! - DESCRIPTION I | ' EXPANDED MOLDED ARTI CLE HAVI NG VA DS [ Techni cal Field]
The present invention relates to an expanded nolded article having voids.
Mor e par twoub@wd3y449t he present invention relates to a vecaAdennsaixing
expanded nol ded article which is excellent in heat insulation, |ightweight
properties and sound absorption and has significantly inproved chem cal

resi stance and bendi ng strength. M&R@@I@Nﬂ nol ded article of the present
i nvention can suitably be used as for exanple, ceiling materials, materials
for autonobile.i nter,J,Qr_gvsuch as_si.de--inpact -pads, energy absor b| ng

mat eri al s, (‘ti biragpads) for
f’p ' %?(:ﬁé par S suc@kﬁp&ﬁ%@n@% VNG ect

passengers at. caollision, auto as bunpers and construction
parts suck\[&i and floor materials which particularly need to have
sound abso pr operties. [Background Art] A polyethyl ene-based resin

foamis generally used as a packing material owing to its high elasticity
and excel |l ent

5 [Technical Field]

The present invention relates to an expanded molded
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 resistance
and bending strength. The expanded molded article of the
present 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 sbacers 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 is generaliy 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



i npact resistance. The pol yethyl ene-based resin foam however, has weakness
that its stiffness and conpressive strength are low. On the other hand, a
st yr ene- baieedowmsinf oam i s excel lent in stiffness, but rasmmeekaess that
it is brittle. To overconme such weakness, Japanese Exam ned Patent

Publ i cation No. SHO 51(1976)-46138 (Patent Docunment 1), Japanese Exam ned
Pat ent Publication No. SHO 52( 1977)- 10 150 (Patent Docunent 2), Japanese

Exam ned Rat ent. Publ icat] G983 O3 ment 3) and
Japanese lﬁﬂ@%&?n%}gé%g?%%?ﬂ%@ﬁncﬁ’glﬁg&o. SI?TO 62( ég%sﬁ%ggg@( Paten%
Docunent iz}'ig)![lf%c' ose nethods in which pol yethyl ene-based resin is

TS A yene baseo oo e polyrer s on s pert o o
oxpended oo e o Rt AP e, B BRI e ™
(o ot BT e B Sl lo UL IR Balen (Ao o
of sty5ene£)mbﬁpaéésﬁoﬁ‘3§’¢@%iﬂ6(d E?@é@al)tr%{sliﬁqoqsﬁaﬂi ﬂ?éﬂﬁﬁdega?? : glegsa;:;cle

fused together so as to have 10%to 40% voi ds_anong thensel ves
52(1977)-10150 (Patent Document 2), Japanese xamined

Patent Publication No. SHO 58(1983)-53003 (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 small particles of styrene-modified
polyethylene-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—based' 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



[ Patent Docunent 1] Japanese Exam ned Patent Publication No. SHO
51(1976)-46 138 [Patent Docunment 2 ] Japanese Exam ned Patent Publication
No. SHO 520 20&708344910 150[ Pat ent Docunent 3] Japanese EramiJRsms/Pebent

Publ i cation No. SHO 58(1983)-53003 [Patent Document 4] Japanese Unexami ned
Patent Publication No. SHO 62(1987)-59642 [Patent Docunent 5] Japanese
Unexam ned Patent Publication No. HElI 7(1995)-80873 [Di scl osure of

I nvention] [Probl t t i ; t:hod di scl d
:zo}lggﬁpgse Exarri_ggt%?e%égﬁ%{?{gg’t]i%%ﬁeggl—%gél 1r19é7d]6)%fﬂ6€%f3§, alnsC >
nic g4 .eatin e S ¢k 4 ol yet hyl ene-based resin. Thi

{nﬁkes : t gﬁhlfuﬁlgﬁtttfm?&\zgl gg%¢s%§§£?/$§ﬁgjéb@ag§d %lesi % in particul atSIenf ormI ?n

e pol yet hyl ene- has resin _near rface._reqians. of 19 op@é d nodified
resin beads, and t%@&@%ﬁﬂguﬂ%ﬁﬂgﬁﬂe‘%%p?gegﬁ @/ eﬁ(alﬁ & % i
resistance. Even (f the in rgg@i I éi g ggelntsius Iug:agni nCt ﬁ(ran cal
po: ye% Ey: é’ﬂébgéf%gmég?n,s Qe @?éﬁi‘ﬁ %2 resin dispersed in the
pol yet hyl ene- based resin take f f ticl i i
Phan_ 18w near  t ndPeGPPAJSOFEER RS 1 EREDBEAI0T ST RERCRYIHHE beads end

to show insufficient chem cal resistance, because the
Publication No. HEI 7(1995)-80873

[Disclosure of Invention]
[Problems that the Invention is to solve]

10 In a method disclosed in Japanese Examined Patent
Publication No. SHO 51(1976j~46138, 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
styréne—based resin dispersed in the polyethylene-based resin
takes a form of particles having a size greater than 1 pm near

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

The expanded molded article disclosed in Japanese

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



pol yneri zation of the styrene-based nonomer is usually carried out at
around 90 C. The expanded nol ded article disclosed in Japanese Unexan ned
Pat ent Pwbi2oe@ti3ea9No HEI 7(1995) - 80873 i sdescri bed to IravarPwospressi ve
strength adequate to bear the use as material for underdrainage and stably
achieve a desired void percentage. The expanded nol ded articles having such
a void percentage can al so show excel |l ent sound absorption. However, the

| ventors .S BresEy DYENLLan;beva Laute sRehsuehdBeapanded ol ded

S;ELELSShincludin t _VFI fpercen age can not bear the use as industrial
mat eral s (.. aut. i i i i i Ci
'n, for f@rfpeg,m%etﬁtm%g%% m@&ﬁ%ﬁ%ﬁmﬁﬁﬁﬁéﬁg‘%ﬁe?sld've??#;ﬁ‘%'hZ' o
1e present invention
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percentage so as to show excel |l ent sound absorption.as well..as hi gh bendi
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provi ded an expanded nol ded_ article havi a void pecrcentage of 5 to 50 %
t he nobded articl dleweyersithg Hqubt%'@OoggthpW ?b‘ﬂf’e’(}?&g} &Yfe- based ’

resin relative to 100 parts by wei ght of non-crosslinked I|i | .
ol yet hyl doeibhdbatrasth ahi crpendcemsdathadtisge hangma desired " 16! 1Y

void percentage can not bear the use as industrial products

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 absorptionl 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



met al | ocene catal yst, wherein the nolded article is obtained by

i npregnating styrene-nodified [inear |owdensity polyethylene-based resin
beads w tWoaoswi3atbl e bl owi ng agent toprovide expandabl eCvanzi®s/017673

pre- expandi ng the expandabl e beads and then subjecting the obtained
pre-expanded beads to expansion molding, the styrene-nodified Iinear

| ow- density pol yet hyl ene-based resin beads each have the styrene-based

resin di spersed. i, LG om0l BaY bl EfpaARtng digERkAAkbRATtiCl e ('S 0.8

mm or smalH'& TR @itirtace regl on at least 5 fromthe bead

surface and in a center redi-Qn..wthy : LU dicent er
(£ ect oGS ﬁx}fgﬁgﬁwﬁ%@eﬁ%ﬁ%éﬁn%@é‘af B b SrRagR BepmatuEn o
invention is a nplde ticle obtained fromthe styrene-nodified

pol yet hyl EFRHRZEOR f‘%?:f‘{?n(?eads havi ng the fol | owing constitution. First of

al |, anmong various, non-crosslinked lLinear l.owd i: | yet hyl -
resins, those obt éhﬁeﬁtﬂf%irﬂaéégﬁ@tléVF%elﬂ(gv"cgg{]@%‘&lét pgr gepa?/t ?(r:lﬁl gtrfiis;d

St yr en- bAEUT SR ETIenF P AFEATSHD BFa8D GFBOATRILS B 8 GHEIH at ve to
100 parts by weight of the polyethyl ene-based resin containing the
i nor gani ¢ mmnedxspfgrs&@em.t%ﬁ]é)mﬁ pedt §§nancl ]

. a diameter of particle is 0.8 pm or smaller in a surface
region within at léast 5 um from the bead surface and in a
center region within a 5 pm radius from the bead center.

10

| [Effect of the Invention]

The expanded molded article of the present invention
is a molded article obtained from the styrene-modified
polyethylene-based resin beads having the following

15. 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

20 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

95 surface and in the center region within a 5 pm radius from the



beads have the styrene-based resin dispersed in the formof subm cron
particles having a particle dianeter of 0.8 nmor smaller in the surface
regi on wiwbi2noc®3sawfrom t he bead surface and i n the centem/JrPagsorrew t hin a
5 mmradius fromthebead center. This allows the formation of the

pol yet hyl ene-based resin |ayer in the surface regions of the beads. Since
the layer of the |linear |ow density pol yet hyl ene- based resin obtai ned by

usi ng theebee%( !aclr?g’e%anmC’g%al i ttHE"'?o{] Rlesh idy fie surface regions of the

beads, e can 'have 1 nproved chem cal resistance.

Furth d
be. di itzrti@ygtsﬁrr Cheecdreainy o A8 AFEE rR IS o hend

centers, &by even the expanded nol ded article with a desired void
per cent ag Sachi eve an increase in fusion strength of the beads and an

i nprovenent in strength praopertie ere c al so_provi ded an expanded
mol ded article ha\ﬁlrli’gj?%t %Pdﬁb’terr %ftt]il? HrgRt 8Wd%r‘? t%[ength whi ch cogl d not

have been achieved with the linear_ | ow densit oI eth based resin
beads Pol ypebietbylesrngascdiwafisy ORERIRE Yal“%}é'ég 1%[ILB‘F %?g@%?tl Gtion of
Drawings] Fig. 1 is a TEM picture show n% a surface rte%onb Islectr on of
a modi f i edcatsdyst beddag doraiardy inoths smgilace regions o cads,

expanded 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 pm 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 having a

15 significantly high.bending 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,;



of the present invention; Fig. 2 is a TEM picture showing a center region
cross-section of the nodified resin bead according to Exanple 1 of the
present iwoemdosdbig. 3 is a TEM picture showi ng a surPataregnmGT3
cross-section of a nodified resin bead according to Exanple 2 of the
present invention; Fig. 4 is a TEMpicture showing a center region
cross-section of the nodified resin bead according to Exanple 2 of the

present inventiong:EFig. :5_i [ i Lch L ; f Fig. i
Crocsns Hoe cEETB S TER bRbR MbehLe sEetaianerc! Do, 1L

nodi fied resin bead according,; i : oy b kLSha TEM
pi ct u(rjga SI‘F&?AS@%S%C 8ﬁ’t8f)ar IEPec%gg?lézé:%%{&;n of t lglgln%%ilﬁ;)?%%l rllgs'{izn bead
according to nparative Exgnple 1; Fig. 8 is a TEM picture showing a
surface r&ji B STESENL Vieéﬁrfg]fl’a nmodi fi ed resin bead according tog

oS o oo o S GRS AT LB
’ 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 showing 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

ace region cross-section of a



Fig. 10 is a TEM picture showi ng a surface region cross-section of a
nodi fi ed resin bead according to Conparative Exanple 9; Fig. 11 is a TEM
pi cture sWowewp3ad4eent er regi on cross-section of the noecfisezhosesics bead
according toConparative Exanple 9; and Fig. 12 is a schematic view of an
expansi on- nol di ng machi ne that can be used in the present invention.

[ Expl anati on of Reference Nunerals] la cavity 2 female nold 2a, 3a steam
chanber 2b, 3b steamjetting slits éc, 3c steam supply pipes 3 male nold 4
st eam cont¢8MMRATBLIYE, %apaPlee % aRe- expanded beads 7 filling instrunent 9
pressure detector 10 controlling nmeanps iBest Mode for Carryi .Qut the
Invention] An expdhidedl AdBdechiamat YW of AG ?{Spﬁﬁé"lﬁpéé‘éﬂ?{lpﬁventi on

can be obtai ned by ﬁre- expandi ng expandabl e beads, .
machine that can be used in the present invention.

