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aromatic polymer
matrix surrounding rubber nodules.

Patent Application EP 0,726,280 teaches that
it is possible to produce an impact polystyrene by
polymerizing a vinylaromatic monomer in the presence of
a polybutadiene and of a stable free radical.

Patent EP 0,048,388 teaches that it is
possible to obtain an impact polystyrene in which the
nodules are essentially in the form of capsules,
provided fhat a styrene-butadiene copolymer is used as
the rubber.

The process according to the invention

involves a step of polymerizing at least one
vinylaromatic monomer in the presence of a rubber, of a .
- stable free radical which is not introduced into the
polymerization mixture in a form linked to the rubber, and of a
polymerization initiator with a grafting character suitable for the said
composition
- is such that in one of its sections at least 90% of the total area
occupied by the nodules corresponds to capsules having an equivalent

diameter ranging from 0.1 to 1 ym, or else
- is such that it comprises multi-occlusion-type nodules and is

IRV
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such that in one of its sections



0°3 DEC 2002 2 - 20 to 60% of the total area occupied by the particles
corresponds to particles having an equi val ent di aneter ranging qu%ggmz
-1 Nm - 5to 20%of the total area occupied by the particles co S
particles having an equival ent dianeter ranging froml1l to 1.6 Nm and - 20
to 75% of the total area occupied by the particles corresponds to particles
havi ng an equi val ent di ameter of greafer than 1.6 pm the said step being

such that - if (SFR) represents the nunber of noles of stable free radical
in the pol ymerization2@itet 60% of the PbHRareapoeeupied byndhe wpasticlesal ity of

Stabl o fr cecpaasRaer i, alyicar. hafind) 8F Rauladiy dartlel PndgTIOR ) ©

represents phetopiper of noles of polynerization initiator in the
pol ymeri zation m xture before phase inversion, and - if FINIT represents
the functionality of Bhto i28%iecft the itetal arescacemied dyoihe epamiclessi on, i . e.

the
th mber of sjt ' he fr ' t | e of
it ator i Goragrts Bred Bk ha i bRtk G Abe o LT 0, ©
(ZNIT) and gy ¢fqimbhyg 0. OS < FS FR x (SFR) <0, 5. FINT x UN'T) 0 3 DE

C 2002 2a As an exanpl e of aostabl e tree radical havi ng a functionality
FSFx of 1, mention may0p® fade obithg tetdleaipae ofeypied by dhe RartileRsra0 Ry R6

R3 ~ R corresponds to particles having an equivalent diameter of greater than
1.6 ym,
the said step being such that :

- if (SFR) represents the number of moles of
stable free radical in the polymerization mixture,

- if Fsrpx represents the functionality of the
stable free radical, i.e. the number of sites on the
same molecule of stable free radical having the stable
free radical state,

- if (INIT) represents the number of moles of

polymerization initiator in the polymerization mixture

before phase inversion, and

- if Fiwr represents the functionality of the

initiator introduced before phase inversion, i.e. the number of sites having the free

radical state that each molecule of initiator is
capable of generating,

then:
Fspr X (SFR)
FINIT X (INIT)

0.05«

and preferably:

Fgpg X (SFR)
FINIT X (INIT)

0.05 <



in which the groups Rl, R2, R3, R9, R5, R6, R7 and R8 represent alkyl

radi cal s. 0 3 DE C 2002 J As an exanple of a stable free radgtﬁlggﬁglgguz
*a functionality F5~-~ of 2, nention nay be nade of a noleculer

by: R RBRBRR RLRE RSRy .0--~ ~I|~~c~z~" 11~~r~"."a. 0 ['~, R~ R7 ~

R7 ~~3 R~ RB R6 Rl in which the groups Rl, R2, R3, R9,~'RS, R6, F,7 and R8
represent al kyl radicals and n represepgs a non-zero integer. 1D As an
exanple of an initiator having a functionality FINI? of 2, nmention nay be
made of di cunyl peroxide. As an exanple of an initiator having a
functionality FzNIT of 4, nention nDy be nmade of et hyl 15

3,3-d~(tert- anylperggyg esent e 3 DEC
2002 9 CH3 CH3 ’g%&é’%&%% og'gé/%ijeg e &ving CH2
CH3 i c= kaunctlonallty Fsrp of 1, mention may be made of a

molecule represented by:

Rg Re
R7 RS
R4 Rz
R4 ‘\! Rq
0.

in which the groups R1l, R2, R3, R4, R5, R6, R7 and RSB

represent alkyl radicals.



Oi CH- _as it contains two -O-O1links each capable of generating two
sites having the free radical state, 5 nanely -0- . Using one parTlgu[n;C
[FSFR X (SFR) ] / [FINNT x (INIT)] ratio, a polynerization range ZUUZ
defined within which it is possible to control and choose the norphol ogy

and the distribution of the sizes of nodules 10 in the inpact conposition.

In addition, the process according to the_invention is rapid, despite the

use of a stable free radical which generaPly tends to sl ow down the

pol ynmeri zation. 15 The fablgﬂjggaﬂﬁighologies of rubber nodul es may be
obtained: - the "salam "-type norpho 039, wht 2hl erednse t hadlx the g ubber
particle contaﬁngu%@Véwmalgepepgklg;a@proxinately spherical, but g
non-concentric, 20 vinylaromatic polyrer" ottt Usitehs:be re® REC 2an~ 5 - the
"Iabyrinth"-tﬁ%&?ﬁ#%ﬂuﬁ&gAeSQWﬂéalHy@ﬂs that the rubber particle contains

several elongate, curved, generally 'non-spherical and generally

unsymmetrical vinylaromatic pol~.-ner occlusions; 5 - the "onion"-type
nmor phol ogy, whi ch neans thaﬁzt@e rubber particle is approxi mately spheri cal
and contai ns, concentri ci %hﬁrespect to itquf,R% egal vi nyl aromati c

pol ymer occl usions contain e w thin another; t he
"capsul e"-type norphol.ogyN whi C @&_hggg_ggg_ approxi mately
spherical rubber paxti_cle)confains § sindite yiny omay1 T “pol ynmer

occlusion. The "sal am " ,ry*TpbyP+qt h* %and "oni@n"Rl Qplogies may be

called "muti-occlusion" Rq Ry 7

10 As an
EXample of anp initiator having a

functional
1LY Finir of 2, mention may be made of dj
Peroxide. o

As an j
Example of anp initiator having a

functhna i
l.lt_y FINIT of 4, mention may be made of ethyl
Y

3,3-da -
(tert amylperoxy)butyrate which may be
represented by:

15



mor phol ogi es. I n general, they axe substantially coarser than the ca sules
These norphol ogies in particular inpinge on the inpact propert §§

gl oss ef the final 20 conpositions. Wen, for a given rubber and a glven
rubber content, the grafting is less, the nodules are essentially in salam
form Wthin the above-defined polynerization 25 range, it is possible, for
a given rubber and a given rubber content, to Increase the proportion of
nodules in labyrinth form in onion forfor in capsule form by increasing
the grafting of the rubber 0 3 D&, C 2002 6 is possible to further

i ncrease the proportion of ﬁadules in %apsule rn1by further increasing
the grafting of the rubber! It is pdssible to’pronnte the formation of

capsul es conp@H%d_thQ.LheCS.thpL_mprhpbog+@s-b@Hgs+ﬂ©Hg rubber of | ower
viscosity. The advant dges of the inyention, p particular the possibility
of obtaining a high pzoportion of nodules in 1abyrinth, onion or capsule 10
form or even a norphol ogyCHgsenti aldH, in cap€bize form may be obtai ned
froma rubber not conprising a polynperized vinylaromatic nononer unit and
may be obtai ned by ussng a honnpolyﬁutadlene as the rubber. The expression
"grafting of the rubber"” C=0

l
0

l
CaHsp

2s 1t contains two -0-0-links each capable of
generating two sites having the free radical state,
5 namely -0°.

Using one particular [Fsgr X (SFR)}/[Fiyip x
(INIT)] ratio, a polymerization range is defined within
which it is possible to control and choose the
morphology and the distribution of the sizes of nodules

10 in the impact composition.

In addition, the process according to the
invention is rapid, despite the use of a stable free
radical whach generally tends to slow down the
polymerization.

15 The following morphologies of rubber nodules
may be obtained:

- the "salami"-type morphology, which means
that the rubber particle contains several generally
approximately spherical, but non-concentric,

20 wvinylaromatic polymer occlusions;



15 shoul d be understood to nean the grafting of the rubber by the

vi nyl aromati ¢ nononer present in the polynerization m xture. ‘@3 d]ECt Qﬁﬂ?
of the rubber nay be increased by: 20 - using an initiator with a higher
grafting power, - increasing the polynerization tenperature, - increasing
the amount of initiator. The grafting power of the initiator nmay be 25
determ ned by routine conparative tests by anal ysing the norphol ogy i nduced
by the nature of the initiator. The grafting power of the initiator is

hi gher the nore it tends,to,generate. the follow ng . norphologies, given ~
3DEC-~I~~inthe dir% Fioﬁ°6¥ it gpeé PRG 5Fﬁf¥gﬁémﬁgmgp3%§alani, t hen
onion or |abyrinth, _th C | e. ry lar t initiator, for
exanpl e so Bﬁg @tﬁgaﬁa?ﬁg %&iﬁﬁg Eggééggg(%%P%%Q%QF%ﬁ%%IFg t he nol ar anount
of 5 vinyl aLquRla¢ MORAFRId, S JAheakah ! RaR-2phellcdl emeRRga8aler than 9
x 10-9 or even greater than 6°x 10-9, "may be introduced. Such anounts are
not usual i Rn¥iyiedrarali & iMNAFRMaRAlY FRLvARY @ ueceS$eS Since they
cause substantial heat generation, the heat being 10 difficult to renove
and possishl y danger ous. the te iesmt-exieofnotrp® oplogsentvhirre Meia@l, t he
Appl i cant has found that, on account of the ampunts of initiator used, |ess
heat was genémat ethet rabbrar palrity cQles drvegpp rokirmaplediyospher ialalowsdt he use
of large amounts of 15 initiator, thereby allowing the grafting and the
particl e norcphslzogy.t cobeegantcellled wvashdesispedt Tloe igseddss~according to
the invention makes it possible to obtain particularly inpact-resistant
and/ or part is€yleaely vgnyd gy orerpes iPoilome rwock 1a shiogls ZONsaliyeer prat i on rate.
The process according to the invention results Zn conpositions having a

hi gh 1 uidi ¥ t%83® &PRILGKTVI é&C sof tening point, conbined with, if required,
a hi gh inpact resistanceh 25 1f 1t is desired t.0 producg.a conposition
whose esdential property’¥s AP eré§W§FaW8ép%ﬁéP§§?t§ 1CR PEADSI npact

it it ded to find conditi h that the rubb 0
3D EC 2002 BoolIEe S SHATE Adr CPREFY BOERLA ShPAR HRGPBP Ry i nth

or phol ogy gnd Ranti by 99th a1y an andhgtofapsul goorabol ogy. I

addi ti on, T econmen con 1ons such he nodul e si ze
distributioRd-Susion.

The "salami", "labyrinth" and "onion"

15 morphologies may be called "multi-occlusion”
morphologies. In general, they are substantially
coarser than the capsules.

These morphologies in particular impinge on
the impact properties and the gloss cf the final

20 compositaons.

When, for a given rubber and a given rubber
content, the grafting is less, the nodules are
essentially in salami form.

Within the above-defined polymerization

25 range, it 1is possible, for a given rubber and a given
rubber content, to increase the proportion of nodules
in labyrinth form, in onion form or in capsule form by

increasing the grafting of the rubber.



5 broad and even binodal. In the context of the present inventiqxs QMEG:QDDZ
conposition at least partially conprises salam-.and/or |abyrinth-type

- nodul es and when the grafting conditions are increased, an increase in the
anount of capsul e-type nodules is observed and 10 the gl oss of the
conposition is increased thereby. Mreover, for this type of "inpact”

conposi tion, conprising salam - and/or labyrinth-type nodul es, the nodule
size distribution is broader than for conpositions comng fromthe sane

process but in which 15tnasstallssphikee o adi¢al. had heend niroduced. Such a
conposition has a high inpact resistance. For this type o einpact"

conposi ti on, prbgopracess fageandiedd iho cb %uil@v@&trirrp@)yalflu%%seg()()d utilization
of the rubber, that is to say it |eads tfo conmpositions having a high inpact
20 resistancénﬁgﬁaalnglahbvghyfsﬁabloanﬁu@trgbb@gbb@&.i§u§gsg9b"%npact"
conposition is preferably such that, in one of its sections, - 5 to 600 of
the total aré& éé@mpFédtgy thempaibhcbés cepsneapordmphecpakt t 5! £5e havi ng an
equi val ent 25 diameter ranging from0.1 to 1 ~.im - 5 to 200 of the total
area occupi eAtB§Tt ReTBAP{PELeSs byr respondsruibbpar bifclesebavi ng an

equi val ent dianeter ranging from1 to 1.6 urn and 0 3 DEC 2002 9 - 20
to 750 of th&*tbPat ¥rea occupied by the particles corresponds to particles

havi ng an equi val ent d&anetsr of greater than 1.6 ~. un. Wen the grafting
of the particles is 5 1&fat?Vary29®®, of hehepipHeRbygnofinhe particles, as a
function of j [ e of the equivalent diameters, is as follows: 0.1
to 1 Vim nnég?¥ﬁ%%f%%38%? ?%%Sggﬁ%}EYe%fh%?%a%%bn%aﬁaﬁﬁg%r capsul e

mor phol ogy, 310.40dc 19 ~, = nmore than ~95% of the particles have the
sal ani nor ph%l%%?/, andlcéfe%?%@?%ah” 1£. YX 1R o r @Y AP Bt R dhe parti cl es

have thejsal agim g phalagy. n\/épﬁp rafting. the particles is higher,
15 t he norphol ogy of the paartl ecgsi,](? By %rhcjtaloioer' of? tHP B K froaﬁ’fges, is as

fol |l ows: may be obtained from a rubber not comprising a
polymerized vinylaromatic monomer unit and may be
obtained by using a homopolybutadiene as the rubber.

