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1 "~ EXPANDABLE RUBBER- MODI FI ED STYRENE RESI N COMPOSI TI ONS 7g a .,’SS?O C
RACKGROUND OF THE I-NVENTION Fi el d of ® he*l nventi on The preseryqzs
i'nvention relates to an expandabl e - rubper-nodi fied styrene resin

conposition to obtain a nolded foam having an excellent inpact resistance

and pliability as well as a high expansion ratio and also relates to a

nol ded foam obtai ned by sai d expandabl e rubber-nodified styrene resin

conposi tion. Description of the Related Art _ A nol ded foam nade

from a.pol yst gXPARDASSE 'RUBBERIMODIFIED SPYRENE RESHN!COMSOsPPoNs heat
insulating material for its excellent shock-absorbing properties and

heat-insul ating properties as well as easiness in nolding into an article.
However, because of its . insufficient inpact resistance and pliability

whi ch may cause fornmati on BACKGROU®D ool fﬁpaﬁpvgﬁTIoﬁnVO!ves probl enms such
as difficulty in applying to a package for a precision instrunent.

On t he ot hpielh@dnsif €h&vIeent bewn made from a pol ypropyl ene resin requires
a |l arge-scal ed device for nolding although it
The present invention relates to an expandable
rubber-modified styrene resin composition to obtain a molded
foam having an excellent impact resistance and pliability as
well as a high expansion ratio and also felates.to a molded

foam obtained by said expandable rubber-modified styrene resin

composition.

Description of the Relatéd Art
A molded foam made from.a pollystyrene resin is employed
widely as a container and a heat insulating material for its
- excellent shock—absorbing properties and heat-insulating
properties as well as easiness in molding into an article.
However, because of its insufficient'impact resistance and
pliability which may cause formation of cracks and breaks, it
involves problems such as difficulty in applying to a package
- for a precision instrument,. |
On the other hand, a molded foam made from a polypropylene
resin requires a large-scaled device for molding although it
has excellént impact resistance and pliability. Further, its
resin characteristics also requires a transportatidn from a
manufacturer to a molding.company in a form of pre-expanded

beads. As a result, a production cost becomes



has excellent inpact resistance and pliability. Further, its resin
characteristics also requires a transport&tion froma manufacturer to a

ﬁblding_conpany in a formof pre-expanded beads. As a result, a
production cost becones 2
di sadvant ageously hi gh. Recently, a rubber-nodified styrene resin

nol ded foam which is easy to be nolded and has inproved inpact resistance
and pliability conpared with a pol ystyrene foam has been proposed in

Japanese Lé&g%&;ﬁﬁtgggéﬁg1§%ﬁ&%ﬁgtion Nos. 3- 182529, 5-116227, 7-11043 and
7-90105. Nevert hel éss, The inpact resistance and the pliability of .

a conventional ngdsigteiPAn i FubbeF SHedi £idd dtoyrene tdsih mokledisfddmci ent
degree, and attenpts to achieve a high expansion ratio result in obtaining

a nol ded fQRIRRaYE asy RBObe MFLEEd SHIE hdise inprovednkngact nresistaoed
strength. Accordingly, it is inpossible to use a nolded foam as bei ng

foaned at zndi gh iaKRAAEYOEdMPdred restht ianpolystyriené afoam has pbedmge

resource savi ng. SUMVARY OF THE | NVENTI ON

Ther ef or e, pA5pOHEE T FpdriesP1.8380bpeN FIYenyPUblication Nos.3-182529,
5-116227, 7-11043 and 7-90105.

Nevertheless, the impact resistance and the pliability
of a conventional molded foam is improved only to a limited
and inéufficient degree, and attempts to achieve a high
expansion ratio result in obtaining a molded foam having a poor
appearance due to shrinkage and a reduced strength.
Accordingly, it is impossible to use a molded foam as being

foamed at a high expansion ratio, resulting in a limitation

in package resource saving.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
providé an expandable rﬁﬁber—modified styrene resin
composition that is enabled to obtain a molded foam having a
high expansion ratio, excellent impact resistance and’
pliability and satisfactory appearance.

The present invention is an expandable rubber-modified
styrene resin composition comprising 85 to 99 % by weight of
a rubber-modified styrene resin containing a rubber particle
of a diene polymer dispersed in a continuous phase of a styrene

resin and 1 to'15 % by weight of a volatile blowing agent whose



provi de an expandabl e rubber-nodified styrene resin conposition that is
enabl ed to obtain a nol ded f oam havi ng a *hi gh expansion ratio, excellent
I'npact resistance and pliability and satisfactory appearance. The
present invention is an expandabl e rubber-npdified styrene resin

conposi tion conprising 85 to 99 % by weight of a rubber-nodified styrene
resin containing a rubber particle of a diene polynmer dispersed in a
continuous phase of a styrene resin and 1 to 15 % by weight of a volatile

bl owi ng agshi1 h§SFoint is 80°C or lower, wherein: 3 boi | i ng poi nt
is 80[err]C or |ower, wherein: t he wei ght -average nol ecul ar wei ght

of said continuogge Wi -Qivdrrye noletalaesiweight168, £819d taoBOnGHs
the graft ratio of the styrene resin to the diene polynmer is 70 to 135 %

and, phadé &¥ethéngtyréry pésiheigel50;000ito 3005@00; di ene pol ymer
in toluene at. 25[err]Cis 12 to 25. According to the present

i nvention, an expRe¢rlft ratbbsf hei éterené yeain tedihe diepespelymexrhat is
enabled to obtain a nolded foam having a hi gh expansion ratio, excellent

'?gelcgegeSiLétmceoamlsp%;as)nduty and satisfactory appearance can be

P the swelling index of the gel fraction of said diene
polymer in toluene at 25°C is 12 to 25.

| According to the present invention, an expandable

rubber-modified styrene resin compositioh that is enabled to

obtain a molded foam having a high expansion ratio, excellent

impact resistance and pliability and satisfactory appearance

can be provided.

DETAILED DESCRIPTION OF THE INVENTION

The styrene resin deécribed above can for examplé be
produced by dissolving aldiene polyﬁer in an aromatic vinyl
compound such as styrene, p-methylstyrene and a-methylstyrene
followed by effecting radical polymerization in the presence
of an azo compound such as azobisisobutyronitrile or a peroxide
such as benzoyl peroxide and t-butylperoxybenzoate with
employing bulk polymeriiation, solution polymerization,
suspension polymerization, bulk-suspension polymerization or
the like.

