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i nproved process for the preparation of graft copolyners using radiation
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any reaapedids. of classical organic chemstry can be applied to nodify or

functionalise a polyner and reactions can be carried out in solution, in
the nelt ox in the 20 solid state. Ci s-trans isonerisations of polydi enes,
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twenty years, the nodification of polyners using radiation has 25 becone

very itensagdifietion of sehbgrby isomensationanidh aed pRd by yylcampation valik swiplsighbase t he
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are well studi ed and docunent ed. ggpl I cations such as radiation

st abi | i synthefic polymersdhawei bagnipy apb pyrvshes ol different tpehnifweg ge dgen 30
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wher eby side chains are attached to a host polyner, can be initiated by

i rradi atdissharg@dasmasindegiafbiog gredreqhenslydimployedtfovmpdifigatidner ent properti es
than those of the original polyner. If the side chains 5 conprise
dissimlar nmonomer units to the host polymer, then the polyner is a

copol yner, wWigi@alyaallORRRY Y Sedladsteal _&Vfg’iﬁi‘é AERARY RN BRNPFEE W idodifae t he
host polérre_r are simlar. Anong the different grafting techniques (STV,

pl asma, fuhcivhelide 4 polyingt anrhjeaghanstcan dpolagiask dwanisohutiondinctad nigjt ¢ri ighthener gy

di at | .of . tt tiV. hqd,.of i ] f.Qr. |
ool | ehoptif st ghaf b BEIow 5 polvgresb bR R BR I EES afliah s ©
formed Qygrifgici dnhpdtidd bAB.doABR 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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occur by a free radical nmechanism lonic grafting processes using ionising
radi ati on are possible but are restricted by the need to use high vacuum
and extre experinmental conditions. 15 Historically, radiation
grafting ﬁgéxaggHSIOM/dose rate gamm rays from 6Co sour ce2CT/ERIVHET he
past 10 years however, -there has been puch interest in using high energy

el ectrons from accel erators with high Yose rates. H gh dose rates make

radi ati on gr nore attractiv Thereagr t hree
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the carefu] choice of the polynmer-nongner system 30 In a pre-irradiation
pr ocess SipiaE. Semengethe; diffprept grafting technigyesi (1Y + Plasmos@isarical dpigatien) graft
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advant a%ﬁﬂb@&n@@f&hﬁv&l@hlic&i@ﬁynt of honopolynmer is forned, mainly by a
chain transfer process. e grafting process is initiated by trapped
radicad®s that are fornmed during irradiation and is controlled by the

di f f usi f th i h . Lt be facilitated by th
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grafting. The main difference is that the polyner is irradiated in the

pr esenc @osdiblebytyare, restrictsd byrthé nepdpte nsx hihsvagnem rapd respremelyi die sxperiental e
stabl e and can be stored in the polynmer for a 10 long period of tine.

Grafti ng°PUE9%Y i vated by cl eavage of the peroxides or the hydroperoxides by
heat, W Ilight or catalysis in a nonomer solution. One of the main concerns
using radiation grafting on a production scale is achieving hi gh

conver si on offlistescatiynmdmtion geafting las ugedhfow drge rate gatgmacrmys\fmm?’@@ sowreant only
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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 irradiated in an inert atmosphere and is

subsequently immersed in a monomer solution. The process requires additional steps in



and m nimses the need for nonomer recycling. It is clearly desirable to
devel op radi ation grafting processes with high nononmer conversion. WO
00115679 ripes a water based grafting process in which oner units
are 20 gra t(feiéf](’€4§to a cross |inked polymer froma reactiof$ (E]A"L]lllné“\]\hi ch
conprises an enul sion of the nmononmer in water. Enulsifiers such as al kyl
sul phates and fatty acid esters are used in rel atively high proportions of
up to | 5w % of the ture ipn order to jnprove wetting of the