The expression "grafting of the rubber"

15 should be understood to mean the grafting of the rubber
by the vinylaromatic monomer present in the
polymerization mixture.

The grafting of the rubber may be increased
by:

20 - using an initiator with a higher grafting
power,

- lncreasing the polymerization temperature,
- increasing the amount of initiator.
The graftaing power of the initiator may be

25 determined by routine comparative tests by analysing
the morphology induced by the nature of the initiator.
The grafting power of the initiator is higher the more

it tends to generate the following morphologies, given



t 0.1 to 1 Vim nore than 950 of the particles have the capsul e pr i [
| abyrinth nmorphology, 1 to 1 . 6 Eun: nore than 95 0 of the pardfaliﬁggg?ﬁnq
. have the onion or |abyrinth norphology, and greater than 1.6 dim nore than
950 of the particles have the |abyrinth norphol ogy. The "inpact”
conpositions nmay especially be used for producing Injection-noul ded

articles in the 25 audio-video field (cases for television sets or video
recorders) or in the office field (cased for conputers, printers or fax
machi nes) . TFnoFggrdtg R oduce these articles, it is necessary to be able

to have availabfe® “0*3°B*'BPCO%062CEB2EbRBOSKREOABINRYMAY: ashlghi fl uidity
(in order to S e_jnjection ul ding) together with a high inpact

resi stance aﬁgég h#éﬁﬁvféa aé%?%@ﬁ hg*PBAPERREUL 8- (VAT BrHeFge o i nprove the

hot strengthambufesSof0i i atzinduced defornption). The invention
makes it possibl e tooobta%ﬂlégggbsf?fo%§°ﬂ%€?nﬁogﬁﬁié %%%biﬁ%&@dm% of

properties. dhe pProgess acgprdi Nopto e .hnventi ma | sq result in a
conposition in which the rubbgr %&Nﬁbhgiégﬂhsg”€§2§n°%£&|f in capsule dorm

Such a co®rposityDaw dhet eafhekoras | £4 04 " sitijom) has . a high
gloss and is, in general, essentiallygnnﬁgﬁ%d%§. uc :g?bbn%BS?Y?%n may be

obt ai ned by geemsiew hdn gh * eMel' of gvahthpgadefi Pgakhg Pof ywerization and
by 15 using a rubber of sufficiently |OM/€iS%OSity.a$t§ing sb Tﬁ%ortant to

take care tHas tmeratiged ngswhh iargoudes ROty dd aadd 0N sexerts sufficient
shear for the capsul e norphology to be obtained. Such a "gl ossy"
conposi ti on AN SiAHPNATES Man@rer ofoliinge Ciday i@l Preasts 20 20Q.ef the total
area occupiedf%y the particles corresponds to capsul es having an equival ent
di aneter rarg gngﬁﬁ(i?P%RﬁUELalﬂheéﬁugénynariﬁh,cmmpo&bhko&giabso have
good transpay, y,lﬁhis bei ng mani fested by | ow haze val ues. 25 Very | ow
haze values ﬁ§9%6€ Ibttal FEPYES pincde Rotve iy olangeromspolIpbtihadi ene, ~ wher eas
in the prio%o%kyxkt i.s.general to use, as rubber, a styrene-butadiene

copol yner i order £§ [to\ePIEFeaievent iogquithed Appd icadt3hBDEC 2002 11 as
to increasefgggth%g§pa£enc further, it is possible to blend these

"gl ossy" cofposi tions’ wth3EFPEPA OfoltPst $RENBESTREs@NgEd8E9r conposi ti ons,

whi ch may of, sy @@Esbﬁe§k|9¥§dgékgga Egsiggnpgg¥%g sngbsggseg§ed
This phenomenon allows the use of large amounts of
15 initiator, thereby allowing the grafting and the
particle morphology to be controlled as desired.

The process/according to the invention makes
it possible to obtain particularly impact-resistant
and/or particularly glossy compositions with a high

20 polymerization rate.

The process according to the invention
results in compositions having a high fluidity and a
high Vicat softening point, combined with, if required,
@ high impact resistance.

25 If 1t is desired to produce a composition

whose essential Property is impact resistance
(hereafter callegd "impact" composition), it is

recommended to find conditions such that the rubber



5 in particular in the packaging field for the manufacture, b
t hernof orm ng, of pots, goblets and trays, the average wall t%ggkrpegc %002

which is generally between 25 and 750 m crons and nore particul arly between
50 and 250 mcrons. 10 In all cases, especially in that of the "inpact"” and
"gl ossy" conpositions, the final conposition conprises a matrix of a

vi nyl aromati ¢ pol ynmer surrounding particles of a rubber, the said
conposition also conprising a stable frie radical 15 and/or a

stabl e-free-radical -generating group form ng part_ of a polymer chain. In
Fact. The STHBIE aF JE TadiaH Sy CRinG Hahibe AT R o eand or 1 a
form bound to a | ymer_ chasn_by coval.ent bond. In neral_, the tendency
of a stabl e-T?eréjer?ogacﬁbéaﬁngcf agretrfea}‘];ﬁ %gc’%é‘r Sip o Ornelaenacgéoﬁ (R e free

radi cal i ncr"goﬁiool\r% . tlg?pﬁ%{ﬁ%)g}, 'Et{e 1fsi q,aé ogrgrgg?gg& [elg f_tiqjedr efore has a

hi gher or | ower _ ree radica _ _
st abl e-free-rai Gal s, 9enaral i fih 9 QP HARNNAING ot s duttiesity of the

devol atilization 25 treatnent carried out on the said conposition and al so

dependi ng; o tdi natdire & dhesdabls, fuire dadicsal o wfe th@sent _
stabl e-free-radi cal -generating group. The devolatilization treatnent is

more i nt ense it gervhed 83 ddnpdsidinm kL illed duaidwland/ or the hi gher
its tenperature and/or the higher its vacuum Because of the presence of a
stabl e free doahade andd rmia- strabl e freggariadircal ypge nerdatlieng agidcoup, 5 t he
final conposition has an inproved resistance to hot depolynerization and to
ul t ravi ol et .wHeam addi tgat, t Jer ausediofi drive gpEs sinvidgasedf asiimgrdearsge anmount s
of polynerization initiator, especially of the peroxide famly, the
grafting of iThehe anbey Py carsuwiiemtyaeomedid afordmaPSes viedhroded, this

" having the effect, for a given tenperature, of .reducj n%[th%dshri nkage of
t he mat e¥9 aI?heTrﬂJsOﬁW%\FgP%rﬁonfﬂm a5 ddrdEaed F A EWurning rate of

the material, sonething which is an appr.eci abl,e advant.age, 15 especially in

the audi o- vilfEETI®d 1T (HE DIFYRS Ff eliFpact” composition,

comprising salami- and/or labyrinth-type nodules, the
nodule size distribution is broader than for
compositions coming from the same process but in which
15 no stable free radical had been introduced. Such a
composition has a high impact resistance. For this type
of "impact" composition, the process according to the
invention allows good utilization of the rubber, that
is to say it leads to compositions having a high impact
20 resistance for a relatively small amount of rubber.
Such an “impact" composition is preferably
such that, in one of its sections,
- 20 to 60% of the total area occupied by the
particles corresponds to particles having an equivalent
25 daemeter rangang from 0.1 to 1 pm,
- 5 to 20% of the total area occupied by the
particles corresponds to particles having an equivalent

diameter ranging from 1 to 1.6 um and



The rubber may, for exanple, have a viscosity as a So by weight solution in _
styrene, measured at 25C, ranging from 15 to 300 nPa.s. 20 The r{p8eDEC 2002
especially in the case of a pol ybutadi ene, generally has a wei ght-average

nol ecul ar mass (Mwv?, expressed in g/nmol, ranging from 110,000 to 350, 000,

and preferably from 15Q 000 to 300, 000, and generally has a nunber-average
nol ecul ar mass (M), 25 expressed in g/nol, ranging from50,000 to 250, 000
and preferably from 70,000 to 200, 000. é& way of exanple, for the case in

which it is desired to pr ce . an "inpact" conposition, |.e. one 0 3 DEC
20f ~~ 13 conpri si ng partﬁgfﬁﬁ’b *h 9 o&%@e§qﬁaﬁhaFﬁé SLARL egnhdoitheabyr i nt h

mor phol ogy and Rardjial | th nodules with the onion and/or capsul e
nor phol ogy, ?% i'S possf%F2%¥%xﬁ§5 §°h856%6F955t§&Wéﬁ§ RaviERY 1yadr8Eosity 5
as a 50 by wWei:ghte+r2Q! Wd QR daf St ¥hene ured at 25C, ranging from®60 to
300 nPa.s. In the case ogﬁéScﬁ§an%%5n%agfﬁ%éonposition, t he rubber,
especial ly in the casewsenach@l yRutadhgnes Prefgraply,has; a wei ghtaverage
nol ecul ar mass rangi ng fron1175%000 toESSO,OOO %Oggﬁélggeﬁgnnre preferably
from 200, G00 red 283020890 1cand tpeeherghbYohasoa BHEDBErRYEHAgE gg' gcul ar mass
rangi ng from 7D, 000 to 250, 000 and even nore preferably from 90, 000 to
20D, D00. Byfuagtepnegdnphe, sinet hengasefi shuheghivhibst15:48sited to
produce a "gl ossy" conposition, i.e. one in which nost of the nodul es are
in capsul e fefnmpSi £oldopsssible to use a honopol ybut ad~ene having a
viscosity ranging from15 to 50 nPa.s, neasured at 25C, as a 50 by weight
solution in styrene. |# ©Onhd &gsé ofi:smoheathen" §bdssy" tbenpasttioas t he
rubber, espe iallg in t?e case of a folybutadiene, preferably has a -
. wei ght aver agB?¥BI 5BGI 87 L AR sOF aRgPFgL ¢ repr ABGLOE@Y, t 0 200, 000 and pref er abl y
rangi ng fpom 150, 000 to éog,og?, and preferably _has a nunber-average
mol ecul af “mass rangi ng' 25 fPom 80MBH0TPEE 2602BDB 4nef evBn RBreipieserabl y
from 70, 000 {9,150, 00 table free radi cal should not be confused with
free radicalSQ&EOQ%QI??%%?%Ep?sgéﬁiﬁﬁﬁﬂeﬂ” afew 0 3 DE C 2002 19
nmsl | | seconds), such asgt icals produced t he_ usu
g?egEg? {:ﬁgn 9% £ - ?/Ja? O%i?%X?‘?FéSO

I
pol ynmeri zation initiators such as peroxr des; rﬁp%zo-type

in~t~. ators.pPel yOEs ¢ ZRi O tiating n{&gaq“;lao ycal s tend to accelerate the
5 polymerization. By contrast, stable free radicals generally tend to sl ow

down the pol ynerizati dfhed cigensrdvind JmyHee palatied dhatg %i‘;{h%er radi cal
is stable in the sense of the present invention if it iIs not !

pol yner i Zat i ©re indtpratlorgyand itfhe yrderi dke ,cendiat ifens t5Q 0l rusg Of the
present invention, the average lifetine of the radical is at least five

m nut es. OveT* i BASage lasf didliewst:he nol ecul es of the stable free

radi cal continually alternate between the state of a radical and the state
of a group bound to a'boﬁyhe?o 1 pm: more than 95% of the particles

have the capsule or onion or labyrinth morphology,
¢ 1 to 1.6 pum: more than 95% of the particles
20 have the onion or labyrinth morphology, and
¢ greater than 1.6 pm: more than 95% of the
particles have the labyrinth morphology.
The "impact" compositions may especially be
used for producing injection-moulded articles in the
25 audio-video field (cases for television sets or video
recorders) or an the office field (cases for computers,

printers or fax machines). In order to produce these

articles, 1t is necessary to be able to have available



15 chain by a coval ent bond. O course, it is preferable for the stable
free radical to exhibit good stability throughout the durati tugt ﬁﬁi
in the context of the present invention. Cenerally speaking,?ﬂs e2 e
radical may be isolated in the radical state at 20 room tenperat ure.

stable free radical is stable enough for its free radical state to be
characterized using spectroscopic nethods. It will be recalled that the
notion of a stable free radi cal is knowOby those skilled in the 25 art for
denoting a radical IS sQ persistent and unreactive with respect to air
and to nnlstﬁPepoﬁl QDEW%FEﬁPQa@rhﬂHQtfﬂHedbGWe(ﬁadPééprnﬁy be handl ed and

stored witho r.ecauti ons roomtenperature 0 3 DE C 200 15
t han those fg%cﬁgéfngonne gFOEhEHngFgg sERIepReEhBiIEDbpekigd. Gl ler

d K. Ingold, f i cal 1976, 9, 13-19 or A
Fo 190t Fég@oy@g§sg &]ggerar}j '5 Bo& bFétFP8gtﬁBaP8al s, Ac

Forrester et a ani c emstry of Academ c 5

Press, 1968) cofbebamLy (of shabl-e LrgsF£89g0g£§.§Q€'ugg§ ég%particu'ar the

conpounds acting as radical polynerization In ors rihg® nononers,

stabl e ni broxyl 1iadicaks: - hn@ucEBO§§f89HQ %éhﬂg the i ‘ﬁbg%F io qToﬁg fo

possible to use, as stable free radical, e radicals rép 632

exanpl e, by thepbsthMEngofebﬁyhaecoﬁgggf@fggg)hg&g 12R R9 lel R 6
R~-RR R4 R RBR'N RO (CH2?n 15 Rfi RS RQ r R2 R3 ~ Rl
O r combinations of properties.

