provides +that structural changes within the exchanger are
small, the most important factor influencing the entropy of
equally charged ions will be expected to result from changes
in liberation entropy may also play an important role and
the overall entropy will reflect changes in randomness in
the ion exchange reaction, the driving force being the
tendency for the system to go to the most probable i.e., the

most random state.

The ion exchange equilibria of alkali metal 1ions was
5

studied by Larsen and Vissers4 and Gal and Ruvarec on

amorphous =zirconium phosphate of various compositions and
properties. Ion exchange thermodynamic studies have been
extended on more defined semi-crystalline and crystalline
zirconium phosphate for alkali ca’c.ions.s'16 The
thermodynamics was interpreted in terms of +the bonding
between alkali metal and the exchanger matrix. Recently the
ion exchange equilibria on Co(1l1) hexacyanoferrate (I1) have
been made by Ceranic and Adamovic.17 Similar studies have
also been reported on hydrous zirconia acting as anion
exchanger by Nancollas.l® Studies on zeolites have also been

made to a greater extent.

[ oY



Thermodynamic studies for alkali metals on
ferricantimonatelg’zg niobium arsenate,21 Zirconium
triethylamine,22 thorium tetracyclohexylamine23 were made

in our laboratories. Some of the equilibrium studies on
different ion exchange materials with various systems and

their parameters are given in table 1.1.

Thermodynamnic studies have also been performed on
various anion exchangers. The reversibility of BELNOE
exchange on hydrous zirconia was demonstrated by Kraus.45
The +thermodynamics of CfLNda, CiLSCNT and SCﬁtNOS exchange
on hydrous zirconium oxide was studied by Nancollas and
Paterson.46 Ruvarec and Tartanj47 studied the thermodynamics
of Cl and 8042_in NO3 form of hydrous zirconia at 25-89°C.
Thermodynamic equilibrium constant was evaluated and then
the other parameters. The use of mixad solvent systems like
methanol - water system changes the value of AG,4H ,6AS on

48 and hence the selectivity coefficient is

hydrous Zirconia
affected. Misakard Mikhail49 studied the thermodynamics of
Nog . Cf-)Nog - Br , NOg- SCN exchange on hydrous Ceria.

Various models like Eisenman model, may throw

some light on the anion exchange phenomenan

cr
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but certain factors 1like non coulombic electrostatic
attraction and oxide entropy changes have been ignored 1in
this model.

Although thermodynamic studies of ion exchange helps in
investigating the conditions at equilibrium, but it does not
provide with any information about the mechanism of change
from one state to the other and the time required there on.
The kinetics of exchange takes these factors into

consideration.

The kinetics depends on the surface area of the ion
exchange particles. Thus where diffusion rate or Kinetics
are of importance, Particle size and macro porosity of the
exchanger become important parameters. The Kinetics of a
simple homogeneous chemical reaction 1s governed by their
differential rate of reaction depending on the disappearance

of product or formation of reactant with time.

AXX+ By <= product

Rate = K- XA. yB

where K is +the rate constant and (X) and (y) are the
concentrations of reacting species. The powers A and B are
the orders of +the reaction with respect to X and Y

respectively.
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