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1) We, ICI AUSTRALIA LIMITED, of 1
Nicholson Street, Melbourne, 3001, Victoria,
‘Australia, a company incorporated under the
Laws of the State of Victoria, and COMMON-

5 WEALTH SCIENTIFIC AND INDUSTRIAL RE-
SEARCH ORGANIZATION, of Limestone Ave-
nue, Campbell, Australian Capital Territory, a
body corporate established under Science and
Industry Research Act 1949 as amended, do

10 hereby declare the invention, for which we
pray that a Patent may be granted to us, and
the method by which it is to be performed, to
be particularly described in and by the follow-
ing statement:—

15 © This invention relates to graft copolymers
and to processes whereby such copolymers can
be prepared. More particularly the invention
relates to copolymers comprising a ferromag-
netic component, especially such copolymers

20 wherein a polymeric substrate is surrounded
by a shell of copolymeric material.

It is known that copolymers may be pre-
pared by processes whereby a copolymer is
grafted on to a polymeric substrate such as

25 starch or cellulose. Typically a redox system
may be used to initiate such graft copoly-
merization and hitherto it has been common
practice to add all the components of the
redox system to the reaction mixture simul- -

30 taneously.

We have now found that monomers may be -

graft polyimerized on to substrates comprising
ferromagnetic material located in a polymeric
matrix by a process wherein the graft poly-
35 merisation is initiated by a redox system and
wherein the components of the redox system
are incorporated into the reaction mixture
separately instead of simultaneously as has
_ hitherto been taught in the prior art relating to
40 graft polymerisation.
: Accordingly we provide a process for the

manufacture of a copolymer which process

comprises treating a reaction mixture com-
prising at least one monomer and particulate
substrate material comprising ferromagnetic 45
material located in a polymeric matrix so as to
polymerize said monomer in a manner such

that it forms a polymeric shell which is grafted

on to and surrounds said substrate and wherein
the polymerization of said monomer is initiated 50
by adding sequentially to said reaction mixture
the components of a redox system.

The choice of the components of redox
systems which are suitable for use in the
process of the invention is comparatively 55
limited. Suitable systems contain as the oxid-
izing component peroxide compounds such as
hydrogen peroxide, and as the oxidizable com-
ponent a ferrous compound, e.g. a salt, is used.

In the course of our experimentation we have 60
found that several redox systems are unsuitable
for use in the process of the invention. Such
redox systems include combinations of hydro-

gen peroxide and manganous salts; hlx}irogen
peroxide and cuprous salts; Cerium salts/ 65
water mixtures; K, S,0g/cupric salt mixtures;

or K, S,05/Na, S, 05 mixtures. One useful

redox system which is preferred comprises
hydrogen peroxide suitably in the form of an
aqueous solution, and ferrous salt material 70
such as ferrous sulphate and it is convenient -

to introduce the peroxide component into

the reaction mixture, prior to introducing the
ferrous component into the reaction mixture.

So as to facilitate the understanding of the 75
invention a redox system comprising an aque-
ous solution of hydrogen peroxide and a fer-
rous salt, such as ferrous sulphate, will be
used as an example of a typical and preferred
redox system in the description which follows. . 80
In general terms the process of the invention
may be performed suitably by the following
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steps:

1. Activate the substrate with an excess of
aqueous hydrogen peroxide solution;

2. Wash the activated substrate with water
so as to remove excess hydrogen peroxide and
to form an aqueous slurry of the activated
(peroxidised) substrate;

3. Add the monomer and ferrous salt to a
stirred aqueous slurry of the activated sub-
strate and react these materials so as to form
a copolymeric product;

4. Wash the copolymeric product firstly with
acid and/or alkali, and secondly with water
to purify the copolymeric product;

5. Recover the copolymeric product in a dry
form.

Suitable materials which may be used in
the substrate as ferromagnetic materials in-
clude soft or hard ferrites, or material which
exhibits reversible magnetism such as gamma-
iron oxide, magnetite or chromium dioxide.
The ferromagnetic material obviously must be
of particle size smaller than the polymeric
particles in which it is embedded and con-
veniently is of a size in the range from 0.1
to 5000 microns, often in the range from
0.1 to 500 microns and more often from
0.5 to 40 microns. Certain suitable ferro-
magnetic materials such as for example mill
scale are expensive to grind to the desired
degree of fineness. Magnetic iron oxides, by
contrast, are simple to prepare as fine powders
and are therefore convenient to use where a
reversible ferromagnetic material is required.
Iron oxides such as Fe, O3 or Fe; 0, are exam-
ples of suitable ferromagnetic materials. —
Fe,0j; is a particularly preferred ferromagnetic
material.

