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' PRODUCED 'BY USI NG SAME 5 TECHNI CAL FI ELD The present invention rel ates.
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of the resin &m HI foamed article which is produced by using the
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cushi oning property and a process for préductlon of the foaned article.
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polystyrene resin particies, a process for preparation of the resin
particles,' a foamed article which is produced by using the resin
particles and has excellent balance of break resistance _and
cushioning property and a process for pfoduction of-the foamed

article.

BACKGROUND ART

It is well known that a foamed article produced by expanding
foamable polystyrene resin particles obtained by impregnating
polystyrene resin particles with a blowing agent is broken easily. To
improve such a defect, there has been proposed é process for
mechanically blending a styrene-butadiene block copoly_mer with a
polystyrene resin (cf. JP-B-47-17465 and JP-A-54-158467), a process
for mixing a styrene-butadiene block éopolymer and a polybutadiene
resin iﬁ a solvent to obtain a phase-separated microstructure by a

solvent casting method (cf. JP-A-56-67344) and a process employing

particles of a .resin, so-called high impact polystyrene resin (HIPS) -

particles which are excellent in impact strength and are prepared by
polymerizing a styrene monomer in the presence of conjugated diene

polymer (JP-B-47-18428 and JP-A-7-90105).



results inincrease in cost. Further in case of a commercially avail able

hi gh i npact polystyrene resin, a nolecular weight of its polystyrene 5
-cannot be increased beyond a certain level. As a nethod for inproving break
resi stance at |ow cost, an inpregnation polynerization nmethod for

pol ymeri zing by inpregnating styrene polyner particles with a conjugated
di ene nononer, or the |like. For exanple, “JP-A-6-49263 di scl oses foanabl e
pol ystyrene 10 resin particles prepared by copol ynmeri zing a nonomner

mxture of a StyrengoumROTELs ABCA-E9ROT L. SERSHIPRBIEI b AraiAl © ©f

the nononmer m xture being inpregnated arou e sur 1on o
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pol ystyrene resin particles wwth a bl owi ng agent. I'S

that the cemigr ip@ddtopoBistihad easab! 8 ﬁﬁﬁééhla@r%%k?c b$ IE% géblg% ftene

pol ystyrene and, since the blowi ng agent is kept in the ce ion,

the ressn pRirinel B ihavdaidbeford pabsitah I&kd]0 can be obtained. 20 Further
it is disclosed that the nononer m xture is a mxture of 10 to 55 % by

vei ght of styrene noAsrEmethbd @bt tnpsodrzy byeilohtsranco U edsdi sAE
nononer. However in all the exanples thereof, the conjugated di ene nononer

i's used in iarprepnationfpaipindressidrhanethdl fér peshBakzi®d ByhEnpryseieng
nmononmer and an object of that invention is to 25 obtain polystyrene resin

particles, stprevi¢ polypmeonjargiadedwditeaecorjogatydreliegainhernsmienseltieanaund
the surface portion of the resin particle and the center portion of the
foamabl e resin partikoe exampleh JP-AH6349p6Bydistieses fFamaldgiolpsiyrtnef
view, only a nononer m xture conprising the conjugated di ene nononer in a
| ar ger 1pr opesin apartedeenpiepdredi bydcepblyseerizing a monomer mixture of a
| styrene- monomer and a conjugated diene monomer in a state of the
monomer mixture being impregnated around the surface portion of
polystyrene resin particles to give polystyrelne resin particles containing
the obtained conjugated diene copolymer gathering densely around the
15 surface portion of the resin particle, and then impregnating the
polystyrene resin particles with a blowing agent. Also it is disclosed
that the center portion of the foamable resin particle is rich with
polystyrene and, since the blowing agent is "kept in .the center portion,
the resin particles having high e};pansion ratio can be obtained..
20 Further it is disclosed that the monomer mixture is a mixture of 10 to
55 % by weight of styrene monomer and 90 to 45 % by weight of
conjugated diene monomer. However in all the examples thereof, the
conjugated diene monomer is used in an amount of not less than 1.5
tirne_s that of the styrene monomer and an object of that inyention is to
25 obtain polystyrene resin particles, in which a conjugated diéne

copolymer gathers densely around the surface portion of the resin

particle and the center portion of the foamable resin particle is rich with



‘The process nentioned above does not require a pelletizing 5 step and is
excel l ent fromthe viewpoint of cost. However the obtained foaned article,
sparticularly the foamed article produced by nolding pre-expanded particles
within a nold is lowin percentage of fused particles (fusion rate) and is
insufficient in break resistance (in inmpact strength by a falling weight
nmet hod) because. the conjugated di ene "10°pol yner particles are present
densely around the surface portion of the resin particle. Also in
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particl es obtained by polynerizing a conjugat€d nononer
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polymer in a uniformy dispersed state int pol ystyren n“particles,

i mpr egnat i nessedidlB)} WEIdAbS&H.a styrene nononmer in the obtained
pol ystyrene resin containing rubber particles and then inpregnating the

obtai ned nodi fied porystyreRes @ehlioMddaBove RMNEoReRLIrelH05E1d bl e
resin particles are characterized in that 20 when they are expanded, there

~ i's substantitabl anadsdedcellent ifesnofhd bRwpiBRT ALt | HRse R @LoBinalit er
t he expansion and an |zod inpact strength of the nodified polystyrene

resin itselfoabeédrerteipansiadicidatigneic folafed hatiQé SRVEMd ARAIMBHRENLS
call ed high inpact polystyrene (HIPS). Also though the publication

W98/ 29485 pliesekpansednpuedohisi entleitd a2meld ¥§elow dhi perédntagst ¥ e08ed
nmononmer and a conjugated diene nononer, a mxing ratio thereof disclosed

~is only 5: lpdrt{cies dhusioat ratk) iamdeiaimpdwifieient fie bpukkire’idtancel (in tikigagase,
too, a nmononmer m xture being rich with 4 - the conjugated di ene nononer is
used. The pstoeegth nenta ofadlingbweegltoesetinid)nbeeanst atlee aorjakhedd zdirgest ep
and is excellent fromthe viewpoint of cost. Also a fusion rate of
pr e- expé@ndepblyands phecles aref parsethtaidrnsdly avbuaidnttte byrsqeapotitign of the
resin particle. |
Also in WO98/29485, there is disclosed foamable modified
polystyrene resin particles obtained by polymerizing a conjugated diene
monomer in polystyrene resin particles to form rubber particles of
15 conjugated diene polymer in a uniformly dispersed state in the
polysfyrene resin particles, impregnating and polymefizing a styrene
monomer in. the obtained polystyrene resin containing rubber particles
~and then impregnating the obtained modified pblystyrene resin with a
blowing agent. Those foamable resin particles are characterized in that
20 when they are éxpanded, there is substantially no deformation of the
rubber particles before and éfter the expansibn and an Izod imﬁact
‘strength of the modiﬁed polystyrene resin itself before expanded is lower
than that of conventional résin called high impact polystyrene (HIPS).
Also though the publication W0O98/ 29485 discloses impregnation and
25 polymerization of a styrene monoiner and a conjugated diene monomer,

a mixing ratio thereof disclosed is only 5:10 (weight ratio) in example of

the publication. In this case, too, a monomer mixture being rich with



‘5 themin nold is high and a break resistance (inpact strength by a
falling weight nmethod) is inproved as conpared with the foaned article

=di scl osed in the above-nentioned JP-A-6-49263 but an obtai ned foaned
article is not equal to a foaned article of commercially available high

i npact polystyrene (HIPS) in case of to expanding at high expansion ratio
(about 50 times or nore) into a foaned frticle having a density of not
nore than 0.02 g/cnB. As nentioned above, the inpregnation polynerization

met hod dOGStH@Eo’ﬂﬁﬁ?ﬁ%Ht@ffe%eam%drﬁ&fﬁﬂ%eé? ep and can enhance break
resi stance of polystyrene resin foanmed article at |ow cost. However it 15
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obt ai ned by using high inpact polystyrene (H PS) particles. An object of
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particles ich can be produced without a pelletizing step and gives a
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even at high expansion ratio, a process for preparation

foaned artitHenoht ahoRl ibyhigex pardiandrédle feesdtAnRar ilPas sHSH+ESHREAOF
| NVENTI ON 25 Nanely the present invention relates to foamable nodified

pol yst yr enefalksigh wedght cineshwdi) cis argriovatrblke cobibdrerl withy $h¥ fneHesi n
particles (d) conprising nodified polystyrene resin particles (c) - 5

cont ai ni ng artitlew digchgesd  {re) the habowdi-fricgrtipeed SUP-an6-49968 Rt | ghes
(c) conprise rubber polymer. particles (b) dispersed in a polystyrene
resin, wherebtainled riszbmedpainticle fdartied esqh) &6 e adi fpensad amidler dfy 5
t hroughout a continuous phase of the polystyrene resin or in a state of a
density of ¢dmamerdiatyesvablabiei highiighpact npalysenterie qeIPSYniofcdde dfesi n

10 expanding at high expansion ratio'(about S50 times or more) i_ﬁto a
foamed article having a density of ﬁot more than 0.02 g/cm?.

As mentioned above, the impregnation polymerization
method does not necessitate a pelletizing step and can enhance break
resistance of polystyrene resin foamed article at low cost. However it

15  was difficult to attain break resistance equal to that of a foamed article
obtained by using high impact polystyrene (HIPS) particles.

An object of the 'present invention is to provide foamable
modified polystyrene resin particles which can be produced without a
pelletizing step and gives a foamed article having. excellent break

20 resistance and cushioning property even at high expansion ratio, a

process for preparation thereof and a foamed article obtained by

expanding the resin particles.

DISCLOSURE OF INVENTION
25 Namely the present invention relates to foamable modified
polystyrene resin- particles which are foamable modified polystyrene

resin particles (d) comprising modified polystyrene resin particles *(c)



‘particle than in a surface |layer portion thereof, and the nodi fi ed

pol ystyrene resin particles (c) are nodified polystyrene resin particles

<(cl) obtained by inpregnating a nonomer m xture 10 consisting essentially

of a styrene nmonomer and a conjugated di ene nononmer into polystyrene resin

particles (a) and carrying out copolynerization, said nonomer m xture

bei ng containing. the styrene nononer i R a larger anount than the

conj ugat ed di ene nononer. The nodified polystyrene resin particles (c%_nay

be nodified - t 1 j rti gl ' I i ng
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t he nononer m Xxtureé . consisting entla rene nononer and
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carrying ou@ copoPymari zat i onI;) sai%' %ﬁom&r :(nw;(tur el n_gl_; con%ab'nlt}%lg % he
styrene nongyggn, in a larger anount than the conjugated diene 20 nononer to

give the nodified polystyrene resin particles (c 1) and further subjecting

the obt ai neghpetiysttHeeNBIRSE HARdrC RS ticked M) edpat HberBOh Y WRfiiARLKON Of
a styrene nononer. It is prefgagl e tk%%tgr t he mve-mnﬁboﬁed rgl‘g{%er pol yrer
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25 and the conjugated diene nononer. It is preférable that the. nodified

pol yst yr ened¢msity aiatiel phesclesqblbeihi HIERPATRT b¥ntéPpesRshi SO0 rdQnl0
parts by weight of the - 6 nonomer mxture into 60 to 90 parts by wel ght

of pol ystyrpeaeigeltharr in pasuitfate l4por poiSAarh¥tést, awuld copol yneri zati on;
sai d nonomer m xture conprising the styrene nononmer of nore than 55 % by
vei ght and tict modifeed iy 8§ rémbyresingbardost (g s madifest dsipstyrenerer
of nore 5 than 10 % by wei ght and |ess than 45 % by weight. Provided that
when the fomsabl pantdldsi dd1podlytstize@nbyr ésipregnatinigClesmotoraée mkdad i nto
a nodified polystyrene resin foaned article
10  consisting essentially of a styrene monomer and a conjugated diene
monomer into polystyrene resin pérticles (@) and carrying out
copolymerization, said monomer mixture being containing the styrene
Mmonomer in a larger amount than the conjugated diene monomer.
- The modified polystyrene resin particles (c) may be modified
15  polystyrene resin particles (c2) obtained by impregnating the monomer
mixture ,consisting' essentially of the styrene monomer and the
conjugated diene monomer into the polystyrene resin particle (a) and
carrying out copolymerization; said monomer mixture being containing
the styrene monomer in a larger amount than the conjugated diene
20 monomer to give the modified polystyrene resin particles (c1) and further
subjecting the obtained polystyrene resin particles to impregnation
polymerization of a styrene monomer.
It is preferablé that the above-mentioned rubber polymer
particles (b) consists essentially of a copolymer of the styrene monomer
25 and the conjugated diene monomer.

It is preferable that the modified polystyrene resin particles

(cl) are prepared by impregnating 40 to 10 parts by weight of the



‘having a density of 0.02 g/cnB, a cushioning coefficient of the foaned
article is represented by A and a 50 % failure height thereof according to
10 falling weight nethod is represented by B, and that when foamable un-
nodi fied pol ystyrene resin particles (f) prepared by inpregnating the

pol ystyrene resin particles (a) with the_.blowi ng agent (e) are nolded into
an un-nodi fied pol ystyrene resin foaned frticle havi ng a density of 0.02
g/ cnB, a cushioning coefficient of the foamed article is represented by C

15 and a 50y j ixRareh | ; . Lgbt i's
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2.35. Also it is prefera t he rubber pol yner part ei.ng

present in éd}ﬁﬁ@mhgrth[éoé iréAe thohbendrogNMadie (M B5eeh BY! Welophelifd HSi n
particles (d) have a circle equival ent dianeter of average area of 0.01 to

0.20 mor -mogeltheendens by weightuthd ithe dj\ghvéEde i€ ThBnoRR bChfsre( C)
is 15 to 40 % by weight. Further it is preferable that the above-nentioned

rubber 525 thely mer %pby tweibbs o) laysetHdraubenely iweiggt! nenbrane of the
nodi fied polystyrene resin foaned article obtained by expanding the

foamable nodified pProtdtiydesheatrwhen fiay fdaghable astipiett blseylencareguer age
flatness - 7 of the rubber polyner particles (b) flattened in a cell

nmenbr ane ofpattéeclesid) btrednpldedsintoenenddisied polgsptdealit feahie fobirrRidNgetibig
expanding the foamable nodified polystyrene resin particles (d) so that
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9. 5 Further the present invention relates to foanable nodified
pol yst yr eneantade nis peptéssrgsdviby Arandiaec0 Sarfaibhee hrethHt Bekrpofl gstonding tor esi n
particles (d) conprising nodified polystyrene resin particles (c)
cont ai ibng fallbhgweighagensthqad)s repeesended itsdBpeind tiyaemharefiamphid uel-es
modified polystyrene resin particles (f) prepared by impregnating the
polystyrene resin particles (a) with thé blowing agent (e) are molded into
an un-modified polystyrene resin foamed article having a density of 0.02
g/éms, a cushioning coefficient of the foamed article is represented by C
15 and a 50 % failure height thereof according to falling weight method is
represented by D, it is preferable that the modified polystyrent;: resin
foamed article has a relation that A/Cis 1.00 f:o 1.08 and B/Dis 1.35 to
2.35. | _
Also it is preferable that the fubbér polymer particles (b)
20 being present in the center portion of the foamable modified polystyrene
resin particles (d) have -a circle equ'ivalent. diameter of average area of
0.01 to 0.20 pum or a gel contént of the modified polystyrene fesin
particles (c) is _15 to 40 % by weight. | |
Further it is preferable that the above-mentioned rubber
25 polymer particles (b) are flattened in cell membrane of the modified

polystyrene resin foamed article obtained by expanding the foamable

modified polystyrene resin particles, and particularly an average flatness



(c) conprise rubber polymer particles (b) dispersed in a pol ystyrene 10
resin, wherein the rubber polyner particles (b) are dispersed uniformy

st hroughout a continuous phase of the polystyrene resin or in a state of a
density of the particles (b) being higher in a center portion of the resin
particle than in a surface layer portion_thereof, and 15 provided that when
the foamabl e nodified polystyrene resin Sarticles (d) are nolded into a
nodi fied pol ystyrene resin foamed article having a density of 0.02 g/cnB,

havi n c
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foamed article having a density oOf I oni ng coe iClent
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t hereof according to f 1 ng weig met hod 1S represen
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to 1.08 and B/IDis 1.35to 2.3 Al so in those foamabl
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rubber polymer particles (b) are particles of a copolymer c st’i ng
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it is preferable that the rubber po ymer particles (b) being pres in

the center quoitainmob blvevihgaagdh e (gypehé Ixﬁﬂdm&d/@bl&s@ﬁené @éél&h ?éf&tlé'ses
(d) have a circle equivalent dianmeter of average area of 0. o 0.20 mor

a gel cont g} aimphisenpdbbeedpgighyat paetielgsesh)n digserdsed as écﬁoly’ét}ﬂr%nbo 40
% by weight. Still further the present i nvention relates to foamabl e
10 resin, : :
wherein the rubber polymer particles (b) are dispersed uniformly
throughout a continuous phase of the polystyrene resin or in a state of a
density of the particles (b) being higher in a center portion of the resin
particle than in a surface layer portion thereof, and |
15 provided that when the foamable médiﬁed polystyreﬁe resin particles (d) '
are molded into a modified polystyrene resin foamed article having a
density of 0.02 g/cm?, a cﬁshioning coefficient of the foamed article is
represented by A and_ a 50 % faiiure height thereof accordi.ng to falling
weight method is represented .by B, and that when foarﬁable un-modified
20 polystyrene resin particles (f) prepared by impregnating polystyrene
resin particles (a) with a blowing agent (¢) are molded into an un-
modified polystyrene resin foamed article having a density of 0.02 g/cm?,
a cushioning coefficient of the foamed article is represented by Cand a
50 % failure height thereof according to falling weight method is
25 represented by D, the modified polystyrene resin foamed articl_e. has a

relation that A/C is 1.00 to 1.08 and B/D is 1.35 to 2.35.

Also in those foamable modified polystyrene resin particles,



10 nodified polystyrene resin particles which are foamabl e nodi fied

pol ystyrene resin particles (d) conprising nodified polystyrene resin
sparticles (c) containing a blow ng agent (e); the nodified polystyrene
resin particles (c) conprise rubber polynmer particles (b) dispersed in a
pol ystyrene resin, 15 wherein the rubber_polyner particles (b) are _
di spersed uniformy throughout a cont’i nfous phase of the polystyrene resin
or in a state of a density of the particles (b) being higher in a center

portion of flg desirablPanht the 4bd e b ArEnbeY Yophidd 8O fibRILAS) and

t he rubber polyner particles (b) are flattened rane of ‘a 20
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f oamabl e nodi fi'ed pol ystyrene reSin partic esirab

above- nent i @rehmebhaid @Hleydmﬁug{ﬁéalc%%% n@herparticles of a copol yner
consisting essentially of the rene nononer and the conjugated di ene
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particles (d) are nolded into a nodified polystyrene re5|n i'cle
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article is represented by A and a 50 % failure height thereof acc ing to

falling weighsin wihades dy ewvesérﬁlﬁ@lebé/%lﬁvam dhahevdtens boarRd arbf-of

nodi fied pol ystyrene resin particles (f) prepared by inpregnating

pol ystyreneD.Odsito Pa2Q i hesr(a) gsll thbneert i N aﬂeatﬁe(ce)pcﬁyety@fehée%ﬂlﬂt 0 an
5 un-nodi fied polystyrene resin foaned article having a density of O.

g/ cnB, a cushitoriesdc)cizel bitoi4hts oy whigHtoaned article is represented by C
and a 50 % failure height thereof according to falling weight nethod is.
represented by D, itStiHl puetleembtiee t hedsetrite inventioad fedhtest woermeaneshle
foaned article has a relation that AACis 1.00 to 1.08 and B/Dis 1.35 to
10 modified polystyrene resin particles which are foamable modified
polyétyrene resin particles (d) compﬁsing modified polystyrene resin
parficles (c) containing a blowihg agent (e); the modified poljrstyrene
resin particles (c) comprise rubber polymer particles (b) dispersed in a
polystyrene resin, -. |
15 wherein the rubber polymer particles (b) are dispersed uniformly
~ throughout a continuous phase of the polystyrene resin or in a state of a
density of the particles (b) being higher in a center portion of the resin
~ particle than in a surface layer portion thereof, and
the rubber polymer particles (b) are flattened in a cell membrane of a
20 modified polystyrene resin-. foamed article obtained by expanding the
foamable modified polystyrene resin particles (d).

