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with a mxture a polynmerization initiator to a
nonomer m xture of a styrene nononer and conjugated diene nononer,
pol ynerizing the BACKGROUND ART

15 . 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 easilyy. To improve such a defect, there
has been proposed a process for mechanically blending a

20 styrene—butadiene block copolymer with a polystyrene resin
(cf. JP-B-47-17465 and JP-A-54-158467) and a process
employing particles of a resin which 1is excellent in
impact strength and so—called high impact polystyrene
resin (HIPS), wherein the |©particles are prepared by

25 polymerizing a styrene monomer in the presence of
conjugated diene polymer particles (JP-B-47-18428 and
JP-A-7-90105).

However it is necessary for those foamable
polystyrene resin particles to be subjected to pelletizing

30 through extrusion molding, which results in increase in
cost. Further in commercially available high impact
polystyrene resin, a molecular weight of its polystyrene
cannot increase beyond a certain level

JP-A-6-49263 discloses foamable polystyrene

35 resin particles prepared by  impregnating  polystyrene
resin particles with a mixture obtained by adding a
polymerization initiator to a monomer mixture of a styrene
monomer and conjugated diene monomer, polymerizing the




"2 nmononmer mxture to give pol ystyrene resin particles.containing
the . obtained copol yner r ubber particles gathering densely around
the surface portion of the resin particle, and then inpregnating the
pol ystyrene resin 5 particles wwth a blowing agent. Also it is

di sclosed that the center portion of-tl2e foamable resin particle is rich
wi th polystyrene and, since the blow ng agent is kept in the center
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(D); said r izigg  S6Aprided tonjexgslient from the  viewpoint
cost. However the obtained foamed article, particularly

15 the foamed article produced by molding pre—expanded
particles within a mold is low in percentage of fused
particles (fusion rate) and is insufficient in break
resistance (in impact strength by a falling weight
method).

20 An object of the present invention 1s to provide
foamable modified polystyrene resin particles which can be
prepared without being subjected to pelletizing and give a
foamed article having excellent break resistance and high
fusion rate; a process for preparation thereof; and a

25 foamed article produced by expansion—molding the foamable
modified polystyrene resin particles.

DISCLOSURE- OF THE INVENTION

The present invention  relates to  foamable
30 modified polystyrene resin particles, wherein the foamable
modified polystyrene resin particle (E) comprises a
particle of a modified polystyrene resin (C) containing a
blowing agent (D); said resin (C) comprises conjugated
diene polymer rubber particles (B) dispersed uniformly
35 throughout a polystyrene resin (A) and when said foamable
modified polystyrene resin particle (E) is expanded, there
is substantially no deformation of the rubber particles

(B) before and after the expansion.



di ene polynmer rubber particles (B) dispersed uniformy 35 throughout
a -polystyrene resin (A) and when said foanmabl e nodified polystyrene resin
particle (E) is expanded, there is substantially no deformation of the
rubber particles (B) before and after the expansion. 3 Further t he
present invention rel ates to foamabl3e modi fied pol ystyrene resin
particles, wherein the foamable nodi fi ed pol ystyrene resin particle
conprises nodified polystyrene resin particle containing a blowing 5

agent; said nodified Fupthestyrgrwe rpsé¢sentpar tihvertiobei ngelatepar edoby
pol ymer i 2i ng. 2 sk HRA SHhdIFRRE BAIANRAeRE AréBIACTREC YT Cwhbrbhif the
conj ugat ed di ene nonomer and ot her omer n polystyrene resin .
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and polymerization of a styrene monomer.
' Still- further the present invention relates to
15 foamable modified polystyrene resin particles, wherein the
foamable modified polystyrene resin particle (E) comprises
a particle of modified polystyrene resin (C) containing a
blowing agent (D);
said resin (C) comprises  conjugated  diene
20 polymer rubber particles (B) dispersed uniformly
throughout a polystyrene resin (A),
an Izod impact strength of said modified
polystyrene resin (C) is from 1 to 5 kg-cm/cm,
a fusion rate between expanded particles of a
25 foamed article (F) obtained by expansion-molding said
foamable modified polystyrene resin particles (E) 1is not
less than 50 %, and
a 50 % failure height according to falling
weight method of the foamed article (F) is from 1.35 to
30 1.84, when a 50 % failure height according to falling
weight method of a foamed article (H) obtained by
expansion-molding a foamable polystyrene resin particle
(G) which comprises the polystyrene resin (A) containing a
blowing agent (D) is 1.
35 Such foamable modified polystyrene resin
particles of the present invention can be obtained by:
polymerizing a conjugated diene monomer or a
monomer mixture of the conjugated diene monomer and other



a 50 % failure height according to falling weight nethod of the
foamed article (F) is from1.35to 30 1.84, when a 50 % failure

hei ght according to falling weight method of a foaned article (H)
obtai ned by expansi on-nol di ng a foamable polystyrene resin particle
(O which conprises the polystyrene resim (A containing a bl owi ng agent
(D) is 1. 35 Such f oamabl e nodi fied . polystyrene resin
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neighborhood of the polystyrene resin particle which is

15 lower . than that of the nucleating agent in the inside
portion of the polystyrene resin particle. ~ The nucleating
agent—containing polystyrene resin particles can be
obtained by a process, wherein the polystyrene resin
particles are prepared by suspending polystyrene resin

20 seed particles in an aqueous dispersion medium, adding a
styrene monomer in the aqueous dispersion medium
continuously  or intermittently and  polymerizing with
impregnating the seed particles with the styrene monomer,
characterized in that the whole or a part of 0.001 to 1

25 part (part by weight, hereinafter the same) of the
nucleating agent to be contained in 100 parts of the
finally obtained polystyrene resin particles is present in
the seed particles at a stage prior to addition of the
styrene monomer.

30 Also the present invention relates to a foamed
article of a modified polystyrene resin which has a cell
membrane of the modified polystyrene resin comprising a
polystyrene resin and conjugated diene polymer rubber
particles dispersed uniformly in the polystyrene resin,

35 wherein a fusion rate is not less than 50 % and the rubber
particles maintain substantially their spherical form in
the cell membrane.

The foamed article can be obtained by expansion-



‘conti nuously or intermttently and polynmerizing wth inpregnating
t'he seed particles with the styrene nononer, characterized in that the
whole or a part of 0.001 to 1 25 part (part by weight, hereinafter
the sane) of the nucleating agent to be contained in 100 parts of the
finally obtained polystyrene resim Particles is present in the seed
particles at a stage prior to addition of the styrene nononer. 30

Al so the present i nvention relates a foaned article of a nodified
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ot herw se ted 10 BRI EF DESCRIPTION OF DRAWNGS Fig. 1 is a

phot ograpr} a transm ssion electron mcroscope (TEM show ng the
center porti on of the foaBRIEE DESGRIFHEHON £ particle obtained

in 15 Exanple 1 of thegpreseqt ijgvenii OBhotograph of a transmission
electron microscope (TEM) showing the center portion of
the foamable modified polystyrene particle obtained in

15 Example 1 of the present invention.

Fig. 2 is a photograph of TEM showing the
surface portion of the foamable modified polystyrene
particle obtained in Example 1 of the present invention.

Fig. 3 is a photocopy of Fig. 1 for measuring an

20 area percentage of rubber particles and an area ratio of
rubber particles.

Fig. 4 is a photocopy of Fig. 2 for measuring an
area percentage of rubber particles and an area ratio of
rubber particles. _

25 Fig. 5 is a photograph of TEM showing the foamed
article obtained in Example 1 of the present invention. '

Fig. 6 1is a photograph of TEM showing the
surface portion of the foamable modified polystyrene
particle obtained in Comparative Example 3.

30 Fig. 7 is a photograph of TEM showing the center
portion of the foamable high impact polystyrene resin
particle obtained in Comparative Example 4.

Fig. 8 is a photograph of TEM showing the foamed
article obtained in Comparative Example 4.

35 Fig. 9 1is a schematic cross sectional view of
a droplet forming device used in Reference Example of the
present invention.




Fig. 2 is a photograph of TEM showi ng the surface portion of the
f.oamabl e nodified pol ystyrene particle obtained in Exanple 1 of the
present invention. Fig. 3 is a photocopy of* Fig. 1 for measuring an 20
area percentage of rubber particles and an area ratio of rubber
particles. Fig. 4 is a photocopy of Fig. @ for neasuring an area
percentage of rubber particles and an area ratio of rubber particles. 25

Fig. 5 is a photograph of TEM showi ng the fa rticle obtained in
Exampl e 1 of the presenBESH Mo FORARRYING DU Gt IABENIIONEM showi ng

the surface portion Ol‘hoﬁ%'l? fieamefaghabl@di hbdified PopolgtYy iR Paekin! €
obtained in Coggar at.l ve 3. 3

.30 . . Fig. 7 hot h_of
TEM showi ng t hePAdaeles ? irmotrh%of P%%anﬂﬂygnﬂpakgi%é’csn So é)t sgéﬁger 0
resi nhpa_rt i cl ﬁ pattaclesd ir{l_ @ispersyd vetesgnplthey. @b g.nd i sexmibi:ot ompaph of
TEM show n e rti oft a : appl: :
Fig. S9 i sg %tfg%ggﬂl %S c%oegls B{seit':l@g n%ﬁﬂp%vﬁ 6@%%¥P%grrz%p esl{ﬁl]s oranﬁég%the
devi ce used i n Rofifietice Plyspyeenst t wesin esalisclogeéntiion. JP-4-649268DE
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polystyrene resin.
Such properties are surprising properties which
15 cannot be seen in conventional foamable polystyrene resin
particles.
As the polystyrene resin (A) which is a raw
material in the present invention, there may be used usual
polystyrene resin, for instance, styrene homopolymer and a
20 copolymer of styrene with other monomer. Examples of the
other monomer are o« —methylstyrene, 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, and acrylonitrile.
25 Unlike the high impact polystyrene resins, a weight
average molecular weight can be adjusted optionally in 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 350,000 from the viewpoint of
30 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 expansion rate is
within a proper range. A weight average molecular weight
of polystyrene resins in the high impact polystyrene
35 resins is usually up to 250,000 at most.
As nparticles of the polystyrene resin (A), since
those prepared through conventional suspension
polymerization method can be wused as they are, no



(-impact strength in the falling weight nethod) equal to that of foaned
articl.es obtained from the high inpact polystyrene resin. Such
properties are surprising properties which 15 cannot be seen in
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if necessary can he TELIW ipolystyrene resin may be added wusua

additlves such as a nucleating agent, filler, plasticizer,

15 flame retarder, lubricant, coloring agent, ultraviolet ray
absorber and antioxidant in an amount not impairing
effects of the present invention.

In case where 0.001 to 1.0 % of the nucleating
agent is incorporated in the polystyrene resin particle

20 which is a raw material by making, as mentioned above, the
concentration distribution of the nucleating agent in the
surface neighborhood of particle lower than that in the
inside portion of particle, there can be obtained well-
balanced properties among mechanical strength, surface

25 smoothness and surface hardness just after molding of the
foamed article.

With respect to the concentration distribution
of the nucleating agent, the “surface neighborhood of
particle” and the “inside portion of particle” are defined

30 as mentioned hereinafter. It should be noted that those
definitions  differ from  definitions of “surface layer
portion” and “center portion” with respect to
dispersibility of the conjugated diene polymer rubber
particles (B) in the polystyrene resin (A). The “surface

35 layer ©portion” and “center portion” are also defined
hereinafter.

