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STYRENE- MODI FI ED LI NEAR LOW DENSI TY 5 POLYETHYLENE- BASED EXPANDABLE RESI N
BEADS, PRODUCTI ON METHOD THEREFOR, PRE- EXPANDED BEADS AND EXPANDED MOLDED
ARTI CLE [ Technical Field] 10 The present invention relates to
styrene-nodified linear |owdensity polyethyl ene-based resin beads,

styrene- m)g‘q\fdlﬁg 41 peAD dounpangi Sy ceoliyetiyl ene-based expandable resin
beads, production nethod therefor,” pre-expanded beads and an expanded
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generally as a packing terial owng toits high elasticity and

excel lent Gy y AENITRICH S PR AL RN NS ARG Nk IR ErbasRg resin foam 20
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PRODUCTION METHOD THEREFOR, PRE-EXPANDED BEAD®S

AND EXPANDED MOLDED ARTICLE

[Technical Field]

10 The present invention‘relates to styrene-modified
linear low-density polyethylene-based resin beads,
styrene-modified linear low-density polyethylene-based
expandable resin beads, production method therefor,
pre-expanded beads and an expanded molded article.

15 | |
[Background Art]

A polyethylene-based resiﬁ foam is generally used as a
packing material owing to its high elasticity and excellent oil
and impact resistance. The polyethylene-based resin foam,

20 however, has weakness that its stiffness and compressive
strength are low. On the other hand, a styrene-based resin
foam is excellent in stiffness, but has a weakness that it is
brittle.

To overcome such weakness, Japanese Examined

25 Patent Publication No. SHO 51(1976)-46138 (Patent Document



52(1977)-10150 (Patent Docunent 2), Japanese Exam ned Patent Publication
No. SHO 58(1983)-53003 (Patent Docunment 3) and Japanese Unexam ned Patent
Publication No. SHO 5 62(1987)-59642 (Patent Docunent 4) disclose nethods
in which polyethyl ene-based resin is inpregnated with a styrene-based
mononmer and pol ynerization is performed to obtain styrene-nodified

pol yet hyl ene- based expandabl e resin beads. The pol yet hyl ene-based resins

used in thepe Jephndse WxangnresPhychewsienshtivPolyeshydene, high-density
pol yet hyl ene, and et hyl ene/vinyl acetate copolymer. Since the

styrene- ba@ﬁg@mmro C2ONeh tBRt WbELEA @Rt by, disRaised HxhmsHel
pol yet hyl ene-based resins, the polyethylene-based resin needs to be

crosslinkedsd i 0 Befl 11 REAVIEE S%EQ‘; gggl@?esgté,éb@%sava@eﬁna du PRt

resi stance. Japanese Patent No. Pat ent Docunent 5 di scl oses a
met hod for bt aini i agolo Nl

- pol yet hyl en@-%ggeﬁagggﬁ%ﬁ%é%&qﬁ%gﬁw%%eﬁg%l I#ﬂngggﬂgé]%tlg?lnggé?éﬁgsi stance. In
t his met.ho I i,gh f 20 non-,cr osski i ngar. | ow-density
pol yet hyl en Q(élgggeﬁﬁrst%{% @%&gg% @O?Bné%{lg’grcﬁss%égggﬁﬁk%ogs 5 vi nyl
aromati c non r, qand,1.to arts by weight of a | ymeri zation initiator
relative t%ﬁ% Wteghﬁ}/e%ﬁ‘b‘%ie%fmﬁ 1\§i‘g’9prﬁgﬁﬁﬁ$‘§cV¥ﬁ§h3ner are

di spersed in an aqueous medi um Then, 1he resul ting 25 s&s{&ggal on is heated

1
to such a t%@ﬂ&rﬁﬁéeﬂh%m%%@@ﬁﬁr%gre‘?o ymgeatien 1suBsY 1§ pol yneri ze

to inpregnate the inside and, _ .
obtain styrene-modified polyethylene-based expandable resin

beads. The polyethylene—based resins used in these methods
10  are mostly low-density polyethylene, high-density polyethylene,
| and ethylene/vinyl acetate copolymer. Since the
styrene-based monomer cannot be sufficiently dispersed in
such polyethylene-based resins, the polyethylene-based resin
11eecis to be crbsslinked in order to provide sufficient stiffness
15 and impact resistance.

