- 1 - EXTRUSI ON PROCESS FOR GRAFTI NG RUBBERS The invention relates to a
process for producing a grafted rubber conprising: 5a) providing an

et hyl ene/ propyl ene rubber having a wei ght average nol ecul ar wei ght (My) of
at least 80 kg/nmol in a continuous extrusion reactor. b) drying the rubber
I n the continuous extrusion reactor; c) providing the dried rubber to a
first injection zone of the continuous extrusion reactor, 10d) in the first
i njection zone, providing successively a first anount of nal eic anhydride
and a first anmount of free-radical initiator to the dried rubber; e)
reacting mal eic anhydride with the rubber in a first reactor zone of the
continuous extrusion reactor to Broduce a grafted rubber . f) ina
second injection zone, BXEBUSIONPROCESSSQARECRARTINGRUBBERS,

punt of nal eic

15anhydri de and a second ffeé-radical inifiafo; g) applying shear to the
grafted rubber in a secand.reactor, zone_of the continuous _extrusion
reactor, the shear suffic¢lPehtMtY rp'gﬁeag af’hoé’e?/\sief)%f)é%\'/n@raa%rgﬁ%r E%eﬂl ar wei ght
(Mv) of the graptiseh:r ubber by a factor of at |east 2. 20Such a process is

known frog VWO 2006/,03R4 4 eth(eneBRB(18RP{iAlerFaSRE bRTnRaePile! MbIQMR€XT rusi on
i sei°m

process for the uri el c grar hyl ene- propyl ene rubber
conpri si ng the abWgigbt{iiw Pﬁﬁg@s%@(é'&m%i@ A COMBURHSHRIYSIOhEEHRE t he rubber is
dri eq to a noi g ug@ingm@trgﬂfgerg}fmb es@intb @ exfudionedetand t he dried rubber is
provided to t hg) frl)rg\%inlg meecﬁ'lleh (r)uq)bélp tgea fff’rlsEt in?ecttigrwgnreagf lt11reeco(r%1inuloﬁss (SEXtItUQI%H 160C
reactor,
10 d) in the first injection zone, providing successively a first amount of maleic
anhydride and a first amount of free-radical initiator to the dried rubber;
e) reacting maleic anhydride with the rubber in a first reactor zone of the
continuous extrusion reactor to produce a grafted rubber;
f) in a second injection zone, providing successively a second amount of maleic

15 anhydride and a second free-radical initiator
g) applying shear to the grafted rubber in a second reactor 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.

20 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

25

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 (PO) 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

30  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

35 efficiency for the amount of MAh that is grafted onto the rubber.



25 Tabl e 6 of WD 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
(PO as free radical initiator are injected to obtain 2.0 wt% of bound MAh.
This is an efficiency of 53% The efficiency of exanple 4 is not nore than
55% The grafting reaction is typically carried 30 out between 150 and
200C. WO 2006/ 039774 does not disclose how an efficiency of nore than 55%
can be obtai ned. A disadvantage of the process described in WO 2006/ 039774
is arelatively low efficiency of the grafting reaction, which causes
excessive | oss of MAh. An object of the invention is to provide a process

with a high 35effici ency_l_ﬂ‘.orb.trt’ne g{munt of MAIg thhat IS Q afted onto the
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consequence piddaioesk and discoloration of the functional rubber, hence the reduction of free
15  maleic anhydride results in color and clarity improvements of the product stream.
Lower residual MAh allows an improved purification of the product stream by vacuum
stripping in the vacuum zone. The level of sensitizing MAh in the product is in
consequence reduced.
in the process of the invention the rubber is ethylene-propylene
20  rubber, which is fed to a slab/melt dosing unit and transported to the continuous
extrusion reactor by a melt pump. The melt pump dampens fluctuations 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.
25 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
30 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,

35  energy is applied to the rubber to reduce its apparent viscosity. The energy is



In the process of the invention the rubber is ethylene-propyl ene 20rubber,
which is fed to a slab/nelt dosing unit and transported to the continuous
extrusion reactor by a nelt punp. The nelt punp danpens fluctuations in the
rubber feed stream caused by introducing rubber slabs to the nelt extruder.
The melt punp further reduces pul sations and fluctuations of the system
thus allowing control of reactants d05|ngﬁand I n consequence resulting in
product consistency. 25In a further enbodinent of the invention, the rubber
is dried to an anmpbunt of between about 0.2 and about 0.3 w %