5 [Explanation of Reference Numerals]
| la cavity

2 female mold

2a, 3a steam chamber

2b, 3b steam jetting slits

10 2¢c, 3¢ steam supply pipes
3 male mold
4 steam controller
5 drain valve
6 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



in which styrene-nodified polyethyl ene-based resin beads (hereinafter
referred to as nodified resin beads) are inpregnated with a volatile

bl owi ng ayerbgs/madIsubj ecti ng the pre-expanded beads torexpgames/orvemol di ng.
The expandednol ded article of the present invention has a void percentage
of 5to 50% The nodified resin beads contain 50 to 800 parts by wei ght of
styrene-based resin relative to 100 parts by wei ght of non-crosslinked

o e PR Rl B b " BRe BRAL BRI A ML SRR RS be S Pl

as pol yet H?IO _ contains an 1 norgani ¢ nucl eati ng agent
and is obtai neg g}y using a netal |l ocene catalyst. The nodified resin beads
have t he );Pe @7ased resin in the form of particles having a particle

di anmeter of 0.8 or snmal.l.er, dis. [ f j it hi

5 m 1 rom the begﬁlﬁarmad ek te SR bERAR. o Ba i RO BRI LS om
e bead centers. The nodified resin b d - d

product onwg;g@lgamaim-%@aegr feeirerefatvadn boOuself peavean

met al | ocene catal yst, known netal | . cat ts whi y ] [

ol Y Ao BACES el Hceh Lase P WORGHEHY Ba SEISTE DRGECREns o, a |

nmet al | ocene catal yst having a tetravalent transition netal can pe suitabl
used. Mor e(lspredhiifeen Fgferrhdr to sammly asaplyethylene-based resin? Y

which contains an inorganic nucleating agent and is obtained
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 pm or smaller dispersed in surface
regions within at least 5 pm from the bead surfaces and center
regions within a 5 pm 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 polymerization 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 zirconium dichloride,



cycl opentadi enyl titaniumtris(dimethylan de), nethylcyclopentadienyl
titaniumtris(di methylam de), bis(cyclopentadienyl) titanium dichloride,
di met hyl swbybtcassamet hyl cycl opent adi enyl -t - but yl am de ziPCTOR2008017673

di chl ori de, di net hyl si |l yl tetramet hyl cycl opent adi enyl -t-butyl am de haf ni um

di chl oride, dinethylsilyltetranethylcycl opentadienyl-p-nb | :
zi rconi um chl ori de, yreyetop yl - p-nbutyl phenyl am de

met hyl phenyl si |.yl.t et ramet hyl cycl opent adi - ' L

?i g:hl( g_ri ?h};@%_ ; ﬁyﬁfztmrﬁﬁfﬁﬂfg%ﬁPﬁgﬁéﬁ#rﬁl Ie";a%?ﬁlrﬁgfegnrg’ﬁdtgi dinillm

ris(diethy m de), (ndenyl t.itaniumtr]i di+n- . am.d [

E) |r t ?Ri ulm tk§1yl§ T‘ir)]ﬂﬁ%-%ﬁ?ﬁﬁﬁ%ﬁ@ﬁyﬁﬁaéﬁle&bﬁéﬁ#l@nﬁe%{tga?%‘ie%&lbﬁ%)%&/: ggfggl) and/
e like. ese net hal | ocene cat al ysts havi t et I it

Tetal -y DSBS NHGHRIGE ZRP BHARF B IGH WEhese mmy be used In conbi nat i on.

focet Q?ty'sYn?'gébmigﬁen@iﬁé'yﬁuiﬁ%ﬁ%%hgiélo&?ﬁ%%ﬁiﬁﬂ%ﬂ%@ 1 e 1 ke
As the pol yethyl ene-based resin, a honmopol yner. of, ethylene, copol yrer of
et hyl efe dmaffrdmm-dicdfloride, indenykditeanpa Hé@ﬁil%t]%}ﬁ@@lég)ef in
propyl ene, 1- but ene, 1-pentene, 1- hexene, 3, 3-di nethyl - 1-butene, 4 met hyl -
1- pent ene,indlehydi titahylim trpe(di etleylaimbdo) dnglenylotitanéuandrsy the |ike
| (di-n-propylamide), indenyl titanium bis(di-n-butylamide),
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 copolﬁrmer 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-dimethyl-1-butene, 4-methyl-1-pentene,
4,4-dimethyl-1-pentene, 1-heptene, 1-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



can be used. Anpbng these, 1-butene and 1-hexene are preferred. These
a-olefins may be used alone or two or nore of these may be used in

combi nat iwo.200dmB344at i 0 of ethylene to a-olefin may apprepriyatesyivary
dependi ng on the desired properties, and preferably is in the range of
1:0.0 1 to 1:0. 1 (in wight) . By "lowdensity", adensity in the range of
about 0.9 10 g/m to 0.925 g/m is neant. The pol ynerization of the

pol yet hyl ene-hased resin is carried ' I catal yst. For
t he et hyl éﬂi‘é‘ﬁ Wﬁol['??rerﬁng%ro e%t%%Fg#b\}gfog??%kggeﬂ% yr@%ﬁggtsi on can be
enpl oyed and f(%r the ethyl ene/ a-olefin copolynmer, for exanple, solution

pol ymeri zéPF@ﬁl using an inert medium bulk polymerization and vapor-phase
pol ynmeri zati on which are substanti all

y.free. of ,an inert nediumc be
enpl oyed. The pol yé&thy PASILIAT RTet Wonpas (o} Bpgﬁm@eﬁlfs'bfsrﬁffégﬁf%ﬁgmi ght
di stribution (MN/th% of 1.5 to 3.5 neasured EEPC Cel , Per tion
Chr ormt ogregphygd okt siaggh@mabrdearar %‘iaggfts i STP5 BhE; %ﬂj‘a CSins f or
easier nmolding and an i nprovenent in strength (particu)arly, in hending
st rengbh) lémapolysser i forgeramnapte avaperd2hagg RO MEAAGTERIGHRRE | i near
pol yet hyl ene-based resin which is polynerized using the netall ocene
catal yst, digrieyedrahd fogethe leahstiRned er pefinueripabimesd foy eﬁi%ﬁ@ﬁeum car

solution polymerization using an inert medium, bulk
polymerization and vapor-phase polymerization which are
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 Chfomatography). This range of
molecular weight distribution allows for easier molding and an
improvement in strength (particularly, in bending strength) of

15 the resulting molded 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 manufactured by

90. Sumitomo Chemical Co. Ltd., 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

95 effects of the present invention are not hindered. Specific

11



Conmpany Limted, the Evolue F series manufactured by Sum tono Chem cal Co.
Ltd. , the Evolue series manufactured by Mtsui Chemcals, Inc., the
AFFI NI TY W0 28@vasestonanuf act ured by Dow Chemi cal Conpany Pom/JPieshizees
Toget her with the above, other polynmers and copol yners may be used in such
a range that the desired effects of the present invention are not hindered.
Speci fi cexanpl es of such polynmers and copol yners include | owdensity

pol yet hyl ene, hi.gh- i | yvet h

an ethy] e@wﬁg}?sao eiﬁ's%yeﬁgvﬁ%ag%lﬁﬁﬁcoﬁ&gf‘f%?f%ﬁ% e R Y yirer
ving a craossljnk and/or. a hai n, i i

nore of t .ethé’lf € ﬁ%g]@éﬂi%%ﬂ%ﬁ%@ﬁ?ﬂlbyn]f :err}? ?ﬁf%%@;?gl%%b@élle@@sﬂi con

di oxi de, mca, clay, zeolite, calci onate or the li,ke can be used.

The anountCROlyRRET nBRgaH ELeAfl Ha; %Ccear it CORY ST AE#Bbly 0.1 to 2

parts by weight, and nore preferably 0.2 tqQq 1.5 parts, wei,ght relative to
éLﬁO pgr tls %ME@H@%V;WQC%IWQWF% -i]l?é’slé‘cg ‘T"é}s)ﬁor?sib"g%sani O4fbunt | ess
han 0.1 parts by weight is not preferred because it woul e difficult to
di ffusé t Heranghedechatedanssprcomhinatyon ek hWPe‘PFé%%"ed’%@é‘??P'so as to
make the styrene-based resin be in the formof particles of 0.8 mm or

smal | er. An anpuntAsmere inhagaiparaelaatingagrn ,squroﬁxﬁfréﬁ’]&’r‘@dcbecause t he
strength of the

silicon dioxide, mica, clay, zeolite, calcium carbonate or 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
parts 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 the. styrene-based resin be in the form of
particles of 0.8 pm 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

95 coloring materials such as iron oxide, carbon black and the
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expanded nol ded article would tend to decrease. Furthernore, additives such
as a coloring material (colorant), a fire retardant, an antioxidant, an
ul travi olwo 2edsesdaer and the |ike may be contained in tIRE€T/JIP2005/017673
pol yet hyl ene-based resin beads upon necessity. As the coloring material,
both inorganic and organic coloring materials can be used. Particularly,
inorganic coloring materials such as iron oxide, carbon black and thelike
are preferred. As the iron oxide, there can be used a- FeOOH
E\I/:vag)erzlgogkka? ?rﬁgpﬁ‘? &) as iron oxide yellow, a-Fe2U3 as iron oxide red,
eO) x(Fe2q s)y as iron oxide black or the like. The LI oxi des may have
anot her et al suc!ﬂ?tsaﬁthi,l‘OngozﬂfdQ,hgl‘FW(é’aé'h &t M6 '%Sﬁ?@ﬁ@ part of Fg.
Furthernore, the iron oxides may be m xed tq obt <'i\i n a desi(sed col or. Anong
t he above (imederoxoaEainiPeany $ted) @l 4th O%igR YHOW, f4t5eOF BSTLEe2q 3)y,
is preferred. The iron oxide preferably has an average particle diameter of
0.1 mm t o okire redd(FeOx (Rei@s)abhy inpnaesidg dlpakiectbedikfeter of 0.2 mm
to 0.8 mm The average particle dianmeter can be neasured with a | aser
di ffrasti orheee tircheosides anay frere RODOSMERiEAGUCRADYIEME PFd. ) The
pol yet hyl ene- based resin beads contain the iron oxide preferably in the
range of ki Wé tab&imtingnforea part of Fe. Furthermore, the iron
oxides may be mixed to obtain a desired color. Among the
above iron oxides, Fe3O4 included in iron oxide black,
(FeO)x(Fe203)y, is preferred.
10 The iron oxide preferably has an average particle
diameter of 0.1 ﬁm to 1 pm, and more preferably an average
particle diameter of 0.2 pm to 0.8 pm. The average particle
diameter can be measured with a laser diffraction particle size
analyzer (RODOS manufactured by JEOL Ltd.)
15 The polyethylene-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
90 - resin beads may not be adequately colored. 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
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preferably in the range of 5 wt%to 40 wt% and still nore preferably in
the range of 10 % to 30 wt% An anount |less than 1.5 wt%is not preferred
because twe 2p@logatdbyl ene- based resin beads may not be asegumtmbyi76w or ed.
An ampunt nore than 70 wt%is not preferred because it would 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

I hyl b
ol yethy | el OReet e AR b PO LSO A el Lacgpe (e

wei ght of &M € unifor

I npr egnat ed vvrth t he st ne- based nononer. As the carbon bl ack, fur nace
bl ack, chadRedtBieigP g?éfr?ﬁfmﬂlr%%% acetyl ene black, graphite, carbon

e e e B350 W RSO P15 eslfa) BRERe” cont
ot pr of creixsd it USRS sl St FyReHe- SRSl o & TURAD SRt I b
adequately colored. An anmpunt nore than 50 wt%is not preferred because it
woul d Be dikéican tbe viseidx t he carbon bl ack with the pol yet hyl ene- based
resin beads. Exanples of the styrene-based resin include those of nononer
ori gr n such as styFleaqolgetbyhyheigsehaesin beads contain the
carbon black preferably in the range of 1 wt% to 50 wt%, and
more 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 euch 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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vi nyl t ol uene, chlorostyrene and the |Iike. The amobunt of styrene-based resin
is 50 to 800 parts by weight, and preferably 100 to 700 parts by wei ght

rel ati ve wo 20¢03pavt s by wei ght of the pol yet hyl ene- basedTuexioso17é¥ser e t he
amount of styrene-based resin is less than 50 parts by weight, it is
difficult to show the characteristic of the styrene-based resin, nanely,

hi gh stiffness. Were the anbunt of styrene-based resin is nore than 800
parts by weight, it is difficuItFlo how t he hara{cteris icsdof t he

pol yet hyl BEtRAcCt éssiStantfel y FHItRFTORALS EiY Y Xﬁﬁnﬁréﬁs& | and i npact
resi stance. Furthernore, the styrene-based nqQner, cannat be s iciently
absor bed iTROBOMET GRitaet e sHé 16&%@5’@5@9@53%’&% glg? Hpségﬁsqtﬁ]{;}’%ol yner
powder in which the styrene-based nonaner i? pol meri(fed_by i‘lt elt to be
gener at ed.palyethylenscbasecd gmbalfoal HEL PO B ANBANA Gt 13tY é‘?]l%- ed
resin less than 50 parts by weight makes the retention of the volatile

bl owi ng agenytreaxt basedympuoemeareisipolyiganized {3y dtselftte Behi eve | ow
density. This also renders the expansion nolding nore difficult.

Parti cyl argenemitield.t he styrene-based resin in an amount of 300 parts by
wei ght or nore, it is difficult to provide nodified resin beads and
expandabl e beads umi floedaseofitaipamdabbe stadsnanbasmuneésiin by

conventi onal nmethods.
styrene-based resin less than 50 parts 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.