The ferromagnetic substrates used in the
process of the invention may be prepared by
methods known in the art. Suitable methods
which may be mentioned include the following.
The magnetic material may be dispersed in a
monomer or monomer mixture which may
then be polymerized to give the required
particulate substrates. Another method is to
compound a mixture of a polymer and mag-
netic material together by a milling operation.
The finely ground mixture may then be granu-
lated to give material of the desired size range.
In yet another method magnetic material may
be dispersed in a solution of liquid polymers
which may then be crosslinked in a curing

-process. Another method is to deposit a poly-

mer on to magnetic material by polymerization
from the vapour phase by any suitable method
known in the art. A polymer may also be pre-
cipitated from a solution onto a dispersion of
magnetic particles so as to encapsulate them.
Methods for encapsulation are known in the
art. The proportion of ferromagnetic material
in the substrates is conveniently at least 40%
w/w of the substrate, and for many purpose it
is in the range from 60 to 80% w/w of the
substrate. The size of the substrate particles will

vary dependent on the purpose to which the
copolymer made by the process of the inven-
tion is to be put and will be somewhat less in

size than the size of the copolymer particles.
Thus for example we have found that relatively 7o
coarse copolymer particles are best for certain
applications such as purification -of substances

by fixed bed treatments and in this instance the
copolymers are suitably substantially spherical -
and of diameter in the range from 500 to 5000 75
microns. For other purposes such as floccu-
lation treatments or in continuous ion exchange
processes the average size of the copolymeric
particles is conveniently in the range from 0.1

to 500 microns overall in the largest dimension g
of the particles and more preferably is in the
range from 5 to 300 microns,

Suitable substrates include those comprising
magnetic iron oxides, such as gamma iron
oxide located in a polymeric matrix. The poly-
meric material from which the matrix may be
formed should be one which is amenable to
treatment which is conducive to the formation
of free radicals on the surface of the matrix
from which the grafted shell component may
be developed. Preferably it should be amenable
to processes whereby it may be shaped, prefer-
ably into a spherical or quasi-spherical configu-
ration. Thus thermoplastic polymers are suit-,
able because of the ease from which spheres 95
may be formed therefrom, but thermosetting
polymers are not excluded. From amongst
polymeric materials suitable for use as com-
ponents of the matrix mention is made of
polymers or copolymers derived from acry-
lamide or comprising polyvinyl alcohol. Al-
though the matrix may be formed from unmod-
ified polymeric materials it may be desirable
to increase the physical strength of the matrix
made from certain polymers or for using the
matrix under certain adverse conditions by
crosslinking the polymeric material at least in
part. A typical example of such a crosslinked
polymeric material from which a matrix may be
formed is polyvinyl alcohol which has been 11
crosslinked by treating it with a conventional
crosslinking agent such as a dicarboxylic acid, a
diisocyanate or a dialdehyde for example .
glutaraldehyde. Glyoxal is another crosslinking
agent which may be used and this agent is
particularly efficacious when the matrix com-
prises polyacrylamide as a component.

The nature of the monomer used in the -
process is not narrowly critical and is depen-
dent on the nature and conditions of use of the
copolymer made by the process. Monomers
of the nonionic type as well as acidic and basic
monomers are suitable for use in the process of
the invention. Examples of suitable monomers
and derivatives thereof include acrylamide,
vinyl acetate, vinylbenzyl chloride, methyl
acrylate, ethyl acrylate, acrylic acid, meth-
acrylic acid, 2-vinylpyridine, 4-vinylpyridine,
2-methyl-5-vinylpyridine, 3-dimethylaminopro-
pylacrylamide, 2-dimethylaminoethyl’ meth- {3q
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acrylate, 2-diethylaminoethyl methacrylate, a-
minostyrene, ethylaminomethylstyrene, diethy-
laminomethylstyrene, 1-ethyl-4-vinylpyridinium
-p-toluene sulphonate, 2-hydroxy-3-meth-acry-

- lyloxypropyl-trimethtlammonium chloride, 2-

methacrylyloxy-ethyltrimethylammonium. me-
thylsulphate, vinyl benzyl: sulphonic acid, or -
vinylbenzyl trimethylammonium chloride. The

thickness of the shell of grafted copolymer

derived from the functional monomer will
depend to some extent on the size of the
substrate and the purpose for which the copo-
Iymer is to be used. In the instance where the
substrate is spherical or quasispherical the
thickness of the shell graft is conveniently .
up t0 25% of the diameter of the substrate and

. more usually from 3 to 15%, to provide copo-

lymeric particles which are essentially spherical
in shape.

