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EXTRUSI ON PROCESS FOR GRAFTI NG RUBBERS The i nvention
relates to a process for producing a grafted rubber

wWe@ewpoieirng: a) providing an et hyl ene/ propyl eneCT/EP19E8/066534

havi ng a wei ght average nol ecuy ar wei ght (My) of at

| east 80 kg/nmol in a continuous extrusion reactor. b)
drying the rubber in the continuous extrusion reactor;
c) providing the dried rubber to a first injection
zone of the contlnuous extrusion reactor in the
first injecEXdRUSIEAN PROGESEIFQR ¢ RYBBERS
anount of naleic anhydrlde and a flrst annunt of
free-radical_injtiator to the dried rubber; e)

reacting mal Bi&ingmHiparelaiesip amreqess faimpeiucing agraftedsgubber
EQASisHg: zone of the contlnuous extrusion reactor to
produce a grafted rubber; in a second injection

zofk, pr}@i"@\?‘@(ﬂ”@“ﬂ%ﬂ%@é’ﬂ'@@ S}'bﬁe%'&’dﬂﬂoe WRISOhevesrosmpleryar

anhy dy.bidet A aBRESIEH {6 ik adiohfhuduBiekird@dion re@ktor.
appl yi ng shear to the grafted rubber in a second

r ekt @y Nadhrubpet 'Héh%B‘Pﬂtﬁ”Hﬁ‘dﬁJ%Xt'é%tof‘lﬁ@%W reactor, the
shear peuifgah& Blied RIbbEAE&EirkthBje¥RINGthe Y Bed@Btinuous extrusion
nol ecul ar weight (Mv) of the grafted rubber by a

f act of®@6°Tat [ east 2. Such a process i s known from WO

2096/ 3R At in)iRXigPEHD BRTitth PR ceédhesy a’ifn‘épé‘rhblﬁm@ﬂ%alelc

extrusi on process for the manufacturing

graft %’H“yéf'%P%é figstt pyeHBH fﬁeﬁﬁﬁ@fsa'd@%?’r t@lt%dﬁ'%mbber

ab@)v ere%@t"ﬁg AR a?rﬂ@@f‘\(?délw’imthbh@bﬂéfr MVh SiisP Redctrbohd16f the
rubber is dried to a noisture content of less than 0.1

Wt % aff P HRUSHXUEIEIOP feAser tp 8rqsiues A @ERftadgUPRRE: £ r st

' nf)eCWaO§bcéﬁ@ @‘tlo@zbr@r@%@lhﬁ SuRbsdiR$pa %@@th%lﬁt of maleic
Table 6 of WO 006/0 4 describes that 3.8 ( 1

2.3) Hdrde anda spsRnekTasradicebnitiaies 0. 75 (0.3 + 0. 45)

phg) oépmp@w@r@@th@%@ﬁ@ﬁuw&en b%@b&ﬂi rehBlof FSHQST tid Eontinuous
inected to obtain 2.0 w % of bound . This is an

ef fi c?@%@”dﬁa@%"%h%@aéwﬁ'%f&ﬁ%gﬁdb'f?e Heampiold ayeragefuglecular

mor e {/BidhAt (WofT dftéd FioBer hERER b blchyt@i. cal |y
carri edgout bet\/\%g% 150 and 2)80 C. WO 2006/ 039774 does

not di scl ose how an efficiency of
Such a process is known from WO 2006/039774. WO 2006/039774

describes a continuous extrusion process for the manufacturing of a maleic grafted

ethylene-propylene rubber comprising the above-mentioned steps with the provision
that the rubber is dried to a moisture content of less than 0.1 wt% and the dried rubber

is provided to the first injection zone at a temperature of less than 160°C

Table 6 of WO 2006/039774 describes that 3.8 (1.5 + 2.3) phr maleic
anhydride (MAh) and 0.75 (0.3 + 0.45) phr of a peroxide (PQO) as free radical initiator
are injected to obtain 2.0 wt% of bound MAh. This is an efficiency of 53%. The
efficiency of example 4 is not more than 55%. The grafting reaction is typically carried
out between 150 and 200°C. WO 2006/039774 does not disclose how an efficiency of
more than 55% can be obtained.