Particularly, 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 invenﬁon, 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 blowing 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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The present invention, on the other hand, can provide such resin beads. The
pre-expanded beads can be obtained by inpregnating the nodified resin beads
wi t h t he wol2ata/d3g44bl owi ng agent to prepare expandabl e beatgp2masdi7erxpandi ng
t he expandabl e beads. As the volatile blow ng agent, for exanple,

hydr ocar bons such as propane, n-butane, isobutane, pentane, isopentane

cyl copent ane, hexane and the |i ke can be used alone or two or nore of ihese

hydr ocarbons can be used in c i nation. The content of th i1l.e bl owi n
a?ent i s pLef er ablRescetont ik eﬂﬁll@xgilﬁﬁ?elorwellnagt ?\gggttolslgﬁg%ar%ttﬂs}&by wei gh?
of resin that nmakes up the expandable bea (the sum of .t .
pol yet hyl énéo [ @rritashy, V&%hfth’ée]@ttw"ez@ ﬂégeﬁaF%ss F’P() Weﬂ’ggf AT t he
nodi fied resin beads and the expandabl e b a&; each ha % a cylindrical,
spheri cal thetsmskemtipathy esprniasle s \WERf sPmy Oé Bihere L is a length
of the bead and D is a nean dianmeter of the bead) of 0.6.to 1.6. The
aver age simdyethylenddmized gepinfandbhe otyreme 1A sed 18$inirhe beads having
a L/D smaller than 0.6 or greater than 1.6, that is, the beads having high
oval ity are not piRekéerahlyhedeseodifiedulesinebandsianftthe il
pr e- expanded beads obtained from such nodified resin beads and
expandable beads each 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 0.3 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-expanded
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
90 - 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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expandabl e beads into a nold when form ng an expanded nol ded article. The
shape of the beads preferably is spherical or substantially spherical so as
to make twe 2bedid3s4ag easi er. An average bead size snal | ePCrhazosoFemm i s not
preferred because the retention of the bl ow ng agent woul d decrease and the
reduction in density would tend to be difficult. An average bead size
greater than 3.0 nmis not preferred because not only the filling into a

| d woul dbe, di fficult, b i nni na _of i cl | d
TPso b aiFaehipt thide tendt, MRS in R RRR R AT pAS R o e "
provi ded the rmdi_g)i ed resi.n heads an(g .expandabl e li;eadjs,[ﬁquch gf the_se beads,
when seen $WYTERGsHASEE: Tofn AASPERRCT iy ERG IREELET RATHCHi%SBEFsed in the

formof particles of a_predetermned size in the | yet hyl ene-based resin
as descri Hetedricgrmingd @tl?n%rmV\H?%Iroiﬁ’ﬁéf‘éfl%%ﬁ'lb%s‘g‘&d%/ﬁs&’éoa? he nodified

resin beads and_expandabl e beads each having the styrene-based resin

di spersed dﬁsmbﬁdchﬁk?‘é’- formin the pol yethyl ene-based resin in a surface
region and a center region of the bead. The surface region js an area

wi thinbat | east 5Immthemnmarelssdiiersecan badprpesedapacimedd r region is
an area within a 5 mmradius fromthe center of the bead. It is not

pr ef er abl erdsiat behdssandeeepaasedlecbeadsreael thaving she

| styfene—based resin dispersed in particulate form in the
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 thereby 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 um 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 um. 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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formforns the continuous phase and thereby the particle dianmeter exceeds
0.8 mmas shown in the cross-sectional pictures of the bead centers of
Conpar at iwe 2Beaspldes 1 and 9, because a renarkabl e i nprecemensHIrsTpact
resi stance woul d not be achieved. The styrene-based resin is dispersed in
the formof particles having a dianeter of 0.8 mmor snaller, and
preferably 0.6 mmor snmaller in the polyethyl ene-based resin. The | ower

limt f h ticle di f. th - i i

form (her iﬁwgﬁ%?ﬁ%g%ﬁéﬁ”? EheRpbrd 3 BEERTIARTS A LRI fo AL S e e
) mm escr - i i i

barti oul aldThomate Bt fEran A L i Oap T8 AR SHIERE s cna e

di aneter of the yrene-based resin partjcles inthe,surfa regi on of each
bead is pr@@ﬁéﬁi’@y@-&?‘ Hite 6.8 W- %t&ﬁe glil%llﬁ/a%d()%ﬁﬁm to 0.6 mMm
and still nore preferably 0.03 mmto 0.4 he. ot her hand, the

gie:ge;tgr ﬂifqerﬁgt;gr )ﬁéégtf %&%Z@Eﬁﬁ%é@ﬁ?@%ﬁh%@% SEDEEHi on of each
and st Bl | Tgenppbrackbra0l 05 BrefeEAbsSS fi 1R, 08 PrRBAdBETEn met hod of
the nodified resin beads and expandabl e beads will be described. In an
aqueous suspeiesadiy @ hinintp &.4ispurandt stilbmers psefsgratlyghi Oof
pol yet hyl ene- based resin beads, 50 to
um to 0.55 pm.
Next, a production method of the 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;based monomer and the initiator may be
mixed in advance.
As an aqueous 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,

95 a surface-active agent such as sodium dodecylbenzene-
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800 parts by weight of a styrene-based monomer and 0.1 to 0.9 parts by

wei ght of a polynerization initiator relative to 100 parts by weight of the
st yr ene- baeedoomsaaoer are di spersed. Here, the styrene-pasae2oenoer and
the initiator may be mi xed in advance. As an aqueous nedi umthat nakes up

t he agqueous suspension, there can be used water or a m xed nedi um of water
an;:l a W?jt'erl-so: ub: e solvent (for exanple, |lower alcohol). The dispersant is
not particul ar imted, and.,any of the known di spersants can be used.

Nbr e speciﬁlilg%i‘l%{?,e Ry gecﬁﬁege used slightly sol ugl e inorgani c substances

magneet um oxi do. aAde RELYS ST ISP PROFROF oLt e aEaTabe, GRrdint ¥ich as
sodi um dodecyl benzenesuyl fonate may be used. The pol yet hyl ene-.based resin
beads can KeOwB: A %?knoﬁ?\ﬁﬁr ﬁé@%aﬁ@_ é&?ree%_ﬁrﬁo ?'ka?l ?llél iwjug thod in
W th an adubgiesBy PR enBesdaFeEiTaR nant BRI ICBSIARa HT B ALERY uder  and
t hen extruded fromthe extruder to obtain a strand. Then, the obtaiped
strand5i s mgethert withian eddifivehelviegees Yo AT R E el Rg ké‘&@éﬁ“{]o
granul ate the strand. Preferably, the polyethyl ene-based resin beads each
have a cylimedmn eztrudphemddheor exmmdadt%/r@lmytl'@ﬁéiﬁir’édﬁrﬁ@aﬁbtain a
| strand. Then, the obtained strand is cut in the air or in 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;cy are not preferred because it would be
difficult to fill pre-expanded beads of styrene-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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with a L/ D(where Lis alength of the bead and Dis a nean dianeter of
the bead) of 0.6 to 1.6. The average size of the beads is preferably 0.2 mm
to 1.5 mwOTBhe/i3emds having a L/D smaller than 0.6 or gPreateroos/hema7sl. 6,

that is, the beads having high ovality are not preferred because it would
be difficult to fill pre-expanded beads of styrene-nodified resin

expandabl e beads into a nold when form ng an expanded nol ded article. The

h f the beads i f bl ) her.i cal i-al jcal
To make the 1111 Ag SASIRNY ARt krretbd Aok DASSha P ol ARERE < not

preferred because the retention of the bl owi.ng agent would de ase and the
reduct i on 8 ROHEMSIIZAEI HHeRtPT BO%éu&iP[ﬁF}séB%t Pgmé?% émbég% si ze

greater than 1.5 mmis not preferred because not only the filling into a
nol d woul ¢tpeenefihasedtmonamers ¢an Re &FS e%ﬁ%ﬂéﬂgﬁﬁ@b‘gﬁo&ti cle woul d
al so be di-fficult.As the polynerization initiator, those ty@i cal Iﬁ/ used as
a pol yner iinaltida organia peroaidesspaisiaendidr Dbyl Parosadsi taP Uyt ene- based
mononmer can be used. Exanpl es thereof include organic peroxides such as
di -t-bgt yIpqa@mxbdazolatbut@ibumybpprbmﬁi@at e, dicunyl peroxide,
2,5-di methyl -2, 5-di -t-butyl peroxy hexane, t-butyl peroxy-3,5,5-trinethyl
hexanoat e,2 5 Hiind thydr 2,Fy-Pi-etthytyipeybxyanbvance and the |ike. These
initiators may be used alone or two or nore of these may be
t-butylperoxy-3,5,5-trimethyl hexanoate,
t-butyl-peroxy-2-ethylhexyl carbonate and the like. These
initiators may be used alone or two or more of these may be
10 used 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 because 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

95 above-mentioned range may be obtained.
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used in conbination. The amobunt of the initiator used is preferably 0.1 to
0.9 parts by weight and nore preferably 0.2 to 0.8 parts by weight relative
to 100 pawo=omyw3sapght of the styrene-based nonomer. AnPENUBINSHESE t han
0.1 parts by weight is not preferred because too nuch time would be
required for the polynerization of the styrene-based nononer. An anount
nore than 0.9 parts by weight is not preferred because the nol ecul ar wei ght

of the styrene-based resin woul d decreasge, d thereby.the i t
resi stance would B&® F‘écﬁﬁ@d?aqtﬁ Byd‘@?lgﬁbt Qéﬁ?’fvgg’e&ec% 'I%?ﬁee ?Eggrt ies, the

nmol ecul ar wei ght of the styrene-based resin i ferably about two hundred
t housands men&FBet reladvauRIA&d ﬂ%ﬁ%é?ﬁﬂé’?elﬁ%\%e@é&GMerg nmore than 0.9

parts by weight of the initiator is used, ly a l.ecul ar i ght smaller
t han the ahﬂvéihﬁlﬂm@dmff%ﬁg@ma?e%@sdﬁt%‘gaﬁé.%’@gg‘élw ts by wei ght of
the styrene-based nononer relative to 100 parts by weight of the
pol yet hyl gnefbasbly nesder békdings aquitl sbearp WitspsrdisPeisedBrigol y under
stirring, and the resulting dispersion is heated to such a tenperature that
the st grerecdiesttonmucire: tdoesermiusubsatihicas tyr ut-RASIS EQBOMARE t he
pol yet hyl ene-based resin beads are inpregnated with the styrene-based
nononer. does not substantially polymerize so that the
polyethylene-based resin 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
styréne—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. It is desirable that the generation of polymer
15 powder is prevented. 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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The tinme appropriate for sufficiently inpregnating the inside of the

pol yet hyl ene-based resin beads with the styrene-based nononer is 30 m nutes
to 3 hourwo 20¥ven3a44pol yneri zati on takes pl ace before thePoeadxoane73
sufficiently inpregnated, polyner powder of the styrene-based resin is
generated. It is desirable that the generation of polyner powder is
prevented. It is advantageous that the tenperature at which the nononer

does not sybstanti.all | rize is as high ible accel erate the
i mpr egnat IBAPFEEED %éa??mﬁge&gg fi%cfrl?)é'l%aer[ éﬁﬁi%zra&%f%&c%%%er ation given
to the deconposition tepperatur f the initjator. Next I ri;zation of
the st yreﬁ’éogééﬁé HoHoneEafs %ﬁﬁrﬁ%ﬁ Sgﬁfeﬁte'faa%ﬂpre?sd{%?vép@fiyg% Eﬂh 0) Cto
(T + 35 Cwhere T Cis the crystallization g}ak t enmperature of the
pol yet hyl esanBasers eiasbeadfIrtRFIMAES 2P ﬁn%%%?ur e lower than (T +
10) Cis not preferred because the st:}l/r ene-based resin ul d not
bedi sper ség¢nhpeparire bigheritdan (dar 3Pk CetntOt PEiCEREdoPCRBUSEI ed resin
beads and the styrene-based resin would be the continuous phase.
Fur t heBnorezgregedednpartisl¢ vint winjiehaparticheysoalesas wauldds cis not
preferred because aggregated particles in which particles coal esce woul d be
gener at ed.gef¢datiche above steps, the nodified resin beads can be
| With the above steps, the modified resin beads can be
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 polymerization 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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obt ai ned. The expandabl e beads can be obtained byi npregnating the nodified
resin beads during or after the polymerization with the volatile blow ng
agent. Theoizngwigaati on can be carried out by per se kneemJrEONOL®73 For
exanpl e, the inpregnation during the polymerization can be carried out by
maki ng pol ynerization reaction to occur in a closed vessel and injecting
the volatile blow ng agent into the vessel. The inpregnation after the

pol ymeri zati on can ,be_carrj t by inj i th | at i

o o aglegq;eggﬁp.séms,é%n%‘émﬁsf: St S TP A hdgabPe Boads
avi ng excel |l ent characteristi b i ded - '

ot hods. - FevkEIt Of e, BoLY TaBaRC DBFCG: P iie. TH A REdae) PELERTs 300

parts by weight relative to 100 parts by weight of_ the |.yet hyl ene- based
resin beadmwgeiryokstyisrrbasged ﬁésﬁﬁﬁe?f@-aﬁgé’éﬂfﬁbﬁom%{éﬁ%gﬂ?i ncrease
in amount. In other words, when the amount of styrene-basednon rris 50 to
300 parts hmadeiaghd expandable beeobs patinshiheigrstoitabie, excellent

pol yet hyl ene-based resin, the anount of polyner powder of styrene-based
resin bs stehtaatetistiesnomn fhedaséyi progadedand expandabl e beads having the

nost stable, excellent characteristics can be easily provided. Were the
anount of styrene-Wasad thoemouexcebdsyrene-based monomer exceeds