The copolymer grafted component may be
modified after it has been located on the

.. substrate component of the copolymers made
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by the process of the invention. Thus for
instance weakly acidic components such as
those derived from acrylic acid may be con-
verted to other forms by suitable treatment of
the copolymer, Typical examples of methods
whereby a modified copolymer may be pre-
pared in a further embodiment of the invention
include

a) esterification of a weakly acidic component

"such as for example the esterification of at least

part of a component derived from acrylic acid
using isethionic acid and removal of the gener-
ated water by azeotropic distillation;

b) reacting a weakly acidic copolymeric com-
ponent with a quaternary ammonium salt such
as glycidyltrimethylammonium chloride to
form a strong base derivative of the component;
¢) reacting a weakly acidic copolymeric compo-

.nent with a mixture of an amine such as diethy-

lamine and epichlorhydrin to form a weak base
derivative of the component;

d) converting the component to form amine
derivatives of the component, such as for
example treating a copolymer comprising -a
graft of polyacrylamide with an excess of
sodium hypochlorite to form an amine deri-
vative of the component.

Accordingly in an embodiment of the
invention we provide a process for the manu-
facture of a copolymer, said process being
as hereinbefore described and comprising

.additionally treating the polymeric shell so

as to convert it to a modified form.

The mechanism of the process of the in-
vention whereby copolymers may be pre-
pared is not understood and it is most sur-

- prising that the use of a redox system com-

prising a peroxide and a ferrous salt should be
capable of providing the desired copolymeric
materials when other redox systems referred

- to hereinbefore are ineffective for that pur-

65

pose. The process of the invention is useful
in that it provides a means whereby a func-

tional polymer may be located by chemical
initiating means on to a substrate containing
ferromagnetic material and thereby avoids the
need to use on a commercial scale a process
mvolvmg the use of expensive and difficult to
use jonizing radiation. - . .

In view of the unexpectedness of the process
of the invention it is considered that the copo-
lymers made by the process are novel and
accordingly in an embodiment of the invention 73
there is provided a copolymer comprising first
a substrate containing ferromagnetic material
located in a polymeric matrix, and secondly a -
polymeric shell grafted on to and surrounding
said substrate, said shell being derived from
at least one monomer the polymerisation of
which is initiated by adding sequentially to a
mixture comprising said substrate and said
monomer the components of a redox system,
said redox system being characterised in that it gs.
comprises as a first component hydrogen
peroxide and as a second component ferrous
salt material.

. These copolymers obtained by the process
of the invention are useful for purifying aque-
ous media, such as brackish water or effluents
from factories by methods of ion exchange, or
for removing from aqueous media algae, colour-
causing organic materials or colloidal inorganic
materials such as clay. They are also useful in
the protection of thermally regenerable ion
exchange resins such as those of the so-called
“Sirotherm” (Registered Trade Mark) type
from the effects of foulant substances.

The invention is now illustrated by, but is
not limited to, the following examples wherein
all parts and percentages are on a weight basis
unless otherwise specified. :
EXAMPLE.1

This is an Example of the preparatlon of a
ferromagnetic polymeric particle of use in our
invention as a substrate.

A dispersion of gamma-iron oxide was
prepared as follows:

8.4 kilograms of ‘‘Bayer S11 gamma-iron
oxide” (Trade Mark for a gamma iron oxide)
was added to a solution of 0.43 kilogram of
“Teric” PR68 (Trade Mark for an alkylene
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_oxide condensate) and 2.76 kilograms of

