PROCESS FOR THE MANUFACTURE COF A COMPOSI TI ON COVPRI SI NG A Teeter7aws

VI NYLAROVATI C POLYMER AND A RUBBER ‘The present
invention relates to a process. 5 for the manufacture of a conposition
conpri.ging a . vi nyl aromati c pol ymer aqg a rubber.

Conposi;ti ons conprising a vinylaronatic pol ymer and a rubber shoul d

exhibi't properties sﬂ%‘& #gch?% CeoMPo8T suited to
the desired 10 app |cat|on an | ndex SUItZ§ to tﬁg ?gﬁyér5|on ,
techni que to be usedupRisirie A0VENVIAROMATIC FOIAAINIAND A RUEBERVE

avai | abl e nmeans of influencing these various properties so as to
control thembetter and to adapt them according to the proposed use
of the composition. 15 It is known that- conpositions

conprising a
The preéent invention relates to a process
5 for the manufacture of a composition comprising a
Qinylaromatic polymer_and a rubber.

Compositions comprising a vinylaromatic
polymer and a rubber should éghibit properties such as
good impact resistance, a gloss suited to the desired

10 application and a melt index suited to the conversion
technique to be used for the éomposition. It is useful
to have availaﬁle means of influencing these various
properties so as to control them better and to adapt
them according to the proposed use of the composition.

15 - It is known that compositions cdﬁérising a
rubber in the form of nodules are generally more
resistant to impact when the di#tributian of the sizes
of the rubber nodules is broad, indeed bimodal. various
processes have been proposed for producing this type of

20 material. European Patent EP 48389 teaches that a high-
impact polystyrene wifh a bimodal distribution of
nodules can be obtained by'independent manufacture of
two compositions each contalning a specific population
of nodules and then by mixing these two compositions.

25 European Patent Application EP 418042 teaches that such
a composition can be obtained uSing a single

polymerization reactor, using a. polybutadzene
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rubber in the formof nodules are generally nore resistant to inpact
when the distribution of the sizes of the rubber nodules is broad,
I'ndeed binodal . Various processes have been proposed for producing
this type of 20 material. European Patent EP 48389 teaches that a high-

I npact pol ystyrene with a binodal distribugion of nodul es can be
obt ai ned by i ndependent manufacture of two conpositions each

contai ning a spetiibitingPd dimddal moletulrdulaiss aiktripubioni xi ng t hese:
two conpositions. 25 European Patent Application EP 418042 teaches that

such a conpositi onInternatidmlnchtait@ppicatiion WO 94/11412

pol yneri zation reactor, using a pol ybutadi ene

-2- exhi bieaichgsa thako el yatiyrarea witis 2 @olydinpersity of less

I nternational Patent Application WD 94/11412 teaches that polystyrene

mnth a po|yd|5§@pg|gya@ﬂ widh a weight-average molecular mass of less
5 than 80,000 can be obtained when the polymerization of

styrene is carried out in the presence of a stable free
radical and of a polymerization initiator and in the
absence of rubber, the molar ratio of the stable free

" radical to the polymerization initiator being between

10 0.4 and 2.5, which corresponds to a concentration of
stable free radical initiator which.is markedly greater
than 0.1 %.by weight in the polymerization mixture and
more generally in the region of 1 % by wexght in the -
polymer;zat;on mixture.

15 . The present invention provxdes a process for
the manufacture of a comp051t10g comprising a.
vinylaromatic polymer and.a rubber, which process
comprises a polymerization stage in the presence of at
least one vinylaromatic monomer and.at least one

20 rubber, there being a stable free radical present

during the polymerization stage.

The presence of a stable free radical in the
polymerization mixture, even in a very small amount,
for example, of less than 0.1 % by weight, makes it
25' possible markedly to influenge the size of the rubber

nodules in the final cqmposition by generally
increasing the mean size of the latter and by widening

the size dQistribution of these nodules. Compositions
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than 2 and with a weight-average nol ecul ar mass of |ess 5 than 80, 000
can ber obtai ned when the pol ynerization of - styrene is carried out in
" the presence of a stable free tadi cal and of a polynerization
initiator and in the absence of .rubber, the nolar ratio of the stable
free radical to the polymerization iditiator being between 0.4 10
and 2.5, which corresponds to a_concentration of stable .~ ~ free radical

i nitiator whi cPEhibihing markedivcbinpdal nodule sdzgy didsitaributionse

pol yneri zati on nmi xture and npre generally in the region of 1% by

wei ght in the G3R eVeR Be oPtaingd. i xture. 15 The present

compri sing a o vi byl B SHEPER FEPOERATFaLols: Pt Lanie cARINEEE wni ch
TG (1 AR S S DR v S
stable freg raﬂﬁ%ififé&@&n&%é)i, Nguch as Eggepght&%?géaﬁe% lz:tri%%tfi%f
proportion of at |east ppmw th respec 0 y _
ononer . ~ usual polymdPezRt£8RNERiLiakorkabbach 88 paibidlads) the
hydroperoxides and initiators of azo type. Free
radicals ﬁhich_are polymerization initiators have a
tendency to accelerate polymerization. By contrast,
10 stable free radicals generally have a tendency to slow
down pdlymerization. It may generally be said that a
freé radical is stable within the meaning of the
present invention if it is not a polymeriiation
initiator and if, under the conditions of use of the
15 present invention, the mean lifetime of ‘the radical is -
at least five minutes. During this mean lifetime, the
stable free radical continually alternates between the
radical state and the state of'being a group bonded via
a covalent bond to a polymer chain. It is preferable
20 for the stable free radical to exhibit good stability
throughout the duration of its use ﬁithin the context
of the present invgntion. Generally, a stabie free
radical can be isolated in the radical state atlroom
temperature.
25 Stable free radicals include compounds which
act as radica; polymerization inhihitors, the stable

nitroxide radicals, which comprise the =N-0- group,



pol ymeri zation m xture, even in a very small amount, for 25 exanpl e, of

| ess than 0. 1% by wei ght, nmakes it possible mar kedly to influence the
'size of the rubber nodules in the final conposition by generally
i ncreasing the nean - size of the latter and by wi dening the size
di stribution .of these nodules. Conflsitions
3 exhi bi ti ng mar kedl L, nodal _nodul e_si ze_di stri Quti.on can
even be obta’i_n%'d‘.’g a5’ £ ¥481°‘ sAF?PﬁBF&”?Féeb?aEF a?°i§° gqua be
confused mﬁtg the free radicals whose lifetime is fleeting (a 5
feM/nilliseconﬁgf? %ﬁ%n as free radicals resulting from - usual
pol yneri zation initiators, such as peroxides, hydr oper oxi des and
initiators of azo type. Free © radicals which are pol ynerization
initiators have a ‘Rg R10 ‘
Ré
Rs R4 R2
R2
Ry Ry" N Ry
* 0. »
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-in which eaqh of R,, R;,, R;, R, R/, and R’,, wﬁich can be
identical or different, represents a halogen afom, such