The weight-average molecular weight of the styrene resin
described above is 150,000 to 300,000. When the weight-average

molecular weight is less than 150,000, strength of a molded



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The styrene resin described
above can for exanple be produced by dissolving a diene polymer in an
aromatic vinyl conpound such as styreng, p-nethylstyrene and
a-nmet hyl styrene followed by effecting radical polynerization in-the
presence of an azo conpound such as azobi sisobutyronitrile or a peroxide
such as benzoyl peroxide and t-butyl peroxybenzoate with enploying bulk
pol ynmeri zation, solution polynerization, suspension polynerization,

bul k- suspepSiRimRy! ¥8B6MEATbRBIQT whiile tha® exceedint@0E, WU -caesege

nol ecul ar wei ght of the styrene resin describedabove is 150,000 to 300,
000. Whent§eypishityyenapeodieingtaimoRiedtfdin) e3rhd haeidivd-doérager engt h
of a nol ded : 4 f oam may becone | ower,

whi | e t hat pgxe88aPIweP§h€0Ps cpréLerabliy f 180/ 0001 to p2S0i600g a nol ded foam
The wei ght-average nolecular weight is preferably 180,000 to 250, 000.

The di ene pol ynejhdegidhdso PRfE dédcbibéd abov@rcan be ali pokymenpofind
such as butadi ene and i soprene or a copolynmer wth an aronmatic vinyl

conpound syl dite Hompduadateh! 45 Putadikgie 800 soPTene drvatdopo Lymer
conpound. Preferably, a butadiene
. with an aromatic vinyl compox_md such as styrene capable of being
copolymerized with a diene compound. Preferably, a butadiene
polymer is employed.

Preferably, the rubber-modified styrene resin described
above preferably contains 5 to 20 % by weight of a diene polymer.

A content less than 5 $ by weight may cause difficulty
in obtaining a molded foam having satisfactory impact
resistance and pliability. On the other hand, a content
exceeding 20 % by weight may not provide an increase in stréngth
corresponding to an increase in the amount and results in
adverse effects:oh.moldability such as melting of the surface
of the molded foam.

More preferably, the content is in a range of 7 to 15 %
by weight.

The graft ratio of a styrene resin to a diene polymer
is in a range of 70 to 135 %. A graft ratio less than 70 % may
not provide a molded foam having sufficient impact resistance
and pliability. On the other hand, a graft ratio exceeding 135 %
may not cause much orientation of the rubber particle in a foam

membrane, resulting in difficulty in foaming, which may lead

to shrinkage or deformation in a molded foam of a high expansion



pol ymer is enpl oyed. Preferably, the rubber-nodified styrene resin
descri bed above preferably contains 5 to 20 % by wei ght of a diene

pol yrer . A content less than 5 %by wei ght may cause difficulty in
obtai ning a nol ded foam having satisfactory inpact resistance and
pliability. On the other hand, a content exceeding 20 % by wei ght may not
provide an increase in strength corresponding to an increase in the anpunt
and results in adverse effects on noldability such as nelting of the

surface ofathg, ”DbQQQeEQBTR the gfﬂ¥€3f§€i8r§§|%0 e copt g0t Mdren a

range of 7 to 15 % by wei The graft ratio of a styrene resin to

a dlene pO?f@Eérabiy tﬁerggggoogs790botg3§2ab%A graft ratio less than 70 %
not provide a nol ded foam having sufficient inpact resistance

andpllablllty geaberbaeﬂo 68§é£ibé&'966669ﬂs”9 v3dile aBYifel gause
much orientation of he rubber particle in a foam nenbrane, resulting in

difficultygpp1b@am ng, which may lead to shrinkage or deformation in a
nol ded foam of a hi gh expansi on - 5

ratio. _Preferablgsrabe 24fid] rRatidel ¥r3tionlii ethe ¥B&§me&rEBﬁEéﬁE¥ xt he
ratio is 100 to 120 %
100/[Diene polymer content]

The content described above is the weight (%) based on
the rubber—modified styrene resin.

The swelling index of the gel fraction of the diene
polymer in toluene at 25°C is 12 to 25. A swelling rate of the
gel fraction less than 12 may not cause much orientation of
the rubber particle in a foam membrane, resulting in difficulty
in foaming, which may lead to shrinkage or deformation in a
molded foam of a high expansion ratio. On the other hand, a
swelling index exceeding 25 does not allow a molded foam having
sufficient impact resistance and pliability. Preferably, the
swelling index is 13 to 20. More preferably, the swelling index
is 15 to 20.

The swelling index of the gel fraction of a diene polymer
is a value defined as follows.

[Swelling index] = [Weight of gel swollen in toluene at
25°C] / [Dry gel weight]

In an expandable' rubber-modified styrene reéin
composition, 85 to 99 % by weight of a rubber-modified styrene

resin described above is contained.

A volatile blowing agent having a boiling point of 80°C



The graft

rati o descri bed above is a value defined as foll ows.

[Gaft ratio] = [Gel fraction-Di ene polymer content] x 100/[Di ene pol ymer
cont ent] The content described aove is the weight (% based on the
rubber-nodi fied styrene resin. The swel ling index of the ge

fraction of the diene polyner in toluene at 25[err]Cis 12 to 25. A
swelling rate of the gel fraction |less than 12 may not cause nuch
orientation of the rubber particle in a foam nenbrane, resulting in

di fficul t yor i ToWe¥ M & Gempithyedt

Jay lead to shrinkage or deformation in a

nol ded foam of a high expansion ratio. On the other hand, a swelling index

exceedi ng

resistance and pliability. Preferably, the swelling index is 13 to 20.

25 doegp nohnal lexpandaplecd fubelanodifiedf f seyeehel Mrssin

More pref edoipositicn SVehéi ¥e1abibE bléwihgt geént describBde abuatd iixg i ndex

of the ge

fraction of a diene polyner is a value defined as follows.

[ Swel I'i ng ¢otitexined [ifaahamétntedf Vel €F & by Weight .at A éoheent Qeds [Dry
gel wei ght] " In an expandabl e rubber-nodi fied styrene resin

conposi ti ofha$? ¥ by ¥ iYhtyreminte infarminswbric ient Foathingyeapebil By N

descri bed

above is contai ned. A volatile blow ng agent having a

boi l'ing poand &bcSLdifglf a predetermined expansion ratio can not be

achieved. On the other hand, a content exceeding 15 % by weight
involves a problem that shrinkage and deformation may occur
when producing a molded foam.

. The volatile blowing agent described above can be an
organic compound having a boiling point of 80°C or lower such
as propane, butane, isobutane, pentane, isopentane, neopentane,
cyclopentane, hexane, trichlorofluoromethane,
dichlorofluoromethane, dichlorotetrafluoroethane,
chloromethane, dichloromethane, methanol, diethylether and
the like, which may be used singly or in combination.

Preferably, the: expandable rubber-modified styrene
resin composition described above contains a plasticizer for
the purpose of imparting the molded foam with pliability.