Japanese Patent No. 2668384 (Patént Document 5)
discloses a method for obtaining an expanded molded article of
modified polyethylene-based resin excellent in stiffness and
impact resistance. In this method, 100 parts by weight of

20 non-crosslinked linear low-density polyethylene-based resin
beads, 5 to 300 parts by weight of a vinyl aromatic monomer,
and 1 to 3 parts by weight of a polymerization initiator relative
to 100 parts by weight of the vinyl aromatic monomer are
dispersed in an aqueous medium. Then, the resulting

25 suspension is heated to such a temperature that the monomer



the surface of the polyethyl ene-based resin beads with the nononer.
Subsequently, the tenperature of the suspension is raised to polynerize

t he nononer and a vinyl aromatic 5 polyner is mcro-dispersed in the

pol yet hyl ene-based resin to obtain the expanded nol ded article of nodified
pol yet hyl ene-based resin. In the above patent, there is no disclosure on
linear |owdensity polyethylene obtained by using a netall ocene 10

conpound asice s ARl yﬁbsté[heiangnfwyﬁsdriiﬁés&@ impeagnatewidensside and
pol yet hyl ene- based resin beads (ULT-ZEX 3021F manufactured by M tsui

Cheni cal s, thRCshrifsciifhed baiydylExapleedaresin Beads amslens ty .
pol yet hyl ene obtai ned by polynerization using an ordinary Ziegler-Natta

catal yst. R t a AT n Ik gat 1 on No.
SO 51 10787280135 Pat ont s Oy e L o paPene o

UL a0 BH R AP, Kol DURME ) danagege Scantned
nexar e PN FYRLLSEL 0N STOFLITEISRSE (o b pprrent o
Fnvention ig onS e ey NS hoffe PPANIR PG5t ol @ Tormed with the
polyethylene-based resin.
In the above patent, there is no disclosure on linear
 low-density polyethylene obtained by using a metallocene
10  compound as a catalyst. The non-crosslinked linear
low-density polyethylene-based resin beads (ULT-ZEX 3021F
manufactured by Mitsui Chemicals, Inc.) described in its
Examples are linear low-density polyethylene obtained by
polymerization using an ordinafy Ziegler-Naita catalyst.
15 [Patent Document 1} Japanese Examined Patent
Publication No. SHO 51(1976)-46138
[Patent Document 2] Japanese Examined Patent
Publication No. SHO 52(1977)-10150
[Patent Document 3] Japanese Examined Patent
20 Publication No. SHO 58{1983)-53003
[Patent])ocunnent4ﬁ\Japaneseljnexannned.Patent
Publication No. SHO 62(1987)-59642

[Patent Document 5] Japanese Patent No. 2668384



non-crosslinked |inear |owdensity polyethyl ene-based resin 5 obtained by
using the Ziegler-Natta catal yst enployed in the above patent is

i nadequate for use in, for exanple, cushioning and auto-parts such as
interior furnishings, bunmper and the |I|ike which need to have inpact

resi stance, and it cannot achieve higher inpact resistance. 10 In the
above- nenti oned nethods, an inorganic nucleating agent is not used in the

pol yet hyl engyibarfd,#esf Mnvehfiddie modified resin beads obtained from such
resin, styrene-based resin can be dispersed in particulate form near

surface regﬁ?&ﬁlé}fﬂsttr}?atb?ﬁgﬁnv:é%“ﬂ?c‘fﬁri’s bd dogydli fficult to 15 disperse the

styrene-based resin 1 n particulate formin center regions of the beads,
and the styrene-ba in h i . i nithe case
of Conparative Examéﬁéf’d%ﬁgﬁlgaegagg gnm? 1%?%%?%@@%%?@%&%?%%
cannot be _achi eved,. 20 ans_of sqlving the. Probl or di: to one
aspect, thémd}bcslé’r?tShilﬁ %cﬁ]?/ﬁ'b%ar g?‘goﬁﬁélgsl yrog}ﬁ%{hrégl&?)gléﬁéﬁané%érl@ﬁgow density
Rav! ng txt PR CHi 68 LEREnER 2 IEBIBHATa LA TRADAIGTTBISY SR ‘PndBr esent
invention made an extensive stud lizased on their acquaintance that it is
necessary W%B@F%Etéﬁﬁ@ﬁﬁcﬁ%ﬁ%éﬁ PRHTE i E%\rr EREMIRIG FoFMoning

and auto-parts such as interior furnishings, bumper and the
like which need to have impact resistance, and it cannot
achieve higher impact resistance.