The process according to the invention may

also result in a composition in which the rubber

10 nodules are essentially in capsule form. Such a
composition (hereafter called "glossy" composition) has
a high gloss and is, in general, essentially monomodal.
Such a composition may be obtained by causing a high
level of grafting during the polymerization and by

15 wusing a rubber of sufficiently low viscosity. It is
also important to take care that the stirring during
the polymerization exerts sufficient shear for the
capsule morphology to be obtained. Such a "glossy"
composition 1s such that, in one of its cuts, at least

20 90% of the total area occupied by the particles
corresponds to capsules having an equivalent diameter
ranging from 0.1 to 1 pm.

The "glossy" compositions also have good

transparency, thais being manifested by low haze values.

25 Very low haze values may be obtained despite the use of
a homopolybutadiene, whereas in the prior art it is
general to use, as rubber, a styrene-butadiene

copolymer in order to lower the haze. If required, so



R2RR~~N~1 RR~R-0 RRERRRLR RRLRYV, R .O
OC(CHJ-COHO NoORJRTRTRBO RAROBRAT R O E&@E@m
~Ry .N. ... NR~N~R7 / \R1l 16 in which n represents a non-zero integer
and R1l, R2, R3, RO, R1 and R 2, which may be identical or 5 different,
represent a hal ogen atom such as a chlorine, bromne or iodine atom a
saturated or unsaturated, |inear, branched or cyclic hydrocarbon group,
such as an al kyl or phenyl radical, orlhn ester group -COOR or an al koxyl

-OR h honat e 10 -PALOR). 2, I hai o _whi ch
vy, for examph, “BECASDAl v e hIFAABERACEYI 05 < 66 y Bt A0, ERG-QPIe
| yol efin, lyet Ryl | YRr: . chai t which i
bl or abl y' EOpETS AR, PRECon and DREHA CRURE, T RFOSREY RS and RIO

whi ch may b I i.ca r..dsfferen : osen; kKo he _same famly
of groups agogt%gttg’\%%?’éh \L/{/g%sgn ilggsgdkf)gggéﬁ?glg%,g'RB?lfIS?’Q,ma% %rand R 2 and

may al so reppeserk dehydnegen abem o2y Rydnoxbdes@keeRe; Obdrealsagi d group
such as -COON or -PO (OH) or -SO03H. "20 In particular, the stable free

radial may he PaZtichitet nanehRybatxpyinel fdenyl @xy sbed under the name
PROXYL, 2,2,6,6-tetranethyl-1-pzperidinyloxy, generally sold under the nane
TEMPO, 9- hydimoxyfa2t2reé, 6bgt theeibyfbrhipgpevlfdpnykoxgobdkdsuadear the nanme 9
25 hydroxy TEMPO, or bis (1l-oxyl-2, 2, 6, 6 r~ 17 0 3 D E C 2002
t et r anet hyl pirpesi dithe9aykysglkaeatlé sblidkorder of hehbrhndsCxan894a51by t he
conpany Ci ba Specialty Chem cal. The stable free radical may al so be chosen
between 25 and 750 microns and more particularly
between 50 and 250 microns.
10 In all cases, especially in that of the
"impact" and "glossy" compositions, the final
composition comprises a matrix of a vinylaromatic
polymer surrounding particles of a rubber, the said
composition also comprisaing a stable free radical
15 and/or a stable-free-radical-generating group forming
part of a polymer chain. In fact, the stable free
radical may essentially be in a free form and/or in a
form bound to a polymer chain by a covalent bond. In
general, the tendency of a stable-free-radical-
20 generating group to release its stable free radical
increases with temperature. The final composition
therefore has a higher or lower content of stable free
radicals or stable-free-radical-generating groups
depending on the intensity of the devolatilization
25 treatment carried out on the said composition and also
depending on the nature of the stable free radical or

of the stable-free-radicel-generating group. The

devolatilization treatment is more intense the longer



fromthe following list: 5 - Ntert-butyl-1-phenyl-2-nethyl propyl
nitroxide, - Ntert-butyl-1-(2-naphthyl)-2-nmethyl propyl nitroxi4}3 []E[)ZUH?
. N-tent-butyl -1-di et hyl phosphono- 2, 210 di net hyl propyl nitroxide, -
N-tert-butyl - 1-di benzyl phosphono- 2, 2di net hyl propyl nitroxide, -

N- phenyl - 1- di et hyl phosphono- 2, 2-di net hyl propyl nitroxide, 15 -

N- phenyl - 1- di et hyl phosphono- 1- net hyl et hyl nl troxide, -

N- ( 1- phenyl - 2- met hyl propyl ) - 1di et hyl phdsphono- 1- net hyl et hyl ni troxi de -

9- oxo0-2, 2, 6, 6:tegfa | - 1= piperi di nyl oxy, 20 -
2,9,6-tri-teFE%bg%ygg%Q%oiéqp?g {%% %%ﬁ?%itIBF tRBPBFaSeRE apPldration, the
stable free tpdigaines oL {otnQduced into the polynerization mxture in a
form bound to the rubber, as would be the case with a rubber carrying a

stabl e 25 free-radi calggesnesatyp The ipnktiator, is a radica
pol yneri zation initiator which ngyaéggg %%gﬁefg%néd?gﬁgiepék%&ides, 03D

E C 2002 18 pedDoyesimdSor aé&%l@pré%ﬂfédfgglp?g%ﬁage%?aﬁfou@rti cularly

suitable initiators are the follow ng: - isopropy
per oxycarboridte, f in#l etdnpdeeiorn efds K ﬂmﬁ%%cﬁé@{@éﬁce 536 hditcurryl
peroxide - di-tert-butyl peroxide, - 1,1-bis(tert-butyl peroxy)cyclohexane,
- 1, 1- bi s(t e4eRDUNMA Perahddn K] T d niletdyd €yl ohexane, 10 - tert-butyl
per oxyacet at e,
In addition, because of the possibility of

using large amounts of polymerization initiator,

especially of the peroxide family, the grafting of the

10 rubber by the vinylaromatic monomer: is improved, this
having the effect, for a given temperature, of reducing
the shrinkage of the material. This improvement
produces a reduction in the burning rate of the
material, something which is an appreciable advantage,

15 especially in the audio-video field or the offaice
field.

The rubber may, for example, have a viscosaity
as a 5% by weight solution in styrene, measured at
25°C, ranging from 15 to 300 mPa.s.

20 The rubber, especially in the case of a
polybutadiene, generally has a weight-average molecular
mass (M.}, expressed in g/mol, ranging from 110,000 to
350,000, and preferably from 150,000 to 300,000, and
generally has a number-average molecular mass {My),

25 expressed in g/mol, ranging from 50,000 to 250, 000 and
preferably from 70,000 to 200, 000.

By way of example, for the case in whach it

1s desired to produce an "impact" composition, 1.e. one



- cunyl tert-butyl peroxide, - tert-butyl perbenzoate, - tert abutpl
per - 2- et hyl hexanoate, - 2,2-bis(tert-butyl peroxy)butane, 15 U%thEC 2007

9,9-bis(tert-butyl)valerate, - ethyl 3,3-bis(tert-butyl)butyrate, -
2,2-bis(9,9-di-tert-butyl peroxycycl o hexyl)propane. The initiators which
generate at |east one 20 tert-butyloxy radical, i.e. (CH3)3-C-0', are nore
particularly suitable. It is preferable _to choose a radical generating
initiator having the | east possible terJr(j?ency to forman adduct with the

stable free I ; 5. saj d radi cal urt herno havj ng. t he hi ghest
possi bl e potée%ﬁl‘%%fgio?é gkr?%z‘ﬁangi%n?%% h%oéﬂ%%serw éhp%)ﬁ?i%%icb hydr ogen
atons fromt 'dgﬁtb,bﬁ.;t 0 I [ W omat i c
nononer"” in Jt]rf(ﬁ%;s(?:]f()nl't ext o ?h%gﬁgo%;i%\?/%#??bﬁfas g{ur%ot%}léwugn elrs ood to

mean an et hyl e cahd YohHSAt K @ e @éfé@ié%@%ﬁ’é@égﬁuq(t ass styrene,
vi nyl t ol uene, al phanet hyl styrene, al phaet hyl styrene, 9-nethyl styrene,

3-met hyl st ygeseib e Med hosy §tW6ﬁéwo1@o@NQd%y@aﬁ£Vin?tyr%os%@}l hyl
styrene, 9-ethoxy styrene, 3,9-dinmethyl styrene, 2-chloro styren€, 3-chloro

styrene, 9-cid of 05B-Etiyigist ysENerich tef tsbytdhe stiye¢enered, &-dichl oro
styrene, 10 2,6-dichloro styrene, 1-vinylnaphthal ene and vinyl ant hracene.
Styrene is apref eramghing nfitan obdmtic Idhanes . s Then riliderass @ah Riast oner
normal |y used for inparting inpact properties to vinylaromatic polynmers. 15
The rubber nay bempaciohjayeresh podrydi Bre, rshiver ase gt §hat adiiene;he
pol yi soprene and styrene-butadi ene copol yners of the elastoner type, also
cal  ed SBR (%137 ehie-bRudieHe didiifor )pr airs aibbela frey worgitise | ess than
| oo and preferably | ess than 5~ by weight of 20 a olgnerized viQyIaronatic
monomer uni t&8v & U¥pscular mass ranging from 175,000 to 350,00
10 and even more preferably from 200,000 to 300,000, and
preferably has a number-average molecular mass ranging
from 70,000 to 250,000 and even more preferably from
90,000 to 200, 000.
By way of example, in the case in which it is
15 desired to produce a "glossy" composition, 1.e. one in
which most of the nodules are in capsule form, 1t is
possible to use a homopolybutadiene having a viscosity
ranging from 15 to 60 mPa.s, measured at 25°C, as a 5%
by weight solution in styrene. In the case of such a
20 "glossy" composition, the rubber, especially an the
case of a polybutadiene, preferably has a weight-
average molecular mass ranging from 110,000 to 200,000
and preferably ranging from 150,000 to 200,000, and
preferably has a number-average molecular mass ranging
25 from 50,000 to 200,000 and even more preferably from
70,000 to 150,000.

A stable free radiczl should not be confused

with free radicals whose lifetime is ephemeral (a few



may not conprise a vinylaromati c nonomer as a pol ynmeri zation [!1131 tDE@gg@Z
the case for styrenebutadi ene bl ock copol yners. The rubber nay ™t heref be

a honopol ybut adi ene. The pol yneri zation m xture during 25 the step of the
process according to the invention may initially conprise: per 100 parts
by wei ght of vinylaromatic nononer, 0 3 DEC 2002 20 2 to 35 parts by
wei ght of rubber and 0 to SO parts by weight of solvent. The sol vent may
be organic and chosen so that it does ndt boil under the pol ymerization

conditions 5 a?ﬂ in su&h a way that it is mscible wth the vinylaromatic
mononer and Wrth ERECURAYF afbRAt PE pBEyHEECJERFVERLENBFBAREHE PY is

possible to e alicyclic hydrocarbons such as cycl ohexane, or preferably
aromatics, sggﬁ 35“?%I88§¥?¥5éﬁ35h8? i@lEfﬂ§PﬁanggﬁQ oF RyFeredeThe

I i zati ] . I i t .
Copol yrer  zalt oo EhoEREEY: AT arERat FEemonbier CoF S moRBREREE: SUHPs, for
exanple at |east,Qne,gCEYLEC Ok, B DALLYLT £, MDPOPRL, OF o Ippacryloni tril e.
The term "po ynerlzat?on theretore covers those o% %onnpo yneri zati on,

c0polynerszaﬁepgmaﬂgzgeagﬁpotynggh%éégeﬂ apgpibertee mapoLyper” covers
t hose of honopol yner, copol yner and interpolyner. After the so-called

phase-i nver sjene 21 phepenenes, slof. dbhe tREMpbiphepi - pardhcles, it is
possible to add a polynerization initiator identical to or different from

t hat presentgabethd, siarhaof bpobyseetizahaona Soe@SréditaTreaser 4
pol yneri zation rate. The amounts of initiator added after phase 25
rover s=on are&nnbhet gebeet akehhenpoesescountvemtidre Thlcul ad sk of the [ FSSR

X(SFR) ] / [FINNT x (INIT) ] ratio
polymerization initiator and if, under the conditions
10 of use of the present invention, thé average lifetime
of the radacal i1s at least five minutes. Over this
average lifetime, the molecules of the stable free
radical continually alternate between the state of a
radical and the state of a group bound to a polymer
15 chain by a covalent bond. Of course, it 1s preferable
for the stable free radical to exhibit good stability
throughout the duratién of its use in the context of
the present invention. Generally speaking, a stable
free radical may be isolated in the radical state at
20 room temperature. A stable free radical is stable
enough for its free radical state to be characterized
using spectroscopic methods.
It will be recalled that the notaion of a
stable free radical is known by those skilled in the
25 art for denoting a radical that is so persistent and
unreactive with respect to air and to moisture in the
ambient air that the pure radical may be handled and

stored without any more precautions at room temperature



wi th which the present application is concerned. Q 3 DEC Zogﬁéﬁg
Preferably, the weight-average nol ecular mass (M) of the vin Ci 2002

pol ymer matrix ranges from 90,000 to 250,000 and preferably from100,000 to
200, 000. GCenerally, the polydispersivity MNWh of the 5 matrix ranges from
2.2 to 3.5 and nore particularly from2.3 to 3. In the case of an "inpact"”
conposition, the weight-average nol ecul ar mass of the matrix generally
ranges from 90, 000, to 200, 000 and pikferably from 10 100, 000 to 150, 000,
for exanple from| 10,000 to 130, 000. In the case of a "gl ossy"

conposi t i on,thafe WEsFhticdy érsge amrimecglial whegicr 16hd segtriox gbameral |y
ranges from 130, 000 to 250,000, for exanple from 15 |50, 000 to 200, 000.