5 as chlorine, bromine or iodiné, a saturated or
unsaturated, linear, branched or cyclic hydrocarbon
group, such as an alkyl or phenyl radical, or an ester
group -~-COOR or an alkoxy.groﬁp -0R, or a phosphonate
group -PO(OR),, or a polymer chain which can be, for

10 example, a poly(methyl methacrylate) chain, a
polybutadiene chain, a polyolefin chain, sﬁch as a
polyethylene or polypropylene chain, but which is

preferably a polystyrene chain, and in which each of Ry,



tendency to accel erate pol yneri zation. By contrést, 10 stable free

radi cal s generally have a tendency to slow down pol yneri zation. It
may generally be said that a _ free radical is stable within the
nmeani ng of the present invention if it is.not a polynerization
initiator and if, under the conditions of sise of the 15 present

i nvention, the mean lifetime of the radical is at | east five mnutes.
During this mery IR,feRrj, MR, B8hA R,,, Whithbican’ beec idemtdsalc@®inual |y

al ternates between the radi cal state and the state of being a group
bonded vi a differens| cganbded chosenpSrpme theh Sneupa Rig BrefRoraBie 20
for the stable free radical to exhibit good stability t hr oughout t he
duration of itB’ysndiRhi AboNe,cOFt Spn represgnt R HYAXQFAn k% .
CGenerally, a stable free radi cal can be isolated in the radical state
at room b¥dporylygeoup50H or an. acidgghqup mush AR CRE I ude
conpounds whi ch act as_radical polynerization inhibitors, the stable

ni troxi de Padi CRPSOH)ni % TRP+i se the =N-0 group,

In particular( the stable free. radical can be
2,2,5,5~-tetramethyl-1-pyrrolidinyloxy, marketed under
the tradename Proxyl, or 2,2,6,6-tetramethyl~-1-
piperidinyloxy, generally marketed under the'name
10 Tempo. |
It would not be departing from the context of
the present invention to introduce, in place of a
stable free radical, an initiator or generator of a
‘stable free radical under the conditions of
15 polymerization, for example, a product which would not
be a stable free radical at room temperature but which
would be a source of a stable free radical as soon as
the mixture intended to be_polymerized was heated. Such
compounds, containing =N-0-X groups, have been
20 described in US Patent 4,581,429. Such compounds
| generate, by heatiﬁg at the usual polymerization
. temperatures, stable free radicals containing an =N-O-
group. '
The stable free radical is preferably present
25 in the polymerization mixture in a proportion of from 1
| to 1000 ppm and mére preferably in a proportion of from
10 to 250 ppm, with respect to the total amount of

vinylaromatic monomer. In the range of from 1 to 1000
_ DSt
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: | ~.such as the radicals represented by the foll ow ng fornmul ae:
err] .

6
ppm, when the concentration of stable free radical is
increased, size distribution 6: the nodules tends éo
ﬁiden and to change from monomodal to bimodal, and the
fraction, by volume, of rubbery phase in the final
composition tends to increase. A distribution is said
to be bimodal when a graph representing nodule amount
as a function of nodule diameter exhibits two maxima.
In the range of from 1 t& 1000 ppm, when the

concentration of stable free radical is increased, the

impact strength of the material generally passes

through a maximum and the melt index of the final

' composition tends to increase. This behaviour is

- noteworthy becausé,-according to the prior art, these

two propertieé, impact strength and.fluidity,-generally

develop in oppoéite directions. This characteristic

makes the composition obtained by the process according
to the invention an ideal composition for injection
moulding prﬁcesses intended for the production of
dompénehts which have to possess good impact strength.
The amount of stable free radical for which
- the distribution changes from monomodal
to bimodal, or |
- the impact strength of the mater1a1 is
- maximum, or
- the best setlof properties, impact
strength and fluidity, téking into
account the p:oposed use of the

composition is obtained,
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I n mhich'each of Rlerr], Rerr], Rerr], Rerr], Rerr] and Rerr], which

can be. I dentical or different, represents a hal ogen atom such 5 as
chlorine, bromne or iodine, a saturated or unsaturated, |inear,
branched or cyclic hydrocarben group, such as an al kyl or phenyl
radical, or an ester group - COOR or an al koxy group -OR, or a

phosphonat e

10 exanple,
a polyolefin
which'is
Rerr], Rerr
di fferent,
5
10
15
20
25

group -PQOOR)[err], or pol yner chain which can be,

for

£azo|depand,an r#é!ﬁe&#%ﬂ%ﬁ eﬂn%h‘w nthe amoun'go@b'ehad. ene chain,

chain,_ such as a pol yet h Iene or pro ylene chai n,
?ﬁ“&% eth the R[err]

iNGReGiEntE PTAROR (i idie

but

%%@ n H?ﬂ‘%r] F&%rY Pt‘gfag?g] tfn%ﬁﬁt H;gl ﬁ[ err],

invention, for given polymerization conditions, the
person skilled in the art can find, by routine tests,
the concentration of stable free radical at which the
distribution becomes bimodal and the concentrétion of
stable free radical at which the impact strength'df the
material and its fluidity are optimised. |
Except for the presence of the stable free .
radicél, the othér ingredients uged, and the conditions
of synthesis, may be those commonly used for the
manufacture of compositions comprising a vinylaromatic
polymer and a rubber.
The'process accbrding to the invention, which
can operate continuously or in batch mode, involves a
polymerization stage in which the mixture comprises at
least one vinylaromatic'monomer, at least one rubber,
at least one stable free radical and, if appropriate,
at least one solvent.
'By way of example, the mixture intended to be
polymerized can comprise:
from 2 to 35 parts by weight of rubber,
and
from 0 to 15 parté by weight of solvent,
per 100 parts by weight of vinylaromatic

monomer.