“Gelvatol 20-30’ (Trade Mark for a polyvinyl
alcohol) in 21.1 litres of water and the suspen-
sion was stirred until it consisted of clusters of
iron oxide particles smaller than 1 micron. To
the above suspension there was added with
rapid stirring 6.6 kilograms of an-aqueous 25%
solution of glutaraldehyde and 1.65 litres of
0.5 molar HC1 and. the product so obtained
was dispersed immediately into 105 litres of
6 -dichlorobenzene to which had been added
4.2 kilograms of “‘Span 85” (Trade Mark for
sorbitan - trioleate).  Vigorous stirring was
continued for one hour followed by gentle
agitation for about 2 hours. The product was
filtered off, washed with acetone until the
filtrate was clear. The particles so obtained
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were dried and cured for 1 hour at 100°C. 10
kilograms of particles were obtained with an
average size of 100 microns and containing
70% w[w of gamma-iron oxide. .
EXAMPLE 2

The general procedure of Example 1 was
repeated except that the iron oxide of that
example was replaced by a soft ferrite avail-
able under the registered trade mark of “Ferrox
Cube 3E”, There was thus obtained a parti-
culate substrate containing about 50% w/w of
soft ferrite.
EXAMPLE 3

The general procedure of Example 1 was
repeated except that the iron oxide of that
example was replacéd by a hard ferrite avail-
able commercially under the registered trade
mark of “Black iron oxide’® 318M. The sub-:
strate particles so obtained contained about
40% w/w of hard ferrite.
EXAMPLE 4

5 parts of the ferromagnetic polymeric
particles prepared as set out in Example 1
were stirred with 15 parts by volume of 100
volume hydrogen peroxide solution for 15
minutes. The activated substrate so obtained .
was separated by filtration means, washed with
water so as to remove excess hydrogen per-
oxide and added to 100 parts by volume of an
aqueous solution containing 0.3 part of hydrat-
ed ferrous sulphate and 18 parts of acrylic acid.
The resultant mixture was stirred for 60 min-
utes at room temperature during which time a
shell of poly(acrylic acid) was grafted on to
and surrounded the substrate. The resin so
obtained when separated from the reaction
mixture, washed so as to remove impurities
and used as an ion-exchange resin was found to
have an ion-exchange capacity of 4.2 milliequi-
valents per gram of resin.
EXAMPLE 5

5 parts of ferromagnetic polymeric particles
which were substantially spherical and had
diameters in the range from 15 to 150 microns,
and which had been made by a method as
generally set out in Example 1 and which
contained 70% w/w of gamma Fe,0; was
stirred with 50 parts by volume of an aqueous
solution containing 30% hydrogen peroxide for
30 minutes, after which time and activated
substrate so obtained was separated by filtra-
tion means, washed with water so as to remove
excess hydrogen peroxide and added with
stirring to 100 parts by volume of slightly
acidulated water. To the slurry so obtained
there was then added 0.3 part of hydrated
ferrous sulphate and 27 parts of acrylic acid.
The resultant mixture was stirred at room
temperature for 30 minutes during which time
a shell of poly(acrylic acid) was grafted on to
and around the substrate. The product so
obtained was separated from the mixture and
washed to remove impurities. When used as an
ion-exchange resin it had an ion-exchange
capacity of 5.1 milliequivalents per gram of

resin.
EXAMPLE 6

The general procedure of Example 5 was
repeated except that the amount of ferrous
sulphate was reduced to 0.05 part, the amount
of acrylic acid was decreased to 9 parts and the
final stirring time was increased from 30 to 60
minutes, The copolymeric product so obtained
had an ion-exchange capacity of 1.8 milliequi-
valents per gram of product. :
EXAMPLE 7

An amount of a copolymer prepared by the
general procedure of Example 5 and having an
ion-exchange capacity of 6.1 milliequivalents
per gram when used as a weak acid ion-ex-
change resin and containing 61 millimoles of
poly(acrylic acid) was reacted with 61 milli-
moles of glycidyltrimethyl-ammonium chloride
by heating the materials in boiling 1-propanol
for four hours. The product so obtained when  gs.
separated from the reaction mixture and
washed was found to be a strong base ion-
exchange resin having an ion-exchange capacity
of 0.9 milliequivalent per gram.

