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Abstract

Process for the continuous bulk production of high impact
vinylaromatic copolymers in which the vinylaromatic monomer,
eventually a vinyl-cyanide comonomer, the rubber, a part of
the diluent solvent and the catalyst are premixed in a pre—
mixer at a temperature under 100°C and fed to a plug-flow
agitated tubular reactor, which is divided into several
stages or zones. The mixture in excess is recycled to the
premiger and the remaining part of the diluent solvent is
injected on the top of the reactor ‘ to prevent the formation
of incrustations. |In the first zone of the reactor, the
temperature and the residence time of the mixture are re-
gulated so to have the halving of the catalyst |ife.

The polymerization is carried on in the following zones
of the reactor till at least the 40% by weight of solids and
1t s eventually brought to conclusion in one or more con—

secutive tubular reactors like the first one. The reactors

are set 1n series.
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Impact
vinylaromatic (co)polymers”
Background of the Invention
Field of the Invention
- The present invention relates to a process for the continu-

ous mass production of high

In  more detail,

the continuous pylk production of high impact copolymers

based on vinylaromatic and vin

Discussion of the Prior Art
[t 1is well

yl-cyanide monomers.
known that the impact resistance properties of

polystyrene can be improved by mixing in it a rubbery mate-

rial. To obtain this the two components can be meéhanically.

20 | |
mixed  or, in.a more favourable way, the styrene polymeriza-
tion is carried out. in the presence of the rubbery mate.r‘ial :

In this last cése the procedure is generally to dissolve

the rugbery material in the monomer styrene and then to
polymerize .this solution in confinuous or discontinuous, in
bulk , Itn solution or in a combinéd bulk/suspension polymeri-
zation process.

30

Immediately after the beginning of the polymerization
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reaction +the solution of +he rubbery material in monomer
styrene separatés into two phases: one of them, that is a
solution of the rubber in monomer styreng, initially forms
the continuous phase: while the other, that is a solution
of polystyrene resulting in its own monomer, remajns dis-
persed in this phase in drops form. By the'increasing of the

conversion the quantity of the second phase increases at the
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expense of the first one; as soon as the quantity of
Formed polystyrene exceeds the quantity of employed rubber,
an exchange takes place in the phase, that is generally
called phase inversion.

When this inversion takes place, drops of rubbery materi-
al solution are forming in the polystyrene solution; but these
drops of rubbery material solution incorporate, on their
turn, little drops of what has now become the continuous
polystyrenic phase. At the same time, a grafting of the
rubber by the polystyrene chains takes place during this

polymerization.

Usually the polymerization is carried out in several
stages. In the first polymerization stage, that is called
prepoﬁymerization, the rubber solution in styrene 1s poly~
meritzed till a conversion is reached that is superior to the

phase inversion; afterwards the polymerization is carried on
till the desired styrene conversion.

The continuous !"bulk polymerization s described, for
example, in the USA patents n. 2694692, 3243481 and 3658946.
The combined bulk/suspension discontinuous polymerization
is described, for example, in the USA patent n. 3428712.

It 1s well known that the properties of the styrenic
polymers, and in particular their stress crack resistance,
especially when theyY come in contact with fatty substances,

can be i1mproved by introducing little quantities of a vinyl-
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cyanide in the polymer.

lt 1s also known that the i1mproved impact resistance prop-
ertites of the styrenic polymers can be influenced and varied
during the polymerization by varying the graftting degree of
the polystyrene chains on the rubber.

Several attempts have been made to this purpose, but none
of them has allowed to realize the grafting at the desired
degree, in conditions acceptable from an industrial point
of view. An attempt to increase the grafting degree of the
rubber lies in using block~rubbers of the A-B, A-B-A, or
B-A-B type (in which A is a styrene block and B a butadiene
block) or in using star~shaped block copolymers. This at-
tempt is described in the patents DE-A-2646508, DE-A-2646509
DE-A-2717777 and DE-A-2504118.

However, this attempt is scarcely attractive from an indus-
trial point of view because of the particular operative
conditions to be used with those types of rubbers.

It 1Is possible to realize Iin situ the bond between the
rubber and the thermoplastic component, by carrying out the
polymerization Iin the presence of an initiator, usually a
conventional peroxide; but in this case problems can be
caused by the technical difficulties connected with the po-
lymerization, such as an unsuitable removal of the heat or
excessive viscosity of the solution or premature cross-—

|l inking of the rubber at high temperatures; only low con-
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centrations can be used. As an alternative, 1f convention-
al concentrations of catalyst are employed, only low
temperatures can be employed, with consequent low graft-
ing degree and unsufficient mechanical properties.

The USA patent 4282334 suggests, in example 1, to
increase the grafting degree by carrying out the poly-
merization, 1n the initial stage, under adiabatic con-

ditions. Even if this method allows to reach a good graft-

tng degree, the accomplishment of +this process on I1n-

dustrial scale involves 1insuperable difficulties,

because the reaction becomes uncontrollable.