Rlerr] and Rlerr] above, or can represent a hydrogen atom a hydr oxyl
group -OH or an acid group such as -COOH or - 5 POQ(CH)[err] or

-SOerr] H In particular, the stable free radical can be -
2,2,5,5-tetramet hyl - 1- pyrrol i di nyl oxy, marketed under the t radenane
Proxyl, or 2,2,6,6-tetranethyl-1- @ peridinyloxy, generally marketed
under the nanme Tenpo. 10 It would not be departing fromthe

cont ext of t HevphgI&Pbma Y e NhbABmee hat,rqé&caxakngw agty¥er,Stable
free radical, an initiator or generator of a stable free ““radi’cal

under the condstyneneoﬁupstxﬁﬂteaabnOHhefv&nyl groupXdyplad adxgrroduct which
woul d not be a stable free 15 radi cal at room tenperature but which
woul d be a sougreup, suchoasaaiphbknethgéstgdenaloasaipha-as the m xture

I nt ended to be polynerized was heated. "Such conpounds, contai ning
=N- O X groups, ekhyisbeEan@esstyrene| substiphused on the rizglpyan Such
conpounds enerf ¥ heatlng at the 20 usual polynerization

t enper at ur %1 cIFPUR, [ §HFR 8 ortho-vipyiipAusgeanPama err] group.

The stable freg ol Cihehs, Poelfb2Bt iy aEsethe or 2,4-
dimethylstyrene, styrene substituted on the ring by a
halogen, such as for example 2,4-dichlorostyrene,
styrene subst;tuted both by'halogeﬁ and an alkyl group,

10 such as 2-chloro-4-methylstyrene,_and vinylanthracene.
Styrene is a preferred vinylaromatic monomer.

The polymerization mixture can furthermore
comprise at least one monomer which is copolymerizable
with the vinylaromatic monomer(s), such as, for

15 example, at least one acrylic or methacrylic. monomer.

The rubber may be one commonly used to

. improve the impact properties of vinyiaromatic
pdlymers. They aie usually'conjugated polydienes such
'as polybutadiene or polyisoprene or styrene-butadiene
20 copolymers of elastomer type also known as "SBR"
("styrene-butadiene rubber"™) rubber.

The.polymerization mixture can also comprise
at least one organic solvent. The latter is chogen so
that it does not boil under the polymerization

25 condition§ and.so that it is miscible with the
vinylaromatic monomer and the Vinylarométic polymer
which derifes thérefrom. Use may be made of alicyclic

hydrocarbons such as cyclohexane or, preferably,



cin the polynerization mxture in a proportion of at nost 1000 ppm
and note preferably in a proportion of-from10 25 to 250 ppm with
respect to the total anount of vinyl aromatic nonomer. In the range
of from10 to 1000 _ - 6- ppm
when the concentration of stable free ramdxﬂ IS I ncreased, size

di stribution of the nodules tends to wi den and to change from’

nonormodal to- biggiiaksc2igatBEarbons Sl ad tollied, I Bandiind bbery phase
conpo ds ot b

u
inthe final rtton tends to increase. A dtion is said

to " be biggﬂéhbghggng gragi1ener,esenting nodul e anount as a _
function of nodule dianmeter exhibits two naxima. In the range of from

10 to 1000 ppm when theagoneastr aheOpodymerizatibabaajuvamt st cal is
i ncreased, the inpact strength of 10 the material generally passes

through a naxi imitiadorhasual innthiisi type of prephratiioxomansitie on tends
to |ncreas§. .added to the polymerizatioﬁ mixture, before or during
polymerization. These adjuvants can be plasticizers,
such as mineral oils,'bufyl stearate or dioctyl
phthalate, or stabilizers, such as antioxidants which
can be phenol substituted by an alkyl group, such as
10 di-tert-butyi-para-creso1, or phosphites, such as
trinonylphenyl pﬁosphite. .
‘A plasticizer can be introduced in an amount
'sucp that it is present in a proportibn of from 0 to 6
% by weight in the composition finally synthesized.
15 A stabilizer can be introduced into the
polymerization mixture in a proportion of from 0 to
3000 ppm.
The polymerization reaction can be thermally
initiated, without either a polymerization initiator or
20 a catalyst, or can be initiated by a polymeiization
initiator. If the polymerization is thermally
initiated, it can be carried out at a temperature of
from 100 to 200°C and preferably of from 110 to 160°C.
If the polymerization is initiated by a
25 polymerization initiator, it can be carried out at a
temperature_of from 50 to 200°C and preferably of from
90 to 160°C. The polymerizatjon'initiator can be chosen

from organic peroxides and hjdroperoxides, such as



Thi s behaviour is noteworthy because, according to the ' prior art,

these two properties, inpact strength and fluidity, generally devel op
i.n opposite directions. This 15 characteristic makes the conposition
obt ai ned by the process according to the invention an ideal
‘conposi tion . for injection noul di ngerocesses intended for the
production of conponents which have to possess good | npact strength.
The armpunt ofdidtemroylf peroxidiealténk-b@tyl pttQXWbenzoate or 1,1~ t he
di stribution changes f.rom nononodal to bi nodal , or
‘t he inpact sbisihertsbutylpenony)gysiohexane, or azo c°mP°unﬂﬁx|nun1 or
25 the best set of properties, inpact
strength and suah @8 RZaRig IRPRHIF e. t he
proposed use of the cqu05|t|on S obt ai ned

he polymerization 1n1t1ator can be present

5 in a proportion of from 50 to 2000 ppm on the basis of
the vinylaromatic monomer or monomers introduced.
During éblymerization, the wel;-inown
phenomenon of phase inversion takes place, resulting in
the formation of rubber nodules dispersed in a matrix
10 of vinylaromatic polymer or coﬁolymer. During
polymerization, stirring must be sufficient for the
disperSioﬁ of the rubber nodules to be uniform.
After polymerization, it is advisable to
remove volatile species, such aslunreécted monomers and
. 15 any organic solvent. This can be carried out by
conventional techniques such as-by a devolatilizer
operating while hot and under.vacunm.
The final rubber and vinylafomatic polymer or
copolymer cdntént_of the composition according to the
20 invention depends on the degree of progression of the
polymerization before removal of the volatile species.
In :act, if the degree of progression of the
polymerization is low, removal of the volatile species
will result in the removal of a large amount of
25 vinylaromatic monomer and the final rubber content of "
the composition will be higher. To avoid excessively

high crosslinking of the rubber, it is preferable not

to continue the polymerization to 100 % of the

This Sheet Has Been Replaced




7 can depend on the nature and on the anount of the I ngredi ents
present in the polynerization and on the pol ymeri zation conditions.

