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HAVI NG VA DS 5 3[Technl cal Field] The present invention <=7I af £ 2(3 an
expanded WOFYEQ33 45 ti cl e having voids. Mre particul ar | 55T %)rl &nt

invention relates to a void- contalnlng expanded nol ded article which is
excel l ent i.n heat insulation, gﬂggﬁgﬁ%higropertles and sound 10
absorption and has S|gn|f|cantly I@Nemi.cal resistance and bendi ng
strength; The expanded nol ded article of the present invention can

sui tably be used as-f-or- exanpl-e,” ceiling materi als, materials for

aut onobi I'e i nterdors such as é}mﬁDANrIpEDt NI@MDEB\&REI]I@I;EOH&\HQ\T@Ht erials
(tibia pads) for 1ower 15 1ifbs and floor spacers which protect passengers
at col | i skgpgaut onobil e parts such as bunpers and construction parts
such as wall and floor materials which particularly need to have sound
absorption properties. 20 [Background Art] A pol yethyl ene-based resin foam
i's generally used as a packing material owing to its high elasticity and

exceII ance. The pol yet hyl ene-based resin foam however,
has we gﬁ%‘q%afﬁéﬁl ffness and conpressive 25 strength are low. On the

T R T

| article having voids. More particularly, the present invention
relates to a void-containing expanded molded article which is
excellent in heat insulation, lightweight properties and sound

10 absorption and has significantly improved chemical resigtance
and bending strength., The expanded molded article of the
présent invention can suitably be used as for example, ceiling
materials, materials for automobile interiors such as side
impact pads, energy absorbing materials (tibia pads) for lower

15 limbs and floor sf;acers which protect passengers at collision,
automobile parts such as bumpers and construction parts

such as wall and floor materials which particularly need to

have sound absorption properties.

20 [Background Art] ,

A polyethylene-based resin foam i.s generally used as a
packing material owing to its high elasticity and excellent
impact resistance. The polyethylene-based resin foam,
however, has weakness that its stiffness and compressive

25 strength are low. On the other hand, a styrene-based resin



To overcone such weakness, Japanese Exam ned Patent Publication No. SHO
51(1976)-46138 (Patent Docunent 5 1), Japanese Exam ned Patent Publication
No. SHO Qﬁ?i@5@§@ﬁ%150 (Patent Document 2), Japanese ExBRTHBHWOS4II6BNt
Publ i cati on No. SHO 58(1983)-53003 (Patent Docunent 3) and Japanese

Unexam ned Pat ent Publication No. SHO 62(1987)-59642 (Patent Docunent 4)

di scl ose nethods in 10 which pol yethyl ene-based resin is inpregnated with a
styrene- basggh PRIV SR A YTRdsZAthwh hias pewbainrdd ohadbhtdsn
styrene-nodi fi ed pol yet hyl ene-based resin expandabl e beads. As an expanded
mol ded ar ty¢4:i8=t hat can be obtained 15 by heat expanding small particles
of styrene-nodified polyethylene-based resin foamin a nold and fusing the

particles togethe 3@% W ach &84 ek pBetldec Bhianined  HE
7(1995)-80873 (Pa?gnt cungentyﬁ%ﬁdi scl oses anpexpanded nol ded article of

st yr ene- madl 160 gl 0l @1 IWBASSA o &0 ) 206 1 eI BSBIT o Paidsgd e ar e

fused tog er 'so asS to have voi ds anong thensel ves. [ Patent
Do ] P A ' 51(1976) - 46138
CPatont. DASuNBIEIE S %ﬁ{@@%‘%ﬁ%ﬁ/@a LR BRSNS Ton N, sto
52(1977) - 3344 CT/ JP20 017673 : 3
Japancee BATPTAA" BOLH (PAEF PLAYPERIRGAC S0 e a8y 505 Thh ent
Documrent 4] JaRaRess: 1538043 $¥(1983)-53008 (Patent Document

3) and Japanese Unexamined Patent Publication No. SHO

62(1987)-59642 (Patent Document 4) disclose methods in
10  which polyethylene-based resin is impregnated with a
styrene-based monomer and polymerization is performed to
obtain styrene-modified polyethylene-based resin expandable
.beads.
As an expanded molded article that can be obtained
15 by heat expandiné smé.ll particles of styrene-modified
ponethylene~baSed resin foam in a mold and fusing the
particles together, Japanese Unexamined Patent Publication No.
HEI 7(1995)-80873 (Patent Document 5) discloses an expanded
molded article of styrene-modified polyolefin—baseci resin in
20 . which small particles are fused together so as to have 10% to
40% voids among themselves.
[Patent Document 1] Japanese Examined Patent
Publication No. SHO 51(1976)-46138
[Patent Document 2] Japanese Examined Patent

25 Publication No. SHO 52(1977)-10150



Publ i cati on No. SHO 62(1987)-59642 5 [Patent Docunent 5] Japanese

Unexam ned Patent Publication No. HElI 7(1995)-80873 [DO scl osur %

| nvent i oMC P8¢/ &hs that the Invention is to solve] 10°4WH %6’?#3

di scl osed i n' Japanese. Exam ned Patent Publication No. SHO 51(1976)-46138,
an inorganic nucleating agent is not used in polyethyl ene-based resin.
This makes it difficult to disperse styrene-based resin in particulate
formin the pol y@dndren®doasedntel] dapeare suBzaminedi Batewt the 15

obtai ned nodified resin beads, and thereby the beads tend to show

i nsuf fi ci pabirhanbaaNJ, eSHS &8{e983)eR3DDA he i norganic nucl eating agent
is used in the polyethyl ene-based resin, the styrene-based resin dispersed

in the polyethyl efesRasethdeshrnit@kea padfedaribicpartimdePatantng a size
greater than 1 pm near 20. the surface regions of the beads, and thereby

the beadsplenf 1Q,nS RV s A%YEI Qo) -shemixcal resistance, because the
pol ynmeri zation of the styrene-based nononer is usually carried out at

around, 90C. The eypandedyiphded.ars) | S6d es8dxhmidanamesent 25

Unexa(r}ﬁ ned Patentﬁpu |caﬁt®on nEE %?5?5%95)-808}7{3 is 3 WD 2006/ 033449

PCT/ JP2005/ 017673 descr v O%y’g)ressive strength adequate to bear
]2151% T ﬁfomhgﬁggilg;r al 2

the use nage and stably achieve a desired void
per cent age. The expanded nol ded articles having such a void percentage can
al so show excel l ent sound absorption. 5 However, the inventors of the

present invention hav? )
[Disclosure of Invention]

[Problems that the Invention is to solve]

10 In a method disclosed in Japanese Examined Patent
Publication No. SHO 51(1976j—46 138, an inorganic nucleating
agent is not used in polyethylene-based resin. | This makes it
difficult to disperse styrene-based resin in particulate form in
the polyethylene-based resin near surface regions of the

15 obtained modiﬁed resin beads, and thereby the beads tend to
show insufficient chemical resistance. Even if the inorganic
nucleating agent is used in the polyethylene-based resin, the
styreﬁe—based resin dispersed in the polyethylene-based resin
takes a form of particles having a size greater than 1 nm near

20. the surface regions of the beads, and thereby the beads tend to
show insufficient chemical résistance, because the
polymerization of the styrene-based monomer is usually
carried but at around 90°C.

The expanded molded article disclosed in Japanese

o5 Unexamined Patent Publication No. HEI 7(1995)-80873 is



found that such an expanded nol ded article having a desired void
percentage can not bear the use as industrial products including materials
for aut oMDIWNEIBdt%ri ors due to insufficiency in, for eBGFR2B05/0BETEI ng
strength and the like. 10 [Means of solving the Problens] The present

i nvention has been nmade to solve the above problens and it provides an
expanded nol ded article having such a desired void percentage so as to

show exceglettipte %%@]{&?fﬁg%@@i@swﬂg@ﬁahi@iu@wdbr@eﬁﬁ tesgt h.

According to one aspect o present invention, there is provided an

expanded oL ded U di0he fBRULRARAYEl b PURERIABRy OlcBide BMSsirtle mol ded

article conprising parts by wei ght of Styrene-based resin
bl yet ny1 e BEregoPAE, WAnrtSShngd RIACRSA IRIES BATEY LB Eane
Syt ehe- U PRICFIGEE 78k Haws g b RBHER Nl pbRREEINAL. "D oue with
cxpanibl o boads, BN TRFZiN A8VERLORS BardihP S BERIC AN NREn QUS| ect | ng
[ near | o RSt SO 54t RyPeTileh BRI el At e Adies Raerid” o e
TN S pereentage Ban not bear the st as HAHHHET pfffucts
including materials for automobile interiors due to
insufficiency in, for example, bending strength and the like,
10
[Means of solving the Problems]

The present invention has been made to solve the
above problems and it provides an expanded molded article
having such a desired void percentage so as to show excellent

15 sound absorption. as well as high bending strength.

According to one aspect of the present invention, there
is provided an expanded molded article having a void
percentage of 5 to 50 %, the molded article comprising 50 to
800 parts by weight of styrene-based resin relative to 100

20 parts by weight of non-crosslinked linear low-density
polyethylene-based resin which can be obtained by using a
metallocene catalyst,

wherein the molded article is obtained by
impregnating styrene-modified linear low-density

25 polyethylene-based resin beads with a volatile blowing agent to



a dianeter of particle is 0.8 pmor smaller in a surface region within at

| east 5 pmfromth(e bead surface and in a center region wth
radi us f OAP499E833H44d center. 10 [Effect of the Inventi ohf"#fé

dyeiata

nol ded article of the present invention is a nolded article obtained from
the styrene-nodi fied polyethylene-based resin beads having the foll ow ng

15 consti
| ow- densi

‘tution. First of all, anobng various non-crosslinked I|inear

byopil¢ exind edabbabed dsgspres-exproséinpthienespppdaieng a

net al | ocene catal yst are particularly used. Furthernore, the resin beads
are nodi f beddsoans thefotibidctihg tist pbenenbdsprcragiandaddreadduiint of 50
to 800 parts by weight 20 relative to 100 parts by weight of the
pol yet hyl gpe-bassd ﬁgﬂidringgont ai ni ng the inorganic nucleating agent. The
resin beads havé the styrene-based resin dispersed in the form of

submi cron particl ﬁﬁe é,ir?geanﬂ?aﬁi&i girth anederdeh At pmor smaller
in

nodi fi ed

surface region w

regi on, W
bead cent
| ayer in
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ormati on of the polyethyl ene-based resin
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region within at least 5 pm from the bead surface and in a

center region within a 5 um radius from the bead center.

[Effect of the Invention]

The expanded molded-article of the present invention
is a molded article obtained from the styrenénmodified
polyethylene-based resin beads having the following
constitution. Fifst of all, among various non-crosslinked
linear low-density polyethylene-based resins, those obtained by
using a metallocene catalyst are particularly used.
Furthermore, the resin beads are modified so as to contain the
styrene-based resin in an amount of 50 to 800 parts by weight
relative to 100 parts by weight of the polyethylene-based resin
containing the inorganic nucleating agent. The modified resin
beads have the styrene-based resin dispersed in the form of
submicron particles having a particle diameter of 0.8 pm or
smaller in the surface region within 5 pm from the bead

surface and in the center region within a 5 um radius from the



resi stance. Furthernore, the styrene-based resin in the form of submcron
particles can be dispersed also in the center 10 regions within a 5 pm

radi us f o8 tM@3Hddd centers, whereby even the expandeBCHSRWENIFGBi cl e
with a desired void percentage can achieve an increase in fusion strength
of the beads and an inprovenent in strength properties. There can be also
provi ded an expanded nol ded article having a 15 significantly high, bending

strength Waieh ceaykd. NofL RAKEIREEheatdtimyedrvdftiidie |inear |owdensity
pol yet hyl ene-based resin beads polynerized using a Ziegler-Natta catal yst.

[Brief Desgyi gt - 4 39315 20yEGn hé SwarfBeM P ElgH$ 0SB ng a
surface rz)glggmﬂé%-%%@on 01? ayrmdinfi ed resin b.ea% according to Exanple
1 of theypr nt invention; Fig. 2 is a TEM picture show ng a center

region cross-section of the nodified resin bead according to Exanple 25 1

of Lhe present | ngHLLofc S0V 200BOTIAD RIH dBRAGRY 017673 Fio. 3 15

TEM pi cture show €gi on" cross-section of" a nodified resin bead
et " BRI e Sy B SER DFS R R g P ot e
cEeordh 1o Lo Rl 22 ekl PLORGIL BT AT e el i 0 11 o
surface r%g:ipoannded molded article can have improved chemical
resistance. Furthermore, the styrene-based resin in the form
of submicron particles can be dispersed also in the center
10 regions within a 5 um radius from the bead centers, whereby
even the expanded molded article with a desired void
percentage can achieve an increase in fusion strength of the
beads and an improvement in strength properties. There can
be also provided an expanded molded article haviﬁg a
15 significantly high,lbending strength which could not have been

achieved with the linear low-density polyethylene-based resin

beads polymerized using a Ziegler-Natta catalyst.

[Brief Description of Drawings]

20 Fig. 1 is a TEM picture showing a surface region
cross-section of a modified resin bead according to Example 1
of the present invention;

Fig. 2 is a TEM picture showing a center region
cross-section of the modified resin bead according to Example

25 1 of the present invention;



10 cross-section of a nodified resin bead according to Conparative Exanple
1; Fig. 7 1s a TEM picture show ng a center region cross-section of the
nodi fi ed WQHOHOBHAY according to Conparative Exanpl e BCHERPBPIIES 5 5 TEM
pi cture showing a surface region cross-section of a nodified resin bead
according to Conparative Exanple 2; Fig. 9 is a TEM picture showi ng a
center region cross-section of the nodified resin bead according to 20
Conpar ati ve Exanpigy.23 ikig@ THM pscurkEbhpiving e stolaamragsut f ace regi on
cross-section of a nodified resin bead according to Conparative Exanple 9;

Fig. 11 igsrasdBEMPish Wiea shewifigdaradnt beadegboorddig ¢possaseptd @n of the
nodi fi ed resin bead according to 7 WO 2006/ 033449 PCT/ JP2005/ 017673

Conpar ati ye¢ ¥t iRPenfich; 12 is a schematic view of an
expansi on-nol ding machine that can be used in the present invention. 5

Lo anat o o UELRTSny MO et Sjonty et e 2. 3 ot
mol d 5 cross-section of the modified resin bead according to Example
2 of the present invention;

Fig. 5 is a view in which the TEM picture of Fig. 4 is
traced;

Fig. 6 is a TEM picture showing a surface region

10 cross-section of a modified resin bead according to
Comparative Example 1;

Fig. 7 is a TEM picture showing a center region
cross-section of the modified resin bead according to
Comparative Example 1;

15 Fig. 8 is.a TEM picture showing a surface region
cross-section of a modified resin bead according to
Comparative Example 2;

Fig. 9 is a TEM picture showing a center region
cross-section of the modified resin bead according to

20 Comparative Example 2;

Fig. 10 is a TEM picture Shbwing a surface region
cross-section of a modified resin bead according to
Comparative Example 9;

Fig. 11 is a TEM picture showing a center region

95 cross-section of the modified resin bead according to



4 steamcontroller 5 drain valve 6 pre-expanded beads 15 7 filling
instrunment 9 pressure detector 10 controlling neans [Best Mode for

Carryi ng Wi 4#hvent i on] 20 An expanded nol ded arti cPET/ERWGTUITFG to t he
present invention can be obtained by pre-expandi ng expandabl e beads, in
whi ch styrene-nodified pol yet hyl ene-based resin beads (hereinafter
referred to as nodified resin beads) are inpregnated with a volatile

bl owi ng a . i i he pr e- expanded beads to expansion

mol di ng. ‘?‘ﬁ‘gﬁ‘é’x%a%%%ggwgo%%@Mg PCT/ JP200S/ 017673 ol ded article
of the present inyenti.on.has voi d..per.cent o) 09 nmodi fi ed
resin beads cont ai\fﬁ 501?3)S god° gm%tlgi‘h%\%iogh no(lrx}%%}%%nlg%o%%g%esi n
relative to 100 rts, b i ght of, non-crosslinked |inear | owdensity
ol yet hyl BrecBaaB et Hhn Rerdreipers danadl FoVSi HOFY aq

pol yet hyl ene-based resin) which contains an inorganic nucl eating agent and

is obtained by using a netallocene catalyst. The nodified resin beads

have the styrene-based resin in the formo{.| particles having a 10 particle
di anet®r OEXPlanAtieBrokheferancs Mpemsd@lsh surface regions within at
least 5 }Imfromthe bead surfaces and center regions within a 5 pmradius
fromthe bead centl&s. TW&wtdified resin beads and pre-expanded beads for

2 female mold
2a, 3a steam chamber

2b, 3b steam jetting slits

10 2c, 3c steam supply pipes
3 male mold
4 steam controller
5 drain valve
o pre-expanded beads

15 7 filling instrument
9 pressure detector
10 controlling means

[Best Mode for Carrying Out the Invention]
20 An expanded molded article according to the present

invention can be obtained by pre-expanding expandable beads,
in which styrene-modified polyethylene-based resin beads
(hereinafter referred to as modified resin beads) are
impregnated with a volatile blowing agent, and subjecting the

25 pre-expanded beads to expansion molding. The expanded



t he producti o'n of expanded nol ded article will now be 15 described. As the

nmet al | ocene cat al yst, known. netallocen.e catalysts i oyed in
pol yner i ¥4 308¢{0H¢+° W(I%Q‘P%@E‘é{ﬁ%ﬁé a

et hyl ene- based nononers can be used.
net al | ocene catal yst having a tetravalent transition netal can 20 be
suitably used. Mdre specifically, there can be used cycl opentadienyl
titaniumtris(dinmethylam de), nethylcyclopentadienyl titanium
tris(di mefdylderi de}icle hifs{lty grepemtadiemtipnt heam waidi phresnbrge of
di et hyl silyl tetranmet hyl cycl opent adi enyl -t-butyl ami de 25 zirconium
di chl ori dg,+P 5%, 2006/ 033419 PCT/ JP2005/ 017673
di met hyl si |yl tetranet hyl cycl opent adi enyl -t -butyl am de haf ni um dichl ori de,

di met hyl sil yl t et rapet i iy PrepiRrdiRRYs coritalitt FO ploeB8YICapiades Zby coni um
chl oride, nmethylphenylsilyltetramethylcyclopentadienyl-t-butylamde 5

8 e ) S SO 54 00 gty o
andi or® 1 BOT KBS e 1R e et
" combi RATTORATATT SPRRrb S o B E et R R PP T ul™ Lo "
conpound BitehechPrBIE RS A8 CEerSRe el A RaL B E i B her o
by using a metallocene catalyst. The modified resin beads
have the styrene-based resin in the form of particles having a
10 particle diameter of 0.8 um or smaller dispersed in surface
regions within at least 5 pm from the bead surfaces and center
regions within a 5 pnm radius from the bead centers.
The modified resin beads and pre-expanded beads for
the production of expanded molded article will now be
15 described.
As the metallocene catalyst, known metallocene
catalysts which are employed in polymeriiation of
ethylene-based monomers can be used. For example, a
metallocene catalyst having a tetravalent transition metal can
20 be suitably used. More specifically, there can be used
cyclopentadienyl titanium tris(dimethylamide},
methylcyclopentadienyl titanium tris(dimethylamide),
bis{cyclopentadienyl) titanium dichloride,
dimethylsilyltetramethylcyclopentadienyl—t—butylamide

25 gzirconium dichloride,



15 et hyl ene, a copolyner of ethylene and an a-olefin or the like can be

used. As the a-olefin, propylene, 1-butene, 1-pentene, 1-hexene,

3, 3- di mePM{y PO 0Bdtene, 4-nethyl -1 -pentene, 4, 4-di net hyRCTIR3RGH0dHE3

1- heptene, 1-octene and/or the |ike 20 can be used. Anmpobng these, 1-butene
and 1-hexene are preferred. These a-olefins may be used al one or two or

nore of these nay be used in conbination. The ratio of ethylene to

| ef t d -
Sr oo r;&gﬁ%g@ﬁﬁiﬁ%lt@f&%ﬁet‘ﬁyl YQ%%gélgtl to?ﬁ%zlohibx%lﬁﬁhmhggjgeoth@gﬁmhes an

of "about 045 g5 AR R SR OBt o0 o1 e %

pol yet hyI g%ien§{$%:}§8&f ﬁé%ﬁﬁ%‘g%kﬁ% | ng the netal |l ocene catal yst.