It is desirable that the above-mentioned rubber polymer
particles (b) are particles of a copolymer consisting essentially of the
styrene monomer and the conjugated diene monomer.

25 - Provided that when the foamable modlﬁed polystyrene resin

partlcles (d) are molded. into a rnodlﬁed polystyrene resin foamed article

having a density of 0.02 g/cm?, a cushioning coefficient of the foamed



10 2.35. Also it is preferable that the rubber polynmer particles (b) bei ng
present in the center portion of the foanmable nodified polystyrene resin
-particles (d) have a circle equivalent dianeter of average area of 0.01 to
0.20 mor a gel content of the nodified polystyrene resin 15 particles (c)
is 15 to 40 % by weight. It is preferablg that an average flatness of the
rubber polynmer particles (b) flattenéd Pn a cell nenbrane of the nodified
pol ystyrene resin foaned article obtained by expandi ng the foamabl e
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modi fi ed polystyren€ resin conprising a polyéster resin an er pol yner

particles (fbdides pﬁ'&fﬁyir@né h?eéi%Siﬁ?ﬁt&ﬁ%hnm SEE?IB %ﬁeéf uweﬁm%g%%ggfi&gness

particles (b) are flattened in the ce an ave

of the fl atpsigedyreslbessiRPariRles &é)lRAFiitH'aeélo&ﬁhﬁidketrﬁ?e)cﬁ}eéng{@g@%?ﬂg? %%‘ the

nodi fied pol ystyrene resin 10 foamed article having a

g/cnB i s i nuA-madie@fpdlybtyirend. redih foant@sidraRie HAdhgtd@ offgnpponed
rubber polymer particles (b) are particles of a copolynmer substantially

conpri si ng ¢ham’ sh Mo AR BBERAh  BEtOM Hbatied tfiens Mted Dy C .
Provi ded thgat a cushioning coefficient of the nodified ;r)o ystyreeneyre5| n

foamed artiahe 80 ngfaldenieightofhdted? agterdinigSto fARNRSHBIAHL BtAcand a 50
% failure height thereof according to falling weight nmethod is represented

by B, and triegiresenteshibynidgitcisepieferable efia® thé omeedfied tpsllstyabnenremdi fi ed
pol ystyrene resin containing no rubber 10 polymer particles and having a
density of foaf2edjactiBld bas epreistipheathatys A is 1.00 to 1.08 and B/D is 1.35 to

10 2.35. |

Also it is preferable that the rubber polymer particles (b)
being present in the center portion of the foamable modified polystyrene
resin particles (d) have a circle equivalent diameter of average area of
0.01 to 0.20 um or a gel content of the modified polystyrene resin

15  particles (c) is 15 to 40 % by weight.

It is preferable that an average flatness of the rubber polymer
particles (b) flattened in a cell membrane of the modified polystyrene
resin foamed arficle bbtained by expanding the foamable modified"
polystyrene resin particles (d) and having a density Qf 0.02g/cm’isina

20 rangeof 1.1 to 9. | |

Also the present invention relates to the modified polysfyrene
resin foamed article having a cell membrane of ‘modified polystyrene
resin comprising a polyester resin and rubber polymer particles (b)

| dispersed in the resin,
25 Wherein the rubber polymer particles (b) are flattened in the cell
membrane, and an average flatness .of the flattened rubber polymer .

particles (b) in the cell membrane of the modified polystyrene resin



‘and a 50 % failure height thereof according to falling weight nethod is
represented by D, it is preferable that the nodified pol ystyrene resin
.foaned article has a relation that A/Cis 1.00 to 1.08 and B/Dis 1.35 to
2.35. 15 Further the present invention relates to the nodified polystyrene
resin foaned article obtained by expandlng t he above- nentioned foamabl e
nodi fi ed pol ystyrene resin particles and $he process for producing the
nodi fi ed pol ystyrene resin foanmed article by expanding t he above-nenti oned

f oamabl e mog fj g4 arf@]]cy&%ﬁ@gtah&éﬁ&&%? oogéﬁg/?pro i, B r?gr%r;fgf;gmggg&

present invention relates ess

modi fi ed pol ystyreneyy ‘?§'Heﬁ?é51e‘3|tﬁ§tv‘m§ré%e T ér&?éneaznmt?@&a b ofr

nononer m xture conS|st|ng essenti al y rene 5 nono

conj ugat ed gh@NGeBOMP e BALLERAPHE S &gpélp?nexsé%e ?g é%%er

anount than the conjugated diene. nonone Into t esin
particle (adtyaefleGABAYINET 8HY theldonjERRPLY BES %%688 e‘% gi ve ”Dd' fied

pol ystyrene resin particles (cl), Wwhéereln rubber polyner particles (b) are

di spersed uniformy pfwla@ahqwataacq,rﬁém%lﬂﬁgp%éﬁi&énﬁth pahéfshi/&ﬁﬁ%df esin
or in a state of a density of the particles (b) being higher in a center

portion of phigska®ne resRAMbhl&l tARR1E havis faaa%ns bf PO g‘cﬁl@fﬁo“

and then inpregnating the nodified polystyrene resin artlc] es wth a

bl owi ng agerpreegnte byl Ardméra 66 % RElure hegH QReesf fa@éoﬂhﬁ%uﬁi ftﬂhhlge
f oamabl e nodified ‘'polystyrene resin particles which conpri ses:

i npregnat i owejgtitymrethad g répreseeded itgds pahmhxartmﬂewfﬁng%rotefﬂdl@ﬁt bEd
with a styrene nononmer to give the nodified polystyrene resin particles
foamed article of un-modified polystyrene resin containing no rubber
10  polymer particles and having a density of 0.02 g/cm? is represented by C
and a 50 % failure height thereof according to falling weight method is
represented by D, it is preferable that the modified polystyréne resin
foamed article has a relation that A/C is 1.00 to 1.08 and B/D is 1.35 to
2.35. |
15 Further the present _invention relates to the modified
polystyrene resin foamed article obtained by expanding the above-
mentioned foamable modified polystyrene resin \particles and the
process for producing_the modified polystyrene resin foamed article by
expanding the above-menﬁoned foamable modified polystyrene resin
20 particles. | |
Still further the present invention relates to the process for
producing the foamable modified polystyrene resin pérticles which
comprises:
impregriaﬁng a monomer mixture consisting essentially of the s-tyrene
25 monomer and the conjugated diene monomer and comprising the

styrene monomer in a larger amount than the conjugated diene

monomer, into the polystyrene resin particle (a) and carrying out



"(c2) and then inpregnating the nodified polystyrene resin particles (c2)
with the blowi ng agent (e). 15 In the inpregnation polynerization of those
.production processes for obtaining the nodified polystyrene resin
particles (cl), it is preferable that 40 to 10 parts by weight of the
nononmer mxture is inpregnated into 60 to 90 parts by weight of the
pol ystyrene polyner particles (a) and tlhe rfonomer mixture conprising a
styrene nononer of 20 nore than 55 % by wei ght and not nDLe thanh?O @6b¥
wei ght and ' digng; 2 [ ess
g SopdUIA Eoh IhENGVONABRIAOL BBLRAAME Lo1h DYl all 1

than 45 % by weight 1s used. “The a use €i n ‘encornpasses

pr - expandodhepail | ¢igbesbla R DY paXRRRAI ity Nerd OFERLA S|y AabkiLcl e

and-a 25 nolded article obtained by nolding the pre nded par s in

a mol d, bot{hefugdian 2barHREAL BEQSQ%rf%hgﬁdlfitgﬁ]%%:??ﬁép&gﬁ‘g;&tﬁgggtfﬁd’

the word "foaned artic!e" nmeans t he both ( _
expl ai ni ng déesipy eFame pay@%%:sqm bl%ﬁﬂ%ﬁﬂghbﬁ”i‘ﬁ Plehbls pBPLL Fosihhe

present 1 nvention are nmade bel ow. e present Invention, the state of

the rublger patysTerthapain hCd@Fat®)ay&repostish SREFSSd awi figd y throughout the
pol ystyrene resin 5 particle (a) or a density thereof being higher in a

cent er” por tingprendtheg r @6 Mmpaifit€! olftyrife areMH aoatlA¥ET (PO tWien af the
resin parti (Iil?g"égneansg that the di s?ri}lt;)%?i ng state of the ruE)_bgr pol yrer
particles (blowiogsapent (€),ffer between the surface layer portion and the
center portion of the polystyrene resin particle (a) or is sparser in the

surface | ayand farthanrelhfied notthe prexesstior pediicdng thikefoasHi bRC thdAYieH
portion" neans a portion defined between the depth of 2 mto 6 mfromthe

surface of palgetynedicf feain purryRilys ertsichesimppidesi cl e (c) toward the center
ther EOflb impregnation-polymerizing the modified polystyrene resin particles (c1)
with a styrene monomér to give the modified'polys_tyrene resin barti'éles
(c2) and then | |
impregnating the modified polystyrene resin particles (c2) with the
blowing égent (ej. |
15 In the impregnation polymerization of those production
processes for obtaining the modified polystyrene resin particles (c1), it is
preferable that 40 to 101 parts by weight of the monomer mixtﬁre 1s
impregnéted into 60 to 90 parts by weight of the polystyrene polymer
particles (a) and the monomer mixture comprising a styrene monomer of
20 -~ more than 55 % by weight and not more thén 90 % by weight and a
conjugated diene monomer of more than 10 % by weight and less than
45 % by weight is used.
The “foamed article” used herein encompasses pre—e)%panded
particies obtained by expanding the foamable resin particles and a
25 molded article obtained by molding the pre-expanded particles in a mold,

both of which are described hereinafter. Unless otherwise noted, the

word “foamed article” means the both of them.



‘The "center portion" nmeans a sphere portion having a radi us of 50 m the
center of said sphere portion being the center of the nodified 15

-pol ystyrene resin particle, provided that the particle is a sphere. The
concrete neasuring method is explained bel ow by using photographs of the
nodi fied polystyrene resin particle prepared in Exanple 2 nentioned
hereinafter, which were taken with a Tranénission electron m croscope
(TEM. Fig. 1 is a TEM phot ograph (xg?oogés of tfk:]z 20 "center p(E))_rtl 9n" » ggd
Fig. 2 is a TEM phot iy : t1on i gs.
3 ?I n Fig. 3, X Prar’kpggogrpﬂg)séé)ﬁé@g?lﬁpeg ceenF er ecﬂ?t Lﬁtﬁ%eﬁ%ﬁaf%\gﬁl%ﬁgénagzp fat 3

phot ocopi eswakdEiged i 88 (Fest §ERERIA NS krk GhadBBASYY N9 an area
percentage (% of the rubbér particles. The area percentage (% of the

bb ticles is ulsat.e I 1 FLI n.area A
ybber particles 1 IR fdcpds: ANl Bectie LPILRIBLEL! S

by four tinpsrtiéles ) ﬁﬁ&qhgﬂﬂsﬁéﬁigd“ﬁnifégmlifQﬁp&ﬁnélirﬂﬁ{ Yhe ?:ag)é&g};\%&dgg\%?lﬁi

t hereof is nmeasure Bl ack regi.on (rubber " poly parti

osm um Gxi dparticle (@)torohfddrditE aBeredf BeiBRehigHRe! MBI cANEL §b @ QRtiRieNi NY
occl usion polystyrene particles therein, a region of the rubber polymner

particles confiaipimglé beandel asiefade lﬁgbb’?b}‘ﬁ@ﬁ%%retIie%liﬁ%a{rﬁc?é"t @hhsas It
is), and a weight of the cut portions or .renmmi ni ng portions after

cutting of fthdtsthedssiréstifigestateaf ther ﬂ@b‘b@ggo(ﬁﬁleﬁg)érﬁﬁlééJ!?&e&oé’@rr_{dtc| es
is represented by (cut portions B/total area A) x 100. In Fig. 1 (Fig. 3)

and Fig. 2 diffey. béjwedrhahar earfaperlaget qgation a&d4the arhtdh for¥fon of the
respectively. 10 Then the "area ratio of rubber particles"” "of the "surface

| ayer por tpalystyrertcheesiogrireiclp gt ooiE sparsal ieuttas edrfAedaypeperfibade (%
of rubber Area ratio of particles of surface |ayer portion
10 In the present invention, the “surface layer portion” means a
portion defined between the depth of 2 pm to 6 um from the surface of
the modified polystyrene resin particle (c) toward the center thereof.
The “center portion” means a sphere portion having a radius of 50 um,
the center of said sphere portion being the center of the modified
15  polystyrene resin particle, provided that the particle is a sphere.
The concrete measuring method is explained be}ow by using
photographs of the modified polystyrene resin particle prepared in
Example 2 mentioned hlereinafter, which were taken with a transmission
electron microscope (TEM). Fig. 1 is a TEM photograph (x40000) of the
20 “center portion”, and Fig. 2 is a TEM photograph (x4000O) of the “surface
layer portion”. Figs. 3 (In Fig. 3, X mark represents the center of the
particle) and 4 are photocopies of Figs. 1 and 2, respectively for
measuring an area percentage (%) of the rubber pérticles.
The area percentage (%) of the- rubber particles is measured
25 and calculated as f(I)l.lows.

First an area A (1.25 pm x 1.25 um) surrounded by a full line

in Figs. 3 and 4 is ehlarged‘ by four times with a copying machine,



‘rubber particles Area percentage (% of rubber .15 particles of center
portion In the present invention, the state of "being uniformy dispersed
.throughout or a density being higher in the center portion than in the
surface | ayer portion” is as nentioned above. From an 20 aspect of "an area
ratio of the rubber particles", the .area ratiois preferably fromO0.10 to
1.15, nore preferably 0.30 to 1.15, parﬂi%urarly preferably 0.50 to 1.15.
When the area ratio of rubber particles exceeds 1.15, there is a tendency
that fusio re- i th i .26 hn-nold
moding 18 Taper rae s e R R e e e Rorion b

particles %ol?rﬁ?erpﬁﬁﬁt@&%sidpé%!‘%ﬁpo§ﬁﬁuﬁpic)§(ﬁdépatrjgr&5’t98fflﬁn Qhsé o{%ﬁ%ﬁ%ﬁ |O];1

t he rubber polyner particlés is higher in the’'center portion

the surf acgvd@ﬁ%r gaf-ﬁ'ué@,, cdh@ihusd %ecnﬁiwﬁegolggeyr@n%' éépﬁ%‘%dtheﬁgfﬁ,i gles

is easy and in-nold nolding is easy. In the présent 1nvention, t

"cushi oni Ngreg@®i f bei ¢ Fabber EMfherMgARSiILE EQMAMAY ViRt USccRidibh St

t he cushioning coefficient is a m™ninmmcushioning coetficlent en a 14

kg of asweilystredie it1&s osrcat bei it i8f, a@ﬂiﬁmreigﬁwf%h%umdfﬁ%%sn%' ?050

nm sanpl e of expanded foaned article and the sanple is deformed by 5

65 % as cornpar eemaihthgd hportsai®! aftbef enetihBeotfsts ageasdired. t OTHES 2%e8235.
In the concrete 10 neasurenent and cal cul ation, first a reference
cushi oni ng marekhitagerito) 6 die aubireganidles!is aiprassated by (tuPberiiBhdi ng
of un-nodified polystyrene resin particles under the expansion-nol di ng
condi ti ons Byrertl ered Apxeil0aft én Fig. nedqBiy. ed), aaddFidien @igus)li g Bgea
coefficient A of a foamed article obtained by expansi on-nol di ng of
pol yst yr enepelrfsenesgaip8Bt4 ¢hemd A5 % esdspdctivedyr. t he sane
expansi on- nol di ng _

10 Then the “area ratio of rubber particles” of the “surface layer

portion” to the “center portion” is calculated.

Area percentage (%) of rubber

Area ratio of particles of surface layer portion
rubber particles Area percentage (%) of rubber
15 | particles of center portion

In the present invention, the state of “being uniformly

- dispersed throughoﬁt or a density being higher in the center portion

than in the surface layer portion” is as mentioned above. From an

20 aspect of “an area ratio of the rubber pafticles”, the area ratio is

preferably from 0.10 to 1.15, more preferably 0.30 to 1.15; particularly
preferably 0.50 to 1.15.