In 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 prai¢rebly prbviset) es extemallyofupplied hertdstigsedthraugl résistamce heatings carri ed
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resi stance heating element$ on the exterior e conti fuous extrusion
react or ar ouR't{aTePeraireiharve tocetingigpsed feregiode the remaining meistfre niherabtiecal  wor k

S“Sp' i ed by terhtemfgqh@tnger&gorsfdnewz préiérahy Rasa a]o&ﬁfa@eéﬁt%t@elbwﬁwsmo@% provi fle a
noder at e ee o0 e moi sture is a e nelt to
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mel t tenper at ave e i ncrease enmove ol sture. The
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| ess than O.gHMple after 16 hour in a vacuum oven at 110°C, is preferably between 0.2 and 0.3
15 wi%. The rubber temperature further increases to a temperature of between about 190
and 250°C, preferably of between about 195 and about 220°C while being conveyed
through the first reaction zone 24. This temperature is provided by a melt thermocouple
24a. Molten maleic anhydride (80°C) is fed at the dosing points (22a, 22b). A
preferably 30% solution of peroxide in mineral oil can be fed at the dosing points (23a,
20  23b). Grafting takes place in the reaction zones (24 and 25) at a temperature of
between about 190 and 250°C. Degassing of the grafted and sheared rubber can be
done in a degassing zone of the continuous extrusion reactor e.g. via the vent zone
(26) to a vacuum. Final compression of the melt in the extruder head (29) causes a
final melt temperature measured at (27) of between 290 and 300°C. The rubber melt
25  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
30 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
35  kg/mol), were stripped of film wrap and fed via hopper 10 to a melt dosing extruder 11



10Tenperature and noi sture of the rubber are neasured by permtting part of
the rubber to exit the extruder at the first maleic anhydride injection

poi nt 22a, determ ning the beginning of the injection zone. The tenperature
measured at that point is nore than 175 C and the anmount of noisture,
measured by determ ning the weight |oss of a sanple after 16 hour in a
vacuum oven at 110C, is preferably betweéi 0.2 and 0.3 15 wt% The rubber
tenperature further increases to a tenperature of between about 190 and
250C, preferably of between about 195 and about 220C whil e bei ng conveyed
through the first reaction zone 24. This tenperature is provided by a nelt
t her nocoupl e @@d andyottecio amedxtuder arranyatrmedtby 8@} pursp fl2 et aateed rade diosi ng poi nt s
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The obtained maleic anhydride grafted rubber was a clear light yellow
rubber with a melt flow index (MFI) of 4.9 g/10 min (190°C, 2160 g), a gel level of 0.05
wt% and a maleic anhydride functional level measured by IR method of 1.93 wt%
(conversion 77%). The residue of free maleic was measured by HPLC to be below 0.1
20 wt%.

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
25 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 meit 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 (180°C, 2160 g), a gel level of 0.06 wt% and a maleic
30 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
35  described in example 1 with as the major difference the adjustment to an increased




5content of 0.22 % After reinstalling the injection valve, nolten nmaleic
anhydri de (80C) was fed at the dosing points (22a, 22b) at a conbi ned feed
rate of 2.5% of the rubber throughput. Di-tert-butyl peroxide (Akzo Nobel,
Trigonox B) as a 30 wt% solution in mneral oil was fed at the dosing
points (23a, 23b) at a conbined rate of 0.4% of the rubber throughput.
Screw speed was 250 rpmto reach a reactdifon nelt 10 tenperature of 201C
nmeasured by the nelt thernocouple (24a) in the reaction zone 24. Degassing
of unreacted product was done via the vent zone (26) at a vacuum of 200
nbar. Final conpression of the nmelt in the extruder head (29) gave a final

