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15 polymers has;become a wide domain of polymer science and techniques such as corona

discharge, plasma and grafting are frequently employed for modification.

Generally, any reaction of classical organic chemistry can ‘be applied to modify or
functionalise a polymer and reactions can be carried out in solution, in the melt or in the

20 solid state. Cis-trans isomerisations of polydienes, cyclisation of polyacrylonitrile, addition
of maleic anhydride onto double bonds, and hydrolysis of polyvinyl acetate to polyvinyl

alcohol are examples of reactions that can be carried out in solution.

During the last twenty years, the modification of polymers using radiation has

25 become very important in polymer science and technology. The breakthrough in the
industrial use of radiation took place in the 1950’s with the discovery of the crosslinking of
polyethylene using high energy radiation. Today the changes induced by radiation on the
properties of the most common polymers are well studied and documented. Applications
such as radiation stabilisation and radiation induced polymerisation, crosslinking and

30 grafting have gained central industrial importance.
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15 5

| Historically, radiation grafting has used low dose rate gamma rays from %°Co sources.

During the past 10 years however, there has been much interest in using high energy
electrons from accelerators with high dose rates. High dose rates make radiation grafting
processes commercially more attractive.

20

There are three common methods of radiation grafting: mutual, pre-irradiation and

peroxide methods. In mutual (or direct) grafting, the polymer is irradiated in the presence of
the monomer. This is a simple and effective method since the free radicals initiate
polymerisation immediately they are generated. The disadvantage of this method is however,

25 that simultaneous graft copolymerisation and homopolymerisation occurs upon irradiation.
This reduces the yield of the desired copolymer. There are limited possibilities to alter the
ratio of graft copolymerisation versus homopolymerisation for example, by the addition of
compounds such as Mohr’s salt or FeCls, or by the careful choice of the polymer-monomer
system.

30

In a pre-irradiation process, the polymer is jrradiated in an inert atmosphere and is

subsequently immersed in a monomer solution. The process requires additional steps in
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a high conversion of the monomers used for graftmg. A high conversion is not only

15 economically-desirable, but also decreases the amount of waste material to be disposed of,
and minimises the need for monomer recycling. It is clearly desirable to develop radiation

grafting processes with high monomer conversion.

WO 00/15679 describes a water based grafting process in which monomer units are

20 grafted onto a cross linked polymer from a reaction mixture which comprises an emulsion of
the monomer in water. Emulsifiers such as alkyl sulphates and fatty acid esters are used in
relatively high proportions of up to 15wi% of the reaction mixture in order to improve

wetting of the polymer and the stability of the emulsion.

25 US 5817707 describes a process for making a graft copolymer of a porous propylene
polymer and a vinyl monomer. The reaction mixture includes water and a surfactant. The
function of the surfactant is to produce an emulsion with water-immiscible monomers by
forming stable micelles, as well as improving the solubility of the monomer in the aqueous
phase. The surfactants may be an anionic, cationic or non-ionic.

30

A novel grafting process with significantly increased monomer conversion has been

developed. The monomer solutions used in the pre-irradiation and peroxide grafting
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i mm scCi non- emu Preferably, the second phase further
conpr i s@hasa competiseshater; hhd wheganthe fisgland second pPhaseh erd substantiably ifnmisdible
provi des grafted copol yners made by such a process. Suitable polyners
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Preferably, the second phase further comprises a water miscible organic solvent.

The invention further provides grafted copolymers made by such a process.

Suitable polymers include polyolefins and fluorinated polyolefins, particularly
polyethylene, but other polymers may also be considered, and the invention applied

20 advantageously to such polymers.

The polymer may be in any form, including especially beads and fibres, although

there may be technical interest in other forms such as films.