300 parts by weight, it is preferable that the
polyethylene-based resin beads are impregnated with 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 polymerize 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

25 temperature of the polyethylene-based resin beads.
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300 parts by weight, it is preferable that the polyethyl ene-based resin
beads are inpregnated with the styrene-based nmonomer in two separate steps
as descriweaowaisswoi n order to reduce the generation of ppolipzesomevder. |n
an aqueous suspension containing a dispersant, 100 parts by wei ght of

pol yet hyl ene-based resin beads, 30 to 300 parts by weight of a
styrene-based nononer and 0.1 to 0.9 parts by weight of a polynerization

i spersed. bere, DXL g AAEeEsRY BRIt TRE Srf EPafar BbSbe m xed:
that 1 he. Sy PERERSaSEa RONGRST LEUSnroN LS, ST §o by fee Bl = ¢
crystalli mludiplpeaﬁ&nPh@rfb‘gﬁt:P&ﬁg@Fi%%ggﬁala}g@%%ﬁ%%@ghugr@gi% C s the
beads. Next, a styrene-based nmonomer and 0.1 to 0.9 parts by weight of a
pol ynebi zatdjorstied to dfor ¥@) a€itee(T o 380 Sambers Tkl ththsf the
styrene- based nonomer are added to the reaction solution of the first
ﬁﬁ'e ?/ge_rl_ i zcaainﬁtﬁéhmtmmgea@mmmtmea@f theepolyethylengobasedo (T + 35) C
resin beads, so that impregnation of the low-density
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 Aeffectively 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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crystallization peak tenperature of the polyethyl ene-based resin beads, so
that inpregnation of the | owdensity polyethyl ene-based resin beads with

t he styr ewe-2basss4saononmer and second pol yneri zati on t akecpliazes/oiies t ot al
anount of the styrene-based nononers used in the first and second

pol ymeri zation is 50 to 800 parts by weight relative to 100 parts by wei ght
of the pol yethyl ene-based resin beads. The styrene-based nononer and the

initiator may be W{;ﬁ?lg%%rg %§9§(e‘setegghqh%eﬁg;@if?éw&%g% wad e Weene- based

nmononer and the ini confinuous or intermttent. In order to

ef fectivel _rievag]E ?ﬁg gﬁgghﬁg&q@tﬁéaaglgﬁm QMislinelt ak ¥ &figeabl e that

EEZ LgP;ﬁeriza?ﬁ A | € pol yet hyl ene-based resin beads and

_ Lon. t ake ce appr oxi. mat BP® st d Because t he
pgljytmarl z BRIV :bé’ H&PFFS%%&%Q@“%%@%P%&%%‘%Werrpefrrt% ul;lg, a too high
addition rate is not.preferred. |f e dition t.e i 84t00 high, the
pol yner i zdftqld'ﬁn%@%l‘g‘?d’& t]BEf‘Eﬂl@tt{lﬁeb %‘rré%ﬁge%lotn tz‘kéas pl age. For
exanple, the addition rate_is pref rabl%rso to 1%(%¥g)arts bE

hour . Wbt h inkeregetios a8 benearidart P el MedCh He %Hb%*@ﬁsia?ﬂteé. The

expandabl e beads can be obtained as descrihbed above by inpregnating the
r esi {1 b_?_ﬁdsl@lmramghéroﬁﬁtdﬁsctmbeﬁolryr%@@é’clpén with the vol a?i | e blgovm' ng
agent . e

The expandable beads can be formed into

pre-expanded beads by pre-expanding the expandable beads to
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 beads 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

925 limited, and any known expansion-molding machine can be

25



i npregnation can be carried out by per se known nethods such as the one
described in Exanpl es. The expandabl e beads can be formed into pre-expanded
beads by woeeexpandi ng t he expandabl e beads to a predet ecrIrBESOUGK density
(for exanple, 10 kg/m3 to 300 kg/m 3 and nore preferably 10 kg/m3 to 60
kg/ m 3) by known nethods. The nmethod of nmeasuring the bulk density will be
descri bed in Exanples. Furthernore, an expanded nol ded article having a

peass Tl SN e S BRIl SRR T S
vo & percantByBiFy SR o WP R KRR SRR AT B 15,
o6% tne B afet e R e il it PSS RLE 6o "ot
vo & perconealil Db Al raMERIT SN SSRP L T
oxparchon oy ety e iy b AT B il

this figurdiisn2budds perfenated ﬁbledeﬁléﬁdpaoﬁiéi%%ﬁgﬁl‘%ﬁ]%%ﬁl%ﬂfs Eiﬁﬁed "

between the steam chambers 2a, 3a and the cavity la. On the
other hand, steam supply pipes 2c, 3c and steam discharge
pipes 2d, 3d for supplying/discharging steam to/out the steam
10 chambers 2a, 3a are also provided, respectively. Furthermore,
the steam supply pipes 2¢, 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 la. 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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a cavity la when engaged. The nolds 2, 3 respectively include steam
chanbers 2a, 3a and a plurality of steamjetting slits 2b, 3b perforated

t herei n twopnewissaoconmuni cation between the steam chantpergpimsoBarand t he
cavity la. On the other hand, steam supply pipes 2c, 3c and steam discharge
pi pes 2d, 3d for supplying/ discharging steamto/out the steam chanbers 2a,
3a are al so provided, respectively. Furthermore, the steam supply pipes Z2c,

3c each have.a st m c
caoh naver il TR veTa e hflid PRl SR GRIE ML 1S Pt
ect o ge@gﬂgﬁe?%%ﬁﬁgrelgh%ﬁgd %1%:t%x?}onggﬁie%\grﬁ'cllaaisaggt&‘{ﬁ@da pressure

?ﬁt?ﬁéoga o ; ] Ipressure of the pre-expanded beads
vity |a. e machine a i ncl udes 0 for
controlI|ﬁﬂlFW@”BP@?§UR§°G§?§GF&iq§? @5@ r%¥ ]th é%?%%ﬁ%f ﬁg 5 4, the
drain valves 5 and the |ike. An expansion- nDIdlng process using the

pre- gxpandé’d beads can be broadly divided into heating operations and

cool ing operation. The heating operations ar ual | subdl Vi into (1
mol d heating step(l)2p themeokl featéng He @be%%)l? gﬁﬁg heati(n)g :

step and (4) a both-sideheating ste The cool in era carried out
after therhebdé iy 3pareataing Yarmlstelﬁ‘gn M@r%m@éﬂﬁﬁﬁ%l ai ned.

pre-expanded beads 6 are filled into the cavity 1la between the
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 2c, 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 beads 6 again and 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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An exenplary process will be illustrated with reference to Fig. 12. (1) |
the nold heating step, the tenperatures of the nolds 2, 3 are mainly

rai sed. Mvoeosypssisbi cally, after the pre-expanded beadsPéTapmosiizesd into
the cavity la between the nolds by the filling instrunent 7, steamis

i ntroduced into both the steam chanbers 2a, 3a of the female and nmal e nol ds
2, 3 fromthe steam supply pipes 2c, 3c, respectively, and the air present

e
For xour g S Bt P TR AR SR BP Ps
the pr Z?efﬁfﬁﬂﬁe?ﬁﬁﬁ% iglpltéd icfé(? t;y r]rﬁhéoéq%t ProdGiSal ol o g5 of
di schar gedaasls Ko ddfsthr stArBUAH iﬁé‘%ﬁ@&ﬂ i ty‘él“:‘g,fﬁgggnt ¥ %ﬁ?%;n ImS;I d

[ ni rodbco®a vddth auakinmeitbdne] on pressure i n the Gavity are equal. (3)
The other-side heating step is intended for balancing the tenperature
gradi ent of the pr(é)&dpaidd-sédddeatogedtem isHatpPERDIRT one- si de heati ng
step..In this step,

secondary expansion of the pre-expanded beads 6 to ultimately

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. Howev.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

25 expelled in the one-side heating step. In this step, the
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steamis introduced inversely fromthe steam chanber 2a of the female nold
2 to the cavity la to heat the pre-expanded beads 6, and the steamis

di schar geslofn@mssdie st eam chanber 3a of the nmale nold 3PCtAP200be17ont h-si de
heating step is intended for secondary expansion of the pre-expanded beads
6 to ultimately fuse the expanded beads together. In this step, steamis
delivered into both the steam chanbers 2a, 3a of the nolds 2, 3 and the

shove heatiof afepic R AR IR SERd R ATERRELT o ol
penis Maiate e dogill e I PG B
necessary sl Brberothe Bo st Bt )
cor e oreen dieg e th oS eli HEa BB R AT e ol s

nol di n§ proamded out fer fr seepmsiete PR SEKPR%R-ep is carried out for 3

seconds to 12 seconds. (B) The air that is present between the beads is
The other-side heating step r1:)1151y be performed to

balance the temperature gradient of the pre-expanded beads 6
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 abeut 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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expelled in the one-side heating step. In this step, theheating is
continued until the pressure of the introduced steam and the expansi on
pressure Wo 20dv03889i ty becone equal, and the heating i sPsriJPtoosormeinued to
appropriately fill the voids between the beads. Thus,.it is preferable that
this step is carried out for 5 seconds to 25 seconds. The ot her-side
heating step may be perforned to bal ance the tenperature gradient of the

pre- expanded beads 6.as | gng as_the void: SERRLAYE can be maintained in a
pr edet er nPAREQTP, ?@%.Slnﬁreeﬁs &8i $PLES lvg%cﬁ? othar-4ide heating step is

ref er abl erforped for abput O cond 1 | ~Sik.de heatin
gt ep may %epcarrigg‘eoﬁf‘pﬁé]f‘%f‘i I?ﬂif%(ﬁ@réicgg %ég(??&ngl%;{ggﬁ% @%Ié‘?%gqbot h- si dg
heati ng may not_ be perforned or may be perforned for a. short. ti ot

| onger t hanvensiadd sad! hecHess fqr Hé§1%spaqré%qs%§, a1 ?%Trittﬁt"lh%lfhe voi ds
bet ween t he expanded beads. In apco&dance W t%he %bo.ve nmol di ng process,
bondi ng bemitehla fer agmiacaatest s PEIATUNGE AP IGHP T he

voi d- cont ai ni ng expanded nol ded article w i}h i nproved strength can be
provi déd. abieoniting matesipksn deaenisidisysikla PUBPES S hd excellent in
chem cal resistance and bending strength. Since the nolded article is
nodi fi ed whhbetiads Soyrireavpasertivets,randithe 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 bending 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

90 . 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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al so has high stiffness. Furthernore, the nolded article is excellent in
heat insulation, |ightweight properties and soundabsorption since it has
speci fi ¢ woi2dogussaient age. The expanded nol ded articl e aecond2ag0t7673 he
present invention can be used for various purposes, and is particularly
suitable for use in materials for autonobile interiors, energy absorbing
materials inserted inside bunpers, packing materials for heavy products,

d the like. Si th t . ' - based
asin the resin USPGCD TAARHORG Cak AP e YT RS Te panded

nol ded articl e jhaving isng_strengt f..0. L..greater. The product
with a beﬁdﬁcﬁédé?geWgtIﬂSg[??g. 188 rdégfégfe%&gaef:gg%ﬁgelgl ly suffer from
cracki ng and chi ppin can, suitably.be .used particul arl rgy
absor bi ng CRAPEFN§I&T di ngl Qs éﬁ’&PKﬁS?uéf.’ 3% Sﬁ)ﬁ’aa%ra IR %i&ltnse%rrtgr e

preferred. Amethod for neasuring the bendin tr wi |l .be described in
Exanpl es. SeERahplissietior #rBSasUTIAGSMRIS] ‘% eﬁggg]’n%]flfieﬁh%e descri bed by

{vent 5o thenpora i (et et Hes BBl & hemet BuAtar Stk Cagtors of
Hoscri bed mitboibeing kept at 280°C for 10 min- the resin (8 left to cool o~ °°
| a room temperature (23°C) and the crystallization 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 fnolecular 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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[ Measurement of crystallization peak tenperature of polyethyl ene-based
resin] The crystallization peak tenperature is neasured according to JI'S K7
12 1 usi ngoaoaidsapenti al scanning calorinmeter (DSC) . Womapmpseizwixal |y,

resin as a neasurenent sanple is set on a neasuring vessel
the tenperature is raised to 280C at a heating rate of 10C

of t
m n.