The nucleating agent—containing polystyrene
resin particles can be obtained by a process (also called



5 preferable that the average particle size is from about 0. 1 to
about .3 nm wusually from 0.5 to 1.5 nm | npact resistance of unnodified
pol ystyrene resin (A) having a wei ght average nvol ecul ar wei ght of 250, 000
(1zod inpact strength by wusing a test piece with notch) is 1.5 10
kg . cmcm The inpact resistance is-dggeHmned wth 1zod inpact
strength obtained at 23[err]C by using a 1/4 inch bar and a test piece
with notch according to JIS K 7110. To the raw polystyrene resin may be
added usual addi ti“eesd spalymerszationnuprecesshy fagenprepdring erpolystyrene
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It is preferable that an amount of the seed
particles is from 1 to 80 % particularly from 5 to 50 %
of a total resin amount after the polymerization. When
the amount is less than 1 % it is not preferable because

20 there increases a possibility of the added monomer
becoming a homopolymer in the form of powder without being
impregnated in the particless. When the amount is too
much, a particle size ratio of a growth particle to the
seed particle becomes smaller, which is economically

25 disadvantageous.

As the styrene monomer wused in the seed
polymerization, there are styrene, and other monomer, for
example, ¢ —methylstyrene, an unsaturated fatty acid
ester such as methyl methacrylate or butyl acrylate, an

30 unsaturated fatty acid such as acrylic acid, methacrylic
acid or maleic anhydride, and  acrylonitrile. These
monomers can be used alone or in a mixture of two or more,
and may be used in combination with a bifunctional monomer
such as divinylbenzene or alkylene glycol dimethacryalte.

35 As a polymerization initiator for the styrene
monomer in the seed polymerization, there can be used a
radical initiator which 1is generally wused for preparation
of a thermoplastic polymer. Typical examples of the



‘8 a "seed polynerization process”) for preparing polystyrene resin
parti.cles, wherein the polystyrene resin particles are pr epar ed by
suspendi ng polystyrene resin seed particles in an aqueous

di spersing nedium adding a 5 styrene nononer in the aqueous

di spersing medi um cont i nuously o ihtermttently and pol yneri zi ng
wWith inpregnating the seed particles with the styrene nononer,
characterized in ,that the whole or a part of 0.001 to 1 part of the,

nucl eati ng agdidieal pelmbiatarnedaten 1000Tpar dBStARCEpf QrgaNiq | nfargxides
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| ess than 1 %dirt—buatylot pref er abtrp dpotenepbithalatacr eases a and

possibility of 1- - ] : ol ymegrdn th ‘m
of povder v Ak Higgc RS 5 0xy VB BEE - RRPHI Ofcl 8h BRI ndn thefe

amount is to&%ﬁﬁcgsgp:irtirg‘g‘g?ts?ze %gtighgﬁzg%ﬁﬁ‘ﬁ%’ﬁﬁmﬁr eg tghﬁméi seed
particle becembisdimudthelvalerbnithilei s econorfilaasd y 25 dipplyinerizagius.
25 e S SRR R Y66 v e “BEC IR0 A TERRERH OB BRGC & °
unsaturated 1merey acid ester such as nmethyl methacrylate or butyl
Tt oty U e lteyp el sty ko rats
mononers can BEARRIE alWAETor and othg xd ofﬁf%p]@? n&e,’c nddiRpr B ed
i n conbi nati oragerith ard)i f fmect iinstdnoepnarer oggahicas dipsersingergene osuch
al kyl ene giﬁ" Coz{s di ”Bélht"i?r yalsta‘fmnified polyvinyl alcohol, polyacrylate,
polyvinyl pyrrolidone, carboxymethyl cellulose or methyl
cellulose; an inorganic dispersing agent such as
calcium pyrophosphate, calcium phosphate, calcium
carbonate, magnesium pyrophosphate, magnesium phosphate,
20 magnesium carbonate or magnesium oxide, and the like. In
case where the inorganic dispersing agent is wused, a
combination use of a surfactant is desirable.
As the nucleating agent, there are used
nucleating agents which are capable of finely dispersing
25 in the polystyrene resin matrix. Examples of the
nucleating agent are one or a mixture of two or more
selected from, for instance, polymers of methacrylate such
as polymethacrylate, copolymer of methacrylate—acrylate
and copolymer of methyl methacrylate-butadiene-styrene;
30 styrene copolymers such as styrene-butadiene copolymer,
high impact polystyrene, styrene-butadiene-styrene block
copolymer, hydrogenated styrene-butadiene—styrene block
copolymer and acrylonitrile-styrene copolymer; olefin
waxes such as polyethylene wax and ethylene-vinyl acetate
35 copolymer wax; fatty acid esters such as glycerin
monostearate, glycerin  monobehenate, glycerin  mono—12-
hydroxy stearate, glycerin monolaurate, glycerin tri~12-

hydroxy stearate, glycerin tristearate, glycerin



35 As a polynerization initiator for the styrene nononer
i.n the seed polynerization, there can be used a radical initiator which is
generally used for preparation of a thernoplastic polynmer. Typi cal
exanples of the -9- radical initiator are, for instance, organic
per oxi des such as benzoyl peroxiée, 10l adroyl peroxide, t-butyl

per benzoat e, t-butyl per pi val at e, t - butyl per oxy

I sopropyl car bonat e, t - butyl per oxyacet at e, 2, 2-di-t-butyl 5
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arbonat e or . wher e
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surfactant is dediorpéthylése tshearylnuadtheti ngand agpolyoxyetkylene arlaurylsed
nucl eati ng ageréttﬁeiahi ch are capable of finely dispersing 25 in the
pol ystyrene- resin ~ nmatriXx. Exanples of the nucleating agent are one
or a mxture of two or Those saueleasing r agentsr argst 4REETPQIELtder 1 ofan

methacryl ate sygho@st oPOlOYO®E haer yi.et €4 inCabel Vp&lystyf¥ne resin. When

met hacryl atl%_ agtli’?él agzgntent is less than 0.001 %, there is a case where

cells obtained by expanding becomes nonuniform and bulky,

and as a result, a surface hardness of a foamed article

just after the molding is lowered. When more than 1.0 %,

cells obtained by expanding becomes too fine, which not

20 only causes, in some cases, impairing of smoothness of the

surface of the foamed article but also is economically
disadvantageous.

When the nucleating agent is wused, it is

important that the concentration of the nucleating agent

25 in the surface neighborhood of particle is lower than that

in the inside  portion of particle, preferably  the

concentration of the nucleating agent in the surface

neighborhood of particle is not more than 90 % of that in

the inside portion of particle, more preferably not more

30 than 80 % or the nucleating agent may not be present in

the surface neighborhood of particle The above—mentioned

“surface neighborhood of particle” means a portion from

the surface of the particle upto a depth of 10 % of a

particie radius. The remaining portion means the “inside

35 portion of particle”. When the concentration of the

nucleating agent in the surface neighborhood of particle

is the same as or higher than that in the inside portion

of particle, mechanical strength and surface smoothness of




-and copolymer of nethyl nethacryl ate-butadi ene-styrene; 30 styrene

copolyners such as styrene-butadiene copolyner, high I npact

pol ystyrene, styrene-butadi ene-styrene bl ock copol yner, hydr ogenat ed
st yrene- but adi ene- styrene bl ock copol yner and acrylonitrile-styrene
copol yner; ol efin waxes such as pel ydflhylene wax and et hyl ene-vi nyl
acetate 35 copolyner wax; fatty acid esters such as glycerin
nonost ear at e, gl ycerin nonobehenat e, gl ycerin nono- 12- hydr oxy
stearate, gl ya:éDBmEdrranblckﬁnﬁefﬁeIOW@Sﬁ:erl n tri-12- hydroxy st ear at e,
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hardened vegeTUHREE oneig 0ogs Ofar @8REGIE ¢ Ju8 gi | diffgrenten
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15 slightly applying a load on the plate by hand. Thus
particles are worn from the surfacee When about 10 % of
the particle radius is worn, the resin particles are taken
out and the concentration of the nucleating agent in the
particles is measured, thus giving a concentration B (% by
20 weight) of the nucleating agent in the inside portion of
particle. The concentration C (% by weight) of the
nucleating agent in the surface neighborhood of particle
can be calculated by the following equation. The
concentration of the nucleating agent in the polymer is,
25 for example, in case where the polymer of methacrylate is
used, obtained by measuring an absorbance of C=0 band
(1750 to 1735 cm™') of an ester with an infrared
spectrophotometer.

30 c= A~ B9
I - (0.9)°

The whole or a part of the nucleating agent,

35 preferably not less than 50 % thereof, more preferably
substantially the whole amount thereof 1is incorporated in
the ©polystyrene resin seed particles. Examples of the
incorporating method are (1) a method wherein the whole or

a part of the nucleating agent is previously dissolved or



VWhen the nucleating agent is wused, it is inportant that the
concentration of the nucleating agent 25 in the surface nei ghborhood of
particle is lower than that in the i nsi de portion of particle,
preferably the concentration of the "nucleating agent in the
surface nei ghborhood of particle is net fBre-than 9 0 % of that in the

I nside portion of particle, nore preferably not nore 30 than 80 % or the
nucl eati ng agent may not be present in the surface neighborhood of
particle. The dibpersadenin oaednosomencaisedi givhenhd@uéparingar seed epantighes a
portion fromt ufd\ac PaHer - o] 19 p icle
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I nsi de porti onsg gart I cl &, mechani cal st{.en th and .surf s#))ot hness. of
a foamed artd cISTYEERE | RRNARET, o e | Acleating, ASEHY J5; iarfgfe?ge NEs&d i1 the
surface nei ghbaheoodnafngrar tofcl beimgy lhissolivedr ear fdispersed iim t lae isnwlde
portion of partj 5 T n ti e u idhg
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5 nmthi ck on whEpersingandmedpan, of angd. 3then o 4b6 i sSesast eBastieles, epdeed.

One of them ignraeedted avitdbl ehwi tdpente s f aesidie tbe shied papkating
upward, and thereon’is 10 ,put abgut o]

particle radl uP8eNter M3Y ab§ cYRE nt]i’%flgonh}%srﬁ/?}%g/p\?é% Igcldtigsgfs%h\g@ﬁ(:hthe
nucl eating agenityeese konvmer tomdicheddptiate is placed on the resin
particl s uiih the pastcqoanPangtal aiaNpHET dinanfhd o (FBYCChlicd)
load on the tHeat partigleshanfl. theThpelyshyrens esesine aﬁ)rnfq' @ orinrrggnated
surface. Wien gpputpdi9mtérdied howhM t Ll eondttated s di@ie), thégomesi nor a
particl es 45 trﬁgrelgmer mixture of the conjugated diene monomer and other
monomer (hereinafter the both may be called “conjugated
diene monomer system”). This polymerization is called

“first impregnation polymerization”.
Examples of the conjugated diene monomer are one
20 or more of butadiene, isoprene, chloroprene,
1,4-pentadiene, 1,5-hexadiene and the like. Butadiene 1is
particularly preferable. An impregnating amount is from 5
to 20 %, preferably from 5 to 1b %  particularly
preferably from 7 to 15 % on the basis of the polystyrene
25 resin (A) particle ~When the amount is less than 5 %,
break resistance of the obtained foamed article is
insufficient. When more than 20 % the obtained foamed

article tends to become too soft.