The same USA patent suggests to obtain a high graft-
ing degree under isothermal conditions 1n a tubular re-
actor; in the presence of a catalyst at high tempera-
ture. However, tests carried out by the Applicant have
demonstrated that also +this process s not problemless,
because of the formation of cross—-!|inked polymer, above
all on +the top of the reactor, so that the reactor is
completly obstructed atter 1 - 2 days. These problems

are noticed particularly in the case of the copolymer-
lzation of styrene with vinyl-cyanide monomer.

Disclosure of the Invention

S g g by rebreb b b e d

The present invention allows to overcome all the problems

connected with +the bylk continuous polymerization of a
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vinylaromatic nomoner carried out in a plug-flow agitated
reactor, also in the case of its copolymerization with a
vinyl-cyanide monomer.

The present invention provides a continuous, bulk
or solution process to produce high impact styrene polymers
or copolymers, which process is realizable and reproducible
from an industrial point of view and permits to produce a
high grafting of the (co)polymer on the rubber.

The process of the present invention is intended
to be wused for a process for the continnuous Dbulk
production of vinylaromatic copolymers consisting of a
vinylaromatic monomer, rubber and if present, a comonomer
selected from the group consisting of acrylonitrile,
methacrylonitrile, acrylic acid, methacrylic acid and
alkyl- or cyclo-alkyl-esters of acrylic acid and
methacrylic acid containing from 1 to 8 carbon atoms in the
alkyl group.

This process consists of:

a) mixing, at a temperature under 100°C, in at
least one heated mixer, the vinylaromatic monomer, the
rubber, the catalyst, the comonomer, if present, and an
inert solvent to form an initial mixture to be polymerized,
and in addition the copolymer formed from these monomers to
form a total mixture, said catalyst being present in a
quantity not exceeding 0.1% by weight with respect to the
vinylaromatic monomer and the comonomer, if present, and
the copolymer being present in a quantity exceeding 10% by
welght with respect to the initial mixture to be
polymerized;

b) feeding the total mixture of step a) into at

least one plug-flow agitated tubular vertical reactor,
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wherein the total mixture of step (a) is fed into the head
of the at 1least one plug-flow agitated tubular vertical
reactor, sald at least one plug-flow agitated tubular

vertical reactor being divided into three successive zones

heated at different temperatures between 100° and 150°C., at

a flow rate higher than the flow rate of the polymerized
mixture being discharged from said plug-flow agitated
tubular vertical reactor to form an excess mixture;

C) recycling the excess mixture from the at
least one plug-flow agitated tubular vertical reactor of
step b) back to the mixer of step a);

d) injecting solvent into the top of the at
least one plug-flow agitated tubular vertical reactor in a
quantity effective to prevent polymerization at the top of
the at least one plug-flow agitated tubular vertical
reactor and not exceeding 5% by weight, with respect to the
initial mixture to be polymerized;

e) keeping the reaction mixture of step b) in a

first zone of the at least one plug-flow agitated tabular

vertical reactor for a time and temperature sufficient to

halve the catalyst life; and

£) carrying on the ©polymerization in the
remaining zones of the at least one plug-flow agitated

tubular vertical reactor until a solids content vyield of at

least 40% by weight coming out of the third zone is

obtained.

The polymerization can then be carried out in one

or more consecutive, plug-flow agitated, tubular reactors

ti1ll the yield of a so0lid content of at least 70% by

welight, then the obtained polymerization mixture 1is

submitted to devolatyzation.
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The solution of the vinylaromatic monomer, the
rubber, the catalyst, the eventual vinyl-cyanide monomer,
thge 1nert solvent and the (co)polymer can be made in a

single mixer or, better, in two separated mixers; in the

first, Kkept at a temperature not exceeding 100°C, the
vinylaromatic monomer the rubber and the inert solvent are
mixed; 1in the second, that is not heated, the catalyst and
the wvinyl-cyanide monomer, 1if present, are added. The
fundamental conditions in the preparation stage of the

solution are the temperature

7a
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that must not exceed 100°C and the catalyst addition that is
etfected 1mmediately before the feeding of the solution to
the vertical reactor, in order to avoid a remarkable polymer
formation.

In the mixer or in the first mixer, iIf two mixers are
employed, |l 1ttle copolymer quantities are present, these
quantities, however, do not exceed the 10% by weight in com-
parison with the fed solution.

The above mentioned polymerization conditions, in par-
ticular the time and the temperature at which the mixture 1is
kept in the first zone of the reactor, are essential for the
obtaitnment oF; a high gel content, given by the styrenic
(co)po}ymer quantity grafted on the rubber.

.Thé rubbers used in the process of the present I1nven-
tion are the natural or synthetic rubers usually employed
for the production of styrenic high i1mpact polymers. Suita-
ble rubbers are'the homopolymers or copolymers of conjugated
dienes having from 4. to 0 carbon atoms such as polybuta-
"diene, polyisoprene and the butadiené and i1soprene copoly-
mers between themselves and with styrene and/or with other
comonomers; these copolymers have preferably a transition
temperature of the second order (Tg) lower than -20°C. The
rubbery copolymers of butadiene and/or isoprene can contain
the "random” or block distributed monomers. Other rubbery

components suitable to the process of the present invention
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for the production of high impact styrenic polymers are the
rubbery copolymers ethylene-propylene and the tertpolymers
ethylene-propylene~diene.