nel t tenper athdietgdrhtufd ln%%lefggﬁhfdﬁgg—ﬁfaft an@(SZM l'))nrgeérﬁ%f gxligiagder was fed
to an under water pelletizer system (3) inc i ?ﬁp et|2|ng ead with a
Rgeierdna
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level of 0,02 gﬁ%gﬂg%\% Qﬁ(’ie °°’§t8rr‘1th “8%’7 3('19?1@?”‘8‘”8 ur meaf”reg é%g‘Fg%F”by IR
met hod of 51. ¢®rmpoaupledPia wabs @M“ﬂ?%e oblthieed wibeflhad afhighrreedt fioml index ofi@s3
nmeasured by ldﬂle(«?nuh‘ﬁdé@c tﬁb@@’) Qhé-le%@l %Qe:c@%md% bg IR was 1.03 wt% The

process was perforned under “nearly identical conditions as described in
exanpl e 1 wi t(‘??”é%’s'f"l’lé1 frayvRresn tf‘?é‘?%ﬁ@@”t'ﬂ‘é%?&f’ﬁ%@ AeM%of conmbi ned feed

25rate of nolCompaldiNe BXp@ripentaxi de to respectl vely 3. 8% and 0. 8% of the
rubber throughput at thq.hres ective don nmelt

gp 0| nt r‘}’é
t enperature, neasured by ?Rfe CRel YA P%e r@ Yléj)em\/vg 5'?3 2 ned by
means of 19 pndegcrib@PiCexarhele 6 iwtithian g mabredlféerarrdeyhhadi@hgeraﬂcn acdugdrbmelt was a
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2160 g), a gel _|evel 0 an el c functional |evel
neasur ed by 10|:\17ﬁé@rnd\ﬂelbtpn@e@glrwmga@e@ﬁ\%#gq et t?S%OCOqﬂ‘i%(Zf‘é)sWﬁJ@%@ free

mal ei ¢ was neasured by FREbthided@alickhhydrife gfa@p aibbet Was EXAST bidwhkh A
rubber and the texture of the cold sample indicated presence of gels. This was
15 confirmed by solubility in THF followed by filtration through a 25 micron filter resulting
in a gel content of 1.4%. The melt flow index of the sample was not measured. The
maleic anhydride functional level by IR method was 1.25 wt% (conversion 50%). The
residue of free maleic was measured by HPLC to be 0.23 wt%.



The process was perfornmed under nearly identical conditions as 35descri bed
in exanple 1 with as the major difference the adjustnent to an increased -
5 - nelt tenperature in the mal eic anhydride-grafting zone (24) by neans
of a slightly increased screw severity8{e.g. replacenent transport wth
kneadi ng el enents) and operating at 350 rpm Rubber nelt collected at the
injection port 22a had a tenperature of 210C and a noisture content of 0.2
w% . Melt tenperature, neasured bydiagugelt 5 thernocoupl e (24a) was 254C.
The obt ai ned rubber had a high nelt fTow index of 8.3 g/10 mn (190C, 2160
g). The level of maleic anhydride by IR was 1.03 wt % (conversion 41%
whereas the free maleic increased to 0.36 w% Conparative Experinent B

The process XasJRes fd? bPgficing Aeiraffbifubled QRiHrismg!  conditions as 10 descri bed
i n exanple 1M/\?ﬁth as tphe Prajaofdr?ii ffeur e?lce the gdj ustnment to a reduced nelt

t enper at ur e ArPrevidngran ethyleastayenyiens.iybbgrthaNty9 2omeiohs aversRgNdec RSB Ripeed
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(24a) was 18 _ ' : al ned mal ei c_anhydride grafted rubber
was a hazy, »MEWcsiAg LoibBEeY transporting the xyhpeetodhe cRatinsieHs eXiEHRANEreRaiar But ed
presence of gglefpuhpts was 15confirmed by solubility in THF fol | owed by
filtration through a 25 mcron filter resulting in a gel content of 1.4%
The nelt flow index of the sanple was not neasured. The nal ei ¢ anhydri de

functional |gwplindnel rBobEiNRE WasindoudexHasibh PECER Y § hidisitke@Ment dhe T esi due
of free naleic was neasured by HPLC to be 0.23 W% - 6 - CLAIMS 1. A

process for RatWeRIL Orand §riawifadhe misdire bsingrmeasyged ky) dgieTEvNIae He Wikt hyl ene
propyl ene ruyblest Nhdle RINREDHE 2 AEMARR AFMyBSIE Rlechi Bolht, 6P 16050 tn | east