10 In the above-mentioned methods, an inorganic
nucleating agent is not used in the polyethylene-based resin.
In the modified resin beads obtained from such resin,
styrene-based resin can be dispersed in particulate form near
surface regions of the beads. However, it is difficult to

15 disperse the styrene-based resin in particulate form in center
regions of the beads, and the styrene-based resin would be the
continuous phase as in the case of Comparative Example 1
described below., Thus, high impact resistance cannot be
achieved.

20
[Means of solving the Problems]

According to one aspect, the present invention

provides styrene-modified linear low-density
polyethylene-based resin beads from which an expanded

25 molded article having extremely high strength is made.



in center regions of the beads. As a result of that, the 5 inventors found
th?t eanOélng | inear | owdensity polyethyl ene-based resin that has been
pol ymeri zed using a netall ocene conpound as a catal yst and addi ng a
styrene-based nononer to beads of this resin, followed by polynerization
at a tenperature higher than a crystallization 10 peak tenperature of these
beads by 10C-35C would allow the styrene-based resin to be dispersed in
particul ate form nohe ERlh AR of hReSprdaaesimictihenbeaddchah also in the
cgntgr dreglons of the beads. The inventors also found that the beads thus
obt ai ned cantphoM J8t+SHYIEAG: AT firedr lddiralitavtenisht it 1B
polygthylene-basgd.resi% beads from which the expanded nvolded article that
suffi ci ent ll%c%)é?h?#ttot sy é%%tﬁ&héﬁf’é&@d eksiPahyphbyienetbasedh resin and
tpe ﬁtlffness of styrene-"based esin can be nade. ‘According to one aspect
of the present_ inventi.-qn, LS P ' f pr oduci ng
styrene-no ﬁﬁ%d%¥fﬁgggﬂslégﬁégnggggbboF§§¥%g?%%gigggg%gfgth beads,
conprising.the . steps of: dispersin 0 rt Y i of non-crosslinked
|inear P owldERBIYYS HRP{E: %?iﬁé?BL%g&l]gr glé%%%rb@e{’gsd%ﬁ:sgﬁ} are polynerized
using a netall ' ' [

g ocene co ougp as.atggRﬁgxag%and 2 contalgnan.lnorganlc

nucl eat i ng PRIBREIYISH & 52866 paFIs Gt PORY R St FENBSHAB S nonomer
and 0.1 to O.Mrts by weight of a polynerizati initiator relative to
100 parts Byetalépepe PR LY Echa- Bl Shéd %% %an aqueous

styrene-based monomer to beads of this resin, followed by
polymerization at a temperature higher than a crystallization
10 peak temperature of these beads by 10°C-35°C would allow the
styrene-based resin to be dispersed in particulate form not
only near the surfaces of the beads but also in the center
régions of the beads. The inventors also found that the beads
thus obtained can provide styrenle~modified linear low-density
15 polyethylene-based resin beads fi‘om which the expanded
molded article that sufficiently exhibit the impact resistance of
polyethylene-based resin and the stiffness of styrene-based
resin can be made.
According to one aspect of the présentinventknl,there
20 is provided a method for producing styrene-modified linear
low-density polyethylene-based resin beads, comprising the
steps of: dispersing 100 parts by weight of non-crosslinked
linear low-density polyethylene-based resin beads which are
polymerized using a metallocene compound as a catalyst and

25 contain an inorganic nucleating agent, 50 to 800 parts by



suspensi on containing a dispersant; inpregnating the 5 polyethyl ene-based
resin beads with the styrene-based nononer under heating the resulting
di spersion at such a tenperature that the styrene-based nononer does not
substantially polymerize; and perform ng pol ynerization of the
styrene-based nononmer at a tenperature of (T + 10) to (T + 10 35)C (where
TCis a crystallization peak tenperature of the polyethylene-based resin

beads) . Aceasigingot 8 anetherbaspacindoidie dnAventi @p,0 herets Hy provi ded a
met hod for producing styrene-nodified Iinear |owdensity

pol yet hyl e%i%me@f BesbIyeAUR i HONBI % bE delgtile & eD phrtdibspersing 100
parts by weight of non-c¢rosslinked I|inear |owdensity polyethyl ene-based