Such a plasticizer c.an be esters such as dioctyl phthalate
and dioctyl adipate, hydrocarbons such as toluene, xylene and

cyclohexane, fatty'esters of polyhydric alcohols such as

glycerin tristearate and glycerin trioctoate as well as mineral

oils, liquid paraffin and the like.
The expéndable rubber-modified styrene resin

composition described above may also contain one or more



6 or |ower is enployed. I n an expandabl e rubber-nodified styrene
resin conposition, the volatile blow ng agent described above is

contained in an amount of 1 to 15 % by 2eight. A content |less than 1% by
wei ght results in an insufficient foamng capability, and accordingly a
predet ermi ned expansion ratio can not be achieved. On the other hand, a
content exceeding 15 % by weight involves a problemthat shrinkage and

def ormati on may occur when produci ng a nol ded foam ' The vol atile

bl owi ng agaditineey | admbage §A6r§anae Pilbers, cagtivhriey) N lanei | i ng
point of 80[err]C or |ower such as propane, butane, isobutane, pentane,

| sopent aneretipaRaitis N ant ioxidapest, cagt istatic dyais, UV absorbers and
trichlorofl uoronet hane, dichl orofl uoronethane,

di chl or ot a&dgrdv BRI ANEe, chl oronet hane, di chl oronet hane, net hanol
di ethyl ether and the |like, which may be used singly or in conbination.

Preferably, therimgianaabl exFahaabléodi:ﬁbndrsqufmedr estyremspasdimn
descri bed above contains a plasticizer for the purpose of inparting the
nol ded foarBipdditidmiiady tyntain inofyanie fillkiwrs isueh aantékc oy, such
as dioctyl phthalate and dioctyl adipate, hydrocarbons such as tol uene,
xyl ene anccaXyidmwhexebonatet tahdest PtanDim pobaiide]r i Tulat tedmts such as

glycerin tristearate and glycerin trioctoate as well as m neral
aluminum stearate, zinc stearate, aluminum p-t-butylbenzoate
and ethylene bis-stearylamide, flame retardants such as
tris(dibromopropyl)phosphaﬁe, pentabromodiphenylether,
tetrabroﬁobutaﬁe, dibromoethylbenzol and 1,2,5,6,9,10-
hexabromocyclodecane, as well as antioxidants, antistatic
.agents, UV absorbers and carbon black and the like.

The particle size of the diene polymer rubber particle
dispersed in the continuous phase of a styrene polymer is
preferably 2 to 10 um. |

A particle size less than 2 uym may cause'difficulty in
obtaining a molded foam having sufficient impact resistance
and pliability. On the other hand, a particle size exceeding
10 ym may result in too large a rubber particle to effect
appropriate expanding, which may lead to shrinkage and
deformation when produéirig amolded foam. More preferably, the
particle size is 3 to 7 um. |

Preferably, a diene polymer comprises a 1,4-cis structure
at a ratio of 80 % or more.

A ratio of the 1,4-cis structure less than 80 % may yield

a molded foam having insufficient pliability and impact



oil's, liquid paraffin and the Iike. The  expandabl e
r ubber - nodi fi ed styrene resin conposition described above may al so

contain one or nore 8 7 ‘addi tives such
as inorganic fillers, lubricants, flame retardants, antioxidants,
antistatic agents, UV absorbers and carbon bl ack. Thus,  an

expandabl e rubber-nodified styrene resin conposition may contain
inorganic fillers such as talc, clay, calciumcarbonate and titanium

oxi de, | ubpbgPefSnde/Clurn AnlMiAventicer abrpandablet eeompes itiomni nisn
p-t-butyl benzoate and ethylene-bis-stearylande, flame retardants such as
tris(dibr Sy¥d ) Pl preferablyhethabi atdi Py lteblremore, or the

t et r abr onobut ane, di bronoet hyl benzol and 1, 2,5,6,9, 10-

hexabr onocygt PHe CaPeth@SpybyheASisinih okhdal} 4~c bst sstuttureagents, W

absorbers and carbon bl ack and the |ike. The particle size of the
di ene polynmer rupRer pakphfil@bldi speubbeér-modi€iedt i miguemaseresin
styrene polyner is preferably 2 to 10 [err]m A particle size |less

than 2 [er&ompdByt tahsdestsibéd | dbove caidbe pirodueedobgedfbpaeximpley
sufficient inpact resistance and pliability. On the other hand, a particle

si ze exceegh88ding and fusing a rubber-modified styrene resin and a

volafile blowing agent in an ektruder, extfuding via a pore

of the die on the tip of the extruder, introducing into water

for rapid cooling, pelletizing still in the state of a

non-éxpanded material, whereby producing an expandable
rubber-modified styrene resin composition.

| Alternativély,_a ruﬁber-modified styrene resin can be

kneaded and fused in an extruder and extruded via-a pore of

the die on the tip of the extruder, an& pelletized by strand

cut, hot cut, under water cut and the like into a particle having

a size of 0.5 to 5 mg/piece, and the particle of the

rubber-modified styrene resin thus obtained is placed in an

autoclave and dispersed in an aqueous medium in the presence

of a suspending agent, and the resin particle is impregnated

with a volatile blowing agent, whereby producing an expandable
rﬁbber-modified styrene resin composition.

An expandable rubber-modified styrene resin composition

according to the present invention is pre-expanded by heating

toobtaina pre—expanded bead of a rubber-modified styrene resin.

In the obtained pre-expanded beads, the rubber particles

are flatly dispersed in the surface direction of a foam membrane



10 [err]mmay result in too |large a rubber particle to effect appropriate
expandi ng, which may |l ead to shrinkage and deformation when producing a
mol ded foam More preferably, the partgcle sizeis 3 to 7 pm

Preferably, a diene polyner conprises a 1,4-cis structure at a ratio of 80
% or nore. . Aratio of the 1,4-cis structure less than 80 % may yield
a nol ded foam having insufficient pliability and i npact

8 resi stance when an inventive expandable conposition is enployed.

More prefegalihe prBeekphn@eldSh@Sds? OWHEN BheCfodm henbtane® i 8 obderved ymer
Is in the 1,4-ciS strucCture. The expandabl e rubber-nodi fi ed

styrene  §£Ss8ct £OHPDE thELRESKR eSS L EPVELSR) Bife DFSIMERSh etwéén
exanpl e, kneading and fusing a rubber-nodified styrene resin and a

vol atil e btpui pebBEENbarticTes ) IWHLEH 1 xiAael Y Oprédert PDF pl@Fal Neigli e on
the tip of the extruder, introducing into water for rapid cooling,

pel | eti zi nghatattetizédeis st thed averagXBnodnt B! Eheddspaberedio
produci ng an expandabl e rubber-nodified styrene resin composition.