A disadvantage of the process described in WO 2006/039774 is a
relatively low efficiency of the grafting reaction, which causes excessive loss of MAh.

An object of the invention is to provide a process with a high

efficiency for the amount of MAh that is grafted onto the rubber.
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nore than 55% can be obtained. A disadvantage of the
process described in WO 2006/ 039774 is a relatively

wo omoeffrti ency of the grafting reaction, whi CPCYERRE$066534

excessive | oss of MAh. An object of the invention is
to provide a process with a high efficiency for the
anount of MAh that is grafted onto the rubber. This
obj ect is obtained according to the invention by a

process wherein the rubber is fed in a slab/nelt
dosi ng unit Hieiobieglis pbieinsd acecrding te BistinyRidige by a process

Rbreitsthe RubRAR el irPY sRbMRIt d RGRINitEHhd @&inESorfed B itrsd éUn‘ﬁnuous
content of between about 0.2 and about 0.5 wt % and t

BFUSIPTEBBRT DY & MSHavMBe drigdion Mpisiyre peniert %ﬁe%‘?é Q@PU" 0.2 and

HbSut QW9 HRY fhel RREr@bets @roh@@@&‘f a’iﬁrléf ﬁ‘za@f orbﬁin‘é&ﬁ Ifhe190
and 2500C and the first and the second free rad

FoNtippeysoiearter alp isrpertured Pelyass ORI LoRr pog Fhreé 'r%ttav]d the

$ed@hd MREfadibd hitlat6as AR Grddnid RASHEEWith B half-life (t,,) of more than 1
nono- chl or obenzene at 2200C. I n an enbodi nent of the

?‘?ﬁ?@ﬁt'flr@)‘??sﬁf%'f‘ inRpoiiqrebedzeye 8t 24fke t han 70% coul d

be obt ai ned. |nARiAMsddirBEReA tHEBRerBbn YRty StasTcydr rﬂda@than
invention is that the residual, non reacted MAh coul

peoceHd e85 wt % A 1 ower residual anount of MAh

reduces si deArﬁcﬂI@&{én%bﬁjlrﬁénttdﬂﬂ]éb?b&%@toﬁ?ﬂwe'\ﬂ%bdnﬁn ts’lﬂat the
extruder under grafti ng@and sheari ng conditions.

gh
tesidyal aeU FRackadd¥AR coH OF sedce i O ar kﬁdﬁwefr&sﬁéa'a?mount of

FRARTESuARE shRzkB&RRs dNthedindeRt<dl MAh ithefexirli@erfusaet grafidly and
rubber, hence the reduction of free nmaleic anhydrld

sheaiing songitions BiohdaaPeiRLIs siteinipiustreshlfify atsrknopa to be a source

B iiHeks ahd 8RBdIola@YR bf the Fiirtdahal M¥beR| HePWVS trRtetiidlion \KP fee
purification of the %ﬁoduct stream by vacyum str i pﬁeam

Maleihenhiydddrimase bhia cornant epaly igpravepents; &ithigpiodictis

Ldswernégdwu\AArSandeca?nﬁ@macp@nf@%ﬁ @fitheldﬁodﬁeStpéam By $acuum
of the invention the_rubber is ethyl ene-prop

PYIBRIBY In RAVEFIUNS 26y ThE leyelplaasnaitiripa flsds 'Hg‘%gﬁofj“%h'\%'”

gdﬁggw&aquﬁ(ﬁdt he continuous extrusion reactor by a
nmelt punp. The nmelt punp danpens fluctuations in the

rubber feed Igttpeearmcg%%%fé@e Byention B (bR s EibiRIe-—IPRYeNe
FUBbENYHIBRI i§ b U melt B8siAE Liit BdPardspoftB@ o the dbR@Rious

pul sations and fluctuations of the system thus
g)t(trugwnr{@aggwm%megfpump The melt pump dampens fluctuatlons in the rubber
feed stream caused by introducing rubber slabs to the melt extruder. The melt pump
further reduces pulsations and fluctuations of the system, thus allowing control of
reactants dosing and in consequence resulting in product consistency.

In a further embodiment of the invention, the rubber is dried to an
amount of between about 0.2 and about 0.3 wt%.

In a still further embodiment of the invention, the dried rubber is
provided to the first reaction zone at a temperature of between about 195 and 220°C.