resin beads, ahighoAfge A9UHELHABLA UL A BLAL! 26208, £90ROUNT as

catal yst an contain an“inorgani ¢ nucleating agent, 30 to 300 parts by
wei ght of - r . : : 0 weight of a
pol 3meri zatg }1%&9’6{1%‘1,{% ilg'? é?q?gﬁg}%edﬁﬂ%l%&%%ﬁ%gpg?/glqévg’?l %éh(g)f t heg

styrene- base noper kNt o an_aqueous siQn ¢o i .ni a di spersant;
ror eonat | RG T RES Bt et R B ER s MR IR S A AP, Tene ased
nmonomer under heatin he. resul ti di spersion at such 25 tenperature
that the sfy?BRES BRI TORGALNEGDE Fto 60 BUDSHETeT A5 BBPUner | ze:
performng first polynerization of th]e3 styrene- baseg mononer at a

t enper at ur EBIPGELHITOShab the styrspechbegcel Boao e adefFystat | i zati on peak

tenperature of the, _ . o
substantially polymerize; and performing polymerization of the

styrene-based monomer at a temperature of (T + 10} to (T +
10 35)°C (where T°C is a crystallization peak temperature of the
polyethylene-based resin beads).
| According to another aspect of the invention, there is
provided a method for producing styrene-modified linear
low-density polyethylene-based resin beads, comprising the
15 steps of: dispersing 100 parts by weight of non-crosslinked
linear low-density polyethylene-based resin beads which are
polymerized using a metallocene compound as a catalyst and
contain an inorganic nucleating agent, 30 to 300 parts by
weight of a styrene-based monomer and 0.1 to 0.9 parts by
20 weight of a polymerization initiator relative to 100 parts by
weight of the styrene-based monomer into an aqueous
suspension containing a dispersant; impregnating the
|
polyethylene-based resin beads with the styrene-based
monomer under heating the resulting dispersion at such a

25 temperature that the Styrene—based monomer does not



pol yet hyl ene- based resin beads); and subsequent to the first 5

pol yneri zati on, adding a styrene-based nononer and 0.1 to 0.9 parts by

wei ght of a polynerization initiator relative to 100 parts by wei ght of
the styrene-based nononer and adjusting the tenperature of the resulting
di spersion to (T + 10) to (T + 35)C (where TCis a crystallization peak
tenperature of the 10 pol yet hyl ene-based resin beads), so that inpregnation

of the | owgBsedidal |M@IM'@@D&;b?éﬁﬂ)ﬂrﬁﬁig’lfh@@(i‘ﬁol\j)vinﬁélritzlaeioxstq{riﬁme- based
nononer and second polynerization take place, wherein the total anount of

the styrenesBagad-pRBOHBLS 8L r 4 al Reneiatusd@rgeendopebye+i zation is
50 to 800 parts by 15 weight relative to 100 parts by weight of the

| yet hyl Ir - i , = ' thod for.
L bR LS ORGSO L s g et hoa o

pr oduci ng I'1i near y po ene- based
expandabl e resin 1n .G ri.S t ol .S N 100 parts b
wei ght of ﬁ%%-grtgggﬁigj%kbeaaso |r1{8§;199%év§ %Eﬁ]{?@ %%?%?Egﬁiﬁeg%égé regi n Y
beads ich are polynerized.usin netal |l ocen Q n tal yst and
cont ai n®an P%@ﬁ@gﬂizétmﬁhc?ggﬁlﬁgga?ge\fﬁFFGB o) §§8%pog£§g %%/&\?\Oeﬁg (? of a
styrene-based nononer and 0.1 to 0.9 parts. by.wei.ght of . a .pol i~zation
357 it ot -5 BPALT B FEIEDS et a0 lyn BEGRICD AT A rS: Sekie B aea 00
nononer i nto an aqueous suspension containing a dispersant; . inpregnating
the pol yet aenebhasaighries] ihpealdyamatrases Meye By pRseadhBRbMAE under

heating the resulting dispersion _ _ _
the temperature of the resulting dispersion to (T + 10} to (T +

35)°C (where T°C is a crystallization peak temperature of the

10 polyethylene-based resin beads), so that impregnation of the
low-density polyethylene-based resin beads with the
styrene-based monomer and second polymerization take place,
wherein the total amount of the styrene-based monomers used
in the first and second polymerization is 50 to 800 parts by

15 weight relative to 100 parts by weight of the
polyethylene-based resin beads.