Al ternatiVvebya) df HbdPie Brdthesturster ?aetrieaieniﬁ ahdBurkaeadetrédeidnsed in
an extruder and extruded via a pore o
of the foam membrane (b) to a size of the rubber particle in
the thickness direction of the foam membrane (a) is more than
60. The average value is preferably more than 70, and further
preferably more than 80. When this value is less than 60, the
physical properties, such as resistance to cracking, are
lowered, and thus sufficient impact resistance and pliability
may not be obtained. The pre-expanding can be effected by, for
example, heating to a temperature close to a glass transition
temperature of the rubber-modified styrene resin (about 100°C)
with use of steamir_lg carried out by a pre-expander | for
polystyrené beads. |
The pre-expanded bead of a rubber-modified styrene resin
can also be molded using a molding machihe employed for
production of a polystyrene molded foam. WNamely, the pre-
expanded bead is packed in a mold, which is then heated by a
steam to .post-expand the pre-expanded bead and fuse the
pre-expanded bead to each other, and after cooling for a certain
period the molded foam is released from the mold. The density
of the molded foam article in this case is usually in a range
of 14 to 50 kg/m? and preferably 16 to 20 kg/m3. When the density

of the molded foam article exceeds 50 kg/m3, the production



~

the die on the tip of the extruder, and pelletized by strand "cut, hot cut,
under water cut and the like into a particle having a size of 0.5 to 5
nmy/ pi ece, and the particle of the rubbgy-nodified styrene resin thus
obtained is placed in an autoclave and dispersed in an aqueous nediumin
the presence of a suspending agent, and the resin particle is inpregnated
with a volatile bl owi ng agent, whereby produci ng an expandabl e

rubber-nodi fied styrene resin conposition. An expandabl e

r ubber - modicbisedmalyy beNenceeaBedQ "PRREA | ERe AERSLEYNEEt EhéNRoRaEaCEbam
I nvention is pre-éexpanded by heating to obtain a pre-expanded bead of a

rubber - nodphik@d)at YECP8s50Ehan 14 kg/md ) tHeE stletgtif mayebexpaarefeacads,
t he rubber particles are flatly di'spersed in the surface direction of a

foam nenbr @@ molded foam article thus obtained h8ving &f higGR guglexpanded
beads. Wien the foam nenbrane is observed in section in the thickness

direction, wikg 48! stéSNL oot Pact Resiskbatehawheebe. theist ¢ gglinarky
present in plural, is characterized in that the average anount of the

aspect ratih@igh®/ 3h &f fa13eRba11 tifpdebRasstPals infdree ithan4 0S¢l aees50
direction of "the foam nenbrane (b) to a size of the rubber particle in

the thi cknesssdi egphn@ing mageif Peat iGN aHEmbekover)DERLS Rat icl@® cahe
average value is preferably nmore than 70, and further

be easily obtained.

Embodiments

An expandable rubber-modified styrene resin composition
and a method for producing the same according to the embodiment
of the present invention are described below sequentially with
referring to typical examples.

Examples 1 to 5 and Comparative Examples 1 and 2
(1) Method for Producing Rubber-Modified Styrene Resin

A rubber-modified styrene resin was produced by bulk
polymerization.

Thus, 100 parts by weight of a styrene monomer was
intérmixed and dissolved with 10 parts by weight of bufadiene
polymer, 0.03 parts by weight of t-butylperoxybenzoate and 12
parts by weight of ethylbenzene. The mixture was continuously
pumped into a 30 L reactor fitted with a stirrer at the average
residence time of 2.5 hours, whereby effecting the
polymeriiation of'the_styrene monomer at a temperature of 110
to 130eC.

Subsequently, the reaction mixture thus obtained was



preferably nore than 80. Wen this value is |ess than 60, the physical
properties, such as resistance to cracking, are |owered, and thus
sufficient inpact resistance and pliability nay not be obtained. The

pre- expandi ng can be effected by, for exanple, heating to a tenperature
close to a glass transition tenperature of the rubber-nodified styrene
resin (about 100[err]C) wth use of steam ng carried out by a pre-expander
for polystyrene beads. The pre-expanded bead of a rubber-nodified

styrene r ﬁﬁ%@e&%rﬁlﬁﬁ;&iﬁsm&dﬁw& ge6upsnef (PLUGFEOW Bype T aytesrs or

producti o a polystyrene nol ded foam Nanely, the pre- expanded bead is

packed in gxé’mii%h ¥bi fhet $z40£6n 1eaictd divwias comiBtied poStemparatutén

pr e- expand bead and fuse the pre-expanded bead to each other, and after

cool i ng fogga;$eridi MBoRerand 15¢ t®! 1goed parespeceivebe Wnoil tfinabl d.
The density of the nolded foamarticle in this case is usually in a range

of 14 to 5Qokpmét ebddverhich ek Bolad 9028 .karnéceafterhamtdmctedsity
of the nolded foamarticle exceeds 50 kg/nferr], thé production

10 COSkt fP¥nombAGHERSERd YHeséerienveie Pémdved by devaparationticl e

Is less than" 14 kg/nferr], the strength may be weakened. The nol ded foam

article thysqept ai peduBadi peessirehwitdl iHeating, and the mixture was
pelletized to obtéin an intended rubber-modified styrene
'resin,

Based on the polymerization procedure described above
but varying the temperature of the reactor and the evaporation
tank, rubber-modified styrene résins having different graft
ratios, different gel swelling index and different rubber
particle sizes were obtained. Also by varying the
concentration of the butadiene polymer to be supplied to the
styrene monomer described above, the butadiene polymer content
in the rubber-modified styrene resin was adjusted.

(2) Method for Producing.Expandable Rubber-Modified Styfené
Resin Composition |

Each of the rubber-modified styrene resins obtained as
described above (Table 1) was fluxed by means of a 65 mm single
extruder, cut under water to obtain a resin particle having
a size of about 1.3 mg/piece. ‘Subsequently, a 3 L autoclave
fitted with a stirrer was charged with 100 parts by weight of
each resin particle described above, 150 parts by weight of
deionized water, 0.7 parts by weight of éodium.pyrophosphate,