~eaction m j
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nmononers by formng stable mcelles, as well as inmproving the solubility of
t he mondh@iomes inte dhepplmes lveade. fagilitted byt the mse o0& sehrgpisnihabare abledaiswell
cationtc, 0 n- 1,001 ¢ 0, A novel grafting process with significantly
increagsglésé%ﬁgf‘}%?ly@ rnf{?gggq'on has been devel oped. The nonomer sol utions used
in the pre-irradiation and peroxide grafting 4 processes contain
nononers inmm scible in water. The process of the invention is effective
during graf t ilhg psfoxddecproness dollowyrinaich Biecsamenprnesss medchanism @s presirsdidéidnt o

t hese sol ui.ionsg, two .separate, phases, are. f.ormed...Wen irradiated pglyner
1bres e R aiERGR arieh S pavRsh s RefEep it drerb R Eer T il he
phase CQGﬁﬁth&_ﬁxfdQEaﬁ@ﬂfH}E%eﬁoxi&H thatl R@Stable@nd cin BE JORMI iR thd @RS oF B
nmonomer conversion. Thorough agitation of the solution is al'so beneficial
to hi gb longeemied of imeeOsafing isstivatad by Figavaghef thevienmiidas op theiydmperoxplescess
conprising re . an irr.adi ated pol r in a reaction mxture conprising
a first bﬁ&‘ﬁgte%yﬁidgqﬁ%@%t@& S&ﬁg’é’f“’%ﬁ’e%g‘ﬁ}?“t he first phase conprises a
source of at |east one non-water sol uble nononer; wherein the second phase
conprises water; and Wherein the first and second phases are substantially
i mm sci bl e af@dherndrthemaimsidncends using faslizioh\grafting os aqoodiictitia saldf isachieving

conprises, a water mscjihle organic sqlyent._ 15 The, invention further
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ot her f GF#RINg progesses with high menomex capvesHi®ts in the reaction nixture may
conprise any non-water sol uble nononmers however preferably, the nononers
are selected fromthe group of styrene and derivatives, vinyl benzyl
derivatives SMONO0AR67D righcrivenawatetassd grattingtprogess th whighyhonomer 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



phosphi ne, vinyl benzyl boronic acid, vinyl benzyl al dehyde and
derivatives, a-nethyl styrene, a-nethyl styrene derivatives such as

m i sopr opyls L i met hyl benzyl isocyanate, 30 vinyl acetate, vinyl

pyri di ne ﬁkh&%?ﬁgﬂ sul phonic acid. If the reaction m xtur & IEFRM{4E2 nore
t han one type of nononer, the resulting polymer will have varied nononer
units. 5 Suitably, water conmprises®from5 to $0% by wei ght of the

reaction m xture, preferably between 20 and 50% by wei ght. Suitably, the
wat er i HEFeIFes GORIFHhMENAPELs dRIMICiblp in Bater.o dhe prageds ofghe yyvsnikay is\hedhives
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at nos phegeparafenplidsess aicafoemedeWhen daadialed polypher fibreadirahdded @ ikt mmbGorpErOCESS.
The atmﬁ}sﬁaﬁgere i S ?_Sitabl &gitrogen. lo If irradiation is carried out in an
i nert atiPo¥isner dbe fibres argjdayreds piie theoPhaspsoataining theameromety. Hais deadyd aoxygen

fromthe =1 s Lt u r | S d. . Thi hi eved
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af t er t higenefi¢ialdb &lighoRosdreer.cohVi@sibh.r adi at ed pol ymer is inmersed 15 in the
reaction mxture. Preferably, inmersion is substantially imrediately or
shortly after irradiation, although a |onger interval between irradiation
and i mmersion, may,..still, be effective, In a further.enbodi pent. 1 he.