It is possiBV@IEEtadt (FHHEpANAEri 2Z8EPSR nPLEGMBE Sh&fof8eBicalri ng t he
pol ynmeri zati_on, at | eit ne addi tive normal |y used in this kind of

pr epar at i on REFFETE '5917i es“'n'&(é'l}é; Pradti 5PZ£F§FQ§UEH 3 -mineral 20 oils,
butyl stearate _or. dioctyl phth te, .or _stabili,zers, sych .as . antioxidants,
which may be Fiéhd C@’@Sétsitt‘rt}’t epgfl %ttap?lﬁnfqéleﬁyh?dé%gﬁ,’ z‘ﬁéﬁeﬁ‘éc

di -tertb%tylpg%rs%cr%sgcgs,) or phosphates such as trinonyl phenyl phosphate. 25
If a plastlcizer is introduced, this nay be so in an anount such that it is

pr ie;ﬁ?t in the finallygynihesized coIResi el F0qR23804RL19hQ to 60 by

in particular the compounds acting as radical
polymerization inhibators for storing monomers, stable
nitroxyl radacals, i.e. those comprising the =N-0’

10 group. It is possible to use, as stible free radical,

the radicals represented, for example, by the following

formulae:
Rg R
Rg Rg RB 10
Ry Rg 6
Ry Rg Rg Ry
R4 RZ R4 R2 R3 R1
" T Ri Ry N Rq T
o , 0 , 0. ,
(CH‘,)n
R7 (Cﬁz)n
6 Ra, R
RS R4 R, R4'~/C\ ,c\— R,
g R1 R3 ri‘ R1 R 3 | R1
15 ’ R2 , 0. , o)
R2 Rg Reg Rz "
4 Rg 8 1
R Ia R 2
(I:l .0—N O—C——-(CHz)n—ﬁ—O N—oO.
0
o. Ry Ry s Ra ,



O 3 DE C 2002 22 If a stabilizer is introduced, this may be e
pol yneri zation m xture in an anmount of O to 3000 ppm During t ?GDEO QOUQ
pol ynmeri zation, the well-known 5 phenonenon of phase inversion occurs,
which leads to the formati on of rubber nodul es dispersed in a vinylaromatlc
pol ymer matrix. During this polynerization, the stirring nmust be vigorous
enough for the dispersion of the rubber nodules to be. uniform 10 The

pol yneri zation may be~carried out in batch node. The pol ynerizati on may

al so be carried out cgmtinuously and, in this case, preferably so that the
phase inversion take§ place in a plug-flow reactor. |If the polynerization
~s carried out contin |y so that 15 the phase inversion takes place in a
continuously sfTT tank reactor or CSTR, then preferably the

pol ynmeri zation was alr&ady started in at |east one other reactor before
entry into the said phaseinversion continuously stirred tank reactor. 20
After polynerization, it is expedient to elimnate the volatile species
such as the nononers that have not reacted, and any organic solvent. This
may be carriisd wutchust nipmorseents enalornt-echmi quesgesuandafRlby R2he use of a
devol atilizer operating hot and 25 under vacuum The final rubber and

vi nyl ar omat iR3 . pdA4ndt’ tomemh' df whieclcomodiea iislerddedldiarg to the i nvention
depends on the degree of conversion to which the 0 3 DEC 2002 23

pol yner i Zat i B ffie Hee ¥ SRKTE Hefria lddean mdtdTn B B¢ ol ati |l e speci es.
This is because if the degree of polynerization conversion is |ow,

el i m nati on G A Kol BATTE S e i RGN 12 5% hofe S2UHAFEDSunt of 5

vi nyl aromati ¢ mononmer and the final_ rubber content of fhe _composition wlll
be hi gher. ﬁ{ésﬁotoqﬁfﬁeeﬂ%z Ji’berFrc'oﬁVé\”ﬁ r‘F’&yCB'eC(?L Cn?\y(glt S %loﬁ’g sanpl es

taken duri ngJdg, PUNIPTIZah] O R 08 B 1dGerEN g A g sglide content

on the 10 s he ter s content™ should be undérstood to

mean the per, A0 AR Ve ol ﬂkoéﬁ{lie%?o‘%%t aigred Af taerph%\%mgqlgttieon under a

vacuum of 25 m I'l'i bar for approxi _ m nutes at 200C of the specinens
taken wiidh rg?&ngft—ﬁ@(dﬁ)%,' Rirt 'aabo\m?}ngkat cBEaASwhRensnegi meact aken. It may
o dr

be possible ive the polynerizafion, for exanple, until a solids

content of hstaxgere 6Gand BOG Mt 1Rl Gl Has rohtadienego hbuita dpeakenabl e to
adj ust the anounts of ingredients introduced and the manufacturing
conditions polyolefin, such as polyethylene or polypropylene,

chain but which is preferably a polystyrene chain, and

in which R5, R6, R7, R8, RS and R10, which may be

15 identical or dafferent, may be chosen from the same
family of groups as that which was envisaged for R1,
RZ2, R3, R4, R'l and R'2 and may also represent a
hydrogen atom, a hydroxide group -OH, an acid group
such as -COOH or -PO(OH); or -SOsH.

20 In partacuvlar, the stable free radical may be
2,2,5,5-tetramethyl-l1-pyrrolidinyloxy sold under the
name PROXYL, 2,2,6,6-tetramethyl-l1-piperidinyloxy,
generally sold under the name TEMPO, 4-hydroxy-2,2,6, 6-

tetramethyl-l-piperaidinyloxy sold under the name 4-

25 hydroxy TEMPO, or bis{l-oxyl-2,2,6, 6~



20 so that the final conposition contains between 2 and 250 anﬂ;g%@gggzggz
preferably between 4 and 150 of rubber. Preferably, a step of

according to the invention is at least partially carried out at a 25
tenperature ranging from80 to 190C, for exanple between 90 and i 30C.
Preferably, the step of the process according to the invention is carried

out at least partially 0 3 DEC 2C~~~ 24 before phase inversion at a
tenperature T such that T~, - 20 C< Ik T~, -~ 20 C and preferably such
that T~, - 10C < T < T~, + 10C, in which T~, represents the tenperature at

whi ch 50% of €t hePERPYLREBEIRESNSddEédApbsedtenSehe HBORI NMbstboindhe
pol ynmeri zatign ga¥ be carried out in the tenperature ranges just given. The
pol yneri zat F8f PAT i Q¥ oF PRafCmParYekakpl EPehad bl ¥sERE™i63Lhat the nol ar

ratio of (INIT) x FINLT to_t anount of vinylaromatic, nmononer goes from 10
1 x 10-5 go 1 i 10-zh&hﬁr§F§B§BIg?e?héagfﬁﬁﬁgm?Veg?FSdPEth?§e%?esent so

that 0. 1 < ~.10 (RU) .25 in which (RU) represents the nunber
of nol es offgggﬁépé $§2588ﬁ§ﬁe§§ tion process according to the invention

kes It ible to obfain i "c Ltho i th a high
luidi Ly (nigh M), & So°hr GhoPapact PRS2 ahcReSAAREIP R vi cal Sof teni ng

point. It igijgepgrakly very difficult to obtain high

- N-tert-butyl-1-(2-naphthyl)-2-methylpropyl
nitroxide,

- N-tert-butyl-l-diethylphosphono-2, 2~

10 dimethylpropyl nitroxide, '

- N-tert-butyl-l-dibenzylphosphono-2,2-
dimethylpropyl nitroxide,

- N-phenyl-l-diethylphosphono-2,2-dimethyl-
propyl nitroxide,

15 - N-phenyl-1l-diethylphosphono-l-methylethyl
nitroxide,

- N-(l-phenyl-2-methylpropyl)-1-
diethylphosphono-l-methylethyl naitroxide

- 4-ox0-2,2,6,6~tetramethyl~l-piperidinyloxy,

20 . - 2,4,6-tri-tert-butylphenoxy.

In the context of the present application,
the stable free radical i1s not introduced into the
polymerization mixture in a form bound to the rubber,
as would be the case with a rubber carrying a stable-

25 free-radical-generating group.
The initiator is a radical polymerazation

initiator which may be chosen from diacyl peroxides,



val ues for these three properties at the sane time. In order to.i ﬁg=’$§ﬂﬁ
the fluidity, the nolecular mass of the vinylaronatic polymer sﬂéﬂl 2

. decreased, which nay be achi eved by increasing the polynerization
tenperature and by decreasing the polynerization tinme, and/or by increasing
the concentration of chain-transfer agent (for exanple a 0 3 D E C 2002
25 mercaptan, such as n-dodecyl nercaptan or tert-dodecyl nercaptan) ~.n
the polynerization mixture, preferably aBter phase inversion. In the

cont ext of tQ%IQche§§ according to the invention, it is possible, using

the 5 means just  nentioned, %30 kbt &S ol dg e "PesmmpEsiatiads .havi ng a nel t

index M5 (214 ). ,of, areater. than 15, while still maintaining a Vicat
sof t eni ng tenpergitc‘l}?qgrgf’ %dﬁl%(?%lﬁr A& AYRAT 958 S dér lgmdager than 99. 5,
and a notched |zod inpact; Str t,h .of greater than 8, 10 or even greater
than 9. In the exanpl es wﬁ? ﬁ%?%ﬁ|6ﬁfttﬁ£%¥||Hﬁﬁ%ﬁ§ﬁﬁ§ M8l terms have
been used: - nelt index W% (ah ) 3+ kSO 1133 H standard, 15 -

not ched | zod | npact strength:%fg%%ggé?fﬁgspgﬁagiEfrpxyféég°§8F?ening

tenperature (1 kg): |1SO aQ@6§@155@9@§Eﬁe - gloss: this is nmeasured on
sanples 60 M in 20 dianeter, "by determning the reflected |light when the

speci men is exposed to-adlii-ghbtrtbeamat paroangke of 60, according to the
ASTM D523 standard. The neasurenent apparatus used is a Byk Gardner
| Hicro-Tri-d oss G~ ﬁaéhﬂﬂbis(tert—butylperoxy)cyclohexane,

- l,1-bis(tert-butylperoxy)-3,3,5-
trimethylcyclohexane,

10 - tert-butyl peroxyacetaté,

- cumyl tert-butyl peroxade,

- tert-butyl perbenzoate,

- tert-butyl per-2-ethylhexanoate,

- 2,2—bis(tert—butylperoxy)butane,

15 - butyl 4,4-bis(tert-butyl)valerate,

- ethyl 3, 3-bis(tert-butyl)butyrate,

- 2,2—bis(4,4—d1—tert—butylperoxycyclo—
hexyl)propane.

The initiators which generate at least one

20 tert-butyloxy radical, i.e. (CH3)3~C-0", are more
particularly suitable.

It is preferable to choose a radical-
generating inatiator having the least possible tendency
to form an adduct with the stable free radical, the

.~25 said radicals furthermore having the highest possible
potential of grafting onto the rubber by pulling off

hydrogen atoms from the said rubber.