For the e r“exanpl’e, vapor-phase pol yneri zation

b th / I I
sol ut ?oﬁ”%m%&p SR g AR e TG et ts@nd‘fﬁﬁﬁ*”ﬁémairh@éﬁfﬁneand

- ph whi h bst ant i.al. | f t di
can b® enbh sﬁ&&”%ecéﬁ@u%@b s gtﬁéi’gﬁl T Gimeaigptelas & T "
mol ecul ar, wei ght di stributio nmeasured by GPC (Cel

Per neat i ot &pnBhi tt@glrlé’éﬁyt)ﬂsfﬂ:‘rﬁﬁéxh%ﬁf@égﬁ 1%?@&’&%}3%1&%1‘ 18i stribution

allows for easier nolding and an inprovement in stren th (éjaytl cularly, in
bendi ng stdiengphppyianddeheindsayi |th@W%E1%ﬁ1r%T%§t ylamide

indenyl titanium bis(di-n-propylamide) and/or the like. These
methallocene catalysts having a tetravalent transition metal
10 may be used alone or two or more of these may be used in
combination. Alternatively, the metallocene catalyst may be
used together with a cocatalyst such as methylaluminoxane, a
boron-based compound or the like.
As the polyethylene-based resin, a homopolymer of
15 ethylene, a copol;lzmer of ethylene and an a-olefin or the like
can be used.
As the g-olefin, propylene, 1-butene, 1-pentene,
1-hexene, 3,3-dimethyl-1-butene, 4-methyl-1-pentene,
4 ,4-dimethyl-1-pentene, 1-heptene, l1-octene and/or the like
20 can be used. Among these, 1-butene and 1-hexene are
preferred. These a-olefins may be used alone or two or more
of these may be used in combination.
The ratio of ethylene to a-olefin may appropriately
vary depending on the desired properties, and preferably is in

95 the range of 1:0.01 to 1:0.1 (in weight). By “low-density”, a

10



As the non-crosslinked Iinear polyethyl ene-based resin which is

pol yneri zed I t he netal | ocene catal yst, there can

series nér&ﬁ?@@lf'{}%e)d by Ni ppon Unicar Conpany Limted, éjcﬁréﬁé%i Otlp(%& series
manuf actured by 20 Sum tonmo Chem cal Co. Ltd., the EvoI ue series

manuf actured by Mtsui- Chemcals, Inc., the AFFINITY PL series

manuf act ured by Dow Chem cal Corrpany or the | i ke. Together with the above,
ot her pol geBEstyalisl theopehyress atyuthe. Asedzimlsoch. 32Paggerk Hat the desired
25 effects of the present invention are not hindered. Specific 11 WO
2006/ 033441/ JP2005/ 017673 exanpl es of such polynmers and copol yners

i nclude | owdensity polyethylene, high-density polyethylene, an ethyl ene/

propyl ene copol YpRE. @@rlﬁghﬁﬁgﬁ%pﬂheqﬁﬂy&thymeﬂyaeedamzbmmset hyl ene/
acrylic acid copolyner having a crosslink and/or a 5 branched chain, and a

combi nat 1 g Akd! ¥0: Uiy ehe d;ﬁé}%&f‘ocen%sca@alymr gaRbe tHelehylageagent, for
exarrpl e f | con oxi mca, clay, zeolite, calciumcarbonate or

the erQB g&ﬁ.%? £Pe ;H]E Qrfaﬁ:;cﬁegh'&%%gﬁﬂlfm@ﬂk@ﬁbrﬂ@a@gbﬁt used is

10 pr parts nd nore preferably 0.2 to 1.5
arts b we | at 1 based
Fr)esr n bgaggrll e aﬁf[ qu i@e %g?f%raé/o?artshb%&gﬁyfﬂ@r PRIy 8k At §IRe- base

i’s not preferred

pol et by %ﬁﬁ"r‘i'aglegg hmeridgtios Sisifg %#E@etfﬁén%%{réﬁibﬁié?iﬁ resin be in the
form of F;))%rlstrrlncelr?;at?fonoagd xma%rors rT%Iase poﬁ‘rnm%rlr{)zantwﬁo&ﬁutc?laarg parts
substantially free of an inert medium can be employed.

10 The polyethylene-based resin preferably has a
molecular weight distribution (Mw/Mn) of 1.5 to 3.5 measured
by GPC (Gel Permeation Chromatography). This range of
molecular weight distribution allows for easier molding and an
improvement in strength (particularly, in bending strength) of

15 the resulting moleled articles.

As the non-crosslinked linear polyethylene-based resin
which is polymerized using the metallocene catalyst, there can
be used the FMRN series manufactured by Nippon Unicar
Company Limited, the Evolue F series nianufactured by

90. Sumitomo Chemical Co. Lid., the Evolue series manufactured
by Mitsui Chemicals, Inc., the AFFINITY PL series
manufactured by Dow Chemical Company or the like.

Together with the above, other polymers and
copolymers may be used in such a range that the desired

25 effects of the present invention are not hindered. Specific

11



by weight is not preferred because the strength of the expanded nol ded
article would tend to decrease. Furthernore, additives such as a coloring
mat eri al W98'%U 3t ant), a fire retardant, an antioxi daRETABIOMIT$ By ol et
absorber and the like may be contained in the polyethylene-based resin
beads upon necessity. As the coloring material, both inorganic and organic
coloring materials can be used. Particularly, inorganic. 25 coloring

nat eri al seguehpBsSs io'ft"f%ﬁlél%iﬁiﬂyrﬁ@f@@@lcb|c@fﬁbl%m¢ﬁ§1@ncﬂ@d&\@o3@%r%ﬁﬁ49
PCT/ JP2005/ 017673 like are preferred. As the iron oxide, there can be used
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a part of urt Her nor e‘iro oxXl e mxed to obtain a

desi red . . E . ) sl d
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ti [ t f 0.1 pr . f I

aver age " BAPETe draEy e Goso B b BEAS reBlG B 4TSI ol
di anmeter can be neasured with a laser diffraction particle siz anal yzer
( RODCS nanuf act ur &F B JEASARE Y] %31%?&%3&@%@&@8’ rtgg?’n beads

contain the iron_  oxide preferably in the range of 1.5 w%to, 70 wt% nore
pr ef er abl $LiAOPHEIGHAGe Bica, ooy seatitey SRS ERFPORGLE OF the

like can be used.
The amount of the inorganic nucleating agent used is
10 preferably 0.1 to 2 parts by weight, and more preferably 0.2 to
1.5 parts by weight relative to 100 parts by weight of the
polyethylene-based resin beads. An amount less than 0.1
pérts by weight is not preferred because it would be difficult to
diffuse the styrene-based resin in the polyethylene-based resin
15 so as to make thel styrene-based resin be in the form of
particles of 0.8 nm or smaller. An amount more than 2 parts
by weight is not preferred because the strength of the
expanded molded article would tend to decrease.
Furthermore, additives such as a coloring material
20 (colorant), a fire retardant, an antioxidant, an ultraviolet
absorber and the like may be contained in the
polyethylene-based resin beads upon necessity.
As the coloring material, both inorganic and organic
coloring materials can be used. Particularly, inorganic.

25 coloring materials such as iron oxide, carbon black and the
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preferably in the range of 10 % to 30 Wt% An amount less than 1.5 wt %

is not preferred because the pol yethyl ene-based 20 resin . not be
adequat eYO ¢YW83H#¥ An anmount nore than 70 w%is not Pp?&f%&ﬁ@%%cause it

woul d be difficult to mx the iron oxide with the polyethyl ene-based resin
beads. Furthernore, because the specific gravity of the iron oxide is
greater than that of the polyethyl ene-based resin, an anmount 25 nore than

70 wt % wo LNCreas wei ght of the resin beads 13 WD 2006/ 033449
PCT/JPZOO@:%lég(%?%a@r the resin beads would not be uniformy inpregnated

wth the Styre”eAQ%'r%quigéfi?Qa{gﬁﬁe A$ e SArbOMm P Rek FelaiomRCce bl ack,
aCkK,

channel bl ack, ther atetyl ene bl ack, graphite, carbon fiber or
he o bt KEetal a2 tiihg TSRl S LG s siran! B beads gonkann he
ot pr of b BECa e DL EEOBHY it HITE e B e e tmy not be
ol d B be TaieRes FOR OFSREWEHeDRF BN DN SE R S hORRE. S0 Gethg) Ene- based
Tonoer  othgi KKEUBH a8 SEyTEAGr AIPREEIR) St yrnEth R el
chl orostyrene and the |like. The amount of styrene-based resin,is 50 to 800
parts byowsilghtmagnde pnited 419l 9biam b dreireshiceioby RS BFati ve to
above iron oxides, FezO4 included in iron oxide black,
(FeO)x(Fea0a)y, is preferred.
10 The iron oxide preferably has an average particle
diameter of 0.1 pin to 1 pm, and more preferably an average
particle diameter of 0.2 pm to 0.8 ym. The average particle
diameter can be measured with a laser diffraction particle size
analyzer (RODOS manufaéturgd by JEOL Ltd.)
15 The polyéthylene—based resin beads contain the iron
oxide preferably in the range of 1.5 wt% to 70 wt%, more
preferably in the range of 5 wt% to 40 wt%, and still more
preferably in the range of 10 wt% to 30 wt%. An amount less
than 1.5 wt% is not preferred because the polyethylene-based
920 - resin beads may not be adequately ;olored. An amount more
than 70 wt% is not preferred because it would be difficult to
mix the iron oxide with the polyethylene-based resin beads.
Furthermore, because the specific gravity of the iron oxide is

greater than that of the polyethylene-based resin, an amount

95 more than 70 wt% would increase the weight of the resin beads

13



100 parts by weight of the polyethyl ene-based resin. Were 20 the anount of
styrene-based resin is |less than 50 parts by weight, it is difficult to
show t he WRAEEEHH stic of the styrene-based resin, naRETYP20hTQA673
stiffness. Wiere the anount of styrene-based resin is nore than 800 parts
by weight, it is difficult to show the characteristics of the 25

pol yet hyl ene-based resin, nanely, high elasticity and high oil 14 WO

2006/ 033449 (PETE JRA(B54,04 4873 0188 0n b IPAC L1 BSHS ANGSpr Eiih h e RPF8, the

styrene-based nononer cannot be sufficiently absorbed Tnto the inside of

the pol y?ﬂ@é’éﬁgﬁh@%ﬁ%eheﬁ‘}cfhoﬁﬁéisi ng pol yner powder in which the
0

styrene-base nomer I s polymerized by itself to be 5 generated. In the

case of expandabl ﬁsbﬁgg%gr%%gfg%@k ?ﬁfnﬁ]cyﬁ %‘??I%g‘gﬁr?éﬂ Blé@ﬁs t han 50

parts by wei ght nakes ntroh o € VO OW ng agent

I i it difficuyl hi I . ' Thi I
ext el gRoREiay RERSET RRTLE LEAER! LA iaED) BBl AERIL gt o, 2l 50
styregl- Pﬁ?{%dﬁresbgeﬁgﬁagi fam)unt of 300 parts by weight or nore, it is

di ffi fov i ed resin beads and expandabl e beads uniformy
containing the styrene-based resipn by conventional nethods. 15 The present
i nvention, on t he)f@tenBP mmleggﬁggfsgﬁ H%S%hé?acf%gpﬁtﬁé%o@e The
pr e- expanded. beads can be obtained by i npregnati n the nodjfied resin
beads wi t Barheny blaek|rrafiesabhy inagih rangepPegaid %extganfaBte . @8ds, and
expandi ng t he

g grnore preferably in the range of 2 wt% to 30 wt%. An amount

less than 1 wt% is not preferred because the
10 polyethylene-based resin beads may not be adequately colored.
An amount more than 50 wt% is not preferred because it would
be difficult to mix the carbon black with the
polyethylene-based resin beads.
Examples of the styrene-based resin include those of
15 monomer origin s;uch as styrene, a-methyl styrene,
vinyltoluene, chlorostyrene and the like.
The amount of styrene-based resin is 50 to 800 parts
by weight, and preferably 100 to 700 parts by weight relative to
100 parts by weight of the polyethylene-based resin. Where
20 the amount of styrene-based resin is less than 50 parts by
weight, it is difficult to show the characteristic of the
styrene-based resin, namely, high stiffness. Where the
amount of styrene-based resin is more than 800 parts by
weight, it is difficult to show the characteristics of the

25 polyethylene-based resin, namely, high elasticity and high oil
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20 expandabl e beads. As the volatile blow ng agent, for exanple,

hydr ocar bons such as propane, n-butane, isobutane, pentane i sopent ane,
cyl copent¥P@6883¢4he and the |ike can be used al one orPS¢YFHETHHE of

t hese hydrocarbons can be used in 25 conbination. 15 WO 2006/ 033449

PCT/ JP2005/ 017673 The content of the volatile blow ng agent is preferably
5 to 20 parts by weight relative to 100 parts by weight of resin that

makes up (t @forehahepetyaitylienedased resin and
5%%%%%%3?&%@%. hargyerefor ¥

t he styrene- Preferably, the nodified resin beads and the

expandabl %ﬁgggﬁgﬁﬂﬁm@mﬁa@waAbsom%r 88 tole i19sHeRd antthal | y

spheri cal ere Is alength of the bead and Dis a
mean dianmeter of the be of 6 : avesaee rSirz & 18k nt fige beads i s
pr ef er abl YO0y §HM S %.a%@r%ﬂrei%lTﬁéﬁgggsp%lﬁﬁg@ L?Drsmal I'er than 0.6 or
greater than 1. that i s, the.beads hayi i i t). are not

pr ef er r ed ShEEHST %?efgdﬂPHl%’ée’dilﬁf?%fﬂlP%ﬁoZ%% P’byg%rsg-yﬁi%ayneded beads

obtai ned fromsuch nodified resin beads and expandabl e beads into a nold
when f®rng§eantelpanded 15 nolded article. The shape of the beads

preferably is spherical or substantjally. spherical so as tep make the
filling easier. K lgFage %ﬁﬁpé@a@ﬁap?gast (?h B8 UHL PS not preferred

because the retention of the bl ow ng agent woul d 20 decrease ahnd t he
reduct i on sitprelenshayeduwisintlese tloapeddiparis by, weight makes the

retention of the volatile blowing agent extremely poor,
rendering it difficult to achieve low density. This also renders
10 the expansion molding more difficult.

Particuiarly, with the styrene-based resin in an
amount of 300 parts by weight or more, it is difficult to provide
modified resin beads and expandable beads uniformly
containing the styrene-based resin by conventional methods.

15 The present inven.tion, on the other hand, can provide such
resin beads.

The pre-expanded beads can be obtained by
impregnating the modified resin beads with the volatile blowing
agent to prepare expandable beads, and expanding the

20 expandable beads.

As the volatile blowi'ng agent, for example,
hydrocarbons such as propane, n-butane, isobutane, pentane,
isopentane, cylcopentane, hexane and the like can be used

alone or two or more of these hydrocarbons can be used in

25 combination.
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An average bead size greater than 3.0 mmis not preferred because not only
t he fiIIin8 into a nold would be difficult, but thinning of an expanded
nol ded ar¥PeP¥/%#md? d al so be difficult. According to t hRBCHB8¥H17§RBvent i on,
there can be 25 provided the nodified resin beads and expandabl e beads.

16 WO 2006/ 033449 PCT/JP2005/017673 Each of these beads, when seen in
cross-section, has the styrene-based resin dispersed in the form of

St'gd gfe;?w_ :gﬁﬁﬁéogi%#%gﬁéev{)E%@?EE%‘“%@%%‘%@?EE%? Sohodi T ed

di sper sedgi 1}10 %@r P?Eﬁ? ye?v 6&@%%@%& g‘g?ﬁ;/d;?%%ﬁeg%gég%q}gg?ﬁ%isgﬁzl gur face
W ehin at 18t FRREESsBrit GRAATRASRTY Peacht (Uies Aieel B6 The conter region
A B R AT o
i - ra e s} : i

s Do, S s e U e
of particles having a dianeter of 0.8 pmor snaller, and preferably 0.6 pm

or smal | esuibstehdigldy yahyricad-daapd widi a.LED (whorsveris|d densthr the
particle dianeter of the styrene-based resin in particulate form

( her ei naf bértheebendegntioDais a mean diameter of the bead) of 0.6 to 1.6.
The average size of the beads is preferably 0.3 mm to 3.0 mm.
10 The beads having a L/D smaller than 0.6 or greater
than 1.6, that is, the beads having high ovality are not
preferred because it would be difficult to fill pre—expancied
beads obtained from such modified resin beads and
expandable beads into a mold when forming an expanded
15 molded article.
The shape of the beads preferably is spherical or
substantially spherical so as to make the filling easier.
An average bead size smaller than 0.3 mm is not
preferred because the retention of the blowing agent would
20 - decrease and the reduction in density would tend to be difficult.
An average bead size greater than 3.0 mm is not preferred
because not only the filling into a mold would be difficult, but
thinning of an expanded molded article would also be difficult.
According to the present invention, there can be

25 provided the modified resin beads and expandable beads.
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styrene-based resin parti clés) is about 0.01 pm As described above, the
styrene-based resin can be dispersed in particulate formin the surface

and cent &0 ?WHIEHHY of each bead. 25 The dianeter of theFSHFPERAIHISed resin
particles in 17 WO 2006/ 033449 PCT/JP2005/017673 the surface region of
each bead is preferably 0.01 pmto 0.8 }.1m nore preferably 0.01 }Imto
0.6 um and still nore preferably 0.03 pmto 0.4 pm On the other hand,

the di angigin of dhecSbyharRe-wWREAssERI iR pabsscdastibn, thes ekvter 5 region
of each bead is preferably 0.01 pmto 0.8 pm nore preferably 0.01 pmto

0.6 pm aeg%ﬁéﬂé-'(]a%{@é& rREeh @1iableys@d0m tRR forf. $bphirfic1®eXf, aa production
nodadi

nmet hod of the Ied resin beads and expandabl e beads will be descri bed.