1.4 parts by weight of magnesium sulfate, 3 parts by weight



with an excel l ent inpact resistance, wherein the 50 %failure height in a

fallen ball inpact test is nmore than 40 cmat 50 - 55 x expanding
magni fication, and noreover, this artigke can be easily obtained.
Enbodi nment s An expandabl e rubber-nodi fied styrene resin conposition

and a method for producing the same according to the enbodi ment of the
present invention are described bel'ow sequentially with referring to
typical exanples. Exanples 1 to 5 and Conparative Exanples 1 and 2 (1)
Met hod f orofrguhimind Gy aadiof.iogd paytenbyReeight of sodiumblmrryibdified
styrene resin was produced by bulk polynerization. Thus, 100 parts

by wei ght @1 faté)y £0E tHe FEicter was!€lien xelosed tigisolyed with 10 parts
by wei ght of butadiene polymer, 0.03 parts by wei ght of

t - butyl per oxybengpd:e et ing 418 tdutcl@veto afoeid Wit zstnier r iz, ra xt ur e
was continuously punped into a 30 L reactor fitted with a stirrer at the
average resigeiTe biswing ageniowonsistdimpyof4 epartg blye wedghtneof zati on
of the styrene nononer at a tenperature of 110 to 130[err]C. :
Subsequent bant4Re AMRE igdrs Pylkeights ogbbatand was pressed into the
autoclave, which was then kept at 100°C for 5 hours. After
cooling to 30°C, the resin particle impregnated with theblowing
agent was recovered and washed with water and dehydrated.
Then the resin particle was put into a cylindrical metal
container fitted with 0.1 mm mesh size sieves provided with
the each énd of the metal container, and dried nitrogen at room
temperature‘was introduced from the bottom of the cylindrical
metal container at the flow rate of 500 L per'minutelover a
period of 10 minutes to dry the particle. As a result, an
expandable rubber-modified styrene resin composition was
obtained.
(3) Production of Pre-Expanded Beéd and Molded Foam
100 Parts by weight of the resin particle of an expandable
rubber-modified styrene resin composition obtained as
described above was coated with a mixture of 0.04 parts by weight
of an antistatic agent and 0.06 parts by weight of an
anti-lumping agent, and then allowed to stand at 0°C for 24
hours.
Then pre-expansion by about 55 times was conducted by

introducing a steam at 0.1 MPa using a stirrer-fitted batch

pre-expander for an expandable polystyrene and then a pre-



11 punped continuously to two groups of PLUGFLOMtype reactors, in which
pol yneri zation reacti on was conducted at tenperatures of 120 to 130[err]C
and 150 to 180[err]C, respectively, untgl final polyner conversion becane
80 to 90 % Thereafter, unreacted styrene nononer and the solvent were
renmoved by -evaporation under a reduced pressure with heating, and the

m xture was pelletized to obtain an intended rubber-nodified styrene
resin. Based on the polynerization procedure descri bed above but

varying t ﬁg&g@g‘g alyyaR Obft hené eakiv¥eaMbdiTEi Rl apeydienen résin, was
rubber-noditTed styrene resins having different graft ratios, different
gel swel liggediwex. and different rubber particle sizes were obtained.
Also by wvarying the concentration of the butadi ene polyner to be

supplied to the aftey e R ™heloptained peevexphhdelubeddete grandrer
content in the rubber-nodified styrene resin was adjusted. -(2) Method for

Produci ng fxpaeab! ceipébatutbdifidredoneyréae, B@esmoldedpdoam onf the Each
of the rubber-nodified styrene resins obtained as described above (Tabl e

1) was fluxgepby-Mbaieied Stfbeii®) gbBihewaeX prodiiced Wsinyles malding o
obtain a resin particle having a size of about 1.3 ng/piece. Subsequently,

a 3 L autoghaNenefl i£ded pollystiyrened r Foamdnge hmoliddnyi t (MGAELpVSs50§; wei ght
of each resin particle described above, 150 parts by wei ght of '
manufactured by Daisen Industry Co., Ltd.).
(4) Evaluation of Expandable Rubber-Modified Styrene Resin
.cOmpositions
1) Weight-Average Molecular Weight of Styrene Resin
Continuous Phase |
A rubber-modified styrene resin was dissolved in THF
(tetrahydrofuran) and the insolubles were filtered off with
a membrane filter, and then the weight-average molecular weight
was determined by gel permeation chfomatography'(GPC).
2) swelling Index of Gel fraction of Diene Polymer
About 1 g of an expandable rubber-modified styrene resin
composition was admixed with 30 ml of methylethylketone,
allowed to be dipped at 25°C for 24 hours, shaken for 5 hours,
and then centrifuged at 5°C and 18,000 rpm for 1 hour.
After decanting the supernatant off, 30 ml of toluene
was newly added and the mixture was subjected to shaking at
25oC for 1 hour followed by centrifugation at 5°C and 18,000
rpm for 2 hours. After removing the supernatant, the

centrifugal pellet was weighed (weight of gel swollen in toluene

at 25°C).



dei oni zed water, 0.7 parts by weight of sodium pyrophosphate, 1.4 parts by
wei ght of magnesium sul fate, 3 parts by wei ght

i2 of sodium sul fate and 0.075 partist by wei ght of sodium | auryl

sul fate, and the reactor was then closed tightly. After heating the
autoclave to 100[err]Cwith stirring, a volatile blow ng agent consisting
of 4 parts by weight of pentane and 8 parts by weight of butane was
pressed into the autoclave, which was then kept at 100[err]C for 5 hours.

After cooling tRf8efed¥ying Nal eaicuuar hitcéeroptey taheuwist,hthebresidyge agent
was recovered and washed with water and dehydrated. Then the resin
particle vwggsPWeilghed dny i gell i welightyal Thengelneswdlilimgl imdéxOwasnm
nmesh size sieves provided with the each end of the nmetal container, and

dried nitrgaeeriinedodccbedpagator eheagoirmuladsheunf bedowhe bottom of the
cylindrical nmetal container at the flowrate of 500 L per mnute over a
period of }@welnyhgsinhdestny[Wedghtr bfchgel Swodlenasiht todnenexptn2aBld
rubber-nodified styrene resin conposition was obtained. (3) Production of
Pre- Expandgd [Begd gandwiigtieq Foam 100 Parts by weight of the resin

particle of an expandable rubber-nodified styrene resin conposition
obt ai ned as 3) Graft Ratio

The graft ratio was calculated according to the formula
shown below.
[Graft ratio]=[% Gel by weight - % Diéne polymer by weight]
x 100 / [% Diene polymer by weight]

4) Particle Size of Diene Polymer Rubber Particle

The particle size of a diene polymer rubber particle was
determined by analysis of the rubber particle dispersed in
DMF (dimethylformamide) as a solvent using a laser
diffraction/scattering particle size distribution analyzer
model LA-700 manufactured by HORIBA SEISAKUSHO Co., Ltd.
followed by calculation from the volume-based particle size
distribution obtained adcording to the formula shown below.

[Particle size] = [2Di' x Ni] / [ZDi® x Ni)

Ni=pi/[Di® x 7:/6]

The above Di denotes the particle size of the particle
No.i, and Pi denotes the volume frequency of No.i, and 7 is
the ratio of the circumference.