Examples of the other monomer which may be used
30 as optional components in addition to the diene monomer
are, for instance, a styrene monomer such as styrene,
e —methylstyrene or divinylbenzene; an unsaturated
fatty acid ester such as methyl acrylate or butyl
acrylate; an unsaturated fatty acid such as acrylic acid,
35 methacrylic acid or maleic anhydride; acrylonitrile and
the like. Among them, styrene is particularly
preferable. An impregnating amount of the other monomer
varies depending on kind thereof. It 1is preferable that



out and the concentration of the nucleating agent in the particles is
nmeasured, thus giving a concentration B (% by 20 weight) of the
nucleating agent in the inside portion of particle. The
concentration C (% by weight) of the nucleating agent in the
surface neighborhood of particle can 13be— cal cul ated by the

fol |l ow ng equati on. The concentration of the nucleating agent in the
polynmer is, 25 for exanple, in case where the polymer of nethacrylate is

used, obtainedthy ABAYDE| Ay At aB¥EEbIRGE A0 c"éom{x 1@ 8o to1dds %
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added. In the, present Jnvention, "IN .the _firs pl ace,, the partic
of the pol yst yHst@nfesi n benzoyle | REFEESS: ed lauroyi peroxide,  "t—buty.
peroxybenzoate, 1,1-di-t-butylperoxy-2,4—-di—t-

15  butylcyclohexane and the like. The amount of the
polymerization initiator is from 0.05 to 5 % preferably
from 0.1 to 2 % on the basis of the conjugated diene
monomer.

That impregnation polymerization can be carried

20 out in the system where the polystyréne resin particles
are dispersed and suspended in water by impregnating with
the conjugated diene monomer system and polymerization
initiator uniformly at a polymerization temperature
(usually 50° to 100C) or a temperature lower than that

25 and then holding at the polymerization temperature for 1
to 20 hours.

The resin particles obtained by the first
impregnation polymerization do mnot have, in themselves,
such an impact resistance as recognized in the high impact

30 polystyrene resins. As mentioned later, a foamed article
produced through in—mold molding by using foamable resin
particles prepared by impregnating the obtained resin
particles with a blowing agent is inferior in fusion rate
between the particles.

35 One of the most significant features of the
present invention lies in a point -that the resin particles
obtained by the first impregnation polymerization are
further impregnated and polymerized with a styrene monomer



and pol ynerized with a conjugated di ene nononer or a 15 nononer m xture of
the conjugat ed di ene nononer and ot her nonomer (hereinafter the both may be

call ed "conjugated di ene nononer systent). This polynerization is
called "first inpregnation polynerization". Exanples of the conjugated

di ene nononer are one 20 or nore = b4 - butadiene, | sopr ene,

chl oroprene, 1, 4-pentadiene, 1, 5-hexadiene and the Iike. But adi ene
is particularly preferable An inpregnating anmount is from 5 to 20 %
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ester such a$mp ?rggﬂghogﬁgw 6 butyl acrylate; an unsaturated fatty
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15 to be lowered. When less than 3 %, improvement in fusion
of the particles tends to be lowered.

The amount of the polymerization initiator is
usually from 0.05 to 5 %, preferably from 0.5 to 2 % on
the basis of the styrene monomer, but may be decreased

20 when there remains the polymerization initiator which was
not consumed in the first impregnation polymerization.

The particles of the modified polystyrene resin
(C) obtained through the second impregnation
polymerization do mnot yet have such impact strength as

25 recognized in the high impact polystyrene resins and the
resin disclosed in JP-A-6-49263. This is also a feature
of the present invention. The impact resistance of the
modified polystyrene resin (C) is from 1 to 5 kg-cm/cm
(Izod impact strength by using a test piece with notch).

30 An impact resistance of resins called high impact
polystyrene is generally not less than 6 kg.-cm/cm. The
impact strength of the modified polystyrene resin (C) is
measured according to the above—mentioned JIS K 7110. In
case where a blowing agent is contained in a test piece,

35 the blowing agent is removed by reprecipitation method
before the measurement.

The particle of the modified polystyrene resin
(C) contains the conjugated diene polymer rubber particles



order to obtain the polynmer rubber particles in nore uniform

di sper.si on state, that the pol ynmeri zation is 10 carried out after

i npregnating the resin particle with the nononer uniformly and then
wth the initiator uniformy. Exanples of t he pol ymeri zati on

Initiator are, for instance, berzoyb -peroxide, |auroyl per oxi de,
t-butyl peroxybenzoate, 1, 1-di-t-butyl peroxy-2, 4-di-t- 15
butyl cycl ohexane and the like. The anount of the polynerization
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is called ' secd’rmthﬂ‘p@gn iatieel yneri zation").

The rubber vparticles, as mentioned hereinafter
15 in detail, have a feature that they maintain the spherical
form without ©being deformed substantially in the cell
membrane even after the expanding. When the high impact
polystyrene resin is wused, the rubber particles are in a
flat form (JP-A-7-11043). Considering a point that the
20 rubber portion having the flat form contributes to
exhibition of break resistance, the exhibition of break
resistance of the foamed article of the present invention
is unexpected surprising fact.
In the present invention, the state of the
25 conjugated diene polymer rubber particles (B) which are
“uniformly dispersed throughout” the polystyrene resin
particle (A) means that the distributing state of the
rubber particles (B) does not differ between the surface
layer portion and the center portion of the polystyrene
30 resin particle (A) or is slightly sparser in the surface
layer portion.
In the present invention, the “surface layer
portion” means a portion defined between the depth of 2 im
to 6 pm from the surface of the modified
35 polystyrene resin particle toward the center thereof. The
“center portion” means a sphere portion having a radius of
50 wum, the center of said sphere portion being the center
of the modified polystyrene resin particle, provided that



Exanpl e of the styrene nononer used in the secaond inpregnation _

pol ymeri zation is the styrene monomer exenplified - as the opt i onal
conponent in the first 5 inpregnation polynerization. The styrene
nononer used nmay be the sane as or different fromthat of the first

i npregnation pol ynerization. The anourt d6 the styrene nononer used in the
second inpregnation polymerization is from 3 to 50 % 10
preferably from 5 to 30 %on the basis of the polystyrene resin (A)
particles. wAdie Dabticle fgaa smierey, it s necesssary to increase

relatively the anount THY  tBRcE&R] ugﬁltgggiuringi eNRet ABMOMEE  tQunlBfedised
in the first . npregnation pol %I’I zatj on and, di spersion stabill t%/ tends

15 to be | oner® PV WeRYl ess U 3 ophotRgrablsent ¢ fusiih of mogitied

particles tendpdlgstyrdneveresin Thartideunprefaretde ol Eitoafripl@t lhlor‘{)ﬂéﬁ!tidrﬁ%d){ .

i 0

2 o OB Rty B e YL SRt e

pol yneri zati on rhiqrbscwe)r (WEMph  Higs rlot izoas M photogrdplr s(x40G00gnet i on

ol 7o 2ot 0 e R Sotiobte S B 0ol VI el b

get alhg\?e such ir(?fggapogtreggt khes %5‘11'#3@@033?2%&1 portiome” hikigs. i pac{In

pol ystyrene redigs 8nd X t hearkesiepredeitd 0the dehted Pof- 69 26articiH) Sand fS

the modi 11 a9 pel y <25t et PSERRNsy ' A1 1o kg, ZEmikeSPErHBEDY iR

strength by usimgasaniegtapiarea perdentageh(%) 80 thenrubbepamirtidlesi st alnce

of resins call ed hi Lppac re | ne | ess

than 6 kg. cmicm Theq!hﬁpact strpeeﬁe%% t{{@ n‘ggl ft?%d %@#%y gﬁﬁlcf sin
O is measur edSameasured; angl Fﬁ@“&%ﬁﬁﬁgaﬁe lo¥ed JI'S K 7110.  In case where

(O

a blowi ng agent is contaifest | Snadregt i ¢€.25 3@ thel, 25l ok NIsupEitided S
o oDt L9 BP0 PR 5T DSy Tho i ©
with "a ‘copying machine, respectively, and a weight thereof
is measured. Black region (rubber particles dyed with
osmium oxide) are cut off, and a weight of the cut
portions B (or remaining portions after cutting off) is
20 measured. The area percentage (%) of the rubber particles
is represented by (cut portions B/total area A) x 100. In
Fig. 1 (Fig. 3) and Fig. 2 (Fig. 4), the area percentage

is 30 % and 26 %, respectively. _
Then the “area ratio of rubber particles” of the

25 “surface layer portion” to the “center portion” is

calculated.
) Area percentage (%} of rubber
30 Area ratio of - particles of surface layer portion
rubber particles Area percentage (%) of rubber

particles of center portion

In the present invention, the state of “being

35 wuniformly dispersed throughout” is as mentioned above.

From an aspect of “an area ratio of the rubber particles”,

the area ratio is preferably from 0.85 +to 1.15,
particularly preferably from 0.85 to 1.10.

When the area ratio of rubber particles exceeds

1.15, there is tendency that fusion at the time of molding



((C) contains the conjugated diene pol yner rubber particles - 15 - (B
whi ch:  have substantially spherical form and are di spersed
uniformy throughout the resin particle. Unli ke the so-cal |l ed

hi gh I mpact pol ystyrene resins whi ch contain rubber particles
havi ng a large particle size, 5 —no$f of the conjugated diene pol yner
rubber particles have a particle size of not nore than about 0.2 [err]m
usually not nmore ,than 0.1 [err]m It is presuned that the

conj ugat ed di ed® %ﬁﬁ?ﬁﬁr rubber particles have conplicated chenical and

physical relation with tT¢epol yibymgm% r esinfodiftiedh | Spb@ystﬁyreﬁét M Xredi@Si n.
It seens that uech stat e ents inpact resistance fro el

exhi bited in tl%lrﬁ]&i@éx gno@(? rB§$ nd”H?etngF OTbx AR di i?@seml&h B’E?é%k e
resistance is glowing o agmﬁ oaised cantairied Tihe thebbemodifimd i galgstyrame
ment i oned r t n a a he I at.ain

t he spheri clz"ir}’;3 bgﬁ{ ‘E)'érﬂlgl bei é 'bodg@nggeﬁte g&s%ygnb?allﬁf q{Jr? @h]@t Ocel |
menbr ane even é:h@er reRin exp@lﬁdd@g t\me‘fhﬁlhe witdh i theactcogligated endienesi n
I's used, the r%%m&art [ Céﬁ‘s"‘teﬁ{e [ nd'@i‘l t figem (‘H}# 7- 1%&%}%3%11&“9{1 t

Consi der| ng a_ point. that™ the 20 ortion Vi ng
form contri b e’f’@aé%?ﬂ:bl t 8% obe brIBEROCP‘%C@ﬁil st koret ert hewildxhi Bihei on

of break resistganeme of tliendmerned ahdrigge oftHene peewﬂﬂ I N{gireghation

unexpect ed {gur I t pr se on t he state f

the 25 COI‘IJ%UQ t«lle%[h Qgtzgﬁ%n olra;xl'rm ql;’{%lﬁgp%] E?r wHieh S é‘g
"uniformy di w@r egunatiphr odmiml’lzatm rps yrehe  vieswwpoipdsti ofe a( A)
means that t mesﬁhﬁé r '1h§idé‘9 a Str%h@torOf athe di%&}%ﬁozparéﬂa%k%y (Bt dogs

of the ' pol yst preferalle ° thafy the) HovEi (agest s iniFpdhEey afpr sahe | n

the surface | ayeom[bonmzomgnation polymerlzatlon

' 15 As the blowing agent, a volatile blowing agent
is preferable. Examples of the blowing agent are, for
instance, one or more of butane, pentane and the like.
Among them, use of butane or pentane alone or a mixture

thereof 1is preferable. A small amount of cyclohexane,
20 cyclopentane or hexane may be used in combination
therewith. Particularly pentane (including n-pentane or

iso—pentane alone or a mixture thereof) is preferable.
The amount of the blowing agent may be the same
as that for un-modified polystyrene resin particles, and
25 may be selected within the range of 3 to 15 parts, usually
o to 10 parts on the basis of 100 parts of the resin
particles in consideration of the desired expansion ratio.