25 - haze: this is neasured on a filmapproximtely 300 mcro
t ht ckness, obtained by hot conpression of an injection-nnuldegjagu%E£:2802n1
in diameter and 2 nmin thickness. It is nmeasured usinga 0 3 D E C 2002
26 Byk Gardner spectrocol orineter, according to the ASTM D | 003 standard, -
nmor phol ogy: scanning el ectron m croscopy on sections treated with osm um
tetraoxide. 5 Table 2 gives the norphol ogi es obtained for the exanples in
three equival ent-di ameter size ranges ®1 to 1 Vim 1 to 1 .6 Eun; greater
than 1. 6 ~.n) . In each size range, if only one norphology is indicated
this nmeans that, in a Beettenmolvihelantwetat, mopewelld thath®0% of the area
occupied by the particles corresponding to this range have the norphol ogy
i ndi cat ed. | poRBERt spEethanpeeseRt skveealipdr phorogiee ardeisidiaht ed, one
of themis underlined, which neans_that, in a sgction of the material, nore
S

than 90% of &8 TRR" a?’da® DREUBIEER bYY t WS HarfF EFBs2EOPR bSpIPRRMREL 0 this
h th ho| derliped, Th ticl i distributi
det ermined i RUEhe" FaPherS Meect] BEHTBLYRE Front 1818y 0o T HEGRS wer e t aken
f h 20 Th i t ndy f t hi
Sect | ons. STHE BEEEE P Y e T e R S I S R AT L P 1 ™ o st

St L RS RS Tela Na gl e 0

The magnification 1s c en so | owl ng two cri

1. the coars§§§rgge;h@.@@géiglgg%pggg'n9;4o§§H@yh¥pr§%§fgﬁggj9 of the area
of the imge, and 0 3 DET 2002 27 2. each particle occupies an area of

at |east S ppxehSordnstife£8se30fh 5OFE §1E5)§Péﬁ@ﬂ$4—é}hﬁ§ﬁolﬂ\ﬂné3trﬂ}le” a cannot
be conbined for a single magnification. In this case, two series of-

di fferent negoiféesafidnseateousel. sdiwesd ec2yonditicl@seopyyddrkges are
dlgltlzego 2,6-dichloro styrene, l—vinylnaphthglene and
vinylanthracene.
Styrene is a preferred vinylaromatic monomer.
The rubber is an elastomer normally used for
imparting impact properties to vinylaromatic polymers.
15 The rubber may be a conjugated polydiene, such as
polybutadiene, polyisoprene and styrene-butadiene
copolymers of the elastomer type, also called SBR
(styrene-butadiene rubber). The rubber may comprise
less than 10% and preferably less than 5% by weight of
20 a polymerized vinylaromatic monomer unit. The rubber
may not comprise a vinylaromatic monomer as a
polymerization unit, as is the case for styrene-
butadiene block copolymers. The rubber may therefore be
a homopolybutadiene. The polymerization mixture during
25 the step of the process according to the invention may
initially comprise:

* per 100 parts by weight of vinylaromatic

monomer,



(in order to obtain a digital representation of 512 x 512 pix
codi ng 256 grey levels) and then 10 put into binary formso tﬁﬂoﬁ ﬁ%@q r%[a]gg

now conprises only points having the value 1 or the value 0, using two
operations - firstly a norphol ogy gradient operation, followed by a size-2
top hat transformation (see, on the subject Jean SERRA, "IlInmage Anal ysis and
15 Mat hemati cal ©Morphol ogy, Vol. 1, Academ c Press 1982). The binary i mge
is then manually restored (closure of ¢@ntours, ~~di sconnection of objects
and elimnation of artefacts) so as to renove artefacts such as traces due
to the cutting operationR tda®kspdit2b{ heetgtiterehl rusbg uxdraposi tions of
nodul es. When two nagnifications are necessary, the series of inages taken
with the | owest magni fi cationsuncergodsy areiextt acf i el operati on, nanely the
coarsest nodules are selected and extracted so as to appear by 25

t hensel ves in the finafhe negeveMhasay iPmgesdariveand ¢hesdmsis fhat
measuring their size. The space_ left by omtting the nodul es not sel ected
wil | subsequentdge et IPel! vindeml 1he RRY ST Her hefh | @i iRP sreasur enent
0 3 DE C 2002 28 determined by anal ysing the series taken with the higher
magni fi ca?i NG sHe Y datPY i 1T at§ ot PRk hetfn) . The binary

i mges are then analrgsed using a 5 as.urema}ﬂt Vm)dui e, |Ik[ eneral, from 15
to 20 irr?gte_swd?y]:"’?‘lrec_’ ? Cs’b‘_&?&: feh &t t‘ﬁjsterbtr © of tier - 107" %h Jatﬂ N f
representative s i St1CS, e_percen e are e sections o
nodul es (obj%@t%r)‘eagl n ?ﬂ%é%%tﬁ?apiiﬁ%ﬁg?%un% I?%Q%%?érme?% i nply by
counting the 10, i i e dadd the' images and by
addi ng this an:Bl eérajjf% tﬁ%r%)%%%é?l%%%é}go%?pﬁig%n t%}e %}enages. The area of
each of the indiyvidinl OBhRELScd N dieh | JRO& T Sef@aABEDLANd this area

all ows the equivalent” dianeter to be cal culateq. The concept of 15
equi val eng i @nelsn M@keSo txPnssé bl e to get round the
The polymerization mixture may also contain
at least one monomer copolymerizable with the
vinylaromatic monomer or monomers, such as, for example
at least one acrylic or methacrylic monomer or
15 acrylonitrile. The term "polymerization" therefore
covers those of homopolymerization, copolymerization
and interpolymerization and the term "polymer" covers
those of homopolymer, copolymer and interpoclymer.
After the so-called phase-inversion
20 phenomenon, i.e. the formation of particles, it is
possible to add a polymerization initiator identical to
or different from that present at the start of
polymerization, so as to increase the polymerization
rate. The amounts of initiator added after phase
25 1nversion are not to be taken into account in the
calculation of the [Fsrr X (SFR))/[Fmnir % (INIT)] ratio

with which the present application 1s concerned.



probl em of the shape of the object: Deq is the dianeter of a dis
woul d have the sane area as the object nmeasured. Only conplete oﬁ@hD@GrZUUZ

. taken into account (partially visible nodules are elimnated, i.e. cut off
20 by the edges of the image). After a statistical edge-effect correctl on,
called a Ml es-Lantuejouls correction (see, on this subject: Mchel Coster
& Jean-Louis Chermant, "Precls d Anal yse d'Imges [Precis of |mge
~.nalysis]", Presses 25 du CNRS, 1989),21a frequency histogramn~ = f

(equi val ent di anmeter D?,Cl] is forned. 0 3 DE C 2002 29 The nean
par anet ers charact erl stFEiBraphy, pbpal ueiont nayebegevabliatetla f riems &

nunber-basedu'g\#mg |ve re esentatlon i=k ~na Fk = a N- f | ~eq ) T
i -amax where LHRIPRE H @ FNEfFe AL 165 t1Rngrsdfixes havi ng a

e et e LA U B, T
bei ng the Lotal aovber e erhle ot PEFEI AT At bor b Abnber LB di 11 er ent
val ues of 5 Defidt x i ANr &% §8s bass ?ngté Ve IS Pntlggll"gpcu akrlsya

from 2.3 to 3.

In the case of an "impact" composition, the
weight-average molecular mass of the matrix generally
ranges from 80,000, to 200,000 and preferably from

10 100,000 to 150,000, for example from 110,000 to
130,000.

In the case of a "glossy" composition, the
weight~average molecular mass of the matrix generally
ranges from 130,000 to 250,000, for example from

15 150,000 to 200, 000.

It is possible to add to the polymerization
mixture, before or during the polymerization, at least
one additive normally used in this kind of preparation:
These additives may be plasticizers, such as mineral

20 oils, butyl stearate or dioctyl phthalate, or
stabilizers, such as antioxidants, which may be phenol
substituted with an alkyl group, such as di-tert-
butylparacresol, or phosphites such as trinonylphenyl
phosphite.

25 If a plasticizer is introduced, this may be
SO in an amount such that it is present in the finally
synthesized composition in an amount of 0 to 6% by

weight.



FSk = a-1 - f f Deq ) 5T .( D)2 a~amax where 5a=n, eg and ST= =S,
FSk being the surface frequency of the nodules 20 having a sii}3bd)€£22ﬁﬂ?
than or eaual to Deq.x ST being the total area occupied by the nodul es
Lak.en into account (not those cut off by the edges of the inmage), 0 ~
DEC 2002 30 n, being the nunber of nodules in the size class defined by
Deg,| and S, being the area occupi ed by the nodul es belonging to the size
class defined by Deq," 5 is very suitabte for showi ng binodality in the
popul ation. In fact, the distribution of particle sizes my be regarded as
bei ng binodal if this Iduralstabiq irzepr esenthatiodnclkas ahjei nmiayobel nfl ecti on.
When two magnifications have to be used to 10 characterize the distributed
nodul e~populpatesers, im prhoc gdunenerorz acombs ming urlge inwans @moupft ddt & coni ng
fromthe separate anal ysis of each magnification (list of equsval ent
di aneters] it® aIyEP (data reconciliation). This combining procedure uses
the 15 ratio of the areas scanned in the sections_sn order to nornalize the
two popul ations: by t &R EaseWRAETICEMAER alBs M6 la&PeMRI ni ng t he
particle sizes of the cgarse nodul es &cunulative t tah qf the field areas

e

scanned a IFOWTHGHT Cat iF0W°° R SFartrcPE ST ze 8P F §6d§nﬁfl nodul es
[Iom/nagnrhﬁﬁ%”égy s use Bﬁ%&%&ﬁ%?hﬁﬁfg ggg%geg%%ugnp%pulatlon. The

proportional ity coerficien Wo po arationd s gi ven by the
fol I ow ng rq;[i'n(yla?oﬂat%%oqn%l%e%Om%%rix. During this

polymerization, the stirring must be vigorous enough
for the dispersion of the rubber nodules to be.uniform.

10 The polymerization may be'carried out in
batch mode. The polymerization may also be carried out
continuously and, in this case, preferably so that the
phase inversion takes place in a plug-flow reactor. If
the polymerization 1s carried out continuously so that

15 the phase inversion takes place in a continuously
stirred tank reactor or CSTR, then preferably the
polymerization was already started in at least one
other reactor before entry into the said phase-
inversion continuously stirred tank reactor.

20 After polymerization, it is expedient to
eliminate the volatile species such as the monomers
that have not reacted, and any organic solvent. This
may be carried out using conventional techniques, such
as by the use of a devolatilizer operating hot and

25 under vacuum.

The final rubber and vinylaromatic polymer
content of the composition according to the invention

depends on the degree of conversion to which the



where So and S1 are the scanned areas in the section under hig
magni fi cation and under | ow magnification, respectively, and SLQ)&UID&EG 2002
the area occupied by the 0 3 DE C 2002 31 sections of nodules in the
series of images taken at |low magnification. This ratio Qis used to

mul tiply the nunmber of occurrence of equival ent dianeters determ ned by
anal ysing the series of inages taken at high 5 magnification. The

hi st ograns thus normalized are conbi ned2By choosing a cut-off threshold

bet ween t he LW sets; oft data. This threshold is chosen in an interactive
manner I n thé Tegion G- Rerlah Rgen re ks thafoaes e LimirkQ iHre ofan®e

cal cul ations r.avi Qusly. are carried out on the resulting popul ati on,
after it has vﬁo@ea%_ﬁigr %:aﬁeiez/lee(f' é%&l\ﬁDLlé Peceodsaridt ithe Semrsicefl5 The

fol I owi ng matgniales ;a8 )t roduced). at roqmtenperature, into a 16 litre
st ai nl ess sttepg{ yr%leact or f1 T S WEH OF 65 HO¥ng Sy SRERtAR Wit ihe

tenperature eNtEtQhlelspe244Q q,:9f styrene) 660 of ethyl henzene, 220 g of
a plasticizing mineral coil of fgltﬁgxﬁwgné gﬂfﬁ%La§§f”§oPé by the conpany

Esso, 11 @ ofviaylanbim@xtiidarion@et-ng i and k@ﬁANQ§~£%%%A oLd Ry Lhe conpany
Ciba and 640 g of a honopol ybut adi ene o? thée brand %eggﬁk¥59§ SIC sol d
g poly
by the conpanyeBapepposthiisnr whber phayi;ggea  wei ght -average ol ar mass of 25
295,000 g/ nol) a pol ydi spersivity index. of 2.35, a 100C (1+4) M. Mooney
viscosity of 46 and a ThscesityeaszatSonbyonebeblofOkHligp in styrene at
25C of 145 nPa.s. The mixture is stirred at 80 revol utions per
monitored using samples taken during the polymerization
step and by determining the solids content on the
10 samples taken. The term "solids cohtent" should be
understood to mean the percentage by weight of solids
obtained after evaporation under a vacuum of 25
millibar for approximately 20 minutes at 200°C of the
specimens taken with respect to the initial weight of
1> the specimen taken. It may be possible to drive the
polymerization, for example, until a solids content of
between 60 and 80% by weight is obtained.
It is preferable to adjust the amounts of
ingredients introduced and the manufacturing conditions
20 so that the final composition contains between 2 and
25% and even more preferably between 4 and 15% of
rubber.
Preferably, a step of the process according
to the invention is at least partially carried out at a
25 temperature ranging from 80 to 140°C, for example
between 90 and 130°C.