- By:virtue of the present = - invention, for given polynerization
conditions, the 5 person skilled in the art can find, by routine tests,

t he concentration of stable free radical gf which the di stribution
becomes bi nodal and the concentration of stable free radical at which
the i npact strefwjylarémitbc monometssial and its fluidity are optimsed.
10 Except for the presence of the stable free radi cal, the
other ingredients used, Tme phegressiononf the polympripgasion gap Be those
comonly used for the manuf acture of conpositions conprising a

vi nyl ar onat i c moniteoed by withdravwibngr sampies during thene process:

according to the invention, Which can operate_conti nyous| in
bat ch node, irR@®lymerjzation EEF?GEH‘QaPYoﬂe'éFgBénF‘ﬂg\Aﬁ&‘EhH‘PNE%‘% ure

conpri ses gl solid in the samples. Level of solid means the
percentage by weight of solid obtained after
evaporation under a vacuum of 25 millibars for
approximately 20 minuteé at 200°C of the samples
withdrawn with respect to the initial weight of the
10 sample withdrawn. The polymerization can be continued,
for example, until a level of solid of between 60 and
80 % by weight is obtained. |
It is preferable to adjust the amounts of
ingredients introduced and the maﬁﬁfacturing conditions
15 so that the final composition contains from 2 to 25 %
and more preferably from 4 to 15 % of rubber.
The invention is further illustrated, by way
of example, in the following Ekamples.
In the Examples, the structure and pfoperties
20 of the compositions'obtained were determined by the
following techniques: |
Izod impact strength 6n an unnotched baf:
179/1D standarad, |
. molécular mass of the polystyrene: the
.25 polystyrene is extracted from the high-impact
polystyrene with methyl ethy; ketone and-its.molecﬁlar
mass is measured by gel permeation chromatography

(GPC). In Table 1, Mw represents the weight-average



| east one vinylaromatic nononer, at | éast one rubber, at | east one
stable free radical and, if appropriate, 20 at |east one solvent. :

By way of exanple, the mixture intended to be pol ymeri zed can
conpri se: from2 to 35 parts by weight of rubber,
and 25 fromO to 15 paxzs by wei ght of sol vent,

per- 100 parts by wei ght of vinylaromatic nononer .
8 wolecylar dwass cofiobvetpolystyvenexaMpl represenhs, the
styrene.substituted on the vinyl group by an al kyl group, such as

al pha- net hyl| Runher-averagmanolecularimasai9f chhe BelyshErenpsapdut ed on

the ring by an 5 alﬁgl group, such as_ortho-vjnyltol uene, para-
. Mw/Mn represents the ratio of the weight-average

molecular mass to the number-~average molecular mass of
5 the éolystyrene, |
level of polybutadiene in the compositions:
NF standard T 51-007,-
+ melt index: ISO standard 1133,
- mean size of ﬁhe rubber nodules and
10 distribution of the sizes of the nodules: sedimentary
particle size determination (capa 700), after .
dissolving iﬁ methyl ethyl kétone.
In Table 1, "mono" means that the
distribution of the sizes of the nodules is monomodal.
15 In Table 1, “bi" means that the distribution of the
sizes of the nocdules is bimodal. |
Example 1 (comparative)
7360 g of styrene, 160 g of a plasticizing
0il of Primol 352 trademark marketed by the company
20 Esso, 8 g of an antioxidant of Irganox 1076 trademark
_ marketed by the company Ciba and 480 g of a
.pelybutadiene of BR 1202 G trademark marketed by the
compaﬁy Shell, the last product exhibiting a weigth
average molecular mass of 287,000 and a viscosity at
25 25°C at 5 % by weight in styrene of 160 centipoises,
aré introduced at roém temperature into-a 15-litre
stainless steel reactor equipped with a stirrer system

and a temperature control.



- such

vi nyl t ol uene, ortho-ethyl styrene or 2,4- . di met hyl styrene, styrene
subst.ituted on the ring by a hal ogen, such as for exanple .

2, 4-di chl orost yrene, styrene substituted both by hal ogen and an al kyl
group, 10 ° such as 2-chloro-4-nethyl styrene, and vinyl ant hracene.

Styrene is a preferred vinylaromatic norkfrer. : The
~polymerization mxture can furthernore conprise at | east one nononer
which is copol ymerizablAfter theipolybutadigrerbasteenpdeabedy(s), such as,
for 15 ‘exanple, at |east one acrylic or nethacryllc monomner

The rubber ispolyad c e B9lukion 115 thermaldy cpel Yher%ﬁﬁﬂcttBPopertles

of V|nylaronat|c pmers. The are usuall conj ygat ed polydlenes
Qﬁéﬂ?&&%ﬁ ra188d ke IR0 oF %gy n@ gutﬁﬂ?ene

Cubber ") rfuﬁﬁfe% Ao ey By Rt ke oh m%u?axiﬁﬂeaf’ﬁéad' o
oD TS oc 30, MimFO, BRI SLUGEY; THE ahbEEatiraeRA °°

that it does 'no
being raised from 130 to 150°C in 15 minutes and the

reaction mixture being left for 55 minutes at 150°C.
The contents of the reactor are then transferred into a
devolatilizer at 210°C under a vacuum of 25 millibars
10 for approximately 10 minutés. The properties of fhe
| composition thus obtained are shown in Table 1. The
distribution of the sizés of the nodules is represented
in Figure 1, expressed as % by volume of nodules as a
function 6f the diametef of these nodules.
15 Example 2
' The proéedure is as in Example 1, except that
0.8 g of 2,2,6,6-tetramethyl-1-piperidinyloxy (Tempo)
is added just before heating. The propgrties'of the
composition thus obtained aré shown in Table 1. The
20 distribution of the éizes of the nodules (% by volume)
is represented in Figure 2.
Example 3
The‘procedufe is as in Example 2, except that
2.4‘g of Tempo are introduced in place of the 0.8 g.
25 h The properties of the coméosition thué
obtained are shown in Table 1. The distribution of the
sizes of tﬁe nodules (% by volume) is represented in

Figure 3.