Further in order to improve the expansion rate,
a solvent may be used. As the solvent, suitable are, for

30 example, cyclohexane, and aromatic hydrocarbons such as
toluene, xylene and ethylbenzene.

In case ‘of Impregnation suspension
polymerization, in order to enhance dispersibility of the
resin particles, there can be used a dispersing agent, for

35 example, an organic dispersing agent such as partly
saponified polyvinyl alcohol, polyacrylate, polyvinyl
pyrrolidone, carboxymethyl cellulose or methyl cellulose;
an inorganic dispersing agent such as calcium



kn the present invention, the "surface I|ayer portion"” means a portion
defi ned between the depth of 2 [err]mto 6 [err]m from t he
surface of t he nodi fied 35 polystyrene resin particle toward the
center thereof. The "center portion" means a sphere portion having a
radius of 50 [err]m the center of sard Kphere portion being the center of

the nodified polystyrene resin particle, provided that - 16 - the
particle is a sphere. The concrete measuri ng met hod is explained
below by pm;omlgosphqﬂ%t ogmibczwm obhosphate, nealciuned pelayboyatene
resin particl eSRARedp e€  inagmetigned ﬁoﬁfﬁﬁ@afw eiigh
were taken wt transm s on electron, crosco F Fig Pn a TEM
phot ograph ( x& atgf QrheMmagaesism pB?Uf €n'andyp, e2 .Elacm

phot ogr aph (X4@Hé’0)1n09§anid16dlsﬁéﬂsi e adeayeris pas&dona combig@tion3 uéén
Fig. 3, X rk %eéres T_sftthe g nter gf t he partlcle) and 10 4 are

phot ocopi es - l?l 'spectively for neasuring an area
per cent age (% of the ru'lBher gatrasentes invhntionea funtbent agelgt®p ofta hea

rubber particl culat ol Fig.st A
(1.25 [err] mxB?L aé%é[t?ﬁi‘y Igurr n ed 15:%%({ +&\i\@| ne q}ﬁ Féggﬁ{sgan
is enlarged by%@’rﬂgl n@"ﬁw pylinﬂ hi B YSFEE%@:t ingsiy, Badticles
wei ght thereof ahd ralases edo tﬁ?é agkamedgi Aticler ublde frdmidd ! asticlyy edf

h osm Uy BRL0S) el Uinydhion il OB Shend BiogS B34 07
per cent age ‘V@refexpmdadjbtpmrtm i o giltalned r éyr esspaedingyy thecufogmableons
L s A, it i St o
particles 1% Eal % aceln~MQider m‘ﬂgi@gon of {othg he Prevexpagd

portion” I s particles.

15 First, the pre—expanded particles are explained
below. The  pre—expanded particles are obtained by
impregnating the pellets of the modified or unmodified
polystyrene resin particles with the blowing agent and
then heating, for example, with steam or the like for the

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

In the <cell membrane of the pre—expanded
particles, the rubber particles are maintained in the

25 substantially spherical form without being deformed.

Those pre—expanded - particles 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 foamed article obtained by in—mold

30 molding 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 heating for fusion between the
pre—expanded particles. In the present invention, wusual

35 pre—expanding conditions may be properly selected.

The thus produced foamed article have sufficient
fusion between the pre-expanded particles, and high break
resistance is exhibited.



cal cul ated. Area percentage (% of rubber 30 Area ratio of

particles of surace |ayer portion rubber particles = Area percent age
(% of rubber particles of center portion In the present invention, the
state of "being 35 wuniformy dispersed throughout”" 1is as nentioned
above. From an aspect of "an area ratiol9of—the rubber particles", the

ar ea ratio 1s preferably from 0. 85 to 1.15, particularly
preferably from0.85 to 1.10. Wien_  the _areg rgtio of rubper particles-
exceeds 1.15, there is tdhgentgamedht artislen ot &Ffé presends Hyientiep has 17

- is inferior. gTheeatuf@ar@b! ehavingodiaf i @41l n@hMsdng e  theeSimbdified
particles of the_present inventiaon ar .tﬁosghl n whi.ch ‘Eeé]f bl.owi ng &‘ ent is
contained in t MOLKHTENE BESYSt yRen¥hCh, LR LOPgRied (if‘ﬁ%ebIB A2
agent maydbe | fubbercegarticlas t hre r elispergedl t iatides rﬁaimﬁr?_ersubﬁtahtiaﬂje
conj ugat e I ene non r . System during t he I rst

| npregnati o p(?lpi'r%}qaia Qrgh, 1 %&9 CEE% mem

dlced together wth the
styrene mononer  duridso thehefoamexbcanticle | opr dfpeat prasend invention

T R N

pol ymeri zati on. . vViewpoin of a press . reactor
and’ di sper si on expa@dedt yparticies pPkf &104p| kesshathamhe 5bl otk ng)rég%frﬁbl}’s not
Iﬂt rogluced af t gegd thﬁﬁCO{U’ !%lmmgln@tn! Ohnll@a)ity@trﬂeﬁgthori}atil&blaccordixég tolAS
t he owi ent vol ati. oW N entod s, pr rable. anpl es
of the bl'dhi € aS@ﬁt"g ar"%e,lgﬁftormpﬁ?(gnc@? 3!1335 ortormi\ege f%‘i‘ftcgne,lsp ane
and the like. Anmdeg ohethe bsealofrdsistzameeor pentane al one or a mixture
thereof is preferable. & a f | o 0

Thd et JWBhetl? | e PAELAREing=0 to  the

cycl opent ane or  hexane . )
alling weight method” of the present invention means a
value obtained as follows.

15 According to JIS K 7211, a 321 g steel ball is
dropped on a 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 of the foamed article is

calculated by the following equation:

20
Heo = Hy + df LG + 0.5]

25 where Hso: A 50 % failure height (cm) which causes rupture
of 50 % of the number of test pieces of the
foamed article

H;: Test height (cm) when the height level (i) 1s
zero, representing the height anticipated to

30 cause the rupture of the test piece

d: Height interval (cm) for increasing or decreasing
the test height

i: Height level which increases or decreases by one,
taking the value of zero when the test height is

35 H (1 = —- -3, -2, -1, 0,1, 2, 3§, —— )

ni: 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 = In;)

\/




therevm t h. Particularly pentane (including n-pentane or iso-pentane
al one or a mxture thereof) is preferable. The anount of the bl ow ng agent
may be the sane as that for un-nodified polystyrene resin particles, and 25
ray be selected within the range of 3 to 15 parts, usually 5 to 10 parts on
the basis of 100 parts of the resin partdlcl es in consideration of the
desired expansion ratio. Further in order to inprove the expansion rate, a
sol vent. may be used. As the solvent, suitable are, for 30 exarrpl e,

cycl ohexane, and ar onRhicheveydriscatondargaichof akhe omuather x9fi e heoker

et hyl benzene. In Cas®e unbrBken ﬂ&ﬁreﬁfé%bsonshall beUSREEREI ONln  case

pol yneri zation, in order,to e hance erS|b|I|t of the resin partl | es,
there can be used a di sPBFES ngh%g@llﬂn a"?l?ﬁf ﬁ}‘? be

di spersing agent sucisedas partly saponl f i ed poI yvi nyl aI cohol
pol yacryl at pol yvifyl ox L] ul o]

nmet hyl cel $ul ose; ¥ d1§ho%§m %bﬂl gh%fri %@égﬁﬁt &ﬁgh 8§%g {he
cal ci um - 18 - pyropho(htlaatwhen dmoa&enman phespiesitdye w:]aem uumng
carbonate, magnesium  pyrog{o g ﬁhe rTE BESiken Phosphate, nmagnesium
car bonate or nesi um oxj d P n case where the _inor an| C

di spersing aglmen & pld% ga’éﬁ%l ﬁltgh&nw rayses suPtwe o 30
desirabl e. Theth@rmﬂier | ofv epédtonpidoest hfr arebameé dreicle a obtaaRes b or

reparin t he f amabl ed
Bol 5stlyrgn reg} ﬁnma@rt élggnindgfel'iqﬁg&&&g&] héayg arlrf3 Yo paﬂ‘i F%alrred
article of 10 unﬂer tﬂ?&asmansmmcbldmgl eingditions amentinmed odater asove,
pre-expanded  padiihé&d eso oeéalpedanbwl@s@oa ndémn %He rét%‘”%%@rdﬁ?%‘ fgd

ol ystyrene tcle ned article obtained
Pnomol d ol iRy f g'twslﬁﬂfpr@eg%fanda@aaarﬁcq'éo of "a"'sl % fatture

height which causes rupture of 50 % of the number of test

15 pieces of a foamed article obtained under the same
expansion—molding conditions to the 50 % failure height in
case of the unmodified polystyrene resin particles. It is
shown that the more the ratio is, the higher the break
resistance 1is.

20 The “fusion rate” in the present Iinvention is
obtained by:
breaking, by hand, the foamed article produced under the
same expansion—molding conditions as the foamed article
for measuring the impact strength ratio;

25 with respect to the pre—expanded particles on the surface
(area: 30 cm2?) of the broken portion, counting the number
(X) of  particles broken at interfaces between the
particles and the number (Y) of particles broken inside
thereof; and

30 calculating a fusion rate (%) by the equation of [{Y)/(X)
+ (Y)] % 100.
It is shown that the particles broken inside thereof have
been fused sufficiently.

The expanding and molding conditions of the

35 foamed article wused for measuring the impact strength
ratio and fusion rate are mentioned below. Those
conditions are also employed in Examples and Comparative
Examples which are mentioned hereinafter.




15 First, the pre-expanded particles are explained bel ow
The - pre-expanded particles are obtained by inpregnating the
pellets of the nodified or unnodified polystyrene resin particles with
the bl ow ng agent and then heating, for exanple, with steamor the like for

the 20 expansion. The pre-expansion 2hethod is a well known
techni que and can be used for the present invention as it is. In the
cell nmenbrane of the pre-expanded particles, the rubber particles

are maintained in the 25 substantially spherical formw thout being

def ornmed. Thos e—d%ip%ngiﬁ}?‘%ﬁ%tloné’ﬁ” icles have break resistance
and can be use§P gﬂq geare or.a loose fill type cushioning material.