.When the area ratio of rubber particles exceeds 1.15, there is.

a tendency that fusion between the pre-expa.nded particles at the time of

25 in-mold molding is inferior. Since the foamable modified polystyrene

resin particles of the present invention aré uniform thrbughout or a

density of the rubber polymer particles is higher in the center portion



~‘conditions is measured. The A/ICis called a cushioning coeffici ent ratio.
The smaller the ratio is, the better the cushioning. characteristic is.
-The "inpact strength ratio (B/D) according to the falling 20 weight

met hod" of the present invention neans a value obtained as follows.
According to JIS K 7211, a 321 g steel baLIlI is dropped on a 200 mm x- 20
mm x 40 mmtest pirece of a foaned article’and a 50 % failure height which
causes rupture of 50 % of the nunber of test pieces 25 of the foaned

ticle i atred ! SQ0H b N =Hi [
0.5 N uhere HB0r A S 501 al L uFe horant CEny eSS PRIFERAEH S0 o

of the nunbpar@élebasteadyesed iAlmli@ rhoRIRE igleksy! © 5 H @ Test height (cm
when the height level (i) is zero, represénting” the height anticipated to

cause the rupture of I heiet psésdieagvahtibli 4Rk ‘idﬁserﬁ%%ﬂingcéﬂefhe'{eﬁﬂ“?5&%5i ng

or decreasing the test height is Height [evel which increases or decreases

by one, takiApCyhgeardl tige 3b11801HAgWENet he test height is HL (i = ----- -
Sy -2, -1, G0 1% 2, 3, 10 ---- n;g: Nunber of test pieces which break (or

do not b eak) at each‘irslneﬂ@tulsw@hiﬁ% cheffdiemdniaes @ifintBslim RheGsD Miich
break (or do not break) (N = Eni) 15 Whichever is the larger of the

nunber of beeddéicient windm akbs Keest a wighess shalppdieiresed hhibiiaseevhane the
nunbers are the sane, either one may be used.
onto a 90 mm x 90 mm x 50 mm sample of expanded foamed article
and the sample is deformed by 50 to 65 % as compared with the
sample before the test according to JIS Z 0235. In the concrete
10 measurement and calculation, first a reference cushioning coefficient _
C of a foamed article obtained by in-mold molding of un-modified
polystyrene resin particles .under' the expansion-molding conditions
mentioned hereinafter is measured, and then a cushioning coefficient
A of a foamed article obtained by expanéion-molding of polystyrene
15 resin pafticles to be tested under the same expansion-molding
conditions is meaéur_ed. The A/C is called a cushioﬁing cbefficient
ratio. The smaller the ratio is, the better the cushioning
characteristic is. | |
The “impact strength ratio (B/D) according to the falling
20 weight method" of the present invention means a value obtained as
follows.
According to JIS K 7211, a 321 g steel ball is dropped on ;1
_ 200 mm x- 20 mm x 40 mm test piece of a foamed article and a 50 %
failure height which causes rupture of 50 % of the number of test pieces

25  of the foamed article is calculated by the following equation:



'0.5: This value shall be negative when using the data when broken and be
positive when using the data when unbroken. 20 In the concrete neasurenent
.and calculation, first a reference 50 % failure height D of a foaned
article obtained by in-nold nolding of un-nodified polystyrene resin
particles under the expansion-nolding conditions nentioned hereinafter is
nmeasured, and then a 50 % failure heigHt5B'of a foaned article obtained by
expansi on- nol di ng of 25 polysty%ﬁgfhresin particles to be tested under the

sanme expansi on- nol di;ng _condi &y s | red. The B/Dis called an inpact
strength ratio accorHP&g ﬁb t%t fmllinggagrght nmet hod. The larger the - 16
- ratio is, the higher the break resistance is. In the present invention,

‘the "density" neans the following value. A density D (g/cnB) of the foamed
S b SRR g BB T SR o Sl
Mto a1 ect angtlaPuBbd PhiE Bt art theddamah tofent . widih and hei ght
K 6767. SThe. expaner eI ARRG EORE TbAae FOVEEh PV RLL i GREn P ESe0r e
25 Tol lovs. - Thobis ottt dTbl G u R R BRSSO Tt BisRBar et ve

exanpl es descri beg He{|Natlffa (&) ToFARFAILAE 5PA9LIdARL the test height
i: Height level which increases or decreases by one, taking the
value of zero when the test height isH,(i=----3,-2,-1,0,1, 2, 3,
0 e ) |
n;: Number of test pieces which break (or do not break) at each
height level
N: Total number of test pieces which break (or do not break) (N =
Zny)

15 Whichever is the larger of the number of broken and unbroken test
pieces shall be used. In case where the numbers are the same,
either one may be used. |

+ 0.5: This value shall be negative when using the data when
broken and be positive when using the data when unbroken.

20 In the concrete measurement and calculation, first a referénce 50 %

| fail'u-re height D of a foamed article obtained by in-mold molding of
un-modified polystyrene resin particles under the expansion-molding
conditions rrientiloned hereinafter is measured, and then a - 50 %
failure height B of a foamed article obtained by expansion-molding of

25 polystyrene resin particles to be tested under the same expansion-
molding conditions is measured. The B/D is called an impact

strength ratio according to the faIling weight method. The larger the



"Foamabl e resin particles 20 Average particle size: 1 nm Bl owi ng agent:
Pentane (nornmal/iso = 40/60) A normal pressure pre-expandi ng equi pnent
.which was pre-heated is charged with 1 to 2 kg of foamable resin _
particles, followed by passing steamat about 0.061 MPa and introducing
air properly with 25 stirring. Thus the pgrticles are expanded up to a

gi ven expansion ratio 1in about 1 ni nut & $ 0 "about 3 ninutes. (I'n-rmold
nol di ng conditions) - 17 After nolding under the follow ng conditions, a

foaned arti ‘LS I t far: cool i ng. Mol di ng rmachi ne:
THOOWM | av%iH%BF’eﬂ?%g?n‘g?}%%@lﬁs DR R s o Yk oha & Do ty

af ter mol ding : 0. 0210haaeh(RUpANSER Al | e M'ﬁfﬁéﬁé%‘?&he“@sl%gggosite

1
conditions: Pre-steamng : 3 secon -way stea ~secon (
steam ng: lygeEond 10 Autocl ave steam ng: 12 seconds Additional steam ng:
3 seconds Retaining: 3 seconds Water cooling: 20 seconds Set steam

pressure at the heat A%eﬁéi@ﬁ‘[@Q%K‘cﬂ??%? :the]i%?%t‘%’d ta¥£i§fé[) & §Rgai?1%§{)§¥Q%%

(MPa) In the present invention e "average ness

pol yrer sparﬂdll@vﬁﬁg(@iuéﬁoht&@emn% reobsane7ef7 t he foamed article is
determ ned as follows. Those conditions are used also in exanples and

conpar ati ve exanpl _estes@]‘Vbed herei nafter.
wherein
G : Weight of foamed article (g),
V : Volume of foamed article (cm?)

10 V'is calculated by cutting a part of the foamed article into a
rectangular parallelepiped and measuring a depth, width and height
thereof. Measuring tools and - accuracy of measurement are
according to JIS K 6767. |

| The expansion-molding conditions for the measurements

15 of the above-mentioned impact strength ratio and cushioning
coefficient ratio are as follows. Those conditions are used also in
examples and comparative examp.les described hereinafter.

~ (Pre-expansion conditions)
Foamable resin particles
20 Average .particle size: 1 mm
Blowing agent: Pentane (normal/iso = 40/60)
A normal pressure. pre-expanding equipment which was
- pre-heated is charged with 1 to 2 kg of foamable resin particles, followed
by passing steam at about 0.061 MPa and introducing air properly with

25 stirring. Thus the particles are expanded up to a given expansion ratié

in about 1 minute to about 3 minutes. ‘

(In-mold molding conditions)



20 The foamable resin particles are expansi on-nol ded by the
above-nentioned nethod to give a foaned article having a density of 0.02
-g/cnmB8. The rubber polyner particles in the cell nmenbrane of the foaned
article are dyed with osm um oxide, followed by viewwng with a
transm ssion el ectron m croscope (JEM 1200EX avail able from 25 N ppon
Denshi Kabushi ki Kai sha, x7200 to x40000)7 Then with respect to 100
flattened rubber polyner particles, a dinmension thereof in the cell
menbrane direction a i [ ' ickness 1. di rection, t hereof
are -neasured. A val u@ﬂgﬁ{%@ﬁﬁé%@ﬁﬁr&h& itﬁ)gi %t lIelg c&nrgéﬁgpgnaffﬁawéi REfigle

menbr ane dii%%ldv@ég% §tQﬁddfo'?Esfl1%iLﬁl}ni é'bc%l@.f thi ckness direction is assuned

to be a flatness. An average val ue of | at ness of the rubber polyner

particles hﬁ’f’dlﬂﬁqél‘;ﬂﬁ BERS 9HITMIP BGEEaBﬁ”frg)#c@ygzy\%ﬁeﬁngggﬁgt o

aver age fl at ness. the present Inventiont

of average af(&@ﬁsﬁﬁkitkgﬁﬂéfber polymer particles (b) in the center portion
of the foamable nodified polystyrene resin particle (d) is determ ned as

examl 63 dooerTed her AR O &L LR Al g SOTRARE  v°

foanabl e redgbMiP@l ¢dkdRiorey:€ dyed with osm umoxide, and with a

transm ssion el ectron mcroscope (JEM 1200EX avail abl e from N ppon Denshi
Kabushi ki Kahrghgte XAMIDOB, secapftd 0gr aph was taken. An area of 3.76 n2 15
calculated froma scale (0.5 m on the photograph was enl arged by four

ti mes and phqbﬁeapay(ita@ﬂiiﬁgbha&l@oh@@ber portion dyed with osm um oxi de of
t he photocopy is cut off (in case of rubber polyner particles containing
occl usi on pol@ppysrestpaniihgl essddaeidei n, a region of the rubber- pol ymer
particles containing the occlusion polystyrene 20 particles is cut off as
it is),loand Awsicihte Eteaming 12tdeeofids porti ons of -

Additional steaming: 3 seconds
Retaining: 3 seconds
Water cooling: 20 seconds
Set steam pressure at the heating from both sides:
15 Cavity/core ='0.066/O..087 (MPa)

In the present invention the “average flatness” of the rubber
polymer particles (b) in the cell. membrane of the foamed article is
determined as follows. -Those conditions are used also in examples
and comparative examples described hereinafter. |

20 ' The foamable resin particles are expansion-molded by the
above-mentioned method to give a foamed article having a density of
O._02 g/ cm®. The rubber-polymer particles in the cell membrane of the
foamed article are dyed with osmium oxide, followed by viewing with a
transmission -electron. microscope (JEM-1200EX available from

25 Nippon Denshi Kabuéhik'i Kaisha, x7200 to x40000). Then with
respect to 100 flattened rubber polyme.r particleé, a dimension thereof

in the cell'membrane direction and a dimension in a thickness



‘rubber polymer particles is measured. Then the weight E g of the cut

pi eces of paper is divided by the nunber F of rubber polyner particles and
.an average weight G g of the rubber polymer particles is calcul ated.
Separately a portion of the photocopy including the scale 25 (0.5 m was
enlarged by four tines simlarly and photocopi ed. The enlarged portion
equivalent to 0.25 nR2 is cut off and itd %elght is neasured to determne a
wei ght H g of the paper equivalent to 0.25 - 1 9 nR2. An area per 1 g of

paper, i.e.dqireBio 'tﬁe?@é)f:‘élr@t B AGY dAng, 1 {29, %m}g?rtl&%' tgr]edlg ' Lght H

g equrvalent to 0.25 nR. Then an average area J rub er yner

particles 'élrﬁ@hﬁiﬂﬁiﬁﬁdtl}?y céwlrﬁéﬂlﬁ'ﬂa% theecatY&‘iatgf t\Pﬁ' g%e%sg?ﬁl;&# tEﬁe

rubber pol yner particles e area per

average ar eﬁll&kﬁ%s@.fdltrt%&lohuﬁbgés@ﬂ]eﬂr% biead tﬂa&h%%s' S \é'vgﬁggcpranﬂmr i

and a root of the obtained value is nultiplied by 2. The t obt ar ned
value is agslfREnteshs @h@'rh@&regélly\fﬁéﬁrﬂar@i(ﬁ%t}%{w fg Vg4 SA6F m

Herein the neasurenents were nmade by using Figs. 1 use for

obt ai ni By tiesrtRhen. Paktd Hudkddtd BEith alleag e%&resrgort' on" means a
sphere portion having a radius of 50 m the center of said sphere portion

being the center of thehelprgebkanvedtibineth®obysly (QNEvARSIN dRRdtEl & f
provided that the particle is a sphere. 15 In the present invention the

"gel cont endverageodia Netas rubdler Py mibSp&F a8eef () qanaly eeprdi bﬁt‘i’on

pol ystyrene resin particles is put in a solution conprising 31. of

met hyl et hydf ke¢ dosnarisle3mdditied! polyRtheaned redir @arsidlé r(apgsfdérteﬁﬂrﬁhtedhours
or nore, a portion of solution 20 (di ssolved portion) is separated froma

gel portiomgifdbdwbl e Tdrddeongomditicent aré uglaledseﬂabatlhor@:x(afrﬁple@ ahaut es
at 15,000 rpnm), and the portion of
10 - comparative examples described hereinafter.

The rubber polymer particles in the foamable resin particle
are dyed with esmium oxide, and with a transmission electron
microscope (JEM-1200EX available from Nippon Denshi Kabushiki
Kaisha, x40000), a photograph was taken. An area of 3.76 um?

15 | calculated from a scale (0.5 um) on the photogreph was enlarged by
four times and photocopied and a black rubber portion dyed with
osmium oxide of the photocopy is cut off (in case of rut‘)ber.polym’er'
particles containing occlusion polystyrene particles therein, e region
of the rubber polymer particles containing the occlusion polystyrene

20 particles is cut off as it is), and a weight E g of all the cut portions of
rubber polymer particles is rrleasured. - Then the weight E g of the cut
pieces of paper is divided by the num'ber F of rubber polymer particles
and an average weight G g of the rubber polyrﬁer particles is
calculated. Separately a portion of the photocopy including the scale

25 (0.5 um) was_en.larged by four times similarly and photocopied. The
enlarged portion eQuivalent to 0.25 um? is cut off and its- weight is

measured to determine a weight H g of the paper equivalent to 0.25



‘'solution is removed. Then a solution conprising 31.8 m of nethyl ethyl

ketone and 3.2 nml of nethanol is added, followed by stirring at 30C for 30
-m nutes and separating a portion of solution froma gel 25 portion by
centrifugal separation (for 30 mnutes at 15,000 rpm. The portion of
s renoved. Further a solution _conprising 31.8 ml  of nethyl ethyl

solution i

ketone and 3.2 m of nethanol is added, f%l I"owed by 20

30 m nutes and separating a portion of solution from a gel portion by

i i i . 5 Th t he.por.ti f
Solut 1 on’r BERoTRR %Al bEE 108 IF BUREE (6. PR [ %ﬁﬂsagét%wﬁpéii”gﬁt
i L an. i gt of..the ge
port i on_con 8 fints 15 81 RlndG < BPE L ated D43 G LA, CTpRRCaf

content. Bk%véé%ﬂ%%%%%% 5&1;@ &qgg%ﬁgg%w@%.eﬂ?’ﬁﬁ? %%tci)?-ocgaﬁglﬁﬁat%@lsgom

particles

ontent. BRIEF A i | 0
Foamabl o mob L EE Ry aEe et KOO A S R RES

present g i
el ectron

RN FOD ge'x;i Yg & O}:Ba?p@r Q@tl%agg (44020Q) f eﬁ]rté:%aug%%iﬁg?ﬂe

15 m croscope showi ng’t he surfate portion o

stirring at 50C for

e
t he

modi fied paltyiséy Ngni&as barbieldd ¢ liofied A dmBRR! £nd QfrddicoPrfsent

i nvention.

Fig. 3'is a photocopy of Fig. 1 for explaining nmeasuring

met hods of shtdhed pelaeniagenatiplidebesy partithestrnd abtafgad rédie 9 20

rubber particles.

met hods of asswmed perbent ageclefl equiadenpadidmbes afth@raeearé At KOouR.
rubber particles. :

10

15

20

25

Herein the measurements were made by using Figs. 1 and 2 used for
obtaining the rubber portion area ratio-.

The “center portion” means a sphere portion having a radius
of 50 um, the center of said sphere portion being the center of the
foamable modified polystyrene resin particle, provided that the particle
is'a sphere.

In the preéent invention the “gel content” is obtained as
follows.

0.5 Gram of foamable modified polystyrene resin particles is
put in a solution comprising 31.8 ml of methyl ethyl ketone and 3.2 ml of
methanol. After stirring for eight hours or more, a portion of solution
(dissolved portion) is separated from a gel portion (insoluble porfion) by
centrifugal separation (for 30 minutes at 15,000 rpm), and the portion of
solution is removed. Then a solution comprising 31.8 ml of methyl
ethyl ketone and 3.2 ml of methanol is added, followed by stirring at
30°C for 30 minutes and separating a portion of solution from a gel
portion by centrifugal separation (for 30 minutes at 15,000 rpm). The
portion of solution is removed. Further a solufion comprising 31.8 ml

of methyl ethyl ketone and 3.2 ml of methanol is added, followed by

Fig. 4 is a photocopy of Fig. 2 for explaining neasuring



Fig. 5 is a photograph (x40000) of a transm ssion electron 25 m croscope
showi ng the nodified polystyrene resin foamed article obtained in Exanple
.2 of the present invention. Fig. 6 is a photograph (x40000) of a

transm ssion electron 21 mcroscope show ng the foaned article obtained in
Conparative Exanple 3. Fig. 7 is a pho%qfraph (x40000) of a transm ssion
el ectron mcroscope showi ng the foamed“article obtained in Conparative 5
Exanpl e 4. BEST MODE FOR CARRYI NG OQUT THE INVENTICN Firstly a preferred

prepar at i onstprdsess SY°A ke SO R8s aﬁfﬂfisé bathid Tﬁﬁsa&ftf’d}?of ESIUtRRTEd5! €S

of the present invention is explained S preparation process

is a process g%plpo@ﬁ@aursyr&nttﬂ@ugapgeﬁa@&lml(ﬁb%tmerﬂﬁnﬁ&%' @W@@@'@%&C) by
i npregnating the nonomer 'm xture consisting essentiall o the st

nononer andriée theopprigi o sdlefienRneiRovédbad bge %@tﬁfﬂéﬁ EQP BRLiYABE
particles (a) 15 and then carrying. out copolynerization w P he nmononer

m xture beidided coN6arai fig tiphitshytied eonBieARRre| ) eikl IS8T RNt iR t he
conjugated diene nononmer. This inpregnation polynerization is herel naft er

referred tdllassthweidhitso! thppgeppettion deeltiifid #a0l. 9% ofhrhABlORINed
pol ystyrene resin particles are called the nodified polystyrene resin 20

particles (mlystjrbneecesiar partiblesr ési Bapaflated.es THY botaieciadet qst he
second i npregnation polynerization described |ater. The preparati on process

i s anal ogoussumtbdeopbepageltdartenpr ocesses descri bed in the above-nentioned
JP- A-6-49263 and W)98/29485, but substantially differs fromthemfroma
point that in 25 the nononer m xture used in the inpregnation
pol ymeri zation, a

BRIEF DESCRIPTION OF DRAWINGS.

10 f‘ig. 1 is a photograph (x40000) of a transmission electron
microscope showing the center portion of the foamable modified
polystyrerie resin particle obtained in Example 2 of the present
invention.

Fig. 2 is a photograph (x40000) of a transmission electron

15 rnfcroscope showing the surface portion of the foamable modified
pblystyrene resin parﬁicle obtained in Example 2 of thé present
invention. |

Fig. 3 is a photocopy of Fig. 1 for explaining rrieasuring
methods of an area bercentage of rubber par'ti'cles and an area ratio of

20 rubber particles. .

Fig. 4 is a photocopy of Fig. 2 for explaining méasuring
methods of an area percentage of rubber particles and an area ratio of
rubber pérticles.

Fig. 5 is a photograph (x40000) of a transmission electron

25 microscope showing the modified polystyrene resin foamed article

obtained in Example 2 of the present invention.