he DSC, and
Af ter being

kept at 280 C for 10 min., the resinis left to cool to a roomtenperature

(23C) and the cryi. aleg}%eﬁg ipél\éé)%tgg er ALY &b ??ﬁ\g&?éﬁéﬁ L Bl

tenperature of th Inmat a he

1

[ Me t of melt fl : . ]
e | s mBavmR areDane MG rT SEEsE Mot Rop Setrftedin Sy

[ Measur ement of pol yet hyl ene-based resin densit The density

accor di ng Ctoél‘(ﬂr§1%9f§9n?.t%[el\/§§i"i’rr@ﬁm %%rvr?opgéﬁkﬁt% @ﬁ‘? Scﬁ{’gF

Mv Mh] The neasurenent is carried out b Ci’acﬁtggder the foll ow ng
Hopiat

condi t i ongesinsandnthen dre MpstMphehea

e the
0C/ m n.
melt flow
S K72 10.
ﬁemeasured
ribution:

C manufactured by N hon

Waters K K. Colum: TSK GVH 6 manufactured by TOSOH Cor porati on Sol vent:

or t ho- Bi chMeahercesat cObR)kTdapsittiure: 135 C

The measurement is carried out according to a

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 graduated cylinder (m3)

[Void percentage]

15 An expanded molded article having an apparent 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

95 bending strength is measured using a universal testing
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Flowrate: 1 m/ mn. Injection concentration: 10 ng/ 10 nl ODCB (i njection
anmount: 500 m| )The wei ght-average nol ecul ar wei ght Mv and the
nunber - aweoage/sel4ecul ar wei ght Mh are determ ned by comcengros0fezam t he
calibration curve using standard styrene resin, and then the MV M is

cal cul ated. [Measurenment of bulk density] The measurenent is carried out
according to a nethod described in JIS K 69 11:1995 "General testing

are i owdierbipFeteaifn MG Bnr iR 07 et ™, -
get o nedeELarthe imf R laf e T R0 i LR
T e = UL L (o

i ncrease ifulostod10W) with fegdo@-sym ﬁﬁ%t%?%q%f‘etﬁ"@e‘?ﬂ &3&9 g@p&[ﬁl‘éﬁﬂg ngg by

the foll owi ng equation. void percentage = {(V1-V2J /V1} x 100 [ Bendi
st rengbh] points and a compression rategof 10{ gnm/ min. J [ ng

[Sound absorption coefficient]
The sound absorption 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 absorption 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 contact 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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The maxi num bendi ng strength is neasured according to a neth i i
JI'S K95 11: 1999 "Prefoamed Cellular Plastics The?mal | nsul a?;jogescrl bed 1n
Mat eri al swo 2Mwves3sipeci fically, the bending strength is meagezwsosing a

uni versal testingmachi ne Tensilon UCT-10OT (manufactured by Oientech Co.
Ltd.) and a sanple having a size of 75 nmmx 300 nm x 15mm under the ’
conditions: a pressure wedge (10R) as atipjig, a fulcrum (10R) with a

el S e e e R ]
sl BBGIE B Th Rt B T iRance 1
souns shsahiaon e Pl Rl AT
ok, fsneckomesimeody MAASEIN 17 J0M0 Shtionc 1o
oo, U0 Tor e gyl ol Saple Moy 8,0 LRSS oo

resi stance] Three pieces of plate-like sanples having a _flat rect I
shape and samiptes acfnd dharsuirémege s of tit(msmr%)ples are vi%ually observed o o

to make assessments according to the following ratings.
O: 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 employed. 100 parts by weight of
the LLDPE and 0.5 parts by weight of talc were fed into 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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width x 20 nmthickness are cut from an expanded nol ded article. The
sanples are left standing at 23 C and a 50% hum dity for 24 hours. The
sanpl es awe 20a038440m t he expanded nol ded articl e so thatcrheappes7surface
of each sanple is entirely formed of the surface of the nol ded
article.Then, 1 g of various chem cals (gasoline, kerosene,

di butyl phthal ate (DBP)) are respectively applied uniformy to the surfaces

b SR e e
obseves Totalofdil el el RFfu P ek, T vae o i
EEEE ok iyl My
Limited, tiﬂaa@fé?aﬁﬁrtq:mméght&ég’@éﬁrit?a?ﬁg%irbéa}%{‘?‘gﬁ’gt&u Cltrﬁ?; Cigp imc/:
nmelt flowrate: 1.3g/ 10 min. , density: 0.9 14 g/cm 3, nol ecul ar wei ght

di st ri but iSpEMRIOMN) : 2. 77) synthesized by using a netal |l ocene catal yst

was enpl oyed. 100 parts by weight of the LLDPE and 0.5 parts b i gh
talc were fed i ntbndie dispersion medium, 100.5 parts bypwe}ght %f\ﬁ\'%leg t of

polyethylene-based resin beads were dispersed to obtain a
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 observed by a TEM (transmission

95 electron microscope). The styrene resin was dispersed in the
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extruder. The feedstock was nelted and kneaded, and then granul ated by
under water cut systemto provide oval (egg-shaped) polyethyl ene-based
resi n beawe.2o0ms3aver age wei ght of the pol yet hyl ene- basedTneziosotrezads was
0.6 ng. Next, 0.8 parts by weight of nagnesium pyrophosphate (dispersant)
and 0.02 parts by weight of sodi um dodecyl benzenesul fonate (surface-active
agent) were dispersed in 100 parts by weight of water to obtain a nedi um

e SR LI
Ghsso veaiunanee e St S PRI I RAL. T
i o R8T e ol O A e
was stirrédra ob@actidesannd dtiéni‘?rt&'re%ﬂ&ggtiﬂqgn‘ggtﬁc td}%ﬁ%ﬁgt%g)s dX£ g;?n
beads with the styrene nononer. Next, the tenperafure of the_dispersion was
rai sed5t o HrBOirCaandnkepregion AxAGuBOG AP ALHR WL l?t?eb%’tlgraeﬁeu noner
" radius from the center). The cross-sectional pictures of the
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 1m3,
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 vv;as rotated. After the temperature was raised
to 70°C and kept for 4 hours, it was cooled to 25°C to obtain
expandable beads. 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 styrene 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/m3 so

95 that pre-expanded beads were obtained. Then, the
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in the pol yethyl ene-based resin beads. Thus, nodified resin beads were
obt ai ned. The di spersion state of styrene resin in the obtained nodified
resin beawe 20@#3edagser ved by a TEM (transm ssi on el ect r orCriJez0s500p®) . The
styrene resin was dispersed in theformof particles, and a dianmeter of
particle was 0.04 nmto 0.2 nmin a surface region (x22,500, an area wthin
about 5 mMfmfromthe surface) and the styrene resin was dispersed in the

formof particles, a_di aneter.of particl S,0.05 nmto 0.5 nmmin a
center re@irSﬁei‘RF?,‘%&gpeﬁﬁsawgéeﬁlﬁﬁﬂnl%%oo%t ﬁﬁla (r)ngna(r%ladi us fromthe center)
. The cross-sect,ional pj.ctures of the surface reagion and ter region
are shownSrRangon melfiggymaching apd Ysipe %if%sl‘gq%éﬁti)é‘?seﬂlgggggrts by
wei ght of the nodified resin beads,. 0.15 parts by, wei ght. of . nonogl yceri de
stearate ShBSOMPpaltlsmpl F’@ﬁ%n%ffoai%ﬁ?ﬁt‘j’t S’aé)p%?g'%éfeehfe@&”?%to a
pressure-resistant V-type rotary mxer having a vgl unme of | nB %nd 14 parts
by wei ght fof Iutsesends,bld) avidrer-spde dpeating ggr Rs055Ae 5139 Ghi ng agent
was injected at a normal tenperature while the m xer was rot&%‘ed. After the
t enper &t utotiesidailseating fror €. areedapds voera sawentiptly periogganed-to 25 C
to obtain expandabl e beads. The obtai ned expandabl e beads_had styrene resin
di sper sed Afitet htref heatiofg,ptine imbéd, waandasericondedrtopbiairiale was of 0.04
mmto- 0.2 mMmin a surface region and
expanded molded article.
The following expansion-molding machine was used for
the molding.
10 Expansion-molding machine used: ACE-3SP (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 chemical 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 pérts by weight of dicumyl peroxide

25 as a polymerization initiator was dissolved in advance in 66

37



styrene resin was dispersed in the formof particles, and a diameter of
particle was 0.05 mmto 0.5 nmin a center region as in the case of the
above- merwoaned3sadi fi ed resin beads. The obtai ned expamrdaliPmoberds wer e

i mredi ately pre-expanded using steamto a bulk density of 30 kg/m 3 so that
pre-expanded beads were obtained. Then, thepre-expanded beads were filled'
into a nold of an expansi on-nol di ng machi ne, and using steam at a pressure

of 0.08 MPa 1) mold at.i ng . for 7 seco 2 - S i for 15
seconds, (Eﬁr%"t bngSil%E%ﬁéaa(i%ﬁﬁr?laP % ds}g%gn sbgg%ﬁ?%?%g?ﬁs-ac%ggeheati ng
for 0.5 seconds were sequentially performed. After the heating, the nold

was mper-@@%‘é‘&‘eﬂﬂo obtai n an expanded nol ded article. The foll owi ng
expansi on- nol di ng chine was used_for the nol.din pansi on- nol di ng
machi ngogsed: ACE- t?ﬂ?ﬁ?ﬁﬁaé&r@r‘éﬁt]gﬁ ‘%’eﬁa%ﬁﬁloﬂa‘gm:ﬁgry Co., Ltd.) Mld
si ze: mnm x 400 nm x 30mm The obt ai ned expanded | ded arti.cl.e has

voi ds. Thepobiethydeaenbaged Irsith R§ass: FRdt ﬁ,BJ‘éﬁEﬁfaTgbgﬁrGt?%ﬁ et fici ent

and chem cal resistance of the obtained expanded nol ded arficle were
measur &d. fihet ségrene moacsnewcantaiaing the mapter yas added

quantitatively to the 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 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

95 modified resin beads was observed by the TEM (transmission
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100.5 parts by weight of polyethyl ene-based resin beads obtained in the
same manner as in Exanple 1 were dispersed in a di spersion nmedi um obtai ned
in the sawenemssi9as in Exanple 1. Furthernore, 0.19 pactgpiysspeicyht of

di cunyl peroxide as a polymerization initiator was dissolved in advance in
66parts by weight of a styrene nononmer to obtain a first styrene nononer.
The tenperature of the dispersion of the pol yethyl ene-based resin beads was

qni méi ator was

d0ed quaR(F TP, BT TPRCeRS) o oY SlReBYae T fn R

resul ting

m xture was stirred at 60 C for an haour tpo_ i npregnat

FOl yet h%/I é‘h’é‘lll?agﬁ’(?rgé%lieﬁ’t?éh & Femees ‘PfPéFnP’s“?gr‘Xﬁg (?rorbr?sor]i‘ler%rl t(?\Iext, t he

enperature of the dispersion was rai fgd 130 C and.kept for_t hours to
‘?’é@’ & |oﬁ’1tt§(e)

pol yrer i z©-8bi n&t ipoysiariass: TeEPn ke & PERE W

pol yet hyl ene- based resin beads. Subsequently, 0.3 parts b
di cunyl ~ peroxireen dh e sporfgaer post toa sqtmrﬁrl&t%‘ﬁswa af §d8P
by wei ght of a styrene nononer to obtain a second styrene

s fec;aﬂdsfs_t yhenfonmnohpertiadesy epskd dmmictiad@d] partess s
(0} e.first

]

08

aht of
1534 parts
mer. The

P&R ol uti on

0.4 pm in a center region (x38,600, an area within about a 5

pm radius from the center). The cross-sectional pictures of

the surface region and the center region are shown in Fig. 3

and Fig. 4, respectively.