EXAMPLE 8

10 grams of a weak acid ion-exchange resin
prepared by the general procedure of Example
5 and having an ion-exchange capacity of 6.1
milliequivalents per gram and containing 61
millimoles of poly(acrylic acid) was refluxed 95
with 648 millimoles of epichlorhydrin and 715
millimoles of diethylamine in 200 millilitres
of 1-propanol for 4 hours. The separated and
washed product acted as a weak base ion-
exchange resin and as such had an ion-exchange 100
capacity of 2.6 milliequivalents per gram of
resin. It was also useful in removing colour
from the effluent issueing from a paper mill.
EXAMPLE 9 «

40 parts of substrate material in the form of 1(5
spherical particles having diameters in the range
from 66 to 100 microns and comprising 70%
w/w of Fe30,4 located in a matrix of cross-
linked polyvinyl alcohol were stirred at 75
revolutions per minute with 120 parts by vol-
ume hydrogen peroxide solution for 10 min-
utes. The activated substrate so obtained was
separated by filration means, washed with
water so as to remove excess hydrogen peroxide
and added to 800 parts by volume of an aque-
ous solution containing 2.4 parts of FeSO,
7H, O and 120 parts of acrylamide. The result-
ant mixture was stirred for three hours during
which time a shell of polyacrylamide was
grafted on to and around the substrate. The
copolymeric product so prepared when sepa-
rated from the reaction mixture and washed
provided 68 parts of a composite polymer
containing 6.3 millimoles of acrylamide units
per gram. The product was useful as a floccu-
lant aid. : .
EXAMPLE 10 :

10 grams of a copolymer prepared by a-
general procedure as described in Example 9
and containing 66 millimoles of a grafted shell 130
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of polyacrylamide was treated in a 10% aque-
ous sodium hydroxide solution with 82 milli-
moles of sodium hypochlorite in the form of
an aqueous solution. The reactants were mixed
for two hours at a temperature of 0°C to
provide a copolymer of the amine type and
which had a capacity of 1.46 milliequivalents
per gram. .
EXAMPLE 11

10 parts of a matrix in the form of spherical
particles made by the general procedure of
Example 3 and having diameters in the range
from 43 to 61 microns were stirred with 40
parts by volume of 100 volume hydrogen
peroxide solution for 15 minutes. The activated
substrate so obtained was separated by filtra-
tion means, washed with water so as to remove

excess hydrogen peroxide and was then added -

to a mixture of 200 parts by volume of an
acidic solution containing 0.075% w/v FeSO4
7H, 0 and 20 parts of 2-hydroxy-3-methacry-
lylyloxypropylirimethyl-ammonium chloride.
The resultant reaction mixture was stirred at
room temperature for two hours during which
time a copolymeric shell was grafted on to and
around substrate. The product was separated
and washed to yield 16.7 parts of a resin
having an ion-exchange capacity of 1.7 milli-
equivalents per gram. The product was suitable
for use as a decolourizing agent in the treat-
ment of effluents from paper mills and for
removing turbidity from river water.
EXAMPLE 12 T

20 parts of a substrate comprising cross- .
linked polyvinyl alcohol particles containing
70% of Fe,;0, were dispersed in 100 parts of
100 volume hydrogen peroxide solution for
30 minutes. The activated substrate so obtained
was separated from the mixture by filtration

' means, washed with water so as to remove

excess hydrogen peroxide and was then added
to a dispersion of 40 parts by volume of vinyl
acetate in an aqeous solution prepared by
dissolving 0.6 part of FeSO,7H,0 in 400
parts by volume of slightly acidulated water.
The resultant mixture was stirred at room
temperature for two hours and the copolymer
so obtained was then separated from the
mixture, washed with water and alcohol to
give 25.8 parts of a copolymer containing
2.6 millimoles of vinyl acetate units per

- gram and wherein polyvinyl acetate is grafted

as a shell on to a magnetic polymeric substrate.

- EXAMPLE 13

The general procedure of Example 5 was
repeated except that the amount of ferrous
sulphate was increased to 0.56 part and the
acrylic acid of that example was replaced by
32 parts of methacrylic acid. The copolymer
so obtained had a shell of poly(methacrylic
acid) surrounding the substrate and had an-
jon-exchange capacity of 2.5 milliequivalents
per gram. :
EXAMPLE 14

A weak base ion-exchange resin having a -

capacity of 0.9 milliequivalent per gram was
prepared by treating 2 parts of a substrate
prepared as in Example 1 with an aqueous

‘solution of hydrogen peroxide so as to ‘acti-

vate it, and then washing it to remove the
excess hydrogen peroxide. It was then added
to and stirred with 20 parts of an aqueous
solution at a temperature of 0°C and which
was 3.5 molar with respect to 4-vinylpyridine
hydrochloride and had a pH value of 1.7. The
solution also contained 0.06 part.of FeSO,
7H, 0. Stirring was continued for 2 hours and
after this time the resultant copolymeric-
product was separated from the reaction mass
and converted to a free base form in the shape
of a shell graft surrounding a substrate. The
product so obtained was useful as a floccu-
lating agent in the purification of river water.
EXAMPLE 15 . .