Fig. 6 1s a pho’_tograph (x40000) of a transmission electron



proportion of the styrene nononer is |larger than that of the conjugated

di ene nmononer. As a result, there arise a big difference in physical - 22
-properties and performance with respect to the obtained nodified resin
particles and foanmed article obtained by expanding them In cases of the

i nventions disclosed in the above-nenti gned publications, a rubber
conponent is intended to be increased, nd ds a 5 result, a mxing ratio
-of the conjugated di ene nononer is increased. However in the present

nvent i on, AiSRIRR Ahdwir)! HHE! fodiAUaT $RticldNdbrARATINN cOAda Ry ene
nmononer 'is nmade | arger than that of the conjugate gl ene nononer 1 n the
monomer m XEHREf 1A 2 result, 10 (1) since the rubber polyner particles (b)
are dispersed uniformy throughout a continuous phase of the polystyrene
resin or in a state Fgf 2 igegs[b}ti(yt_ abhe(,@:gdo(glgpa(g)arg%{gi&llggjg&rbﬂ t he
center portion of the resin particle than in the surface [ayer portion
thereof, gogdcrdsesipen dldwheh the RAnedpareed: pabtaiﬁgafs inS CBhd1edivenen a

foamed 15 article is produced by in-nold nolding, an urther (2) in the
modi fi ed pokExaintlene resin foamed article, the rubber polynmer particles
(b) dispersed in the cell nmenbrane of the obtained nodified polystyrene
resin are properly flattened and thereby a foaned article having an
excel l ent break resistance and a good bal ance of break 20 resistance and

cushi oni ng propert yBEST MOPRWIRCARRYINGaoab e HDANVENTIRONY St yr ene
resin particles (d) of the present invention explicitly differs fromthe

resin particles of JPiAtly- a926deited: herephontonepiroesss ppitHe (fbhnbesiaUSe
rubber polyner particles of the latter resin particles are present densely
in a surfacmorlfipdmpalpstyréne rhein pacticlebef\thevgresaht dfvértonhovepladhedt he
resin particles of the present invention explicitly differs fromresin
parti cli®s dﬁelow. _ '

This preparation proCes$ is a process for producing the
modified polystyrene resin particles (c) by impregnating the monomer
mixture consisting essentially of | the styrene monomer and the
conjugated diene monomer into the polystyrene polymer particles (a)

15 and then carrying out copolymerization with the monomer mixture being
containing the styrene monomer in a larger amount than the conjugated.
diene monomer. This impregnation polymerization is hereinafter
referred to as the first impregnation polymerization, and the obtained
polystyrene resin particles are called the modified polystyréne resin

20 particles (cl1). If neceséary, th¢ resin particles may be subjected to the

| second impregnation polymerization described later.

The preparation process 1is analogous to the preparation
processes described in the above-mentioned JP-A-6-49263 and
WQ098/29485, but‘substantially differs from them from a point that in

25 the monomer mixture used in the impregnation polymerization, a

proportion of the styrene monomer is larger than that of the conjugated -

diene monomer. As a result, there arise a big difference in physical



*WD98/ 29485 in which there is substantially no deformation of the 23 rubber
particles before and after the expansion. Further fromthe viewpoint of
.the above (2), the resin particles of the present invention differs from
conventional high inpact polystyrene resin (H PS) particles in which
rubber polymer particles are flattened in the formof string in a 5 cell
menbr ane when expanded. The difference £rOom H PS is described later. _

Expl ai ned bel ow are preparation steps and conditions. However the present

invention isgpabtikkMAEbekforieite @ifﬁtrte%@étef@%ey O%Qaf&glg%&&h%a DG uei ght

of nmonomer ‘mi xture 10 Conprising the styrene nononer an e conj ugat ed

di ene nono - R AdrakAR A RSe § i; @t ger anpunt t han
the conj u{;%reth&gigﬁe m)r?omar isﬁ?enpﬁa}g%ﬁfaé?eg?{é%?%hgrlgggpg y 60 to 90 parts

by wei ght of pol ystWrﬁegsé%mlhleaigl%%kﬁﬁs(&?sc%%df)ﬂk%HEVAB&&'-%‘eﬂ&oﬁga”ed

out. This polynerization is called the first 1 npregnation polynerization.

15 The nmongiEbBcdQoRS, ArtsheFdorlporeXeds iRtdhfePed Yj%tiﬂc?gﬁs&f,iéﬂ asa

particles. The styrene nononer and conjugated di ene nononmer nma

| pr egnat edesepar At@li¥ingratie FOYS gL tRS ideR@IThbtbdSer YSACE M ed.
pol ystyrene resin particles (a) are |leSs than 60 parts by weight, 1 n sone

cases a polysweveRih @Re Pesent MEGAIESH AP LML EARFEGNRLEPE:d Nend0

nononer m xture. Wien nore than 90 parts by weight, there’is a case where

break resi sirang@othtaof fthanegrant i glodoRheus eghaldeomile QhiRithad of @8EN
particles becones insufficient. An anount of the polystyrene resin

particles (mnjugated diede picherablin bl mprivmeantiktlye wei ght. 1 n the
nononer m xture, an anount of the styrene nononer 25 is larger than that
of the conjugated disksa rasudtyer, and is preferably nore than 55 % by
wei ght and not nore than 90 % by weight, nore preferably 60 to 85 % by
wei ght 10f u{i-hesinpe efter atibb&0 pody Bfer¥%phytiskd glib) are dispersed uniformly
throughout a continuous phase of the polystyrene resin or in a state
of a density of the particles (b) being higher in the center portion of
the resin particle than in the surface layer portion thereof, good
fusion between the pré-expanded particles is obtained when a foamed
15 article is produced by in-mold molding, and further
(2) in the modified polystyrene resin foamed article, the rubber polymer
particles (b) dispersed in the cell membrane of the obtained modified
polystyrene resin are properly flattened and thereby a foamed article
having an excellent break resistance and a good balance of break
20 resistance and cushioning property can be provided.
| The foamable modified polystyrene resin particles (d) of the
present invention explicitly differs from ‘the resin particles of JP-A-6-
49263 in the above-mentioned point (1) because rubber polymer
particles of the latter resin particles are present densely in a surface
25 portion. Further from the viewpoint of the above (2), the resin particles

of the present invention explicitly differs from resin particles of

WO098/29485 in which there is substantially no deformation of the



‘24 fromthe viewpoint of enhancing break resistance. In the inpregnation
of the nononer m xture into the polystyrene resin particles (a), it is
-important to carry out the inpregnation of the nononer mxture
sufficiently into the inside of the 5 polystyrene resin particles (a)
before the polynerization. Wth respect to the polystyrene resin particles
(a) which are raw materials to be used? % the present invention, there may
be used conventional polystyrene resin. Exanples thereof are styrene

homopol yner ghge £ %%lggeﬁegreséﬁggaﬁew Bl o her & %O”%clﬁrt%gg%ggﬁi; g of

t he ot her nononer “are an unsatura atty aci ester suc

h I , : fat [ .
i 0. ot ey R L T XRBHE @R S BBl by B e Seil i !
. methacryl'ic act d or anhydr T de. , o
el Ut ver e P P e KA B el R RBA Pk YRS pFLERY,

of about 15, G9ch b pdiOM A riles weL o YT APhe FOLAIH ALiPLONl 1o

not |ess than about 250, , preferably not Tess _ _
vi ewpoi &t oéelgMérﬂ%rgﬁedvﬁéﬁaé&ﬁa%ﬂéd.aﬂﬁetcﬁff@r%ﬁé@%ﬁina}lilg‘osck%%@?flbba hot
nore than about 500, 000, preferably not nore than about 0, roma
poi nt that j@aRegeXxpansion rate is within a 20 proper range. As the .
pol ystyrene resin particles (a), since those prepared through conventional
suspensi on pol ymeri zBRkpR{inedt doRamme pie@dradiont fhﬂ:}égéf %ﬁlcﬂoc gidns
pelletizing step is required. It is a matter of cours that those obtained
by bul k polMe®ievzattherpreegHt $hedh 136h ERId 22kl @ t2Bh&@l ut i on pol ymeri zation
or the like, and pulverized if necessary can be wused. It is preferable
that the average parFirst @refezablys40riom @pawts By veiBht b ndbQsines MRktussual Ly
from0.5to 1.5 mMm - 25

10 comprising the styrene monomer and the conjugated diene monomer

as_acrylic
yention

and comprising the styrene monomer in a larger amount than the
conjugated dine monomer is impregnated into preferably. 60 to 90 parts

by Weight of polystyrene resin particles (a) énd polymerization is carried

out. :,This polyrn_erization is called the first impregnation polymerization.

15 The monomers to be mixed may be mixed in the polystyrene resin
particles. The styrene monomer and conjugated diene monomer may

be irripregnated sepaira_tely in the polystyrene resin particles. When the
polystyrene resin particles (a) are less thén 60 parts by weight, in some
cases a polymerization system becomes unstable when impregnating the

20 monomer mixture. When more than 90 parts by weight, there is a case
where break rés_istance-df a foamed article produced from the obtained
resin particles becomes insufficient. An amount of the polystyrene.

_ resin particles (a) is further pfeferably 65 to 85 parts by weight.

In the monomer mixture, an amount of the styrene mondmer

25 is larger than that of the conjugated diene monomer, and is preferably
more than 55 % by weight and not more than 90 % by weight, more.

preferably 60 to 85 % by weight, further preferably 60 to 80 % by weight



To the raw pol ystyrene resin particles (a) nay be added conventional
additives such as a nucleating agent, filler, plasticizer, flanme retarder,
-lubricant, coloring agent, ultraviolet ray absorber and antioxidant in an
anount not inpairing effects of the present invention. 5 Then the nononer
m xture to be used in the present invention is explained below Exanples
of the conjugated di ene nononer to be &d in the present invention are
one or nore of butadiene, isoprene, chloroprene, 1,4-pentadiene,

-1, 5- hexadi friven aRe viERPoinkef cBHRAMISH®ES ' rly preferable. An
anount the 10 conj uga?gd di eng rmnorrlgér] tro ]Egééﬁtj&glé?ed to the inpregnation

pol ymeri zation is preheeadl ynigreghatbA B ¥hbY & ef grah
from5 to 15 % by wei ght, par ic%illarll y preferably (?l?lo% gﬁq{:ﬁu% I%?{S)y 1!}%/\/e/ei ght

on the basi pobfstylendrogisihehrelcysd ygneit’ §§i fmpRitd sl 6% (Ard’ Y@ ROl Nt

of giving a good break resistance to a foanmed article. 15 As the styrene

mononer, t hEnpregreationrenhedfionuahy esixitlire 8d@iéiednlyt thdt HENS dEXAMHES of
the styrene derivative are, for instance, a-nethylstyrene, a-ethylstyrene,

a- chl or Gst ypelystprahaiesinypdeicies¢a) bdfoes ahstpdlontrimR®r S can be used
solely or in a mxture thereof. Divinylbenzene is useful in case of a

combi nation use wi t hWitlstreseset t@@henpslyetyrehieresifas@iitoYA PR re
Furt her non-essential other nonomer may be added as 'a copolyneri zing

conponent tmwnmex¢sats botbecbsndi itg tie qresthesnoéntiba, thebdehaPBe Rkd
particles (b) substantially. The polynerization of the nonomer” m xture is

carri ed outchryverdtbonal ngolyigtemer irzsini.on iExdmaley . tABeedTol afeer kEAkenen may
be carried out by inpregnating the nononer mxture to which the initiator
is previ ousbincguidenheri rerod t he qogmilymear tafclsegrers) . with | sthyref gloatdreri N
order to - 26 obtain the rubber polyner particles (b) in nore uniform
di sper sifon Bramples of the other monomer are an unsaturated fatty acid ester such
as methyl methacrylate or butyl acrylate, an unsaturated fatty acid such
as acrylic acid, methacrylic acid or maleic anhydride, a-methylst’yrene,
and acrylonit.rile. Unlike the conventional high impact polystyrene
(HIPS), a weight average molecular weight can be adjusted optionally in
15 a range of about 150,000 to about 600,000. The weight average
molecular weight is not less than about 250,000, preferably not less
than 300,000 from the viewpoint of giving good break resistance to a
foamed article, and is not more than about 500,000, preferably not more
than about 400,000 from a point that an expahsion rate is within a
20 proper range.

As the polystyrene resin particles (a), since those prepared
through conventional suspension polyrnerizétion method can be used as
they are, no specific pelletizing step is required. It is a matter of course
that those obtained by bulk polymerization, emulsion polymerization,

25  solution polymerization or the like, and pulverized if necessary~can be

used. It is preferable that the average particle size is from about 0.1

mm to about 3 mm, usually from 0.5 to 1.5 mm.



‘that the polynerization is carried out after inpregnating the nononer
m xture uniformy into the resin particles and then inpregnating the
.initiator uniformy. 5 Exanples of the polynerization initiator are, for

i nstance, radical polynerization initiators such as benzoyl peroxide,

| aur oyl peroxide, t-butyl peroxybenzoa%e and

1,1-di-t-butyl peroxy-2,4-di-t- butylcycld%eiane. The anount of the

pol ymerization initiator is from 0.05 to 5 %by weight, preferably 0.1 to
2 %oby veight on therbage fahy thflyshiter@nkugal ¢l ARl EPMAZET be THAGEH' St

i npregnation polymerization can beY_ carried out 'in the 'system where the
pol yst yr enecdresdidtid@al aeld@vé)s1ddte LN %.p?lrlﬁﬁg?ﬁﬁ a aispender hf% Ori%r,by

i npregnating with the nonomer m xture and poly at ’on 1

uni formy aflamepedtuFaet ZRibABahETBSIR A @bt  UIHakidePFal0a 90 e rOhnd
tenperature |lower than that and then holding "~ at -the polyherization

t enper at ur earh@bxitldrit 2020 QS Uit AYtEGNBLIrl e FHSREASHAN PP B A A - | N
case of the suspension inpregnation polynerization, 1n order to enhance

di spersisbility of thehpal YEEYhefeomRei Mikdhtd CieShd ahised 26h t fgE e?ﬁ%@:rﬁe
used a di spersing agent, for exanple, an organic dispersing agent such as

partly sapdniveheibrpoksy \expyhin®dc delbw. polBsaghplad &f RREY ¢bRyhga W r@khdone,
car boxymet hyl cellul ose or nethyl cellulose; an inorganic ~dispersing agent

such as cal miowonpyr dph@ephased, inatled Upradees phatehition 3 WAL FOAGEE of
magnesi um pyr ophosphat e, magnesi um phosphate, 25 nagnesi um car bonate or

magnesi um dxiittelieand isbprdn&echloropasre Wied eperitaeién@r JabiledidipaE ShAd
agent is used, a conbination use of a surfactant is desirable. 27 1In the
obt ai ned nuttief ileke.pol Bsttgdene rissipamantlaclyeprefdrable t heAnubhaoupnl wher
particles (b) are dispersed uniformy throughout a
10 conjugated diene monomer to be subjected to the impregnation
polymerization is preferably from 3 to 18 % by .weight, more preferably
from 5 to 15 % by weight, particularly preferably from 5 to 10 % by
weight on the basis of the modified polystyrene resin particles (a) from a
point of giving a good break resistance to a foamed article.
15 As the styrene monomer, there are styrene derivatives in
addition to styrene. Examples of the styrene derivative are, for instance,
o-methylstyrene, a-ethylstyrene, a-chlorostyrene and divinylbenzene.
Those styrene monomers can be used solely or in a mixture thereof.
Divinylbenzene is useful in case of a combination use with a styrene
20 monomer other than divinylbenzene.

Further non-essential other monbmer may be added as a
copolymerizing component to an extent not changing properties of the
rubber polymer particles (b) substantially.

The polymerization of the monomer mixture is carried out by

25 usinga polymerizafion initiator. The polymerization may be carried out

by impregnating the monomer mixture. to which . the initiator is

previously added, into the resin particles (a). It is preferable, in order to



‘conti nuous phase of the polystyrene resin or in a state of a density of

the particles (b) being higher in the center portion of the resin particle
.5 than in the surface |ayer portion thereof. It is preferable that a circle
equi val ent dianeter of average area of the rubber polymer particles (b)
being present in the center portion is 0,01 to 0.20 m From the vi ewpoi nt
of enhancing fusing property at the tine 6whien pre-expanded particles are
fused by in-nold nolding, the nodified 10 polystyrene resin particles (c

! ! . ( ' ' e
)y be ok mneiiokbohygieon M Hha Siyienc, Tt s
The nodi fi ghiP@y PotyRRei A8 iPR f'llieaeogut‘)?ft@% q%ﬂ?@é{‘%‘?@“ﬁ‘?ﬁg '}gonggler

i npregnation polynerization are called nodified resin

particles (gaxtufexaifAsngf it e tisd WeSlE JHRPRIE WSedhiR ﬁHﬁ?ﬁ%@% the, .

i npregnation polynerizati on are the styrene nononmers exenp
first inpreghgibtOnup@iorimli zati on. The styrene nononer used nay be the
same as or different fromthat in the nmonomer mi'xture. The anount of the

styrene smononer usedExAnipRsSEEARE pBQrhERLLGPAL iR PO YR ifé?‘tih%@aljlée,f rom
3 to 50 %by weight, preferably from5 to 30 % by wei ght, further

preferably mdiealOpdlyryeeaabh @mitidiers bagts a5 bREZBPI ¥Sdroede Nneatsy
particles (a). Wien nore than 50 % by weight, there i1s a case where the

wei ght  ampupéroxide het-bilher ppedyylinzaRaE t iagl®s 1 PReREBuERRLb¥RIY 4l ot snal |
and break resistance of a foamed 25 article becones insufficient. Wen | ess

than 3 % bybusilghtloheixapreoV eltfen amduh t 9if aheOpolitBe ABAtibA! BREtiESSs tFohe
| owered. In the second inpregnation polynerization, a conjugated 28 diene

nmononer mayO IS arl8ed Byoweigley treferadily af f @6 ngbpveatheeoh e besiasTaarent
of fusion. Exanples of the conjugated di ene nononer used. are the
conj ugatted chrguEatedatiiens meaomdrfi ed in the first
The first impregnation polymerization can be carried out in
the system where the polystyrene resin parficles (a) are dispersed and
suspended in water by impregnating with the monomer mixture and
polymerization initiator uniformly at a polymerization temperature
15  (usually 50° to 100°C) or a temperature lchr than that and then holding
- at. the polymerization tefnperature for 1 to 20 hours (impregnation
suspension polymerization).
In case of the suspension impregnation polymerization, in
order to enhance dispersibility of the polystyrene resin particles (a),.
20 there can be used a dispersing agent, for exémple, an organic dispersing
- agent such as partly saponified polyvinyl alcohol, poljracrylate, polyvinyl
pyrrolidone, carboxymethyl cellulose or methyl cellulose; an inorganic
dispersing agent such as calcium pyrophosphate, calcium phosphate,
calcium carbonate, magnesium pyrophosphate, magnesium phosphate,
25 magnesium carbonate or magnesium oxide, and the like. In case where
the inorganic dispersing agent is used, a combination use of a surfactant

is desirable.