Preferably, the step of the process according

to the invention is carried out at least partially



0 3 D E C 2002 32 nminute. After conpletely dissolving the pol yi§iBadiEfr20n?
2.9 g of isopropyl tert-butyl peroxycarbonate fi.e. 1.235 x 10-1 nol)
g

iluted to 75~ by weight in a hydrocarbon, sold under the brand LUPEROX
THI G- M/5 by 5 the conpany Luperox, are introduced. The solution is heated
to 130Cin 30 mnutes. This tenperature is maintained for 1 h 30 mn. and
then heated to 145C. The pol yneri zation conversion is nonitored by taking
regul ar sanpl es during the polynerizatizdn step and by 10 determ ning the
solids content on the said sanples. The term "solids content” should be
under st ood tlerfieeh PhESPelRent apen byt wei terrefaters db)seht ditidd aft er
evaporation under_ g vacuum of 25 m | |ibar for approximtely 20 m nutes at
200C, of thel15 <l &s &t akém Wi €A FedpecPrederABIYnPEFAI theFght of the

sanpl e taken. After, phase inversiqgp, the stirripng is reduced from80 to 40
revol utions per m mﬁoe(. srAf<t er 4 %gl Fdsleoﬁk’éﬁg‘ g’f’ L oG et €1BF 60$ has
been obtained, the contents of the feagctor . dinto a 20

super heat er %%m%%ﬁ%‘groé a%tt%h%:? sg?i’n f:t%ee :{ﬁéﬁ%ﬁg@t ((alﬁgesgi dence tine:

appr oxi mat el ;[gmgg e i 194 : ; der a
vacuum oféab%%t %%%ﬁ%o&gési lltiéc}?lg'err%%%tt ge%]?%%%jé%ﬁ%lleﬁatnlﬁﬁea%esi dual

styrene. The,properid@soof 1MeOMpaRbdioice tiwge Obj M NEH AL given in

Tables 1 and 2. Figure 1 is a nunber-based and area-based cumnul ati ve

representation of the ew@URE SyiRdr PALL1 &l esnasiacdunedy onff their
equi val ent di aneter. p 3 D)E C 2002 33 EXAMPLE 2 The procedure is carried

out as in Exaagphgeld, excepéséiatsd. 6hdt (the. mél O3 2xatllh 'ofo{INmTf) tdhe stable
S free radical 4-hydroxy-2,2,6,6-tetranethyl piperidinyloxy (which my be
call ed OH TEMRE) tar ehzddacbunisto fhefiong atriomaltdat mogogieep gard dkomept t hat
the polynerization tenperature is set at | 20C. ,The properties of the
conposi tién T husl 00 dbt &i netl0OFre indicated in Tables 1 and 2. Fi gure 2 is a
nunber - based and area-based cumnul ative representation of the amounts of
particles as a functi ofroferdely, cgre valiame df tfetedicasd BEAMPLE 3 The
procedure is carried out as in Exanple 2, except that just before the
heating st epPEIFNYE o%° LUPEROX TBIC- M5 (i.e. 2.085 x 10' nol) are added
instead of the 2.9 g. The properties of the conmposition 20 thus obtai ned
are given in Tables 1 and 2. Figure 3 is a_nunber-based and area-based

fﬁgylagg\ésvgfgatesg?;ﬁ%it gp' of tlaglagbjﬂlgggpqrfd cles as a function of
15
in whach (RU) represents the number of moles of rubber.
The polymerization process according to the
invention makes 1t possible to obtain "impact"
compositions having both a high fluidity (high MIs), a
20 high impact resistance and a high Vicat softening
point. It is generally very difficult to obtain high
values for these three properties at the same time.
In order to increase the fluidity, the
molecular mass of the vinylaromatic polymer should be
25 decreased, which may be achieved by increasing the
polymerization temperature and by decreasing the
polymerization time, and/or by increasing the

concentration of chain-transfer agent (for example a



25 EXAMPLE 4 The procedure is carried out as in Exanple 1 exceg] 3t ?}EC 2002
before the heating step, 8. 7S g of LUPEROX TBIC-M/5 (i.e. 3.70 -1

nol), instead of the 2.9 g, 0 3 DEC 2002 34 and 4.25 g (i.e. 2.47 x 1D~
nol) of OH TEMPO are added. In addition, the polynerization tenperature is
set at 120C. The properties of the conpositions thus obtained are given in
Tables 1 and 2. Figure 4 is a nunber-bgged 5 and area-based cunul ative
representation of the am)unts of parti€Fes as a function of their

equi val ent di anet I\/PLE 5" 10 Th proc re is. ¢ e ut 1as in
Exanpl e 1, BUt" B seD[’ti hg }{Hzes ;?oIC{IP t’?eorncafpgcrr%era u’"'?{getl o ¥land

starting by gl 9 e B s I
anti oxi dant, h@gg@?lqwelljs Rt adieng o the and BUNA CB HX

565 havi ng a melg aver age ol ecular mass of 172 500 a polydispersivity

of 1.6, a 100C {Ad¢dy Mo W%\?&at\@oﬁﬁow ylsafp&ﬁsﬁﬂcéaa@ﬁ@ostlﬁey as a 5%
by wei ght sol ution |n styrene, at 25C, of 44 nPas: 57D g, - "ethyl benzene:

660 g. Just dhefrd ejdde meatidiest e dde Foldrovi i are adaed £ia itdhe

di ssolution: 25 - LUPEROX TBIC-M/5: 8.1 g9, i.e. 3.45 x 10~~ nmol , -

OH TEMPO  2.¥ewing ..melt51indebD-MInulk10°CO 53 kPECoZ0@2ed5eFhehpnopsrti es of
t he conposition thus obtained are given in Tables 1 and 2. Figure 5is a
nunber - basedvranie & teia-loassich teunuilrag iav e/ ragty esdEmetinn timpeya tamsunt s of
particles as a function of their 5 equival ent dianeter. TABLE 1 EXAMPLE
No. UNI TS12346( c}’cﬂr)paﬁfatqli%i)tﬁﬁ)lrﬁtarof%,nmm #/vVAN greater than 94.5,
(I'NI'T)nol 1. 235x10"' 1. 235x10' =2. 085x10-"' 3. 705x10’ 3 45x10=Anpunt of stable
free radi caldif 0.7 PHelED. @%G@aﬂxf@ff@l%@ BEREES FRaX &S FR 0

10 or even greater than 9.
In the examples which follow, the following
technical terms have been used:
- melt index MIs (at 210°C/5 kg): ISO 1133 H
standard,
15 - notched Izod aimpact strength: ISO 180/1A
standard,
- Vicat softening temperature (1 kg): ISO
306A50 standard,
- gloss: this is measured on samples 60 mm in
20 diameter, by determining the reflected light when the
specimen is exposed to a light beam at an angle of 60°,
according to the ASTM D523 standard. The measurement
apparatus used is a Byk Gardner Micro-Tri-Gloss GLZ1
machine,
25 - haze: this is measured on a film
approximateiy 300 microns in thickness, obtained by hot
compressién of an injection-moulded sample 60 mm in

diameter and 2 mm in thickness. It is measured using a



0.38 0.22 0.33 0.22~INIT~ x FiNirViscosity of 0 3:-BEC 2002

t henmPa. s14514S14514544pol ybut adi ene as 5~ solutionin styrene a

of of butadi ene (RU ol 0.61x10" 0. 61x10-"'0.61x10" " 0. 61x10-"0.53x10-"' ( SFR~ X
FS fx 0 1.5 1.5 4 2. 9~-RU~Anpunt of pol ybut adi ene~ by8. 58. 58. 58. 68. 4wei

ht Melt index M/10 m n.2.92. 63.610. 36. 4l zod i mact stren

thkJ/ m 11. 614. 115. 4135. 3Vi cat softening t enper at ur eC94. 595. 099. 79594. 7(1 k
) A 0ssUB2921406582Tr ans arenc (haze)~86%530 wa~ Ow O mc~ NO ON  TABLE

2 EXAMPLE . 345 ti Nodul ,
di stributi %M‘ﬁ( Cﬁ%%at&mrﬁiwgﬁgﬂ'nﬁ%ﬁ%r% &"&s having an-~

by49224750Z ival i.aneter ofareabetween 0.1 and 1
unnDrphoIogg%aps&iglﬁgéﬁgﬁvgﬁgf%bsule +capsul e +capsul esal am sal ani oni on

+oni on +l ab ninthl ab Qi%&HPS&%LéﬁﬁSsQ%X%ﬂﬁgﬁQﬁ. %3?5?%ﬁ%§§h %ﬁkvgéept
a : 0 ni on

di amet er of ar eabet ween “umvor p gysal am sal am on

+ f[ 1 abvri ntdy dd @i ity Ry ufgg]e%gﬂ\#npqeatrﬁa%ﬁ)ee& 69 -~37 42 equival ent

di aneter of area neater than ol o salam - salam |abyrinth

labyrinthy, w O mN O @GaNie @ 3;PeE €né0@d 3Ll botRnoeessokor the

preparation of a conposition conprising a vinylaromatic polyner matrix 5
surroundi ng thékeranpids €5, GRS legul§ aa esitefd itimepRlry ez irRgqak | east one

vi nyl aromatic nonomer in the presence of a rubber, of a stable free radical
whi ch i s not(d.rit rreddceeh;i it ot he epahy metrezakironhainx fluce pmh . azthorm | i nked to
t he rubber, and of a polynerization 10 initiator with a grafting character
suitabl e foreadie size range, if only one morphology is indicated
this means that, in a section of the material, more
10 than 90% of the area occupied by thé particles
correspondaing to this range have the morphology
indicated. In each size range, if several morphologies
are indicated, one of them is underlined, which means
that, in a section of the material, more than 80% of
15 the area occupied by the particles corresponding to
this range have the morphology underlined.
The particlé size daistribution was determined
in the manner described below.
From 15 to 20 images were taken for each
20 product analysed. These images were taken randomly from
thin sections. The magnification is chosen depending on
the size of the coarsest objects, which must in no case
exceed 1/9 of the total area of the field.
h The magnification is chosen so that the
25 following two criteria are met:

1. the coarsest of the particles does not

occupy more than 1/9 of the area of the image, and



said conmposition - is such that in one of its sections at Ieiib Zﬂggpﬁﬂﬂ?e
total area occupied by the nodul es corresponds to capsul es havyin

equi val ent dianeter ranging from15 0.1 to 1 Vim or else - is such that it
conprises nufti-occlusion-type nodules and is such that in one of its
sections - 20 to 60~ of the total area occupied by the particles

corresponds to particles having an equival ent 20 dianeter ranging fromO.1
to 1 um - 5to 20~ of the total area Bacupied by the particles corresponds

to particles having an equi val ent diameter ranging from1 t .6 um and -
20 to 75~ of the total a%eaacrbéﬁﬁfi’tf&eofctcﬁlé’% ﬁé‘?taircﬁaeso*c&%r é?ﬁéﬁds to

particles h%yiqgiqﬂiequivalent di aneter of greater than 1.6 um the said
step being sudh tHat: AMVENDED SHEET 0 3 DE C 2002 39 - if ( SFR)

represents the nunber gf gl e(_sa%t ot ahe foaee shadicaledr d hg ool yneri zati on
e

m xture, - if FSFx represents t functionality of the stable free radical,

i.e. the nurer Ofi SidAman dde g M eeulsa rifl sl ffilee 16adi cal
having the stable free radical state, - if (INT) represents the nunber of

ol es of polyHresHizatdaye | nivid addri d dMeliFdateRt zZalgralf yuattivhe before
phase inversion, and 10 - if FINIT represents the functionality of the
initiator I rdreodusetl bef ore phase inversion, i.e. the nunber of sites
having the free radical state that each nolecule of initiator is capable of
generating, then: 15 XI5 eddesERN n(iSER)scepyFliNaBes 2Nl Pig2tiPedcess
according to the previous claim characterized in that 20 0.05 < FS FR x
(SFR) <0.5. HEIMNIcrdex Nt PP 13 irPracigs tadc aredingg and- adrierofo ft he
512 x 512 pixels each coding 256 grey levels) and then
10 put into binary form so that the imége now comprises
only points having the value 1 or the value 0, using
two operations - firstly a morphology gradient
operation, followed by a size-2 top hat transformation
(see, on the subject Jean SERRA, "Image Analysis and
15 Mathematical Morphology, Vol. 1, Academic Press 1982).
The binary image is then manually restored
(closure of Contours,}disconnection of objects and
elimination of artefacts) so as to remove artefacts
such as traces due to the cutting operation, cracks in
20 the material or juxtapositions of nodules.
When two magnifications are necessary, the
series of images taken with the lowest magnification
undergoes an extraction operation, namely the coarsest
nodules are selected and extracted so as to appear by
25 themselves in the final image. These images serve as
the basis for measuring thear size. The space left by

omitting the nodules not selected will subsequently be

filled vartually, using the particle size measurement



preceding clains, characterized in that, if (RU) represents t@émﬂﬁé}zmz
nol es of rubber, 25 0. 1 ¢ (SFR) x FgFR ~ 10. (RU ) AMENDED SHEET p3DE

C 2002 40 4. Process according to one of the preceding clains)
characterized in that the ratio of (INNT) x F~I7to the nolar anount of

vi nyl aromati c nononmer ranges from1l x 105 to 1 x 10-i . 5 5. Process
according to one of the preceding clains, characterized in that the ratio
of (INIT) x FIN=r to the nolar anount @®8 vinylaromatic nononer is greater
than 2 x 10-. 6. Process according to one of the 10 precedi ng cl ains,
characteri zedetarphaedt RE fREl VS AT (18 e sd A RSN tWet ot anpunt  of
vinyl aromatic nononer is _greater than 4 x 10-. 7. Process according to one
of the preccdh eI BrARY ILRAEACRefPTRAIH $HA IFROIRI RIS (INTT) x
FI,,,=T to the nolar apount of vinylaromatic nononer is greater than 6 x
10~. 8. ProcRERCaLLhfd ﬁgof'b'one of the preceding clains, characterized in
that the polynerizatio hgi éture duri n%/t he sieR, °£n§ s OCESS 20

conprises, per 100 parts byl%fﬁh%m%? ianliﬁ aF Ot & norreurs,mzg t% 35 parts

by el gt 5 of LUBDeL 200 P50 5. PRE LS. DY, Y] oy YOS o Pt aess

according to one o e preceding ctains, characterize e rubber
has 25 a weighi - élxﬁéagﬁfemn@ﬁ“éf‘é 0Bse {AnsHdy fEomrdd; p00 to 350,000 and

a nunber - average nol ecul ar nass rangi ng from 50,000 to 250,000, and in that
the matrix ofepdedFDaSHEETstatistics. The percentage area occupied
by the sections of nodules {(objects}) in the matrix
(background) is estimated simply by counting the number
10 of pixels having the value 1 in the‘imageé'and by
adding this number to the total number of pixels in the
images. The area of each of the individual objects ain
the image is measured and this area allows the
equivalent diameter to be calculated. The concept of
15 eguivalent diameter makes it possible to get round the
problem of the shape of the object: Deq is the diameter
of a disc which would have the same area as the object
measured. Only complete objects are taken into account
(partially visible nodules are eliminated, i.e. cut off
20 by the edges of the image).