They are par sys@agticleS a rmaterial for a foamed article
obt ai ned by |n malvergfe ﬁ@tihlégsl\d@t ch ims expl ai ned next. The in-nold

rmldlngls own rret o (oF: | ticle by putting
t he pre- exp ded p§ Yile 2850 r%‘ﬁgﬁlgd@’r?&i“ Pngnig/é)q)usipn bet ween t he
pr e- expanded part icles. A Inormaie pressseret pne'rmpandmg aquigim&®  which

pre- expandi ng_gapdiyians ey b baﬁémagd' Y et g zngdtJP%oaﬁ%%%ePeé&ﬁaﬁed

article have surt n the pre-expan particle hi gh
break resi stan@ér'ﬂs? @(hlfﬂl@’ﬂe by passinghe steamedtar ebeue dt thkg/%mesent

i nvention has aﬁdf eqhgf&iﬁm awaﬂg apegbéﬂgfenbﬁghe @‘tutrﬂq modi ﬂ‘hgg the
pol ystyren resi con u ated diene er .
30" BREFictesq BB cepdntad, Bihetined iy Sh @5&@@%}% B iR ¢ he

particles
cel | menbrane. abbnb 1 Mo Bbaubdd aninuties. of the present invention has a

}‘ggtSU{ ﬁa(r)]f 5Ba&(mrﬁ?lgjz’%ﬁalﬂ,?t&n@ﬁ%§p the pre- expanded particles of not
er molding under the following conditions,
a foamed article is allowed to stand for vacuum cooling.
15 Molding machine: THQOVMII  available from  Toyo Kikai
Kinzoku Kabushiki Kaisha
Expansion ratio: 40 times
Molding conditions:
Pre—steaming : 3 seconds
20 One—way steaming: 4 seconds
Opposite steaming: 1 second
Autoclave steaming: 12 seconds
Additional steaming: 3 seconds
Retaining: 3 seconds
25 Water cooling: 20 seconds
Set steam pressure at the heating from both sides:
Cavity/core = 0.65/0.85 (kg/cm?)
Then differences between the foamed article of
the present invention and the foamed article of
30 conventional polystyrene resin are explained below.
The foamed article of a high impact polystyrene
resin is excellent in a fusion rate which is not less than
50 % and in an impact strength ratio by the falling weight
method which is from 0.6 to 2.0. However such a
35 restriction in a preparation process that the resin
particles are prepared by polymerizing styrene in the
presence of rubber particles makes it difficult to
increase a molecular weight of the polystyrene portion.




4ess than 70 % and an inpact strength ratio according to 10 the falling
weight nmethod of 1.35 to 1.84 which is an index of the break

resi stance. The "inpact strength ratio according to the falling
wei ght nmethod”™ of the present invention neans a value obtained as
follows. 15 According to— JI28 K= 7211, a 321 g steel ball is

dropped on a 200 nmx 20 mm x 40 mmtest piece of a foaned article and a 50
% failure height which causes rupture of 50 % of the_ nunber of test gl eces
of the foaned Alsoi cine the cdiighl dmnacky pq}ﬁshmemwrreglmq@ma)nthaom er] =

Herr] + d[errﬁ&éhe% \MaebﬁeH[eﬂd &, /30 %faubur%helmt (emd
causes rupture of 50 he _nunper of test pj ece tf%,eéﬁg artlcle

Herr]: Test HEFH n@ér’r) mnhrﬁé heﬁ'%tqr@@ells(ﬂ aénﬁ 'I’O E€entling
the height ‘6tH civiawgdints® 3 the raw mﬁ@éi‘i@ltfaﬁdfuﬁéam@ﬁartth@et%t

d: Heigh t d t he .t est ht
. CFei ght | | Byerhén SIFSRRb r GIVEDPI ik, CHSEETRRIBAL, - QaErH Y ﬁs G 5k
zer o when the hight ipaght polys8Prene resin. H[err] (i =----- -2, -1, 0O,
1, 2, 3, ----- ni: of t whi ¢ k (or break) at
each hei ght Iezlel | N; Tg?gﬁa numgﬁ%gg ?ﬁ%@ pi ;cgr ?ch(br%g %j do ng%
break) (N = [efPTAT@T49563 is o@nalaggushedér ithet hBrogasger obf ﬁh@ nfigser of
broken or unbrpkgregriaidn Pi sslgmesidtioRe ofecdthe | presége WASeAtiohe nbabers

are the afF & t ger pgggesrgay W, erlé?r?d a concentration of rubber particles
increases around the surface portion of the polystyrene
resin particle by using a monomer mixture of a conjugated
diene monomer and a styrene monomer and polymerizing the
conjugated diene monomer mainly around the surface portion
15 of the polystyrene resin particle However the above
patent publication does not teach the second impregnation
polymerization step of the present invention in which only
a styrene monomer is used, because the aim of the patent
publication is to provide a technique for obtaining a high
20 expansion ratio by increasing the concentration of the
rubber particles around the surface portion of the resin
particlee Thus there is such a difference that while in
the present invention the rubber particles are dispersed
uniformly in the modified polystyrene resin particle
25 ©before expanding, in JP-A-6-49263 the rubber particles are
present locally around the surface portion of the resin
particle before expanding. As a result, the foamed
article obtained from the resin particles disclosed in the
above—mentioned patent publication has a fusion rate up to
30 40 % at most and a less improved impact strength ratio up
to about 1.3.

As mentioned above, from the viewpoint of
physical properties, the foamable modified polystyrene
resin particles and foamed article of the present

35 invention lie between the high impact polystyrene resins
and the resin particles and foamed article disclosed in
JP-A-6-49263.

From the viewpoint of production cost, however,




5 [err] 0.5: This value shall be negative when using the data when
br oken and be positive when using the data when unbroken. Wen a 50 %
failure height which causes rupture of 50 % of the nunber of test pieces of
a foaned article obtained by 10 in-mold nmolding of unnodified

pol ystyrene resin particles under the B3pansi on-nol ding conditions
mentioned later is assuned to be 1, an "inpact strength ratio according to
the falling weight nmethod"” neans a ratio of a.50 % failure height which
causes rupture tife 5@resent t hinvemtban oS t agarels exeelent Hian g thearkigh

article obtai n st#rpé‘rre $3EFE£xpansi on-nol di ng conditions to the 50
% failure hei gﬁ?ﬂ%aﬁvcggl e unnodified polb%s{:ﬁrene resi articles.

t in
It is shown that the rmrg%fanep?%?cqntg | VERROTh heFhem o egplained o based ot i s
20 Beampleysisd 1§ o’ limitedt tigergpoesent invention is obtained
by: breakin by hand, t foaned_articl.e pr.odu er 1 ne :
expansi on- rr& di ng condit iq%’ryél%?get PEO?%%I@% afti ?%gmﬂ%’ mé?%r ii%&quéﬁact
strengt h rati o;E2finplest larer edgtecmined abeonulingexdpartted pmathods ememtia
surface (area: &%g%&,nﬂ) of the broken portion, counting the nunber (X) of

particles br at _interfaces between the particles and the nunber
(Y) of particl dd)bFeameablenmodified cpelystyrent sesine DaEticdS ng a fusion, rate

(% by the equatdight S¥eddg¥ hofeculat YWwkight}00. It is shown that the _
particles byoken inside tRher eof lhas¥e been fused sglj f.|%| en%’|8¥‘5r The @i&ﬁ%ijl ng
and nol di ng{Q:ondltlons offdWe BBIVSIYLGRE LESiH ) RGeS Sred8
the " i npact starengtdisselvied dmnd tetsalydrofaran, arfollowesht i byiled meastoing
Those condi t1 ong e (B0 (AFPLRYYY | Avdrdble! Sfrof'd ToR8PaKAbUSHEIEX RAISRS,
whi ch are nmentionéd héreinaiter,
_ column: TSK gel GMHXL 30 cm X 2).
Modified  polystyrene resin or high  impact
15 polystyrene resin is dissolved in tetrahydrofuran and an
insoluble portion is subjected to centrifuging, followed
by measuring a weight average molecular weight of a
soluble portion with the same GPC.
(Impact resistance)
20 As mentioned above.
(Size and distribution of rubber particles)
The rubber particles in the resin particle are
dyved with osmium oxide, followed by viewing with a
transmission electron microscope (TEM) (JEM-1200EX
25 available from Nippon Denshi Kabushiki Kaisha, %7200 to
x40000). Photographs of the rubber particles in the
inside portion and around the surface portion of the resin
particle are observed with naked eyes.
(Area percentage of rubber particles in the surface Ilayer
30 portion and in the center portion and area ratio of rubber
particles)
As mentioned above.
(Gel content)
Polystyrene resin particles after modified are
35 dissolved in a mixed solvent of methyl ethyl
ketone/methanol, followed by measuring a weight percentage
(%) of an insoluble portion.
(2) Foamed article



-- 21 - (Pre-expansion conditions) Foamable resin particles Average particle
size: 1 [err]mb5 Bl ow ng agent: Pentane (nornmal/iso = 40/60) A nor mal
pressure pre-expandi ng equi prent which was pre-heated is charged with 1 to
2 kg of foamable resin particles, followed by passing steam at about
0.6 kg/cnferr] and introducing air— péperly wth stirring. Thus

the 10 particles are expanded up to a given expansion ratio in
about 1 to about 3 mnutes. (In-nold noldi n?_ condiitjons) After nolding
under the fol(lnpaey strength iancording dendalling waight smathesled to stand for

vacuum cooling. 15 Ml di SRR ‘ahbFa0VM | avail able from Toyo
Ki kai Ki nzoku Kabushi ki Ié}iggha Expansal on ratio: 40 tinmes Mol di ng

condi tions: PrdFesKEnitage) 3 seconds 20 One-way steaning: 4 seconds

Qpposite steam ng: 1 secqnd mMuttdchay eaeiveam ng: 12 seconds Additi onal
st eam ng: segg:lgds Ret ai_ni ng: 3.5econds 25 Wat er cooling: 20 seconds
Set steam pt esdGPERIESPIRN 5k ‘?l?glté-‘ from both sides: Cavity/core = 0.65/0. 85

(kg/cr{err]) Then differ &ompraseiamen strengtdanets ar measured tiaé 2 esént
i nvention an : -1 30 conventional polystyrene
Somr Sl AR Rl ST A

resin are explain med article of a high inpact polystyrene
resin is excellent in a fusion rate which is not |ess than 50 % and in an

inpact strength ratio by the falli Refepégdd Pxandpdd 1 which is from 0.6
;?chéso'tﬁﬁo V@\ﬁgﬁaraﬁgéﬂn 8¢ 35 pél%%}rrx"e%{é N resid’ ﬁartiﬁégpar&tr' ONseed
polymerization) _

A b5-liter reactor equipped with an introducing
port at the lower portion thereof and a flat stirring
blade was charged with 3000 parts of an aqueous dispersion

15 medium containing 3000 ppm of a fine powder of calcium
tertiary phosphate, 50 ppm of polyvinyl alcohol (GOHSENOL
PH-20: available from Nippon Gosei Kagaku Kogyo Kabushiki
Kaisha) and 50 ppm of sodium dodecylbenzene sulfonate,
followed by starting the stirring.