1010 an AggRYS: SHARRNSIOM:E oL OO A UENBaRM rest0asnar ts by el gh

of pol yet ene-based resin 800 parts by weight of a

- styrene-based n I d 0.1 to 0.9 parts by weight of a polynerization
initi atoratﬁg‘f:g{%)‘?/@r&ego%o parts by weight of the styrene-based nononer are

m xed 8 advance AV ART SUYRETSERERS SRt it Pranided pha Boamian, Y e
et or - ol GBFER SN SROBLARPE DRGHG CBF CoRAY 20 The di Sper sant i s
Vor o” SpechEVERF yRaT M rE 1o i B98NP 6 ITE Fhorgani o subst ances
such as polyethylene-based resin in a surface region and a center
region of the bead. The surface region is an area within at
10 least 5 pm from the surface of each bead and the center region
is an area within a 5 pm radius from the center of the bead.
It is not preferable that the styrene-based resin in particulate
form forms the continuous phase and therefoy the particle
. diameter exceeds 0.8 um as shown in the cross-sectional
15 pictures of the béad centers of Comparative Examples 1 and 9,
because a remarkable improvement in impact resistance would
not be achieved. The styrene-based resin is dispersed in the
form of particles having a diameter of 0.8 pm or smaller, and
preferably 0.6 pm or smaller in the polyethylene-based resin.
20- The lower limit for the particle diameter of the styrene-based
resin in particulate form (hereinafter referred to as
styrene-based resin particles) is about 0.01 pm. As described
above, the styrene-based resin can be dispersed in particulate

form in the surface and center regions of each bead.

25 The diameter of the styrene-based resin particles in
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cal ci um phosphat e, magnesi um pyrophosphat e, sodi um pyrophosphate,
magnesi um oxi de and the |ike. Furthernore, 25 a surface-active agent such
as sodi uYaaefetyi#Henzene- 18 WO 2006/ 033449 PCT/ JP2005/ BATERBIs/EaéBonat e
may be used. The pol yet hyl ene-based resin beads can be obtai ned by known
met hods. For exanple, there is a nethod in which polyethylene-based resin
and an inorganic nucleating agent 5 together with an additive, if

necessary har & éégeg{yngffé;%%q bé]e{ﬁ 38 Sxdrevdely and 1t hen exprgded from

the extruder to obtain en, the obtaihed strand is cut in the '

air or in e i€ i.ng d u t he strand.

Pr ef er abl &frﬂf r%‘%%ﬁ@%@%ﬁgi%@%ﬁ%?e@i 9@3@@ éeggﬂéﬁgo}rﬂ&al\%e a cylindrical,
spheri cal _qr .subst apt hal | rical shape i / e Lis alength
of the beé)d-egﬁlgfﬁ’i @Qgrﬂéé}]sﬁggﬁa f oé%t ﬁ%wbcge%a%ar é@%’\gﬁ% 1.6. The
average size of the,. beads is eferably. 0.2 to 1. 5 mm_The beads having
a L/ D smiirErctarant 6B§ %ﬁ'yrﬁf’e‘gb@rsefjﬁﬁﬁglf @arﬁn%%ig}?pﬁec%ge& 15 havi ng
hi gh ovality. are not preferred becau [ uld pe ifficult to fill

pre- exéand‘é&l%éb‘ge%?ﬁs]?ﬁ‘éﬂ@-ﬁﬁ o] Yr(izg w@xg%r?dgbﬁlgl’bg}ﬁf? into a nol d
when form ng an expanded nolded article, Th? shape of th%tlfgeac&}sq]i S

pr ef er abl Pr&faeabba0-0dr nsuks: @M ram prpHdiil drrorscpreferg IRk Uhe filling
easier. An 20 average bead size smaller than 0.2 nmis not preferred
because. fHa t@tePd BAof the bl owi ng agent woul d decrease and the

reduction in density would tend to be difficult. An average bead_ size
greater than 1.5 Nexits anptodueftion edebbodustthe modified resin beads

and expandable beads will be described.
10 In an aqueous suspension containing a dispersant,
100 parts by weight of polyethylene-based resin beads, 50 to
800 parts by weight of a styrene-based monomer and 0.1 to 0.9
parts by weight of a polymerization initiator relative to 100
.parts by weight of the styrene-based monomer are dispersed.
15 Here, the styrene.—lbased monomer and the initiator may be
mixed in advance.

As an agueous medium that makes up the aqueous
suspension, there can be used water or a mixed medium of
water and a water-soluble solvent (for example, lower alcohol).

20 The dispersant is not particularly limited, and any of
the known dispersants can be used. More specifically, there
can be used slightly soluble inorganic substances such as
calcium phosphate, magnesium pyrophosphate, sodium
pyrophosphate, magnesium oxide and the like. Furthermore,

25 a surface-active agent such as sodium dodecylbenzene-
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not only the filling into a nold woul d be difficult, but thinning 25 of an
expanded nol ded article would also be difficult. 19 W) 2006/ 033449

PCT/ JP20B8) ¥998%34° As the pol ymerization initiator, thd&YBRREAINY used as

a polynerization initiator for suspension polynerization of a
styrene-based nononer can be used. Exanples thereof include organic
peroxi des such as di-t-butyl peroxide, t-butyl 5 peroxy benzoate, dicunyl

per oxi de, 4y, FobratidBidy b ufwedi. - t - but yl peroxy hexane, t-butyl peroxy-3, 5,
5-trimet hy]f1 hexanoat e, t-butyl-peroxy-2-ethyl hexyl carbonate and the |iKke.

These initiators 7y gzﬁgg%ﬁﬁleq{%s@d reRigrbemde qin esdtahyelieby 10 used
in conbination. The anotnt of the initiator used is preferably 0.1 to 0.9

parts by wﬁbq&ﬁe. %ghggfse PESEesalthpi; 2hteclsBahaktBollyin WPhiiH rel ative to
y g

100 parts the styrene-based nononer. An anpunt |less than 0.1

parts by %‘ﬁi)ﬁﬂé}}}’l}a%qﬁoa]s%{fgﬁéiﬁ L5th DecAuSLek Ao BHEICL g i e requir ed

for the ion o e styrene-based nononer. An anount nore than
0.9 parts, b i ght..is not .pr.efer I ' of the
otyr ot pager Tl Mchorf ABIFLEL Lo BECRIPE, e mlldit sl WL ALAD
woul d -be reduced. 20 In order to achi,eve.exceli ent i -he

nol ecul ar 1 @} &H‘ttrH%etrh%nét ﬁ?%&ﬁﬁgg&d‘?&?]ﬁl h%gp%'?é(raa%%{ %/6 g’?)jgl?{lﬂt%\o

hundr ed t housands to aboﬁﬁfi}ve, hupdr ed thousands. thHOV\ever,. \/\@gge nor e
than 0.9 piiandpy TBeghtthsr opFainsd StEeBd 1§ & G 8T 61 el ar wei ght

smal [ er than the .
water or cut while being heated to granulate the strand.

Preferably, the polyethylene-based resin beads each

10 have a cylindrical, spherical or substantially spherical shape
with a L/D (where L is a length of the bead and D is a mean
diameter of the bead) of 0.6 to 1.6. The average size of the
beads is preferably 0.2 mm to 1.5 mm. The beads having a
L/D smaller than 0.6 or greater than 1.6, that is, the beads

15 having high ovali;ty are not preferred because it would be
difficult to fill pre-expanded beads of styreng-modiﬁed resin
expandable beads into a mold when forming an expanded
molded article. The shape of the beads is preferably spherical
or substantially spherical so as to make the filling easier. An

20 average bead size smaller than 0.2 mm is not preferred
because the retention of the blowing agent would decrease and
the reduction in density would tend to be difficult. An
average bead size greater than 1.5 mm is not preferred because
not only the filling into a mold would be difficult, but thinning

25 of an expanded molded article would also be difficult.
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25 above-nenti oned range may be obtained. 20 WD 2006/ 033449 ‘
PCT/ JP2005/ 017673 50 to 800 parts by weight of the styrene-based nonone
rel ati ve W@2406(3p4t s by wei ght of the pol yet hyl ene- baBE€@/IPWEs/M7HBads i s
added and di spersed preferably under stirring, and the resulting

di spersion is 5 heated to such a tenperature that the styrene-based nononer
does not ‘substantially polynerize so that the polyethylene-based resin

beads are inpregngrs%yﬁﬁy%gqiﬁékwfg@ﬁig?gg&q ?Q(?ﬁgeté,aiggg 1 9Bgappropriate

for sufficiently inpreg I'nside o _ yet hyl ene- based
ool 1 e e D8 uSIYESPE AR, TNRRARG:LS AONTLR s S ours. wrerc
Phat 't he SEHERS-DG Gl TPUPPTRFT S hBBrers pPAVAPLE: ToEe  advant ageous
polymor | 4RI OFRAgH CHRCRREIER BUCH B3cUrETanEt REFPRIAGORABH rate, but
it needs to be determned with consideration given to the deconposition
t enpertat UPETOXY tRRNZ9REE atléPunpy REXeX1d5o| yeri zati on of the styrene-based
nmononer is carried out at a tenperature of (T + 10) Cto (T + 35 C where
TC i s the2¢pydimapthyhtd Sndiczbutyiperexnfes#nene pol yet hyl ene- based resin
beads. A polynerization tenperature lower than (T + 10)Cis 25 not
pr ef er r edtacauperoky -8 §reriwimedby ! reekanosted not be
t-butyl-peroxy-2-ethylhexyl carbonate and the like. These
initiators may be used alone or two or more of these may be
10 wused in combination.
The amount of the initiator used is preferably 0.1 to
0.9 parts by weight and more preferably 0.2 to 0.8 parts by
weight relative to 100 parts by weight of the. styrene-based
monomer. An amount less than 0.1 parts by weight is not
15 preferred becausé too much time would be required for the
polymerization of the styrene-based monomer. An amount
more than 0.9 parts by weight is not preferred because the
molecular weight of the styrene-based resin would decrease,
and thereby the impact resistance would be reduced.
20 In order to achieve excellent properties, the molecular
weight of the styrene-based resin is preferably about two
hundred thousands to about five hundred thousands.
However, where more than 0.9 parts by weight of the initiator

is used, only a molecular weight smaller than the

25 above-mentioned range may be obtained.
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21 WO 2006/ 033449 PCT/ JP2005/ 017673 dispersed in particulate formnear the
center regions of nodified resin beads and the styrene-based resin woul d
be the 2060BdY phase. Furthernore, a pol ymerizati of CYEAPEPAIU e hi gher
than (T + 35)Cis not preferred because 5 aggregated particles in which
particles coal esce would be generated. Wth the above steps, the nodified
resin beads can be obtained. The expandabl e beads can be obtai ned by

i npregnating the if k86 85t Readseaurdmthorstgieae-bheed0 pol yneri zation
with the vol atil egrglcygwggg ggent .Hf}he gi npregnati on can be.carried out by

per se k;\%’“ %tGQOIdagtiﬁpgom%tgsgga‘kgfgﬁg@gtﬂw during the

pol yneri n-can e carr ki ng pol yneri zation reaction to

occur in a  closed vessel .and .inj ing. Lhe rohatd liesBEp¥EAT agent into the
15 vessel PO¥fRF yﬁﬁP&gﬁ%ﬁF nreg§1 ejfj%%ﬁg’ %o yrrg\r{?%ati onsgan be carried out by

injecting the volatile bl gwi ng agent, J : : el - Thus, the

modi fi ed P’é‘”sieeﬁa%éﬁdénaﬁa S&%ﬁ%ﬁ@ag?%&b%%gegﬁg}%%gé%%g& “tharacteristics
can be provided by the 20 above-pentioned ,net I r t he
anount® ofheat etﬁ’eSHﬁgea Wﬁ’ﬁBﬁE?gﬁ%é %Sggﬁgeg’@&@v\%ﬁg © re: %gi ve to
100 parts by weight of the polyethyl ene-based resin beads, polyner powder
of the stg§penarphsedsisadia 1YtE‘H£§§¥‘FSIZq ﬁEr@'é%te%ﬁﬁ amount. 25 In other

wor ds, when the anount of styrene-based 22 .
polyethylene-based résin beads are impregnated with the

styrene-based monomer.
The time appropriate for sufficiently impregnating the
10 inside of the polyethylene-based resin beads with the
styrene-based monomer is 30 minutes to 3 hours. Where
polymerization takes place before the beads are sufficiently
impregnated, polymer powder of the styrene-based resin is
generated. 1t is desirable that the generation of polymer
15 powder is prevent'ed. It is advantageous that the temperature
at which the monomer does not substantially polymerize is as
high as possible to accelerate the impregnation rate, but it
needs to be determined with consideration given to the
decomposition temperature of the initiator.
20 Next, polymerization of the styrene-based monomer is
carried out at a temperature of (T + 10} °C to (T + 35) °C where
T°C is the crystallization peak temperature of the
polyethylene-based resin beads.
A polymerization temperature lower than (T + 10)°C is

25 not preferred because the styrene-based resin would not be
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WO 2006/ 033449 PCT/ JP2005/ 017673 nonomer is 50 to 300 parts by wei ght
relative to 100 parts by weight of the polyethyl ene-based resin, the
anmount OPV%SWVW§£49pomder of styrene-based resin is snaPCT/aP0¥HE6T0di fi ed
resin beads and expandabl e beads having the nost stable, excellent 5
characteristics can be easily provided. Were the anount of styrene-based
nononmer exceeds 300 parts by weight, it is preferable that the

pol yet hyl 8%@%&9 iﬁ‘”?&?ti%"l‘&%e #6En ?}Hag-gg‘?élgéﬂ’@&@é%}%ns%yr ene- based

nononer in separate steps as descCri bel ow 1™h order to reduce the
generatio : : : gﬁ%q? 1S, SUSP Is L i a

di spersan{}}&élfg%ééjagﬁgp%%g%i%%%ﬁg ye ﬁ;sﬂ ene- gré&s%élgr\?ggiﬁa%géc % 30 to
300 parts_b i.ght of a styrene:based nono 0.1 to 0.9 parts by
veight of CASETURES BhARSh 1 REFTRESPGIS 4 ip\rlgghloi&%&%‘t%%ﬁparts by wei ght of
the styrene-based no r arge disper .~ :Here, the st ne- based nononer
and the i '@i%ﬁr@&uﬁﬁgﬁﬁle 'tﬁ@al ﬁg +aﬁn%e1.s q’ﬂ‘érﬁre[%ﬁgr‘%/‘i‘ %43 di sper si on
is heated to such tenperature that the styreng-based nmer does not 20
substénti%ggﬁeﬁﬁF?‘ﬁé??%nB]te(? vl tf@rtqﬁ%leﬁoﬁ}%fweeﬁvéugﬁg%& resin beads
wi th the styrene-based nononer. Subsequently, first polynerization of the
styrene- b88BETABPSMer is carried out at a tenperature of (T + 10) Cto (T

+ 35) C where TCis the crystallization peak 25 tenperature of the
pol yet hyl ene- baseWithstine wdwmws stepswoheowerdi Sk ge piy/rde 57801 P73

obtained. The expandable beads can be obtained by
impregnating the modified resin beads during or after the

10 polymerization with the volatile blowing agent. The
impregnation can be carried out by per se known methods.
For example, the impregnation during the polymefization can
be carried out by making polymerization reaction to occur in a
closed vessel and injecting the volatile blowing agent into the

15 vessel. The impregnation after the polymerization can be
carried out by injecting the volatile blowing agent into a closed
vessel.