10 Subsequently, expandable beads were prepared in the

same manner as in Example 1. The obtained expandable

beads had styrene resin dispersed in the form of particles, and

a diameter of particle was 0.05 pm to 0.35 pm in a surface

region and styrene resin was dispersed in the form of particles,

15 and a diameter of particle was 0.06 pm 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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polynmeri zation at a rate of 80 parts by weight per hour for 7 hours, so
that the second styrene monomer was pol ynmerized (second pol ynerization)
whi | e t hewpabysaisbasbene- based resin beads were inpregnat edTaptdospive7arononer
to obtain nodified resin beads. The dispersion state of styrene resin in
the obtained nodified resin beads was observed by the TEM

(transm ssi onel ectron m croscope). The styrene resin was dispersed in the

formof partjcles, and a.di aneter of. parti S 0 nm i
fﬁrface r &git ?%?@%%0’,013&artgemm"rﬂoﬁe%%gh?a%m%% rcglrlﬁ{gnﬁrgpesu% ace) agda

e styrene resin was dispers in the formof parti.cle di anet er of
pgrt![cl eSMél@dgé:’%‘?ﬁfl?HO@ ﬁoﬁfﬁ?lr‘?ndt 2B ehe 16:5&{6(5)%%%?%68?0'}2%}?% ea wthin
about a 5 mmradius fromthe center).. The cross-sectional ,pict f th
surface refiteangddexRansast éim]ffgiﬁ?@ﬁf t%fﬁs ‘é’ﬁﬁﬁﬁnleﬁlsl‘—’}r&d% gﬁ’lc?cff%%&ftf? ©
respectively. Subsequentli, expandabl e beads were prepared in the sanme

e

nmanner as ane shamp éniTabhe lobt ai ned expandabl e beads had styrene resin
di spersed in the formof particles, and a di aneter of pegi)ticle s 0.05 mm
Ich

to 0.35 nmin a slhcadéamegicorofatise styrene resdpndigiee dRSdE fAT™Phe form
of particles, and a dianeter of particle was 0.06 nmto 0.4 nmin a center
regi on as ¢fpahtictasénothe seirdboveraginni anddthe danted Fegion WEEs.
determined as follows. The particles of Fig. 4, for example,
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-201”
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/cm3, 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 pm to 0.3 pm in a surface region (an area
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The obtai ned expandabl e beads were inmedi ately pre-expanded using steamto
a bulk density of 30 kg/m 3 so that pre-expanded beads were obtained. Then,
the pre- expaneedifeads were subjected to nolding in thePsame2008017673 as in
Exanple 1 to obtain an expanded nol ded article. The same nol di ng machi ne as
in Exanple 1 was used for the nolding. The obtained expanded nolded article
was a nol dedarticle having voids. The void percentage, bending strength,

sound absor.ption .coeffdcie hem i h j
expandec t%%é‘?i Wt o S fre) FACHRO Gy b e AP
e dianeter o i di. i . c 14 i
sur' ace régfslﬁ:_rm‘?pﬁféﬁééﬁﬁg{ Sagrbnthe i A bR b it he T e
particles o ig. 4, , d i i i
Panner ¢ hatas i LaHEhE00D- 3 ROTOH 14 EFBLCHI CBHE (B0 AT §a WAtHra bR ant | al 1y

equal . The dianeter of each particle was nmeasured fromthe tracing of Fig.
5 and it ®ad BohTRAYES fream e cgaterkl e diameters were in the ragge of °

0.06 Mmmto 0.4 mm Exanple 3 Modified resin beads re Qbtained in the sane
manner5as in ExanﬂleatQeﬁp@é&ablfabe'a@ﬁomféembtﬁ@e\&éﬂuﬁé‘%tstﬁ‘rlﬁﬁ by Sumitonp
Chem cal Co. Ltd. (melting point:

manner as in Example 1. In the obtained expandable beads,

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 pm 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 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 0.5 seconds and (4) both-side heating for
2 seconds were sequentially performed. After the heating, the

20 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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117C, crystallization peak tenperature: 108 C, nelt flowrate: 1.5 g/ 10
mn. , density: 0.9 15 g/cm 3, and nol ecul ar wei ght distribution (MvV M)
2.5) was wopb@ymss4das the |inear | ow density pol yet hyl enechasadsnesin. The
di spersion state of styrene resin in the obtained nodified resin beads was
observed by the TEM The styrene resin was dispersed in the form of
particles, and a dianeter of particle was 0.05 mmto 0.3 mmin a surface
region (an areawithin about 5 mmfromthe surface) and the styrene resin
was dispersed in the formof particles, and a dianeter of particle was 0.1
mmto 0.5 _ mMmin_a center region (an area within about a 5 mmradi us from
t he cent eIE)X.a ?,4 expandabl e beads were obtained in the sanme nmanner as in

Exanple 1. In the obtained expandabl e beadgﬁ,y t he fltcyrfe e resin was
di spersed in the FgonebiepEde,es00RATLS PYalEtert & piF SPEPE was 0. 05 mm

For m of pHRGt Y- AnB sk PaREe YoM RAS] STEL A WA AICLOREIRIA n o'
center region as in the case of the above-nentioned nodifie i n beads.
The expandai2® mbweigthéﬁp@nd@&idmPtaﬁélcéﬁﬁe(Fr?éﬁ)rféra%g é?Exarrpl e 2
to obtain pre-expanded beads. Then, the pre-expanded beads were_ filled into
a ol d of pantsl by ngeigicthohealamenesferd. stidaenfacdatpekseapensites 0 vPa, (1)
e 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 Exaﬁiple 2 except that the
obtained iron oxide-containing polyethylene-based resin beads
were used.
15 The dispe1.”sion 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 pm 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

25 manner as in Example 1 to provide an expanded molded
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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
sequent i avbyo@eansapmed. After the heating, the nold waspaatiezoosooiced to
obtain an expanded nol ded article. The obtai ned expanded nol ded article has
voi ds. The voi d percentage, bending strength, sound absorption coefficient
and chem cal resistance of the obtained expanded nol ded article were
measured. The.results are shown in Table 1. Exanple 4 Into an extruder, 100
parts by @& ﬁﬂ?‘of the sane linear | owdensity pol yethyl ene-based resin as

that of Exanple 25 rts by weight. of iron oxi rti ( ) and

0.5 parts by wei é'ﬁlfleo‘?gf%ﬂr’(? F‘é’af‘%g‘?dfﬂghflgcgo%ﬁé‘g% \P/\%ss {r’rgcféed and kneaded,
and then granul ated by under water cut systemto provigde oval (egg-shaped)
bl ack- col 5oéd PRTSEHEPnRCBLsRE $fé§rlr$t§ea°d%‘.m€i1h% A0EPHEE wei ght of the

pol yet hyl ene- based resin_beads containing i oxj de. was 0.7 . ;Modi fied
resin bea@@eéﬁﬁlmbmmf@fﬁé‘a@sr?\%lrséaél@teai)ﬂggei #Y%%ﬁﬁg%ﬂ%‘%‘? as in

Exanpl e 2 except that the obtained iron oxide-containing polyethyl ene-based
resin beadsohded artédle Wesedingparwiash silhesesulty W@ngh?ﬁfé} #I’HXP%E

obtai ned nodi fied resin beads and expandabl e beads were observed by
1.

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-based 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 the

25 styrene resin in the form of particles, and a diameter of
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the TEMin the same manner as in Exanple 1. The styrene resin was dispersed
in the formof particles, and a dianeter of particle was 0.05 mmto 0.3 nm
in surfaceonegioasvand the styrene resin was di spersed POTUREOS/OIGTOf
particles, and a dianeter of particle was 0.1 nmto 0.45 nmin center

regi ons. The expandabl e beads were pre-expanded in the same nmanner as in
Exanple 1 to obtain pre-expanded beads. Then, the pre-expanded beads were

subj ected to | di ng jn,th . i i
Sé?ﬁ”ﬂifcfﬂrﬁ%&w } .-”1%1? i@@ﬁ%ﬁ%&giﬁ%%ﬁe%?%‘é%ﬁaﬂ (1ol b has vords. The
: ndi ng strengt i £ Gi
_(I:_Een‘i cal I resi gt an’EEeo‘?X ﬁ@d@ﬁ{qgitﬁ%?iaggvggﬁ%g%%ﬁg%lgégmg%ﬁl%: @%%éﬁﬁgasured.

e results a in Tabl i - -
b0l yet hyl ERaNBEseAS s KBRS lnip OB RES TP EHE C e Ranel Pag: o O o

Exanpl e 4 except that 3 parts by wei ght. of carbon b kK particl
i nst ead ofthenpreraspanded paprdscyese %@%ﬁéaab% %l@'ﬁtg E’F ﬁésgi?%ﬁ:]e Hsed

bl ack- cont ai ni ng pol yet hyl ene-based resin beads was, 0, 6 dified resin
beads Ber enebrmmes im Biamgdeel fapavide AR @%Eﬁﬁ'{d@dlr%w that the
obt ai ned car bon

article.

The 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 séme 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 pum from the surfaces)
and the styrene resin was dispersed in the form of particles,
and a diameter of particle was 0.05 pm to 0.5 pm in center

25 regions (areas within about a 5 pm radius from the centers).
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bl ack- cont ai ni ng pol yet hyl ene-based resi n beads were used. Then, expandabl e
beads were obtained in the same manner as in Exanple 1. The di spersion

st at es ofwetgoensaspesin in the obtai ned nodi fied resin peads2msdi7expandabl e
beads were observed by the TEMin the same manner as in Exanple 1. The
styrene resin was dispersed in the formof particles, and a diameter of
particle was 0.06 mmto 0.3 nmin surface regions and the styrene resin in

the formof parti,g]es, and a.di aneter rtic 5 min
center E;egi Ions.1 T’ﬁféeg?ﬁﬁﬁﬂﬁl@ltﬂe&é%%‘gsm‘gégg ﬁr’g:égg\gg@eegd ijﬂr}%éegggnrrg manner
as in Exanple 1 to agbtain pre-expanded.beads. Then. the pre-e ed beads
wer e Zugj é%lﬂgéld@croaﬁﬂl‘ﬂ?ﬁ%@‘gﬁ?? hﬁl%g AHRnRET P aﬁsgg‘gl ?fgﬁ%?ldvi de an
expanded nol ded article. The obtained anded, nmol ded. articl.e was a nol ded
a[) ticle hahiengredixrandggd b@ﬁésp%fﬁéérﬁl%ﬁi&sanm @Oﬁcf%@?ht,hesaaﬁae
absorption coefficient_and chem cal resistance of the obtaj ned expanded
mol ded ar tthelnmerens ie Exara@le Thdorreqnide ancCERBRLSHh ™ eéiel. E)F:arrpl e 6
Modi fied resin beads and expandabl e beads were obtained in the same manner
as i n Bxamutecle.except that the anmounts of styrene nononer and
a- nmet hyl st yrene nononer

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

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 styrene 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 pym in
surface regions (areas within about 5 pm from the surfaces)

25 and the styrene resin was dispersed in the form of particles,
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were 95 parts by weight and 5 parts by weight, respectively. The dispersion
states of styrene resin in the obtained nodified resin beads and expandabl e
beads werwoabses«d by the TEM The styrene resin was dipepapraosioina’d he form
of particles, and a dianmeter of particle was 0.04 mmto 0.2 nmin surface
regions (areas within about 5 mMmm fromthe surfaces) and the styrene resin
was dispersed in the formof particles, and a dianeter of particle was 0.05

mmto 0.5 in.center region areas t hi b 5; i.us fromthe
centers). @xﬂ%ﬁﬂ‘&g% Oggel%aga\ﬁi‘? é”?ﬁewelxﬁggégdeiﬁl t eug?r?rer&%gnner as in
Exanple 1 to, obtgin pre- anded heads._ Then,. erexp eads were
subj ect edr?81%$3?lﬁ g?ﬁ"”ﬁ Nsg lﬁa% Prgsra}%ltggﬂ%#etﬁet%&gf%fyde an
expanded nol ded article. The_qbtai ned expanded nol deff(gﬂ“it@}'e %an%evoi ds.
The voi d per cent aje¢ GepRmAgie ReAER, Webt M Cai8BARGSh 1Bodts P& eRt and
chem cal resistance of the obtained expanded nol deg aréi cle we,hg measur ed.
The resul rsaanersasiin Examaple 11 tombiainePre bR RE6% BERAShealE her e

obtained in the sanme manner as in Exanple 2 except b&at t he _amounts of the
first &ndthecpne-estyaedednbaadsr wenerslBEGieF: &0 BRolinghindhif 88 Barts by

wei ght, respectively, t-butyl peroxybenzoate was used
manner as in Example 1 to provide an expanded molded

article.
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 .resin 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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as the polynerization initiator and the polynerization tenperature was
115C. Then, expandabl e beads were obtained in the same manner as in Exanple
1. The diwpen@ims4st ates of styrene resin in the obtai nedTapzhiosHed7x esi n
beads and expandabl e beads were observed by the TEM The styrene resin was
di spersed in the formof particles, and a dianeter of particle was 0.05 mm
to 0.4 mMmin surface regions (areas within about 5 mmfromthe surfaces)

d the st i di ' : [ di t
of par 11 cPECLRBeCST TR o0 WS obERp e SPOHTERorPE R AT Dou a6
mm r adi us f b t ._Ih d - ded in th
came mann@iiad HREERR HATBS e P Bobarige DUe: SRt the |

- ded, bead o] dt | di i h [

Beanpl & 1768 R oV FaeAR 1 Bl HARA ot dedrar 11 e BE S Skpanded

nol ded article has voids. The void percentage, bendi strength, sound
absor ption coef f i ERerfixpaada ﬁﬂ%%ﬁlg?é’g?%? @éeﬁpaﬂ‘f&%ﬁ?aﬁhéaaﬁﬁanded
mol ded article were neasured, The results are sho i_n Taal e Exanpl e 8
Modi f i 2d meshmeseasdnnBxempleilnéd let&tlﬁe%%@‘%m@ﬂ heads- exihsre 7
except that the inorganic nucleating ) )