Furthermore, there is provided a method for producing
styrene-modified linear low-density polyethylene-based
expandable resin beads, comprising the steps of: dispersing

20 100 parts by weight of non-crosslinked linear low-density
polyethylene-based resin beads Which are polymerized using a
metallocene compound as a catalyst and contain an inorganic
nucleating agent, 50 to 800 parts by weight of a styrene-based
monomer and 0.1 to 0.9 parts by weight of a polymerization

25  initiator relative to 100 parts by weight of the styrene-based



at such a tenperature that the styrene-based nonomer does 5 not
substantially polynerize; perform ng polynerization of the styrene-based
nononer at a tenperature of (T + 10) to (T + 35)C (where TCis a
crystallization peak tenperature of the polyethyl ene-based resin beads);
and inpregnating the resin beads during or after the polynerization with a
vol atile blowwng 10 agent. Still further, there is provided a nethod for

produci ng nshMbene- MREl biredghictesy sbidweddisht ¥opehidify hedisspmasedit;
expandabl e resin beads, conprising the steps of: dispersing 100 parts by

wei ght of neRneestihBked boneaihyiewedpasictyrddnpkyelshylianahikased resin
beads which are polynerized using a netall ocene conpound as a catal yst and

contain angk ﬂ@-ﬁiegsed“fﬁbﬁgﬁﬁ&glﬂﬂ%‘l he%@iﬂ% t%%or@ﬁﬁftgmgym‘%?eg@ﬁoﬁf a

{ .
styrene- base nononmer and 1to 0.9 parts Dy weight of "a pol ynerization

initiator pelatiye Eé’lrx]ai[?eg-a%%stl{)é’t ‘E‘HE%ﬁr%et—ﬂﬁst@&y&%&@e@ogg rononer

into an aqueous 'Suspension contalning a dispersant; 1npregnating the
oL et 0% DSR4 SR P ! DEc R RS RGP e
e D P 088 o ROk SR VAR ROV L 300, BT 0115t
O Tyl S ere IS L2 Sixslall izt Lon, ppak Lemperaty g the
adding a Stp%rljsgi?ﬂglac%%qbg%g?jn?ési?ln%eg'dls);t gnd impregnating the resin
beads during or after the polymerization with a volatile blowing
10 agent.
8till further, there is provided a method for producing
styrene-modified linear low-density polyethylene-based
expandable resin beads, comprising the steps of: dispersing
100 parts by weight of non-crosslinked linear low-density
15 polyethylene-based resin beads which are polymerized using a
metallocene compound as a catalyst and contain an inorganic
ﬁucleating agent, 30 to 300 parts by weight of a styrene-based
monomer and 0.1 to 0.9 parts bSr weight of a polymerization
initiator relative to 100 parts by weight of the styrene-based
20  monomer into an agqueous suspension containing a. dispersant;
impregnating the polyethylene-based resin beads with the
styrene-based monomer under heating the resulting dispersion
at such a temperature that the styrene-based monomer does

not substantially polymerize; performing first polymerization of

25  the styrene-based monomer at a temperature of (T + 10} to (T +



0.9 parts by weight of a polynerization initiator relative to 100 5 parts
by wei ght of the styrene-based nononer and adjusting the tenperature of
the resulting dispersionto (T + 10) to (T + 35)C (where TCis a
crystallization peak tenperature of the polyethyl ene-based resin beads),
so that inpregnation of the polyethylene-based resin beads with the
styrene-based 10 nononer and second pol yneri zation take place, wherein the