5) Volatile Blowing Agent Content

A weighed éample, i.e., an expandable rubber-modified

styrene resin composition was heated at 120°C for 4 hours,



descri bed above was coated with a m xture of 0.04 parts by weight of an
antistatic agent and 0.06 parts by weight of an anti-Ilunping agent, and
then allowed to stand at O[err] C for 245 hours. Then pre-expansi on
by about 55 tines was conducted by introducing a steamat 0.1 MPa using a
stirrer-fitted batch pre-expander for an expandabl e pol ystyrene and then a
pre- 13 expanded bead of the
rubber-nodified styrene resin was obtai ned. After allow ng the

obt ai ned p&eigrseanéedobeadnt @het &id featenceobetageer athe avdighorikefoye a
nol ded foam of the rubber-nodified styrene resin was produced using a

mol di ng  nReft DR arid Relatsaftepchéaaing whichivag sédido ¥81ealate the
manuf act ured by i sen Industry Co., Ltd.). (4) Evaluation of Expandabl e

Rubber - Modgétgt SbyaeiteRedntentonmshy i waight) frofm) whiickhtthe ewager
Mol ecul ar Wi ght of Styrene Resin Continuous Phase A
rubber - rodébheénst Yeepe weight Jedetiesmbheddby nKatiE Fisechentmetbddreas and
the insolubles were filtered off with a nmenbrane filter, and then the
wei ght - avegaperasteduter giwegbhe volatile blowing agent content.
Volatile blowing agent content (% by weight)= [Sample weight
after heating (g) x 100 / Sample weight before heating (g)]
- water content (% by weight)

6) Molded foam density

From the weight of a molded foam (kg) and the volume of
the molded foam (m3) based on amold size, themolded foam density
(kg/m’) was obtained..

7) Surface Appearance

The appearance of the surface of a molded foam was
evaluated according to the criteria shown below.

C): Almost no shrinkage, burned surface or voids were

observed.

/A: Shrinkage, burned surface or voids were observed.

X: Marked shrinkage,.burned surface or voids were

observed.

The term "burned surface" used here means a condition
that the surface of a molded foam had been melted due to the
heating upon molding.

8) 50 $ Failure Height

A molded foam was cut into test pieces each being 200

mm in length, 40 mm in width and 25 mm in thickness, onto which



-

was determ ned by gel perneation chromatography (GPC). 2) Swelling
I ndex of Gel fraction of Diene Polyner About 1 g of an expandabl e
rubber-nodi fied styrene resin. conpositjigon was admi xed with 30 m of

met hyl et hyl ketone, allowed to be dipped at 25[err]C for 24 hours, shaken
for 5 hours, and then centrifuged at 5[err]C and 18,000 rpmfor 1 hour.
After decanting the supernatant off, 30 m of toluene was newy added and
the m xture was subjected to shaking at 25[err]C for 1 hour followed by

centri fuga&lﬁ% séésird Qﬁﬁggf 1[01[6&% dswwrde% ne theAd %rféfﬂi’i‘é”g the

super nat ant centr was wei ghed (wei ght of gel swollen in

t ol uene 14n
in acc dance ith J S K 7211 (Japanese-Tndustrial
Af ter dry| ng ? cﬁjm at 60[err] ‘f ours, tr(le Pe5| due was wei ghed

d | h | d th
]goprfmgg S‘r’]‘g{\}\gﬁgéf‘d?.e P%Be?‘l"ﬁr]\g'% ﬁff hﬂ"aihugeb‘f:‘t'ﬂlm AGEHE iﬁlﬂ?aéﬁ e

Wi ght of gel swol | en | ol uene at
25[err] C rbghBe%nge! wigi 8bkluat 3) Gaft Ratio The graft ratio
was cal cul gt g% acgordvl'ng to tﬂa ?orrm la shown below. [Graft ratio]=[% GCel

by wei ght - %D'_ﬂ"ePPi’Jiﬂirfith wei ght ]

A molded foam was cut into test pieces each being 200
mm in length, 30 mm in width and 20 mm in thickness. 10 metal
cylinders having diameters raﬁging from 100 to 10 mm were
provided and the center of each test piece was pressed against
a cylinder and wound around the cylinder at a constant speed
for about 5 seconds.

(10) Aspect Ratio (b/a)

An aspect ratio (b/a) is defined as a ratio of a size
of the rubber particle in the surface direction of the foam
membrane (b) to a size of the rubber particle in the thickness
direction of the foam membrane (a). Thé rubber particles are
flatly dispersed in the surface direction of thé foam membrane
of the pre-expanded beads and laminarly present in plural when
the foam membrane is observed in a section in the.thickness
direction. The aspect ratio (b/a) was measured by the
following process.

Initially, part of the pre-expanded bead was cut out and
then embedded in a low-viscosity epoxy resin.: Then, the
obtained was dipped in an osmium oxide (0,0,) solution followed
by preparation of anultra~thinpellicle slice using a microtome.

The values (a) and (b) was measured by transmission electron



x 100 / [% Di ene pol yner by wei ght] 4) Particle Size of Diene

Pol ymer Rubber Particle The particle size of a diene polynmer rubber
particle was determ ned by analysis ofl7t he rubber particle dispersed in
DVF( di met hyl f or mam de) as a solvent wusing a .laser
diffraction/scattering particle size distribution analyzer nodel LA-700
manuf act ured by HORI BA SEI SAKUSHO Co., Ltd. followed by calculation from
t he vol une-based particle size distribution obtained according to the
fornmul a shpyerbetepe observatilomr t Theasper] ratfipetb/d) wasrdeternined

[[err]Di[err] x Ni _ Ni=Pi/[Di[err] x [err]/6] The above Di
denot es t hgs Pghta¢érage Zfalie (O the taspect Natio aofl 75 alfnthesrubkexol une
frequency of No.i, and [err] is the ratio of the circunference. 5)

Vol atil e Bpgiti@légecpandomlgnselected. A wei ghed sanple, i.e., an expandable
rubber-nodified styrene resin conposition was heated at 120[err]C for 4 '
hours, The test was started with thetXylinderchgting ttheodiametene

di fference between the wei ght before heating and that after heating which

was used t@fcaboumiml cahiewhent ahevtestt Ipietentwas rdd yrokemhthen rthewhi ch

the water content (% by weight) determ ned by Karl Fischer nmethod was
cylinder having the diameter which. was shorter by 10 mm than
that of the previous cylinder was used to conduct the test
similarly. Until the piece was broken, the test ‘was continued
successively with a series of the cylinder having the diameter
which was shorter by 10 mm than that of the previous cylinder.
oOnce the test piece was broken, the diameter of the previous
cylinder was recorded. Pliability was judged based on the mean
value (mm) of 10 test pieces. Thus a lower value represented
a higher pliability.