20 Then in 700 parts of styrene monomer were
dissolved 2.1 parts of benzoyl peroxide and 0.35 part of a
methyl methacrylate-butyl acrylate copolymer (KANE ACE
PA-20 available from Kaneka Corporation) as a nucleating
agent. The mixture was fed at a rate of 0.8 liter/hour

25 into a liquid droplet generator equipped with five nozzles
having a diameter of 0.2 mm as shown in Fig. 9, and then
500 Hz mechanical vibration was given to the mixture to
generate liquid droplets 8 in an aqueous dispersion medium
7, which were then introduced into the above—mentioned

30 5-liter reactor through a liquid droplet feeding tube 5 by
utilizing buoyancy of the liquid droplets. In Fig. 9,
numeral 1 represents a nozzle box, numeral 2 represents a
nozzle plate, numeral 3 represents a vibrating part of the
vibrator, numeral 4 represents a styrene monomer feeding

35 port, numeral 6 represents a diaphragm and numeral 9
represents a support frame of the vibrator. After 500
parts of liquid <droplets had been introduced, the
generation of the liquid droplets was stopped and the




particles are prepared by polynerizing styrene in the presence of
rubber particles makes it difficult to increase a nolecul ar wei ght
of the polystyrene portion. - 22 - Also in the high inpact polystyrene
resin since the rubber particles becone flat (L/D = 10 to 70), the
above- .mentioned high break resistanrce2bs ebtained. Therefore in both
viewpoints of the raw material and foamed article, 5 the present invention
is fundamentally different fromthe high inpact polystyrene resin. The
preparati on jspersion i stheseteactorn JasA- chetdpd3 up artal 0@ t ctd he
process of the i!;wﬁteriéaor%pat tRFedOIngTRS! Zal k@t et tbﬁ%pr(ﬁ%se;s%oﬁvewso“

but 10 is roce caoncentrati on

i ncreases arou stﬂféd@ Cbor@ﬁl@‘)n hgldt neorpoppst yl'l‘i@ﬂ'e ﬁ@s@pmﬁlletﬁclid’leby
using a WDHOWEF d'r%rihfek'{zfat@éna CORj ugaHesy di gRe FRROMEeaatst a Wre%dm@orrer
and pol yrrerl dgthé{e %(ﬁ‘lj ugat ed di.ene norrer mai nl%naround the surf
portion 15 g ys fen 1?‘&& pdf¥VEc| POIYMER, e PaFticlests 5
_pat ent f puEI i catohtamblhspamidé@m tﬂl@e@étsmd paptiepsds i on pol yneri zay on
step of the present inve L. sty $
because the aimof the pgi‘%’%?q%g%w P ME& eﬁgg&ae e&%ﬂ%l qmaﬁ_f or?
obtai ning a hi gigEr eWp&nsﬂ}mifgedatth b J00i rnﬂféasmfg water, dbhcarantatofon
of _the rubber gaeitie! estanouy ﬁét%e POIGER Of pie a8 N pasdius €
Thus there (%P:Ia dlfferenﬁ {]ﬁ ﬁonthe pr r}gﬂln ention
rubber par tll il se@UUIRPAYT AR t RArts g r§ ¥’BKFys@
resin parti cI @ﬁlclb@f or éVethpanstingngj n ﬂlﬁb A- drswz?ﬁibn t hHe r ¢dhleer rpactontl es
are present |o y d e fac tiyan

s ¥ HEBAC £'C ot L ACOTRA | 8 Bhe | MisDENBD RS dded e

before expanding f oame
resin particl esdr@ipgélﬁés&ﬁ) i ﬁaﬁt‘e Qf)o@e stemensndaopement apdbl(.é3t |I@ﬂ1‘tha@f a

fusion rate up Hedzoyl peroxide separately at a rate shown in Table 1
15 over 6.5 hours. Six hours after the start of addition,

0.1 part of 1, 1-bis—t-butylperoxy-3,3,5-
trimethylcyclohexane was added. The polymerization was
carried out for seven hours in total Then after

cooling, the obtained polystyrene resin particles were
20 taken out, dehydrated and dried.

Table 1

Time Styrene monomer Initiator
25 (hour) (part) (part)

0 -2 15 0.078

2 - 4 25.4 0.068

4 - 6.5 49.6 0.085
30

Total 90 0.231

Examples 1 to 6
35 A b5-liter reactor with a stirrer was charged
with an aqueous suspension comprising 120 parts of water,
0.012 part of sodium o« —olefin sulfonate, 0.4 part of
calcium phosphate and 100 parts of polystyrene particles




-30 40 % at nost and a | ess inproved inpact strength ratio up to about 1.3.
‘As nmentioned above, from the viewpoint of physical properties, the
f oamabl e nodi fi ed pol ystyrene resin particles and foaned article

of the present 35 invention lie between the high inpact
pol ystyrene resins and the resin parti 86es—and foaned article disclosed in
JP-A-6-49 263. Fromthe viewpoint of production cost, however, - 23 -

the present invention is nore excellent than the high inpact polystyrene
resins. The pri@8RE |#veviesage s RATdiclex Wigenedf base@mon(wRightl esverage i s

ggt Iini_ted tEX Hﬁél@lt';ﬁlar5 Weigtht is géw&bﬁa:j_i@rc?ﬁlttaiheg), ihmnfxadnégqes w%eﬂd
npar ati ve Exa s a et er.m ned agcording to the o nti

bel ow. (1) Foaﬁ@ggq‘ﬁ nogﬁf*ﬁedm%fy’& yr 8 rﬁarW?%Imi‘e t\‘ﬁ@i gﬁ? aggf‘a’ge
nmol ecul ar wei ghtd 1ifipregnated wiBaw byidister @re ar endnompnr thnitese bef ore
nodi fied ar ' ved,_ hn hydr Qf ur o] d . by aspuri with
GPC (HLC- 8020 %%??é’b‘i c2pi o StYERE L B ot | ShOWES dRn TR el L
30 cm x 2). Mihef i aditiatny, ysOy07dne partesofh lasroyl hpghoxidenpaxas 18dded,

pol ystyrene rgeH | S i | v HH of iardN f-pS0 |l e
portion is su ljog‘{:etded by?o%ﬁgentf&ishgllmn%féér%tgrﬂmﬁ g@er%e%gls%l?i nfg? aEHP

wei ght averaé&ourrﬁal ecular weight of a soluble portion with the sane

GPC. (I npact resistance)Théh the reactor Awagehehtabdt@b®Ve. 45 280 apdrts
o st PR ol ARSI RhACT 9) o VBRI gl e e
additionally over one hour, followed by heating to 115C
over one hour and conducting the second impregnation
polymerization for two hours.
Subsequently 7 parts of pressurized pentane
15 (normal—pentane/iso—pentane = 40/60) was introduced and
impregnation of pentane was carried out at 115C 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 particles of the present
20 invention.
| The obtained resin particles were pre—expanded
by about 40 times under the above—mentioned conditions to
give pre—expanded particles. The pre-expanded particles
were allowed to stand for 24 hours, followed by in—mold
25 molding under the above-mentioned conditions with the
molding machine THYOVMII available from Toyo Kinzoku
Kabushiki Kaisha to give a foamed article.

Example 7

30 Foamable polystyrene particles were obtained in
the same manner as in Example 1 except that raw
polystyrene particles prepared in Reference Example 1 were
used. A foamed article was produced by pre-expanding and

in—mold molding in the same manner as in Example 1.
35 '

Comparative Example 1

Foamable polystyrene particles were obtained in
the same manner as in Example 1 except that a blowing




t-ransm ssi on el ectron m cr oscope (TEM (JEM 1200EX 25 avail able
from N ppon Denshi Kabushiki Kaisha, x7200 to x40000). Phot ogr aphs

of the rubber particles in the inside portion and around the surface
portion of the resin particle are observed with naked eyes. (Area

percent age of rubber particles in the-sugface layer 30 portion and in the
center portion and area ratio of rubber particles) As nentioned above. (Cel
content) Polystyrene resin_ particles after nodified are 35 dissolved
in a nixedgentol vwas iofpregneted/| withoyt katashifyimgr hafivipregoationed

by measuri ng ' ent (© lns orti ( d
article - Z}Ow?%ggﬁ@t relra%tsh zﬁ:oég%t |_nn|eto dzflﬁ‘?ﬁg wei g ('E: ne%%oﬁg@??s
menti oned abov@€S{FusiRATticles) AmeTRnt issthdectgdovetos PRQ?@PFB?‘@@@?&)(] an
strength) Conprfisfiodd nildRpgtin the d@RESUmBHneAt as 2fn EXampleorestd ogive
accordi ng t% JIS.A 9511. Reference Exanple 1 10 (Preparation of

pol ystyrene raegpﬁme p%{ﬁlf: es by seed polynerization) A 5-liter

reactor equipped wth an introducing port at the |ower portion thereof

and a flat stirring blade was chaygged. i 3 gm%ét of an aqueous

di spersion 15 nedium cagntaini ng%:su@gd?rt&ﬁ?‘%u. & fzusne powder ~of cal ci um

tertiary phosphate, 50 ppeasmblp| ywvn .lfll%d)cpI‘EQIYﬂXﬁSENO_PﬁHlmS ava¥eIgl e

from Ni ppon Gogtalingbkin K@Hro dehls hidfinelkai fhain aBgtafPlOP® Ofx&ft Uthat

dodecyl benzﬁ)ne sul fanate,. . ' .. .-

: secon impregnation polymerization (addition and
polymerization of styrene) was not carried out. Then pre-
expanded particles were obtained and subjected to in—mold
molding in the same manner as in Example 1 to give a
foamed article.

15

Comparative Example 3
A 5-liter reactor with a stirrer was charged
with an aqueous suspension comprising 120 parts of water,
0.012 part of sodium o —olefin sulfonate, 0.4 part of
20 calcium phosphate and 100 parts of polystyrene particles
having an average particle size of 1 mm, and then was
sealed.

Separately 10 parts of a styrene monomer and 15

parts of butadiene were mixed under pressure to give a

25 liquid monomer mixture. To the monomer mixture were added

0.125 part of benzoyl peroxide and 0.0313 ©part of

t-butyl peroxybenzoate as a polymerization initiator to
give a mixture.