25- conditi-ons and so that it is mscible with the vi nyl aromatic

nononer and the vinylaromatic pol yner whi ch derives.therefrom Use may
he made of alicyclic hydr ocar bons such as cycl ohexane or, preferably,
9 aromati c hydrocarbons such-as tolygene, benzene, et hyl benzene or
xyl ene. At | east one polynerization adjuvant or
initiator usual in thi ﬁ#éf! P{EhptdOivépn be 5 added to the
pol ymeri zation m xture, before or during . pol ymeri zati on. These -
adj uvants can be pl ast iThe€ @5rfocedure Si€hagisini pedfiplei L sbubuiwithstharate or
di octyl pht hal ate, or stabilizers, such as antioxidants which = can
be phenol sultsllowisy Ameumts kot theuingsedients: 10
di -tert-butyl -para-cresol, or phosphites, such as trinonyl phenyl
phosphite. - styrene: 7600 g .
5 ' + Plasticizing oil Primol 352: . 160 g
*.Antioxidant Irganéx 10762 - 8 g
* Polybutadiene BR 1202 G 240 g

.The properties of the composition thus
obtained are shown in Table 1. The distribution of the
10 sizes of the nodules (% by volume) is represented in
Figure 4.
Example S
The procedure is as in Example 4, except that
0.4 g of Tempo is introduced just before heating. The
15 _prope;ties of the composition fhus-obtéined are shown
in Table 1. The distribution of the sizes of the
nodules (% by volume) 'is represented in Figufe 5.
| Example 6
The procedure is as in Examplé 5, except that
20 0.8 g is introduced in'place of the 0.4 g of Tempo. The
properties of the composition thus obtained are showﬁ
in Table 1. The distribution of the sizeé of the
nodules (% by volume) is represented in Figurels.‘
Example 7
25 ) The procedure is as in Example 5, except that
1.2 g are introduced in place of the 0.4 g of Tempo.
The properties of the compoéitioﬁ thus obtaihed are
shown in Table 1. The distribution of the sizes of the

nodules (% by volume) is represented in Figure 7.



A plasticizer can be introduced in an anount such.that it is present

in a proportion of fromO to 6 % by weight in the conposition finally
synt hesi zed. 15 : A-stabilizer can be introduced into the
pol ymeri zation mxture in a proportion of Fromo to 3000 ppm
The pol yneri zation reaction can be thermaI1 initiated, w thout
ei ther a pol ynprrzaft o it at o or 20— & cqr oy s, g cay pe 1ji ti at ed
by -a ponmarizt"ton initiatlor. Iff the poly,mir'zatlonither al |y
initiated, it £1 bpecarried aut faf a terrperattré-o% w {9 frogn 1ap to
200[ err] C and | r&fe ably of [fwom|iL0 tloR160[erd|€] o] ~| 2 A If the
polynerizationfjile ihitiated jpby a| 25 pol yneri|zatli 6 i i ti atlor; iff can be
Carr|_ed out at enmelrat urle of ¥ raom.50 fa"f)ﬂ[nrr}(‘ andd nro erab|y
of from Ooto 160[ err]|C. The poljyneri zatijog in|t| or clan be| chosen
from organi c penbxi fes and hydropekoxildgs, such 8 g " -
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10 di benzoyl peroxides tert-butyl peroxybenzoate OLalal;______~_______
bi s(t-ert-butyl

_gﬁ[?ﬁXLQMgLQhexane~—or azo conpounds such as
azobi si sobut yr rile e pol-ynmeri zaﬂhsﬂhelemdsBaJn
present 5 in a “M“M Ml‘tm 50 to 2000 ppm on th

vinyl aromatic mm i ntrodeced.

pol yneri zati on, e wel' - Known " phenonenon of phase |nvers

pl ace, resulting in t he forqatlomnmnumubber nodul es di spersed in a
matrix .10 of vinylaromatic polyner or .copolymer. During

pol ymeri zati @n, stirri Rroaess [forsthe ganufdctuneof a compesition of the
rubber nodul es to be uniform - After polynerization, it is
advi sabl e to°°mPrlsﬂ@ﬂb@eVvamiﬁqqgﬁﬁiﬁnRQ#YEﬁRﬂFQE;Qnﬂﬁkkﬁéd vehehers and
15 any organic solvent. This can he carfi.ed, out conventi ona

t echni ques s?&'ﬁ%sbf“&‘ﬂféﬂﬂsaﬁ Iﬂwerlzatkﬁfbr%¥% i®i*Rehot and under

vaauun1 5 presence of at least one vinylaromatic monomer and at

least one rubber, there being a stable free radical
presént durin§ the polymerization stage.
2. - Process'according to Claim 1, wherein the
stable free radical is present in the polymerization
10. mixture in a proportion of from 1 to 1000 ppm with
respect to the vinylaramatic monomer.
3. | Process according to Claim 2, wherein the
stable free radical is present in the polymerizagion.
mixture in a proportion of from 10 to 250 ppm with
15 respect to the vinylaromatic monomer.
4, Process according to any one of Claims 1 to
3, wherein the stable free radical comprises an =N-0-
group.
5. Process according io any one of Claims 1 ta
20 4, wherein the mixture of the polymerization stage
comprises: _ |
from 2 to 35 parts by weight of rubber, and
from 0 to 15 parts by weight of solvent, per
100 parts by weight of vinylaromatic monomer.
25 6. Process according to Claim 5, wherein the
solvent is ethylbenzene. |
7. | Process accordiﬁg to any one of Claims 1 to

6, wherein the mixture of the polymerization stage



The fi nal rubbe“'ﬁﬁﬂ"*nyrareﬁﬁrft polyner or copol ymer—content of
t he oorrposi tion m I nventi on depends on the degree of

zatlon before renoval of t Hei nmwh“d
speC|es egree of progression of the
pol ynmeri zation |s Iom1 reanaI of ‘the voiatile species '

the renoval of a |arge anmount of - 25 vinylaromatic nononer and the flnal
rubber contenfunther comphisesnpopolymerizatibe lhngkéatofe avoid

excessively hi gh crosslinking of the rubber, it is preferable not
to continue téhe pol ynerProcess accopdingotot gdaim 7, wherein viting ar omati c
nononer s. The progression of the olynerlzatlon can be

moni t or ed by’Eﬁ%YEF%&F%Blgan%PES ggp;ngstagesent b8 pnPrPPertdensefge and

by deternlnlng t he | evel of
rom 50 to 2000 ppm with respect to the v;nylaromatic

5 monomer.
9. Process according to Claim 7 or 8, wherein
the polymerization stage is carried out at a
temperature of fronm 50 to 200°C.
10. Process according to claim 9, wherein the
10 temperature is from 90 to 160°C.
- 11. Process according to any one of Claims 1 to
6, wherein the polymerization stage is carried out in
the absence of polymerization initietor and at a
temperature of from 100 to 200°C.
15 12. Process according to claim 11, wherein the
temperature is from 110° to.160°c.
13. Process according to any one of Claims 1 to
12, whereln the rubber is a polybutadxene.
14. Process according to any one of Claims 1 to
20 14, wherein the vinylaromatie monomer is styrene.
- 15. Process according to any one of Claims 1 to
14, wherein the stable free radical is 2,2,6,6,-
tetramethyl-l-piperidinylbxy.
is. - Process according to Claim 1 substantially as
25 desceibed in any one of Examples 2, 3 and 5§ to 7.
17. 'A polymer composition whenever prepared by a

" process as claimed in any one of Claims 1 to 16.



