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1.1 Scope_and object :

Wnen an ion exchange resin is placed in
Contact with a solution, one or more of the following

phenomena may occur :

1. ion exchange,
2. sorption of strong electrolytes,
3. sorption of weak or nonelectrolytes

and 4. sorption of solvent or swelling of the resin.

In this study, the interest has been in the
first‘three directions.

The object has been to contribute towards the
Understanding in the above directions and the application

to the separation of mixtures.

1.2 Ion exchange materisgls : ( 1 to 10 )

Introduction :

Ion exchange materials are of a wide variety.
These may be imorganic or organic and of different shape
and size. The common genseral structural principle is a
framework with electric surplus charge and mobile counter
lons. However, the various types of materials behave
markedly differently.
Inopganic ion exchange materials :

Most natural ion exchange materials are crystalline
aluminosilicates with cation exchange properties. The

geolites have a rigid three-dimensional framework structure
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with cavities am chanpels permeable to counter ions.
Clayé‘have a layer structure and the counter ions move in
between the layers. Glauconites have a dense, three-
dimensional framework structure and the exchange can
Occur essentially only at the crystal surface. A few
Minerals such as apatite can act as natural inorganic
anion exchangers.

Synthetic aluminosilicate cation exchangers have
been prepared by fusion and precipitation methods. Recently,
Zeolites with regular crystal structure have been prepared.
These are useful as molecular sieves'as these can sorb
Small molecules, but exclude molecules which may be larger
than the channel width. Interesting cation and anion
exchangers, have also been prepared from zirconium and tin
hydroxi@es.

Organic ion exchangers :

Organic ion exchange resins are the most
Significant of the ion exchange materials. These are gels
and the matrix consists of an irregular, macromolecular,
three-dimensional network of hydrocarbon chains. The ionic
groups attached to the matrix may be of various types

such as,
» - 803" - €00~ - P03~ - AsO3  —
for cation exchangers and
+ + N !
- NH; > NH, Pl 3
for anion exchangers. Hence, ion exchange resins are

Crosslinked polyelectrolytes. They are insoluble, but have a



limited swelling in water, depending on the erosslinking.

The ion exchange behaviour of the resins is mainly dependent

on the nature of the fixed lonic groupse.

Certain coals are natural weak acid cation
exchangers. Others may be converted into lon exchangers
by chemical treatmemt; such gs sulfonation. Many other
Natural or synthetic materials can act as ion exchangers
or can be converted into ion exchangers, by introducing
Tixed ionic groups or by crosslinking. Ton exchange
Papers and phosphorylated cotton are of interest.

Commercizl ion exchangers are insoluble solids.
Recently liquid- ion exchangers; such és long chain
aliphatic amines and fatty acids or alkyl phosphates have

become of great interest.

Organic synthetic resins in general, have superior

chemical and mechanical stability, exchange capacity,
exchange rates and versatility. Inorganic materials
possess better thermal stability and resistance to

radiation.

Preparation :

A wide variety of organic ion exchange resins
have been prepared and some are available commercially
under various trade names. Tables (L.23i1 and 1.2.2 ) give
the trade names and the mamufacturers of commercially
available ion exchange resins.

The syvnthesis of ion exchanée resin should yield

a three-dimensional, erossTinkedie matrix of hydrocarbon

-
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chains carrying ionie groups. The resine can be prepared
by condensation polymerisation or addition polymerisation
and the lonogenic groups can be introduced, before, during
or after the polymerisation. These groups may be of one
Or more types giving monofunctionsl or multifunctional
Cation exchange or anion exchange or amphoteric resins.

Most of the earlier cation exchange resins were
Condensation products of phenol derivatives and aldehydese

Most of the present commercial resins are
addition polymers prepared from vinyl monomers. These
resins have a beﬁter chemical and thermal stability than
the condensation polymers and their degree of crosslinking
and particle size can be more easily controlled.