A weak base ion-exchange resin was pre-
pared by the general procedure of Example 14
except that the 4-vinyl-pyridine hydrochloride
was replaced by an equivalent molar amount
of 2-vinylpyridine hydrochloride. The resulting
copolymer had an jon-exchange capacity of
0.04 milliequivalent per gram.

EXAMPLE 16

The general procedure of Example 4 was
repeated except that the substrate of that
Example was replaced by a substrate in which
the particles had sizes in the range from 100 to
300 micorns and contained 50% of gamma iron
oxide. The magnetic resin had an ion-exchange
capacity of 4.5 milliequivalents per gram.
EXAMPLE 17

The general procedure of Example 16 was
repeated except that the substrate of that
Example was replaced by particles having
sizes in the range from 30 to 200 microns. The
magnetic weak acid resin so obtained had an
ion-exchange capacity of 4.3 milliequivalents
per gram, It was useful an an ion exchange
component of a dealkalization plant which ran
continuously over a prolonged period during
which time feedwaters to-and effluent from
the liming stage of a physico-chemical sewage
treatment plant were purified. '
EXAMPLES 18 TO 23 INCLUSIVE

These examples illustrate the large scale
preparation of magnetic carboxylic acid resins
using a range of substrates and stirring speeds.
In general terms the resins were made by the
following method. 4000 grams of substrate, in
the form of substantially spherical beads made
by encapsulating gamma iron oxide (Fe,03) in
a matrix of nominalily 100%. crosslinked poly-
vinyl alcohol so that the iron oxide constituted
about 70% of the substrate, and 10 litres of
100 volume hydrogen peroxide solution were
stirred for 30 minutes and the activated sub-
strate was placed on a filter and washed with
water to remove excess hydrogen peroxide. 32
litres of water was added to the activated sub-
strate; followed by 120 grams of FeSo47H,0
and 6000 grams of acrylic acid (containing 500
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TABLE 1
Example Particle sizes Stirring speed Shell Ion exchange

No of substrate (revolutions thickness capacity .

(microns per minute) (microns) (milliequivalents 70
per gram)

18 H43 250 35 5.51

19 43 to 124 300 10.2 5.81

20 124 to 208 300 16.0 4.84

21 208 to 315 250 18.5 3.84 75

22 315 to 400 400 23.0 3.70

23 400 to 600 400 20.0 245

parts per million on of hydroquinone methyl
ether as inhibitor) is a stainless steel reactor.
The resultant slurry was stirred for 30 minutes
at speeds as tabulated above. The crude copo-
Iymeric product so obtained was then placed
on a filter, separated from the reaction medium
and washed with alkali, acid and water to re-
move impurities from the desired copolymeric
product which was then dried. The ion-ex-
change capacity and thickness of grafted
polymeric shell of a range of such copolymers
is tabulated above in Table 1.
EXAMPLE 24

A dispersion of gamma-iron oxide was prepar-
ed by milling 230 parts of the iron oxide used
in Example 1 with 12 parts of *“Teric’’ PR68
and a solution of 100 parts of polyacrylamide
in 4000 parts of water. To 1500 parts of the
above suspension there was added with stirring
13 parts of glyoxal and the mixture so obtained
was dispersed into 20000 parts of 6 -dichlor-
benzene to which had been added 400 parts of
a copolymer comprising mer units of ethy-
lacrylate and 2-hydroxy-ethyl methacrylate in
a molar ratio of 10:1. The dispersion so ob-
tained was acidified by the addition thereto
of hydrochloric acid and by this means the
dispersion was converted to a gelled substrate.
Using the general procedure of Example 9 270
parts of the above substrate were reacted with
a solution containing 16 parts of FeSO,7H,0
and 810 parts of acrylamide to provide 290
parts of a copolymeric product comprising a
shell of polyacrylamide grafted on to and a-
round the substrate and useful as an ion-ex-
change resin for the purification of factory
effluents.
WHAT WE CLAIM IS:—

1. A process for the manufacture of a copo-

‘lymer which process comprises treating a

reaction mixture comprising at least one
monomer and particulate substrate material
comprising ferromagnetic material located in
a polymeric matrix, so as to polymerize said
monomer in a manner such that it forms a
polymeric shell which is grafted on to and
surrounds said substrate and wherein the
polymerization of said monomer is initiated
by adding sequentially to said reaction mixture
the components of a redox system said redox
system being characterized in that it comprises

as a first component a peroxide compound and 80
as a second component a ferrous compound.