25 The monomers in the reaction mixture may comprise any non-water soluble
monomers however preferably, the monomers are selected from the group of styrene and
derivatives, vinyl benzyl derivatives such as vinyl benzyl chloride, styryl diphenyl
phosphine, vinyl benzyl boronic acid, vinyl benzyl aldehyde and derivatives, o-methyl
styrene, o-methyl styrene derivatives such as m-isopropyl-o,o-dimethyl benzyl isocyanate,

30 vinyl acetate, vinyl pyridine and vinyl sulphonic acid. If the reaction mixture comprises more

than one type of monomer, the resulting polymer will have varied monomer units.
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In the first embodiment, after the irradiation step, the irradiated polymer is immersed

15 in the reaction mixture. Preferably, immersion is substantially immediately or shortly after
irradiation, although a longer interval between irradiation and immersion may still be

effective.

In a further embodiment, the irradiation step may be carried out in the presence of

20 oxygen. In this case, the process is a peroxide grafting process and suitably, further
comprises a cleavage step after the immersion of the irradiated polymer in the reaction
mixture. The peroxides or hydroperoxides are cleaved and grafting is initiated by for

example, heat, by the application of UV light, or by catalysis.

25 Trradiation of the polymer can be carried out with any suitable form of ionising
radiation, suitably accelerated electrons. The radiation dose delivered is dependent on the
polymer and the specifications of the final product. Typically, the dose is in the range of
50 kGy to 300 kGy.

30 In the pre-irradiation embodiment of the process it can be useful to add small
amounts of an initiator such as benzoyl peroxide. It may be necessary to heat the solution to

cleave the initiators.



20 oxygen. In this case, the process is a peroxide grafting process and
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15 After completion of the reaction, separation of the polymer is suitably achieved by
filtering. Washing is preferably carried out to remove any residual monomer or
homopolymer formed during the reaction. A suitable washing procedure comprises firstly

washing with ethanol, and then with dichloroethane or acidified water.

20 The grafting process according to the invention has many advantages. The
conversion of the monomers added to the graft solution is close to 100%, and thus expensive
recovery and recycling of the monomers can be reduced. Accordingly, the process is more
environmentally friendly since the formation of waste material is minimised. The process is
also more easily controlled allowing variation from batch to batch to be avoided, leading to

25 improved product quality.

By using the graft process according to the invention it is easy to prepare graft
copolymers with a pre-determined capacity of functional groups. Monomer conversion is
significantly higher than that which can be achieved using conventional grafting techniques,

30 giving a higher density of graft chains. Preferably, monomer conversion is greater than 60%,

more preferably greater then 70%, and in some cases greater than 90%.
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for example, Suzukl-Mlyaura couphngs and Heck reactions. Catalyst supports comprising
15 graft copolyniers produced using the process described herein form a further aspect of the

present invention.

The skilled person will be able to see many ways of producing improved graft
copolymers and chemically modified graft copolymers in accordance with the invention.
20
It is believed that the invention provides novel graft copolymers useful in many fields
but especially in catalysis and ion-exchange to recover or refine metals. Tests are ongoing to
establish the definition and/or analysis of such novel copolymers. It is the intention of the
Applicants to claim all novel processes, products and products derived from the present

25 invention.
The invention will now be illustrated by way of example only.

EXAMPLE 1

30
350g of cut polyethylene fibres (0.7 Dtex) were irradiated in an inert atmosphere t0 a

total dose of 150 kGy using an electron accelerator operating at an acceleration voltage of
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solutjon. The weight gain of the recovered fibres was determ ned and the
convel’si on of the nononmer was cal cul ated to be 100%

EXAMPLE 2
Example 1 was repeated with a reaction mixture containing 200g styrene,
600g ethanol and 400g water. The conversion of the monomer was calculated to be 82%.

15
EXAMPLE 3

Example 1 was repeated with a reaction mixture containing 203g styrene, 400g

20 ethanol and 600g water. 3g of divinyl benzene and 3g of a 25wt% solution of dibenzoyl
peroxide were also added to the reaction mixture. The reaction took approximately 2 hours

to reach completion. After the 2 hours the solution temperature was raised to 80°C and

maintained there for 4 hours. The conversion of the monomer was calculated to be 91.7 %.

25
EXAMPLE 4
Example 1 was repeated with 223g of cut polyethylene fibres (0.7 Dtex) and a
reaction mixture containing 153g styrene, 23g vinyl benzyl chloride, 588g ethanol and 203g

30 water. The conversion of the monomer was calculated to be 80%.