The obtained mixture was added in the reactor

30 and dispersed together with polystyrene particles in an

aqueous medium. The dispersion was stirred at 60C for

two hours and the mixture was absorbed in the polystyrene

particles. The dispersion was then heated to 90C and

held for four hours and further heated to 125°C and held

35 for two hours to copolymerize styrene with butadiene. The

dispersion was then cooled to 100C and thereto was added

12.5 parts of pressurized pentane as a blowing agent,

followed by holding for six hours to impregnate the



f.ol l owed by starting the stirring. 20 Then in 700 parts of
styrene nononer were dissolved 2.1 parts of benzoyl peroxide and 0.35
part of a methyl nethacrylate-butyl acrylate copolynmer (KANE ACE PA-20
avai l able from Kaneka Corporation) as a nucleating agent. The

m xture was fed at arate of 0.8 liter2Bour 25 into a liquid droplet
generator equipped with five nozzles having a dianeter of 0.2 nmmas shown
in Fig. 9, and then 500 Hz nechanical vibration was given to the mxture to
generate |iqui pattigieet swdthn dheaqldowingli sagenti. on i urdigpensidonh wegse

t hen introduced, i t a - menhii Qne 54 1t r t hr. h

l'iquid dropl et qaogg%fnga?ubgeg‘eby %Eﬁqz:j%lgp b%ﬂoyaﬁ%ey eliék@{)ﬁ‘ie 3 I qui%1en
droplets. In dehydrated nunenrdl = 1driegr esdft s &1VRzzi foamable nungelystyrene
regresents an flpgate, nuneral 3 represents afvi gratigg part of the e
vi brator, numeral 4 repregents.a styrene nomne edi n 5 rt, nungra
represents @ di aphr agm andifiunkP@pagatizs, gg%?ﬁ‘@{e ae‘?‘ SGB%&%POE%énetO of e
vi brator. Af tiavenbidd didsdlesedfin [PgA-6—48R6Bl ets had been introduced,
the generation of the liquid droplets was stopped and the - 25-
dispersion in the reactor was _heated up. to_. 90[err]C to polynerize
for three hours. Further the Comparetivedxamplentated to 1 100[err]C

and held for one hour to gomkat eilﬁﬁ&tpob&g@@;@{é Oltesin A(rubibel’ rdontiefit; t he
l ed, .5 .dehydrat.ed an i i

react or S cQ ried to ive

particles. 'fo THe c?gt afplecylar i weighty, Of o) eHg]'V§g¥BerFar tHOE%é)é" . ng%r&i

Subsequent |y a yoas i t@ttrivdedt oandqucppedton tdiva stmaller paeticldsar géd aboit 100

parts of water,, 0.4 part al ¢j ryjar p

part of SO urﬁflgo d‘ggé%él blgé‘ﬁjg]nepa%ﬁﬁéosna&ereangwghg%er sowg%g,t%e

above seed parhlowling. agenttfin dhierrsame mapger diaspdpsifbrample I nto gEERt or

was heated oo @{itder ] high THfipact© polpstydenBer Hie8th VWpartiakkded which

| 15 were then subjected to pre—expanding and in-mold molding
in the same manner as in Example 1 to give a foamed

article.

Cas

The vresults of evaluation of the foamable

modified  polystyrene  resins and foamed  articles in

20 Examples 1 to 7 and Comparative Examples 1 to 4 are shown

in Table 2. In Table 2, Bd and St represent butadiene and
styrene, respectively.



dropwi se 90 parts of a styrene nononmer and 0. 22 part of benzoyl
peroxi de separately at a rate shown in Table 1 15 over 6.5

hour s. Six hours after the start of addition, 0.1 part
of 1, 1-bis-t-butyl peroxy-3,3,5- trinethylcycl ohexane was
added. The polynerization was carri28 -out for seven hours in
total. Then after coqling, t he obt ai ned ppl ystyrene rlesin
particles were PO taken out|, dehydragfed and dried. Taple 1 Time 9
Styrene nonomeres | | njtigkqi=25 ~o 8 ool hOUR) 8 . %@;g) 2
(part)-0 -2 | & o B S5 0.0789 - & 3 —~ %o | 3
0.068 4 - 6.5 49. 6 = 0.085 30 Tot al 90 3
0.231 Exanples 1 to 6 35 A 5-liter reactof wth a s$tlirrer
was charged with|an aqueous suspension conprising 120 pprts of water,
0.012 part ofw $odi y,m@gq_,solef ido HIfongle, R.45 part Lofxcaleium
phosphat e and 1@0 par s B&"p;ol ystyrrerre-"g:)artl ti®s o -26[ - havisa an
average partic|le $ize of I mm|(weight &verage nol ecul ar \weight is shown in
Table 2), and [then was sealed.] Wth stirring, the mkture was hegated
to. 80[err]C, jand|i npregnated W th butagdi ene or a nonomef m xture of |5
but adi ene and [styfene j nugn.gnpunt shpown in Table . wWAs|thed netd at or,
0.074 part of | oyl "’p%@)@:ﬂe was -adddd, fofi®wed=bydt he fifst— ®
“inpregnation polyperization for six hotrs. Then the reacftor was heatg¢d to
90[err]C and [10 parts 10 of |styrene and 0.14 part of benzoyl peroxide
were added additionally over one hour, dollowed by heatipg to 115[erq]C
—~— St wn [Ty ] w0
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over one hour and conducting the second inpregnation polynerization for two
hours. Subsequently 7 parts of pressurized pent ane 15

(normal - pent ane/ i so-pentane = 40/60) was introduced and inpregnation
of pentane was carried out at 115[err]C for two hours. The m xture was then
cooled to 30[err]C and taken out of the B88actor, followed by dehydrating
and drying to|gi ve foanabl e dified polystyrene particles of the
present 20 invention. The obtained resin particles re pre-exppnded
by about 40 ti|ngs| under the above- nent iggned conditions to| give
pre-expanded [darti CIES.I Th pr e; exganded Iplarti F' es re gl kowed to
stand for 24 Hodrs, f@l1owed by in-ndl .35 nmol di ng unde the —« = —
above- nenti onddS konditions ith the~ol ding machi ne THOOVM | avai |l pbl e

from Toyo Ki ngoku| Kabushi ki Kali sha to give a foaned artic|e. Exanple [/ 30
Foamabl e pol ystyfene particlies were obtained in the sane manner ps in
Exanpl e 1 excgpt that raw pol ylstyrene particles prepared § n Reference
Exanple 1 wergq used. A foaned article was produced by pre-expandi ng and
in-nold nolding».in the sane mgnner as Be Exanple 1. 35 Conparative Expnple
1 Foanabl e pollygtyrene ticlles were @g!‘%u ned in thhe sSane manner as | n
Exanpl e 1 except thatga owing §g2 3;’ agemlty was <enpregrgt €d w t hout
nodi fyi ng (|rmgegnatloﬁwolynerlzatldgn.graw pol¥styrene particlegs.
The obtained|resjin particl s wereg®subjected to  pre-expanding and
m;_rm:d rmci)dlrg |t_n thcéxsarrr: m;nner as TH&xample 1 to give 5 a foaned
article. npar atfi ve Exanpl e
N
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-Foamabl e nodi fi ed pol ystyrene particles were obtained in the sane
‘manner as in Exanple 5 except that 10 second | mpregnati on

pol ymeri zati on (addition and pol ynerization of styrene) was not
carried out. Then pre- expanded particles were obtained and subjected to
in-nold nolding in the sane manner as i83lExanple 1 to give a foaned
article. 15 Conparative Exanple 3 A 5-liter reactor with a stirrer was
charged with an aqueous_suspensi_on co rdsi ng 120 parts of .water, 0.012
part of ~sodium a -oP@ptegraahsr oné’fn&) 0®. 4 Ogar ftrag$migion g @leghron

phosphat e anghict@omear YTEM)f PRl Y/ T edtmitepar poeti6s havd NOarurdl ertd@e
particle size of

styrene nononéprgéﬁ?m%pggﬁo%‘hgpoﬁﬁfa‘%leegln:%@fslgﬁ%r iéﬁbﬁ}égqup g%{}gaqn@ gi ve
a 25 liquid manrtivke nwhiclr e.wasTo dbteimeghoimrr Exarhpiee Wer aredddmbvén 1%
e o %pol gttt n S Py dresrpoliyRly DOW L IBM THArSral Y O
was added in tfhemedacauticleo obtainedi siper Esamplergdt hisr showm ol Wigyr éne
o L Eb ST e iR 0 B oL o] ©
The di spersi GREASHEINE t HbE %‘é?&te&erqf‘éltaQG[é?r}r]f}lb&’rYd RaTticles: au@r Bheur s
and furth_erhhe@te&gimtib25$€rr]5iﬁbb¢éttri ihgéﬂtic:ﬂés,tl;1 afespwﬁilgelytf)g to%tflmryn&;] ijze
f th)(ggtn g W\A& amﬁ ;gﬂgt%%l?at}bgl of&gre su&ﬂé@gepe Egﬁgﬁas%g bltgl n%‘[’é‘bgﬂ :
fol l owed by hanelifted or polxstyoene t oparipelegnamdhiche was 2gobtapeed i cliss
with the bl Q¥migara2f0 Exanmifleé 3 SRRFSEPondMAS to the invention of
JP-A-6-49263) is shown in Fig. 6. Also TEM photographs of
the center portion of the foamable modified polystyrene
15 particle and the foamed article which were obtained in
Comparative Example 4 are shown in Figs. 7 and 38,
respectively.
It is seen from Figs. 1 and 2 that the rubber
particles are uniformly dispersed throughout the foamable
20 modified polystyrene particle of the present invention.
On the other hand, in Comparative Example 3 (Fig. 6) where
the second impregnation polymerization was not carried
out, a density of the rubber particles is high around the
surface portion of the polystyrene resin particlee In the
25 foamable high impact polystyrene  resin  particle of
Comparative Example 4, as shown in Fig. 7 (x7200), large
rubber particles are scattering.
In the foamed article of the present invention
(Fig. 5), the rubber particles are dispersed uniformly in
30 the cell membrane in substantially the same spherical form
as before expanding (Figs. 1 and 2). On the contrary, in
the foamed article produced by wusing the high impact
polystyrene particles of Comparative Example 4 (Fig. 8,
%x20000), the rubber particles are stretched greatly and
35 are flat.
As mentioned above, the foamable modified
polystyrene resin particles and foamed article of the
present invention  differ definitely @ from  conventional




cooled to 30[err]C, taken out of the reactor, and then dehydrated
and dried to gi ve f oamabl e pol ystyrene partl cles. 5

This Conparative Exanple 3 corresponds to the invention disclosed in
JP- A- 6-49263. Conparative Exanple 4 A high inpact polystyrene resin (rubber
content: 10 8 9% nol ecul ar wei ght of aj2potrystyrene portion: 230000)

was extruded and cut to give small particles of about 1 ny. Those resin
particles were inpregnated wth a blow ng agent in the same manner as
in Exanple 1 teinilae fawmsmblandi gh ishoaot pol ede rthei rfoamead cargcleni ch