“i npregnation pol ymerization. The conjugated di ene nmonomer used 5 may be the
same as or different fromthat in the nonomer m xture. Also other nononer -
.may be added to an extent not affecting an intended -break resistance,
fusion between the particles and cushioning property. The polynerization
initiator to be used may be the sane as that used in the first

i npregnation pol ymerization. The ampunt 20f the 10 pol ynerization initi at or
is usually fromO0.05 to 5 % by wei ght, preferably fromO0.5 to 2 % by wei ght

° i

ol yner vt ton, but ThyPBeSyERRRE b WSW phnfe Rl Rar s SOTE L Ton
0,

pol yner ?Qaﬁﬂﬁﬁ%@%@ﬁw@ﬁ‘?ﬁ%ﬁ%h@b) EF@ EfsddRERIM Fhraughqus a

cont ai ned ddhttlﬂﬁo%% b%@ﬁb%%?r&%%é%{SP‘?ﬂrfvfs,'tQtéogf&'&éxg r}gg@g has

a base structure o 0n1cop0 r-conprisin e styrene

conj ugat ed t‘l‘ieeﬁﬁrﬂ'@fé%ggf lﬂqﬁ%q’ﬁghtel?q &gteﬁlg r&?@n rgm?l'gelres%q%abrtlcle

conj ugat ed di ene nono arera yrrerl Ina state of

cont ai ngd WhAPIAtKel dlitth8e B ¥ Mfﬁeﬁﬂh%% Br.pafd is ﬁ&df‘effe%bl THE ¢ é.’%?reéle

pol ymer has such a structure a part of the ra copo ymer i’s

grafted on ppekyshyHeaeebabn 93‘: d41ea ROl ¥BENE SOBTLSHA) L&
styrene pole;i/qner derived feromtﬁe rstéyléra%ne nononer |npregXat edblgn %%@ (s?eco_nd

i npregnat i aseip@ yrEsd @i eReiceedPomRy 180, @@%V\otébwﬁ 25 pol yner
obtained in the Tirst inpregnation polynerization and further there is

crosslinking therebefmsanthelfieswpgdiat P enHLa01R8! S g@?'@pef%séf‘tﬂ?@&frhﬁl es
(c) have a structure having no bl ocked portion consisting 2

conj ugat ed whenerEoap®ndedigartiesee i d bphermerl yﬁ@amgaﬁﬂé RIREMER)
contained in the nodified polystyrene resin particles (c) of the present

i nventiion hadystygendct tesinenpartetlgsdi fipr enbyf rigen tfhath&f 11E1lﬂ)‘?ggf1aﬂ@h¥”er
particles (having a | ong chaln consisting of a butadiene
polymerized with a styrene monomer. This impregnation
polymerization is called second irﬁpregnation polymerization. The
modified polystyrene resin particles obtained by the second
i‘mpregnation polymerization are called modified polystyrene resin
15 particles (c2). Examples of the styrene monomer used in the second
impregnation poiymerization are the styrene monomers exemplified in
the first impregnation polymerization.. The styrene monomer used may
be the same as or different from that in the monomer mixture.
The amount of- the styrene monomer used in the second
20 impregnation bolymeriz_ation 1s from 3 to 50 % by weight, preferably
from 5 to 30 % by weight, further preferably 5 to 20 % by weight on the
basis of the polystyrene resin particles (a). When more than 50 % by
weight, there is a cése where the weight amount of the rubber polymer
particles becomes relatively foo small and break resistance of a foamed
25 . article becomes insufficient. | When less than 3 % by weight,

improvement in fusion of the particles tends to be lowered.

In the second impregnation polymerization, a conjugated



"5 unit) of conventional high inpact polystyrene resin (H PS) prepared by
polymerizing a styrene nononer solely in a state of a styrene-butadiene
.bl ock copol ynmer or a straight chain pol ybutadi ene being dissolved in the
styrene nononer. Also fromthis point of view, the nodified polystyrene
resin particles (c) of the present invention can be 10 discrimnated from
conventional high inpact ponstyrene'Te@ﬁh (for exanple, JP-B-47-18428,
JP- A-7-90105, JP-A-5-116227, JP-A-8- 188669, JP-A-8-245822, U.S. Pat. No.

4409338, U. cﬁen%aﬁiori\o}ne§8r%%é6§e adtied B2hn %pten§6§§%%gffef§ir§§ esen?{ecp e

since the nodified polystyrene resin particles of rnventi on

have a grafdnisinsShidhe @fnﬁiéabaslefA&hpgeétor%te%s nﬂfga[_t‘:gg Oy they

have a gel content higher than that o conventi o pre erre(i gel

content is J&d 0aAD t%ebYCd’iﬁh%QEed Jiiérrfeh%oﬁgni&s?’%x ‘hgéf 1iMEd gi}i > (st

particularly 23 to 35 % by "'wei ght. Wien the gel cont s 1n ge,

a good f usiiefpReResH t HSlyexRanatesh . Z@rp@rédrﬁ{égatéé RGRl &?Qn&%[rb{ﬁeh |

resi stance and cushioning property of a article are excellent n

JP- A- 6- 49263 a¢PBEtiHd 8a A B Ndiffer8RPEFoPO LY AR in PA{d &ﬁ&ﬁén@%ngﬁiébh#]
surface portion thereof), a gel content of the particle descri erein

is in a w desbasitterhoRomer ay. Bbadel By thi’%irggkterﬁ‘ﬁottaﬁe&%% aaﬁhﬁeﬁde& the

actual Iy obtained particle is 25 described as snall as 0 9.3 %b

wei ght and repdr tdsib@arvry if08ich bgaive@i@'ﬂh@'ﬁar@folé@hniieéésﬁio%”né%réﬁ@‘t}y‘e' ght
is not prepared. Also as nentioned above, since conventional "hi I Mpact

30 polystyrene (H PBheipolpirepaseibdynRtwiRbi Bé Riked Hidf GREtHBARRS a8f t er
di ssolving a rubber polyner in the styrene nononer, polystyrene resin fine

particles athatam&chnrmeﬁesfuimtimpneglnlayidrﬂpolgbhehzatlbyiﬁerl‘w@am@ﬁﬁ of BRENY
present in HPS (commonly call ed occl usi on pol ystyrene (occlusion 5 PS)
‘whi ch dan lpoly s e initiaroghs aistradlysfroas 0006 b €c% oy weight, preferably
from 0.5t02 % by weight on the basis of the styrene monomer to be used
in the second impregnation polymerization, but may be decreased when
there remains the polymerization initiator which was not-consumed in
the first impregnation polymerization.

15 The rubber polymer of rubber polymer particles- (b) contained
in the so-obtained modified polystyrene resin particles (c) has a base
strueture of random copolymer comprising the styrene monomer and
conjugated diene monomer because the both of styrene monomer and
~conJugated diene monomer are radically polymerized in a state of being

20 contained uniformly in the polystyrene resin particle (a). The rubber
polymer has such a structure that a part of the random copolymer is
grafted on a polystyrene chain of the polystyrene resin particle (a) or a
styrene polymer derived from the styrene monomer impregnated in the
second impregnation polymerization is graft-polymerized with the

25 - polymer obtained in the first impregnation polymerization and further

there is crosslinking therebetween. Thus the modified -polystyrene

resin particles (c) have a structure having no blocked portion consisting



“mi croscope by dyeing with osm um oxide. Refer to Fig. 7.). However in the
preparation process of the present invention for formng the rubber

.pol yner particles (b) by inpregnating the polystyrene resin particles (a)
wi th the nononer m xture, so-called occlusion polystyrene is not 10
recogni zed in the rubber polyner particles (b) in the obtained nodified
pol ystyrene resin particles (c) even byz\/?evm' ng through a transm ssion

el ectron mcroscope at a nagnification of x40000 by dyeing with osm um

oxide (cf. & gheWon; P%%% 1@?16 lc')l%btoifdmgijll){ Wa{ﬁl'eﬁl ehe( PhoBEE & gﬁﬁed

by consisting essent yner O e styrene nopnhomer “an

conj ugat ed ﬁéﬁﬁ@eg‘{ﬁ?%htaﬁféﬁmﬁ hhe Peuie®p o‘f eﬁ@ereglﬂ'g gaéﬁgles F’ﬁ)nat od

pol ystyrene resin particles of the present |n |on ca I'scr

fromthe ab@i@ﬁ%@éh@Qﬁdeﬁﬂ@ﬁeﬁgsoﬁaétﬂc%?re ?%t%'(ﬁ%geﬁpwgm ttﬂﬁt of

copol ymer of styrene nononer and conjugated di ene nononmer may contain

ot her nononBibIBET ﬁoI}Qﬁe??ﬁ‘?ﬂEle%' Hehz'lﬁg LRIMPLRAIn 'cBnélsrtﬁﬁ‘%%f% 1 dlene

-affecting properties of the rubber ynmer particles When

the stymseneuARNOTRIoH V@Bl 1@%1 1rﬁpfabe En81peSHH SHIBSPpr é@ﬁédj% bl'y
| arge anmobunt, there is a case ere a copo yirer being rich |n he styrene

nonomer uni }bolyhserﬂh@l%e@'fstjfﬁgﬁt AfnorREf s3UAY iA £9RALYITR styfrenRObuddtiene
occl usion pol ystyrene. 25 Further since the preparation process of the

present i nyleeki cwpdlifriedrsr 4 seraighathain w@nfzacneﬁé A8 digdsAeed in the
pol ystyrene resin (H PS) as nentioned a in the rubber pol yner

particles (dtyrenat ahoednidt. i nlshe frogi ft}ﬁd qsdmst Y eReew eStie Paiddigieas
(c), there exist many rubber polyner particles having a shape whi ch cannot

be said to helysphemniecatesin Pardriticldsr (¢ tdiertbei spieskaat uneehtish relmt beel y
| ar ge rubber polymer particles have a corner or are bent (cf. Fig. 1).

Al so friom tdissripoimdtedf fSomi ennveheonesi higiarimsaes milystyecpeesesih (for
i nvention can be discrimnated fromconventional. H PS and particles
prepar ed byexarppégnadPeB-47-18428, JP-A-7-90105, JP-A-5-116227, JP-A-8-
188669, JP-A-8-245822, U.S. Pat. No. 4409338, U.S. Pat. No. 5880166,
U.S. Pat. No. 5661191, etc.).
Further since the modified polystyrene resin particles of the
15 present invention have a graft structure. and crosslinking structure as
mentioned above, they have a gel' content higher than that of
conventional HIPS. A preferred gel content is 15 to 40 % by weight,‘
further 20 to 35 % by. weight, particularly 23 to 35 % by weight. When
the .gel content is in that range, a good fusion between the expanded -
20 particles is obtained aﬁd break resistance and cushioning property of a
foamed article are excellent. In JP-A-6-49263 (particle containing
rubber polymer particles densely in a surface portion thereof), a gel
content of the particle described therein is in a wide range of 0.1 to
.35 % by weight, but the gel content of the actually obtained p.article is
25 described as smali as 1.8 t0.9.3 % by weight and a particle having a

gel content of not less than 15 % by weight is not prepared.

Also as mentioned above, since conventional high impact



"pol yneri zation and disclosed in JP-A-6-49263 or WD98/29485. The foamabl e
nodi fied polystyrene resin particles (d) of the present invention are
-those in which the blow ng agent (e) is contained in 10 the nodified
pol ystyrene resin particles (c). The blow ng agent (e) may be introduced
into the nodified polystyrene resin particles (c), may be introduced
together with the nononmer m xture durTnQSQhe'first i npregnati on

pol ymeri zation or nay be inpregnated together with the styrene nononer

U N9 L e DEEARAPITIN SO eRRIUTRY BBl WIRDLANE BRI atrer

i npregnation polyneri nis carrie

i mpregnat i 0fisRb1¥iRg erQ‘MH%QnI?(g?ﬁ]elj M0 AR rﬁa}?orgg?,ggg g%%qugg%%fn

pol ymeri zation fromthe poi at a pressure 1nsi

required tofilhe ﬁ@ﬂ?cle's%ea@gn@al‘i’ieﬂp‘?,ﬁ%'s%&?téé%lggg '.rf:l}érbﬁ e;)%ﬁggg‘lleer’zgta%ﬂgles

bl owi ng agent (e) is preferably of volati ereare

one or two BEinpRsh tRHIAIES (RARLAIy &mdtﬁlhkﬁﬁhg?w&fég@%&éi%hﬂred

is a sole use of butane and pentane of a m xture a sma

amount of cps] Obﬂiﬁ@ﬂ&c&ryd‘dweﬁé@fg%izé'&’x@ﬂ?@u%ﬁ?% tReddKE BN Mel5sY

together. Particularly pentane is preferred 2 i ncluding a sol e use of

nor mal pentﬁﬁercéﬁm[gjest@)pdyéﬂfgew@m dstiivhlibRidel he¥&ef ko g?%.cvﬂ!)‘.t e%\@éwﬁtﬁe}g (d)

bl owi ng agent in the foamable nodified 32 polystyren esin partic

may be the gmnprepaidtidheroasss of the-prevehf iwekPObY IHY TERRIAETHE RASHdCl es,
and may be sel ec?%d in a(pran-ge of 3 I%o 15 parts by weight, %sually 5to 10

parts by wepglytnenptheclasity tof irhPPegh@tihg the pelyehiredl Fesh hRUIESIHS 1N
consideration of a desired expansion 5 ratio. Further a solvent may be
used to inpwithe the expaosiamn matteire, S-tallk@ seLNEAGS POBsthPEn&XRM S
cycl ohexane and aromatic _

10 recognized in the rubber polymer particles (b) in the obtained modified
polystyrene resin particles (c) even by viewing through a transmission
electron microscope at a magnification of x40000 by dyeiﬁg with osmium
oxide (cf. Fig. 1). N-amely the rubber polymer particles (b) are featured
by consisting essentially of a copolymer of the styrene monomer and the

15  conjugated diene monomer. From this point of view, the modified
polystyrene resin particles of the preselnt invention can be discriminated
from the above-mentioned conventional HIPS. As mentioned above, the
copolymer of styréne monomer and conjugated diene monomer may
contain other monomer as a non-essential third component in a range

20 not affeéting properties of the rubber polymer particles (b) as a rubber.
When the styrene monormer is contained in the monomer mixture in a
considerably large amount, there is a case where a copolymer being rich
in the styrene monomer unit is present together, but such a copolymer is
not an occlusion polystyrene.' |

25 Further since  the preparation process of the present

invention differs from that of conventional high impact polystyrene resin

(HIPS) as mentioned above, in the rubber polymer particles (b) con.tained



"hydrocarbons such as toluene, xylene and ethyl benzene. The present
invention further relates to the nethod of 10 producing a foaned article
-by expandi ng the foanabl e nodified polystyrene resin particles (d) of the
present invention and to the foaned article. As nentioned above, the
foamed article of the present invention enconpasses pre-expanded particles
obt ai ned by - expanding the f oanabl & nodi fi-ed pol ystyrene resin particles
and al so an expansion 15 nolded article obtained by nolding the

- d j ' LS . d.particl |
expl ai ned n01 oy e Bolbeend Hah pefieE e ol Qf?ﬁeexcﬁﬁ%nirﬁ%?%& i ng
| al he . reles ar | no.
and then YRR P P B S ek 10 o B fRaon

The 20 pre-pRanake MREROGd S GedRlle %ﬂawrélsgggiﬂqsrgégfrég@sc}?baow&derf or

the present invention as it is. The pre-expan part e’ present

i nvention Naweicles eatve 8AcTRPGH AR beaR (BE mge%asfs&@fr ftﬂigrp&nlt%}s?

fill type cushioning material. They are particularly useful as "a materi al

for a 25 foasRd takt fedif 9RHA1BE by d Eré@r'ﬁ Rleditich ‘MahCBei&sﬁﬁ%ﬁ{apggmd

next. The in-nmold nolding is a well known nethod for producing a

article by fpeirt | 8nvdretionat exppsdachPaphirGERS iﬁréﬂaereanl@ apf psSoni&sh! N9
for fusion between the pre-expanded particles. Tn'the present” Invention,

usual pre- gxdlgninin EOndird anscloByd e JF-APeL49268IHchesbs /Jbggshus produced
foamed article has sufficient fusion between the pre-expanded particles,

and hi gh break resi stRedeahsable @%ﬂﬂi@écﬂ%l¥ﬁw’réﬁérrésm pdARESNS) ef thee
present invention have found that when a toaned article is produced by

usi ng the fmasehténvediibhede thokgshywieie tesblovidagtdgdrasef B cotahegdnf rom
the nodified pol ystyrene -

10 the modified polystyrene resin particles (c). The blowing agent (e) may
be introduced into the rﬁodified polystyrene résin particles (c), may be
introduced together with the nionorner mixture during the first
impregnation polymerization or may be impregﬁated together with the
styreﬁe monomer during the second impregnation polymerization.

15 When the second impregnation polymerization is carried out, it is
preferable that the impregﬁatibn of the blowing ageﬁt is done after the
second impregn.ation polymerization from the points that a pressure
inside ‘a reactor is not required to be made high and a disper_sioh
stability is good. | |

20 The blowing agent (e) is preferably of volatile type. For
example, there are one or two or more of butane, pentane, and the like.
Among them, prefefred is a sole use of butane and pentane or a mixture
thereof. Also a small amount of cyclohexane, cyclopentane, hexane,
and the like may be used together. Particularly pentane is preferred

25 (including a sole use of normal pentane and isopentane or a mixture

thereof).

A content of the blowing agent in the foamable modified



‘resin particles (c) containing the blowi ng agent (e) and conprising the 10
pol ystyrene resin and rubber polynmer particles (b) dispersed in a
.continuous phase of the resin, particularly a balance of break resistance
and cushioning property is excellent when a 50 % failure height according
to falling weight nmethod and a cushi oni coefficient of the foaned
article satisfy specific equations. 15 %ery provi ded that a cushi oning
coefficient of the nodified polystyrene resin foanmed article having a

density of SoRRtgfeeBrasich pabtiaided)f oy b@ecﬁéoégﬁ% ! kﬁke&%ﬁ{ﬁ%}r}ﬁre”e

resin particles (d) is represented by and a 5 ure hei

accor di ng teddifibd i®1yetygbhe reBipdratidshanididy sd s@ﬁ%c%q?&Xﬁei'??x?gé b3

foamed article is represented 20 by B and that & cushioning coe cient of

un- modi f i edtpdbyairys yeweRSitnustodyEs! (10 $4@sAViRLR S8TRL a9 8@%96 c 'an g

g/ cnB8 and contai ning no rubber pol ymer particles 1s represente

a 50 % fai | partshsy gleighactardhnsartizléaln cogsuRirablorst AR stfedt i ansion
un-nodi fi ed pol ystyrene resin foamed article is represented by D,

parti culsar Igatuseful as a 25 cushioning material is a foaned article having
a relation that a cushioning coefficient ratio AACis 1.00 to 1.08 and an

i npact strength ratFarBid? 4 solvedfl haybShselrtefigfighive M Exipankid rhee 1. 06
and B/Dis 34 1.45 to 2.35, nore preferably AACis 1.00 to 1.05 and B/Dis
1.45 to 2. FBuitathen soleerctss haomi niprc oetdmplent cyclohexbhe Q@AniS MBmhEss
than 1.08 (represented by a foamed article of conventional H PS), an

ener gy abshydiraugrbbinisi syclofasaoivenedxypleniecired @shalleysRineni ng material is

| ow and 5 cushioning performance is inferior. Wen the inpact strength
ratio (B/D) is not hbeeprésentl.iBSefitiopr dsethiad fayaten- nodithé eehdgrblogstof ene
resin foaned article), break resistance tends to becone insufficient. Al so
t he i nént dPEPAICinge opriosened | avtnld opy haxpahdimgl that foarhabld heodidedi ed
pol ystyrene resin foamed article is obtained by

polystyrene resin particles (d) of the present invention and to the foaméd |

article. As mentioned above, the foamed article of the present invention.

encompasses pre-expanded particles obtained by -expanding the

foamable modified polystyrene resin particles and also an expansion-
15 molded article obtained by molding the pre-expanded particlés in mold.