After a statistical edge-effect correction,
called a Miles-Lantuejouls correction (see, on this
subject: Michel Coster & Jean-Louis Chermant, "Précais
d'Analyse d'Images [Précis of Image Analysis)", Presses

25 du CNRS, 18989), a frequency histogram n; = f (equivalent

diameter Deg,,) is formed.



0 3 DEC 2002 41 vinylaromatic polyner has a wei ght-average nol
rangi ng from 90, 000 to 250, 000. 10. Process according to one oﬁjELajET??ﬁﬂz

. preceding clainms, characterized in that the rubber 5 nodul es have partially
both a salam and/or |abyrinth norphol ogy and partially both an onion
and/ or capsul e norphol ogy. 11. Process according to one of the preceding
clains, characterized in that the conposition 10 is such that, in one of
its sections, - 20 to 60~ of the total 4fea occupi ed by the particles
corresponds to particl§§eh&%ing an\eguivalent dianeter_ranging fromO0.1 to
1 un) - 5 to 20~ of thé total aPBi2BELEPFedPBY2ERBT1StpSr PECkBE corresponds
to particl espbavig i val ent ,di ter ranging, from1l to 1.6 um and -
20 to 75% ofptﬁe tg%g? §§gaﬁgc§36988€g§ fﬁ8mp&r?F@P8§—géﬁ?€sponds to
particles hauhmg1aeiegu&ggkggg8gg@gg er of greater than 1.6 um 20 12.

Process according to the preceding claim characterized in that: - in the
0.1 to 1 umsize range, nore than 95~ of the particles have the salam or
capsul e norphol ogy, 25 - inthg,1l to 1.6 pmsize range, nore than 95~ of

the particles have the sal am gpﬁphology, and - in the greater than 1.6 um
size rangs, nore than 95~ gf _the pq;%“glgs have t he sal am norphol ogy.
AMENDED SHEET Ny eq

i=ymax
where N, = E:n
1=1

1

Fk being the frequency of the nodules having

a size of less than or equal to Deg,,

Nr being the total number of nodules,

10 n, being the number of nodules in the size

class defined by D

eq,1rs

1 being the index allowing the class sizes to
be distinguished, and

imax being the total number of classes in the

15 hastogram (number of different values of Deq) .

An area-based cumulative representation

F — 1= =
Sy S, f (Deq)
7.(D )2 I=amax
where S =p—%=2— and S,= E:Sl

1=]

FSy being the surface frequency of the nodules

20 having a size of less than or egual to Deq.x/

St being the total area occupied by the
nodules taken into account (not those cut off by the

edges of the image),



0 3 DEC 2002 ~! 2 13. Process according to Cl aim 11, charact eriﬂszDECt%@@?
- inthe 0.1 to 1 dun size range, nore than 95~ of the particles have the

capsul e or onion or 5 labyrinth norphology, - inthe 1 to 1.6 umsize
range, nore than 95~ of the particles have the onion or labyrinth
nor phol ogy, and - in the greater than 1.6 um size range) nore 10 than 95~

of the particles have the |abyrinth norphol ogy. 19. Process according to
one of the preceding clains, characterizged in that the distribution of the
equi val ent di ameters of nodules is 15 binodal. 15. Process according to one
of Clainms 10 to 14, char &detien ze@ numbkat drheodubleer ihasheasiae5~ by wei ght
solution in styrene, a viscosity at 25C ranging from60 to 300 nPa.s. 20
16. Process @bzos diewpned dne bf;. .Claaidns 10 to 15, characterized in that the
rubber has a wei ghtaverage nol ecul ar mass ranging from 175,000 to 350, 000
and a nunber - aver age bl Ingr tﬁ?iﬁs§rleén@'0|¢glpf1ﬁéim%70,tb@0npéuisa,000. 25 17.
Process according to the preceding cl ai characterized in that the rubber

has a wei ght 282 ot @ ceft®ars il < Yamyi 4/ M 203000 t o 300, 000 AVENDED
SHEET 0_3 D E C 2002 43 and a nunber-average nol ecul ar nmass ranging from
90, 000 t o> 200° OUBEY 1 .“ﬁs%lceesfsorac%tﬁ”ﬂ‘if?ﬂg RS9 ANiThE 1 to 9,

characterized in that t C osition,is such.that, . 5 in.one of its

secti ons, atp?%‘glseft‘g%l' Efn tﬁarer(’ptt’otqle SHeE T B dd‘yaaﬁg: gret iS¢IZES
corresponds hayi . eqyi.val ent . 'q_r]c%ter I ing from0.1to 1
~.un. 19. Pr%éc))ég%og%gc r'di ng cjf]sg 1:?ehen ;belcmeodlfanqg 1 ai rns ccﬁlén?]g%ttég'iezed in that

the rubber has), &S 23 dWY ﬁaosvgai%gn%cgfjtiimé&i%yrene, a viscosity at

25C ranging from15 to 60 nPa. s. rocess according to Claim18 or- 19,

characterized in that v rulRDefa JHAS & Wei HY HaMRS 386 yhaey 3L, mass
rangi ng from 110,000 to 200,000 and a 15 nunber,- aver age nol ecul ar nass

rangi ng 10 onerids 000 i 20he MGt AbutADGRER 1RCGRIHEIRG ibdst,he precedi ng
claim characterized in that the rubber has a wei ghtaverage nol ecul ar nass
rangi ng fronpAdddedid tio20hrMGing the two sets of data coming
from the separate analysis of each magnification [list
of equavalent diameters] is employed (data
reconciliation). This combining procedure uses the
15 ratio of the areas scanned in the sections in order to
normalize the two populations: by taking as base the
scanned area for determining the particle sizes of the
coarse nodules (cumulative total of the field areas
scanned at low magnification), the particle size of the
20 small nodules [low magnificataon) is used to construct
a homogeneous population. The proportionality
coefficient between the two populations is given by the

following ratio:
S, - S

Q - nodules

So

25
where Sp and S; are the scanned areas in the section
under high magnification and under low magnification,

respectively, and Spcauies 15 the area occupied by the



20 and a nunber-average nol ecul ar mass ranging from 70,000 to 0
Process according to one of the preceding clains, characteri zgclfgi D(E)Qazme

rubber is a honopol ybut adi ene. 25 23. Process according to one of the
preceding clains, characterized in that the initiator is one of the
followi ng: - isopropyl tert-butyl peroxycarbonate, AMENDED SHEET 0 3 DEC
2002 94 - 2-ethyl hexyl tent-butyl peroxycarbonate, - dicunyl peroxide -
di-tert-butyl peroxide, - 1,1-bis(tert-3dutyl peroxy)cycl ohexane, 5 -

1, 1-bis(tert-butyl peroxy)-3,3,5 trinethyl cycl ohexane, - tert-butyl

per oxyacet ateectiensny®f tepdubes yin peioxseeies eerindigy|ty@matzoate, 10 -
tert-butyl per-2-ethyl hexanoate, - 2,2-bis(tert-butyl peroxy)butane, - butyl
9, 4- bi s(t ert1DEtHPIVEE BFat£0n - Brhy| ratBe R s¥$ et 1D ut S IMblitiat £he
2,2-bis(4,9-di-tert-butyl peroxycycl o 15 hexyl)propane. 24, Process

accordi ng t oPYRREDHFO h%g‘b‘ﬁ)%’&%‘b‘?%go%l%?%‘,’ajc%é‘)r acé%%?*?*zeezbs i9F e nese
initiator is_chosen fromgdi acyl peroxjdes er.o esters, .dial kyl peroxides
and per oxy :}%‘ét%T%ny%S&%r%%]ég S oJrrfﬂ‘_i\%%S tto‘g(%/%r?a Hr 6 ng claim
charact er Zeﬂﬁﬁifﬁ@étf&? initiator generates at |east one tert-butyl oxy
radi cal . 26 ocess according to the preceding claim characterized in

that the initiator is pne of @y idifs 1O O NEha 11 I SPRLAPY orfriHledPut !

per oxycar bonat e,
by choosing a cut-off threshold between the two sets of
data. This threshold is chosen in an interactive manner
in the region of overlap of the histograms.

10 The same calculations as breviously are

carried out on the resulting population, after it has

been normalized.

EXAMPLE 1 (comparative example)

15 The following materials are introduced, at
room temperature, into a 16 litre stainless steel
reactor fitted with g‘stirring system and with a
temperature controller: 9470 g of styrene, 660 g of

; ethylbenzene, 220 g of a plasticizing mineral oil of

20 the brand PRIMOL 352 sold by the company Esso, 11 g of
an antioxidant of the brand IRGANOX 1076 sold by the
company Ciba and 640 g of a homopolybutadiene of the
brand BUNA CB HX 527 SIC sold by the company Baver,
this rubber having a weight-average molar mass of

25 245,000 g/mol, a polydispersivity index of 2.35, a
100°C (1+4) ML Mooney viscosity of 46 and a viscosity
as a 5% by weight solution in styrene at 25°C of

145 mPa.s. The mixture is stirred at 80 revolutions per



- 1, 1- bi s(tent - but yl per oxy) cycl ohexane, AVENDED SHEET 0 3 DE@:32®E@Q[][]Z
1-1-bis(tert-butyl peroxy)-3,3,5-trinmethyl cycl ohexane. 27. ProcCess
according to one of the preceding clains, characterized in that the 5

pol ynmeri zation step is carried out at |east partially at 80 to 140C. 28.
Process according to one of the preceding clains, characterized in that the
pol yneri zation step is carried out at gast partially 10 at 90 to 130C 29.
Process according to one of the precedir'fig clains, characterized in that the
pol ymeri zation s out_ at ef ore ephase

i i | ) ial l
i nversi on, a{?l%u%eggpiéf%‘fcﬁa;ééﬁp R t%seggﬁ%aét%ﬁédlﬁ%émﬁf £E0C, in

which Tx re ents:t ture.a i ?%2% initiator is
deconposed %e%n% ?ﬁ%ugsoé%.g%g{r g%%éts-ba%tyg](ﬁ?%g 0 %%é%eéce(ai'ﬁg claim
characterized 345 thatot hg St &R 1 & KR e OWy dleidfhd Basty partially at a
tenperature T such that T~ - 10C< T < T~ + f’OC. 1. Process according to

one of the piReestNEb6h Al $B1a hiiactald 28ehid thmtrdhersprl Wy igation
initiator is added to the polynerization 25 m xture after phase’inversion.

32. Process g€ ofsthpghy A oher®ft, thee prracestiniged] ahis, schariast g zed in that
the vinylaromati c nononer is styrene. AMENDED SHEET
heated to 130°C in 30 minutes. This temperature is
maintained for 1 h 30 min. and then heated to 145°C.
The polymerization conversion is monitored by taking
regular samples during the polymerization step and by
10 determining the solids content on the said samples.

The term “solids content” should be
understood to mean the percentage by weight of solids,
obtained after evaporation under a vacuum of 25
millibar for approximately 20 minutes at 200°C, of the

15 samples taken with respect to the initial we;ght of the
sample taken. After phase inversion, the stirring is |
reduced from 80 to 40 revolutions per minute. After a
solids content of approximately 60% has been obtained,
the contents of the reactor are transferred into a

20 superheater at 230°C so as to crosslink the elastomer
(residence time: approximately 10 minutes) and then
into a devolatilizer at 230°C under a vacuum of about
50 mbar so as to remove the ethylbenzene and the
residual styrene. The properties of the composition

25 thus obtained are given in Tables 1 and 2. Figure 1 is
a number-based and area-based cumulative representation
of the amounts of particles as a function of their

equivalent diameter.



0 3 DEC 2p0 46 33. Process according to one of the preceding claj
characterized in that the polynerization is carried out contin h”nEQQZOUZ
that the phase inversion takes place in a plug-flow xeactor. 5 34.

Conposi tion capabl e of being obtained by the process of one of the

precedi ng clains. 35. Conposition according to the preceding claimor
conprising a stable free radical which is in a free formor in a form
linked to a polynmer chain by a 10 coval3ént bond, conprising a matrix of

vi nyl aramati c pol ymer surroundi ng rubber nodul es, characterized in that the
conposition conprises nodules of the nmultiocclusion type and is such that,
in one of its sections, 15 - 20 to 60~ of the total area occupied by the
particles cHE¥ESehds to particles having an equival ent di aneter ranging
fromO0.1 to 1 um - 5 to 20~ of _.the total area occupied bg the particles
corresponds to particl € HBRPREIRRe etftii ST Bhed Z@erl%re’t%r PRy ehg} from1 to

1.6 d - 20 t 75 f t he total |
corrgrsnpoﬁgs TR 1(:)?}3:? es h%\v-ci’ﬁb g‘?‘la %?ﬁi:’f;ﬁn upl geﬁ tg?e gsrat %retshan 1.6
36. di h i zed
R s R e A A s s ‘?Jl i the part i cl es have

the salami qy; capsid @ TREPhalOgY:, W%Dﬁfﬁm ~TEMPO) are added

just before the heating step and except that the
polymerization temperature is set at 120°C.
The properties of the composition thus
10 obtained are indicated in Tables 1 and 2. Figure 2 is a
number-based and area-based cumulative representation
of the amounts of particles as a function of their

equivalent diameter.

