
- 1 - EXTRUSION PROCESS FOR GRAFTING RUBBERS The invention relates to a
process for producing a grafted rubber comprising: 5a) providing an
ethylene/propylene rubber having a weight average molecular weight (Mw) of
at least 80 kg/mol 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 continuous extrusion reactor, 10d) 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
15anhydride 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. 20Such 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 160C 



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
200C. 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 35efficiency for the amount of MAh that is grafted onto the
rubber.  - 2 -                  This object is obtained according to the
invention by a process wherein the rubber is fed in a slab/melt dosing unit
and transported to the continuous extrusion reactor by a melt pump, dried
to a moisture content of between about 0.2 and about 0.5 wt% and the dried
rubber is provided to a first reaction zone of the 5 continuous reactor at
a temperature of between 190 and 250C and 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 220C.                  In an
embodiment of the invention grafting efficiency of more than 70% could be
obtained. 10Another embodiment of the process of the invention is that the
residual, non reacted MAh could be reduced to 0.5 wt%. A lower residual
amount of MAh reduces side reactions of the unreacted MAh in the extruder
under grafting and shearing conditions. High temperature side products of
MAh are known to be a source of haziness and discoloration of the
functional rubber, hence the reduction of free 15maleic 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 20rubber,
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. 25In 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 220C. A preferred embodiment of the process of the invention is carried
out 30in a continuous extrusion reactor 2 shown in Fig. 1. The continuous
extrusion reactor used in the process of the invention preferably has an UD
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, 35energy is applied
to the rubber to reduce its apparent viscosity. The energy is  - 3 -
preferably provided as externally supplied heat delivered through
resistance heating elements on the exterior of the continuous extrusion
reactor around the initial heating zone and in the form of mechanical work
supplied by the rotating screw, which has a geometry selected to provide a
moderate degree of shear. Excess moisture is allowed 5 to leave the melt to
the atmosphere or vacuum via opening 20a. The remaining moisture content is
then less than 0.5 wt%, but at least 0.2 wt%. Drying the EPM to an amount
of less than 0.2 wt% has the disadvantage that the screw length and/or the
melt temperature have to be increased to remove the remaining moisture. The
rubber entering the injection zone 22 preferably has a moisture content of
less than 0.3%. 



10Temperature and moisture of the rubber are measured by permitting part of
the rubber to exit the extruder at the first maleic anhydride injection
point 22a, determining the beginning of the injection zone. The temperature
measured at that point is more than 175 C and the amount of moisture,
measured by determining the weight loss of a sample after 16 hour in a
vacuum oven at 110C, is preferably between 0.2 and 0.3 15 wt%. The rubber
temperature further increases to a temperature of between about 190 and
250C, preferably of between about 195 and about 220C while being conveyed
through the first reaction zone 24. This temperature is provided by a melt
thermocouple 24a. Molten maleic anhydride (80C) 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, 2023b). Grafting takes place in the reaction
zones (24 and 25) at a temperature of between about 190 and 250C. 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 300C. 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  30An
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 35kg/mol), were stripped of film wrap and fed via hopper 10 to a melt
dosing extruder 11  - 4 - and transported to an extruder arrangement by a
melt pump 12 at a feed rate of 50 kg/h. According to the setup, excess
moisture was allowed to leave the melt to the atmosphere via opening 20a.
Measurement of the rubber melt that was collected from the open injection
port 22a resulted in a melt temperature of 176C and a moisture 



5content of 0.22 wt%. After reinstalling the injection valve, molten maleic
anhydride (80C) was fed at the dosing points (22a, 22b) at a combined feed
rate of 2.5% of the rubber throughput. Di-tert-butyl peroxide (Akzo Nobel,
Trigonox B) as a 30 wt% solution in mineral oil was fed at the dosing
points (23a, 23b) at a combined rate of 0.4% of the rubber throughput.
Screw speed was 250 rpm to reach a reaction melt  10 temperature of 201C
measured by the melt thermocouple (24a) in the reaction zone 24. Degassing
of unreacted product was done via the vent zone (26) at a vacuum of 200
mbar. Final compression of the melt in the extruder head (29) gave a final
melt temperature (27) of 298C. The rubber melt exiting the extruder was fed
to an under water pelletizer system (3) including a pelletizing head with a
star knife assembly and 15water recirculation system with heat exchanger.
The obtained maleic anhydride grafted rubber was a clear light yellow
rubber with a melt flow index (MFI) of 4.9 g/10 min (190C, 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
25rate 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 202C. The obtained maleic anhydride grafted rubber was a
clear yellow rubber with a melt flow index (MFI) of 4.2 g/10 min (190C,
2160 g), a gel level of 0.06 wt% and a maleic 30anhydride 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 35described
in example 1 with as the major difference the adjustment to an increased  -
5 -  melt temperature in the maleic anhydride-grafting zone (24) by means
of a slightly increased screw severity (e.g. replacement transport with
kneading elements) and operating at 350 rpm. Rubber melt collected at the
injection port 22a had a temperature of 210C and a moisture content of 0.2
wt%). Melt temperature, measured by the melt 5 thermocouple (24a) was 254C.
The obtained rubber had a high melt flow index of 8.3 g/10 min (190C, 2160
g). The level of maleic anhydride by IR was 1.03 wt% (conversion 41%)
whereas the free maleic increased to 0.36 wt%. Comparative Experiment B
The process was performed under nearly identical conditions as 10 described
in example 1 with as the major difference the adjustment to a reduced melt
temperature in the maleic anhydride-grafting zone by means of screw speed
reduction to 175 rpm. Melt temperature, measured by the melt thermocouple
(24a) was 185C.                The obtained maleic anhydride grafted rubber
was a hazy, brownish rubber and the texture of the cold sample indicated
presence of gels. This was 15confirmed 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 vs.rt% (conversion 50%). The residue
of free maleic was measured by HPLC to be 0.23 wt%.  - 6 - CLAIMS 1. A
process for producing a grafted rubber comprising: a) providing an ethylene
propylene rubber having a weight average molecular weight (Mw) of at least
80 kg/mol in a continuous extrusion reactor by feeding the rubber to a melt
dosing unit and transporting the rubber to the continuous extrusion reactor
by a melt pump; 



b) drying the rubber in the continuous extrusion reactor to a moisture
content of between 0.2 and 0.5 wt%, the moisture being measured by
determining the weight loss of a sample, collected at a first maleic
anhydride injection point, after 16 hour in a vacuum oven at 110C; c)
providing the dried rubber to a first injection zone of the continuous
extrusion reactor at a temperature of between 190 and 250C;  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 (t112) of more than 1
second if measured in mono-chlorobenzene at 220C;  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%.  -7- 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 195 and 220C. 4. A process according to any of the claims 1 - 3,
wherein the organic peroxide is chosen from di-t-butyl peroxide,
2,5-dimethy1-2,5-di-(t-butylperoxy) hexane, 2,5-
dimethy1-2,5-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. 7. A process according to any of the preceding claims, wherein the
continuous extrusion reactor has a length to diameter ratio of 56:1 or
less. 