First, thé'pre_:-expanded particles are explained below. The
pre-expanded particles are obtained by impregnating modified or
unmodified polystyrene resin particles with the blowing agent and then
heating, for exémple, with steam or the like for the expansion. The

20 pre-expansion method is a well known technique and can be used for the
present invention as it is.

The pré-e){panded particles of the present invention have
break resistance and can be used as they are for a loose- fill type
cushioning material. They are particularly useful as a material for a

25 foamed article obtained by in-mold rﬁolding which is explained next.

The in-mold molding is a well known method for producing a

foamed article by putting the pre-expanded particles in the mold and



"10 expandi ng the foanabl e nodified pol ystyrene resin particles (d) in which
the nodified polystyrene resin particles (c) contains the bl ow ng agent (e)
-and the rubber polymer particles (b) are dispersed unifornly throughout a
continuous phase of the polystyrene resin or in a state of a density of
the particles (b) being higher in the center portion of 15 the resin
particle than in the surface |ayer pthﬁd% thereof, the rubber polyner
particles being present in a cell nenbrane of the obtained foaned article

are flatt eﬁ%’at"i’a‘i‘% fB?rfﬁ.bfdf} Yelebheih el Pfe- F%?ledteao é’.fﬁelespa{[ﬁ' ?1' Eﬁeeai

flattened in .an average flatness rang , excel

resistance ﬁﬁgn‘ﬁfﬁh'&éﬁﬂgpﬂ{ f@ﬂ?%f'&ﬂl %oﬁ)&%{? E‘?Hay?aerzﬁ c@%eqjlj sgpéc%ecgver age

flatness is froml.5to ber yner are no

- flattened substantiafhy (R4S’ %di{lbé’&”ﬁ?‘a%n'ea la‘?ﬁ%lé hggs g'v*n]f}me {ell’f#smn

resistance is insufficient when the resin particles are orned i

hi ghly expassesteroaird p%e%i%ﬁ@nﬂ@d" pdrfic %nséﬁ%e?ﬁgﬁobre Pedilah

g/cnB. |If the average flatness is increased reis a tengency t%at a
shrinkage afxHiberegxpanded particles increases, a cushioning coefficient
i ncreases and cushioning property becones inferior. 35 Fig. 5 shows the

rubber polymer partiEheghdrthidaneehtorsTBihansradeen frh/%rftﬁﬂ{rqpivee modhbi ed

pol ystyrene resin particles corresponding to Exanple are forned into a

foamed artittlae whehng feamedensitioledt ProdRic@dCPP udihg. tHe ﬁJéQﬂ\ﬁbIehﬁlddiHQér
pol ymer particles in the 5 cell nenbrane when the toamabl e nodified

pol yst yr enepdlestyrepar té¢sihepantficleCopastsiiined BxafPkBe 3nedifi€s RYIsRgehe
foamabl e resin particles described in W98/29485 are fornmed |n?o a foaned

articl e hauestn pardivies (y) odnthifitng/thenBlowAsgi dgdrst () edid [dopApAisGRIRAEI SON
between Figs. 5 and 6, it can be seen that in the present invention the

rubber 1pol yrdystrepar resiresarad erabberiapelyyndd gidrefntes i (b)t Hespgeekkd merbaane
and difter clorxlltmuous phase of the resin, particularly a balance of break resistance
and cushioning property is excellent when a 50 % failure height
according to falling weight method and a cushioning coefficient of the
foamed article satisfy specific equations.
15 Namely provided that a cushioning coefficient of the modified
polystyrene resin foamed article having a density of 0.02 g/cm?® and
- obtained from the foamable modified polystyrene resin particles (d) is
rebresented by A and a 50 % failure height according to faliing weight
method of the modified polystyrene resin foamed article is represented
20 by B.and that a cushioning coefficient of un-modified polystyrene resin
foamed article having a density of 0.02 g/ cm?® and containing no rubber
polymer particles is represented by C and a 50 % failure height
accofdi{lg to falling weight rﬁethod of the un-modified polystyrene
resin foamed article is represented by D, particularly useful as a
25 cushioning material is a foamed article having a relation that a

cushioning coefficient ratio A/C is 1.00 to 1.08 and an im-pact strength

ratio B/D is 1.35 to 2.35. Preferably A/C is 1.00 to 1.06 and B/D is



“their properties fromthose of the foamable resin particles described in
W98/ 29485 in which the rubber polyner particles are not defornmed. Further
.the inventors of the present invention have found that with respect to the
f oamabl e nodi fied polystyrene resin particles in 15 which the nodified

pol ystyrene resin particles contains the blow ng agent and the rubber

pol ynmer particles are dispersed unifo"rm3y4 t"hr oughout a conti nuous phase of
the polystyrene resin or in a state of a density of the particles being

hi gher in ti‘%c 5615 NY m};égqleﬁfragghgécrleﬁ BoRR' { 0% gng@c/g i8 1158 (3uy hace

| ayer portion t er eot’, bber” ‘pol ynmer par S béi ng present

in the CentW‘he@PrtHeo%L&fhleﬁ?n ORUTRBIALG! B EPINS LR SR @BLA A0 cf es

have a circle equival ent dianeter of average ar ea of

bal ance of (begadsertedi wa@lceroaﬂféacmicw@fgo%%ﬁwohaqf }ﬂpéfem e n§§’er of

obt ai ned by expanding is excellent. When the circle equiv

25 aver age s5&rbifigMilikPoe atfoamdd a#tifle zﬁé‘a‘ ARHbnthE @ﬁﬂﬁé}lzﬂﬁsalofﬁaéhﬂng
wei ght nmethod tends to be decreased, and when not |ess than 0. her e

is a tegdenayshibaling &g @RIt @eﬁfdrmrentwrfed REEEREBHCt %tf@r@}ﬁ@atlo
- cushioning property inferior. A preferable circle equivalent dianmeter of

average ar gB/35) ¢ Bt0nldet thdh 1185Nrefppéserived By akhym8dPHed &ysﬂﬁen@

particularly preferably 0.05 to 0.14 m In the present |nvent|on

rubber pol yresin paairieel gstivle) Chredk pésistificesifld Ebesyhsd fﬁgumbiemar e
cont ai ned anong t he rubber poI ymer particles (b) in the nodified

pol ystyrene resin paaldoctles ihegntokRi 6f tite Presef ihVendieathu®s fAindhdat
present invention. In that case, there is a case where it is difficult to

obtai n an awvheagehpariddifiedsipoéystiréme rashhefoarnedysaeticleans i shesneandy
therefore the particle size is represented by the 10 circl e equival ent

di amet a0 ofexpesndige Areefoashiblenendifiedhpaiy styeenefresirhpartiblesr(dpit wideh
particles as nmentioned above.

the modified polystyrene resin particles (c) contains the blowing agent (e)

and the rubber polymer particles (b) are. dispersed uniforfnly

throughout a continuous phase of the polystyrene resin or in a state

of a density of the particles (b) being higher in the center portion of

15 the resin particle than in the surface layer portion thereof, the rubber

polymer particles being present in a cell membl-‘ane of the obtained

foamed article are flattened and particularly when the rubber polymer

particles are flattened in an average flatness range of 1.1 to 9,

excellent break resistance and cushioning property are exhibited. A

20 preferable average flatness is from 1.5 to 8. 1If the rub'ber polymer

particles are not flattened substantially (average flatness is less than

1.1), break resistance is insufficient when the resin particles are

formed into a highly expanded foamed article having a density of not

more than 0.02 g/cm?®.

If the average flatness is increased, there is a
25 tendency that a shrinkage of pre-expanded particles increases, a
cushioning coefficient increases and cushioning property becomes

inferior.



"A difference between the foamabl e pol ystyrene resin particles (d) of the
present invention and sonme conventional foanable polystyrene resin
.particles is as nentioned above. Then a difference from another 15 known

f oamabl e pol ystyrene resin particles and foanmed article is explained
briefly in other aspects. A foanmed arti lf obt ai ned fromusual high inpact
pol ystyrene resin (H PS). has an i npact rength ratio by a falling weight
method in a wide range of fromO0.6 to 2.0. However froma production 20

condition that a styggnegmianps tiSe SPhBbY¥r ﬁgbéﬁ‘ﬁfi Zﬁgrﬁ@letsh‘?n QE@S%@ﬁe of

a rubber polyner (in a dissolved state)

pol ystyr enempefibifte | whBar dhko fOemiahté eﬁ‘ﬁ)‘%ﬂﬁé@dpég’s%yré}% '&tshﬁ' @Qrﬁa% for

formng into particles is required and a producti cost is 1 ncrease

Al so a cushigite8gosaR{d it61 ERdmy 'Z)aPé f@rﬁl@a”ﬁﬁo% f8h el Sr@fiet ﬂgvﬁigef or e

i npact polystyrene resin (H.PS) becones not |ess than 1.08, an

it is hard déngiay of Dad2 @yThhdNi pg. W%@\Rf%%h'e%ub%%reﬁ‘(ﬁg‘}sﬁ arthéleé?n the
understood in general that unless the rubber 37 poly particles are

relatively del gembeanexaign ehe fod@adlamaiifiedl polystygenkhesfpbatclbstsr 2 m
or nore, good properties are not exhibited. JP-A-8-188669 discloses

f oamabl e r ubbarparadivel Ekahplend tesiddpoading! &5 RRABABRI fes® particles
rubber-nodified styrene, resin particles 5 which conprise 8 to 15 % by

wei ght of hidsdilee inu@H8pPAOHIBE ase Havined ietol adfozirBedt dttedlerigavihgda
proportion of not l'ess than 70 % by wei ght and an average particle size of

1.5 to 3.0 demsidy af St 92 @)emdsi As (ZisweragrommeaipaissribahiveeAdtickess
t han 350, 000) and have a mineral oil content of not nore than 3 %by

wei ght and andlGuit mprapentearonhanin ahelfrdseamihventidf thdyubbegpolyiieror der
to increase a proportion of 1,4-cis structure to 70 % by wei ght or nore,
it is d@ces&aﬂyﬂesznmpadyquas@@cﬂaﬂmnedohynhE|zﬁMnnenﬂmkh&da&mbchﬂkfyn
regul at ed such as ion polynerization.
their properties from those of the foamable resin part1cles described in
WO98/29485 in which the rubber polymer particles are not deformed.
Further the inventors lof the present invention have found
that with respect to the foamable modified polystyrene resin particles in
15 which the modified polystyrene resin particles contains the blowing
agent and’ the. rubber polymer particles are dispersed ‘uniformly
throughout a continuous phase of the pdlystyrene resin or in a state
of a density of the particles being higher in the center portion of the
resin particle than in the surface layer portion thereof, when the
20 rubber polymer particles being present in the center portion of the
foamable modified polystyrene resin particles have a circle equivélent
diameter of average area of 0.01 to 0.20 um, a balance of break
resistance and cushioning property of a foamed article obtained by
expanding is excellent. When the circle equivalent diameter of
25 average area is not rﬁbre than 0.01 pm, an impact strength by a falling

weight method tends to be decreased, and when not léss than 0.20 pum,

there is a tendency that a cushioning coefficient is increased to make



"On the other hand, in the present invention, the styrene nononer and
conj ugat ed di ene nononer are subjected to radical polynerization in an 15
.entirely unconditioned state to give a random copolyner. In that case a
proportion of 1,4-cis structure is very low. In that point, the rubber
pol ynmer particles of the present invention conpletely differ fromthose
described in JP-A-8-188669. Further a'péﬂiicle size of the rubber polyner
particles of JP-A-8-188669 is the sane as that of usual H PS 20 resin
particles, i i; ofp Mi j i JPR- A

A RS BB LA SnROLiBE. Ofs ¥&¥rablle f;@#@@h{;@&%@ﬁtgﬁaﬁmer

8-188669 differs fr present 1 nvention in e size of

the rubber gohydR{odParéd ¢ ¢fomS0r®) 8bi0/8kY, ey deser i Bes
that a foaned artigcl e of high inpacf% %gky%%gﬁghéeﬁgﬁga(%gﬁé%ﬁ ﬁé%??h

rubber pol v mattd§lesy prefdladly €nes t2b.14 gnrange of L/D of 10 to 70
has a high %@ea%ﬁ; esi stglg. Home?/er t he resi r@?s H PS and a preparation

process thereof diffgfshéesthain@intidie, tHy PQSBFr @Yﬁﬂ}e&%&rtﬁq‘éé Qafichhe
| or a

rubber pol yner particles have a - 38 structure e sala core-shel |

structuse ai@ hbesphetichUsabapantiRlPREEldRTat & BRtdhE N e bR Ly ffem
those of the present invention and. therefore a preferred average ¥I at ness

is in a conpdricky (B) ih eheninodahes poly s§rdite AeSlir PA3HA1ders! | PRS & BakyNer

conposition 5 obtained by an entirely different preparation process by

using a ressfntheviégtures oftlidgressnaintvémSonesin thek e, reerd i8fa ldage
present invention prepared by inpregnation polynerization. Nanely high

i npact resiwheparitiisl diffieudt poepated by dirssglevipagtialestsiad @it tiehaiubber
. styrene/ butadiene -block copolyner and a straight chain pol ybutadiene in
tol uene, 1Qpolgmmti pgrtiolesermdyhsmfoenthe gsdrtitde it ol rephskdrited by the
crosslinking polybutadiene at 140C. In that invention, since the steps of
di ssol ubng circlet hgusadleert dmrdetdrenf rrerpsgaqarcdacobohiresd fhymt he soda et
casting mnethod are enployed, the rubber portion thereof has a mcro phase
the rubber polymer particles as mentioned above. '
- A difference between the foamable polystyrene resin particles
(d) of the present invention and some conventional foamable polystyrene
resin particles is as mentioned above. Then a difference from another
15 known foamable polystyréne resin particles and foamed article is
explained briefly in other aspects. |
A foamed article obtained from usual high impact polysfyrene
resin (HIPS) has an impact strength ratio by a falling weight method in
a wide range of from 0.6 to 2.0. However from a production
20 condition that a styrene monomer is solely polymerized in the
presence of a rubber polymer (in a dissolved state), a molecular
weight of a polystyrene portion is hard to be increased and a re-
pelletizing step for forming into particles is required and a production
cost is increased. Also a cushioning coefficient ratio of a foamed
25 article of the high impact polystyrene resin (HIPS) becomes not less

than 1.08, and therefore it is hard to say that cushioning property is .. ..

so excellent. It is understood in general that unless the rubber



"separation structure of styrene component and conj ugated di ene 15 pol ymer
conmponent, and a particle size of the rubber portion is smaller as
.conpared with that of H PS resin though the both resins are equal froma
point that the rubber portions thereof are block copolyners. However the
preparation steps are not practical because a cost is too high. Further
the particles of the rubber portion cont’af n a bl ocked 20 pol ybutadiene in a
| arge anount and differ in a structure, properties and characteristics

fromthe 1 ugbRimep! erft%licleéréﬂeck@x%tgfyelyharg%g?‘@nngxa%@nt&mSvghgéggadﬁ gaical 1y

conprise a random copol yner of a styrene r ¢onj ugat

monomer . TheiztaMeuees iandprehfi bednrOOM S U ol e iS A B3P U BRed

invention and differences from known techni ques are as explaine ove.

Then the present invgptA g ggseXplighBeds %5%@5 f{?@ﬂé-ﬂio@ﬁ%ﬁpkgﬁeneb“t
is not limted to them 39 - EXAMPLES 1 to 5 A 5-liter reactor wtha

stirrer wasreshar geftidtelhoBfhinddUaQWs W%dﬁ]ﬁ@ﬁ@@rﬁ%@gré&g ]BQHi less
0013 p of so

(part by weight, hereinafter. the sanme) of water, art I'um

a-ol efi B 5 whidloBatepriSe $4oPES ¥ 0f welstit WNRRaaRt fuBHEr gglrbiéfééf ng.
particles having an average particle size of 1 mmin an anount shown~in

Table 1, and,4hds steacaes) Rtla Wdgbreion bf ARGt 164E tHAX IS €, WRSwR @Qngo
80C, and inpregnated with a nmononer mixture in an anount shown n Table 1.

As the initamtaverage PaGtiply sizefofl BB QY8 . PRAPAINEa VRS réddedsin 18 dwlrhgwed by
the first inpregnation polynerization for six hours. Then the reactor was

heated to 9fGClendlakOweighti sndtf lesd Whene 3860048 nrRHave DeAzdHalPgI0Xi de
wer e added additionally over one hour, followed by heating to 115C over

one hour ancbretendusftnogmdreettratGrid byrRreeghahinena RAbWIRE iad@lit Qb rteh t lofo
hours 10 from 1 to 20 % by weight. In order to increase a proportion of 1,4-cis
structure to 70 % by weight or more, it is necessary to employ a specific
polymerization méthod specially regulated such as ion polymerization. -
On the other hand, in the present invention, the styrene monomer and
conjugated diene monomer are subjected to radical polymerization in an
15 entirely unc_o_ndi'tioned state to give a random copolymer. In that case a
'.proportion of 1,4-cis structure is very low. In that point, the rubber
polymer particles -of the present invention éompletely differ from those
described in JP-A-8-188669. Further a particle size of the rubber
polymer particles of JP-A-8-188669 is the same as that of usual HIPS
20 resin particlés, and also from this point of view, the invention of JP-A-
8-188669 differs from the present invention in which the particle size of
the rubber polymer particles is relatively small.
J P-A-7-1 1043 describes that a foamed article of high impact
_ polystyrene resin (HIPS) in which rubber polymer particles are flattened
25 inarange of L/D of 10 to 70 has a high break resistance. However the

resin is HIPS and a preparation process thereof differs from that of the

present invention. Further the rubber polymer particles have a



"15 Subsequently 6.6 parts of pressurized pentane (nornal -

pent ane/i so- pentane = 40/ 60) was introduced as a bl ow ng agent and _
.inpregnation of pentane was carried out at 115C for two hours. The m xture
was then cooled to 30C and taken out' of the reactor, followed by
dehydrating and drying to give foanmabl e _nodified polystyrene 20 particles
of the present invention. The obtai ned fdamabl e resin particles were

pre- expanded by about 50 tinmes under the above-nentioned conditions to

give pre- expabfesd Pddet 551-88i f&@.?/% gt —Q?éﬁisttyu?tgurrgégﬁﬁgﬁ?@%trf%ﬁ%g&e %ngy

pre-expanded particles were allowed to stand ours,

in-mold 25 ﬁyrﬂi@slﬁ}@eénﬁpﬁyacﬁ%é?éﬂ?ﬁtdrﬂ "tﬁgsﬁ%qihte! e iﬁivgﬁti%nf %E}H?d

article. 40 - EXAMPLE 6 A 5-Titer reactor wwth a stirrer was charged with

an aqueoustheeeRRBSA g&‘eﬁe‘?f@ﬂ e d fi9tRAEd & B a"@}rﬁgletgllsypa?ff&%htt 1QhgeS0di UM
a-olefin sulfonate, 0.44 part of cal ci um phosphate and pol ystyren

particles having an Al age-RaBéIGARIS1 ZRsefibksMM i HAYPMATOGIpIRMBN! N
Table 1, and then was sealed. Wth stirring, the mxture was héated to

80C, and i mistegned asl irf BnéireBNaEérent ﬁeﬁaq»ain_@na@r@mbysﬁ@l\ﬁg hnrekapl e 1.
As the initiator, 0.066 part of |auroyl peroxide was added, followed by

the first iwhidgighethetQiPAYAEPS ZzabirDRot AheSiosil@ithe peeBnt MevéLA6HOr
was heated to 115C, followed by post-polynerization for two hours.