10 EXAMPLE 2 Exanple 1 was repeated with a reaction m xture contai ning 200g
styrene, 600g ethanol and 400g water. The conversion of the nononer was
cal cul at adovD3dse8 82% 15 EXAMPLE 3 Exanpl e 1 was repeat eBCWGBh1/a6BEact i on
m xture containing 203g styrene, 400g 20 ethanol and 600g water. 3g of

di vinyl benzene and 3g of a 25wt % sol wtion of di benzoyl peroxide were also
added to the reaction mxture. The reaction took approximtely 2 hours to
reach conpletion. After the 2 houEXAMPIIOSution tenperature was raised to
80C and mumintained there for 4 hours. The conversion of the nononmer was
calculated to be 91.7 % 25 EXAMPLE 4 Exanple 1 was repeated with 223g of
cut pol yet hyle fibpr ) i r i 1539
styrene, 239bv mlle ge‘ﬁa;yllfegc ?orltg 1332%ch {ﬁ@lg&}l Irllédnf?%% g)’gag%%\)n?tgmg
conver st m‘i:&@reméﬁ@tﬁﬁ We6e ﬁﬁ‘eﬁ&ﬂw’geﬁlﬂ eyl 8m%1dég\06ﬁg/eﬂﬁﬁdl&nd 3082

PCT/ GBOL/ 04637 EXANPLégS Exanp was repeated w th 1349 of cut

pol yethyatenel g ofbdwmyt berzem and I&Qﬁ 335 Waé@lf-lg?p At dibgrzgovt B‘Fff’é‘idﬁl"}‘%e 58

styrene, nyl benz ride et tzo, | g Of
di vi nyl @ %‘geﬁg%ﬁ? ’é‘?f‘tﬁlopémlé/#m%% ng{ﬂnﬁg% mgﬁergvgagzcgﬁﬁ&aegﬁg\g?gg Si&re al so
added to the reaction m xture. The conversion of the nononer was cal cul at ed
to be 99.5% EXAMPLE 6 10 Exanple 1 was repeated with 10 g of cut

pol yethyl ene fibres (0.7 Dtex) anEXAMBAH6i on ni xture containing 20g
styrene, 5g styryl diphenyl phosphine, 50g ethanol and 20g water. 0.15g of
di vinyl benzene and 0.135g of a 25 wt % sol ution of di benzoyl peroxide were

10 Example 1 was repeated with 10 g of cut polyethylene fibres (0.7 Dtex) and a

q

reaction mixture containing 20g styrene, 5g styryl diphenyl phosphine, 50g ethanol and 20g
water. 0.15g of divinyl benzene and 0.135g of a 25 wt% solution of dibenzoyl peroxide were
also added to the reaction mixture. After the reaction was complete the temperature was
raised to 80°C for 1 hour. The conversion of the monomer was calculated to be 76%.

15 Elemental analysis of the copolymer gave a phosphorus content of 1.79%, indicating the
extent of grafting of the styryl diphenyl phosphine.

EXAMPLE 7

20 Example 1 was repeated with 10 g of cut polyethylene fibres (0.7 Dtex) and a
reaction mixture containing 20g styrene, 2g styryl diphenyl phosphine, 50g ethanol and 20g
water. 0.02g of divinyl benzene and 0.2g of a 25 wt-% solution of dibenzoyl peroxide were
also added to the reaction mixture. After the reaction was complete the temperature was
raised to 80°C for 1 hour. The conversion of the monomers was calculated to be 91%.