A preferred embodiment of the process of the invention is carried out
in a continuous extrusion reactor 2 shown in Fig. 1. The continuous extrusion reactor
used in the process of the invention preferably has an L/D of less than 56:1. An
ethylene-propylene rubber (EPM) is preferably fed via hopper 10 to a melt extruder 11
and transported to the continuous extrusion reactor by a melt pump 12. The EPM melt
enters the continuous extrusion reactor at feed zone 21. In the initial heating zone,

energy is applied to the rubber to reduce its apparent viscosity. The energy is
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reactants dosing and in consequence resulting in
product consistency. In a further enbodi nent of the

WO popent440h, the rubber is dried to an anopunt OPCDHEPMES066534

about 0.2 and about 0.3 W% gL a still further

enbodi nent of the invention, the dried rubber is
provided to the first reaction zone at a tenperature

of between about 195 and 220C. A preferred enbodi nent

of the process of the invention is carrjied out in a ,
pEfRrablv eRyidedas pxfesnally syeplisd @agﬁ@\)(/ﬁrqdrfh'iﬁiugh resistargg heating

E1RMHeh RUMUBe @XicishfaRe EGRRLAIS &dRMichRedde ROQEEHS iff al heatlng
the invention preferab I){ has an L/D of |ess than 56

Zong-Ansk iR yeiQET ;9f Bsghame@! MepbRiPPigPRY thedolgking seraw| ‘Q‘h'f:'éaas a
YésmaBPRA ctdPtol RoRde B Intodeidts degree bl siidtd. £XRBS Mstt@@ id Sllowed

the continuous extrusion reactor by a nelt punp
teHeaveRhe maliio dif FMOSPIIe Op MEGUNTLYIE OQQQ'P%P%TH%E@?@#”Q

ﬁ%lsﬁﬁééoﬁt@ﬁﬂs @neh Ieésnthbﬁ'g 5 ol ivdt ateadtionowRe. ﬂl@rym@ﬁl@é BPM to an
is applied to the rubber to reduce jts appa

IR 155 thaTd A TS tan ispdraatcg thitdos Bawianath andior the

el srigdrhiirs B! th &d uli@aése@etb Iré/rﬁds\ﬂadthte hérﬁéllﬁ IhgrR§i§tEE2MRE rubber
heat i n‘%gel enments on_the exterior of the continuous

eXENG NEANIPERRZoPe &7 @(ﬁfﬁraPWé‘qsrﬁ ’T‘P'éiur% et shdnandys%.

Témp&atdre bRy ﬂfodt@ﬁ'ﬂﬁmecr@bbwré( nizdBiret 8¢ p@yfn'itlh@ part of the rubber
rotating screw, which has a geonetry sel ected

Irddtiter Sxrysaat the A W%%a'ﬁ?ydgﬂ%é{‘dec e peBE22% |d§{eu’i“lé‘"195the

Bedimnegot e | .@n tzBe. MletterhPeralife AHeABSIRR QI thal poiMEis WbFe than
via openi ng The. r emai ni ng noi sture content i s

et P%%g‘etwr‘éoém%%e Bugasyfed ysdgtemining g weiph;lpgp of a
§é]ﬁpl5|3wbrt 5 RéUraiB yBsuRh oldsst 11hem, .9p2ef<¥\fa%ﬁb@§/vééa® 2and 0.3
jadvant age that the screw | ength and/or the nel

ﬁ'p-gi‘%'ﬂjﬁ?%f tRERperafye Huthen Ficeases ia diamnanere q‘fé’etwee” about 190

BIRdYRS (R CN BrfEhslly 'ebf setwléeﬁ ab&R®6 AR tEBbITTEROtD @vhlnab@mg |c@ﬂveyed
zone 22 ﬁﬁefera y has a noisture content of |ess t

ha
breRCIRZ AR P b N StieRegiure [BePrpYigerby amelt thermOCOUp'e

WW@H nbé{e.@@hnydrtjbrago 3 id fe@fat tHaios M RRINtd @2@xnz2b)t,he
extruder at the first malei ¢ anhydride injection

E@éera*aét?’@%ﬁoﬂﬂt'ﬁ@ of ReroRidgihiNER! of Ct"‘ﬂé’e ie %tctf‘? SﬂS'Q%H%'”tS (23a,