T ad at o ShERHR, thec o PR biaen 4 mibesite bR FUBR wheirained, i <
case, t h®lRh&GR aSehction niRARXLSIBpNiR 4 FiRG pRALGAE S sBEthdPhhicd Whtreid et
conprises a cleavage step after the imersion of the irradiated polyner in
t he rdécphashcempisgs @ solitve qfert dsastiens nen-Wattr splublexnomunar wheletmthe seeond

fti is initiated by f I heat ., by th l.i cat.i.on. of. Li ght,
or by catapyeittpnsds Shier g ineif B Fesiiegomd o A NuealRial wivisablen any
sui t abl e;rfiQlomenfuldifgd. si ng radi ation, suitably accel erated el ectrons. The

radi ati on dose deliveted is dependent on the polyner and the specifications
of the final product. Typically, the dose is in the range of 50 kGy to 300

kGy. 30 Int re-irradi atjqn epbodi ment. of the procgess it, c be useful
Ko add st | CIrTANS W Seaind rles BRGH Ciste baies By IE PrgRtigSoERE rmy. be

necessgry to heat. the solution to cleave the initiators.

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.



6 It may be beneficial to add cross-linkers. Di- or tri-functional
nononmers can cross link the graft chains thus altering the characteristics
of the fi “ﬁ%oz%)g_ﬁ}uct. Suitabl e cross linkers include divinyl benzene, di-
or tri{meth)acrylate and di- or tri(meth)acrylanide. 5 Th& J6F8MH&3HFay be
irradi ated and then suspended in the rgaction m xture and permtted to
react with the nononer. Alternatively, "the polynmer nay be suspended in the

second phase and irradi ated. . The, nongner (fi[ st se) /my then be added to
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pol yner (eprbe RANES J0Cardd¥od bPwhkightt Pphase. The reaction, of monomer with
_irradiated pol'ymer may be carried out at anbient tenperature, or at
el evated tenperature, e.g. up to 100C under anbient pressure. 15 After

conpl etion of, the reaction, separation of the polyner i uitab achi eved
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di chl oroet hane or acidified water. 20 The grafting process according to the

i nvention has_many .advant ages. The conversion of the npnoners ,added to the
graft sol uti Eﬁhei gradiafien sicp mepdae casded QUL i Ap dpart Aimospherge Iy this fasetiec| i ng
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m nim sed. The process is also nore easily controlled allow ng variation
frombatch tqo hatch to, be avoi ded, |eadi n(% to 25 inproved product quality.
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achi evednasbawrhtevad BynforeRahplel |irbingdhd mohivewietnitrdgengi vi ng a hi gher density
of graft chains. Preferably, nononer conversion is greater than 60% nore

preferably greater then 70% and in sone cases greater than 90% 7 The
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etc., can be used to provide chenmically nodified graft copolyners. 5
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 Irradiation 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.



The graft copolynmers or chemcally nodified graft copol yners can be | oaded
with one or nore netals or netallic species to formcatalytically active
materi al s | y be achieved by any suitable nethod for_ exanple, by
i mer si ngw(zgi/g'rﬁg?t copol ymers in a solution of the netal '&T’ﬁﬁn@éﬂ*éﬁof
interest. Exanples of suitable netals are known in the art to and include
the plati numgroup netals, such as Pt, "Pd, Ru, Rh, Ir and Gs, and
transition nmetals, such as Fe and Ni. The performance of such catal ysts can
be tailored by changing the netal content, the ratio of different netals
and the chem galay (Haehe QA doldid Urods ks bt R UM TR iondNGioREhES ¥k Sro3Q
formed may be uséd for any suitable catalytic process or reaction {‘or
exanpl e, litkuthekgraflchains ahwsoaifdringghe ahatatterddtics @fiché dinsl productl Psitabdel pes-t s
conprising 15 graft., copol ymers, produced usjing the prqcess described herein
form a fHimeRdp a@epéwwgge%%ea (-8 &ifmetingaiatesnd thévqthbm}sﬁal%n will be
able tq see many ways of producing inproved graft copolyners and chemcally
nodi fied graft copolymers in accordance with the invention. 20 It is
bel i eved t hatThehpolymee nidyobe pralited andakel swpaddedcinpihk yreactdnumbditule and nmany
fields but especially .in catalysis and ion-exchange to recover or refine

met al s. PeERjtieddp deash yathhihemonomesppltematively, dbg polymen may ke Bepeadead i the of