Thus, the modified resin beads and expandable beads

having excellent characteristics can be provided by the

20 - above-mentioned methods. However, where the amount of
styrene-based monomer exceeds 300 parts by weight relative to
100 parts by weight of the polyethylene-based resin beads,
polymer powder of the styrene-based monomer tends to
increase in amount,

25 In other words, when the amount of styrene-based
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Next, a styrene-based nononmer and 0.1 to 0.9 parts by weight of a
polynerization initiator relative to 100 parts by wei %ht of the

st yr ene- WASHEP¥3+8ner are added to the reaction sol ut irf&H PO RES 1 st

pol ynmeri zation, and the tenperature is 5 adjusted to (T + 10) Cto (T + 35)
C where TCis the crystallization peak tenperature of the

pol yet hyl ene-based resin beads, so that inpregnation of the | owdensity

pol yet hyllg[rggc}}ﬁ%‘qursﬁigb @@@a\eﬂtg hhst Recigtit eslatbased 100nmaers byd second
pl ace.

pol yneri zation take total” 10 anount of the styrene-based

nmononers used jn.t i s MBFh & ArhomA S0P oSO parts by
wei ght reWng%/ Btfﬁl%léfﬂ%%tr@%f}f %%%g%t pg% t’he pol yet hyl gng}- bgsed resin

beads. The st r@ggﬁg@@%ﬁgg rrgP?IEqst%dlﬁiaﬂcgttﬁ% FRYA e diré8ehn i n

advance. H8W he styrené-based nmonomer and the

initiator may be gontinuqus.or. intenrmdt. I I 0 avely
prevent tlﬁ%aéﬁr%? t?}iﬁﬁaﬁa%&mé%&%‘é&l@ﬁei@O%E%aegltgblegcieﬁg t he
i npregnation of the inside of the E)ol )(ret hél ene- based resin beads and the
pol ynbr i Zleasacteretiss sradee £2SIPpPSSVIAtEl y the same time. Because the

pol ymeri zation is carried out at a relatively high tenperatur too high
addition rate is Woens shedagunt Of ﬁéyﬁﬁﬂpfg%ﬁead?@n?@etro%x ee%,é‘ t he

pol ynmeri zation woul d proceed before the i rrpregE ation takes place. For
exanpl e, 306 pddts ibynweaghti st 25 preéealn ¥hab ?’6’ 100 parts by wei ght/hour.
24 WD 2006/ 033449 PCT/JP2005/017673 Wth the above tep%, the nodified
resin beagslysthiene-based resin beads are impregnated wit the

styrene-based monomer in two.separate steps as described
10 below in order to reduce the generation of polymer powder.
In an aqueous suspension containing a dispersant,
100 parts by weight of polyethylene-based resin beads, 30 to
300 parts by weight of a styrene-based monomer and 0.1 to 0.9
parts by weight of a polymerization initiator relative to 100
15 parts by weight of the styrene-based monomer are dispersed.
Here, the styrene-based monomer and the initiator may be
mixed in advance.
Then, the resulting dispersion is heated to such a
temperature that the styrene-based monomer does not
20 substantially pblymerize to impregnaté the polyethylene-based
resin beads with the styrene-based monomer.
Subsequently, first polymerization of the
styrene-based monomer is carried out at a temperature of (T +
10) °C to (T + 35) "C where T°C is the crystallization peak

95 temperature of the polyethylene-based resin beads.
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obt ai ned. The expandabl e beads can be obtai ned as descri bed above by

i npregnating the resin beads during or after the polynerization with the
vol ati | e"%q’g%q‘?@"ébent. The 5 inpregnation can be carri BAT/GRAOOIB/I7EFEr Se
known met hods such as the one described in Exanples. The expandabl e beads
can be forned into pre-expanded beads by pre-expandi ng the expandabl e
beads to a predeterm ned bul k density (for exanple, 10 kg/n8 to 300 10

kg d f .
gl and more PrRiaial) Ktk Ka/WHd P ROnkdhER) Ry dﬂfiowo.@eEég?rgﬁses_The

met hod of measuring th density will be described in

Fur t her not.g, a8 gﬁng I ¢l e ] : V.Oi f 5t
53% can bé?p?%\l/ggg bﬁ?‘?@%‘%@qﬁ ﬁ%&ﬂ iéﬁﬁrg@tggéﬁggéofbcg%@ %nr}t(ggggyngl d of C)an
o . . . | . . ho.
prﬁ?Qiggﬂa’éEE%Q%fﬁ‘léﬁg E?%?EPEE/?%?f?@o@ﬁ%%fﬁdﬁﬁﬁﬁéﬁégﬁéﬁi@?ﬁéﬁ?lﬁ

ercent age |.s,.sma an. 59 e _.expande ed artic wou e
Phourti oo SR HRTL 8GR HEOF RS H e MRE B o EnOb S5 THRPEBFREDES 5 or eat er
th % t.h i t t | d ol fficient, and d ab ti
cannots beaiNPerdbEb dud) hes SR ShiETBESE T dagthe he mol ded
article. The void percentage is preferal%!ﬁ}i n the rﬁfge of 5 to 30% The
expansi onCRE® Hlhiratieni peakdempepatare gl 4h g podyethyiansgr b any known
expahsi on- nol di ng machi ne can be 25 WD 2006/ 033449 PCT/JP2005/ 017673
used. Fi greain ngags.rap ddhaininpsaghatior giarse davheleaisigy machi ne. The

expansi on-nol di ng machine illustrated in this
polyethylene-based resin beads with the styrene-based

monomer and second polymerization take place. The total

10 amount of the styrene-based monomers used in the first and
second polymerization is 50 to 800 parts by weight relative to
100 parts by weight of the polyethylene-based resin beads.
The styrene-based monomer and the initiator may be mixed in
advance.

15 The second addition of the styrene-based monomer
and the initiator may be continuous or intermittent. In order
to ‘effectively prevent the generation of polymer powder, it is
preferable that the impregnation of the inside of the
polyethylene-based resin beads and the polymerization take

20 place at approximately the same time. Because the
polymerization is carried out at a relatively high temperature,
a too high addition rate is not preferred. If the addition rate
is too high, the polymerization would proceed before the
impregnation takes place. For example, the addition rate is

25 preferably 30 to 100 parts by weight/hour.
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figure includes a female nmold 2 and a male nold 3 which form a cavity la
when engaged. The nolds 2, 3 respectively 5 include stea 2a, 3a
and a pl ﬁ%?q{'ﬁfﬁmdp steamjetting slits 2b, 3b perforat%@’&ﬁ@l‘%ﬁf%o

provi de comuni cati on between the steam chanbers 2a, 3a and the cavity |a.
On the other hand, steam supply pipes 2c, 3c and steam di scharge pipes
2d, 3d for supplying/ discharging steamto/out the steam 10 chanbers 2a, 3a
are al so provi dedyitiespechibealeystdps,t e moe dified e sineherdsppy B pes 2c,
3c each have a steamcontroller 4, and the steam di scharge pipes 2d and 3d

each haveo?t&li&?édl o expadiiablemee srobd beiottaiges! asf desenPachst rument
7 for 15 ftilling pre-expanded beads 6 into the cavity la and also a

pressure %gé@gt&; iglﬁlqz{%lggﬁgpé itAg tdwenexpadsidnripressuafeofthiche
e n

pr e- expan edds | e cavity la. The machine also includes a

cont rol | | B8 ARG, 430 H0ki OO VLIS BeoRiagsagentdetBistor 9, each of the
e

st eam con rs 4, the drain valves 5 20 and the like. An

Slxeiagz oin: ng)lr%iggg.t%l?% .ic'%Q'rieQ.? 18 Salleye %@aaéqelnb&adan@almobe broadl y

{ing operations and cool i'ng operation. The heating

875t L SR Bt 8 sl ity (D o

an ot her-si heating step and (4) a

operati on i carrl B8 GRoSAAANIE AECRCRT By LAEFAT BAC and Lhen the. nol ded
?:312 L?Lﬁcgsﬁgg? é:?]igz;g(cjlédABegL)élesnggralg%!e—%rx%caef in\% lth engﬁgh@éﬁl%t 54Uk
a predetermined bulk density (for example, 10 kg/m3 to 300
10 kg/m3 and more preferably 10 kg/m3 to 60 kg/m?3) by known
methods. The method of measuring the bulk density will be
described in Examples.
Furthermore, an expanded molded article having a
void percentage of 5 to 50% can be provided by filling the
15 pre-expanded bea;:ls into a mold of an expansion-molding
machine, and while heating again to expand the pre-expanded
beads, heat fusing the expanded beads. Where the void
percentage is smaller than 5%, the expanded molded article
would be insufficient in sound absorption. Where the void
20 percentage is greater than 50%, the bending strength would be
insufficient and sound absorption cannot be achieved because
the sound waves pass through the molded article. The void
percentage is preferably in the range of 5 to 30%.

The expansion-molding machine is not particularly

95 limited, and any known expansion-molding machine can be
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12. 5 (1) In the nmold heating step, the tenperatures of the nolds 2, 3 are
mai nly rai sed. More specifically, after the pre-expanded beads 6 are
filled i We28088384%ity | a between the nolds by the filPCHIPIMELIACHFent 7,
steamis introduced into both the steam chanbers 2a, 3a of the fermale and
male nmolds 10 2, 3 fromthe steam supply pipes 2c, 3c, respectively, and
the air present in the chanbers is discharged fromthe drain valves 5

provided {3elhe P‘l@.aﬁfh%?&@ﬁra&%spéﬂeéx&ﬁpaﬁgy@ipiﬁéi%&n@m&ixﬁg de heati ng
step is intended for = preheating of the nolds for expansion of the

pre- ex panﬂeg?ﬂﬁ%f.ea%cﬁ 39k 80 o 1 P Sé Th Ofillh rakéd iinsiidie t he
. n

cavity la is step, "steamis Introduced fromthe steam chanber of

ei ther on rgt ?f%lv% 5 iﬁeﬁ{l?%‘éaf%h%g tg?m]ﬁt hea et g0gchawgeh B3nef the

mal e nol d _ roug e VoI ~the pre-expanded beads 6 filled
e e SRl hagnRcspegpte R icnad el agdet e outside
xpand ontp AT SIS R 28, Stegus 2 PRy R SRS iRENEE, 10
otep | nakARES L 2Rl anclng. Uhe sl s aadi el (e
ver ool y DRCHom Ehe aRTerHRbEIODE dr Thet b HRICORBIY 35 o ORotBSvi ty 1a
(D neat e, 215, Sxgended, beads, 0, and fhestenn L Shoglangeg o the
pipes 2d, 3d for supplying/discharging steam to/out the steam
10 chambers 2a, 3a are also provided, respectively. Furthermore,
the steam supply pipes 2c, 3c each have a steam controller 4,
and the steam discharge pipes 2d and 3d each have a drain
valve 5.
The female mold 2 includes a filling instrument 7 for
15 filling pre—expandéd beads 6 into the cavity la and also a
pressure detector 9 for detecting the expansion pressure of the
pre-expanded beads in the cavity 1a. The machine also
includes a controlling means 10 for controlling the pressure
detector 9, each of the steam controllers 4, the drain valves 5
20 and the like.
An expansion-molding process using the
pre-expanded beads can be broadly divided into heating
operations and cooling operation. The heating operations are

usually subdivided into (1) a mold heating step, (2) a one-side

25 heating step, (3) an other-side heating step and (4) a both-side
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5 3a of the nmale nold 3. (4) The both-side heating step is intended for
secondar\‘/ngpanm on of the pre-expanded beads 6 to ultinatel fuse the
expanded WRHWYBdet her. In this step, steamis deliverddRHEEIB h t he
st eam chanbers 2a, 3a of the nolds 2, 10 3 and the pressure is raised. As
long as the nolding is carried out according to the above heating steps
(1) to (4), an expanded nol ded article having no voids between the beads,

that is, ResBhdedtasti aliee icdolhi Jpaurtieudsafattiedesparafédr Bbads are f used
t oget her can be 15 obtai ned. However, the expanded nol ded article of the

present Igé’&ghg’ﬂ Ef‘ét%‘?ﬁ@én@@h@hnﬂ@@dnbld&@ aratelsss pHtaihedve space
bet ween t ds at the tinme of expansion nolding. For this reason, it is

preferabl g t’ék?é gﬁ%b%s%ngﬂﬂ din@i $raged eth edfepaces dondig.o such a
process as escrltdgedy el ow. (A) The nold heating step can be perforned
in the SaieTE manner as in the usual expansion nolding process. It is

preferable”that this step is carried out for 3 seconds to 12 seconds. (B)

heat | fig step. In ARG Eeein %’?ﬁm%ﬁf%@%%e%%ﬁiﬁﬁ%/?pz%&ff?%‘é% e
neat ing | aan e%aésa'g%% O TR e v
br of er abl BreHBARREd SR epp S @r@af‘f it tﬁ% S DR RERER " s
molds by the filling instrument 7, steam is introduced into
both the steam chambers 2a, 3a of the female and male molds
10 2, 3 from the steam supply pipes 2¢, 3¢, respectively, and the
air present in the chambers is discharged from the drain valves
5 provided in the steam discharge pipes 2d and 3d.
(2) The one-side heating step is intended for
preheating of the molds for expansion of the pre-expanded
15 TDbeads 6 again ana for expulsion of the air inside the cavity la.
In this step, steam is introduced from the steam chamber of
either one of the molds, for example, from the steam chamber
3a of the male mold 3 to flow through the voids of the
pre-expanded beads 6 filled inside the cavity la, and the steam
20 is discharged to the outside through the steam chamber 2a of
the other mold (i.e., female mold 2). This step usually
finishes when the pressure of the introduced steam and the
expansion pressure in the cavity are equal..
(3) The other-side heating step is intended for

95 balancing the temperature gradient of the pre-expanded beads
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The ot her-side heating step may be perforned to balance the tenperature
gradi ent of the pre-expanded beads 6 as long as the void percentage can be
mai nt ai n&YO PHP6/43348} edet er mi ned range. More specifical | yPCT/HR2OGYVHEFSsi de 10
heating step is preferably perforned for about 0 second to 1 second. The
ot her-side heating step may be carried out before the one-side heating
step. (O The both-side heating may not be performed or may be perforned

for a ShogtcdhEeangl thensibibiano AcSeRnTiatifehoaapISe [hi tiassap.ef fect of

rapidly friling the voi between the expanded beads. In accordance with

the abovespol el 103 REQGRS%ea 90ATLAR, bEOERC I ikpandagh beaoosan be

st ronge(rj, ere d al ni ng expanded nol ded article w ][ h 20
¢ ¢ . . . . ,
L?Lﬁéfgnﬁhé %&%@Zﬁi‘oﬁjﬁ%ﬁﬁsi aﬁ%ﬁ’i&%?ﬁi%%ﬁﬁﬁ%?&%ﬁ%Xﬁ?hmngt h Since
. , g Wi L ) . , | h
i oh sti f PRECS OrarihdPRorEains ortaarahl EPE HEE EaR Prabbel oot
i nsul ati on, Iég tm%ggépgiap rties and sound 29 WD 2006/ 033449

PCT/ JP2003P02%7 678 ~since it has specific void percentage. The

expanded nol ded article according to fhe present ,invention can be used for
vari ous pur poses, (‘Anihesbobit$ids aﬁﬁmglﬁ%am%l%‘?nﬁsa %lorlf materials for

autorobile interiors, energy 5 absorbing materials inserted. inside bunpers,
packi ng EEceRdary ¢Bpansivi @ﬂb‘@g@@;-@chﬁ@dﬂpe@ds 6 to ultlmate?y

fuse the expanded beads together. In this step, steam is
delivered into both the steam chambers 2a, 3a of the molds 2,
10 3 and the pressure is raised.

As long as the molding is carried out according to the
above heating steps (1) to (4), an expanded molded article
having no voids between the beads, that is, a molded article in
which surface of the expanded beads are fused together can be

15 obtained. I—Iowev.er, the expanded molded article of the
present invention has voids therein and it is necessary to leave
space between the beads at the time of expansion molding.

For this reason, it is preferable that the expansion molding is
carried out according to such a process as described below.

20 (A) The mold heating step can be performed in the
same manner as in the usual expansion molding process. It
is preferable that this step is carried out for 3 seconds to 12
seconds,

(B) The air that is present between the beads is

95 expelled in the one-side heating step. In this step, the
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Since the present invention enploys as- pol yethyl ene-based resin the resin.
using a netall ocene catalyst, it can provide an expanded nolded article

havi ng a WeAMM*4d strength of 0.3 MPa or greater. ThePPFEFIEY R %h a
bending strength of 0.3MPa or greater does not easily suffer from

cracki ng and chi pping and can suitably be used particularly for energy
absorbing materials. A bending strength of 0.32 MPa or greater is nore

prefe”edhe%tlifﬁ%;l@dccﬁﬁﬁm@éumﬂg thizepi6s bandi ofgtist iengodueed! be descri bed
in Exanpl es. [Exanples] The present invention will hereinafter be

descri bed gle%l%rﬂvad)fﬁpfth@é b8%i @A b eymaraih vthéxamtebecbims apial,be 20

under st 0o at the invention be not limted to these Exanples. The

Teasur enent, 1k hoflsaofn Y341 AN A6 anCHIeB! A9pOpriIpIfEs thrdvEiaipar at i ve
al SO be

Exanpl es Wi scribed below [Measurenent of crystallization

eak te rature I l.ene-: 8% 3449
Dol appobgea Ty e BB Y e e S e o o

Vor o shecrrreld g 62§ aECaBaS L PETREBRERETTE 1 ot on & measuring
ate of 106/ m n. TS SDREr Ng o Bbarte su6e T 16 R ed nTe e
{erper at UTRaIPaiare BB ETRATE BT G FEHBBT AIURRS o o REPPEL e PR
as long as the void percentage can be maintained in a
predetermined range. More specifically, the other-side
10 heating step is preferably performed for about 0 second to 1
second. The other-side heating step may be carried out before
the one-side heating step.
(C) The both-side heating may not be performed or
may be performed for a short time not longer than 3 seconds
15 because it has an- effect of rapidly filling the voids between the
expanded beads.
In accordance with the above molding process,
bonding between the expanded beads can be stronger, and
thereby the void-containing expanded molded article with
20 improved strength can be provided.
The obtained expanded molded article is strong and
excellent in chemical resistance and bending strength. Since
the molded article is modified with the styrene-based resin, it

also has high stiffness. Furthermore, the molded article is

95 excellent in heat insulation, lightweight properties and sound
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rai sed again at a heating rate of 10C mn. 10 [ Measurenent of nelt flow
rate of polyethyl ene-based resin] The nelt flowrate is neasured at 230C
under a I'\8QdU06B34Y kgf according to JI'S K7210. [Measur @FEAP2065/017673

pol yet hyl ene- based resin density] The density is neasured according to JIS
K6992-2. 15 [NEasurerrent of nol ecul ar weight distribution: Mv Mh] The
measurenent is carried out by GPC under. the follow ng conditions.

st T UTe Ny oGRGHG1 iR By, 300G To0U astrucartalpe. N hon Waters K K. 20

Colum: T manuf act ur ed OSOH Corporation Sol vent:

or thor di chi or obengge. (GBI SHREIAY ‘é&%xclé%@cof&ﬁi/%rtétﬁie brebigin.

I njection concentration (1 nject anoun 25 500 pl)

;ﬁdv‘?hgoﬂ?#rlﬁiﬁ 8 %ﬁmﬁ%@ R (g miR e < 2P TR B %c‘%ﬁ Celon
h
Wi W 15 %ﬁnteﬁ?l% °”U?,s‘*f{V@aﬁ%&%ﬁeﬁ%ﬁﬁ?%iﬁ@%ﬁﬁw@%e reasiegent 1 5

carri eré accor di n d descr, b d.in JIS K 6911:1995 "Ceneral
Costi g nEbROGEI o AtEei s B PG BRSPS, AT P oal |y,
pre-expanded heads are aI | owed, to free,f j,nto a measuring cylinder and

materials for heavy products, and taﬂe like.

Since the present invention employs as
polyethylene-based resin the resin using a metallocene catalyst,
it can provide an expanded molded article having a bending

10 strength of 0.3 MPa or greater. The product with a bending
strength of 0.3MPa or greater does not easily suffer from
cracking and chipping and can suitably be used particularly
for energy absorbing materials. A brending strength of 0.32
MPa or greater is more preferred. A method for measuring the

15 bending strength will be described in Examples.