25 Elemental analysis gave a phosphorus content of 0.76%.
EXAMPLE 8
Example 1 was repeated with 10 g of cut polyethylene fibres (0.7 Dtex) and a

30 reaction mixture containing 20g styrene, 0.5g vinyl phenyl boronic acid, 50g ethanol and 20g

water. 0.03g of divinyl benzene and 0.2g of a 25 wt-% solution of dibenzoyl peroxide were



al so added to the reaction m xture. After the reaction was conplete the
tenperature was raised to 80C for 1 hour. The conversion of the nononer
was cal cwwavmshet® be 76% 15 El emental anal ysis of the copol/gmerogave a
phosphorus content of 1.79% indicating the extent of grafting of the
styryl di phenyl phosphi ne. EXAMPLE 7 ®0 Exanple 1 was repeated with 10 g of
cut polyethylene fibres (0.7 Diex) and a reaction m xture containing 20g
st yr enealso2gddetito the deaﬁfiemyihlxmlﬁ@s@ﬂdzrmhc: reddtior tweanmimpdetel RO tempesdtene. was 02g of
di vinyl benzene and g of a 25 wt-9% sol ution of ﬁ@ena}é‘gL oxi de were
al so addised to8( ﬁéorrleb@mEhp?ﬁrwmmof&@qwn%@sw@ae FEate %gﬁﬁl ete the
tenperature was raised to 80C for 1 hour. The conversion of the nononers
was cal culated to be 91% 25 El enental anal ysis gave a phosphorus content
of 0.76% EXAMPLE 8 Exanple 1 was repeated with 10 g of cut polyethyl ene
fibres (0.7 Ditex) and a 30 reaction _m xture containing 20g styrene, 0.5g
vi nyl 5phenyl boronic acid, 509 etBXAMPEESD 209 water. 0.03g of divinyl
benzene and 0.2g of a 25 wt-% sol ution of di benzoyl peroxide were WO

02/ 36648 PCT/ GBOL/ 04637 10 al so added to the reaction m xture. After the
reacti ogy wasp ?gmtﬁ,t,ﬁ,ftpmaaﬁ{m@a@ﬁ]ygte was raised to 80C for 1 hour. The
conversion of the nmononers was cal culated to be 93% 5 EXAMPLE 9 . 9a

Pr epar ati on R;ﬂymrlememﬁhwscan@dlf}gd Wéhyé‘b’fﬁylp/éﬁé}’lﬁmbﬁfé’éphﬁéﬁﬂﬁ? eP-PRlypRer

Cent; BRYebacsRianjo B BN (el Sere MERRCIEBCREAGHL S Ugghhe
52'3' ZigdPﬁglaﬁfh%{ ak&ale (P55, ﬂz?ﬁeqawauew ealitver 6 M ity @hé poRyrher) tvkees padedirer )

The mxture was stirred for two hours_and the pol yrrer fibres
wer e t hEine mbttire cwasd stiyed ffor twathiours. amhélye welyanen et wer g FoNectsd:

di chl g P%%IQI'? n?he%fngvegr washed nthg}oqlghly et | den1di8% ¥ ane and dried in air, then in

vacuo.
Yield: 67.9g

15 3

9b Suzuki-Miyaura Coupling using Catalyst Prepared as above in 92

The Pd catalyst (20mg) was mixed with 4-bromoacetophenone (1M in toluene, 1.65ml)

phenylboronic acid (0.305g) and potassium carbonate (0.449¢) in toluene (3.35ml). The
20 mixture was stirred and heated to 70°C under nitrogen. After two hours the solution was

allowed to cool to room temperature and was filtered. Analysis of the filtrate by gas

chromatography indicated complete conversion of 4-bromoacetophenone  to

4-acetylbiphenyl.

25
9¢ Heck Reaction using Pd Catalyst Prepared as above in 9a
The Pd catalyst (20mg) was mixed with 4-bromoacetophenone (0.71g) n-butyl
acrylate (0.64g) and sodium acetate (0.32g) in N N-dimethylacetamide (5ml). The mixture
was stirred and heated to 100°C for 24 hours under nitrogen. The solution was allowed to
30 cool and was filtered. Analysis of the filtrate by gas chromatography indicated 97%

conversion of 4-bromoacetophenone to 4-acetyl-n-butylcinnamate.