such nov St e i t JJN lm al |
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EXAMPLE 1 30 350g of cut polyethylene fibres (0.7 Dtex) were irradiated in
an inéPtﬁféEPhi‘é?)here to a total dose of 150 kGy using an el ectron

accel erator operating at an accel eration vol tage of 8 175 kV and beam
current of 5 mA. The irradiated fibres were imediately imersed in a
reacti on m XtTHeere@oivnAbf nitGloren With- Maﬂiékedp%dlyrﬂémﬁmy%%rﬁém@ﬁlo&t ansiem129
water. The reaction nmixture was purged with nitrogen before initiating the
react i orfeaperatuie of ebdlevaiey! ieamentuse egasp & LANE ender asdrientpresswre. conpl et i on,
whi ch took approximately 6 hours. 5 The resulting fibres were filtered from
the reaction m xture and washed with ethanol and finally with

di chl gis0et hangfi@ complétic o dbdctiBhl s)éﬁ&tﬁﬁo@@f thel pAlymdie sRitINhetGeved 1Y t he
recovered fibres was deternm ned and the conversion of the nonomer was

cal cul atfltering. bWashing 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%.



100% to EXAMPLE 2 Exanple 1 was repeated with a reaction m xture

cont ai ni ng 200g styrene, 600g ethanol and 400g water. The conversion of the
NDNONEr Wgg, EMlated to be 82% 15 EXAMPLE 3 Exanple 1 epeated with
a reaction n%fi?thtcf?e cont ai ni ng 203g styrene, 400g 20 et hangﬁ%{gﬁi’%ﬂ% wat er .
3g of divinyl benzene and 3g of a 25wt % sol uti on of di benzoyl peroxide were
al so added to the reaction m xture. The reaction took approximately 2 hours
to reach co etign. After the 2 urs t ol.ution te rature was raised
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conver si on, of Ihe nmononmer was cal cul ated to be 80% EXAMPLE 5 Exanple
.1 was r F@RQMAEh 1349 of cut polyethylene fibres (0.7 Dtex) and a
reactipn m xture containing 116g styrene, 80g vinyl benzyl chloride, 166g
et hanol and 308g 5 water. 1 g of divinyl benzene and 1 g of a 25 wt%

sol uti on of dhberafoydbpdianersicd@hemically hsodifidogedfi toopblpmerscamt beOldadddxivithe. The
conversion of the mpnomer was cal cul ated to he 99.5% EXAMPLE 6 1 o Exanple
1 was r pest awrgmetaly or getllic speciss |t domy Faplytiegllyractive materplse Thisamay he

reactio LX LU el t . P Y. hj ne, 50g
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After the reaction was conplete the tenperature was raised to 80C for 1
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the metal content, the ratio of different metals and the chemical functionality of the graft
polymer. The catalysts so formed may be used for any suitable catalytic process or reaction
for example, Suzuki-Miyaura couplings and Heck reactions. Catalyst supports comprising

15 graft copolymers 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 to a

total dose of 150 kGy using an electron accelerator operating at an acceleration voltage of



20 Exanple 1 was repeated with 10 g of cut polyethylene fibres (0.7 Dtex)
and a reaction m xture containing 20g styrene, 2g styryl di phenyl

phosphi ne hanol and 20g water. G 02g of divinyl benzene and 0.2g of
a 2S M-‘Vg‘ls(g{?z’tj:f('?%‘n of di benzoyl peroxide were al so added tPR&TGR104%¥t i on

m xture. After the reaction was conplete the tenperature was raised to 80C
for 1 hour. The conversion of the nonofrers was cal culated to be 91 % 25
El emrental anal ysis gave a phosphorus content of 0.76% EXAMPLE 8 Exanple 1

was repddbddV and heany cyrrertt of Stmpo| Thet imptlisted fibros were immedintely)immedsed i8@
reaction_m.xture. containi.n tyrene,. 0.5 i nyl phenyl_.boronic .acid,