[Examples]
The present invention will hereinafter be described by

way of Examples and Comparative Examples. It should be

20 . understood that the invention be not limited to these Examples.
The measurement methods of various values adopted in
Examples and Comparative Examples will also be described
below.
[Measurement of crystallization peak temperature of

25 polyethylene-based resin]
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10 their weight is nmeasured by an apparent density neasuring instrunent.
-The bulk density is determned fromthe follow ng equation. b/“'{?, density
(kg/ m8) WOARPYIB+H%g) / beads vol une in graduated cyl i ndeC {8014 d
percentage] 15 An expanded nol ded article having an apparent bul k vol une
(V1) is inmrersed into a graduated cylinder filled wth a predeterm ned
anmount of water, and an increase in volunme (V2) is nmeasured. The void

percentage is det@igaricaedtdMitdon§ phrwismpeqaatiroris @2Camintder cent age =
{(V1-Vv2)/V1l} x 100 [Bending strength] The maxi mum bending strength is

measur ed diRto tRSaKmEtNDd; sleschi dgfetant1hB Kk@aiiing 999 " Pr ef oaned
Cellular PlastiCs Thermal Insulation Materials". Mre specifically, the

25 bendi bR PEasWisHe Usidig iR IR Vs sial abestrhegs32eM@2006/ 033449
PCT/JPZOB%I%i[Z@%gEP%?Ee Tens?llé?n UéT 1%”_'2 (rmanuf actured by Oientech Co.,

Ltd.) and g sqammiesdayhng dtgleesgégf&gfgagésm 31 30@ DO, Apiamthender the

conditio.r‘Fs‘r’.l ressur e we as a tip jig, a fulcrum(10R) with a
10 P mittTPFSBERLE ABSa Eroh Eas 1 et e o e o o
Acoust | ALEET R HOr bR b ah A BORb B oriE b or Tt e hnd 10} hpedance
nt rrpeda&? %‘%'othbt%Srr_lgg%Q’?grg S(.b%gC?taaIQ it % \évl@)\rlgtallization peak
temperature is measured while the temperature of the resin is
raised again at a heating rate of 10°C/min.
10 [Measurement of melt flow rate of polyethylene-based resin]
The melt flow rate is measured at 230°C under a load
of 10 kgf according to JIS K7210.
[Measurement of polyethylene-based resin density]
The density is measured according to JIS K6992-2,
15 [Measurement of ﬁolecular weight distribution: Mw/Mn]
The measurement is carried out by GPC under, the
following conditions.
Instrument: GPC instrument Type 150C manufactured by
Nihon Waters K.K.
20 Column: TSK GMH-6 manufactured by TOSOH Corporation
Solvent: ortho-dichlorobenzene (ODCB)
Temperature: 135°C
Flow rate: 1 ml/min.

Injection concentration: 10 mg/10 ml ODCB {injection amount:

95 500 pl)
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ratio”". More specifically, the sound absorption coefficient at 1kHz is
measured using a vertically-incident sound absorption coefficient
measur i ng¥9 ALEHENt TYPE 10041 (probe-tube ni cr ophonePCRAMPHEEMBed by
Japan El ectronic Instrunment Co. 15 LTD. For the nmeasurenment, a sanple
having a 30-mm thickness is brought into close contact wth.a back plate
of a sanple holder. [Chem cal resistance] Three pieces of plate-like

sanpl es having a t K Holckansr andighshvi® Qhdlfe nm | ength X
100 mMm width x Z’Silgmwls ciﬁcg%ss e c%t from an g’ej1}<panded nol ded article.

The sampl g5, ape.|ofLr st ARdh i o 23208 1An5806 duikgliined @y 24 hours. The

sanpl es are’cut from the eXpande article so at the upper surface
33 W0 20007 BITA brs B bBe wi BT heuirve AEn@ FaBad I SHpLOAE Jritele
Ui 1 or m yFESP A FEsth AR OPWANEN, i cer iR Es "and (he sampl ce are I eft
chem dal's Mea Sigdac ot ok ne B TS of the sampi es and the surlaces. of

the sanples are visually observed tp nmake, assessnents,accqrding to the
fol | owi ng ratings. @.ilef e SABC YA HgES CAIT P&T’[T‘?/C‘B%‘E]ﬁn%(t)fpfaace sof t ens
10 X: bad, surface caves in (shrinks) ExarH)I“e 1 :

method described in JIS K 6911:1995 “General testing methods

for thermosetting plastics”. More specifically, pre-expanded
beads are allowed to free fall into a measuring cylinder and

10 their weight is measured by an apparent density measuring
instrument. The bulk density is determined from the
following equation.
bulk density (kg/m3) = weight (kg)/beads volume in gfaduated cylinder (m3)
[Void percentage]

15 An expaﬁded molded articie having an appgrent bulk
volume (V1) is immersed into a graduated cylinder filled with a
predetermined amount of water, and an increase in volume
(V2) is measured. The void percentage is determined by the
following equation.

20 void percentage = {(V1-V2}/V1} x 100
[Bending strength]

The maximum bending strength is measured according
to a method described in JIS K9511: 1999 “Prefoamed Cellular
Plastics Thermal Insulation Materials”. More specifically, the

25 bending strength is measured using a universal testing
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As a non-crosslinked linear |owdensity 15 pol yet hyl ene-based resin, LLDPE
(manuf act ur ed bg Ni ppon Unicar Conpany Limted, tradenane: FM%I-‘%?&
cryst al | IWAe6M3HEAk tenperature: 101C, nelt flow rate: PFCHIPYIME74P n. |
density: 0.914 g/cnB, nolecular weight distribution (Mv M): 2.77)

synt hesi zed by using a 20 netal |l ocene catal yst was enpl oyed. 100 parts by
wei ght of the LLDPE and 0.5 parts by weight of talc were fed into an

ext ruder. pJhehiedsd 9§k ovwas Ol 1teen (anth kfeadedd dnd Qrdientegh ddal,at ed by
under water cut systemto provide oval (egg-shaped) polyethyl ene-based

resin beadsy \The PUEEAG6, 185N ¥RING izd BE Mg lkyBotenhased Seaiin beads
was 0.6 ng. ‘34 WO 2006/°033449 / JP2005/ 017673 Next, 0.8 parts by wei ght

dodecyl e PR et L B B N oo i 2per o “in 100 parts
mecti 16018 B [0 R B T B e e e vere
as b 1o pBPYRGR Sa HTHPITarr hate atsEg im0 hce i n 100 parte by
weli ght-oféﬁgs%&ggjeﬁm ocr)rer. The.tepperature of the dispersion of the

pol yet hyl VS &P FEH OB Wa&™5dj usted to 60C and the styrene nononer
containing the | m’l‘t}{eats(c))'ﬁnvl?%bas%?%%ion coefficient is measured

according to a method described in JIS A 1405:1998
“«Acoustics-determination of sound absorption coefficient and
10 impedance in impedance tubes-method using standing wave
ratio”. More specifically, the sound absorptibn coefficient at
1kHz is measured using a vertically-incident sound absorption
coefficient measuring instrument TYPE 10041 (probe-tube
microphone) manufactured by Japan Electronic Instrument Co.
15 LTD. For the méasurement, a sample having a 30-mm
thickness is brought into close céntact with a back plate of a
sample holder.
[Chemical resistance]
Three pieces of plate-like samples having a flat
20 rectangular shape and a size of 100 mm length x 100 mm
width x 20 mm thickness are cut from an expanded molded
article. The samples are left standing at 23°C and a 50%
humidity for 24 hours. The samples are cut from the
expanded molded article so that the upper surface of each

25 sample is entirely formed of the surface of the molded article.
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15 quantitatively to the dispersion over 30 min. Then, .the resulting

m xture was stirred at 60C for an hour to inpregnate the

pol yet hy VEh&0HA%3EP r esi n beads with the styrene nonomeRCT/HRRLS/0174T3
tenperature of the dispersion was raised to 20 130C and kept for 2 hours
to polynerize the styrene nononer in the polyethyl ene-based resin beads.
Thus, nodified resin beads were obtained. The dispersion state of styrene

resin in the obt g o, rlggcgff{,ggoruessEﬂe%wsv&%@l}ﬁ%,vggrgyeﬁejEM

(transm ssion 25 e m croscope). The styrene resin was dispersed in

of parti SEPRAE PGrGiF e (D RPE o FE S Ree il A LR b i Bte B aren
the  forribt sputtpepcl Mg it SRR Y e a R RIE e, 05 s i
in a cent%g i O”@tgéétngg,gé %%@”@f@yv%ﬁgitﬁ faoq,ogb ﬁii?n}tje@. radius fromthe

center). e ‘surfdace region and the center

region ar hown in Fi 1 and , Fi.g. 2, r.espectj vely. bs y, 100

parts 2y %%@ﬁqqﬁn?lﬁfeg@&fdp ,egalca]}g E?‘éesi“ﬁpﬁgaag,{/ ?ﬁngugrcfagq%&s%\/\%i ght of

nmonogl-yceride stearate and 0.5 parts by weight of diisgbutyl adipate were

fed into semplessans ?b@i%‘%%ﬁﬁt‘:e@-@{/ﬁéer I&Wgﬁi%"}%‘%ﬂé’ %g§%f of 1n8B,

and 14 parts. by wei ght of butane (n-butane: i-putane = 7:3) as a volatile
ka

bl owi ng atfemeakasasssesman iy agcasding todhfe fatlePENETRHNES t he mi xer was
rotated. After the tenperature was raised

Q: fine, no changes

A slightly bad, surface softens

10 X: bad, surface caves in (shrinks) -

Example 1
As a non-crosslinked linear low-density

15 polyethylene-baséd resin, LLDPE (manufactured by Nippon
Unicar Company Limited, tradename: FMRN-063,
crystallization peak temperature: 101°C, melt flow rate:
1.3g/10 min., density: 0.914 g/cm3, molecular weight
distribution (Mw/Mn): 2.77) synthesized by using a

20 metallocene catalyst was emplo&ed. 100 parts by weight of
the LLDPE and 0.5 parts by weight of talc were fed in*;o an
extruder. The feedstock was melted and kneaded, and then
granulated by under water cut system to provide oval
(egg-shaped) polyethylene-based resin beads. The average

25 weight of the polyethylene-based resin beads was 0.6 mg.
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to 70C and kept for 4 hours, it was cooled to 25C to obt ain expandabl e
beads. The obt ai ned expandabl e beads had styrene resin_di s $ed in the

formof PAIPEPEE? and a diameter of particle was of OPCCSFA B'9%2 pmin
a surface region and 20 styrene resin was dispersed in the formof

particles, and a dianeter of particle was 0.05 pmto 0.5 umin a center
region as in the case of the above-nmentioned nodified resin beads. The

obt ai ned expandabiexheads piahe bmgh&eéﬁlm@gneenpmnpgdommfm@am to a
bul k density of 30 kg/nB so 25 that pre-expanded beads were obtai ned.

Then, the(dqu\épsgg(@p/aq;@@@f@&@f@ﬁe@éﬁﬁﬁ spdaaexpanded beads were

fill ed nto a nol d of expansi on- nol di ng machi ne, and using steamat a

pressure (%dggyﬂ? il@@ne(sﬁ)lfg%ﬁhggﬁﬂa% hetive ageanfisvex}iispersédie heating

for 15 secon ot her-si ng for 0.5 seconds and (4) 5 both-side

heati ng f\%a 1 psa%ct%“gffe 4 {@@E%&%ératd b H8EH 08 TREdiuAf tfek the heating,

the nold ter-coo taln an expanded nol ded article. The
follo ngd]fre%f))anm on- nol di ng machi ne was used for the nolding. 10
Expan machl ne used: ACE-3SP (nmanufactured by Sekisui Mchinery

Go., Ltd.) Mld i %ESSWQCJSE%ﬁggﬁ?n%ﬁSQ% Ehs o o0l %'Xn%@ﬁ?aﬂjﬁ% mol ded

article has void bendi'ng stre sound absorption
arti ole P B SHHE PaRrel FES DECARG T R R 50 ‘sbapisd ol ded
suspension.

0.19 parts by weight of dicumyl peroxide as a

10 polymerization initiator was dissolved in advance in 100 parts
by weight of a styrene monomer.

The temperature of the dispersion of the
polyethylene-based resin beads was adjusted to 60°C and the
styrene monomer containing the initiator was added

15 quantitatively to £he dispersion over 30 min. Then, the
resulting mixture was stirred at 60°C for an hour to
impregnate the polyethylene-based resin beads with the
styrene monomer.

Next, the temperature of the dispersion was raised to

20 130°C and kept for 2 hours to polymerize the styrene monomer
in the polyethylene-based resin beads. Thus, modified resin
beads were obtained.

The dispersion state of styrene resin in the obtained
modified resin beads was obsefved by a TEM {transmission

95 electron microscope). The styrene resin was dispersed in the
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1. Exanple 2 20 100.5 parts by wei ght of polyethyl ene-based resin beads
obtained_in the sanme manner as in Exanple 1 were dispersed in a dispersion
medi um oBYAPMERHH t he same nmanner as in Exanple 1. FuPEHSREYY6TE. 19
parts by weight of dicunyl peroxide 25 as a polynerization initiator was
di ssolved in advance in 66 37 WD 2006/ 033449 PCT/ 3P2005/ 017673 parts by
wei ght of a styrene nononer .to obtain a first styrene nononer. The

t enper at Woerefoft PArdics®er shanaodidhetepafyeiiytBnerdage04r asi rtob@edls was
adjusted to 60C and the 5 first styrene nononer containing the initiator

was added,;guianta %@iﬂf&%EYrégiohhgqﬂ.@m@,sia@ﬁa@&érwaﬂﬁm abolies, e
resulting mxture was stirred at 60C for an hour to inpregnate the

pol vet hy! £Bgn aRe dur£a00) gg@f‘%h}éﬁ diyrbhie fedist wad ViisperseAaREEe 10 Next,

the tenperature o Si on s raised to 130C and kept for two

hours to | ' (FLLS I ' [ ' [
the. pot v RaELElLs hnd 8 AIBECEEE dTBatIe1C Wl (D e s o

o cumy REGDILIE o 3% el Eal gl o WLl SiGhipendliepoh el 11 591

oner obtaln a second styrene nonomer.

The second, iyl §0STPRREINYES. I PRESSoSLELBNS! Bid il fd BE theaction
| surface region and the center region are shown in Fig. 1 and
Fig. 2, respectively.
Subsequently, 100 parts by weight of the modified
10 resin beads, 0.15 parts by weight of monoglyceride stearate
and 0.5 parts By Weight of diisobutyl adipate were fed into a
pressure-resistant V-type rotary mixer having a volume of 1mS3,
and 14 parts by weight of butane (n-butane: i-butane = 7:3) as
a volatile blowing agent was injected at a normal temperature
15 while the mixer \ﬁ;as rotated. After the temperature was raised
to 70°C and kept for 4 hours, it was cooled to 25°C to obtain
expandable bea.ds. The obtained expandable beads had
styrene resin dispersed in the form of particles, and a diameter
of particle was of 0.04 pm to 0.2 pm in a surface region and
20 styrenc resin was dispersed in the form of particles, and a
diameter of particle was 0.05 pm to 0.5 pm in a center region
as in the case of the above-mentioned modified resin beads.
The obtained expandable beads were immediately
pre-expanded using steam to a bulk density of 30 kg/m?3 so

95 that pre-expanded beads were obtained. Then, the
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pol ymeri zati on at a rate of 80 parts by weight per hour for 7 20 hours, so
that the second styrene nononer was pol ynerized (second I zation)
whil e thé"‘?)@ﬂ”?@%alﬂr“f/ene- based resin beads were inpregnglf%ﬁ%ﬁ%ﬁ'ﬁ%@g nononer
to obtain nodified resin beads. The dispersion state of styrene resin in

the obtained 25 nodified resin beads was observed by the TEM (transm ssion
38 WO 2006/ 033449 PCT/ JP2005/ 017673 el ectron m croscope). The styrene

resin vas,l shgyseded bdds eranfiie@dntoch enpladnmd @ndi ameter of particle
was 0. 05 mto 0.35 }pmin a surface region (x19, 300, an area wthin about

5 pmfr %‘&eﬁsgﬁ flﬁ%?éhﬁg%%?nateyraem Ui svesmrbs penmedsuresof he form

of partic adla er of particle was 0.06 pmto 0.4 pmin a center

regi on (é@’%é Ppl gtzlﬁ&ﬁaw\ﬂfﬁggﬁg Sﬁ&&t 73s8coh ¥R (2Piowe-fviom hbatiognt er) . The

cross-sectiona res o urface region and the center region are

shoun 11 {59 p}ép%‘? SO4aE] 9a) SrpLESPRR! hitling 1Br BESeausRldy arex pandabl o

beads wer same nmanner as~in Exanple 1. The obtai ned

bl b d I d
O et chobF g PERETALEET ée%%#?o'd%"%%% R e
e RBLTol e e Se The ho F E RellerOBEb ] e oy dep o areter o

gion-as in e case of the
above-nmenti oned nDdlfled reskﬂ beads. The obtai ned expandabl e beads were
i mredi at efypa §-steamto a bulk density of 30 kg/nB so

The following expansion-molding machine was used for
the molding.
10 Expansion-molding machine used: ACE-38P {manufactured by
Sekisui Machinery‘ Co., Ltd.)
Mold size: 300 mm x 400 mm x 30mm
The obtained expanded molded article has voids. The
void percentage, bending strength, sound absorption
15 coefficient and ch;amical resistance of the obtained expanded
molded article were measured. The results are shown in Table

1.

Example 2

20 - 100.5 parts by weight of polyethylene-based resin
beads obtained in the same manner as in Example 1 were
dispersed in a dispersion medium obtained in the same

manner as in Example 1.
Furthermore, 0.19 parts by weight of dicumyl peroxide

25 as a polymerization initiator was dissolved in advance in 66
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20 that pre-expanded beads were obtained. Then, the pre-expanded beads were
subjected to nolding in the sane manner as in Exanple 1 to obtain an
expanded WROPWEYH4# icle. The same nol di ng nachi ne as i RCERBAPIE @3 was used
for the nolding. 25 The obtai ned expanded nol ded article was a nolded 39
WD 2006/ 033449 PCT/JP2005/ 017673 article having voids. The void

percent age, bendi ng strength, sound absorption coefficient and chem cal

resi stanceagtstie worial Hed expanded sabaesr aptdislanvargrgeasyrede The
~results are shown in Table 1. 5 The diameter of the styrene resin

di spersedmhdnbhseform of particles in the surface region and the center
region were determned as follows. The particles of Fig. 4, for exanple,

were traced as shpyp ‘E.fe{?ngggat{?ré %fﬁ%ﬁ‘? dq??%??%ntoqa'{h_ he areas of the

particles of the two gures are's an y equal . The 10 di aneter of
each partigcl LS rom the I .G ' confirmed
that the Borf e ITET R M TR PR Tt s B8 At % I

Exanmpl,e 3.15 dified resin beads. were obiained.in the sa 4Jranner as in
Seanpl’h 2TERLCRY TERR o sosstm e At LY B AR Chen cal ' Co.
Ltd. (neltin int: 17C, crystallization,peak tenperatupe: 108C, nelt

fl ow rat egu%@%@ Wféy#ion&?e @éé@???@o%.@qﬁ | EHB; gﬁg‘e%l @'&?JI ar wei ght 20
distribution (Mv M) 2.5) was enplgyed %s tihe linear |owdensity

pol yet hyl BREUAHEE Mpigdiige’ was stirred at 60°C for an hour to

impregnate the polyethylene-based resin beads with the first
styrene monomer.

10 Next, the temperature of the dispersion was raised to
130°C and kept for two hours to polymerize (first |
polymerization) the first styrene monomer in the
polyethylene-based resin beads.

Subsequently, 0.3 parts by weight of dicumyl peroxide

15 as a polymerization initiator was dissolved in 534 parts by
weight of a styrene monomer to obtain a second styrene
monomer. The second styrene monomer was dropped
continuously into the reaction solution of the first
polymerization at a rate of 80 parts by weight per hour for 7

20 hours, so that the second styrene monomer was polymerized
(second polymerization) while the polyethylene-based resin
beads were impregnated with the monomer to obtain modified
resin beads.