2’ . GRITRRY BkeH SatAIng ﬁéécﬂén rdmk (@@hﬁld Zsﬁatmémpéﬁéﬂne of
0C and the anpbunt of nbpisture, neasured

H@W@P'ﬂrﬁ‘ﬁ‘?ﬂg" Hradel dhiDaogseng pf tﬁe%@ﬁﬂdé‘”gfsﬂ“éﬁre%“mﬁa” be

u&@n%g@%uﬁ%%eaéf tAd BEHEnub G BtRisRhaBAtohed) V‘ﬁ’&fheQﬁeat zone
and O. % The rubber tenperature further increase

{28) ip 3 ¥apePafincb st iqr ehthg mesit n fRfoedigenirasid2d) Catses a
m&ﬁ%t&&hﬁer@fur@ﬂk\é@@r@d ap o oflB5twass 2aband 3@R2CCTWRder melt

bei ng convqy
exiting the extruder may subsequently be fed to an under water pelletizer system (3)
including a pelletizing head with a star knife assembly and water recirculation system

with heat exchanger.

Example 1
An ethylene-propylene rubber (EPM) is preferably fed via hopper 10

to a melt extruder 11 and transported to the continuous extrusion reactor by a melt
pump 12

Bales of rubber (Keltan 3200A, a product of DSM Elastomers, 49 wt%
ethylene and 51 wt% of propylene with a weight average molecular weight of 180

kg/mol), were stripped of film wrap and fed via hopper 10 to a melt dosing extruder 11
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through the first reaction zone 24. This tenperature
is provided by a nelt thernocouple 24a. Mdlten maleic
wa@nivgar44de (800C) is fed at the dosing points PQREP2008/066534

22b). A preferably 30% sol uti.gn of peroxide in mneral

oil can be fed at the dosing points (23a, 23b).

Grafting takes place in the reaction zones (24 and 25)

at a tenperature of between about 190 and 2500C.

assing of the grafted and sheared rubber can be

aﬁ@anﬁwo e%g%&%ﬂﬂ@ewﬁ@%memhey a Rl R L2 alq fegdiralg of

5@ ﬁ@/h OAcrdlng 0 tﬂe TSB@ pV&itlesZ ATIBIUrE NastaloRed &PIHH\F@ thE'n@ﬂ to the
npr essi on of meit in the extruder head

e%e%erﬁ v %nlq&:}({a Mespwearent ef t%mﬁé@‘egﬂha(tm Cgﬂected from
fh%tdb%ﬁrhjé’(ﬂgn %E{ ZQQQé‘suItEB‘ﬁh é H@Qémﬁ@aﬁur@éf i Liile] dnh% moisture

ext ruder subsequent | fed to an under wate
pRAteROf D 2P V@\/sﬁétﬁf r(eg)sta"m tn%lw&ft'an Nave: é?@'&qnﬁ@a'ﬁ@awhyd“de

ot 0) Rastedrat iy (ﬂc%ln@s&ﬁrﬂ?k%aa@b)%b%onfbﬁ@drfééﬂl feté B12.5% of the
6%st emw th heat exchang

RET BFRMIBP PR I-ERP YN ﬁew'd@éﬁmonﬁ@bedfﬁfwab Byas ag0nta
boeRsrin Hindral &1 W fed %xtrretud;%rnglpblrﬁ@dzstar m@@@étc@mbtr@dtra@ of

conti nuous extrusion reacto punp 12 Bal es

B % efdhbe FubPreihraghgyl §Are"‘bsﬁ?|98 d‘(?@t258frp’DSM@c§ls% 'SAgiE melt

£ pat Rt drebene maasured by We/mek tHrRBYdURIE(20h 1 iR tite MRGEEH zone
aver age nol ecul ar wei ght of 180 kg/nol), were stripped

6t Hedaasing Sbu%ﬁ@t?‘éBWPQ V}‘Rﬁpfi%‘le Vﬂ)thﬁd/eaf %Pé‘let(z@)o%ilan‘(j’cuum of
200 m%ﬁlefFlnlalcorﬁé\'ég&bﬁ @ﬂtﬁ@@rﬁélﬁﬁi tﬂéi’eﬂlmjd@?(ﬁéddd@g) gave a final melt
arran a feed rate of