5 solid in the sanples. Level of solid means the per cent age by

wei ght of solid obtained after . evaporation under a vacuum of 25
nllibars for approximately 20 m nutes at 200[err]C of the sanples

wi thdrawn with respect to the initial weight of the 10 sanpl e wi t hdrawn.
The pol yneri zation can be continued, 1g for exanple, until a |level of
solid of between 60 and 80 % by wei ght is obtained. _

It is preferable to adjust the anmobuntzssracT i ngredients introduced and
t he manufacturing conditions 15 - so that the final conposition contains
from2 to 25 % and nore preferably from4 to 15 % of rubber. '
The invention is further illustrated, by way of exanple, in the

foll owi ng Exanpl es PROCESS FOR THE MANUXAGTURE QF ck K COMROSITIOMuUre and

properties 20 of the conpositions obtained were determi ned by the

fol | owi ng t echni (G@¥PRISING A VINYLAROMAZIC ROIYMER: ANR,H, RUBRER unnot ched
bar: 179/ 1D st andard,

The present invention relates to a process

5 .for the manufacture of a compositioh comprising a
vinylaromatic polymer and a ruhber;'which précess
comprises a polymerization stage in the éresence of at.
least one vinylaromatic monomer and atlleast one
‘rubber, thére being a stable free radical present

10 during the polymerizatiop stage. The presence-of a
stable free radical in £he polymerization mixture makes
it possible to increase.the melt index and to influence
the size of the rubber nodules in the final éomposition
by generally increasing the fraction, by volume, of

15 rubbery phase and by widening the distribution of the
size of these nodules. This is reflécted by an
improvement both in the ﬁe;t index and in the impact
strength of the final composition, which makes the

latter an ideal composition for injection moulding.



nol ecul ar mass of the polystyrene: the 25 polystyrene is extracted from

t he hi gh-inpact pol ystyrene with methyl ethyl ketone and its

mol ecul ar mass i s measured by gel pernmeation chronmat ography

(GPC). In Table 1, Mv represents the wei ght-average :

12 nol ecul ar mass of the polystyre Mh represents the
nunber - aver age nol ecul ar mass of the pc}i&tyrene and Mv Mh represents
the ratio of the weight-average nol ecul ar mass to the nunber-average
nol ecul ar mass of 5 the pol ystyrene, . .[err] level of

pol ybut adi ene in the conpositions: NF standard T 51-007, -

[err] nelt index: |SO standard 1133, [err] nean size of the

rubber nodul es and %0 distribution of the sizes of the nodul es:
sedi nentary 07
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par-fi'cl e size determ nation (capa 700), after di ssol ving in nethyl

et hyl ketone. In Table 1, "nono" neans that the

di stribution of the sizes of the nodules is nononodal. 15 In Table 1,
"bi" means that the distribution of the sizes of the nodules is

bi nodal . Exanple 1 (Cog‘ggr ative) : 7360 g of
styrene, 160 g of a plasticizing Il of Prinol 352 trademark marketed

. by the conpany 20 Esso, 8 g of an antioxidant of Irganox 1076 trademark

mar ket ed by the conpany Ciba and 480 g of a - pol ybut adi ene of BR 1202
G trademark marketed by the. conpany Shell, the |ast product
exhi biting a wei ght- average nol ecul ar mass of 287,000 and a
viscosity at 25 25[err]C at 5. % by weight in styrene of 160 centi poi ses,
are introduced at room tenperature into a 15-litre st ai nl ess st eel
reactor equipped with™g stirrer system ' and .a tenperatiure control.
30
3Q 20}
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13 - After the pol ybutadi ene has conpl etely di ssol ved,

the solution is thermally polynerized; the tenperature being raised to
130[err]Cin 30 mn, the reaction m xture then being left for 1 hour
and 5 30 mnutes at this tenperature, the tenperature then - being
raised from 130 to 150[err]Cin 15 m h £S5 and the reaction m xture
being left for 55 mnutes at 150[err] The contents of the reactor
are then transferred into a devol.atilizer at 210[ err] C under a vacuum
of 25 mllibars 10 for approximately 10 minutes. The properties of the
conposition thus obtained are showmn in Table 1. The di stribution of
the sizes of the nodules is represented in Figure 1, expressed as %
by vol une of nodules as a . function of the dianeter of these nodul es.
15 Exanplgog The procedure is.-as in Exanple 1
except that :

301'
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woner 7

0..8 g of 2,2,6,6-tetranethyl -1-pi peridi nyl oxy (Tenp )QfPLACLw%bﬁdQ e tUstSG_
bef or e heating. The properties of the conpo$|9 (‘Phﬁg’oﬁtérne Ogpgged 7.
sfiownin Table 1. The 20 distribution of the sz; ’@he nengat el oopagpd ..
vol une) is represented in Figure 2. f M Sawinglglangiged 3. to paged ...,
The procedure.is as in Exanple 2, except-z-hat ;i ‘f@“‘bf Teagpd Yrte paged .=
‘introduced in place of the 0.8 g.. 25 ! The properties of the
conposi ti on taxisibiting abtksinmedh lame Isdwva nnéﬁaa)lc&..ﬂtriﬂlmmm byt |qum'of

------------------

t he sizes of the nodules (% by volune) is rep‘l"e“SEnt sd=-in Figure
3. International Patent #pplication WO 94/¥3%h%le 4

(Conpar ati ve)

fol | owi ng ant R At | ¥§#&ﬁéﬁéﬂ¥¥¥ﬁ(&IPOleiébé?ga Y OE.PUt wth the
than 2 and with a wéight—average molecular mass of less
5 than 80,000 can be obtained when the polymerization of
styrene is carried out'in the presence of a stable free
radical and of a polymerization initiétor and in the
absence of rubber, the molar ratio of the stable free
radical to the polymerization initiator being between 0.4

10 and 2.5, which correéponds to a concentration of stable
free radical initiator which is markedly greater than
0.1% by weight in the polymerization mixture and more
generally in the region of 1% by weight in the
polymerization mixture.