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 12 seconds, (3)
other-side heating for 0.5 seconds and (4) both-side heating for
10 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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agent added was silica, dicunyl peroxide was used as the initiator and the
pol ymeri zation tenperature was 140 C. Then, expandabl e beads were obtai ned
in the sawenewsem9as in Exanple 1. The dispersion stat@esToP2wsytierne resin
in the obtained nodified resin beads and expandabl e beads were observed by
the TEM The styrene resin was dispersed in the formof particles, and a

di aneter of particle was 0.03 mMmto 0.3 mmin surface regions (areas within

about 5 mmfromt surfaces)and the s i i i

form of particl es’FESn 1SPiS %‘r@tsé tgfs %%%wlgﬁe%é %é%@;t%%{%%%dm% ;[ Ee
center regions_(areas wthi,n abqut_a 5 r adi f t .
expandabl @Qéa@égv&ﬁsén\m:’ﬁag)?p%ﬂae?ixi)ﬁnidgeglggtﬁrlﬁgarﬁn‘rﬁ ?éé)lsi?sleﬁl%gcgkgl) e Ih'?o
obt ai n pre-expanded beads. Then, t.he“pre- exgande .beads mere filled into a

mol d of athel GFAd. nebREEYTSRE 1RS M)A ASRETSCH B ET dO0F 6T08 MPa, (1)

mol d heating for 7 seconds, (2) one-side heatin 12 ds, .
ot her - si deoamsacliesy Frd @ Bageiside! praticly ‘Haﬁhgsé‘géﬂﬁe"a‘?sﬁén}%‘ 1%‘3)5

seconds were sequentially performed. After the heating, the nold was

wat er - Boolsarrfaceatrgiomsatarpgsandtbinng gt ar vire| fépnTﬁgeoBFéf%f‘e%P expanded
nol ded . article has voids. The void percentage, bending strength, sound
absor pti omdatfd sterdnamrdsithenis alispssissdaie dhef farm ohparti&desxpanded

and a diameter of particle was 0.05 pm to 0.5 pm in center
regions (areas within about a 5 pm 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 expanded
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 dicumyl

25 peroxide as the initiator, the temperature of the reaction
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nol ded article were neasured. The results are shown in Table 1. Exanple 9
Modi fi ed resin beads were obtained in the sanme manner as in Exanple 2
except t hao 2000334wuUnts of the first styrene-nononer an#Crhe2®somats
styrene-based nononer were 120 parts by weight and 80 parts by weight,
respectively. Then, expandabl e beads were obtained in the same manner as in
Exanpl e 1. The di spersion states of styrene resin in the obtained nodified

resin beads and expandabl e b e .

r esi (I’)l \8/23 Sé'isgﬁg}% Siqﬂwt‘ﬂgdf g@%aoﬁ'ar '?)Ib ?@é?ﬁ%@é%%ﬁg%ﬂh&ép rlte ingl e
was O. mmto.Q.3 mmin.surface,.regi -1 [l t f h
su(rjf acets) pfrﬂ(cﬁ’xtla@ %?l)?r é’r?éypbesrilﬁa%?gbﬁ%qg%écgégﬁﬁssn\gtlﬁgb&oﬁ?%fs%gm cIr g;n’ t aﬁd
a dianeter of particle was 0.05 to 0.5 ' t '

i hi - abGUAFt BV HEHER 68 4 PORITHE TBRRCZRE (OTRES BREGUSEP G Bkads. wer e
pre-expanded in the sanme rranngr as in Exanple 1 to obtain pre-expanded
beads. Th(ﬁ’ﬁyrt;(‘}é %}@Wﬂdég BeSERO R rE VL ERCe MU ng i n the sane
manner as in Exanple 1 to provid d | ded i cl [
expand5d. msiniga e ol dxARP ool THRC G o Bet CRH B0t BRRATTRS ot rongt h.

sound absorption
polymerization at a rate of 50 parts by weight per hour so that

(sec‘ond) polymerization of the second styrene monomer took

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 pm 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 um in center
regions (areas within about a 5 pm radius from the centers).

The expandable beads were pre-expanded in the same

920 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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coefficient and chem cal resistance of the obtained expanded nol ded article
were measured. The results are shown in Table 1. Exanple 10 Mdified resin
beads werwoabeisaad in the sane manner as in Exanple 2 extaprooforicthe
following. 50 parts by weight of a styrene nononer was used, and after
(first) polynerization at 135C using 0. 19 parts by weight of dicunyl
peroxide as the initiator, the tenperature of the reactionsystem was

| owered to 1 C.0.30 rts. by, wei. i '

pol yner i tzﬁppgﬁc}‘?ﬁtt ?Qtdogg\fégl 1s]§e(ﬁlgg%n|8% %S@H%?i%ﬁgl?&mg?g%?l%da styrene
nononer to p re a.second styrene jmon r S r

cont i nuouéﬂl?{(ﬁ‘?‘gﬁﬁé}flpnﬁmr?ﬁé‘eta@é’gteidm ig;l%uﬁ%ﬁﬁo nge"éﬂ}(ﬁzs ﬁggiag/%?rg;t :Ng?]
at arate of 50 parts by weight per hour so that (second) polynerization of
t he second-styr ene nononer took place while the resin beads were
inpregnated with the second styrene nononer. Then, expandable beads 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
wer e obseBsaimplet he TEM The styrene resin was dispersed in the form of

particles, and a dianeter of particle was 0.03 mmto 0.3 mmin surf
regi ons (areas w Mudifisbuesén rheddowereobipineddy the same arace

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
10 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
15 the TEM. The st.yrene resin was dispersed in the form of
particles, and a diameter of particle was 0.03 nm 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
20 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

25 article.
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and the styrene resin was dispersed in the formof particles, and a

di aneter of particle was 0.08 mMmto 0.4 mmin center regions (areas within
about a Swormocaddas fromthe centers) . The expandabl e lpeadB20080E673
pre-expanded in the same nmanner as in Exanple 1 to obtain pre-expanded
beads. Then, the pre-expanded beads were subjected to nmolding in the same
manner as in Exanple 1 to provide an expanded nol ded article. The obtained

e e
ot e Toldinin o SO P S e 20Ty
tde ng;gfifitﬁ?i&?i%?ﬁ%nﬁ%lt 5%?1‘_36? Sﬁtiﬂgjésoﬁméé%r%{?mxﬁg%?g%%t. Then,
hours. Thenolded %réiﬁﬁér‘éfﬁgﬁgf%ﬁ%;s{brm -2(ro S?%%hftce?da%ga? 0&@3{3&@2%15“ ggags.
The di spersion states of styrene resin in the obtained nodified resin beads

and ex@andabl e beads were observed by the TEM The styrene resin was
di spersed in the form of

Comparative Example 1
Modified resin beads and expandable beads were
obtained in the same manner as in Example 1 except that
10 trade name “TUF—2032” manufactured by Nippon Unicar
Company Limited (crystallization peak temperature: 1 13°C,
melt flow rate: 0.9 g/10 min., density: 0.923 g/cm3, molecular
weight distribution (Mw/Mn): 4.5) was used as the linear
low-density polyethylene-based resin (LLDPE) prepared by
15 usinga Ziegler—Nétta 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 pm to 0.15 pm in
surface regions (x12,800, areas within about 5 pm 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 pm
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particles, and a dianeter of particle was 0.03 mmto 0.3 nmin surface
regions (areas wthin about 5 mmfromthe surfaces) and the styrene resin
was di speweedodasssdbe form of particles, and a di aneter efCTpazwselre7avas 0. 08
mmto 0.4 mmin center regions (areas within about a 5 nmradius fromthe
centers) . The expandabl e beads were pre-expanded in the same manner as in
Exanple 1 to obtain pre-expanded beads. Then, the pre-expanded beads were

subj ected tq.molding . .in the, sa i . i

expandec aa?aea Ep?gt_#lee. A el i L Bie ST P e

voi d percen e, bendin tr th, d 1 47 ff.l.cq

_(I:_Een‘i cal I {Sé’é‘?gf)ﬁrﬁfgl‘éip gﬂé %ﬁlg?%éﬁg&%gﬁgﬁieo%g{)gggegﬁeqSz:lhgbg\é[rjegpn%asur ed.
e results are shown in Tab 1, Co i Ex le 1 Modifi i

beads and S&QERIEbIFAEHLIAR ?‘e% thrgigg’gr%‘l??\ig’he 2gpneerran$rl ;!se?nrg(;gpl e 1

except that trade name "TUE-2032" manufactured by Ni n_Uni car._Conpan

Li ni teg (cryst al | ThatsxpapeablednprdatWeee Wﬁeéi/’aﬁéf‘%)‘?flpo ‘?ftaét.legPQ é/ 10

mn., density: 0.923 g/cm 3, nol ecul ar weight distribufio My, Mh): 4.5

was uskd asavmen apdar Exampdasl t9 Jotaia: Hyﬁeﬁ?ép%ﬁgégi i’@ (-( Lﬁbﬁé’ :

prepared by using a Ziegler-Natta catal yst, the polynerization tenperature
e

the pre-expanded beads were subjected to molding in the sam
manner as in Example 1 to provide an expanded molded
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/cms3) 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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was 119 C and the anobunt of styrene nononer added was 185 parts by weight.
The di spersion states of styrene resin in the obtained nodified resin beads
and expamsehb@/i3eads were observed by the TEM The styr eqe/JPE®s/Nes

di spersed in the formof particles, and a dianeter of particle was 0.05 mm
to 0.15 mmin surface regions (x 12,800, areas within about 5 mmfromthe
surfaces), but dispersion of the styrene resin particles was not observed

and the styrene_resi rticl.es.was, the ni | i n regi ons
(X1 2, 800, (SRERS GPEHY P LBt Ao B B AR o Fook PHE "HERRE: bf cheTRTA
cross-sectional gi tures (ﬁf t he surface region and center region of the
modi fi ed FESIR PeadSaVash&wrEn Fig. 6 and Fig. 7, respectively. The

expandabl e beads re pre-expanded in the f(ane manner as in Exanple 1 to
obt ai n pre- expandé@Fealsd PRHEH, Y%e‘&r}’g:-g PRRA8EEShals were subjected to

mol ding in the same_nmanner as in Example 1 t rovi de an expanded nol ded
article. HEreapaspbdteadd 43 mré%i%@g}tﬁpﬁg S\?&éu&’)t ai ned. However,
the nolded article was poor_ in bending strength as conpar edbto t he nol ded
articl 5 oitedeeylhenmaepnonatehweysidispersss: By OParftaPEWeh, sound
absorption coefficient and chem cal resistance of the obtained expanded
nol ded ar tofcwateert® obdsin ed madhiaimefan dispersion.
| In the dispersion medium, 100.5 parts by weight of the
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
monomer.
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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shown in Table 2. Conparative Exanple 2 100 parts by weight of an ethylene
/vinyl acetate copolynmer (hereinafter referred to as EVA, manufactured by
N ppon Umnwoanodiosqaany Linited, tradename: NUC 322 1, vimgirJazesetrerxont ent:
5 w% nelting point: 107 C, nelt flowrate: 0.2g/ 10 min., density: 0.92
g/cm3) and 0.5 parts by weight of synthetic water-containing silicon

di oxide were fed to an extruder. The feedstock was nelted and kneaded, and

t hen granul ated by under wat t ' =

resin beadl! e r%eaoaasrm@%?‘éé%coffﬁit%@ﬁsﬁ*%% i s
.8 parts wei ght -of. magnesi um pyr.o : b I gh
so;:li umt do&ﬁ?’ﬂ%ﬁﬁ}bﬂgs‘@r ?ﬂa?geﬁé:%orags&gg?g%%ﬁwtbgl pir Pgr E))S/ V\gi \é\ﬁ![ 901E °
water to obtain g medi ' ion,, | he .dj ' '

o ce by Sovge PR B el RS Reh Bal NG ERRAb, T 100
wat er - cont ai ning silicon dioxide were dispersed.to. obtain suspensi on.

Fur t her notBe $edengshaeme ROYATTF Wa ST BNy 6k d&CS8TE pol yneri zati on

TonomeB 1 GV BpRFEALIank Bihige §PenEVHDABRER DRSS VERTR TS e
wat er - based nmedi um
with the monomer.
The dispersion state of the styrene resin in the

obtained modified resin beads was observed by the TEM
(x22500 in a surface 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 pm 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 aﬁd 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 vbeads 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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containing the EVA resin beads was adjusted to 60 C and the styrene nononer
was added quantitatively to the nediumover 30 mn. Then, the resulting
m xture wWaO 284a/a3843d for an hour to inpregnate the EVA r esrarmesdsew t h t he
styrene nononer. Next, the tenperature of the reaction systemwas raised to
85 C and kept for 2 hours to polynerize (first polynerization) the first
styrene nononer in the EVA resin beads. Subsequently, 0. 19 parts by wei ght

of di cunyl__peroxi de .as.a _pal ri.zaty] i Qlti I I kh 240

parts by’ m?awteroesénsmg%héﬁéﬂf%noﬁ%%i%@égé%ﬁnﬁéééﬁéX?%ﬁam The
econd styrene nononer s, dr ed_contd |y, 1 / . { | uti

of the 11 ¢5€ BB yritradf SheRASIEEs & WP T Yo dRBRIEIS R bR U "
a e second styr.ene non l. i zed d i i

whi | t he TEORMGoRY 150 BISTRBNE | BrRitt Baty ChP RIS RBRI®! The “di sper si on

state of the styrene resin in the obtained nodified resin beads was

observed Wticﬁé-TEM (x22500 in a surface area, xI 2800 in a center region).