RIETABaa L2801 e DRt GERES R g fgilto an under

@bie@ﬁ@lﬂat&@r éy@@a\’rﬁ(ﬁ) MRVt a polctiNfg ALAPFRN AT khife assembly and
openi ng 20a. Measurenent of the rubber nelt that was

Wéielr r@'d\‘atl‘qrb*‘fﬁsf%w%gﬁatlW@ﬂqe&n port 22a resulted in

a rrelt t enperiad shtgined wk?&&mﬂnae gﬁyftéaumeewagwea@mght yellow
wt% After reinstal % ection va

W@P%‘H'”ﬁ%l’*@'tcﬂoﬁ’n‘ﬂ% Mié) ‘%féb e)’ O\KEJQ (#%Cag EiOn@ 68§‘ Igye! of 0.0
A8 Bh8 a(rAdic adRWridatiufstionatevee hebSRdd bR ntthodt (5% Qﬁ wit%

t he rubber throughput. Di-tert-butyl peroxide %r
NBBé?rS'O'TF i fanbie Bpidde obiremalels Was GERTHTET RY FiPk tﬁlbed%el'ow 0.1

weg. fed at the dosing points (23a, 23b) at a conbi ned
rate of 0.4% of the rubber throughput. Screw speed was
250 rpmto reach a reaction nelt

Example 2
The process was performed under nearly identical conditions as

described in example 1 with as the major difference the adjustment of combined feed
rate of molten MAh and peroxide to respectively 3.8% and 0.8% of the rubber
throughput at the respective dosing points. The reaction melt temperature, measured
by the melt thermocouple (24a) was maintained by means of rpm at 202°C.

The obtained maleic anhydride grafted rubber was a clear yellow rubber with a melt
flow index (MFI) of 4.2 g/10 min (190°C, 2160 g), a gel level of 0.06 wt% and a maleic
anhydride functional level measured by IR method of 2.85 wt% (conversion 75%). The

residue of free maleic was measured by HPLC to be 0.11 wt%.

Comparative Experiment A

The process was performed under nearly identical conditions as

described in example 1 with as the major difference the adjustment to an increased
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tenperature of 201 OC neasured by the nelt
t hernmocoupl e (24a) in the reaction zone 24. Degassing

wW@toognraact ed product was done via the vent zoPET/ERBYPS/066534

at a vacuum of 200 nbar. Finalgconpression of the nelt
in the extruder head (29) gave a final nelt

tenperature (27) of 298C. The rubber nelt exiting the
extruder was fed to an under water pelletizer system

( é i ncluding a eIIet|2|n8 head with a star knif
Ret dempsralarRinipe Brlgieanvdl %ﬂf%tﬂﬂgs%%?é?ﬁ)vﬁytrﬂe%é%fa slightly

Fhé#‘e'é@@&@érew'EB@erﬂm@d]; r‘r@ﬁlat@héﬁt@raﬂ@ﬂ%ﬂ%ltﬁj ﬁn&fdﬂfgtéré*nents) and
bber was a cl ear ow rubber with a

PresAlinaRieye0 (R E{utétfeu;nejt ‘@Y?L@e%?hth(}i@%'@” pgmé.’@aéw)ad aéemperature
ged 10k e Rl a%o@tu%c%ﬁ@ﬁt%ﬂd 25!Nt%3| lﬂbl@tél‘ﬁ’ﬂb\‘é’tmedﬁgeasured/ by the melt

functional | evel peas R nmet hod of

heanoausleds4a)rugs 2ot T%%P*aia@eekr ulzbep Baghg highgnelgllow index of 8.3
GROTHA ehoE, Mot PhdrvERS avidle Anvyditie BY FRa8 123N,

&roess was perforned under nearly identical
R¥FreiPBAd” ﬁ&hﬁ?@ér"h%gﬁe MRleisiaRisrEed Af- ehWhks- t he maj or