The preferred rubber is a homopolymer of a conjugated
diene containing 4 or 6 carbon atoms, inrparticular poly-
butadiene having a fraction above 25% of cis configuration.

The elastomeric styrene-diene block copolymers or the
styrene-~diene grafted copolymers are equally suitable to the
process of the present invention. The grafted copolymers
contain side chains of polystyrene grafted on a polydiene,
oreferably polybutadiene, as substrate. In the block copoly-
mers the passage between each single block can take place
suddenly or gradually; in particular block copolymers having
formula A-B or A-B-A can be employed, 1in which A is a polysty-
rene block homopolymer and B a block polymer of a conjugated
diene having from 4 to 6 carbon atoms, in particular buta-
diene, and styrene with random monomers distribution. The
rubbers can be employed one by one or mixed together. The

employed rubbery component should contain maximum 55% by

weight of styrene homopolymer segments in block shape.

According to the process of the present invention, the
rubber is first dissolved in styrene monomer and then the
mixture is submitted to polymerization. Generally the rubber
component is employed in quantities between 1 and 20% by

weight, preferably between 2 and 15% by weight, based on the

LI S
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inttial solution being polymerized.

An inert solvent, that acts as a diluent, I1s added to
the solution being polymerized in a quantity not exceeding
the 20%, preferably between 5 and 10% by weight, in compar-
ison with the solution being polymerized.

Suitable examples of diluent iInert solvent are the aro-
matic hydrocarbons, that are liquid at the polymerization

temperature. Toluene, ethylbenzene, xilenes or mixture of

these compounds, in any ratio, are preferred. |f required
auxiliaries and additives, such as for exampie antioxidizers
stabilizers, I|lubricants, releasing agents etc. can be added

to the solution being polymerized.

The catalysts employed in the process of the present tn-
venti&n are the conventional ones usually employed i1n the
styrene polymerization.

To give an example we remember the radicalic initiators
such as organic peroxides.

Examples of suitable initiators are: dibenzoil peroxide,
tertbuty! peroctoate, tertbutyl perbenzoate, ditertbutyl
peroxide, 1,1'-di-tertbutylperoxicycliohexane, 1,1'-di-tert
butyl-peroxi—3,3,5 trimethyl cyclohexane etc.

These catalysts are added iﬁ quantities below 0.1% and
in particular between 0.005 and 0.05% by weight in compar-
tson with the monomers.

“"Chain transfer” agents can be used.

-----



2017353

Fvamples of suitable “chain transfers” are the mercap-
P P

tanes contatning from 4 to 18 carbon atoms, such as for
example n.butyl-mercaptane, n.octyl-mercaptane, t.dodecy !l -
mercaptane, n.dodecylmercaptane etc. The mercaptane quant 1 -
ty, when it is wused, is usually between 0.0l and 0.3% by
weight based on the vinylaromatic monomer.

The vinyl aromatic monomer employed in the process of
the present invention includes first of all styrene, but
also styrenic monomers can be employed having one or more
hydrogens replaced by alkylic or arylic radicals a halogen
or a nytro radical! such as for example alpha-methyl-styrene;
mono—, di-, tri-, tetra-, and penta-chloro styrene and the
corresponding alpha-methyl styrenes such as ortho- and para-
ethyl; styrenes, ortho- and para-alpha~-methyl-styrenes etc.
both on their own and mixed together or/and with the sty-
rene.

The vinyl-cyanide comonomer, 1f present, can be acrylo-
nitryle, metacrylonitryle, acrylic acid, metacrylic acid
and their alkyl- or cycloalkyl esters containing from 1 to 3
carbon atoms in the alkyle group, such as bufylmacrylate,
ethyl—-hexyl-acrylate, ‘cyclohexyl—acrylate, methyl-metacryl-
ate and butyl metacryléte. This vinyl—-cyanide comonomer can
generally be .employed in quantities between O and 50% by
weight, preferably between 5 and 30%, in comparison with the

mixture of the monomers being polymerized.
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The polymerization is carried out in tubular vertical

reactors whose lenght is a multiple of the diameter and in

which the product is only mildly agitated. Genarally the

ratio lenght/diameter is above 2,.pheFerably between 3 and

10.

An essential aspect of the process‘oF the present‘inven-
titon 1s the way by which thé.processis carried 6ut during
the .first phase, that is during the pfepOIymerization'eF-
fected in the first stage of the tubular reactor. To obtain
products having a high gel content, such as for example in
the case of the polybutadienic rubbers, a graFting.ratio,
gfven by the ‘ratio: ge % #ed rubber%, above 3, pﬁe%erably.
between 3, 2 and 4,2,.it is necessary that the monomérs resi-
dence time  in the first stage is at Ieast.the same time

necessary to obtain the halving of the catalyst | i fe, at the

" polymerization temperature.