Yield: 67.99 15 9b Suzuki-M yaura Coupling using Catal yst Prepared as
above in 9a The Pd catal yst (20ng) was m xed wth 4-bronpacet ophenone (1M
in toluemeQ 0d3@%811 ) phenyl boronic acid (0.305g) and pot aBeT/GBOUaBDNAL €
(0.449g) in toluene (3.35m ). The 20 m xture was stirred and heated to 70C
under nitrogen. After two hours the salution was allowed to cool to room
tenperature and was filtered. Analysis of the filtrate by gas
chromat ography indicated c MR ARAGHVE EXAMPEE 4- br onpacet ophenone to
4- acetyl bi phenyl. 25 9¢c Heck Reaction using Pd Catal yst Prepared as above
in 9a The Pd catal yst (20ng) was m xed wi th 4-bronoacet ophenone (0-71g)
n- butyl acr ( i a t i
N, N- di et hyl %Jé%@% 183% ?%P%?&Tﬁgmmwguﬁgamg(g&%ﬁrgﬁglbgbﬁd(oﬁegtteex atmél %OOC
for 24 feactioh wigkere boftaiadRNonlyhB)49g! styrens) Maswatkd owaecbresenBan dholreaiidn was
filtered, Analysis of the filtrate by gas chromatography indicated 97%
conversgruiss The epnyarsionarfshemaperaen wascalgulated tobe3dry | ci nnamate. WO 02/ 36648
PCT/ GBOL1/ 04637 11 COVPARATI VE EXAMPLE 1 Exanple 1 was repeated with 2509
of cut polyethylene fibres (0.7 Ditex) and a reaction m xture containing
only 1040g styrene. No wat E(EO@;FEAEIEIVEtEXAMIPEEQeaCti on 5 mixture. The
conversion of the nmonomer was cal cul ated to be 33% COVPARATI VE EXAVPLE 2
Exanple 1 was repeated with 100g of cut polyethylene fibres (0.7 Dtex) and
a 10 reacti 1xtu C [Nk y ' i.de. and 200g
BRI V&aé&%s prrggéa%dt Witd ﬁyg oft 9&95’%%&%&16%5 ?ié}gs . ﬁté)s g

et hanol . No Va sent in react X e conversion of
t he mMneaeionyaEnea lconthitigtorlp 466 ¥hybbeaVIRARATE Wid EOGYVEhimo3. No water was

present in the reaction mixture. The conversion of the monomer was calculated to be 25%.

Fd

COMPARATIVE EXAMPLE 3

15 Example 1 was repeated with 115g of cut polyethylene fibres (0.7 Dtex) and a
reaction mixture containing only 427g 4-vinyl pyridine and 210g ethanol. No water was

present in the reaction mixture. The conversion of the monomer was calculated to be 18%.



15 Exanple 1 was repeated with 115g of cut polyethylene fibres (0.7 Dtex)
and a reaction mxture containing only 4279 4-vinyl pyridine and 210g

et hanol . W 0madees was present in the reaction m xture. TheT/GBavetss? on of

t he mononer was cal culated to be 18% WD 02/36648 PCT/ GB01/ 04637 12
CLAIMS 1. A process for the productiomof a graft copolyner, the process
conprising reacting an irradiated polyner in a reaction m xture conprising
a firstcop/agases and a second phase; 5 wherein the first phase conprises a
source Of at I east one non-water sol ubl e nononer; wherein the second phase
conprises water; and wherein the first and second phases are substantially

i mm sci bl e and_non- | sifi,ed. 2. A ocess acecording to imJl,. rein
t he second pg‘a{g%cefﬁf({rnﬁléerpr%wg]ropé%g ga%qufymefot%ﬁipg%qe gt gsaﬁirggdsugg@g nt. 3.
A pr ocegpdassd bgiyﬁﬂr iR £ kHchdrd niiktued %bﬁbﬁsin@‘“@ Fi@dtNpHab€ aR@| &/ 8&Jond Sphase;