15 EXAMPLE 3
The procedure is carried out as in Example 2,
except that just befoie the heating step 4.9 g of
LUPEROX TBIC-M75 (i.e. 2.085 x 107 mol) are added
instead of the 2.9 g. The properties of the composition
20 thus obtained are given in Tables 1 and 2. Figure 3 is
a number-based and area-based cumulative representation
of the amounts of particles as a function of their

equivalent diameter.

25 EXAMPLE 4
The procedure is carried out as in Example 1
except that, before the heating step, 8.75 g of LUPEROX

TBIC-M75 (i.e. 3.705 x 10”° mol), instead of the 2.9 g,



0 3 DEC 2002 47 in the 1 to 1.5 ~.un size range, nore than 95~ gfy t
particles have the salam norphology, and - in the greater thanﬁa (QEIGZDBZ
range, nore than 95~ of the particles have the salam norphology. 5 37.
Conposi tion according to C aim 35, characterized in that - inthe 0.1 to 1
u. msize range, nore than 95~ of the particles have the capsule or onion or
| abyrinth norphology, 10 - inthe 1 to 1.6 limsize range, nore than 95~ of
the particles have the onion or |abyrinBA norphology, and - in the greater

than 1.6 um §j r e, nore than 95~ of the particles have the labyrinth
15 nor phol og%@é.‘%%o@pﬁ orf -dcleor dithgmed Joed OH-CEMPOs 234 ddaR,

characterized t. the distribution of the equivalent dianmeters of
nodul es is bi ho gltdqacéé%&;' So MNP TAGESAR N § IO eFRE UsTe Gisaises 3@ 34 to 38,

characteri zed gt had, t |.t .index at 210C with 5 kg is greater than 15
g/10 nin (15071133 H)) ?%gri%rcta ess@?t éﬁi‘ienfjof“?ﬁﬁért&f’ﬁlse theskgbtasngdeat er

than 94C (1 SEr306iA29) iand4he gt d.,l zad inpact .strength is greater than
8 kd/m- (1SO 18071A) . 25 40 5n§o§3?i8n 688E§iﬁglﬁoatﬁgmﬁﬁécéaﬁﬁ@ cl ai m

char act er bzedntinatbat bhiedViceat, 15¢f L,eni ure €1l kg) is greater
t han 94. SC and the notched |zod | m%act ggf%ﬁgpgg?égﬁr 8gt Ejfﬁgt AARYBLRI/ m .
AVENDED SHEE¥f p8r8iDl1EsCa20@2f88ction of their equivalent

diameter.

EXAMPLE 5

10 The procedure is carried dut as in Example 1,
but by setting the polymerization temperature at 120°C
and starting by initially dissolving the following
ingredients in the following amounts:

- Styrene: 9540 g,
15 - mineral oil, PRIMOL 352: 220 g,
- antioxidant, IRGANOX 1076: 11 g,
- pObeutadiene of the brand BUNA CB HX 565
having a weight-average molecular mass of 172,500, a
polydispersivity of 1.6, a 100°C (1+4) ML Mooney

20 wviscosity of 56 and a Viscosity as a 5% by weight

solution in styrene, at 25°C, of 44 mpa-s: 570 g,
- ethylbenzene: 660 g.
Just before the heating step, the following
are added to the dissolution:

25 - LUPEROX TBIC-M75:. 8.1 g, i1.e. 3.45 x

107 mol,

- OH-TEMPO: 2.6 g, i.e. 1.51 x 10 mol.



41. Case for a television or a video recorder or a conputer or a printer or

~a fax machi ne produced by injection noulding a conposition of QE?‘QE¥%2¥KnF
35 to 40. 5 42. Conposition according to Caim34, characteriz i

the conposition is such that, in one of its sections, at |east 90~ of the
total area occupied by the particles corresponds to capsul es having an

equi val ent dianeter ranging fromO0.1 to 1 pm ANMENDED SHEET
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not introduced into the polymerization mixture in a

form linked to the rubber, and of a polymerization

10 initiator with & grafting character suitable for the

said composition

- is such that in one of its sections at least 90% of

the total area occupied by the nodules corresponds to

capsules having an equivalent diameter ranging from

15 0.1 to 1 pm, or else

- is such that it comprises multi-occlusion-type

nodules and is such that in one of its sections

- 20 to 60% of the total area occupied by the
particles corresponds to particles having an eguivalent

20 diameter ranging from 0.1 to 1 um,

- 5 to 20% of the total area occupied by the
particles corresponds to particles having an eguivalent
diameter ranging from 1 to 1.6 um, and

- 20 to 75% of the total area occupied by the

25 particles corresponds to particles having an equivalent

diameter of greater than 1.6 um.

the said step being such that:
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0, 0,
1OAHK(H§O() s A f$1OA§& 9) ?mgf§epresents the functionality of the

initiator introduced before phase inversion, i.e. the
number of sites having the free radical state that each

molecule of initiator is capable of generatang, then:

FSFR X (SFR)
Fingy X (INIT)

15 0.05 <

2. Process according to the previous claim,

characterized in that

FSFR X (SFR)
Fongr X (INIT)

20 0.05 <

3. Process according to one of the
preceding claims, characterized in that, if (RU)

represents the number of moles of rubber,

25
(SFR) X Fapp
(RU)
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monomer, 2 to 35 parts by weight of rubber and 0 to 5

parts by weight of solvent.

9. Process according to one of the
preceding claims, characterized in that the rubber has
25 a weight-average molecular mass ranging from 110,000 to

350,000 and a number-average molecular mass ranging

from 50,000 to 250,000, and in that the matrix of
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diameter of greater than 1.6 um.
20 12. Process according to the preceding-
claim, characterized in that:
- in the 0.1 to.l um size range, more than
95% of the particles have the salami or capsule
morphology,
25 - in the 1 to 1.6 pm size range, more than
95% of the particles have the salami morphology, and
- in the greater than 1.6 um size range, more

than 95% of the particles have the salami morphology.
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- in the greater than 1.6 um size range, more

10 than 85% of the particles have the labyrinth
morphology.

14. Process according to one of the
preceding claims, characterized in that the
distribution of the equivalent diameters of nodules is

15 bimodal.

15. Process according to one of Claims 10 to
14, characterized in that the rubber has, as a 5% by
weight solution in styrene, a viscosity at 25°C ranging
from 60 to 300 mPa.s.

20 1l6. Process according to one of Claims 10 to
15, characterized in that the rubber has a weight-
average molecular mass ranging from 175,000 to 350,000
and a number-average molecular mass ranging from 70,000
to 250,000.

25 17. Process according to the preceding
claim, characterized in that the rubber has a weight-

average molecular mass ranging from 200,000 to 300,000
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8& () - - butyl 4,4-bis(tert-butyl)valerate,
- ethyl 3,3-bis(tert-butyl)butyrate,
- 2,2-bis(4,4-di-tert-butylperoxycyclo-
15 hexyl)propane.
24. Process according to one of the
preceding claims, characterized in that the initiator
is chosen from diacyl peroxides, peroxy esters, dialkyl
peroxides and peroxy acetals:
20 25. Process according to the preceding
claim, characterized in that the initiator generates at
least one tert-butyloxy radical.
26. Process according to the preceding
claim, characterized in that the initiator is one of
25 the following:
- isopropyl tert-butyl peroxycarbonate,

~ 1,1-bis(tert-butylperoxy)cyclohexane,
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preceding claims, characterized in that the

polymerization step is carried out at least partially

10 at 90 to 130°C.
29. Process according to one of the

preceding claims, characterized in that the

polymerization step is carried out at least partially,

before phase inversion, at a temperature T such that

i5 T, - 20°C < T < T, + 20°C, in which T, represents the

%
temperature at which 50% of the initiator is decomposed
in one hour.

30. Process according to the preceding
claim, characterized in that the step is carried out at

20 least partially at a temperature T such that
T, - 10°C < T < T, + 10°C.

31. Process according to one of the
preceding claims, characterized in that the
polymerization initiator is added to the polymerization

25 mixture after phase inversion.

32. Process according to one of the

preceding claims, characterized in that the

vinylaromatic monomer is styrene.
AMENDED SHEET



OVE; Y& ()- Ys 109E %& () - 10%WE; %& () - 1097 %€ () - 10
3g1/8(§§/é£/q;&0/a(&')()- @10%/&:0/&'(%)- SS@OWE, 9& () - " LOVAE; % () - ?ig/geém 00?
1098299 ()-9n| [1 VUAL0 G109 %& ()- . 31090 % ()- 1109, $Y(1)0%3X'
| 10084 9& ()~ - 10984E; & () - 1094 %& ()-VUAL0 S 1098X; 8& () - $ :
8& () - MLOYE; Y4 0%E; Y40%E; % , <Z1090E: 9%& ()- 9L0%E: Y& () - - 710 /ME,lO%BX_
% ()-+O{] [1 VU410 -1098X 8& ()- "SMLOYG & ()- :10%8X 8& ()-  9- :
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' X:
i‘é‘g%wx?&? g %é%(f %x%‘%‘és % %6&5%15‘5 (P 3PGdRRbsL ()- 1&109BX:
8&'()-|ﬁn2}b@619ﬁe;l§atl@% lgw%gr%@eg)ou@?%goo UOusg§ so that the

phase inversion takes place in a plug-flow reactor.
5 34. Composition capable of being obtained by
the process of one of the preceding claims.
35. Composition according to the Preceding
claim or comprising a stable free radical which is in a
free form or in a form linked to a polymer chain by a

10 covalent bond, comprising a matrix of vinylaromatic
polymer surrounding rubber nodules, characterized in
that the composition comprises nodules of the multji-
occlusion type and is such that, in one of its
Sections,

15 - 20 to 60% of the total area occupied by the
particles corresponds to particles having an equivalent
diameter ranging from 0.1 to 1 um,

- 5 to 20% of the total area occupied by the
particles corresponds to particles having an equivalent

20 diameter ranging from 1 to 1.6 ym, and

- 20 to 75% of the total area occupied by the
particles corresponds to particles having an equivalent
diameter of greater than 1.6 nm.

36. Composition according to the preceding

25 claim, characterized in that:

- in the 0.1 to 1 um size range, more than
595% of the particles have the salami or capsule

morphology,
AMENDED SHEET



@OWE;, Y& ()- f 10%WE %& ()- $I 10984E&; %R ()-Z210< Z: < 10< Z: < &? | b:ﬁlék 2Z: <
QOWE: % ()- GLOWE % ()- &LOWE % ()- @O0 % ()- 188kl 200

, QOWE, %& ()-,con|[: A410< Z:< | (10WE; %R ()- ,Yy&I0WE, 9& ()- , $10%E;
o0& ()- "!10%E %& ()- , QGOWE %& ()- 10%&E %& ()- N [:A410< Z: <

3' 1098&; % ()- , 11098&; %& ()- /10984, %& ()- .410%E; 9& ()- , 10%E; 9& () -
9* 1099/&: %& () - NZhi j k| [ NA4LOLO0YE; Y4 0%E; Y4 0%E; % * <Z10%E; %& ()- ,; 109,

% ()- ,L9TI10%E; 9%&' ()- | 710%&; %&'() 7yEMLOYE; %&'() kx{?| [ : NA41010
SlO%Kk;K&'()- SF109%KKk; K&Ig%e K&'(é 5 10% K; 0&'%) aO%Kk K&f()-
#100Kk: K& () - nPh~! | [ : Na#t018€nto k KE R i&&w{%ﬁ GodkkaRe: (

3???52‘2!(%})?5% %5%‘@?1 s EHGRIE L @é\%@%k%ﬁﬁgl Vet 'séi"‘ﬁ) »
(0 11,1010 SIOG Koo l0Bs 00 @ LMD g cononer

10T k; T 10T Ko 95818% the particles have the salami morphology.

5 37. Composition according to Claim 35,
characterized in that
- in the 0.1 to 1 pm size range, more than
95% of the particles have the capsule or onion or
labyrinth morphology,

10 - in the 1 to 1.6 um size range, more than
95% of the particles have the onion or labyrinth
morphology, and

- in the greater than 1.6 um size range, more
than 95% of the particles have the labyrinth

15 morphology.

38. Composition according to one of Claims
34 to 37, characterized in that the distribution of the
eguivalent diameters of nodules is bimodal.

39. Composition according to one of Claims

20 34 to 38, characterized in that the melt index at 210°C
with 5 kg is greater than 15 g/10 min (ISO 1133 H), the
Vicat softening temperature (1 kg) is greater than 94°C
(ISO 306 A50) and the notched Izod impact strength is
greater than 8 kJ/m’ (ISO 180/1a).

25 40. Composition according to the preceding
claim, characterized in that the Vicat softening
temperature (1 kg) is greater than 94.5°C and the

notched Izod impact strength is greater than 9 kJ/m’.
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characterized in that the composition is such that, in
one of its sections, at least 90% of the total area

occupied by the particles corresponds to capsules

having an equivalent diameter ranging from 0.1 to 1 um.

AMENDED SHEET