The grafted Pubber'cdntenf, Fér_the pQrpuse of the pre-
sent- Iinvention, means the constituent that.is”unsoluble In
toluene at room temperatuﬁe (about 25°C).

The-hélf~jiFe times of the catalyst at the various
temperatures are data which may be found in the literature.

"To give an example, the enclosed figure 3 reports the
the graphics-time/ﬁemperature of the following catalysts:

1. Tert.butyl péroxi—Z—ethylhexancate;

12
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2, 1,1'=-di-tert.butylperoxy-3,3,5-trimethylcyclohexane;
J« 1,1"=di-tert.butylparoxicyclohexane;
4. Tert.butyl-peroxibenzoate and
5. Di-tert-butyiperoxide.

In this first zone the prepolymerization of the mono-

mer (s)—rubber mixture takes place till the phase inversion
is obtained. Afterwards the polymerization i1s continued
in the following stages of the reactor till the yield

of a solids content of at least the 40% by weight coming out
of the third stage of the reactor.

In the +tubular reactor, the temperature and the solids
concentration rapidly increase from the i1ncome to the outlet
point}

At: the inlet point, the temperature and the solids con-
tent generally correspond to the yalues of the mixture fted
from the mixer or the mixers, the temperature is of
about 95°C and the solids percentage is below 10% by weight
and it corresponds to the (co)polymer content deriving from
the recycle of the tubular reactor head. At the outlet point
the temperature is generally of about 140-150°C and the
solids content of at least the 40% of the solution.

A further essential characteristic of the process of the
present inventién 1s that a little part of the inert solvent,
employed as diluent of the monomeric solution, is sprinkled

or injected, at room. temperature,on the top of the verticai
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reactor 1n  order to prevent the monomers polymerization In
that zone. Thg quantity of I1njected solvent does not exceed
the 5% by weight in comparison with the monomeric solution
and 1t i1s preferred to inject 1t 1n coincidence of the rup-
ture disk the reactor 1s equipped with. This continuous
washing operation besides decreasing the reagents and cata-
lysts concentration on the reactor head, keeps the rupture
disk chamber cold. The solvent flows in contact with the
reactor walls and it is recycled to the mixer. The employed
solvent can be the pure product or, preferably the one re-
covered by distillation from the polymerization bulk at the
end of the process.

Moreover to avoid that the polymerization bulk climbes
up to the rupture disk chamber, nitrogen or an other inert
gas under pressure is blown to the zone under the mentioned

5

rupture disk; the pressure is usually above 0,1 x 107 and
1 x 10S Pascal.

The injected nitrogen or inert gas has the aim to create
a gaseous film in contact with the head falange of the re-
actor, that contributes to improve the effect of the washing
condensate.

The continuous washing with the inert solvent combined
with the presence of a gaseous film, allows to eliminate all
the problems connected with the dirtying of the top of the

reactor and in particular of the rupture disk, even after
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several honths of continuous working.

During the polymerization, particularly during the pre-
paration of the rubber-vinylaromatic monomer mixture, con-
ventional additives can be'added, antioxidizers, UV stabi-
l1zers, Iubricants, fillers and similar, in conyentional
quantities.

The po[ymerizatioh mixture;' coming-Out of the tubular

10 | | |
reactor, can be fed to a conventional_devolatyzer where It

Practfcaliy, tt Is preferred, before devolatyzation, to in-
crease the conversion in one op more consecutive, tubular
reactors. |t is preFerred to use two tubulér reactors |ike
the first one, in which the solids content, based on the

vinylaromatic monomer, can be brought at, at least, the 70%

20 by weight.
. Aﬁy thin. film devolatyzer can. be employed; to give an
example . we remind to the one described in the Europeén pat-

ent application N. 267025 in the name of the same Applicant.

The "~ advantage oFFered by the process of the present in-

for what concerns +the heat removal, the formation of i1n-

crustations on the walls and the top of the reactor and a

premature crosslinking.

15
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In order to understand better the present
invention and to put it into practice, some examples are
here reported for illustrative and exemplifying purpose
without the limitation of the scope of the invention.

The examples refer to the figures of the enclosed
drawings, 1in which figure 1 represents the schematic view
of the mixers and of the tubular reactor employed in the
process of the present invention, and figure 2 represents
the enlarged schematic view of the upper part of the
tubular reactor considered in figure 1. Fig. 3 is a diagram

showing different results.

In the examples all the parts and the percentages

are given by weight if it is not otherwise indicated.

EXAMPLE 1

A reaction solution comprising: |

5,0 parts, by weight, of polybutadienic xrubber of the
medium cls type (BUNA HX529%*) ;

85,4 parts by weight of styrene

8,1 parts by weight of ethylbenzene

1,5 parts by weight of paraffin oil, and

0,1 parts by weight of a phenolic oxidizer (IRGANOX 1076%*),

was continuously fed, through a preheater (1), at the

CLemperature of about 95°C and at the flow rate of 1,33 1/h,

in to an agitated mixer reactor (2) of the CSTR type having

a volume of 1,25 1.