15 The present invention provides a process for
the manufacture of a compoéition comprising a
vinylarométic polymer or copdlymer and a rubber, which
process comprises a polymerization stage in the presence
of at least one vinylaromatic monomer and at least one

20 rubber, there being a stable free radical present during
the polymerization stage in_a proportion of at least
10ppm with respect to the vinylaromatic monomer,

The presence of a stable free radical in the
polymerization mixture, even in a very small amount, for

25 example, of less than 0.1% by weight, makes it possible
markedly to influence the size of the rubber nodules in
the final composition by generally increasing the mean

size of the latter and by widening the size distribution

of these nodules. Compositions REPLACEMENT SHEET

| 160CT Bor




[‘err] -styrene: _ 7600 g 5 + [err] Plasticizing

oil Prinol 352: 160 g [err] Ant i oxi dant | rganox 1076:
8 ¢ ' ‘[err] Pol ybutadi ene BR 1202 G - 240 ¢
The properties of the conposition thus obtai ned are shown in Table 1.

- The distribution of the 10 sizes of th&-nodules (% by volune) is

represented in ' Fi gure 4. Exanple 5 The
procedure is g&s, iR, ,BRAIPRE dhd exGEPIMiBAtcan be 9déngiealTeppo is

i introduced just before heating. The 15 properties of the conposition thus

obt ai ned are dhdifierent, dam PablchosenTHaoth e @E@N@ﬁ &L, tRe Hize®,of the

i nodul es (% by volune) Is represented in Figure 5. Exanpl e 6
| The procedureR’s ardiR’ E)@é?ﬁﬂ% DY Sefieniffen@ hydmpden a4 cluced in

place of the erties of the c ition thus
obt ai ned are g éﬁgxyl gr T&%i@rlanTﬁ§ FEPIBUSISR GF | £&s Tof the

nodul es gybbbeqb%ge)ofs ésﬁfesented I n Flgure 6.

In particular, the stable ffee radical can be
2,2,5,5—tetrameth?l—1—pyrrolidinyloxy, marketed under thé
tradename Proxyl, or 2,2,6,6—tetramethyl;1—
piperidinyloxy, generally marketed under the name Tempo.

10 : _ It would not be departing from the context of
the present invention to intfoducé, in place of a stable
free radical, an initiator or generator'of é'stable free
radical under the conditions of polymerization, for
example,_a product.which would not be a stable free

15 radical at room temperature but which would be a source
of a stable free radicél.as soon as the mixture intended
to be polymerized was heated. Such compounds; containing
.=N—O—X groups, have been described in US Patent
4,581,429, Such compounds generate, by heating at the

20 usual polymerization.temperatures, stable free radicals
containing an =N-0O* group.

The stable free radical is preferably present
in the polymerization miéture in a proportion of at most
100d ppm and more preferably in a proportibh of from 10

25 to 250 ppm; with respect to the total amount of

vinylaromatic monomer. In the range of from 10 to 1000

REPLACEMENT SHEET
16 0CT 199°




Exanple 7 25 The procedure is as in Exanple 5, except that

. 1.2 g are introduced in.place of the 0.4 g of Tenpo. The properties

. of "t he ‘conposi-tion thus obtained are shown in Table 1. The
di stribution of the sizes of the nodul es (% by volune) is represented
in Figure 7. . 15 [err] -6~

-1 6- CLAI V5

ppm, when the concentration of stable'free radical is
.increased, size distribution of the nodules tends to
widen and to change from monomodal to bimodal, and the
fraction, by volume, of rubbery phase in the final

5 composition tends to increase. A distribution is said to
be bimodal when a graph repreSenting nodule amount as a
function of nodule diameter exhibits two maxima; In the
range of from 10 to 1000 ppm, when the concentration of
stable free radical is increased, the impact strength of

10 the material generally passes through a maximum and the
melt index of the final composition tends to increase.
This behaviour is noteworthy because,daccording to the
prior art, these two properties, impact strength and
fluidity, generally develop in opposite directions. This

15 characteristic makes the composition obtained by the
process according to the invention an ideal composition
for injection moulding processes intended for the
production of components which have to‘possess good

impact strength. The amount of stable free radical for

20 which
- the distribution changes from monomodal to
bimodal, or
- the impact strength of the material is
maximum, or |
25 ' - the best set of properties, impact

strength and fluidity, taking into account

the proposed use of the composition is

obtained,

REPLACEMENT SHEET
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I. Process for the manufacture of a .conposition conprising a
vinyl aromati c pol yner or 5 copolyner and a rubber, which process

. cohprises a - pol ynerization stage in the presence of at |east one
vinyl aromati c nononmer and at | east one rubber, there being a stable
free radical present during the poly@erization i on
of at least 10 ppm 10 wth respect to the vinylaro !mummlﬂllnﬂ“l
2. Process according to Claim1l, wherecmatms stael ecfriee wa i s
present in the polynerization . mxture in a proportlon of at nDst 1000
ppm w th respect "~ to the vinylaromati c nononer.

Process according to Claiml or 2, wherein t he stable free radlcal S
present in the polyneriiatioﬁrocess Foxt tthe manafpcspeoet bdnaof from 10 to

- 250 ppmwith pect to the vinylaronmatic nmononer. 4,

Process accorﬂPﬁBoﬁét&99 SH@PGFS€P§|ﬁsvinyéérom?51§ DRAYPEIN Othe st abl e
. free radical = g
" Process gccorégﬁgi&% any 8n8 %&%&F%(nghich pro%ess comprlses a

polymerization stage in the presence of at least one
vinylaromatic monomer and at least one rubber, there
being a stable free radical presént during the
polymerization stage in a proportion of at least 10 Ppm

10 with respect to the v1ny1aromat1c monomer.

2. Process according to Claim 1, wherein the
stable free radical is present in the polymerization
mixture in a proportion of at most 1000 ppm with respect
to the vinylaromatic monomer.

15 3, Process according to Claim 1 or 2, wherein
the stable free radical is present in the polymerization
mixture in a proportion of from 10 to 250 ppm with
respect to the vinylaromatic monomer. |

4, Process according to any one of Claims 1

20 to 3, wherein the stable free radical comprises an =N-0O-
group.
5. Process according to any one of Claims 1

to 4, wherein the mixture of the polymerization stage
comprises: "
25 from 2 to 35 parts by weight of rubber, and
| from 0 to 15 parts by weight of solvent, per
100 parts by weight of vinylaromatic monomer.