Bbinbara@ 0 Exbdtfnaipust nent of conbined feed rate of
nolten MAh and peroxide to respectlvely 3.8% and Q, 8%

of the rubbelN& PiPEeRSHERR PealorPAR URGRIpatlY (Aenticsd popgiitions as

B&dcAbSd |nTéi<%nfpﬁaa¢W|tﬁ%s|ﬂﬁ4 thafof BieFeRke iR adjBASEREE amédlﬁdé@ melt
nmelt thernocoupl e (24a) was_mai ntaji ned by neans of

@tmpfo%@ In ﬁ?eméiﬁtcaﬁﬂﬁ‘éélr'%gréf%‘g ZARS AY Meang PhITey SP%’O@PUC“O”
Sﬁi RRI tyBbérarE, uﬁ&%ruréﬂ tW"thél m@ﬂtherfn%d@%blet@%)w%mes C.
g/10 m n (190C, | evel of O.
% and a mal™ %bt%'ﬁﬁ%}au'ed“ea?fl}’ﬁeﬁ‘? ew&rsd reRher Wﬁ%és*l??éobFOW”'Sh
ﬂ%bbrparmi‘l'r]@@éi(t% of tH2Scom %rﬁ@@nmfa%opmez&f& of?j@l@ TKﬁ§ w@ge

of free mal eic was neasured %HPL to be 0

eiparaby seuRliyd? e dellonediy Hrajer dyoyalsa Béiﬂflg{pﬁgﬁer resulting

IAngs| cBe@Al of 1. mﬂthélmblt A6 GHdek @ hedanRS whé h@ldnéé‘sured The
1 wt r dlfferencethe adj ust e

Wé'eﬁéf?m(é?%%\@éa‘i*ﬁéla{ 'et’@erféFéﬁ%IP%d VRS {176 Wi (@peversion 186%). The

I3l o fHee eafdid WBS neRBErel 24 HAYC BRRNG29WtB. sl i ghtly
i ncreased screw severity (e.g. replacenent transport

wi th kneadi ng el enents) and operating at 350 rpm
Rubber nelt collected at the injection port 22a had a
tenperature of 210 OC and a noi sture content of 0.2
w%. Mlt tenperature, neasured by the nelt
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t hernocoupl e (24a) was 254C. The obtai ned rubber had a
high nelt flow index of 8.3 g/10 mn (1900C, 2160 g).

wab@okamet of mal ei c anhydride by IR was 1. 03 REPEP2008/066534

(conversion 41% whereas the fgee maleic increased to
0.35 wt % Conparative Experinment B The process was
perfornmed under nearly identical conditions as
described in exanple 1 with as the major difference
the adjustnment to a reduced nelt tenperature in the
nal ei ¢ anhydri de-grafting Ze#dMsy means of screw speed
reduction to 175 rpm Melt tenperature, neasured by

the nelt thernocouple (24a) was 185C. The obtai ned
el ei cARAIGFET [ASrUaNgE0? Pbﬂﬁ§m§”ﬁ5@y, br owni sh

rubbergan dprbhl@lnb%téﬂﬁﬁerﬂé‘ prbb}ﬂer%)*u@béﬁmr@ d WeighrdReage

presence of P hi's was confir y solubility in
THF fol | oW eBW'fWP'QP*a(MV@rPftah'reaﬁfgW ‘%9/”2‘3' 'W&OBW%UP%VUS'O”

resul ting fedc@r gﬁee@!ﬁ@ttﬁéﬁub%far ih-AdBb/hRR ddBhg uhit 844 transporting
i ndex of the sanple was not neasured. The nal eic

anhydri de therﬁ%tfheé.t%ihewmmuow eKirsien 158atonAY% a TNSEPURR,

(convepsi ofryiag%e ruBB@r |h¢r$é Q&lﬂm@éusf éﬁ@sﬁﬂ'r@é(ﬁor\&@% moisture
nmeasured by HPLC to be 0.2 % CLAI M5 A process

for productdderd ohpelreed aP‘P}B@e?r aRGbaARARYt Ql%‘ﬁ“”a)

provi dgng ﬁﬁwatnb}ﬂh@aﬁbdorfu@@éfﬂ t@%ﬂ‘urﬁuﬂb@tron%ﬁé 69th@ d&ﬁhr@lﬂius
average nol ecul ar weig | east 80 k