* (trademarks)

16
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The reaction mixture coming from the head of the reaction
tubular reactor (6) through the pipe (8), was added to this
solution in the mixer reactor (2) at a flow rate of 0,27 1l/h.

The resulting solution was fed through a gear pump (3) at a
flow rate of 0,160 1/h into a second agitated mixer reactor (4) of
CSTR type having a volume of 0.125 1l.

- 16/BIS -
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0,02 parts by weight, in comparison with the sol lon,

of a 1,1’~-di-tert.butylperoxi1-3,3,5-trimethylcyclohexane
initiator were injected to the mixer reactor (4)
through the pipe (5) at room temperature (about 20°C).

The resulting mixture as was fed, at the flow rate of
1.62 1/h and by a pipe (7), to the head of a vertical
tubolar reactor (6) of the plug-flow full type, having a total
volume of 2,5 | and a ratio lenght diameter equal to 5.

The reactor was divided into 3 equal reaction zones, thermo-
statated so to keep the inside Peaction mixture according to

the following temperature proftile:

1st zone 115°C
2nd zone & 130°C
3Ird zone 140°C

The Feactor (6) was equiped with an agitator composed of 48
horizontal harms, turning at 80 rpm.

The residence time of the reaction mixture in the tirst zone
of the reactor (6) wWas of about 35 minutes; while the
total reaction residence time was of about 2 hours.
A continuous nitrogen stream (10), at the flow rate of 2 | /h

and at the pressure of 0,2 x 105 Pascal, and a solution (11)‘

obtained by the condensation of the final polymerization
bulk coming out of the reactor (6) and constituted by the
70% by weight of styrene and 30% by weight of ethylbenzene,
at the flow rate of 0,05 i/h, were injected on the