509 et ndrbTioh fbals aAnne 7Y N EiRbriage- H1dk Bhend AR 6108 e B8 o

sol uti ofefhiofli RIRAZE WhasARIrg With WRirSpen bekSkedhRRtiAE IR rdablid8nd BRCEARM

m xture. After the reaction was conplete the tenperature was raised to 80C

for 1 haoeactiofl s aiowed i contimie tb lkempistionewkichvimkappoxinately Gloute 93% 5

EXAMPLE 9 9a Preparation of Palladium Catal yst Pol yethylene fibres nodified

W th sf’yrene/ styryl di phenyl phosphi ne co-pol ynmer prepared according to the

invention (6 ' ' i d : | adi um

acetate (9. Og&eq%%@ge%ﬁ?gg?}gn@{s&érhe %Pﬁbi%agﬁ@@%ﬂ%%?gﬁﬂgvﬂ}mggl%ded.

The mi xtanddinalyg with diclddroetiand vowithiansacidified vatep sbiytien. Thebweightvgnire of then

col | ected by fitJ_trati og. They We({e washed, t hor oughly with dichl oronet hane

and dri d8cqvRred;ffbres was detarnyined,and theeqogversipnayf the; mumorygy was caleylated 40 dsupl i ng

usi ng Caiygbyst Prepared as above in 9a The Pd catal yst (20ng) was mi xed

wi t h 4-bronbacet ophenone ( 1 Min toluene, 1.65nl) phenyl boronic acid

(0.30%g) and potassium carbonate (0.449g) in toluene (3.35nl). The zo

m xture was stirred and heated to 70C under nitrogen. After two hours the

solution was allowed to cool to rddAMBIEZature and was filtered. Analysis

of the filtrate by gas chromatography indicated conpl ete conversion of

4- br onbacet ophenone t0 4-acetyl bi phenyi. 25 9¢c Heck Reaction using Pd

Cat al yst Pr e(Exasleais] abgy eepeateda wiihe aPdeattibil MBitule2 Qomhinigs 200 estyishé,h

4- br onbacet ophenone (0.71 g) n-butyl acrylate (0.64g) and sodi wm acetate

(0. 32g) 60Re rtbaneliand (g wetst.dfiegenyassiny of the enanomer wes caloiated tq be Yvand

heated,to 100C far 24 hours under nitrogen. The solution was allowed to 30

cool ahd was filtered. Analysis of the filtrate by gas chronmat ography

i ndi cated 97% conversi on of 4-bronpacet ophenone to

4- acetyl -n-butyl ci nnamat e. 11 reaction m xture containing only 10409

styrene. No water was present in tESAMEBIEBon

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%.



Exanple 1 was repeated wth 250g of cut polyethylene fibres (0.7 Diex) and
a 5 mxture. The conversion of the nononer was cal culated to be 33%
COMPARATI E 2 Exanple 1 was repeated with 100g of cut pol yethyl ene
fibres (Oﬁ%x fJ_and a to reaction mxture containing onlpﬁﬁ%@ﬂ/‘%f’ﬂyl
benzyl chloride and 200g ethanol. No water was present in the reaction

m xture. The conversion of the nononer 'was cal cul ated to be 25%

COVPARATI VE EXAMPLE 1 COVPARATI VEO%%;S Exanple 1 was repeated with
1159 of cut polyethylene fibres (O nd a reaction m xture
containing only 427g 4-vinyl pyridine and 210g ethanol. No water was