Subsequent | prepatedaby sinoprapresior i pagnpgiiannm ( "Nafdly BRI affldciordignt ane
= 40/ 60) was introduced as a bl ow ng agent and i npregnation of pentane was
carried outpatticlés@refmrepanmed ioutsssolVieigld stradght ehsas dtheeneooheditae30C
and taken out of the reactor, followed by dehydrating and drying to give

f oamabl e nzdbtkeaopwlysteyr emel parstiaighs ohaime pphEsenridienyeini edluene,

| 10 removing toluene by solvent casting method, and then crosslinking

| poly_butadiene at 140°C. In that iﬁvention, since the steps of dissolving

in the solvent and then removing the solvent by the solvent casting

method are employed, the rubber portion thereof has a micro phase

separation structure of styrene cornponént and conjugated diene

15 polymer component, and a particle size of the rubber portion is smaller

as compared with that of HIPS resin though the both resins are equal

from a point that the rubber portions thereof are block copolymers.

However the preparation steps are not practical because a cost is too

high. Further the- particles of the rubber poftion contain a blocked

20 polybutadiene in a large amount and differ in a structure, properties and

characteristics from the rubber polymer particles of the present

invention which basically comprise a random copolymer of a styrene

. monomer and conjugated diene monomer.
' The feature.s and preferred embodiments of the present
25  invention and differences from known techniques are as explained above.

Then the present invention is explained below by means of examples, .

but is not limited to them.



"The obtained foamable resin particles were pre-expanded by about 50 tines
in the same nmanner as in Exanple 1 to give pre- 20 expanded particles
.having a density of 0.02 g/cnB. The pre-expanded particles were subjected
toin-nold nolding to give a foaned article. COVWPARATI VE EXAVPLE 1 _
Foamabl e pol ystyrene particles were obtained in the sane 25 manner as in
Exanpl e 1 except that a bl ow ng agent” (r'%ogr mal - pent ane/i so-pentane = 40/ 60)
was i npregnated wi thout nodifying (inpregnation polynerization) raw

pol ystyrene particles. The obtai ”EWPL‘E%‘" Ig_ resin particles were
subj ected to pre-expandi ng and i n-no nmol ding in the same manner as in

Exampl e 1 10 give a oapdeAr isle: (SOPARATLVE, RAIPLE 2.5, Sl tef,

reactor with a stirrer was charge an aqueous suspenston conprising

96 parts ofa4@t&his 0s9996n BRI %forﬁg{j{?%a-ﬁ@f i&f}art%l,“ Nt ebxg-ggi%t of

cal ci um phosphate and parts of p rene articl e€s havi n rage

particle sigerehaltdMMipRndsdMen Wasyseat ed. o3epapate! ¥r 8spailm Q{-o?eﬁhyfe”e

nononer and 12 parts of 10 butadi ene were m xed under pressure to give a

liquid sonosEIfohid U0S44 Jartt EecARIARRHHB YR & WBHEpd Ond Fpﬁr‘tﬁ 185
benzoyl peroxide and 0.025 part of t-l?utyglg peroxybeﬁzgf'}ftgrars1 ©

pol yner i zath@irghhhi AfdtiadeOp@iti€le SizBioft Uigm ThanoRkR NS s A ]S 145 added
in the reactor and dispersed 15 together with pol ystyrene particles In an

aqueous medi uandliBendiveResshid Wawishi §tifdng! tBRCHitut¥oyheus s, thhe
m xture was absorbed in the polystyrene particles. The dispersion was then

heated to &0 aaddhehpré@iafeelivitlour®oadnétint Beurbeatad anfodkA®SHafen hel d
for two hours to copolynerize styrene with butadi ene. The di spersion was
20 then codheBable 100@ satide ihitieior, 0a666Gsiad c¥QanabyBpefoBdeseHE iazhikd,

10 followed by the first impregnation polymerization for six hours. |

Then the reactor was heated to 90°C and 10.1 parts of
styrene and 0.049 part of benzoyl peroxide were added additionally over
one hour, followed by heating to 115°C over one hour and conducting
the second impregnation polymerization for two hours.

15 _ Subsequently 6.6 parts of pressurized pentane (normal-
pentane/iso-pentane = 40/60) was introduced as a blowing ageﬁt and
impregnation of pentane was carried out at 115°C for two hours. The
mixture Was then cooled to 30°C and taken out of the reactor, followed
by dehydrating and drying to give foamable modified polystyrene

20  particles of the presént invention. |

The obtained foamable resin particles were pre—ekpanded by
about 50 times under the above-mentioned conditions to give pre-
expanded particlés having a density of 0.02 g/cm®. The pre-expanded

particles were allowed to stand for 24 hours, followed by in-mold

25 molding under the above-mentioned conditions to givé a foamed article.



'pentane as a blow ng agent, followed by holding for six hours to

i npregnate the particles with the blow ng agent. The di spersion was cool ed
.to 30C, taken out of the reactor, and then dehydrated and dried to give

f oamabl e pol ystyrene particles. 25 This Conparative Exanple corresponds to
the invention:- disclosed in JP-A-6-49263. - 42 - COWARATI VE EXAMPLE 3
Foamabl e pol ystyrene particles were obtdithed in the same manner as in
Exanpl e 1 except that an anpunt of a nononer mixture was changed to that
shown in Table 2. The obtained foa ﬁfﬂ:% S particles were subjected to
pre-expanding and in-nmold nolding in the 'Sane manner as in Exanple 1 to

i f d ticlg. 5_Ti Qormatatyd; c es o_the
Prventi on i scl osed i 5 UBSE) SOHBE" - 10 Lok AR EVE EALE G KITR Phipact
pol ystyr e”eacﬁﬁébﬁs(ﬁlg n&IRPEYS, orﬁg?fs‘?ﬂg: é@OO arf@lo?CWa%r W@'@T{S BL R of
pol ystyrene portion: 230000) was extrude cut to grve smal'l “particles

; n agent
of about §mj1um0%@o[§§ﬁnsﬁw0tdﬁbesowe ai‘ oana%ﬁgmh lﬂogpn%%'(ﬁlm A

in the sane manner as in Exanple 1 15 to

pol yst ysenepdlgsiyirdiad igaihtRIc¥h HNnEAR R é@&%ges Wgﬁkﬁ%l@%li& of'E rﬁﬁpqﬂdéﬂg and

in-nmold nol'ding 1n the sane manner "as in to give a foaned

article. CQYRARAN YRoWHAWRLEa 5129, "é}?dr&%% pRlsystyreene wath i &higsn rtfle

obtained in the same manner as in Exanple 1 except that an anoun

oanmbl e 1 ae o R ol B L B e pTeBhaLd, T R B

mol di ng i n rpetu%Aite afRaRRILES sShowEX ailladld 1.0 Ak AidieRIBE, 87366 art

of lauroyl peroxide was added, followed by the first impregnation

10 polymerization for six hours. Then.the reactor lwas heated to 115°C,
followed by post-poljrmerization for two hours.

Subsequently 6.6 parts of pressurized pentane (norrhal-
pentane/iso-pentane = 40/60) was introduced as a blowing agent and
impregnation of p_entané was carried out at 115°C for two hours. The

15 mixtﬁre was then cooled to 30°C and taken out of the réactor, followed
by dehyd._rat_ing and drying to give foamable modified polystyrene
particles of the present invention. |

The obtained foamable resin particles were pre-expanded by
about 50 times in the same manner as in Example 1 to give pre-

3

20 expanded particles having a density of 0.02 g/cm”. The pre-expanded

particles were subjected to in-mold molding to give a foamed article.

COMPARATIVE EXAMPLE 1
Foémable' polystyrene particles were obtained in the same
25 manner as in Example. 1 except that a blowing agent (normal-
pentane/iso-pentane = 40/60) was impregnated without modifying

(impregnation polymerization) raw polystyrene particles. The obtained



25 Conparative Exanple 5 corresponds to the invention disclosed in

W98/ 29485. The results of evaluation of the foamable nodified - 43 .
-polystyrene resins and foanmed articles in Exanples 1 to 6 and Conparative
Exanples 1 to 5 are shown in Table 1 (Exanples) and Table 2 (Conparative
Examples). In Table 1, Bd and St represent butadiene and styrene,
respectively. 44 a) U LOt N NOO CFEIO -U LOC) N L() L() 00 +-+ to
co 00 C11 C9 00 cotl- NO a) - Cdk W-4 cot- Nto CY) O,-i NN Nto

-0 Ont- gamdsh ré\éil’i(gaf{iclgsoweren sgbjéc'tegd to gre—expanding and in-mold

molding in the same manner as in Example 1 to give a foamed article.

COMPARATIVE EXAMPLE 2
5 A S-liter reactor with a stirrer was charged with an aquéous
suspension comprising 96 parts of water, 0.0096 part of sodium a-olefin
sulfonate, 0.32 part of calcium phosphate and 80 parts of polystyrene
particles having an average particle size of 1 mm, and then was sealed.
_ Séparately 8 parts of a styrene monomer and 12 parts of
10 butadiene were fnixed under pressure to give a liquid monomer mixture.
To the monomer mixture were added 0.1 part Qf benzoyl peroxide and
0.025 part of t-butyl peroxybenzoate as a polymerization initiator to give |
a mixture.
The obtained mixture was added in the reactor and dispersed
15 together with polystyrene particles in an aquéous medium. The
dispersion was stirred at 60°C for -two hours and the mixture waé
absorbed in the polystyrene particles. The dispersion was then heated
to 90°C and held for four hours and further heated to 125°C and held for
two hours to copolymerize styrene with bufadiene. The dispersion was
20 then cooled to 100°C and thereto was added 10 parts of pressurized
pentane as a blowing agent, followed by holding for six hours to
impreghate the particles with the blowing agent. The dispersion was
" cooled to 30°C, taken out of the reactor, and then dehydrated and dried
to give foamable polystyrene particles.
25 This Comparative Example corresponds. to the invention '

disclosed in JP-A-6-49263.
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COMPARATIVE EXAMPLE 3
Foamable polystyrene particles ‘were obtained in the same
manner as in Example 1 except that an amount of a monomer mixture
was changed to that shown in Table 2. The obtained foamable resin
particles were subjected to pre.—expanc-ling and in-mold molding in the
same manner as in Example 1 to give a foamed article..

This Comparative Example corresponds to the invention

disclosed in W098/29485.

COMPARATIVE EXAMPLE 4

A high impact polystyrene resin (HIPS, rubber content: 8 %,

- molecular weight of a polystyrene portion: 230000). was extruded and

cut to give small particles of about 1 mg. Those resin particles were
impregnated with a blowing agent in the same manner as in Example 1
to give foamable high impact polystyrene resin particles which were then
subjected.to pre—expandirig and in-mold molding in the same manner as

in Example 1 to give a foamed article.

COMPARATIVE EXAMPLE 5
Foamable polystyrene particles were obtained in the same
manner as in Example 1 except that an amount of a monomer mixture
was changed to that shown in Table 2. The obtained foamable resin

particles were subjected to pre-expanding and in-mold molding in the

-same manner as in Example 1 to give a foamed article.

Comparative Example 5 corresponds to the invention

disclosed in W098/29485. -

The results of evaluation of the foamable modified



‘00t 0c~I~NONOQ 0zazOON'-+NcoO cd . i OcO-"d- ulJd 00
Ol 00a>0. 0OQ OC COzlc: zOOcr) r+ N cd't ONNOOOOUON
.OlI0OONO zazNOOcoOCdOOcf) 0OmO z2z O0Oe0ONNGCI u LOOO
co ~Oco UN O a) o OLf) ,~c~d OzazOONNTC Ube cd d) U

Q UQ 0C4lcd CdOO Cas

polystyrene resins and foamed articles in Examples 1 to 6 and
Comparative Examples 1 to 5 are shown in Table 1 (Examples) and Table
2 (Comparative Examples). In Table 1, Bd and St represent butadiene

and styrene, respectively.
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_As nentioned above, the foanmable nodified polystyrene resin particles and
.foanmed article of the present invention can provide a foaned article

excellent in break resistance as shown in Table 1. In Conparative Exanples
shown in Table 2, particularly in Conparative 5 Exanples 3 and 5, in which
f oamabl e nodi fi ed polystyrene resin particles (W098/29485) cont ai ning
rubber pol yner particles which are not 4d&f or med substantially after
expandi ng are used, inpact resistance and break resistance are enhanced.

10 | NDUSTRI AL APPLI there can
be provided a nodi fqﬁg(ih Floét%;’?iel?\de‘%fgct)grergég I cI e lafvefwnégté) g%iq Ent*BPeak
resi stance g u a d I re in
particles V\%itgcriggr%n{iaévjﬁ?gr% lgﬂgf 8}; qglrggguc?ér%dt{ib&?%gﬁe &ﬁd uch a

15 nodi fi edopehd$tatiRIE dx@el1ent QB ¢ trleg stafi88 ai%esHBWQﬁdPe% r ?l atIhveI y

| ow cost as conpared wth an expensive high I npact pol ystyr ene resi

foamed art |(9bﬁipa-|iia@€1vfeOEBE§ﬁ11§'l'éts' Shewal ird e b %Ie;gartiéi.\ﬂ%? LG (?&éal?a%at'i%gd f or

applications where high inpact polystyrene res f oanmed ave

been used, BREmifeyssl Undas,a ishAKcBDIOL Ridtle ”ﬁid?ﬁﬁé& !ty}ét Cﬁ%sflﬂr

precise electric appliances, for exanple, OA apparat use suc

printer anobaﬁvlaemmgssewa% centaiilhg A& HERAnY} Baet &fta%ewh éi?%%der
49 - CLAIMS 1. Foanmble m)dlflmed pol ys?yrene resp’(rétnpargtlc1 | es WhllCh are

f oamabl e Mt defbrpdd stipseastintyi e[ftélaéip&‘ﬂi@ﬁi% Hie SRR i Sipt me@lrsttha@e
pol ystyrene resin particles (c) containing a bl ow ng agent (e); said

- nodi fied paydtyeakRaeststancpairel @hlesned. conprising a pol ystyrene resin

and rubber polynmer particles (b) being dispersed in the resin,

10 INDUSTRIAL APPLICABILITY
According to the present invention, there can be provided a
modified polystyrene foamed article having excellent break resistance

and high fusion rate and foamable modified polystyrene resin particles

t)vhich are raw materials for producing the foamed article. Such a

15  modified polystyrene resin foamed article can be produced at relatively

low cost as compared with an expensive high impact polystyrene resin
foamed article.

The foamed article of the present invention can be used for

applications where high impact polystyrene resin fo.ame-d articles have

20 been used, and is useful as a shock absorbing material particularly for

precise electric appliances, for exariiple, OA apparatuses such as CRT

and printer and AV apparatuses such as audio system and video tape

recorder.



_wherein the rubber polynmer particles (b) are dispersed uniformy:

-t hroughout a continuous phase of the polystyrene resin or in a state 10 of
-a density of the particles (b) being higher in a center portion of the
resin particle than in a surface |ayer portion thereof, and the nodified
pol ystyrene resin particles (c) are nodifjied polystyrene resin particles
(c 1) obtained by inpregnati ng a nonone i xture consisting essentially of
a styrene nononer and conjugated di ene 15 nonomer into polystyrene resin
particles (a) and carrying out copol \eyfhgation, said nononer mxture
bei ng containing the styrene nononer 1n a larger anount than the

conj ugat ed di ene nononer. 20 2.. The foamabl e nodified pol ystyrene resin
particles of Caiml1l, wherein said rubber polyner particles (b) consist

essentially of a copokya®haBfe ﬁﬂf‘diﬁ%)ﬂr}lg SWFC@%%&FGC&%{WH@@%%q&dia?Pne

nmononer. 25 3. The foanmable nodified polyStyrene resin particles o

1 or 2, whefogiabdd tho@ididd pelRalYehy re8m Eﬁﬂi@lé@(d)i&Sr%ir(éi}lgar'h%diﬁggi fied
pol ystyrene resin particles (c2) obtained by copolyrmerizing a 50 nononmer

m Xt ur e sconsoBisitieees seRinaphytiefest (@ cbMELRENBPAOBRIwRNY addtf f9nigat ed
di ene nmononer and containing the styrene nononer 1in a larger anount than

the conj ugaiedifie@nsolyeepraie védin pAeticlRBNEBS MPrisiELa RRIIPSHireRleegnghed in
the polystyrene resin 5 particles (a) to give the nodified pol ystyrene

resin partizhésuisigr pothmeurpdreicleslibpeleing dibpef&sd fin R@et F&difs (cl) to
i npregnation polynerization of a styrene nononer. 4. The foamable nodified
pol ystyr enewhesein pdue irtltdserofpodpserl @agtic@<i(bp drd @lidpeyded eiRifdzhtly
modi fi ed polystyrene resin particles (cl) are prepared by inpregnating 40
to 10 part sthryypugh@ht acfotimuous phase of the polystyrene resin or in a state
10 of a density of the particles (b) being higher in a center portion of the
‘resin particle than in a surface layer portion thereof, and
the modified polystyrene resin particles (c) are modified polystyrene
resin particles (cl) obtained by irn-pregnating a monomer mixture
consisting essentially of a styrene monomer and conjugated diene
15 monomer into polystyrene resin particles (a) “and carrying out
copolymerization, said monomer mixture being containing the

styrene monomer Iin a larger amount than the conjugated diene

monomer.

20 2. The foamable modified polystyrene resin particles of
Claim 1, wherein said rubber polymer particles (b) consist essentially
of a copolymer of the styrene monomer and the conjugated diene

monomer.