reactor head (06), near the rupture disk.
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The reaction mixture was continuously discharged from
the tubular reactor (6) at the flow rate of 1,38 | /h; the
solids content in the discharged mixture was 40% by weight.
Then the reaction mixture was fed through a gear pump
(9) to +two vertical +tubular reactors (not illustrated in
figure), equal to the reactor (6), arranged in serie, in
which the polymerization was completed till a solids
content of about 70%, under agitation at increasing tempe-
ratures respectively from 130° to 150°C ,in the first of the
two reactors, and from 150° to 170°C 1n the second reactor.
The reaction mixture, coming out of the second reactor Was
~~~~~ heated at 240°C in a preheater and depurated from the
solvent and from the unreacted monomers In an evaporator
under ‘vacuum conditions at 10 residual mm Hg .
The polyher discharged from the evaporator had a total vo-
latiles content of 0,08% by weight and its properties are
reported in the following table 1.
EXAMPLE 2
A reaction solution comprising:
6,25 parts by weight of polybutadienic rubber of the medium
cis type (BUNA HX 529);
7,8 parts by weight of styrene;
3,1 “ o 4 “ ethylbenzene
1,8 o o o ” paraffin o1l, and

0,1 ” o o " a phenolic antioxidizer (IRGANOX 1076)
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Was =====- continuously fed, through a preheater (1), at the
temperaturg of about 95°C and at the flow rate of 1,25 |/h,
to an agitated reactor (2) of the type reported in example 1.
The reaction mixture, coming from the head of the reaction
+ubular reactor (6), at the flow rate of 0,27 | /h, was =-=--
added to the solution.
The resulting solution Wwas ----- fed, at the flow rate of
1,52 1/h and through a gear pump (3) to a second agitated
mixer reactor (4).
In the same mixer reactor (4) a mixture was ---- added com-
posed of 5,85 parts by weight of acrylonitrile and 0,02
parts by weight of initiator of example 1, at the flow rate
of 0,08 1/h.
The resulting mixture was ---- fed to the head of the tu-
bular reactor (6) the same as the one described in example 1
at the flow rate of 1,6 |/h.

The employed temperature profile was:

ist zone : 110°C
2nd zone 124°C
3Ird =zone : 136°C

The residence time of the reaction mixture in the first zone
and the total residence time in the reactor (6) were
the same as in example 1.

The adopted operative conditions were the same as in

in example 1 and the content of solids coming out of the
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reactor (6) was of 40% and that outcoming from the last
vertical reactor of 70%.
The characteristics of the high impact copolymer are

reported 1n Table 1.

TABLE 1
EXAMPLE N. | | LI I
HARACTERISTICS IStandard Unit | |
10 ' | ASTM | | |.
Total rubber R N E 1 T S 8,5
Bound Acrylonitrile l (2) I % l . |8,0
Melt Index (200°C/5 kg)lD 1238 | g/lQ' |4,3 |3;2
VICAT 8*(1 kg/50°C/h) ID 1525 I °C |96 | ' llOO
IZOd*notched'impact l I l ' l
resistance | |
23°C=1/2" x 1/2" lo 256 | y/m 80 | 70
50 Dart drop resistance l (3) l J IlO I 17
Tensile modulus ID 638 l N/mmz |1700 |1400
Ge |l | (4) | % | 24.0 | 29
Swelling index | (5) | 14 13,5
Particles mean cord I (6) lmicrometers 1,5 I 2,7
(1) The total rubber was determined by iodometric titra-
tion.
(2) The bound acrylonitrile was determined by the nitrogen
30 content measured by elementar analysis or via Kijedahl.

* (trademarks)
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(3) The dart drop resistance test lies in letting a 4560 g
body fall from variable heights on rpund Ingjection mold-
ed (co)polymer specimens having a 100 mm diameter and
3,2 mn thickness.

(4) As gel content, the elastomeric phase insoluble in tolu-
ene was -~----- considered. The test ----- carried out
is the following one:

A 2 g sample ts dispersSed in 100 cc of a mixture consti-
tuted by 57% by weight of toluene and 43% by weight of
.methylwethyl—ketone. After centritfugation at 10,400 x G,
the insoluble part i1s separated by decantation in swell-
ed gel form. The gel is repeatedly washed with the above
mentioned toluene-methyl—-ethyl—-ketone mixture and 1t is
centrifuged till the washing solvent gets turbid because
of the ethanol addition. The swelled and washed gel is co-
agulated, separated by fTiltration and dried at 45°C
under wvacuum conditions at 200 mm Hg for 12 hours.
The content of elastomeric phase insoluble in toluene is
calculated by the equation:

weight of the dried gel

content by % = e e e 100

(5) The: swelling index of the elastomeric phase W as
determined as follows:

3 g of polymer are dispersed itn 100 cc of toluene. After
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centrifugation at 10.400 x G the insoluble part I1s se-
parated by decantation Iin gel form. The gel is repeated-
ly washed with toluene and centrifuged till the washing
solvent gets turbid because of ethanol addition.

Two portions of the so obtained gel were put on &
glass filter equipped with porous diaphragm GA type.
Fach filter is put into a becker, at room temperature,
and into an empty and closed drier, In such a way that
1t laps the toluene. Under the conditions the gel absorbs

the solvent and swells up. Once the equilibrium W as
reached, the swelled gel is weighed. The swelled gel is
then flocculated in ethanol, dried at 45°C at 200 mm

Hg for 12 hours and weighed.

The swelling index is calculated by the ratio:

Weight of the wet swelled gel

weight of the dried ge!

(6) The mean cord of the rubbery particles was determi-
ned by a |inear calculation method effected on micro-
photographs in phase contrast with 1000 enlargements.

EXAMPLE 3

A reaction solution comprising:

- 7,0 parts by weight of EPDM rubber of the terpolymer