15 were then g4 g%ﬁ@é{ﬁt Ahe- BreaR di pgsiseftce | P! chigho! %ngfh@ldrhe

sane nmanner as 1n qdﬁve a oarred article. The "results of
eval uation ofrateh@an PEBVEIGehdi f i ed pol ystyrene resins and
f oamed articles in 20 Exanples 1 to 7 and Conparative Exanples 1 to 4

are shown i ngabI e 2. In Tabl elﬁpﬁfﬁlﬂﬂ iﬁ’gg‘f@f\ﬁ Y but adi ene and
styrene, respectively. - What is clained
is: 1. Foamabl e nodified Amzbydmg ete rthei npmentcllayen’r/mar eitherée chnarkibl e
nodi fi ed pol yst Pvﬁ%d eS| n h,vsgg]e%lfeE) f&z{fﬁéd segracp@rt hﬁlvi?mff axADgdd4d ed

ol ystyrene resin contal
POLYStY brea re31stance and h1g fusmn rate and, foamable

modified  polystyrene resin  particles which are raw
10 materials for producing the foamed article Such a 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
15 be wused for applications where high impact polystyrene
resin foamed articles have been used, and is useful as a
shock absorbing material particularly for precise electric
appliances, for example, QA apparatuses such as CRT and
printer and AV apparatuses such as audio system and video
20 tape recorder.
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(-D); said resin (C) conprises conjugated diene polyner rubber particles (B)
having a particle size of not nore than 0.2 [err]mwhich are dispersed

uni formy throughout a polystyrene resin (A), when said foanmabl e npdj uded
pol ystyrene resin particle (E) is expanded, there is sulstmattaabse Reped
deformation of the rubber particles (B) 3&fore and after|ijti} % , and
sai d conjugated di ene pol yner rubber is prepared by radi ? Zi ng
a conjugat ed di ene nononer and ot her nongoner in the pres e of a radical
initiator. 2. Foamable nodified polystyr@h8IM3sin particles, wherein the

f oamabl e nodi fi ed polystyrene resin particle conprises nodified polystyrene
resin particle containing a_blow phg agent; .said nodifigd pol ystyrene r.esin
particle being prepared gy Faam\gb{]q y poI%@%ﬁ%‘gng a Rﬁﬁ’ﬁgreﬁﬁ"xturerﬁma
conj ugat ed di eh@'ﬁrﬁfdlné’éf,fer whiedh h_efhémrf@_ﬁﬁfabldﬂ tr?@dilﬁa‘ﬁgrprﬁy@tfyr@neadi‘e@i{cn )
initiator in the polystyrene resin particle t ru r parti t he
conj ugat ed e'rP@rgB:I%rrer (ﬁgvi nPEPEEFEi ¢l & si %’@rga%iqt ?re ?han?@f 'éirr] m
whi ch are di spgoigstyrentor nesini n(G)hecpuntaising ede blosvingpaagent e (Blid said
subj ecting the i naghPol yshur e T ediiupated ol aiienst aigilpmerne publhar

tion poly

particles to inpregna rrzation o styrene_nononer. 3. Foanabl e
modi fi ed pol ystBaréitdes esiB) pdisnersed, mépémiy th‘é’m&gﬂ?&mﬁe %dﬁ"ﬁﬂ’éﬁyrene
pol ystyrene resigdipartAg! eand) oeh@ii sesida Haninablee ahodifiedli fpelystyrene

ol ystyrene resin, (C _ cagntaini a bl owi ng, agen ; .gal LD:
gorr%;ri }s/es cdhj dest d)Eﬁr&ﬁ epol(gﬁ'erlsr ubbe? ti H‘é‘%éé% h%ﬁ%éi%?@rti%q e
si ze of not nordefohmatidr? [ofr r the whiukibear epaitipkess e(Blunibieboreg y oaftRrut a

pol ystyrene re?gé (eé#anﬁ%ind conj ugat ed di ene pol yner rubber is prepared by
radi cally pol yneri Zifig a conj ugated di ene nononer and ot her nononer in the
presence of a radical initiator, an lzod inpact strength of said nodified

pol ystyrene resin (O is % r Gyamable 5 kg. sivdifieda f usipolystatrenbet weemresin
ded icles.qf f d i cl E t aj . i on- ol di
card foanabl RATHNES pdlgoiPonthf eofdimatfe] crBBiidd OSSR rhslte
50% and a 50%paiticlee heomprisescor aiodjfied f apolyRfywenght FefiRod ®Artigle
foanmed article c{gfﬂtair,?ﬁgr orr?l. %o%n%- 8%@@9@;\ a saftyo f anddifedhei golysageenali ng
a.Q nme

to falling weight. ne f.0a article, (H_ prepated by .
expansi on- nol dite§1B fRANHE F‘eab%‘lnﬁst QF%??é‘edeesP& p%&?’?’ﬁqréz% ﬁhi%‘?{”blgﬁjfﬁ'q ses
t he pol ystyrenafieaei mdfymeondai ai awrioneerb mistugeagénthé Dronjugatednelien® be
1. 4. A pr ss.fo eparsd n di;f.i B%Er s eshi: ticles
conpri si ng:Of ad?lég{’?‘g}p%?‘ ﬁm&fﬂze?ﬁnﬁghﬁ%l%né% #)%?‘ﬁﬂe o%é. g‘%glr%j é%g?lg dil:ée:ne
monomer and ot Hermonoweben n padigessevée dhea coaiegatedni digner PRI¥MHEr
pol ystyrene reshigpppsdd ClinikOrhiy MihubBies RRlysElreneof rédia cpartiony edand ene
pol ynmer having a particle size of rig . oy e tha&s&. 2 %err] m whi ch A eiicle
di spersed uni f cFHRIECHRASt he tﬁ?ystﬁ AWGGsi nPROFRIYEFRE  ~ resii o partl

containing the rubber particles to impregnation

25 polymerization of a styrene monomer.

3. Foamable modified polystyrene resin
particles, wherein the foamable modified polystyrene resin
particle (E) comprises a particle of a modified

30 polystyrene resin (C) containing a blowing agent (D);

said resin (C) comprises conjugated  diene
polymer rubber particles (B) dispersed uniformly
throughout a polystyrene resin (A),

an Izod impact strength of sald modified

35 polystyrene resin (C) is from 1 to 5 kg-cm/cm,

a fusion rate between expanded particles of a
foamed particle (F) obtained by expansion-molding said
foamable modified polystyrene resin particles (E) is not
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32 subjecting the obtained polystyrene resin particle containing the rubber
particles to inpregnation polynerization of a styrene nONgIhke: 18 BéntRplaced
nmodi fi ed polystyrene resin particle, and inpregnating the Tl gifi ed
pol ystyrene resin particle with a blowi ng agent. 5. A foaigmjglmmlmm a
nmodi fi ed pol ystyrene resin which has a ¢ | menbrane of t i
pol ystyrene resin conprising a polystyrene resin and conjugated di ene
pol ymer having, a partic ize of not nore than 0.2 [err]mwhich are
di spersed uni f K% ?ﬂ?rh gi(ﬁe‘ipéFlSlstyr ene resin, wherein a fusion rate is not
I ess than 50% and the rugbesgpargi clfgiusebshenshil | YcdBrdmm@i N thheifallin
spheri cal formin];_t’\ﬂe ceE:I nenﬁr&glg.b& A oam_adlart(g)cle of. a no ifiedg
pol ystyrene reZEtE i Fethod, Pt aé&eéianérolﬁ-erml nés t KEOHloa eto
modi fi ed pol ysiyddenewheni napaibii cldes faflurkai tieight?. sscprdirgss foor falléngri ng
a foanmed article: a p.fied lysty esi_n,: whic onprises
expansi on- rr%l d#ﬁb&%e ﬁ)ég}n% | e %di?i egg%ﬁﬁgst ﬁ?&?@@rezﬁﬁ gﬁrf’?@ie&gs O]PY
claimi1. 8. Thexpangiabraohdiaigf i ed pdiopsaplene pokystyrpaet i atessn of peirsiats 1,
wherein the po t I @9 i C i 0 0 1. 0% i of
a nucl eati ng ag??lt xglﬁ%ﬁa ?%ﬁ@é}dgiéat :%gl(réi 0 :ésf%%ﬁ!g? eggeistrl\g a(g@nt %I)Srr}%gﬂé
surface nei ghb %d%}ewaﬂgt?%erﬁo@ ti9r BFRITREL tp E”ﬁrlli cle is lower than that
of the nucleating agent in the inside portion of the polystyrene resin
particle. The process,of,cl gy or epaLl 1he f e npdi,fd.e
pol ystyr engﬂresi n parti c?"esl} éjr@&é%g t hl;&i)ql ?g%‘g@‘éng r$§5ﬁ5§§rti@f>§#1%$e
prepar ed by suB@]éﬁS&Vf@%dleﬁmym@ﬁEdE%ﬁqu@émgiarti cles in an aqueous
di sper si on medi um addi nGolyniiriZREe PN AWRGuLedNC AGHEOUROAbRBE SHEN a

T .

medi um conti nugusly or intermttently and po Lizing W I mpregnati ng
the seed part i%‘PQgX'\ﬁrt HORLTE ﬁeﬁilemﬁ%ﬂﬂg?t%ﬂgﬁiweng%"gngt °§hﬁhol e
or a part of OmOftmer 1 ipar tpalfstyreneuc!msinng pagticle t otbe €onhai redbep 100

parts by g : e fjpall bt g Sty resi rtigles. is

pr esent i\rll\PT;he %gg tgar,t Pgl esﬂ’éé) aadso?lzg%ggﬁlorﬁ?%ddﬁﬁlgwggf t pé—‘;@? ne
mononer. 10. AURER ay itBeepelysiyrens fresth margitler ene resin which is

obt ai ned by expansi on- nodghjeetihbe foglhabl e gpdiddded p% tYrBRE r eSiddin
particles of c}h%l rf{:)% 11. ,& f.oamadt(harti Ct'}]@) of a mﬁdilfl e ol }/stflrene.resi n
which is obt ai P& XS e g THRPF 0a MIBFEIGRH di FY edl BB S8R @R
resin particl eBolytmesfizatios. of. & wtyrese fmonpmepartog giveoaaedmedifiede of
a nodi fi edp@ol ysltfrgnd §ekth pifritfdleCURr | Ses expansi on-nol ding the

f oamabl e nodi fi1 ed pol ystc%répene r%'si n pa}atl cles of clai m@é 13. A process for
preparing a foaned arti HENALGi  FRe poPlaingdenanpdidied wepkistysenei ses
expansi on- nol diresint parficleadith avblokiag agéntst yrene resin particles of
claim3. 14. The foanabl e nodified polystyrene resin particles of claim 2,

wherein the polystyrene resin particle contains 0.001 to 1.0% by wei ght of
a nucl eating agent and ad.cchceframed oramdiclehe ofiucheamodifiadenpolystyhnene

surface nepghbesginod ghidkhie RRIsySt Y englr esifenankc! eog's kaver hialriddat
of the nucleatl ri% %%ent in the inside Portl on of tr]e ol ystyrene resin
particle. poiystyrene resin comprising a polystyrene ° resin and
conjugated diene polymer rubber particles dispersed
uniformly in the polystyrene resin, wherein a fusion rate
is mnot less than 50 % and the rubber particles
30 substantially maintain _their spherical form in the cell

membrane.
6. A foamed article of a modified polystyrene

resin which is obtained by expansion—molding the foamable

35 modified polystyrene resin particles of any of Claims 1
to 3.

- 7. A process for preparing a foamed article of a

NN O AR s




5. The foeanmabl e nodified polystyrene resin particles of clairm 3, wher ei n

t-he pol ystyrene resin particle contains 0.001 to 1.0%b laéh SBJﬁfen&eplaced
nucl eati ng agent and a concentration of the nucleating a

nei ghbor hood of the pol ystyrene resin particle is |ower t

MR T

F ace
nucl eating agent in the inside portion o35the pol ystyrene resin par
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modified polystyrene resin, which comprises expansion—
molding the foamable modified polystyrene resin particles

of any of Claims 1 to 3.

8. The  foamable modified  polystyrene  resin
particles of any of Claims 1 to 3, wherein the polystyrene
resin particle contains 0.001 to 1.0 % by weight of a
nucleating agent and a concentration of the nucleating
agent in the surface neighborhood of the polystyrene resin
particle is lower than that of the nucleating agent in the
inside portion of the polystyrene resin particle.

9. The process of Claim 4 for preparing the
foamable modified polystyrene resin particles, wherein the
polystyrene resin particles are prepared by suspending
polystyrene resin seed particles in an aqueous dispersion
medium, adding a styrene monomer in the aqueous dispersion
medium continuously or intermittently and polymerizing
with impregnating the seed particles with the styrene
monomer; characterized in that a whole or a part of 0.001
to 1 part of the nucleating agent to be contained in 100
parts by weight of the finally obtained polystyrene resin
particles is present in the seed particles at a stage
prior to addition of the styrene monomer.
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