The dispersion state of styrene resin in the obtained

25 modified resin beads was observed by the TEM (transmission
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The di spersi on state of styrene resin in the obtained nodified resin beads
was observed by the TEM The styrene resin was dispersed in the_ form of
particl e¥0 @ﬁﬂ&é"@i aneter of 25 particle was 0.05 U.m tPcFTé!Pswﬁﬂ&?Gﬂ?a
surface region (an area 40 WO 2006/ 033449 PCT/ 3P2005/ 017673 w thin about
5 pmfromthe surface) and the styrene resin was dispersed in the form of
particles, and a dianeter of particle was 0.1 pmto 0.5 pmin a center

regi on (aNegf®m Whidids @Rt 2h3 PRrkadi vesiir omad dspersed)in Shrext
expandabl e beads were obtained in the same manner as in Exanple 1. In the

obt ai ned ﬁ%ﬁ?@@?ﬁ@i@@ﬁ%mtﬁ%ﬁwéﬁﬂeof?ﬁirmimswéissﬁe@?»eldm tot he form of
an

particles, I amet'er of particle was 0.05 pmto 0.3 pmin a surface

i - ' d 4 infalpenticl es, 10
region ahdhe styre Igfag%mgggg@qk%@%@@, dh dee barRigfapeutixl es

and a di aneter of “par pmto 0.5 pmin a center region as in

wer e pr o BB SR htiier s 1 Bl & S abear ¢ oo

manner “as 1 n Exanple 2 to obtain
ol d BT Aol A e e Sa g 0 FOSUIIRn & D2 EREE SO0 188 1y (1)
Ot her - o1 b BaR Hgar G 675 T 6t SO En a0 - Dot e F e I T Ra FoP 2 beconds
et or - CORBHT a8 B IEPA ARCCRBRNEEY moPden T HAE eI 4h PIBEUE Rad expanded
e s Ol and e L RSl O SR sound
and Fig. 4, respectively.
10 Subsequently, expandable beads were prepared in the
same manner as in Example 1. The obtained expands_xble
beads had styrene resin dispersed in the form of particles, and
a diameter of particle was 0.05 um to 0.35 pm in a surface
region and styrene resin was dispersed in the form of particles,l
15 and a.diameter of particle was 0.06 um to 0.4 pm in a center
region as in the case of the above-mentioned modified resin
beads.
The obtained expandable beads were immediately
pre-expanded using steam to a bulk density of 30 kg/m?3 so
20 that pre-expanded beads were obtained. Then, the
pre-expanded beads were subjected to molding in the same
manner as in Example 1 to obtain an expanded molded article.
The same molding machine as in Example 1 was used for the
molding.

25 The obtained expanded molded article was a molded
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coefficient and chem cal resistance of the obtained expanded nol ded
article were neasured. The results are shown in Table 25 1. 41 WD

2006/ 033X¥Q 298¢/#73482005/ 017673 Exanple 4 Into an extr udeeTIRO0/433¢78s by
wei ght of the sanme |inear |owdensity polyethyl ene-based resin as that of
Exanple 5 1, 25 parts by weight of iron oxide particles (Fe304) and 0.5
parts by weight of talc were fed. The feedstock was nelted and kneaded,

and then grapul aR6-kyvUnder Wit e GHpsYSdege ! BeBHOMEIS IRVt
(egg-shaped) bl ack-cdl ored pol yet hyl ene-based “resi n beads. The average

wei ght okgp&gg@%@#@g}mﬁgem 41581 dh 183681 ¢eBl Al Y ok @R OXi de was

0.7 ng. expandabl e beads were obtained in the

same mnglodfydd AN AeRN pLhek e shtaliedal oM pYfsent aini g

were used. I Spersion states o
styrene resin inWt he olb-ﬁté%‘ nﬁd nodi fied resin beads and expandabl e beads
wer e obse?g‘écﬁlb?/ S Sh the sanme manner as in Exanple 1. The styrene

resin s dispersed in the for f rticles,.and a dianeter. of rticle
s 005 pm 160 P tametrs ate e Brais Fsifaisp T refehE tBlioias

di spersed in the form part%cles, and a fameter of particle was 0.1 |lim
to 0.45 pAf ipRidgies in g’ieo?fsl.r a6t &g IR AT lE S EGRLCHEFEIPRY 8Danded i n

t he sane manner as in Exanple 1 to obtain pre- expandegwtéeads. lThen, t he
pr e- expandetevasasdnesdodiyact ebhe Pahigiasyof Aigné skrpexample,

were traced as shown in Fig. 5 in such a manner that the areas

of the particles of the two figures are substantially equal. The
10 diameter of each particle was measured from the tracing of Fig.

5 and it was confirmed that the particle diameters were in the

range of 0.06 pm to 0.4 pm.

Example 3

15 Modified resin beads were obtained in the same
manner as in Example 2 except that “Evolue F-2017
manufactured by Sumitomo Chemical Co. Ltd. (melting point:
117°C, crystallization peak temperature: 108°C, melt flow rate:
1.5 g/ 10 min., density: 0.915 g/cm8, and molecular weight

20 distribution (Mw/Mn): 2.5) was employed as the linear
low-density polyethylene-based resin.

The dispersion state of styrene resin in the obtained

modified resin beads was observed by the TEM. The styrene
resin was dispersed in the form of particles, and a diameter of

25 particle was 0.05 um to 0.3 pm in a surface region (an area

40



25 manner as in Exanple 1 to provide an expanded nol ded 42 WD 2006/ 033449
PCT/ JP2005/ 017673 article. The obtai ned expanded nol ded article has voids.
The voi VQaME@RaYe, bending strength, sound absor pti ofFTHF4YY1E78nt and
chem cal resistance of the obtai ned expanded 5 nolded article were
measured. The results are shown in Table 1. Exanple 5 Oval (egg-shaped)

bl ack- col ored pol yet hyl ene-based 10 resin beads were obtained in the sane

manner asgyii by fXamRh & & nBX TRk thats\3rRav) auly thei gtyraie cashornwhback
particles were used instead of the iron oxide particles. The average

f
wei ght of ;{16 Gaf BONTRl #6knC ARLAI MG spelxeLhiil entothasetipuesicie beads  vas

0.6 ng. 1 resin were obtained in the sane nmanner as in

xanpl e LaXCEt ihalo e ARh A0 G0N gl tdn CO@kilREn about

polyethylgﬁﬁ- esin"beads were used. ~ Then, expandabl e beads were
Styrene. rBoS I AAEORTAThAR® GEBITTod resin beads and expandabl e beads.
esi n s di spet AUERrETRERAAREOPERaP LT 660 atS AT ARSTEF™T parti ol e
1o 0,90 B2, 0.5, BT L aSe "B O BRShA e Sptuiste g 11 the
| the styrene resin was dispersed in the form of particles, and a
diameter of particle was 0.05 pm to 0.3 pm in a surface region
and the styrene resin was dispersed in the form of particles,
10 and a diameter of particle was 0.1 pm to 0.5 nm in a center
region as in the case of the above-mentioned modified resin
beads.
The expandable beads were pre-expanded in the same -
manner as in Example 2 to obtain pre-expanded beads. Then,
15 the preuexpanded. beads were filled into a mold of a molding
machine, and using steam at a pressure of 0.08 MPa, (1) mold
heating for 7 seconds, (2) one-side heating for 15 seconds, (3)
other-side heating for 0.5 seconds and (4) both-side heating for
2 seconds were sequentially performed. After the heating, the
90 mold was water-cooled to obtain an expanded molded article.
The obtained expanded molded article has voids. The
void percentage, bending strength, sound absorption
coefficient and chemical resistance of the obtained expanded

molded article were measured. The results are shown in Table

25 1.
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WO 2006/ 033449 PCT/ JP2005/ 017673 particle was 0.1 pmto 0.55 pmin center
regi ons. The expandabl e beads were pre-expanded in the sane nmanner as in
Exanpl e WO30H8HHN pre- expanded beads. Then, the pre-BRpaRdedIbEFads wer e
subjected to nolding in the same 5 manner as in Exanple 1 to provide an
expanded nol ded article. The obtai ned expanded nol ded article was a nol ded
article having voids. The void percentage, bending strength, sound
absorption coefficient and chem cal resistance of the 10 obtai ned expanded
nol ded article were neasured. The results are shown in Table 1. Exanple 6
Modi fi ed éQSin gegds and expandabl e beads were 15 obtained in the sane
manner as ?ﬁn%Q(%ple 1 except that the anmounts of styrene nononer and

espectivel y. | Thendh epbratianactaretd dr PEne ol R Re e i red
Styr ene. rRBRRAES ISR R DIF RACPSr ARSPA Tt ABst ang! A Airer of |
7 om Br ot s RS PATEBGEE JVlah Chirclt prORE PRLTR GRATaPCALARAIO- [ ho for m of
particles, and a di.ggii%rtaci; %aertmif%ﬁ' wi‘ O%nggégﬂg%gééfpem S%nt er 25
;gggﬁggsgigéﬁiﬁygggggSI01?673 ATﬁe exp;ﬁdable beads were pre-expanded in
t he same and kneaded, and then granulated by under water cut system
‘to provide oval (egg-shaped) black-colored polyethylene-based
resin beads. The average weight of the polyethylene-based
10 resin beads containing iron oxide was 0.7 mg.
Modified resin beads and expandable beads were
obtained in the same manner as in Exar;qple 2 except that the
obtained iron oxide-containing polyethylene-based resin beads
were used.
15 The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM in the same manner as in Example 1. The styrene
resin was dispersed in the form of particles, and a diameter of
particle was 0.05 pm to 0.3 pm in surface regions and the
20 styrene resin was dispersed in the form of particles, and a
diameter of particle was 0.1 um to 0.45 pm in center regions.
The expandable beads were pre-expanded in the same
manner as in Example 1 to obtain pre-expanded beads. Then,

the pre-expanded beads were subjected to molding in the same

95 manner as in Example 1 to provide an expanded molded
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manner as in Exanple 1 to obtain pre-expanded beads. Then, the

pr e- expanded beads were subjected to nolding in the sane__manner_as in
Exanpl e W@ @093 ##%le an expanded nolded 5 article. The HoVEAEE1&Panded
nol ded article has voids. The void percentage, bending strength, sound
absorption coefficient and chem cal resistance of the obtained expanded
nol ded article were neasured. The results are shown in Table 10 1. Exanple
7 Nbdifiegrﬁ@&;n beads were obtained in-the same manner as in Exanple 2
except that the amounts of the first 15 and second styrene nononers were 50

parts by weight and. 330 ,iRaH! SxPYnWRlOBloldeRb Betidlvelys voids. The
t - but yl per oxybenzoat e was usedk as the polynerization initiator and the

pol ymeri zat icﬁ&)ﬁtg%gaggg%%%%m %%’%?&}%ﬁ@egou@@p@m‘llﬁi@ﬁads were obt ai ned

in the sah The di spersion states of styrene

s ven boerRiaed a MRduliad [t heady Al diteandablgobaada wer e

e resin was spersed in the form of

particles, and a dianeter of particl.e 0 £ QUddhnd ratger face
regi ons (giééjse‘ﬁﬁrﬁ Cav6tt rggﬁﬁpfr?gm \tAﬁg‘esI[Jr a@g]s 2% and the styrene
resin was dispersed in the formof particles, 45 WD 2006/ 033449

PCT/ JP200%/ 017673 and a dianeter of particle was 0.1 pmto 0.5 pmin

center regions (areas within about a 5 pmradius fromthe centers). The
expandabl e beads were pre-expanded in the sane

Example 5
Oval (egg-shaped) black-colored polyethylene-based

10 resin beads were obtained in the same manner as in Example 4
except that 3 parts by weight of carbon black particles were
used instead of the iron oxide particles. The average weight of
the carbon black-containing polyethylene-bésed resin beads
was 0.6 mg. |

15 Modified resin beads were obtained in the same ’
manner as in Example 1 except that the obtained carbon
black-containing polyethylene-based resin beads were used.
Then, expandable beads were obtained in the same manner as
in Example 1.

20 The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM in the same manner as in Example 1. The styrene
resin was dispersed in the form of particles, and a diameter of
particle was 0.06 pm to 0.3 pm in surface regions and ’Fhe

25 styrene resin in the form of particles, and a diameter of
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manner as in Exanple 1 to obtain pre-expanded beads. Then, 5 the

pr e- expanded beads were subjected to nolding in the sane nmanner as in
Exanpl e 1WORYB¥H8e an expanded nol ded article. The obP&rgedsupanted

nol ded article has voids. The void percentage, bending strength, sound
absorption 10 coefficient and chem cal resistance of the obtained expanded
nol ded article were neasured. The results are shown in Table 1. Exanple 8

15 Modifi %ﬁtﬁ@%%@éﬁﬁnﬁqetm.@@g%im LBatEARgifRENEr as in Exanple 7

except th i nor gani ucl eatin agent added™was silica, dicunyl

er oxi de was usedras. LBG, ILALOLA 8N 0% ROLYIR FA AN EWaghat ur e was

140C. Then, expanda ads were obtarned in e sane nmanner as in 20

Sl e L Iin SRTE RO SLA 0 1o TN SR 0 Dot o gl o 11 0

resin bea&g a S were o e The 'styrene

resin was dispersed in the formof particles,, and a.di t.er_ of rticle
was 0.03 &g]et r%fegc%ﬁpfjﬁﬁzgeéﬁlﬁf‘ggéerséb]?J(?r?ste?aF%é‘EogﬁiﬂﬁaﬂEa c?ugag&%m from
t he surfaces 46 WQ 2006/ 033449 PCT/ JR2005/ 017673 dth tyrene resin
was di SperBediGT pAdH %r’iﬂlﬁi’?i’)glr tpGPEide g SXRPEASLRAREt  {icle vas
0.08 imto 0.4 lamin center regions (areas wthin about a 5 pmradius
fromthe @éﬁ%‘éﬁs). The expandabl e beads were pre-expanded in the same 5

manner as in Exanple 1 to obtain pre-expanded beads. Then,
rT"?he obtained expanded molded article was a molded

article having voids. The void percentage, bending strength,
sound absorption coefficient and chemical resistance of the
10 obtained expanded molded article were measured., The results

are shown in Table 1,

Example 6
Modified resin beads and expandable beads were
15 obtained in the saltme manner as in Example 1 except that the
amounts of styrene monomer and a-methylstyrene monomer
were 95 parts by weight and 5 parts by weight, respectively.
The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
20 the TEM. The styrene resin was dispersed in the form of
particles, and a diameter of particle was 0.04 pm to 0.2 pm in
surface regions (areas within about 5.pm from the surfaces)
and the styrene resin was dispersed in the form of particles,
and a diameter of particle was 0.05 pum to 0.5 nm in center

25 regions (areas within about a 5 yum radius from the centers).
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t he pre-expanded beads were filled into a nold of a nolding nachine, and
using steamat a pressure of 0.08 MPa, (1) nold heating for 7 seconds, (2)
one- si de VH@aMAE4dr 12 seconds, (3) other-side heating-¥gPG/8’ Ydconds
and (4) both-side heating for 10 0.5 seconds were sequentially perforned:
After the heating, the nold was water-cooled to obtain an expanded nol ded
article. The obtai ned expanded nol ded article has voids. The void

percent age, bendipige p%}gggblég@@@@hweppr@m;ﬂlﬁandeﬂf1rc|th|atsam:b chemi cal”
resi stance of the obtarned expanded nolded article were neasured. The

results are, shawn,d i Table, eppe | ExABR8i:9 (3. Vagicli@ell Nasids bedisemer e

obt ai ned i € sane nmann as 1 n Exanpl'e 2 except that the anmounts of the

first éggge%”%% @ i B %?&%’Qu é%ﬁ‘é@"ﬁ@aﬁﬁ%”ﬁgqiﬁthwmeﬂo parts

by melght respectively Then, "expandabl e beads
were obtained in the £ddd £H614032006/ 033449
PCT/ JP2005} R 76T £5 fﬁ? ?E'b%e ‘lioiho ?trggggéo%f styrene resin in the obtained
nodi f| ed resui beads and expandabl e beads were observed by the TEM The
styren® r83t¥¢lGas dispersed inthe formof particles, and a di ameter of

particle was 0.04 }imto 0.3 m i ( SV\AIJj' j%in about
5 pmfromthe surfae ta1§,egl ?ﬁ@a&i}r‘g i%@ﬁﬁ@egﬁéﬁr 1%%’ inthe form of
parti-cles, and adlarreter of particle was O. g r’% pmln center

void percentage, bending strength, sound a sorptlo

coefficient and chemical resistance of the obtained expanded .

molded article were measured. The results are shown in Table

10 1.

Example 7
Modified resin beads were obtained in the same
manner as in Example 2 except that the amounts of the first

15 and second styrexlle monomers were 50 parts by weight and 350
parts by weight, respectively, t-butylperoxybenzoate was used
as the polymerization initiator and the polymerization
temperature was 115°C. Then, expandable beads were
obtained in the same manner as in Example 1.

20 - The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM. The styrene resin was dispersed in the form of
particles, and a diameter of particle was 0.05 pm to 0.4 pm in
surface regions (areas within about 5 pm from the surfaces)

95 and the styrene resin was dispersed in the form of particles,
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regions (areas within about a 5 pmradius fromthe centers). The expandabl e
beads were pre-expanded in the sanme 10 nmanner as in Exanple 1 to obtain
pre- expanti@d®i&3id? Then, the pre-expanded beads were BUBJROOBH 76T nol di ng
in the sane manner as in Exanple 1 to provide an expanded nol ded article.
The obt ai ned expanded nol ded article has voids. The 15 void percentage,
bendi ng strength, sound absorption coefficient and chem cal resistance of

the obt ai ; | sled.: ard | mTE t h
e_obtai Q%@l %cﬁ)%}gr@rg?re '8? ﬁ%&?ﬁe L OWereniRasHE fim FRecERSSF LS are shown

in Tabl e resin beads were obtained in the same

manner asr%}%ﬁg&?@ﬁ%@a@vﬁ?ﬁﬁ?ﬁ%éﬁ%%%#%ll%‘ﬂi’&%- frfnPAHd SeBterdpl ght of a

styrene no S use rst) polynerization at 135C using
0.19 parts by weigh i 5 i __a%;é%q i L r

tenperature of t ﬁ%‘% gg&aﬂ%%gg%%%g@q%ngﬁQ Si 590%5%/% b%?%%%ﬁgsyst em
was | owered to 125C. 30 It ight _of digc eroxid a

pol ymer i zZHFBREF S 18t ?aﬁgéledisgﬁpﬁa%rpg%ﬁq‘p&ar édb@ee\l/élé(°gh?r%§na styrene.
nmononer t repare a second tyrene noner .. .The cond styrene nomer
vas S ﬁzpn&itl_%lb%s“lteﬁm@rrbcgt?fg%qﬁ%vf‘?ﬂ? o F?_‘éﬁf\f& mqﬁgﬁnsflq ?a]tésff%fsft@ i
pol yneri zation at a.rate o parts by wei er ur a secon
pol yner i zEtaBACHFAS KB @%@mﬂlestly?%ﬁ’éom%r%ﬁ? @t’?%@dﬁga‘&ﬁaﬁfil e the resin
beads were inpregnated with the second styrene nononer. Then, expandabl e
beads wer &rtisiai ned in

The obtained expanded molded article has voids. The
void percentage, bending strength, sound absorption
10 coefficient and chemical resistance of the obtained expanded
molded article were measured. The results are shown in Table

1.