6. Process according'to Claim 5, wherein the

‘solvent is ethylbenzene. | - |REPLACEMENT SHEET

16 0CT 1°°




to 4, wherein the mxture of the polynerization st

from2 to 35 parts by weight of rubber, and
parts by wei ght of solvent, per ' 100 iﬂm ““ m
vi nyl aromati ¢ nononer. ' 6. Process a

wherein the solvent is ethyl benzera7-
Process according to any one of Clains 1 to 6, wherein the nlxture
of the polynerization stage Process fagddmiiopnpy ises engalfynEraized i bn
initiator. Process according to Claim?7, wherein the
5 ° pol yneri ztazt ifn Whekein ofrher Pigrleyentod rthm@qﬂrsﬁrpﬁmzmm stage from 50
to 2000 ppm respect to the vinylaromatic nmer .
9. Process PRy i§ed f P r%ﬁﬂﬁ%ﬁq1lnltlat°r
8. Process according to Claim 7, wherein the
5 polymerization initiator is present in the proportion of

from 50 to 2000 ppm with respect to the rinylaromatic
monomer.
- 9. Process according to Claim 7 or 8, wherein
the_polymerization stage is carried out at a temperature
10 of from 50 to 200°C.

10. Process according to Claim 9, wherein the
temperature is from 90 to 160°C,

11. 'Procéss according to any one of Claims 7
to 10, wherein the polymerization initiator is chosen

15 from organic peroxides and hydroperoxides.

12. Process according to any one of Claims 7
to 11, whereln the initiator is tert- butyl peroxybenzoate
or 1,1-bis (tert-butylperoxy) cyclohexane

13. Process according to any one of Claims 1

20 to 6, wherein the polymerization stage is carried out in
the absence of polymerization initiator ahd at a
temperature of from 100 to 200°C. |

' 14. Process according to Claim 13, wherein the
temperature is from 110° to 160°C.

25 -15. Process according to any one of Claims 1
to 14, wherein the rubber is a polybutadiene.

16. Process according to any one of Claims 1

lerein the vinylaromatic monomer is styrene.

17. Process according to any one of Claims 1




t-he pol yneri zation stage is carried out at a tenperature 10 of from506

to 200[err]C - 10. Process according t
the ~ ' tenperature is from90 to 160[err]C c” "”"IH "" "ff" ess
PO « 0

according to any one of Clains 7 10, wherei n tthee ymeriga
initiator is chosen 15 from organic pg_egom des and hydr oper oxi des.
12. Process according to any one of Clains 7 to 11, wherein the

initiator is ey IriuiiHeREMPIRENAYI® free radichll-i 2 (zt,eer ftebutyl peroxy)
cycl ohexane. 13. Process according to any one of Clains 1

20 to 6, whiertaamethreylpdlymigyeziatinyictyage is carried out in t he
absence of polynerlzatlon initiator and at a tenperature of from 100
to 200[err]C. 18. PropssPragmessdine dradiany taneCicfi s, wherein

t he tenperature is from1l rr 160[err] G 25 15.
Process accor@rﬁg:etdd-%f ‘“ééfi‘ﬂs‘l the Cor‘{poﬁﬂ-tﬂ?@n IREIRE IP4he? r ubber

ICISa? pol )gbut aq{a(?:q:%.x of vinylaromatic %)%lﬁ(eq:ceoszs cao%coqrﬂﬂeq:g J:[no WHPcPne of

rubber nodules are dispersed, said nodules having a
widened size distribution in comparison with the
composition obtained with fhe.same precess carried out in
the absence of a stable free radical.

10 19. Process accofding to any one of the
pfeceding claims, wherein the rubber is in the form of
nodules whose size distribution is bimodal.

20. Process according to any one of the
preceding claims, wherein the compesition comprises

15 between 2 and 25% by weight-of rubber.

21. Process according to any one of the
preceding elaims, wherein the compoSition comprises
between 4 and 15% by weight of rubber.

22. Process according to Claim 1 Substantially

20 as described in any ene of Examples 2, 3 and 5 to 7.

23. A polymer composition whenever prepared by

a process as claimed in any one of Claims 1 to 22.

REPLACEMENT SHEET '
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erein the vinylaromatic nononer is styrene - 17. Process
according to any one of Claims 1 - - -

-18- ' ° to 16, wherein the stable free rad|cal is 2,2,6,6,

1- pi peri di nyl oxy. 18. Process accordlng to any

tetranet hyl -
one of the

precedi ng cl ai ns, mherelnlﬂhe conposition conprises a 5

matrix of vinylaronmatic. polynmer or copol I n which r ubber nodul es
are di spersed,

conparison with the . conposition obtained with the same process

carri ed out

19. Pr ocess accordi
the rubber is in the

10

is

in

sai d nodul es having a A—§E§kﬁﬁned size distribution in
t he absence of a stable free radical. 10
U d e A otk Seliforacron’ 65°8 BoubbATHRon"er &1 "
COMPRISING A VIRYLAROK.N.L‘IC POLYMER AND A RUBBER
The present invention relates to a process
for the manufacture of a composition comprising a
vinylaromatic polymer and a rubber, which process
comprises a polymerization stage in the éresence of at
least one vinylaromatic monomer and at least one
rubber, there being a stable free radical present
during the polymerization stage. The presence of a
stable free radical in the polymerization mixture makes
it possiblé to increase the melt index and to influence
the size of the rubber nodules in the final composition
by generally increasing the fraction,-by volume, of
rubbery phase and by widening the distribution of the
size of these nodules. This is reflected by an
improvement both in the melt index and in the impact
strength of the final'composition, which makes the

latter an ideal composition for injection moulding.




T _ _ _ _ _ _ qloitez=r sv0s
nodul es whose size distribution is binodal. 20. Process

according to any one of the precedi ng clains, wherein the conposition
conprises. 15 bet ween 2 and 25% by wei ght of rubber.

Process-according to any onebof t he . ; Egg;gding_cLargijhﬁﬁE?§?n~%he\ii;
conposition conprises etween 4 an o by wei ght ﬁ”’ :
OO g gy

. : -18-
to 16, wherein the stable free radical is 2,2,6,6,-
tetramethyl-1-piperidinyloxy.
18. Process according to any one of the

preceding claims, wherein the composition comprises a

5 -matrix of vinylaromatic polymer or copolymer in which
rubber nodules are dispersed, said nodules having a
widened size distribution in comparison with the
composition obtained with the same process carried out in
the absence of a stable free radical.

10 19. Process according to any one of the
preceding claims, wherein the rubber is in the form of
nodules whose size distribution is bimodal.

20. Process according to any one of the
preceding claims, wherein the composition comprises

15  between 2 and 25% by weight of rubber.

21. Process according to any one of the
preceding claims, wherein the composition cogprises

between 4 and 15% by weight of rubber.
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