25 3. The foamable modified polystyrene resin particles of
Claim 1 or 2, wherein said modified polystyrene resin pa'rticles (c) are

modified polystyrene resin particles (c2) obtained by copolymerizing a



“monomer mixture into 60 to 90 parts by weight of polystyrene polyner
-particles (a) and carrying out copolynerization, said nononmer mxture
-conprising the styrene nononmer of nore than 15 55 % by wei ght and not nore
than 90 % by wei ght and the conjugated di ene mononmer of nore than 10 % by
wei ght and I ess than 45 % by weight. 5. The foamable nodified polystyrene
“resin particles of any 20 of dains 1 o0 4,7 wherein provided that when the
foamabl e nodi fied polystyrene resin particles (d) are nolded into a

modi fi ed p%&hﬁ?%iiﬁﬁ%ﬂcéﬂ@i@?ﬂg@%%ﬁﬁggﬂg\’%ﬂgﬂg siersld grllﬁ?%u?gaq%gggﬁf e,

a cushioning coefficient is repre

according the E@hﬁﬁ@ﬁté’@icﬁgﬁe.nfﬁroﬂ%g?ﬁ g&@gg{)ﬂmqn "tHELR dehd fr%ﬁgr%%zr?? by

B, and 25 that when~foamabl e un-no ystyrefie resi*n particles

prepared byid mPNEEREL ioLRE PRANSEYE %&Eﬁﬁﬂt?gga%r%{;@??%%eW%M Nfe

bl owi ng agent (e) are nolded into an un- yrene resin =51

foamed artiglohdia¥t NGn A tdRRS| Beindf iglﬂlgge St & CHRDI g;al?gmr%%%ff}ecgiﬁ?t i's

represented by C and a 50 % failure helght according t ing weig

met hod &f therdioRyed)aid kfleethe rﬁ@&if?é&'t'ﬁc%?sﬁ%ege tsen Bafiéitii_egsg(cg%é(@pyf ene

resin foaned article has a relation tha Cis 5 1.00to Dis

1.35 to 2. mrther Theub e idi fregth P ¥RINESNE(J8S! fy pai'i'l%féfféf%?&lﬁgnany

of Cains 1 to 5 wherein the rubber polynmer particles (b) pr esent

in the cenpelymperizhcivrobf thetyreaeadloaomei.fi ed pol ystyrene resin particles
10 (d) have a circle equivalent dianeter of average area of 0.01 to 0.20 m
7. The foamabl e nodified polystyrene resin particles of any of Claims 1 to
6, wherein a gel content of the nodified polystyrene resin particles (c)

is from15 to 40 % by. Thiegoamdble modified polystyrene resin particles of any
10 of Claims 1 to 3, wherein said modified poiystyrené resin particles (c1)

are prepared by impregnating 40 to 10 parts by weight éf the

-monomer mixture into 60 to 90 parts by weight of polystyrene

polymer particles (a) and carrying out copolymerization, said

rnono.rner mixture compfising the styrene monomer of more than

15 55 % by weight and not more than 90 % by weight and the conjugated

diene monofner of more than 10 % by weight and less than 45 % by

weight.

5. The foamable modified polystyrene resin particles of any _
20 of Claims 1 to 4, wherein provided that when the foamable modified
polystyrene resin particles (d) are molded into a modified polystyrene

resin foamed article having a densify of 0.02 g/cm?®

, a cushioning
coefficient is represented by A and a 50 % failure height according to
falling weight method of the foamed article is represented by B, and

25 that when foamable un-modified polystyrene resin particles ()

prepared by impregnating the polystyrene resin particies (a) with the

blowing agent (e) are molded into an un-modified polystyrene resin



"8. The foamabl e nodified pol ystyrene resin particles of any of Cains 1 to
-7, wherein the rubber polyner particles (b) are flattened in a cel
-menbrane of the nodified polystyrene resin foanmed article obtained by
expandi ng the foamabl e nodified pol ystyrene resin particles. 20 9. The
f oamabl e nodi fied polystyrene resin particles of Claim 8, wherein an
average flatness of the rubber polyner Eértfcles (b) flattened in the cel
menbr ane of the nodi fied pol ystyrene resin foamed article obtained by
expandi ng ti3g i &g mabtie1d ALy aold/éfg hFnoLr 8200 pgo/%rﬁa,r thclesHighihg
within a range of 1.1 to 9. 107 Foanable” nodifie l'ystyrene resin
particles wiyefficieht & fepredenbte Bpd Ah8t Y Y5 EX8RE hreeghﬂ a,eeb}dﬁi%%o_( d)
conprising nodified pol'ystyrene resin particles (c) containing a bl ow ng
agent (e); fafighgl weidHt f&tRoldYst Yheanesd mmalltiis! Rpreekntedby IH Nehe
pol ystyrene resin and rubber polyner particles (b) being dispersed in the

resin, 5 whfibdified solidbp@nd et fodakd a168ld Bhsaa arelh6BAr Gesh Wyid sl y
t hroughout a conti nuous phase of the polystyrene resin or in a state of a

densitysof 1.0® panto8lasd )Dhei n@ht@meBs5.n a center portion of the resin
particle than in a surface |ayer portion thereof, and provi ded that when
the foamabl e nodified polystyrene resin particles (d) 10 are nolded into a
nodi fied pol ystyrene resin foamed article having a density of 0.02 g/cnB,
a cushi oni ng coef fi db.ehihe feamapile peodifidedoyolfstrene resth Yalraiclesy 6f ey @it
according to falling weight nethod of the foaned article is represented by
B, and t hatClaliwrs 1 earfybihersinntddi fuleber polyaty partictedsib) hedangipressnt in
prepared by inpregnating polystyrene 15 resin particles (a) with the

bl owi ng agehie ¢er)tearportimed thet foazmnable- mostifiéd epblystytrehyer mrsnresiticlésanmed
article having a density of 0.02 g/cnB, a cushioning coefficient is

r epr esant eddpha@eandiralés8qtiviadehudearhetghof average area of 0.01 to 0.20 um.

7. The foamable modified polystyrene resin particles of any of
Claims 1 to 6, wherein a gel content of the modified polystyrene resin

particles (c) is from 15 to 40 % by weight.

15
8. The foamable modified polystyrene resin particles of any of
Claims 1 to 7, wherein the rubber polymer particles (b) are flattened in a
cell membrane of the modified polystyrene resin foamed article obtained
by expanding the foamable modified polystyrene resin particles.
20

9. The foamable modified polystyrene resin particles of Claim
8, wherein an average flatness of the rubber polymer particles (b)
flattened in the cell membrane of the modified polystyrene resin foamed
article obtained by expanding the foamable modified polystyrene resin

25 particles (d) is within a range of 1.1 to 9.

10. Foamable modified polystyrene resin particles which



“according to falling weight method of the foamed article is represented by
D, the nodified polystyrene resin foaned article has a relation that 20
-A/Cis 1.00 to 1.08 and B/Dis 1.35 to 2.35. 11. The foanabl e nodified

pol ystyrene resin particles of = Claim 10, wherein the rubber polyner
particles (b) consist essentially of a_copolynmer of the styrene nononer.
and the conjugated di ene 25 nononer.” 12.2 The f oanabl e nodified pol ystyrene
resin particles of 53 Claim 10 or 11, wherein the rubber polyner particles

(o) oei g Raes aBhnmdtbld HRoRERLEr pBNI08 0" (0% TOATRIEE B ddiflisine

pol ystyrene resin parti e’a’clrcle e

- £ o . . e . i i P | rene
esl n part roredtioh HolySuerl Rsin %%“tl%@%é?f’ﬁgfé?%l?laﬁ%ﬁoeﬁgé’sé?%% rﬁil?hem
nmodi fi ed t r 85k j ! : . :
Foalmalbl e Pﬁd%@ i %ﬂﬁggf%ﬁﬁﬁg‘aﬁﬁﬁsf%@ah& %E:llbgess 5‘62:98#} p&%légea %)gﬁgl%{%kg €
nodi fi ed Y i Lel 'ggpg [+S4 gt yrene
resin par qulcﬁézltsl %rﬁ?%g&tﬁfég?g?%rﬁ%?ﬁ&m{cﬂ%s gen%ir?ée??spéé%(gé{ %rrggpgl g§§ﬁ’
pol yst ysenevhesdin Rakt ireiRer( PolF@RPr pairfigled A1) Y§1té/r&i@§er;§&§' AnfRdniiybber
pol ymer particles (b) being dispersedin the resin, wherein the - rubber

~pol ynmer parthirelgholit)a 8setigheRAy SEHse B tRE PoYyhHréhE s8GROosE irfaGQAtd BHQUS
phase of the polystyrene resin or in a state of 'a density of the particles

(b) being highsity iofl theceaittetlepqb) beth@higher €% Benfd bbhich lfahel fesin
surface | ayer portion thereof, and the rubber polyner particles (b) are

flattened ipamidelthameitbaanefate taydropbfticrd thetesst yhane resin foamed
article obtained by expanding the 20 foamable nodified polystyrene resin

%ar_t i cl es (mhovidéd thhe winaethé foamdiblie ﬁﬁbc_ﬂ@leﬂs;b()’lggfbﬁ‘eh%_sﬂe@i@@fatr'ti%_l@ﬁcgf
aim 14, wherein the rubber polynmer particles (b) consist essentially
10 are molded into a modified polystyrene resin foamed article having a
density of 0.02 g/cm?, a cushioning coefficient is repfesented by A and a
50 % failure height according to falling weight method of the foamed

article is represented by B, and that when foamable un-modified
polystyrene resin particles (f) prepared by impregnating polystyrene
15 resin particles (a) with the bldwing agent (e) are molded into an un-
modified polystyrene resin foamed article having a density of 0.02 g/cm?,
a cushioning coefficient is represented by C and a .50 % failure height
according to falling weight method of the foarﬁed article is represented

by D, the modified polystyrene resin foamed article has a relation that

20 A/Cis 1.00 to 1.08 and B/D is 1.35to 2.35.

11. The foamable modified polystyrene resin particles of
Claim 10, wherein the rubber polymer particles (b) consist essentially
of a copolymer of the styrene monomer and the conjugated diene

25 monoimer.

12. The foamable modified polystyrene resin particles of



“of a copolyner of the styr ene' nononer and the conjugated diene 25 nonomer.
.16. The foanabl e nodified polystyrene resin particles of 54 Caim14 or
<15, wherein provided that when the foamabl e nodified polystyrene resin
particles (d) are nolded into a nodified polystyrene resin foanmed article
having a density of 0.02 g/cnB, a cushi %n'%ng coefficient is represented by
A and a 50-% failure height according t fal i ng wei ght nethod of the
foamed article is represented by B, and that when foanable un-nodified

pol ystyrenecrash NORSH | | ChBgréin tHY ARE @.gi 8% mt i resin
particles (a) wth the bl ovvirnlg agent %e P §,rHé ﬁg%ﬁgg@ﬂpgbgﬁgﬁ}% 11 ed
pol ystyr enetHeesbAtd0BBRGoAT 31l A& foRaRTe rﬁo@ﬁ%ﬁ ¥l i

2 q n 1% 3%[%9&9% rgél(lr}r aﬁglclgeﬁt

cushioning coefficient is represented by C a %t al

accor di ng t(@)fralvd agimet ehjuit@lehediamdtbe of %;%l%fl%ige %Eéé %k@.ﬁ)% thepReSeRt ed by

D, the nodified polystyrene resin foanmed article as arelation that A/C
is 1.00 to 1.08 and B/Dis 1.35 to 2.35. 17. The foanabl e nodified
pol ystyrene resin particles of any 15 of Clains 13 to 16, wherein the

rubber ol yner parti tBeThebjoabeable rchEﬁ@@tpdlﬁstEyl?@nG%%ﬁﬁ peeticleophnihe
f oamabl e nodifi ed polystyrene resin particles (d) have. a circle

equi val ent coff @imines 10 teVER agtheaen 205eDcOAtdrt i tB@ Moddfed &rolFh8 kagmabl e
nodi fied pol ystyrene resin particles of any of Cains 14 to 17, wherein a

gel cont entrasin theertivhel {d)ed fpoiny $5oef® % teswaiglarticles (c) is from15 to
40 % by weight. 19. The foamabl e nodified polystyrene resin particles of
any 25 of Clains 14 to 18, wherein an average flatness of the rubber
pol ymer particles (b) flattened in a cell nmenbrane of the nodified
pol ystyrene resin fbhmitbaantbid enolifaedepolyytenpandesin therticlagakitich
‘nodified - 55
10 are foamable modified polystyrene resin particles (d) comprising
modified polystyrene resin particles (c) containing a blowing-agent (e);
said modified polyétyrene resin particles-(c) comprising a polystyrene |
resin and rubber polymer particles (b) being dispersed in the resin,
wherein the rubber polymer particles (b) are dispersed uniformly
15 throughout a continuous phase of the polystyrene resin or in a state of a
density of the particles (b) being higher in a center portion of the resin
particle than in a surface layer portion theréof, and
the rubber polym¢r particles (b) are flattened in a cell membrane of a

modified polystyrene resin foamed article obtained by expanding the

20 foamable modified polystyrene resin particles (d).

15. The foamable modified polystyrene resin particles of
Claim 14, whérein_ the rubber polymer particles (b) consist essentially
of a copolymer of the styrene monomer and the conjugated diene

25 monomer.

16. The foamable modified polystyrene resin particles of



“polystyrene resin particles (d) and having a density of 0.02 g/cnB is
-within arange of 1.1 to 9. 20. A nodified polystyrene resin foaned article
<having a cell 5 nmenbrane of nodified polystyrene resin and containing the
rubber polynmer particles (b) dispersed in the resin, wherein the rubber
polynmer particles (b) in the cell nmenbrape are flattened, and an average
flatness of the rubber. pol yner parti'clés‘l(b) flattened in the cell
menbrane of the nodified polystyrene resin foanmed article having a density

of 0.02 g/ c@Bind014 SoﬂMltsbi@h_%réﬁﬁgﬁoefdedl-tﬂ%E QBen2the ‘?eﬁrrfa)&' f heShified
f d , OFyrrer

pol ystyrene resin foaned article aim?2 erein the rubber p

particles (flysenent r@s’iﬁe?h}ﬁ&ﬂeﬁ @f) &e ﬁ%&%&nﬁ{&ﬁ%e%%aiﬁéy%[@@gﬁﬁﬁg?r
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foamabl e moddeheitypfl §.9Ryg fne°, a cushioning coefficient is represented by C and
10 a 50 % failure height according to falling weight method of the foamed
article is represented by D, the modified polystyrene resin foamed article

has a relation that A/C is 1.00 to 1.08 and B/D is 1.35 to 2.35. °

17. The foamable modified polystyrene resin particies of any

15 of Claims 13 to 16, wherein the rubber polymer particles (b) being
present in the center portion of the foamable modified polystyréne resin
particles (d) have a circle equivalent diaméter of average area of 0.01 to

0.20 pm.

20 18. The foamable modified polystyrene resin particles of any
of Claims 14 to 17, wherein a gel content in the modified polystyrene

resin particles (c) is from 15 to 40 % by weight.

19. The foamable modiﬁed polystyrene resin particles of any
25 of Claims 14 to 18, wherein an average flatness of the rubber polymer
particles (b) flattened in a cell membrane of the modified polystyrene

resin foamed article obtained by expanding the foamable modified



‘resin particles conprising: inpregnating, into polystyrene resin particles
.(a), a nonomer mxture consisting essentially of a styrene nononmer and a
-conj ugat ed di ene nononmer and conprising the styrene nononer in a |arger
anount than 10 the conjugated di ene nonomer and carryi ng out

copol yneri zation to give nodified polystgrene resin particles (cl),
wherei n the rubber pol yner particleS‘(@) are di spersed uniformy

t hroughout a conti nuous phase of the polystyrene resin or in a state of a

d it f [ pej hi gher .4 center. poF i of the resin
parti ol ot HRAT S RECHSn, BprlEII s IR ol e 2" BRI Y D8 e he
nodi fi ed poJV%ngraepgné?%ifq_patBtgcl es (cl) with a blow ng agent (e). 25. A

process for preparing foanmable nodified polystyrene 20 resin particles

conprising: inpregnating, into polystyrene resin particles (a), a nononer
m xture consisting essentially of a styrene nonomer and a conjugated diene
nmononer and conpri sing. BWhécilieq HIJORRERE rekTh fodReBCAr(dRYMvih
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conj ugat ed di ene nononer and carrying out copolynerization to giVve
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nodi fied pol ystyrene resin particles (cl) wth a styrene noner to give

modi fi ed popalyiyéreparticizsbpaispersed inCthle rdain; witFeldTBREFUBbePHIPRe
modi fi ed p?y;}'tyrege resirr1{ Eartlibcl es (c2) with a blow ng agentq)(e%ﬁlg 26.
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of Claim24 or 25, wherein in the inpregnation polynerization for

preparing tdfethrodhbber ppbimst yaetielde) Mlarshéd ifahedoll metbi@nd @fRAEL S by
wei ght of the nonomer mxture is inpregnated into 60

modified polystyrene resin foamed article having a density of 0.02 g/cm?®

10 is within a range of 1.1 to 9.

21. The modified polystyrene resin foamed article of Claim 20,
wherein the rubber polymer particles (b) consist essentially of a
copolymer of the styrene monomer and the conjugated diene

15 monomer.

22. The modified polystyrene resin foamed article of Claim 20
or 21, wherein provided that a cushioning coefficient of the modified
polystyrene resin foamed artiéle havihg a density of 0.02 g/crn3 is

20 represented by A and a 50 % failure height according to falling weight
method of the foamed article is represented by B, and that a cushioning
coefficient of an un-modified polystyrene resin foamed article containing
no rubber polymef particles and having a density of 0.02 g/cm® is
represented by C and a SO % failure height according to falling weight

25 method of the foamed article is represented by D, the modified
polystyrene résin foamed article has a relation that A/C is 1.00 to 1.08

and B/D is 1.35 to 2.35.



“to 90 parts by weight of the pol ystyrene polymer particles (a) and the 10
-onomer m xture conprises the styrene nonomer of nmore than 55 % by weight
+and not nore than 90 % by wei ght and the conjugated di ene nononer of nore
than 10 % by weight and I ess than 45 % by weight. 27. A nethod for
producing a nodified polystyrene resin 5l foamed article by expandi ng the
f oamabl e nodi fied pol ystyrene resin particles (d) of any of Cains 1 to
19.
23 The modified polystyrene resin foamed article obtained
by expanding the foamable modified polystyrene resin particles of any of

Claims 1 to 19.

5 24. A process for preparing foamable modified polystyrene |
resin particles comprising:
impregnating, into polystyrene resin particles (a), a monomer mixturé
consisting essentially of a styrene monomer and a conjugated diene
monomer and comprisiﬁg the styrene monomer in a larger amount than
10  the conjugated diene monomer and carrying out copolymerization to give
modified polystyrene resin particles (c1), wherein the rubber polymer
particles (b) are dispersed uniformly throughout a continuous phase of
the polystyrene resin or in a sfate of a density of the particles (b) being
higher in a 'centér portion of thé resin particle-than in a surface layer
15 portion thereof, and
impregnating the modified .polystyrene resin particles (cl) with a

blowing agent (e).

25. A process for preparing foamable modified polystyrene
20 resin particles comprising:
impregnating, into polystyrene resin particles (a), a monomer mixture
consisting essentially of a styrene monomer and a conjugated diene
monomer and comprising the styrene monomer in a larger amount than
the conjugated diene monomer and carrying out copolymerization to give
25 modified polystyrene resin particles (c1),
impregnation-pdlymerizing the modified polystyrene resin particles (c1)

‘with a styrene monomer to give modified polystyrene resin particles (c2),



)
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and
impregnating the modified polystyrene resin particles (c2) with a

blowing agent (e).

26. The proceSs for preparing foamable modified polystyrene
resin. particles of Claim 24 or 25, wherein in the impregnation
polyrherizat_ion for prepéring the modified polystyrene resin particles (c1),

40 to 10 parts by weight of the monomer mixture is impregnated into 60

 to 90 parts by weight of the polystyrene polymer particles (a) and the

monomer mixture comprises the styrene monomer of more than 55 % by
weight and not more than 90 % by weight and the conjugated diene

monomer of more than 10 % by weight and less than 45 % by weight.

27. A method for producing a modified polystyrene resin
foamed article by expanding the foamable modified polystyrene resin

particles (d) of any of Claims 1 to 19.