Example 8

15 Modified lresin beads were obtained in the same
manner as in Example 7 except that the inorganic nucleating
agent added was silica, dicumyl peroxide was used as the
initiator and the polymerization temperature was 140°C. Then,
expandable beads were obtained in the same manner as in

20 Example 1.

The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM. The styrene resin was disperse.d in the form of
particles, and a diameter of particle was 0.03 pm to 0.3 ﬁm in

95 surface regions (areas within about 5 pm from the surfaces)
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10 the sane manner as in exanple 1. The dispersion states of styrene resin
in the obtained nodified resin beads and expandabl e beads were observed by
the TEM WH200§{NHdhe resin was dispersed in the form of FCHERMY¥IIEY and a
di aneter of particle was 0.03 pmto 0.3 pmin 15 surface regions (areas

Wi thin about 5 pmfromthe surfaces) and the styrene resin was dispersed
in the formof particles, and a dianmeter of particle was 0.08 pmto 0.4 pm

in centerynpegh OngvidkeaesthiRhe dhpdrsedipniradoms 6f parthdesenters). The
expandabl e beads mgre pre-expanded in the sane 20 nmanner as in Exanple 1

to obtain, pre; expandast beadstiditeas bNESPiAr exM@mAdpdn isadenter e subj ect ed
to nmolding I'n the sane nner as in Exanple 1 to provide an expanded

mol ded artigle ' Ba ed 1ok dediiakt frohe thascyaitdss).The 25
voi d per clé?‘ﬁolggles, T%%r?%ﬁgﬂgﬁfgng ?%souggﬁabsor ption 49 WO 2006/)033449

PCT/ JP2005/ 0176731,5%:%%%1;;&&&%& %ggﬁg}'gr%ﬁéré?}tfé@agg of thesghtai ned

expanded nol ded “at Were measure ~results are shown in Table 1.
BcampPe TBERRET £ FATTEBPIRor gt COFABart s LA A, s oraefl 2°-' Bo:
the 10 t cHpemeFePeReicsb bensls Svas fsaiofac APkDEe & B PaE = o For
o hours. E:gﬁiég,eaégnggirlggt %&g'avm\asatcgoplafgségrg%?d.%S MPa, (1) mold
heating for 7 seconds, (2) one-side heating for 12 seconds, {3)
other-side heating for 0.5 seconds and (4} both-side heating for
i0 0.5 seconds were sequentially performed. After the heating,
the mold was water-cooled to obtain an expanded molded
article.
The obtained expanded molded article has voids. The
void percentage, bending strength, sound absorption
15 coefficient and chémical resistance of the obtained expanded

molded article were measured. The results are shown in Table

1.

Example 9

20 - Modified resin beads were obtained in the same
manner as in Example 2 except that the amounts of the first
styrene-monomer and the second styrene-based monomer were
120 parts by weight and 80 parts by weight, respectively.
Then, expandable beads were obtained in the same manner as

25 in Example 1.
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obt ai n expandabl e beads. The di spersion states of styrene resin in the
obtained nodified resin beads and expandabl e beads were observed by 15

t he TEM WEh¥?eP3Ehe resin was di spersed in the form ofPGRAIRDEHEE73and a

di aneter of particle was 0.03 pmto 0.,3 jimin surface regions (areas

Wi thin about 5 pmfromthe surfaces) and the styrene resin was dispersed
in the formof particles, and a dianeter of particle was 0.08 pmto 0.4 pm

in center 20 regﬁ%ﬁd&%{?%o‘ﬁ £hi i 2BPUW R R ePRR iR A S hir BLANgegent ers) .

The expandabl e bea e pre-expanded ih the same manner as in Exanple 1
Lo ot al BB AOdR RER anlERpar LRl BeBeRARied bRads Ugnsy subl ect ed
to molding in The sane  wahner as TR anpl e to provide an expanded

nol ded 25, artigGl.e. 6 4 J.P /7017 t ai ned
expandedsﬁl?oq EggMar t?gle_\e/%%%\%?égﬁl 3%%%%?%9%%?‘8@%5&0%% ing strength,
cxpanded DHOGGE PR Fct & aeh i L dAC I8 b DL P at SO Powh P abl ¢ 5
obt ai Bed SHFIAE SORPIT T SR BAABHE 5 e BT TR CTgaerahe nane
"TUF- 2032" nanuf actured by N ppon_Uni car Corrp%’neyiu m tf%a&gr stal lization

peak t enper@tidre styngee reganiwasAispgrsed i QU At ) €8y: 0.923

g/ crmB, nolecular weight distribution (Mv M): 4.5) was used as the |inear
and a diameter of particle was 0.05 pm to 0.5 pm in center

regions (areas within about a 5 um radius from the centers).
The expandable beads were pre-expanded in the same
10 manner as in Example 1 to obtain pre-expanded beads. Then,
the pre—expandéd beads were subjected to molding in the same
manner as in Example 1 to prdvide an expanded molded
article.
The obtained expanded molded article has voids. The
15 void percentage, bending strength, sound absorption
coefficient and chemical resistance of the obtained expandéd
molded article were measured. The results are shown in Table

1.

20 Example 10
Modified resin beads were obtained in the same
manner as in Example 2 except for the following. 50 parts by
weight of a styrene monomer was used, and after (first)
polymerization at 135°C using 0.19 parts by weight of dicumy]

25 peroxide as the initiator, the temperature of the reaction
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| ow- density pol yet hyl ene-based resin (LLDPE) prepared by 15 using a
Ziegler-Natta catal yst, the polynerization tenperature was 119C and the
amount oW&WHEFHd4Sonomer added was 185 parts by wei gHRCTHFRESHIEr si on
states of styrene resin in the obtained nodified resin beads and
expandabl e beads were observed by 20 the TEM The styrene resin was
dispersed in the formof particles, and a dianeter of particle was 0.05 pm

to 0.15 pmifemsSwakaciyvéRH eps1L81e, 800, 3 Gupeag svby hiveigiboof dcliamyirom t he
surfaces),” but dispersion of the styrene resin particles was not observed

and the S};&&@ﬁé 88l 4 favgaﬁ@ﬁ@&tym ihlg agont ASQlis s2%v ehdse 350 cent er
regi ons (x12,800, areas within about a 5 pm 51 WO 2006/ 033449

PCT/ JP2005, 017673, gl 45 £ 1aUKEBE SRN GRS cThecpepssa samidimtal pi ct ures

of the ‘ace-regi gn an er region of thé nodified resin bead are

shown in H 'elnge ?ﬂgngﬁﬁr?é’l{heée@aﬁh\ﬂekﬁyr e gypardephpabeads were

pre- expan‘c(‘i manner as | Eexarrpl e 1 to obtain pre-expanded
manned acPRHERRPRD OB pInEE i LenCUReEEa0s 8T BP9t e expanded
was poor PALBBAEITS: Rbgr Aot cilptdd o5 VREHEPssPErtiel €6k i ned in
ool 11 oi ekRochst L RER BIr FRGPe: 8heb oor R eRonua s M e BE oo Bl dec
article were neasured. The results are |, .
place while the resin beads were impregnated with the second
styrene monomer. Then, expandable beads were obtained in
10 the same manner as in example 1.
The disperéion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM. The styrene resin was dispersed in the form of
particles, and a diameter of particle was 0.03 nm to 0.3 pm in
15 surface regions (éreas within about 5 pm from the surfaces)
and the styrene resin was dispersed in the form of particles,
and a diameter of particle was 0.08 pm to 0.4 pm in center
regions (areas within about a 5 pm radius from the centers).
The expandable beads were pre-expanded in the same
20. manner as in Example 1 to obtain pre-expanded beads. Then,
the pre-expanded beads were subjected to molding in the same
manner as in Example 1 to provide an expanded molded
article.

The obtained expanded molded article has voids. The

25 void percentage, bending strength, sound absorption
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15 shown

10 m n.,

in Table 2. Conparative Exanple 2 100 parts by wei ght of an
et hyl ene/vinyl acetate copolyner (hereinafter referred to as EVA,
manuf act 0Y@a0Us{p3343) Ni ppon Uni car Conpany Linited, tradBGEFR200MIG3221,
vinyl acetate content: 5 w% nelting point: 107C, nelt flow rate:

density: 0.92 g/cnB) and 0.5 parts by weight of synthetic

0. 2g/

wat er-containing silicon dioxide were fed to an extruder. The feedstock

was el te&@?@%ﬁ%@%ﬁ%@gﬁ%%%ﬁéﬁwﬁtm Byhtupder ¥abahdedt systemto

provi de ova

P P2005/ 017673 (egg-shaped) EVA

beads. Th&cﬁé%[dagfti%é %ér@gnéggu%gﬁbsgﬁﬁierke@ﬂ(ﬁ ARS shfvAln TARNe

parts by wel

sodium 5
water to
parts by

wat er - contai ning silicon

magnesi um ~pyrop ate and 0.02 parts by wei ght

resin
0.8
of

odecyl benzenesul fonate were dispersed in 100 parts by wei ght of
btain a nmediumfor dispersion. In the dispersion nedium 100.5

wei ght of the EVA resin beads containing synthetic

Furthernore, 0.19 parts by weight of dicunyl peroxide as a polyneri
g’tor Hi%éﬁl

initi

and the

10

15

20

25

di oxi de were di spersed to obtain a suspension. 10

zation

ved in advance in 40 parts by weight of a styrene

nononer to prepare a. first styrene, nononer, ., The tenperature of the
wat er - based nedi MP%Sfléén‘fea'?lﬁi h@%@ﬁ%@ﬁ?%éﬂ%sq%Fusted to 60C

styrene nononer was, added quantitatively to the medi um over
manner as in Example 10, and 14 parts by weight of pentane

(n-pentane: isopentane = 80: 20, volume ratio) was added
instead of butane as the blowing agent. Then, the
temperature inside the rotary mixer was raised to 30°C and
kept for 6 hours. Thén, the temperature was cooled to 25°C to
obtain expandable beads.

The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM. The st.yrene resin was dispersed in the form of
particles, and a diameter of particle was 0.03 pm to 0.3 pm in
surface regions {areas within about 5 pm from the surfaces)
and the styrene resin was dispersed in the form of particles,
and a diameter of particle was 0.08 pm to 0.4 pm in center
regions (areas within about a 5 pm radius from fhe centers).

The expandable beads were pre-expanded in the same
manner as in Example 1 to obtain pre-expanded beads. Then,
the pre-expanded beads were subjected to molding in the same
manner as in Example 1 to provide an expanded molded

article.
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30 min. Then, the resulting mxture was stirred for an hour to inpregnate
the EVA resin beads with the styrene nononer. Next, the tenperature of the
reacti onQWeA¥Es 20 raised to 85C and kept for 2 hotfr <231V eri ze
(first polymerization) the first styrene nononer in the EVA resin Dbeads.
Subsequently, 0.19 parts by weight of dicunyl peroxide as a polynerization
initiator was dissolved in 240 25 parts by weight of a styrene nononer to

obtain a second 58 cV¥h20064833449n BET/ 2668/ A16¥S8 has yoéde. nohbaer. The
second styrene nononmer was dropped continuously into the reaction solution

of the fifgsily ge%a'éﬁefég@} beh dith A stedree 0f, SOupal abshy psedght per hour, so
that the second styrene nononer was pol ynerized (second 5 pol ynerization)

whi | e { he. By diERk I peadFe HRES] X8RI AERAeET thid Bbthin sanageandétie

di spersion State of the styrene resin in the obtained nodified resin beads

b T I i Tabbnt
:“'ggi gn)s_e%eﬁjdgg %{t@cléwe,@%%égé’u&-@da SHLE 36Q 1 AEE hrX BRBMN 11R Rabbnt er

rene fesin was dispersed in the formof particles, and a
di anet_er gf particle was greater than 1 Ilzmin the surface region (an area
withif about 5 pmfromthe surface), and in the center region (an area
Wi thin about 5 pmradius fromthe <center), the styrene resin particles
were not observed in 15 particulate formand instead, were in a continuous

state. The cross-sectional (g ctures of the surface region and the center
regi on ar@omﬁlfﬁ?lﬁe@é?‘n@% d¢ Fig. 9, respectively.

Modified resin beads and expandable beads were
obtained in the same manner as in Example 1 except that
10 trade name “TUF—QOSQ” manufactured by Nippon Unicar
Company Limited (crystallization peak temperature: 113°C,
melt flow rate: 0.9 g/ 10 min., density: 0.928 g/cm?, molecular
weight distribution (Mw/Mn): 4.5) was used as the linear
low-density polyethylene-based resin (LLDPE) prepared by
16 using a Ziegler—Nlatta catalyst, the polymerization temperature
was 119°C and the amount of styrene monomer added was 185
parts by weight.
The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
20 the TEM. The styrene resin was dispersed in the form of
particles, and a diameter of particle was 0.05 pum to 0.15 pm in
surface regions (x12,800, areas within about 5 um from the
surfaces), but dispersion of the styrene resin particles was not
observed and the styrene resin particles was the continuous

25 phase in center regions (x12,800, areas within about a 5 um
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Then, expandabl e beads were obtained in the same manner as in Exanple 1.
The obt ai ned expandabl e beads had 20 the styrene resin dispersed in the

f orm of H&?t’li"’éf’g@,‘“’ and a diameter of particle was great RETARAI/N7EM in a
surface region as in the case of the above nodified resin beads. In a
center region, the styrene resin particles were not observed in
particulate formand instead, were in a continuous state. 25 The expandabl e

beads wer &, @figs ¢xoanegd ééhtté}%RSa”Phe 24-0\0. 2006933492 tRFH352@A%/ 017673

manner as in Exanple 'l to obtain pre-expanded beads. Then, the

pr e- eXpa”QﬁE’feReé‘g?%i’éﬁ{ %ﬁ&‘@e‘?ﬁ'gﬁ%ﬁ%@gﬁ%ﬁi‘cﬂ_@ fi:fbdi'f%@fi"@%in @2 @S 1N

Exanple 1 to pro e an expan ed article. The expanded nol ded
article hayi i a) ned the nol ded article was poor in
chem cal Qﬁégﬁq}sggn@%'ﬁza%%?d%ﬁgﬁs{?gﬁé\?ﬁgég'comar ed to the nol ded
article obtainedai,n Exanpl he yoi ercer ngli gth,
sound absorpti on’Il %Ff{ipcr%)%(g?%}ﬁ e&de/%“gegl% éggi%)ﬁg%%ggﬁoﬂ%&%ehgagﬁai ned
expanded nol ded article wer sured..The resul.t r.e_shown abl e 2.
ConpaPat | FEERGRAS IS KEaRHT IS s GoPp i esha it irdatr a0 feadisdr e 15
obt ai ned j.n the sane n S)r as 1 n Exanpl.e %&ce t 1tdhat Ihg ampunt of
st yr ene- bHR@ PIFoREREN fiﬁéis HerstdisgledidogMoldtRg W {BErSEBIT st at es
of styrene resin in the obtained nodified resin bga S aqg %xpandabl e beads
were obsefA&RNBY as in Example 1 to provide an expanded molde
article,
The expanded molded article having voids was
10 obtained. However, the molded article was poor in bending
strength as compared to the molded article obtained in
Example 1. The void percentage, bending strength, sound
absorption coefficient and chemical resistance of the obtained

expanded molded article were measured. The results are

15 shown in Table 2.

Comparative Example 2
100 parts by weight of an ethylene/vinyl acetate

copolymer (hereinafter referred to as EVA, manufactured by
20 Nippon Unicar Company Limited, tradename: NUC-3221, vinyl

acetate content: 5 wt%, melting point: 107°C, melt flow rate:

0.2g/10 min., density: 0.92 g/cm3) and 0.5 parts by weight of

synthetic water-containing silicon dioxide were fed to an

extruder. The feedstock was melted and kneaded, and then

25 granulated by under water cut system to provide oval
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20 the TEM The styrene resin in particulate formwas hardly observed in
surface regions (areas within about 5 pmfromthe surface{s}) a g yrene
resin i n WM e formwas not observed in center &gl r’lg(""E6 ?63 s within
about a 5 pmradius fromthe centers) as well. 25 Next, the obtained
expandabl e beads were immediately 55 WO 2006/ 033449 PCT/JP2005/0 1 76 7 3
fed to a pre-expandi ng nachine and stearn were introduced at a pressure of

0.02 MPa fe%c?)rsg ngithecheadses dhe Mdsdayverhgweweighhafdihye nded and-
pre- expanded beads that can be adapted for nolding could not be obtained.