polyolefin or a “fluorinated polyolefin. 15°4. A process according to any
pr ecedi wherelmathe, fitsh phesencavhprises al waste ofhet least- ovet pon-watsk sblublermesaer;i s
chosen fromthe grou onprising: styren nd. derixatives, vinul benzyl
G e U e SHE b oo watet, S paaeisn B, 3L rAE Shoant DAL by |
bor oni cyaflaftiallyiniMisciBRMM nodletfiMflgs and derivatives, a-nmethyl styrene,

a- net hyf styrerie derivatives, m 1sopropyl-a, a-di nethyl benzyl isocyanate,
vinyl acetate, vinyl pyridine and vinyl sul phonic 20 acid. 5. A process
according to any precedi.ng claj erein water, conprises from5 to 80% by
wei ght &f thé PrEest P%ﬁ?f‘iﬁlgtt%?‘él.mmiswg?mﬂ tg? 82984 PRRCIHPHCAPIEPS P kT

wher e Mt o i&bﬁ,@ﬁtfrom 20 to 50% by weight of the reaction m xture.
7. '

A process according to any of clains 2 to 6, wherein the water m scible
organi c solvent conprises an al cohol.

S =0)

3. A process according to claim 1 or claim 2, wherein the polymer is a polyolefin or a
fluorinated polyolefin.
15 4. A process according to any preceding claim, wherein the at least one non-water

soluble monomer is chosen from the group comprising; styrene and derivatives, vinyl benzyl
derivatives, vinyl benzyl chloride, styryl diphenyl phosphine, vinyl benzyl boronic acid,
vinyl benzyl aldehyde and derivatives, a-methyl styrene, o-methyl styrene derivatives, m-
isopropyl-o,a-dimethyl benzyl isocyanate, vinyl acetate, vinyl pyridine and vinyl sulphonic

20 acid.

5. A process according to any preceding claim, wherein water comprises from 5 to 80%

by weight of the reaction mixture.

25 6. A process according to claim 5, wherein water comprises from 20 to 50% by weight

of the reaction mixture.

7. A process according to any of claims 2 to 6, wherein the water miscible organic
solvent comprises an alcohol.

30
8. A process according to claim 7, wherein the water miscible organic solvent

comprises ethanol.



30 8. A process according to claim7, wherein the water m scible organic
sol vent conprises ethanol. WO 02/ 36648 PCT/ GB01/ 04637 13 9. A process
accordi ngvo 02/36sy8 precedi ng claim wherein the polynmer is PeT/aBoro®aE7 i N an

i nert atnosphere. 5 10. A process according to any of clainms 1 to 8,
wherein the polynmer is irradiated in tithe presence of oxygen. 11. A process
according to any preceding claim wherein the reaction m xture further
conprises an initiator. 10 12. A process according to claim1ll, wherein the
initiator conprises benzoyl peroxide. 13. A process according tq.an
precedi flg cl & PROCGH SFErding e anppreeeding plaip. vherein, %B?IWB%MP?%@@&“
cross-lhgg%hno e&ﬂ' A process according to claim 13, wherein the
cross-|inker conprises divinyl benzene, di- or tri- (neth) acrylate, or
di- or tri-(neth) acrylamde. 15. A graft copolynmer prepared by a process
according to any of clainms 1 to 14. 20 16. A graft opoLyner,a&gor ing to
cl ai m3140. whéy mopesrapronting s Ameeisslaims; kstogh, ahersin therpalyrogui Madiatad pgg yst

ilugip(r)nrag{@&%rei&loxﬁéﬁpri sing a graft copolyner according to claim15 or 25

11. A process according to any preceding claim, wherein the reaction mixture further

comprises an initiator.

10
12. A process according to claim 11, wherein the initiator comprises-benzoyl peroxide.
13. A process according to any preceding claim, wherein the reaction mixture further
comprises a cross-linker.

15 a4
14. A process according to claim 13, wherein the cross-linker comprises divinyl benzene,
di- or tri- (meth) acrylate, or di- or tri-(meth) acrylamide.
15. A graft copolymer prepared by a process according to any of claims 1 to 14.

20

16. A graft copolymer according to claim 14, wherein monomer conversion is greater

than 60%.

17. A catalyst support material comprising a graft copolymer according to claim 15 or

25 claim 16.