. present in the reaction m xture. The conversion of the nononer was

cal cul at ed t oExpmplgok was regasedvBith 2134¢ . of scyp rimdyethyldner fibree (7 dates) iand 20f a
graft copolyner, the process conprisj reacting.an.jr i af ed, po rina
react i on'%ﬁ?tér‘tfpg‘“% tlalélf"rggﬁggfs% & B&ég'é‘yggfd‘zg @@Mdi%%&nok%éﬁ% n the
first gh ii t U : opQyrer ;
wher ei Pl ?ﬁlgrg%mdéﬁgﬂa%gﬁ?gn&ﬁ@i ligfe%péw%%g?%%n ﬁ)vr\l/hereﬂ\lﬁl'irill%t léﬁ]&%xlr‘%%gndlsecond
phases aadded tbthe acuction myxtiran The icbheerdonl ofitha nemuinet fvaechlciated\toed9e5%.
according to claim1l1, wherein the second phase further conprises a water |10
m sci bl e organic solvent. 3. A process according to claim1 or claim2,
wherein the polymer is a polyol efipxah ?Li*:l orinated polyolefin. 15 4. A
process according to any precedi ng‘%&}llnr—vﬁer ein the at | east one

non-wat er sol ubl e nononer is chosen fromthe group conprising; styrene and
derivatives, vinyl benzyl derivatives, vinyl benzy?%rl chl ori de,

| |
Bi phenl phoskrampe 1, gy repsaiedy with ollogiof @it pelyeihvigne ﬁ'@ﬁ%)@jaﬁ)%%i%é %nd

derivati - 3 - T t lav:at i

nti sopr o%§§1°é‘?‘3&§§‘%%’%t§ﬁ‘¥r[¥§%%ﬁtﬁf‘§%t€ )ealtsrbg?le%éf)%élﬁ ly%h%? %Etéggse{t}llarﬁl)?,l aln|51y2rqui ne
and vi nywatet|0ptsgrof diviflyl denzene and & 185968525 ackablitiog of dibamyoypperoide ngrec| ai m
wherein ter conprises from5 to 80% by wejght of the reaction m xture. 25
6. A prodeeaddedcigrths deactign apixfuse. cATGH e aractiph s ammiele b tqmRSFATIG W& 5006
by wei ght,;f 6t5 hepeEeReY! F(ﬂ.trmm% %OEVerEioE'qﬁhQ " R&fonrer A% OEaQJf‘Lﬂ&eci % HY76%,.
clains 2 10 6, wherein the water m SCible organic sol'vent conprises an

al cohols. ERthefital Andly<i€ 66 $heaEclyihdiave aChldsphofus Bhaemi of 1.1 onmidesating sied bl e

organi c sol vent conprijses ethanol . )
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. (.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



13 9. A process according to any preceding claim wherein the polyner is

irradiated in an ' inert atnosphere. 5 10. A process according to any of

clains 1 03 rein the polyner is irradiated in the presence of oxygen.
042 : . . :

11. A pr oc\gss /éggéggr ding to any preceding claim wherein thBCHEEYHEH

m xture further conprises an initiator, to 12. A process according to claim

11, wherein the initiator conprises beWzoyI peroxi de. 13. A process

according to Y, ecedj.ng cl ai m erein t.he reaction mxture further
conpr st MeBRa b Rehio s ANGIThE slhehis o omaTile T IS TRCEAIC S o
the crosgistd RKGU°CFOMPhoE EBhélbotlyBX%lonRT MEEREnorbrs was cdi€ilated PRBdY30RCT Y ate, or
di- or tri-(nmeth) acrylamde. 15. A graft copol yner prepared by a process

according to any of claims 1 to 14. 20 16. A graft copol ymer accbrding to
clai m 14, wherein nonomer conversion is greater than 60% 17. A catalyst
support material conprising a graft copolymer according to claiml1 S or 25
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10908 () - FL109%08! ()-_(% x/ )| {\ =% &109%&YY 10908 () - #10%0& () - !) #1090 () - ! #10
9% O' O (phenylhaweicceiq 0.3 ) potassigmr arbome (D449%) (i toluene (3.35mi). The

0 ! - - 0 ! - * 0, ! - " 0, ! - 0, ! -
@ ;gfg é%l%%é\%(é%%é &952@35%_8 {%86% dléﬁ‘«(lr L ({%%%1. (152fter f{*&,g {%.gfrs( t)he 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.
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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%.
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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, a-methyl styrene derivatives, m-
isopropyl-a,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.
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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 13 or

25 claim 16.