5 Conpar atdiyvie BxamR &+ Besimgbeads were obtained in the same manner as in
Exanpl e 1 except that the anobunt of the initiator used was 1.0 parts by

wei ght. The obt ai r esi hPed maleategauld anount of fine powder
e LB R By e e oo

ot her than the no The fine powder was styrene resin

powder and_i %Rp%éé%g%%r at, Ot-ﬁgeﬁ’éﬁst JB? wEYSISNS fresnem bei ng pol yneri zed

bef ore thgyr on o nsi de"of the resin beads with the nononer.
For thjis reaso

= desit eatBRBORIPBRZE e TR B IR N L OB G A PR e or the
par i ol eoOT RIHGY o e P BR gt R SHRASP Beads at the mol ding. 20
Comparative Examgl e, 2 Ml 2doh S5ehiBEi0s ot Eep Rt & 1Pt diBnte sy BRE®
EVA resin beads containing synthetic water-containing silicon
dioxide were dispersed to obtain a suspension.
10 Furthermore, 0.19 parts by weight-of dicumyl peroxide
as a polymerization initiator was dissolved in advance in 40
parts by weight of a styrene monomer to prepare a first styrene
MONOIMmeET.
The temperature of the water-based medium
15 containing the EVA resin beads was adjusted to 60°C and the
styrene monomer was added quantitatively to the medium over
30 min. Then, the resulting mixture was stirred for an hour
to impregnate the EVA resin beads with the styrene monomer.
Next, the temperature of the reaction system was
20- raised to 85°C and kept for 2 hours to polymerize (first
polymerization) the first styrene monomer in the EVA resin
beads.
Subsequently, 0.19 parts by weight of dicumyl

peroxide as a polymerization initiator was dissolved in 240

25 parts by weight of a styrene monomer to obtain a second
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manner as in Exanple 7 except that benzoyl peroxide was used as the
initiator and the polynerization tenperature was 90C in the first

pol yrer i Z40i28¢6/ kW7 di cunyl peroxi de was used as 25 the PATUPHOBII76HN t he
pol yneri zation tenperature was 130C in 56 WO 2006/ 033449 PCT/JP2005/017673
t he second pol ynerization. Then, expandabl e beads were obtained in the
sanme manner as in Exanple 1. The dispersion states of styrene resin in the

obt ai ned s%ﬁé‘%ﬂoh‘?ﬁh@rbeaﬂ%e%@éo@@@'ﬁfﬁ&h@ Iﬂ%@ﬂﬁn\é@rﬁa%béﬁfﬁﬁé'dby 5 the

TEM The styrene resin was dispersed in the formof particles,

ch amet et 8bopRtiiLESy R 0EAYBACKAAN shBBIdA ofHId FERLT e0l ons (ar eas

within 5 pmfromthe’ surfaces) center regions (areas within about a 5

P e’ pRLPM e il o S hn b D1TE6 JFRANAT N1 QAR MERLAIS g RRNded I

t he sane ner "as in n-pre-e t he
Bearpl o 1105 Troviae et aieane: Hag éb?s?rrae@l%@@ﬁ%ﬁéngﬁélﬂﬁédafmi ded
article havi voi d Howeve nol ded artl cl.e was poor in
chem ¢al PP raa%@oé“ﬁdw@éfmﬁhse@mﬁaw Read i s ided
article obt,a ned in Exanple 1. The void percentage, bending strength,

sound abs3FpRi EBePOBPENt and chemical resistance 20 of the obtained

expanded nol ded article were neasured, The results are sq_lovvn in Table 2.
Conpar ati ve Exanplleeglispersion state of the styrene resin in t

obtained modified resin beads was observed by the TEM
(x22500 in a sﬁrface area, x12800 in a center region). The

10 styrene resin was dispersed in the form of particles, and a
diameter of particle was greater than 1 um in the surface
region (an area within about 5 pm from the surface), and in
the center region (an area within about 5 pm radius from the
center), the styrene resin particles were not observed in

15 particulate form a-nd instead, were in a continuous state. The
cross-sectional pictures of the surface region and the center
region are shown in Fig. 8 and Fig. 9, respectively.

Then, expandable beads were obtained in the same

manner as in Example 1. The obtained expandable beads had

20 the styrene resin dispersed in the form of particles, and a
diameter of particle was greater than 1 pm in a surface region
as in the case of the above modified resin beads. In a center
region, the styrene resin particles were not observed in
particulate form and instead, were in a continuous state.

25 The expandable beads were pre-expanded in the same
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Modi fied resin beads and expandabl e beads were 25 obtained in the sane
manner as in Exanple 1 except that 57 WO 2006/ 033449 PCIT/ JP2005/017673
benzoyl PEPEMNSEEHHRSs used as the initiator and the pol YAEPTPEY1S4H3
tenperature was 90C. The di spersion states of styrene resin in the obtained
nodi fied resin beads and expandabl e beads were observed by 5 the TEM The
styrene resin was dispersed in the formof particles, and a di aneter of

particle wasnaepai®int BaardphMli fo opiaingerd-egipensd¢drisasdsi t Himes, pm from
the surface). A part of the styrene resin was in a continuous state in

cent er re%gp« —Qe%g%%dé\ﬁt@éﬁdéb@@%@ aubjpaté adious fidimgt he thensans) . 10 The
e ads re

expandabl pre-expanded in the same manner as in Exanple 1 to

obtain pre; expanded ;headisyn gfen. to ivalie-xRansieddbaadiolgee subj ected 1o
nmolding in e Same manner-as in anple 1 to provide an expanded nol ded

article. he expanded nol ded article having voids was obtained.

lg.
However, EAESIO! ded article was poor in chem cal resistance and bendi ng

strength as conp g%@?%ﬁ@?ﬁo@@ﬁféﬁﬂg 1Pt gggiag_ﬁégml e 1. The void

percentage, bendi _ sor ption ct i cient and chem cal

Fosul (o aPBISHATA: | PRI, (R RAIT JRSIanBRS HORBATT CohTs San beads

e e e S Ton R 4TAINST o 8P oo SR & ooy Rhotdey di cumy!
article obtained in Example 1. The void percentage, bending
strength, sound absorption coefficient and chemical resistance

10 of the obtained expanded molded article were measured. The

' results are shown in Table 2.

Compérative Example 3
Modified resin beads and expandable beads were
15 obtained in the s;drne manner as in Example 1 except that the
amount of styrene-based monomer used was 10 parts by
weight.
The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
20 the TEM. The styrene resin in particulate form was hardly
observed in surface regions (areas within about 5 pm from the
surfaces) and styrene resin in particulate form was not
observed in center regions (areas within about a 5 pm radius
from the centers) as well.

25 Next, the obtained expandable beads were immediately

23



58 WD 2006/ 033449 PCT/JP2005/ 017673 wused as the initiator and the

pol yneri zation tenperature was 130C in the first polynerization and
benzoyl pP¥? PEEHAES used as the initiator and the pol PEBIRLLH 103
tenperature was 90C in the second pol ynerization. Then, expandabl e beads 5
were obtained in the same manner as in Exanple 1. The dispersion states of
styrene resin in the obtained nodified resin beads and expandabl e beads

vere obsefayeg, %yprkb@xggmigi@enﬁm%ea&%wem vl spen sestiuged ha form of
particles, and a dianeter of "particle was greater than 1 pmin 10 surface

regions (2raseiihbr oo M@é&%ﬂgwfe%gﬁa%fé beHies, SHEBRa®RSi n was in
a continuous state In center regions areas Wi thin about a 5 pmradius
fromthe t ) 1. JThe _expan V %&%&ﬂf@hh@éﬂ?ﬁ@m
manner asﬁgﬁre‘gﬁ%r‘rpl}%pcﬁytéﬁggg‘ggrfg?l?g’;ggﬁ%gaﬁbeads. Then, 15 the

pr e- expanded be wer e .subj ect t | di i.n; the sane manner as in
Exanpl e 1‘9"53138?%3}% enéfﬁdéQEa%%%géj%q%dgg (g%%qc e&. The expanded nol ded
article having voids was obtained. However, the nolded article was poor in
chem ®al 20 resistance and bendi ng strength as conpared to the nol ded
article obtained in Exanple 1. The void percentage, bending strength,

sound absePpRParatiyer ExgimRIC Shd chenical resistance of the obtained

expanded nol ded article were neasured. The results are shown in Table 2.
25 59 Resin beads were obtained in the same manner as in

Example 1 except that the amount of the initiator used was 1.0
parts by weight. The obtained resin beads contained a large
10 amount of fine powder other than the modified resin beads.

The fine powder was styrene resin powder and it was generated
due to the styrene monomer being polymerized before the
impregnation of the inside of the resin beads with the monomer.
For this reason, the polyethylene—bésed resin could not be

15 modified with a désired amount of the styrene resin. An
expanded molded article for the evaluation of physical .
properties could not be obtained since the fine particles

hindered the fusion of the expanded beads at the molding.

20 Comparative Example 5
Modified resin beads were obtained in the same
manner as in Example 7 except that benzoyl peroxide was used
as the initiator and the polymerization temperature was 90°C
in the first polymerization and dicumyl peroxide was used as

25 the initiator and the polymerization temperature was 130°C in
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WO 2006/ 033449 PCT/ JP2005/ 017673 Conparative Exanpl e 8 Expandabl e beads
were prepared in the same manner as in Exanple 1 using the nodified resin
beads obt¥ AWE33H4? Exanpl e 10 the expandabl e beads wer ePOFERHEATEd in the
5 sanme manner as in Exanple 1 to obtain pre-expanded beads. Then, the

pre- expanded beads were filled into a nold of a nolding nmachine, and using
steam at a pressure of 0.08 MPa, (1) nold heating for 7 seconds, (2)

one- si de {EALIRYG fOhIPmi62AdH. (Dhoh hekpsindmitieabeadsfwer2 seconds and
(4) both-side 10 heatinhg for 10 seconds were sequentially perforned. After

the heaté?%aiﬁé}ﬁé O}peyé@ﬁg\q{lgﬁ—ﬂp&ola%diﬁ &sabhale An expanded nol ded

article. cet tai ned expanded nol ded article had smaller voids, the

d ab . £ C.
sound absorpti Onﬁﬁeegig%f%ﬁtoﬁ QQ%_E(% d/fagtyll%n@pésmslﬁwﬁmaﬁ@eﬂhe nol ded

article obtained"i e voi d percentage, bending strength,

St 200 AT Al a3 b Shpiatal st
mannod asths il Sh8 SEGHC rRaL RES I or Phe Sotond Diyrene
he T eact PaRLEd bt FORL BICBCRFT S BBTDI 008 SB5418 PER P200e 17673
| surface regions (areas within 5 pm from the surfaces) and
center regions (areas within about a 5 pm radius from the
centers).
10 The expandable beads were pre-expanded in the same
manner as in Example 1 to obtain pre-expanded beads. Then,
the pre-expanded beads were subjected to molding in the same
manner as in Example 1 to provide an expanded molded
article.
15 The expanded molded article having voids was
obtained. However, the molded article was poor in chemical
resistance and bending strength as compared to the molded
article obtained in Example 1. The void percentage, bending
strength, sound absorption coefficient and chemical resistance

20 - of the obtained expanded molded article were measured. The

results are shown in Table 2.
Comparative Example 6

Modified resin beads and expandable beads were

95 obtained in the same manner as in Example 1 except that
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pol yneri zati on over 10 hours, Then, expandable beads were obtained in the
same nmanner as in Exanple 1. The dispersion states of styrene resin in the
obt ai nedWhHWPPIE resi n beads and expandabl e beads werBCHERSINMEHBY 5 t he
TEM The styrene resin was dispersed in the formof particles, and a

di aneter of particle was 0.07 pmto 0.4 pmin surface regions (x19, 300,
areas within about 5 pmfromthe surfaces), but in center regions

(x19, 300,heak £351 gﬁ'emkm&‘%@ e cRMhadinisiftoerahleaent ers) the
particul ate st'yrene resin 10 fornmed a continuous phase and as a result, the

styrene gﬁ:l nafpﬁrakggﬁ%nq?gﬁgﬁgjﬁggeg(gﬁ@.rret er greater than 0.8 pm The

Cross-se pictures o ace region and the center region are

shown in Fig. 10 3 Bigoc Hhot 88RB8L velyrcTherabiiainad eupsadabie beads

\éxgret IherantTE:éIr aE.el(yanded eag wer o%fl ingsa e%E%}Ho aniq_up&g- g;‘;één)é&gf bg:gtdl;g/n13
T e Sy S e S e
secort. 15 50Mrhhesf el PG Rt R TG L

(ho. ol d BRI Alstor SBJoR CHOTBCLT A Pt IEkp B a BT 4728 L RPL iPThe same
nol di ng machine as in Exanple 1 was used. . 25 The ex aggfg. :}gl ded article

havi ng voiweaggsTedions $a0%9394hon P IpitYsy P2 ownever ,

the nolded article was poor in bending |, , .
of the styrene resin was in a continuous state in center regions

(areas within about a 5 pm radius from the centers).

10 The expandable beads were pre-expanded in the same
manner as in Example 1 to obtain pre-expanded beads. Then,
the pre-expanded beads were subjected to molding in the same
manner as in Example 1 to provide an expaﬁded molded
article.

15 The expaﬁded molded article having voids was
obtained. However, the molded article was poor in chemical
resistance and bending strength as compared to the molded
article obtained in Example 1. The void percentage, bending
strength, sound absorption coefficient and chemical resistance

20 - of the obtained expanded molded article were measured.  The

results are shown in Table 2.
Comparative Example 7

Modified resin beads were obtained in the same

25 manner as in Example 7 except that dicumy! peroxide was
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strength as conpared to the nolded article obtained in Exanple 1. The void
per cent ag@ bendi ng strength, sound absorption coefficient and chem cal
resi st an®¥O §05PRH+Pbt ai ned 5 expanded nol ded article wefeTPASIHEY? The
results are shown in Table 2. 62 WD 2006/ 033449 PCT/JP2005/ 017673 M co m
oU 7~c-, Lnln H MUmWOOO (5% m- 0 Op. MNOOOOO MLFfI ON
O.-i HLOOW U "4 OMYwW OmOOottl 5. OLLI MN7O0OHH.4FOW
LLB C/) Mi8adrédsQHe WMividid? R0tRe hboMerZalio® teimperaX@rd v O+ M WO O

OF O[ ti CWti .mLOODg=NOOOO0101 MO Oa) N
130°C in the first polymerization and benzoyl peroxide was
used as the initiator and the polymerization temperature was
90°C in the second polymerization. Then, expandable beads
5 were obtained in the same manner as in Example 1.

The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM. The styrene resin was dispersed in the form of
particles, and a diameter of particle was greater than 1 pm in

10 surface regions (areas within 5 pm from the surfaces). The
styrene resin was in a continuous state in center regibns
(areas within about a 5 pm radius from the centers).

The expandable beads were pre-expanded in the same

manner as in Example 1 to obtain pre-expanded beads. Then,

15 the pre-expanded .beads were subjected to molding in the same
manner as in Example 1 to provide an expanded molded
article.

The expanded molded article having voids was
obtained. However, the molded article was poor in chemical

20 resistance and bending strength as compared to the molded
article obtained in Example 1. The void percentage, bending
strength, sound absorption coefficient and chemical resistance
of the obtained expanded molded article were measured. The

results are shown in Table 2.

25
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Expandable beads were prepared in the same manner
as in Example 1 using the modified resin beads obtained in
Example 10 the expandable beads were pre-expanded in the
same manner as in Example 1 to obtain pre-expanded beads.
Then, the pre-expanded beads were filled into a mold of a
molding machine, and using steam at a pressure of 0.08 MPa,
(1) mold heating for 7 seconds, (2) one-side heating for 15
seconds, (3) other-side heating for 2 seconds and (4) both-side‘
heating for 10 seconds were sequentially performed. After the
heating, the mold was water-cooled to obtain an expanded
molded article.

Since the obtained expanded molded article had
smaller voids, the sound absorption coefficient thereof was
poor as compared. to the molded article obtained in Example 1.
The void percentage, bending strength, sound absorption
coefficient and chemical resistancé of the obtained expanded
molded article were measured. The results are shown in Table

2.

Comparative Example 9

Modified resin beads were obtained in the same
manner as in Example 2 except that the amount of the second
styrene monomer was 834 parts by weight and it was dfopped

continuously into the reaction solution of the first
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obtained in the same manner a5 in Example 1.

The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by

5 the TEM. The styrene resin was dispersed in the form of

particles, and a diameter of particle was 0.07 pm to 0.4 pm in
surface regions (x19,300, areas within about 5 nm from the
surfaces), but in center regions (x19,300, areas within about a
5 pum radius from the centers) the particulate styrene resin

10 formed a continuous phase and as a result, the styrene resin
particles had a par‘ﬁicle diameter greater than 0.8 um. The '
cross-sectional pictures of the surface region and the center
region are shown in Fig. 10 and Fig. 11, respectively.

The obtained expandabb beads were immediately -

15 pre~expanded_usi.ng steam to a bulk density of 20 kg/m3 so
that pre-expanded beads were obtained. Then, the
pre-expanded beads were filled in a mold of a molding machine,
and using steam at a pressure of 0.08 MPa, (1) mold heating
for 5 seconds, (2) one-side heating for 12 seconds, (3)

20 other-side heating for 0.5 seconds and (4) both-side heating for
0.5 seconds were sequentially performed. After the heating,
the mold was water-cooled to obtain an expanded molded
article.

The same molding machine as in Example 1 was used.

25 The expanded molded article having voids was
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strength as compared to the molded article obtained in

Example 1. The void percentage, bending strength, sound

absorption coefficient and chemical resistance of the obtained
5 expanded molded article were measured. The results are

shown in Table 2.
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nmononer. The invention thus described, it will be obvious that 5 the sane
may be varied in many ways. Such variations are not to be regarded as a
depart ur 9 203 spirit and scope of the invention, BREVERIESHICH
nodi fications as would be obvious to one skilled in the art are intended
to be included within the scope of the following clains. 10 Furthernore,
the present invention is related to Japanese Patent Application No.

2004- 275278 fil edpratsieRt enhed 22pE2A0%rsWiopRIpEteylens, Shaireterand the
di scl osure of which is incorporated by reference in i1ts entirety. 15 65 WO

2006/ 033449 f@gggé’%@@(ﬁ&ﬁ%@ afh A M refisedpandedmelidadtprdhel e having

a void percent 50 % the nolded article conprising 50 to 800
parts by W’fbﬁqgh&eé of styrene-based resin relative to 100 parts by wei ght
of non-crossltinkéd |inear |owdensity polyethyl ene-based resin which can

obt ai nod by | 1pr pRG RGTLEDPCHER Sy LR PRI B g I g Ar i el e 1
Cpandab] EhBesHEie ey dapanasry PrRGRb vt 5o de e TR art BBl et ng
[ near | o denereRs 08 harye iR Brb e B S0 S e e atrOREV CRE o
styrene- b?gsgntion, and all such modifications as would be obvious to

one skilled in the art are intended to be included within the

scope of the following claims.

10 Furthermore, the present invention is related to
Japanese Patent Application No. 2004-275278 filed on
Septerﬁber 22 2004, whose priory is claimed and the

disclosure of which is incorporated by reference in its entirety.
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resin dispersed in the formof particles, and a dianeter of particle is 0.8
pmor smaller in a surface region within at least 5 pmfromthe bead
surface U200¢0B44%center region within a 5 pmradi us freea/greessieadscent er.
20 2. The expanded nol ded article of Claim1l1 for use as a material for
autonobile interior, autonobile parts and construction parts. 25 3. The
expanded nol ded article of Caim1 having a 66 WO 2006/ 033449

PCT/ JP2005/ 017673 bendi ng stren%ﬂL 0.3 MPa or greater. 67

i?rfls
1. An expanded molded article having a void percentage of 5 to
50 %, the molded article comprising 50 to 800 parts by weight
5 of styrene-based resin relative to 100 parts by weight of
non-crosslinked lineat low-density polyethylene-based resin
which can be obtained by using a metallocene catalyst,
wherein the molded article is obtained by
impregnating styrene-modified linear low-density
(0 polyethylene-based resin beads with a volatile blowing agent to
provide egpandable beads, pre-expanding the expandable |
beads and then subjecting the obtained pre-expanded beads to
expansion melding,
the styrene-modified linear low-density
15 polyethylene-based resin beads each have the styrene-based
resin dispersed in the form of particles, and
a diameter of particle is 0.8 pm or smaller in a surface
region within at least 5 am from the bead surface and in a
center region within a 5 pm radius from the bead center.
20
2. The expanded molded article of Claim 1 for use as a
material for automobile interior, automobile parts and

consgtruction parts.

25 3. The expanded molded article of Claim 1 having a
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bending strength of 0.3 MPa or greater.
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