2. A process according to Claim 1 wherein
the said first component comprises an aqueous
solution of hydrogen peroxide and the said
second component comprises ferrous sulphate. 85

3. A process according to Claim 1 or Claim 2
which process comprises the steps of first
activating the said substrate with an excess of
a peroxide compound, secondly washing the
activated substrate so formed with water so as 90
to remove excess peroxide compound and to
form an aqueous slurry of the said activated
substrate, thirdly adding to the said sturry the
said monomer and the said ferrous compound
and reacting the components of the mixture
so made so as to form a crude copolymeric
product and fourthly purifying the said crude
copolymeric product and recovering the puri-
fied copolymeric product so obtained.

4. A process according to any one of claims 1 100
to 3 inclusive wherein the said monomer is
selected from acrylamide, vinyl acetate, vinyl-
benzyl chloride, methyl acrylate, ethyl acrylate,
acrylic acid, methacrylic acid, 2-vinylpyridine,
4-vinylpyridine, 2-methyl-5-vinylpyridine, 3- 105
dimethylaminopropylacrylamide, 2-dimethyla-
minoethyl methacrylate, 2-diethylaminoethyl
methacrylate, aminostyrene, ethylaminomethy-
Istyrene, diethylaminomethylstyrene, 1-ethyl-4-
vinylpyridinium-p-toluene sulphonate, 2-hyd- 110
roxy-3-methacrylyloxypropyl-trimethyl-ammo-
nuim chloride, 2-methacrylyloxyethyltrimethy-
lammonium methylsulphate, vinylbenzyl sul-
phonic acid and vinylbenzyl trimethylammo-
nium chloride.

5. A process according to any one of Claims
1 to 4 inclusive wherein the said ferromagnetic
material is selected from soft ferrites, hard
ferrites, iron oxides, magnetite and chromium
dioxide. )

6. A process according to any one of Claims
1 to 4 inclusive wherein the said ferromagnetic
material is a gamma-iron oxide.

7. A process according to Claim 6 wherein the
said ferromagnetic material is gamma — Fe,O3. 125

8. A process according to any one of Claims
1 to 7 inclusive wherein the said ferromagnetic
material constitutes from 40 to 80% w/w of the
said substrate. ’

9. A process according to any one of Claims 130
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1 to 8 inclusive wherein the said polymeric
matrix comprises polyviny! alcohol.

10. A process according to any one of claims
1 to 8 inclusive wherein the said polymeric
matrix comprises polyacrylamide.

11. A process according to any one of Claims
1 to 10 inclusive wherein the said polymeric

* matrix is crosslinked at least in part.
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12. A process according to any one of Claims
1 to 11 inclusive wherein the said substrate is
spherical and wherein the said monomer is
polymerized so as to provide a polymeric shell
the thickness of which constitutes up to 25%
of the diameter of the said substrate.

13. A process according to any one of Claims
1 to 12 inclusive and comprising additionally
the step of treating the said polymeric shell so
as to convert it to a modified form.

14, A copolymer comprising first a particulate
substrate containing ferromagnetic material
located in a polymeric matrix, and secondly a
polymeric shell grafted on to and surrounding
said substrate, said shell being derived from at
least one monomer the polymerisation of
which is initiated by adding sequentially to a
mixture comprising said substrate and said
monomer the components of a redox system,
said redox system being characterised in that it

comprises as a first component a peroxide
compound and as a second component a
ferrous compound.

15. A process for the purification of an
aqueous medium which process treating said
medium with a copolymer according to Claim
14 in a manner such that the said copolymer
removes at least part of undesired material
present in said medium from said medium.

16. A process according to Claim 1 and
substantially as hereinbefore described with
reference to any one of Examples 4 to 24
inclusive.

17. A copolymer according to Claim 14 and
substantially as hereinbefore described with
reference to any one of Examples 4 to 24
inclusive. :

18. A process according to Claim 15 and
substantially as hereinbefore described with
reference to any one of Examples 8, 9, 11,
14,17, and 24.
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