80 kg/nol in a continuous extrusion reactor by feeding the rubber to a nelt
dosi ng uni t ARFUHIHEPA 1R & t he rubber to the continuous extrusion reactor
by a nmelt punp;

c) providing the dried rubber to a first injection zone of the continuous extrusion

reactor at a temperature of between 190 and 250°C;

d) in the first injection zone, providing successively a first amount of maleic anhydride

and a first free-radical initiator to the dried rubber;

e) reacting maleic anhydride with the rubber in a first reaction zone of the continuous

extrusion reactor to produce a grafted rubber;

f) in a second injection zone, providing successively a second amount of maleic
anhydride and a second free-radical initiator, the first and the second free radical
initiator is an organic peroxide with a half-life (t,,) of more than 1 second if measured

in mono-chlorobenzene at 220°C;

g) 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
0.2 and 0.3 wt%.



b) drying the rubber in the continuous extrusion reactor to a noisture
content of between 0.2 and 0.5 wt% the noisture being neasured by
determ ning the weight |oss of a sanple, collected at a first naleic
anhydride injection point, after 16 helr in a vacuum oven at 110C; c)
providing the dried rubber to a first injection zone of the continuous
extrusion reactor at a tenperature of between 190 and 250C, d) in the

first injert AQRoceRBaccdbinytéltinin $UF 2 aksdriialte anéd rruaberagemtde@fto R s
anhydride and a first free-radical initiator to the dried rubber; e)

reacti ng mal ERCUIMFRIGrat ddemperatura el beiysen 19hand ??Q St reaction zone of the
conti nuous extrusion reactor to produce a grafted rubber; f) in a second

i njection zone, providing successively a second anpunt of mal eic anhydri de
and a secdndARresEss 2aFdng Ay ofitae claimie!  Br whersinithe eI RRIAXIER i r adi cal

initiator iscryseRf@aNdia- bw QéﬂoQ@eVQ 5RiirAetAALS 5-4i- (t%u(ylpu&ay) Aéxdmar g st han 1
second if nmeasured in hl or obenzene at 22 g) applyi ng shear to the

grafted rubb‘é’meitfﬁ"ass@tﬁblﬁ‘&y'P‘é@éY)lrlﬂ’fy%ﬁe of the contl nuous extrusion
reactor, the shear sufficient to reduce the we| ght average nmol ecul ar wei ght
(Mn) of theografted r ubber ?)4 a factor of at |east én?(Begrocess_

accor di ng % o Pregess 2CCapfiag & Haimb Wh%?i@rbef"‘éeeﬂrl%ﬁnqgoa‘ﬁ“ hienRydriget ween
0.2 and 0. 3 yidbetwedn 036 ahdW PEIRST tRLEQEAE PBrdxRiels Mitrdtideed viZthehjeEinm t he
dried rubber_is provided to the first reaction zone at a tenperature of

bet ween 195 #§S220C. 4. A process according to any of the claims 1 - 3,
wherein the organi C per oxi de is chosen fromdi-t-butyl peroxide,

2, 5-di netg -2,5-di-(t- but eroxy hexane, %

di met hy1- EABTOCFFS B ?'5“ hé%!&?ﬁ% 0 fhe tgta Amﬁvatccgw'%{eea'wﬂ“ﬁs g clai m
1, wherein Qﬁﬁrwﬂ@élislur@vé\ﬂﬂsﬁllt@emyenﬂﬁé fisCamnimedetoitl iaRdtidezomeen 0. 05 and
0.8 phr of the organic peroxide is introduced via the injection zones. 6. A
process according to claim1, wherein the total anount of maleic anhydride
and per oxi7deA pfoceSENEIdIInG D ardy dmé/\@eeeduhgaclbmssmamq theecopgfd i nj ection
zone. 7. A process according to an t he prfcﬁ%edl r‘lg?cl ai ns, wherein the

cont i nuous e%trPE'QP(S‘T'?qQ%@?@r engil todgqag}ebe[rﬁat{ooo ratio of 56:1 or

| ess.