ethylene/propylene/5 ethylidene~2-norbornene type, con-—

taining:

- 29 _



2017353

50% of propylene and 3,5%, of ethylidene-2-norbornene and
having a viscosity Mooney ML 4 at 100°C equal to 50;

~ 81,25 parts by weight of styrene;

- 10,0 parts by weight of ethylbenzene;

~ 1,75 parts by weight of paraffin oil;

~ 0,022 parts by weight of tertiarydodecilmercaptane (TDM);

- 0,1 parts by weight of a phenolic antioxidizer (lrganox
1076)

Was =---- continuously fed through a preheater (1) at the

temperature of about 95°C and at the flow rate of 1,33 |/h,

to an agitated wmixer reactor (2) of the type reported in
exampie 1.

The reaction mixture, coming from the head of the tubular
reaction reactor (6), at the flow rate of 0,27 1/h, W a S
added to the solution.

The solution was --- fed, at the flow rate of 1,6 |/h and
through a gear pump (3), to a second agitated mixer reactor
(4).

In the same mixer reactor (4) respectively 0,04 and 0,05
parts by weight, in comparison with the solution, of the
following initiators have been fed: 1,1’ ditertbutylperoxi-
3,3,5-trimethyl-cyclohexane and ditertiary-butylperoxide,
through the pipe (5) at room temperature (about 20°C).

The resulting mixture was ---- fed to the head of the tu-

bular ractor (6) equal to the one described in example 1,
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at the flow rate of 1,60 1|/h.

The employed temperature profile was:

1st zone iOSO
2nd zone : 115°
Ard zone : 125°

The residence time of the reaction mixture in the first zone
of the reactor (6) was ---- of about 1 hour; while the total
reaction residence time was ---- of about 3 hours.

The adopted operative conditions were the same as in
example 1, with the only variant of the temperatures that
were respectively from 130° to 140° in the first of the
two reactors and from 140° to 150° in the second reactor,
and the solids content coming out of the reactor (6) was
----- ;OF about 40% and that coming out of the last vertical
reactor of about 70%.

The characteristics of the high impact polymer are reported

in table 1.

GEME CUNE SR TR WAL TWTR Weem weal S e spmmyl  spgumd  sheipd ki Sk chmblf ) Skl ohmiy® infiel el fufml dpeyd vhemd dmmgey kil Selded SAniP eyl SMAME AEEE UV UM VPR AMVAEE S0ved Webum eved wpked Gnbdf Sabull Aleint dussisk WA fumnd Gl endl) e Bl bndly aipe) helie el Wehbd g Sl

Wl bf weiyd PRl Al AMMERG shakdt kg vhiady SN GMEN) GELAN YN GINER AR/ SIS GUOUD NN WEFE W WONN VRUET WNAN TEDY AMMP N S I WL WeWE UTEA WWR ey wheme) sesiesl Semnd Wesiel Seienf vishih Gobdid GFEEE AUTAN ARG ATV SRR ARSE SRR TG WATE SRS TR =uew vy ahewl s Yl sven el vl arves

wethl ARG ©EMAS VAP WA WA AMMLY ARG A I WIS SN W Wl WPEEE AP WY TR A AT ST B A A W A SR AN TN AN ST GRAeE spenle dumgen eyl denbegd  dprded ki) ambepl’ Sl Saplh SRS ML) TMAEE AR MAME AR SEEED GEELE ALASR SRR AFELE WAL VRSN AN TTERE WS YUTEE RANE e

denipyt Gy SRERS LAY ANAN GEMAE GALE SELEN W) LAy GAmE vk Wy oveun eeund veem wemm fenink gl fupry GUTE YWD Teagy qepnl TWRAF WL AN SVEE SUTEE SN AN GEPED eAD. werep el tesked Guiied Cumny Sl debvhl Sl SR kil SMAED AP ERST RN U SVEER AMMS I AMAEE PN CUWEE TVED TEEED AR Awepw  deemyy  spe—m

A AW Sruh G TEEEE TN PEEE AN VAT U AuhAn eyt dpmed el wepenl deledg sl GEPEE GUE) GMEEE RGN AR uep] TR AN AN AL SEREF S Adubed dhikhf funied ERAER ASENS TR A GELMA Ve Sadnlh SAFM SRS Sdbed delieh] SRS Wil AN AL RS SRR VR SRS YU, -G WONRR  Vem— Ny Aye—
SANE BN SRA) WU TN TS DA ovan) amme ek vl aeven vl el Avhoun Whiiell Shefu el Sl Snbgd Gmby Sl Gebul] Wil Bepph wheeld Seepd shigd bl Gyl Gdpean Sdein) Rl demnl SRAM SRS AN TEMS Wevd ey hmind debnd duireh Gdund dunbyl dpmigd Pebal) Sdepd e duhve Rgel deded mekhd Snkid ARAM EEEE T TR WS e
okl gl SMLE ADME DY ARG SLANG MMAE) SN SEUNy PENN) BEAS) SENEE SN BEENS DNy W) GENNS GELY) AL GMMEP SIS WA APTHE MU Grvel WMAED D IPEE FUWS EFUE WA STENG YRR Suumm @vewe epen) dpmed VA SRinhk GMED TS LAY M EERAD MASE SRR TEAE AN GilaE GPaE caEs W wel eal kbl FTEEE ARGy G, Saay

WA SN AN WSl WIS Sveuh Swouy EEmnd SUMEE VNN I SWRRY GV WA b ey pemgy ey semey wgpenl Gl gupeegd Glend dniend Akt wmmy el A} Sdend Subdy Smbl hipnd hhiey n debiet Gl kel SN AV WL GRS WS PR AIMEE AN hmmy ey e Al WS VUSRS gy el shefell  demd kbt SRR SRR ASUS  SRAN

- 24 -



CA 02017353 2000-03-16

TABLE 11
| I l
CHARACTERISTICS | Standard | Unit
lTotal rubber I (7) I %
lMelt Index (200°C/§ kg)l D 1238 .‘ 9/10’

10 IVICAT B l D 1525 l °C

IIZOD notched impact I ,
resrstance
23°C-1/2" x 1/2" b 256 | J/m
IDart drop resistance I (3) l J
Tensile modulus o I D 638 ‘ N/mmz
lPar%icles mean cord l (6) lmicrdmetehs

(7) The +total rubber "has been determined

spectrophotometry.
20

25

| 100

6

| 1600

| 2.9
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WHAT IS CLAIMED IS:

1. Process for the continnuous bulk production
of vinylaromatic copolymers consisting of a vinylaromatic
monomer, rubber and if present, a comonomer selected from
the group consisting of acrylonitrile, methacrylonitrile,
acrylic acid, methacrylié acid and alkyl- or cyclo-alkyl-
esters of acrylic acid and methacrylic acid containing from

1l to 8 carbon atoms in the alkyl group, consisting of:

a) mixing, at a temperature under 100°C, in at
least one heated mixer, the wvinylaromatic monomer, the
rubber, the catalyst, the comonomer, if present, and an
inert solvent to form an initial mixture to be polymerized,
and 1n addition the copolymer formed from these monomers to
form a total mixture, said catalyst being present in a
quantity not exceeding 0.1% by weight with respect to the
vinylaromatic monomer and the comonomer, if present, and
the copolymer being present in a quantity exceeding 10% by
weight with respect to the initial mixture to Dbe
polymerized;

b) feeding the total mixture of step a) into at