f
a cont i nuotirusienr %%qt%rr?t@éﬁ'é%ﬁa?%9 Of RelwrRy 19@1@”83%&*

in a sypb/irehd firdeinjed8oriFire, @mmwgasﬂu%@éﬁswe% ﬁlﬁf—‘arhél@rh%f maleic
to the continuous extrusion reac punp

dryi ng t he@tydHes apta t"ﬁéfr%ﬁiq'?ﬂjw@t%%? Frl?s(i‘rk?ﬁ* rI"@%&‘t or)

to a nyj Stﬂéﬁ@tlrﬁ‘gorﬁéléﬁtanﬁ dritRtWiBERe A& irla Brstr@cidiPtine of the
0.5 W\t % cgzcm%rowdl e dried rubber to a fjrst

i nj ection BUQHS Q"itfgs'%ﬁ?qcltﬁié‘&@ro@%?? agriedrdtharor at
a tenpgrat .Hraeséébnmﬁéwsmd&o pM.r?gBQJcﬁessﬂ)ely @séd‘tﬁhd amount of

first |nJect|on zone, provid succeSS|veI a

amount of Walel Ny r?do%s%ﬁ?& ePlr?%‘@'f‘ﬁ“%‘”ﬂﬁ@ﬁ'%ﬁnd the

initiator ¢ohdl@edrddishl initkiRgis a@brdaﬂ%cﬁér@@démmeh%alf-hfe (tys) of
anhydride with the rubber in a first reaction zone

t he cont i nU8IRh@X{ SEEPUHT meagirad I Hop- 6@9'29@9%29@%\?\‘12891 C.

r ubberg) applying shear to the grafted rubber in a second reaction zone of the
continuous extrusion reactor, the shear sufficient to reduce the weight

average molecular weight (Mw) of the grafted rubber by a factor of at

least 2, .
2. A process according to claim 1, wherein the rubber is dried to an amount of
between about 0.2 and about 0.3 wt%.
3. A process according to claim 1 or 2, wherein the dried rubber is provided to

the first reaction zone at a temperature of between about 195 and 220°C

4. A process according to any of the claims 1 — 3, wherein the wherein the
organic peroxide is chosen from di-t-butyl peroxide, 2,5-dimethyl-2,5-di-(t-
butylperoxy) hexane, 2,5-dimethyl-2,5-di-(t-butylperoxy) hexyne-3.

5. A process according to claim 1, wherein between 1.0 and 5.0 phr maleic
anhydride and between 0.05 and 0.8 phr of the organic peroxide is introduced
via the injection zones.

6. A process according to claim 1, wherein the total amount of maleic anhydride

and peroxide is unevenly split between the first and the second injection zone.



f) in a second injection zone, providing successively
a second anount of nal eic anhydride and a second

WO e@e/nT4adi cal initiator,the first and the secoPdI/EP288/066534
radical initiator is an organix. peroxide with a
half-life (ty ) of nore than 1 second if neasured in
nmono- chl or obenzene at 220 C. g) applying shear to the
grafted rubber in a second reaction zone of the
conti nuous extrusion reactor, the shear sufficient to
feducePHECRR PEIATdiIAY & atyeCl iR REGPHPI ABINghivheRip thercopiauous
gr af t egktrudRReEadlyr asfAIchGth tOHiaRletdreasd ofb6:1 ollesd
process according to claim1l, wherein the rubber is
dried to an anobunt of between about 0.2 and about 0.3
wt% 3. A process according to claim1l1l or 2, wherein
the dried rubber is provided to the first reaction
zone at a tenperature of between about 195 and 220 C
4. A process according to any of the clains 1 - 3,
wherein the wherein the organic peroxide is chosen
fromdi-t-butyl peroxide,
2,5-di met hyl -2, 5-di - (tbutyl peroxy) hexane,
2,5-di nethyl -2,5-di-(t-butyl peroxy) hexyne-3. 5. A
process according to claim1l, wherein between 1.0 and
5.0 phr mal ei ¢ anhydri de and between 0.05 and 0.8 phr
of the organic peroxide is introduced via the
i njection zones. 6. A process according to claim1,
wherein the total anount of naleic anhydride and
peroxide is unevenly split between the first and the
second injection zone.7. A process according to any of
the preceding cl ainms, wherein the continuous extrusion
reactor has a length to dianeter ratio of 56:1 or
| ess.