The results of Examples and Comparatives are shown in
Table 1.

'The results shown in Table 1 indicated the
characteristics described below.

Thﬁs, the moided foams of Examples 1 to 5 according to
the present invention exhibited excellent appearance of the
surface of the molded foams, higher impact resistance (50 $%
failure height) and satisfactory pliability, even at a high
expansion ratio (x 55, density: about 18 kg/m3).-

On the other hand, when a rubber-modified styrene resin

having a higher graft ratio and a lower swelling index

(Comparativé' Examples 1 and 2) was employed, the impact



subtracted to give the volatile blow ng agent content. Volatile blow ng
agent content (% by weight)= [ Sanple weight after heating (g) x 100 /
Sanpl e wei ght before heating (g)] - wager content (% by weight) 6)
Mol ded foam density From t he wei ght of. a nol ded foam (kg) and the
volune of the nolded foam (nferr]) based on a nold .size, the nol ded foam
-density (kg/nferr]) was obtained. 7) Surface Appearance The
appearance of the surface of a nolded foamwas evaluated according to the

criteria shayisbahew. and the bEi&bllﬁtyDﬁéréopebrlatagehlghrenpanlmbace or

voi ds were observed. [err]: Shrinkage, burned surface or
voi ds wer eyglgsrved. X: Marked shrinkage, burned surface or voids
wer e observed. The term "burned surface" used here neans a
condition that the surface of a nolded foam had been nelted due to the
heating upon nol di ng. 8) 50 % Fail ure Height A nol ded foam

was cut into test pieces each being 200 mmin Iength 40 mmin wdth and
25 mmin thickness, onto which 16



a 255 g steel ball was fallen down to determne the 50 %failure height
(cm in accordance with JIS K 7211(Japanese |Industrial Standard). Based on
t'he hei ght thus obtained, the inpact r&8istance was eval uated. 9)
Pliability A nol ded foamwas cut into test pieces each being 200 mm
in length, 30 mnmmin wdth and 20 nmin thickness. 10 netal cylinders

havi ng di anmeters ranging from 100 to 10 nm wer e provi ded and the center of

each test piece wag pHesyedy agar st cY|rTTaEe gnd]around t he
cylinder at a constignt speef |f orlwabguf 5.,se-econd < |(10) Aspect Ratio
(b/ a) An asgect[™r i(r.(E;'El).'. s [Rflihed # anra-tls- pf a size of the
rubber particle in e surfpce dir'e:ti on |of |The f menprane (b) to a
size of the rubber Terer e (I TRMESY |rucr|o ol the foam
menbrane (a). The r{@her garslge ekaatby rmsegsin t he surface
direction of the f ephr ghd~ o | e-—pre;enpd@dmi Ise s and | am narly
present in plural en the] fdam|nmepbrianeg i 4 obsefveld ijln & section in the
t hi ckness directidn [ThE agpact[rayiof (of a was surfed |by the follow ng
process. Iniftiglly, parft, ¢f {hel brier gRpanded bedd ywas cut out and
then enmbedded in a |l oW'viscidSilty {Bpoxy| 69 Ne Phen, |t He |obt ai ned was
di pped in an osmium oxide (Adrr]q err]) |soljutifon] fol I qued by preparation
of an ultra-thin pdllifcre sfTde g3t g | ni crot one
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The vaIu measured by transm ssion el ectron
§!| ma r" lon. The aspect ratio (b/a) was determ ned as an
average e aspect.ratio of 230of the rubber particles randomy
sel ect ed. The test was started with the cylinder having the dianeter
of 100 mm and when the test piece was not broken then the cylinder having
the di anmeter which was shorter by 10 mmthan that of the previous cylinder
was used to conduct the test simlarly. Until the piece was broken, the
test was ogRit tedc1simegsesyely with a series of the cylinder having the
di aneter which was shorter by 10 nmthan that of the previous cylinder.
Once the test pipgce mas luxpetidadlee drabbécimodifiedpr etiyrene cyreésiier was
recorded. Pliability was judged based on the mean value (mm of 10 test
pi eces. Thesmpos P¥EéNn %ﬂsﬁﬁﬁ@&b@b sy wglightpof abiubber-modifiedhe

n

results of Exanples a nparatives are shown in Table 1. The .
results sgpyPené resiblconthining aatebbet hparticiedfa diene pekymebed
bel ow. Thus, the nol ded foanms of Exanples 1 to 5 according to the

present ingespépsed X bat enEisedbuENphaPPeof cacetptenderesin and 1 to
15 % by weight of a volatile blowing agent whose boiling point
is 80°C or lower, wherein:

the weight-average molecular weight of said continuous

phase of the styrene is 150,000 to 300,000;

the graft ratio of the styrene resin to the diene polymer

is 70 to 135 %; and,

the swelling index of the gel fraction of said diene

.polymer in toluene at 25°C is 12 to 25.

'2. An expandable rubber-modified styrene resin
composition according to claim 1, wherein said rubber .particle
of the diene polymer dispersed in the continuous phase of the
styrene resin is 2 to 10 um.

3. An expandable rubber-modified styrene resin
composition according to claim 1, wherein said diene polyﬁer
comprises a 1,4-cis structure at a ratio of 80 % or more.

4. An expandable rubber-modified styrene resin
composition according to claim 1, wherein said diene pelymer
is a polymer of butadiene or isoprene. |

5. An expandable rubber-modified sfyrene resin
composition according to claim 1, wherein said rubber-modified

styrene resin contains 5 to 20 % by weight of a diene polymer.



surface oef—the nol ded foans, higher inpact resistance (50 % failure

hei ght) and satijsfact lability, even at a high expansion ratio (x 55,
density: jtm U»Eﬁﬂﬁgmm) Op1t he ot her hand, when a

r ubber - nodi t in having a higher graft ratio and a | ower
-swel ling index (Conparative Exanples 1 and 2) was enpl oyed, the inpact

18 resistance and the pliability were poor at a high expansion ratio.
19 [err] 20 VWhat Is Clained Is: - 1. An expandabl e

rubber-nodi fied gl yr gfie 'SPandabI@OSHIbPEr AGRLE ST 8yren®d ‘géyimei ght

of a rubber-nodified styrene resin containing a rubber particle of a diene

pol ymer  composition according to claim 1, wherein the expandable
rubber-modified styrene resin composition contains a
pliability adjusting agent for the purpose of imparting
pliability thereto.