least one plug-flow agitated tubular vertical reactor,
wherein the total mixture of step (a) is fed into the head
of the at least one plug-flow agitated tubular vertical
reactor, said at least one plug-flow agitated tubular

vertical reactor being divided into three successive zones

heated at different temperatures between 100° and 150°C., at

a flow rate higher than the flow rate of the polymerized

mixture Dbeing discharged from said plug-flow agitated

tubular vertical reactor to form an excess mixture:;
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C) recycling the excess mixture from the at
least one plug-flow agitated tubular vertical reactor of
step b) back to the mixer of step a);

d) injecting solvent into the top of the at
least one plug-flow agitated tubular vertical reactor in a
quantity effective to prevent polymerization at the top of
the at least one plug-flow agitated tubular vertical
reactor and not exceeding 5% by weight, with respect to the
initial mixture to be polymerized;

e) keeping the reaction mixture of step b) in a
first zone of the at least one plug-flow agitated tabular
vertical reactor for a time and temperature sufficient to
halve the catalyst life; and

f) carrying on the polymerization in the
remaining zones of the at least one plug-flow agitated
tubular vertical reactor until a solids content yield of at
least 40% by weight coming out of the third =zone is

obtained.

2. Process according to claim 1, in which the
mixing of step a) is carried out in two separate mixers,

the first of which is kept at a temperature not exceeding

100°C wherein the vinylaromatic monomer, the rubber and
inert solvent are mixed; and the second, not heated, the

catalyst and the comonomer, if present, are added.

3. Process according to claim 1 or 2, in which
the rubber i1is a nomopolymer or copolymer of conjugated
dienes having from 4 to 6 carbon atoms and having a

transition temperature of the second order (Tg) lower than

-20°C.
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4. Process according to claim 3, in which the
rubber 1s polybutadiene having a fraction of ClS

configuration above 25%.

5. Process according to claim 1 or 2, which the
rubber 1s a rubbery ethylene-propylene copolymer or an

ethylene-propylene-diene terpolymer.

6. Process according to any one of claims 1 to
5, which the rubber is employed in quantities between 1 and
20 Dby weight based on the initial mixture to be

polymerized.

7 . Process according to claim 6, in which the
rubber 1s employed in quantities between 2 and 15% by

welight based upon the initial mixture to be polymerized.

8. Process according to any one of claims 1 to
7, 1n which the inert solvent is added in quantities

between 5 and 10% by weight, with respect to the initial

mixture to be polymerized.

9. Process according to any one of claims 1 to
8, 1n which the catalyst is added in quantities between
0.005 and 0.05% by weight with respect to the vinylaromatic

monomer and the comonomer, if present.

10. Process according to claim 9, in which the

catalyst is a radical initiator.

1ll. Process according to claim 10, in which the

radical initiator is an organic peroxide.
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12. Process according to any one of claims 1 to
11, in which a chain transfer agent is added to the initial
mixture in a quantity between 0.01 and 0.3% by weight with

respect to the vinylaromatic monomer.

13. Process according to claim 12, in which the
chain transfer agent is a mercaptan containing from 4-18

carbon atoms.

14. Process according to any one of claims 1 to
13, 1in which the wvinyl aromatic monomer is styrene or
styrene having one or more hydrogen atoms replaced by

alkyl-, aryl-radicals, an halogen or a nitro radical.

15. Process according to any one of claims 1 to
14, i1n which the quantity of comonomer is between 0 and 50%

by weight with respect to the monomeric mixture.

16. Process according to claim 15, in which the
quantity of comonomer is between 5 and 30% by weight with

respect to the monomeric mixture.

17. Process according to any one of claims 1 to
16, 1in which the at least one plug-flow agitate tubular

vertical reactor has a length/diameter ratio above 2.

18. Process according to claim 17, in which the
at least one plug-flow agitated tubular vertical reactor

has a ratio of length to diameter between 3 and 10.

19. Process according to any one of claims 1 to
18, in which the solvent injected into the top of the at

least one plug-flow agitated tubular vertical reactor is
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recovered by distillation from the polymerization bulk at

the end of the process.

20. Process according to any one of claims 1 to
19, in which, the at least one plug-flow agitated tubular
vertical reactor of step b) includes a rupture disk and

nitrogen or an other inert gas is blown at a pressure above

0.1 x 10° Pascal into the zone under the rupture disk.

21. Process according to c¢laim 20, in which
theinnert gas 1is blown in at a pressure between 0.2 x 105

and 1 x 10° Pascal.

22. Process according to any one of claims 1 to
21, in which the step b) utilizes a plurality of serially
disposed plug-flow agitated tubular, vertical, reactors and
the polymerization mixture coming out of the third zone of
the first plug-flow tubular vertical reactor is further
polymerized in the additional reactors until a solids
content yield of at least 70% by weight, with respect to
the vinyl aromatic monomer 1s obtained, and then the

mixture is devolatized.

23. Process according to claim 22, in which the
further polymerization is performed in two plug-flow

agitated tubular vertical reactors.

30
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