The monofunctionsal su}fonic acid cation exchange
Tesins available are grosslinkeéd polystyrenes with
sulfoniec acid groups, introduced by sulfonation of the
polymer. The crosslinking agent used is divinylbenzene.
Amberlite IR-120, Dowex 50, Nalcite HCR, Permutit Qy
Duplite C-20 and C-25 and Lewslit 8—106 are resins of tv

this type. The structure may be imagined as :

Sssescsse -—CHg - CH —CHZ - CH - CHZ -

~ $o3H 503H
*SeEseBesse — CH2 - CH - CI‘IZ - CH - CI‘{z - CH e

3
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Pure divinylbenzene is not readily aﬁailable 5
hence the resins are prepared with a commercial product
Consisting of a mixture of t he different divinylbenzene
isomers ( about 40 to 55 % ) and ethylstyrene ( about 45
to 60 7 ). Ethylstyfene is also incorporated into the
Matrix.

By varying the divinylbenzene content, the
degree of crosslinking can be adjusted in a simple and
» Teproducible manner. The nominal DVB content is used to
indicate the degree of crosslinking ; it refers to mole
Percent of pure divinylbenzene (mot of the commercial
product ) in the polymerisation mixture. Resins with low
degree of crosslinking, swell strongly and are soft and
gelatinous. Resins with high DVB content swell much less
and are tough and mechanically more stable,

' The éopolyméi_ﬁéads are prepared by the pearl
Polymerisation technique. The monomers, from which
stabilisers have been removed, are mixed and a
polymerisation catalyst, such as benzoylperoxide is added.
The mixture is then added to a thoroughly agitated agueous
solution at a required temperature ( usually 850to 1OOOC )
The mixture forms small droplets, which remain suspended.
A suspension stabiliser ( gelatin, polyvinylalcohol etc.)
in the aqueous phase prevents agglomeration of t he droplets.
The éize of the droplets depends mainly on the nature of
the stabilizer, the viscosity of the solution and the
agitation and can be varied within wide limits. The polymer

is obtained in the form.of fairly uniform beads.
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The sulfonation of the beads is simple, if
Proper precautlions are taken. The cracking of beads may
be avoided by first swelling the beads in an organic
solvent such as toluene, nitrobenzene etc. It is advisable
to transfer the sulfonated beads first to a highly
Concentrated electrolyte solution, which causes less
S5welling and then to dilute the solution stepwise.
Sulfonation with concentrated sulfuric acid or
Chlorosulfonic acid results in practically complete
monosulfonatign of all the benzene rings.

Highly porous, macromolecular ion exchange
resins ‘'are prepared by a varigtion in the conventional
Pearl polymerisation technique. An organic solvent, which
is a good solvent for the monomers, but a poor solvent for
the polymer is added to the polymerisation mixture. As
polymerisation progresses, the solvent is squeezed out by
the growling copolymer rezions. In this way, spherical beads
are obtained with wide pores which permit access to the
interior of the beads'even when nonpolar solvents are used.
The recent Amberlyst ion exchange resins are of this type .

Cation exchangers with specific preference for
¢ertaln cations can be made by introducing groups which
form strong. complexes, preferably chelates with these
Cations. Resins with chelating iminodiacetic acid are
oy commercially available.

Most of the earlier anion exchange resins were
Condensation products of aromatic or aliphatic amines and

aldehydes, dihaloparaffins or haloepoxides. Most of these
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contain weakly basic groups.

The more important anion exchangers are cross-
linked polystyrenes, into which strong or weakly basic
groups aPfe introduced by chloromethylation and subsequent
amination. Reaction with tertiary alklyamines gives strorg
base quaternary ammonium groups and reaction with primary
or gecondary alkylamines or ammoniaz gives weak base amino
groups. Anion exchangers with strong base quaternary
phosﬁpnium and tertiary sulfonium groups have also been
prepared. ,

Amphoteric ion exchangers contain both acidic and
basic groups. Snakecage polyelectrolytes are a novel
variety of amphoteric resins. These are prepared from
conventional ion exchangers by polymerisation of monomeric
Counter ions within the resin,

For specific purposes ion exchangers in the form
of pellsts, rods, belts ete. have been prepared by cementing
ion exchange particles together with an inert binder or by
impregnating suitable supporting carriers.

Ton exchange membranes have been prepared by
Various methods. The membranes may be homogeneous or
heterogenous and have become of significant interest

recently, particularly for desalting of water.
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