7. A molded foam comprising a rubber-modified styrene

.resin composition comprising a rubber particle of a diene
polymer dispersed in a continuous phase of a styrene resin,
wherein:

the weight-average molecular weight of said continuous

phase of the'styrene is 150,000 to 300,000;

the graft ratio of the styrene resin to the diene polymer

is 70 to 135 %;

the swelling index of the gel fraction of said diene

polymer in toluene at 25°C is 12 to 25; and

the density is in a range of 14 to 50 kg/m3.

8. A molded foam according to claim 7, wherein a 50 $%
failure height at a falling ball impact test is 40 cm or more
when the molded foam article compriées a density of 18 to 20
kg/m3.

9. Amolded foam according to claim 7, wherein said rubber
particles in the pre-expanded bead forming the molded foam are |
flatly dispersed in the surface direction of a foam membrane
of the pre-expanded bead and laminarly present in plural when
the foam membrane is observed in a section in the thickness

direction, wherein an average amount of an aspect ratio(b/a)



di spersed_in a conti.nuous_-phase of a styrene resin and 1 to 15 % by wei ght
of a volatile blow ng agent whose boiling point is 80[err]C or |ower,

onase of (il lunllnﬂ“nlllﬂmazsaa?g 300,000 O the oraft ratio of the

styrene resin‘to‘th® df ene pol ymer 22'is 70 to 135 % and, t he
swelling index of the gel fraction of said diene polymer in tol uene
at 25[err]Cis 12 to 25. 2. An expandabl e rubber-nodified styrene

resin conposition according to claim1, wherein said rubber particle of
the di ene pol yner dispersed in the continuous phase of the styrene resin

asin conpteit DHEe e Fubas FARCLe i P RS BA R 2naLparFiep BE

conpri ses atHe 4faam nembrane )t ta aasn.aeocbf gthéomubbeyr particle in the
expandabl e g?ﬂieé@déﬂé&féﬂ rc?f‘ettfé%}m e éfel Qa)3Cqe" @o"Gxt Aok M 1,

wher ei n sai lene polymer 1s a polyner | ene or 1soprene.
5. An expandabl e rubber-nodified styrene resin conposition according to
claim1, wherein said rubber-nodified styrene resin contains 5 to 20 % by

wei ght of a di ene pol yner. 21 -
10. A molded foam according to claim 7, wherein said

rubber particle of the diene polymer dispersed in the continuous
phase of the styrene resin is 2 to 10 um.

11. Amolded foam according to claim 7, wherein said diene
polymer comprises a 1,4-cis structure at a ratio of 80 % or
more.

12. Amolded foam according to claim 7, wherein said diene
polymer is a polymer of butadiene or isoprene.

13. A molded foam according to claim 7, wherein said

| rubber-modified styrene resin contains 5 to 20 % by weight of
a diene polymer.

14. A molded foam according to claim 7, wherein the

expandable rubber-modified styrene resin composition contains

a plasticizer for the purpose of imparting pliability thereto.



6 An expandabl e rubber-nodified styrene resin conposition according to

claim1, wherein the expandabl e rubber-nodified styrene r i
éontains a pliability adjusting agent 2B8or the purpose of wgr - ﬁ“é bEEN
pliability thereto. 7. A nol ded foam conprising a rjubber GEQ. ¢

" styrene resin conposition conprising a rubber particle of a diene polyner
di spersed in a continuous phase of a styrene resin, wherein: t he
wei ght - aver age nol ecul ar wei ght of said continuous. phase of the
styrene i spBSfRAGH to 300, 000; "~ the graft ratio of the styrene resin
to the diene pol yner Is 70 to 135 % the swelling index of
the gel fractionrefpratidieliannexpandablporybberimodnfiedestyreseeresinis 12
to 25; and the density is in a range of 14 to 50 kg/nferr].

8. A nol degofpesitionrthay io enabled tovobtain a mOldedf ioamrkaviengha at a
falling ball inpact test is 40 cmor nore when the nolded foamarticle
conpri ses Rigenexpunsfiohd tatidd), kp/ rxoellent impaét Aesdlstediceoaand
according to claim 7, wherein said rubber partlcles in the pre-expanded
bead forn1ﬁ91&h£lﬂvydeﬁufOSEtasfactbaylyaﬂpepeaned i n The sexpamdakileection
of a foam nenbrane of the pre-expanded bead and lam narly present in

pl ural whepubbée-hodif iedirtyrene rebinrcamposi ticr compr iisest 85 thPkhess

by weight of a rubber-modified styrene resin containing a rubber
particle of a diene polymer dispersed in a continuous phase
of a si:yrene resin and 1 to 15 % by weight of a volatile blowing
agent whose boiling point is 8006 or lower, wherein:

the weight-average molecular weight of said continuous
phase of styrene resin is 150,000 to 300,000;

the graft ratio of the styrene resin to the diene polymer
is 70 to 135 %; and,
the swelling index of the gel fraction of said diene polymer

in toluene at 25°C is 12 to 25.

Th1s Sheet Has Been Replace
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direction, wherein an average anount of an aspect ratio(b/a)
of a size of the rubber particle in the surface directiongf Kbg f pog
menbrane (b) to a size of the rubber particle in the thickness direction of

t he foam nenbrane (a), is 60 or nore. 10. A nolded fo or di ng
to claim?7, wherein said rubber particle of the diene pol yner 'di rsed in
the continuous phase of the styrene r Inis 2 to 10 [err]m 11. A
nol ded. f oam according to claim 7, wherein said diene polynmer conprises a
1,4-cis structyre ab 2 v",=","' :, . aeaV s RESINC&Ieﬂ’O%IﬁB ged foam
accordi ng t o e —w : VAL a POt yTTE but adi ene
or isoprene, 13. A nol ded foam according to claim?7, wherein said

rubber-nodiAﬁs%rene resin contains 5 to 20 % by weight of a diene

‘pol yner. 14. A npl.ded foam according to clajm.7, wherein the,
expandabl e r ubbefCnBIPYiLEE §Fﬁ’é?%“‘f%*§'r% Q&ﬁmmqwmﬁygenearesm

plasti ci Zerco];n%rostir%%o%urt?x%sﬁe igf erilggftre}li Qg gllntl_aiifrll laix txalofci]eed’ efto%im having a
high expansion ratio, an excellent impact resistance and
pliability and satisfactory appearance. The expandable
rubber-modified styrene resin composition comprises 85 to 99 %
by weight of a rubber-modified styrene resin containing a rubber
particle of a diene polymer dispersed in a continuous phase
of a stjrene resin and 1 to 15 % by weight of a volatile blowing
agent whose boiling point is 80°C or lower, wherein:

the weight-average molecular weight of said continuous
phase of styrene resin is 150,000 to 300,000;

the graft ratio of the styrene resin to the diene polymer
is 70 to 135 %; and,
the swelling index of the gel fraction of said diene polymer

in toluene at 25°¢C is'12 to 25.
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