The styrene resin was dispersed in the formof particles, and a dianeter of
particbe was grealhe expantaednmaldeatk 3§Lt1¥cf1§c1éa?’§'§$ JP188WaSea within about

5 mmfromthe surface), and in the center region (an area within about 5 mMn
radi us frabtdieed. However, the molded articlge 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
10 of the obtained expanded molded article were measured. The

results are shown in Table 2.

Comparative Example 3
Modified resin beads and expandable beads were
15 obtained in the séme 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
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center), the styrene resin particles were not observed in particulate form
and instead, were in a continuous state. The cross-sectional pictures of
the surfawe wegidenvand the center region are shown in FipgTIB2@801767y. 9
respectively. Then, expandabl e beads were obtained in the sane manner aé in
Exanpl e 1. The obtai ned expandabl e beads had the styrene resin dispersed in
the formof particles, and a dianeter of particle was greater than 1 nmin

f
2 o T a0e L $9:00 % L 602 Ll e AR cHNLRd ihsbaybsadas |0 o

?gpﬁne;nd S par S were not observed in particul ate
wer.e | nuous an Heads

Er eaexp_?_ﬂéeﬁr??s‘tlﬁ% Oéa%i?ai‘ﬂg éﬁ%ldeﬂ}g@eg tgal gﬂgég‘) expand\tlavgr ©

eads. en, the pye-expanded re su g e same

manner as Bow § &%ﬁ&é@%‘?‘g l%é) (ﬁrgltgﬂaq C%‘ﬁeﬁgxpanded

nol ded article havi ng VOi ds was obt aj ned. . Howev the nol ded article was

poor in cherried fesiaekhae ﬁﬁallge‘ﬂﬂtﬁ’& ePEaHYE % as conpared to the nol ded
article obtained in Exanple 1. The void percentage, bending strength, sound
absorpbi on coefficient and chem cal resistance of the obtained expanded

mol ded article were neasured. The results are shown in Table 2. Co
Exarrpl e 3 Comparative Example 4 npar ative

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

95 the initiator and the polymerization temperature was 130°C in
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Modi fied resin beads and expandabl e beads were obtained in the sanme manner
as in Exanple 1 except that the anount of styrene-based nononer used was 10
parts bywsOghte/033dae di spersion states of styrene resin ipaTURBOSDI7&TNEd

nodi fied resin beads and expandabl e beads were observed by the TEM The
styrene resin in particulate formwas hardly observed in surface regions
(areas within about 5 nmfromthe surfaces) and styrene resin in

particulate formwas not o r i t ! i.thin about a 5
nm r adi usrtﬁfjo%‘?ctch% c%ﬂ?’é?gﬁi%ﬁlgl I nﬂﬁlg{;(lf %rﬁr{]agg%g?g? &géd eX|?)}?';¥!r1It abl e beads
wer e i mmedi at el yf.ed a pre-expandi ng machi disteam were introduced at
a pressur@lb&a”@.XQZl St PG %]énﬁﬁé%gr} & beads, however, hardly

expanded and pre-expanded beads that can, be adapted .for, nol.di uld not
be obt ai ned. ConpH ﬁtcﬂ\ﬁé’e@ﬁé%l%t el§e%€ﬁt¥)%%}a%r e I&E%?noe%ﬂ%qglet e sane
manner as in Exanple 1 except that the a un% of, the initiator ﬁsed was 1.0
parts by wepghicdmesispbapdsPREsEHPBE EoPFATRUCES IhHE VA IM of fine
powder other than the nodified resin beads. The fi.ne I_E%::)\ﬂer s styrene
resin powdbe BEMit The sjanenst eesiaudas dpRCLISH dRethoriBRE %Bei ng
pol ynmeri zed before the inpregnation of the inside of the resin beads with
t he’ monongrartkaest, lrsd reedéame tetreop playsidlgl waS-RAE T ERR LoliPdiot be
| 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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nodi fied with a desired amount of the styrene resin. An expanded nol ded
article for the evaluation of physical properties could not be obtained
since t hewbizne/asi cl es hindered the fusion of the expaodoedosatsrat the
nol di ng. Conparative Exanple 5 Mdified resin beads were obtained in the
same nanner as in Exanple 7 except that benzoyl peroxide was used as the
initiator and the polynerization tenperature was 90 Cin the first

pol ymeri zation and di cunyl peroxi.d bRkt at dt
pol yneri z Fpgﬁy?é?ﬁre%ﬁ&r%%gsfgogﬁw@% E’Z&g%g%ngﬁglorgﬁelr ?zg{i 22. Tﬂgn,

expandabl e beads .were obtained.in the s manner as in Exanple 1. The
di spersi oR® 1”5’(%@231{10& ??%’r%erraéﬁrﬁ W%‘St ﬁgegbt ai ned nodi fi edmr)esi n beads and

expandabl e beads e observed by the T, The i j

: 2 tshefform of pa\rAﬁ?EI PEREPR 'aéﬁét%f%r%? tsrlg)épgq\%agﬁér&%?let Zﬁerlsrenqn
urface regions (areas within 5 nmfyr t.he rf i

(areas wi treAIAed HeHANSbaAAs RMACEPR ec%ﬁ?égs‘ygfg‘sﬁ%&ggggﬁ glrergg:aggs

were pre-expanded in the same manner as in Exanple 1 .to .obtai re- ded
beads.5 Théhe TEM pr élleg piyaes e W%dé%ja’é%‘?‘idntgl%f’aﬁﬁ?i ﬁ t hgxggnrree

manner .as in Exanple 1 to provide an expanded nol ded arti cl
particles, and a diameter of part1pcle was greater than f'pm in

surface regions (areas within 5 pm from the surface). A part
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 expanded 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

95 manner as in Example 7 except that dicumyl peroxide was
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The expanded nol ded article having voids was obtai ned. However, the nol ded
article was poor in chem cal resistance and bending strength as conpared to
t he nol dewloantd/sBa9obt ai ned in Exanple 1. The voi d percenragzos/heati ng
strength, sound absorption coefficient and chem cal resistance of the

obt ai ned expanded nol ded article were neasured. The results are shown in
Tabl e 2. Conparative Exanple 6 Mddified resin beads and expandabl e beads

bt ai ned, i n the . i . |
vere obl et k0 boe AR IFIGE % R FALA L et sple thatkensat
90 C. Th | sper.si f at f st : i i A dified i
R LRI SR ML S Bt o R
d spersed L1 e Lotm ol RartICLos A0 m LIRS ok barl) Sk orealer

of the styrene resin was in a_continuous stql;he in center .regjons (areas
within ab@R GiB the segoisd Podwmerdzabieter s) e EXR beﬁggds wer e
pre-expanded in the sane manner as in Exanple 1 _to obfain pre-expanded
beads. 5Thevere lobtpinedxipnibieds vedmaRAET biREZaMBISYIding in the sane

manner as in Exanple 1 to provide an expanded nol ded article, .
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.
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The expanded nol ded article having voids was obtai ned. However, the nol ded
article was poor in chem cal resistance and bending strength as conpared to
t he nol dewloantd/sBa9obt ai ned in Exanple 1. The voi d percenragzos/heati ng
strength, sound absorption coefficient and chem cal resistance of the

obt ai ned expanded nol ded article were neasured. The results are shown in
Tabl e 2. Conparative Exanple 7 Mddified resin beads were obtained in the

same nann as in Exanpl e 7.exgept that dicunyl peroxide wasused as the
initiator DEfE UG %??é?ix%n tenperature was 130 Cin the first

pol ynmeri zation a benzoyl roxi de was . L ni tiator t he

pol ynerization t Braﬁ’ccf%@eﬁgg ¥ Qﬁ%?%%%%ﬁéh%%‘% y%r?etl#llézrglﬁrgrger Then,
expandabl e beads were obtained jn the,.sa manner_as i l.e 1. The

di sper si ofssttatesaBiPle; | rasing éb?nmi%ilflﬁgﬁiﬁg? %&c?‘fﬁ)&;%ftf%ggge% n beads and
expandabl e beads were observed by the TEM The styrene reéi n %S di sper sed

in the forﬂﬁ&lﬁimérlpcﬂ’&?x@t@@@é%%@&s YeT5aPTe G IRECG EREBP than 1 mm

in surface regions (areas within 5 mmfromthe surfaces), .. The styrene
resin Bas same m@nmm@@slrgt%x@rrimecbﬁpeﬁag}i%ﬂi cIH?'F&P@é@‘W ]E;rﬁarﬁf%bout ab5

mm radi.us fromthe centers) . The expandabl e beads were pre-expanded in the
sane mann&has, theBunersxpandeddbeada weee dilbad dadoraaeld Beq,

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
10 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
15 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.
20
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

95 continuously into the reaction solution of the first
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t he pre-expanded beads were subjected to nolding in the same nmanner as in
Exanple 1 to provide an expanded nolded article. The expanded nol ded
article haoi2ng/036i4ds was obt ai ned. However, the nol ded &ctrijeresmers7poor in
chenical resistance and bending strength as conpared to the nolded article
obtained in Exanple 1. The void percentage, bending strength, sound
absorption coefficient and chem cal resistance of the obtained expanded

nol ded article were, neasured. ~The resul r i I ti
Eéflgpl tehgp -‘gl_&ﬁtfég?g%]_egéfg?\(/j\leq %?Eg'ar gtc}.? ?ﬁ’? sarr%bg%‘:l:lt;%lé%ircIas aé’eigﬁan)e(‘;?rp: \e/el
wor 6 pr o- BRLRHOES 1 RS SRR HPHEF 55 rEEAEMRIE 11 o abt Al n pre- expanded
beads. Then, the e- expanded beads were, filled into a I . -I d_pan ©
rochne. e uel ok BT PR Bt o8 el Yy TR et o
, ; ing far sec S t her -.si de h j

seconds amaogificdranigy E@aﬁéa%nﬁge’FBﬁn%@%ggc%ﬁéé)svﬁ%ggoelzsﬁljeerﬁlteldgﬁyyng for 2
performed. After the heating, the nold S vvater-coojtedflo obt.ai n an
expanded wbedEEMy tiEhe stgrase reminopias AeePeLPeAdodtho 158 &t cl e had

smal l er voids, the sound absorption coefficient thereof S .
particles, and a diameter of particle was 0.07 pm tt\)NaO.4 pm in

surface regions (x19,300, areas within about 5 pm from the
surfaces), but in center regions (x19,300, areas within about a
5 pm radius from the centers) the particulate styrene resin

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

The obtained expandable beads were immediately -

15 pre-expanded usiﬁg 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

61



poor as conpared to the nolded article obtained in Exanple 1. The void
percent age, bendi ng strength, sound absorption coefficient and chem cal
resi st ancwoabogidse44obt ai ned expanded nol ded articl e wer e PaEABRIEA176The
results are shown in Table 2. Conparative Exanple 9 Mdified resin beads
were obtained in the sane manner as in Exanple 2 except that the amount of
the second styrene nononer was 834 parts by weight and it was dropped
continuously intg t react | sol uti o : 5rs&QPiNMBELGRhLON over 10
hour s. Tth#ab]?(ﬁgnda P@"ebveegds?\ﬁe%&%e[%ia%fg 1?5”%Eeﬁsarréﬁrranner s in
Exanpl e 1. The di spersion states of styrene 1N _§ ?gﬁ t ai ned nodified
resin bea§§r%ﬁgé>€g%ﬁ8gbpﬁr%€§&’st%rné‘c%‘gggr%/tgtgaoegopﬁgi qgThe styrene
resin was_dispersed in the fqQrmof particle

...and i t ticl
12 bas dspensel | e Lo ol RerlCleRy G AMAR hyah pericle
[rom e Suriaces): vl SenLer regLons, (L0300 REs LDLRgbou @ 5

continuous phase and as a result, the styrene restlg%par | es had a

tl
parti chbe exmeneedgnedded arfialowenennetitédss- trleéHéES B ures of the
surface region and the center region are shown in Fig. 10 and Fig. 11,

respect i vahowiihin dlstldien2d expandabl e beads were i nmmedi atel y
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pre- expanded using steamto a bulk density of 20 kg/m 3 so that

pr e- expanded beads were obtai ned. Then,
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center region within a 5 nmradius fromthe bead center. 2, The expanded
nol ded article of Claiml for use as a material for autonobile interior,

aut onobi Iwopasams3and construction parts. 3 . The expandedTmpruedi7articl e of
Claim1 having abending strength of 0.3 MPa or greater.

In Tables 1 and 2, PE refers to polyethylene, SM refers
to a styrene monomer and qoMSM refers to an a-methylstyrene
monomer.

The invention thus described, it will be obvious that

5 the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, 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
September 22, 2004, whose priory is claimed and the

disclosure of which is incorporated by reference in its entirety.
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Claims

1. 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 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
polyethylene-based resin beads with a volatile blowing agent to
provide expandable beads, pre-expanding the expandable
beads and then subjecting the obtained pre-expanded beads to
expansgion molding,

the styrene-modified linear low-density
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 sﬁrfacé
region within at least 5 pm from the bead surface and in a

center region within a 5 pum radius from the bead center.
9, The expanded molded article of Claim 1 for use as a
material for automobile interior, automobile parts and

construction parts.

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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