total amunlsiob (ifed )*ens: Bassd (eNonEls YSER [dmihe digslor and second

pol ymeri za ni's part's by weight “relativ to 100 parts by

S S PV O S PR, e

beads duri %’ pol'ynerization w I | om ng agent.
In accordance with the present invention, provided is st ne-npdi fi ed
| near | onBabhel Py aRsb Tyt B baste rebar b atasomieranths & to s0o
parts by ight of styrepe-based resin.relative to 100 parts by i ght of
non- cr ossl Mn é&alltisngﬁrwﬂg B\W/?(?eﬂ?é’ilYS}leﬁé?§EPI‘i’y}lélriré@[5§sEﬁlq%é%? r‘io\/\}#\@h i's
pol ymerized wusing a netal] ocene conpound 83 a catal yst, wherei.n
styrend® ba®edts &3 waighdi ehresdvaensr RRpaFIIPONINER e BAARIStIER]  he
particle dianeter is 0.8 lamor snmaller in a surface region wthin at
| east 5 || bhertempheabend of ihfeatesuhdng dimnansios teglh on Mt A dbout a 5
pmradius fromthe bead center. 9 In accordance with the present
i nvent i on, 3&l) 50 (whand d&d issastiyrsgadtization pdaki reapdratadensi tlye
pol yet hyl ene- based resin beads, conprising a volatile bl ow ng
polyethylene-based resin beads), so that impregnation of the
polyethylene-based resin beads with the styrene-based
10 monomer and second polymerization take place, wherein the
total 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;
and impregnating the resin beads during or after the
15 polymerization with a volatile blowing agent.
In accordance with the present invention, provided is
styrene-modified linear low-density polyethylene-based resin
beads, comprising 50 to 800 parts by weight of styrene-based
resin relative to 100 parts by weight of non-crosslinked linear
20 low-density polyethylene-based resin which is polymerized
using a metallocene compound as a catalyst, wherein
styrene-based resin is dispersed a form particles in a beads,
and the particle diameter is 0.8 um or smaller in a surface

region within at least 5 um from the bead surface and a center

25 region within about a 5 pm radius from the bead center.



agent and 50 to 800 parts by weight of styrene-based resin 5 relative to
100 parts by weight of non-crosslinked |inear |owdensity

pol yet hyl ene-based resin which is polynerized using a netall ocene conpound
as a catalyst, wherein styrene-based resin is dispersed a formparticles
in a beads, and the particle dianeter is 0.8 pmor smaller in a surface 10
region within at least 5 pmfromthe bead surface and a center region

within about a5 pmladigisddmiile eadieerherinydiidhicamse, the present
i nvention provides pre-expanded beads having a bul k density of 10 to 300

o/ 18 ot ScTADY i CoRBANGL A die 1ADOKE1FBNLLORSE 15 Syt ene rodi 11 ed

| i near ensity po yl en ase expandabl e resin beads. Still

o densi ty oP SBEIE Ry ek PO oBl BERdE o e REE R SRR o g ® "
orosent | oG o R0 e P bad” Bover 4 BB toTep H e R ARG the
ot 41| Ohende obuI 20 RAEG Yy ¥EIGRA DLroo BoRPaT S BRCAnGPRaR ¢ nucl eati ng
it al 5 SPRET AFSS NompLy AN EnTRRG A R ORI BRIV EIF S Rhe modl [1 ed

resin beads in which the styrene-based particles are dispersed in
using a metallocene compound as a catalyst, wherein

styrene-based resin is dispersed a form particles in a beads,
and the particle diameter is 0.8 pm or smaller in a surface
10 region within at least 5 pm from the bead surface and a center
region within about a 5 jum radius from the bead center.
Furthermore, the present invention provides
pre-expanded beads having a bulk density of 10 to 300 kg/m?3
obtained by pre-expanding the above-mentioned
15 styrene-modified linear low-density polyethylene-based
expandable resin beads.
Still further, the present invention provides an
expanded molded article having a density of 10 to 300 kg/m?
obtained by expansion molding of the above-mentioned

20 pre-expanded beads.

[Effect of the Invention]
In the present invention, as described above, the step
of impregnating the polyethylene-based resin beads, which are

25  polymerized using a metallocene compound as a catalyst and

L]

10



5 particulate formnot only near the surface but also near the center of
the beads. Furthernore, the styrene-nodified linear |owdensity

pol yet hyl ene- based resin beads and styrene-nodified |inear |owdensity
pol yet hyl ene- based expandabl e resin beads excellent in physical
properties, 10 particularly in inpact resistance, can be provided. The
present invention also has an advantage that the expandabl e beads that

gener ates gcyfalihein Mgl At RAbydEinpoyEen t andih has athicgie-Sfayehe- based
resin content can be provided. Such expandabl e beads can be provided by

i npregnati RgohhentAshdse Ao rel JNenholiygti ege-hased Jeshp bepdsifieth the

styrene-based nononer to polynerize the styrene-based nononer, and then

addi ng_addithA9al, Gl eNenbas A, FRNAIEL Al Lekidd o1 Rl WIBAIEAL iRifas

proceeded to certain degree, so i npregnation and pol ynerization

t ake placesiml tan el o E i fig & r r | ef:_Description
of Draw ng%eﬁsgagl‘sﬁg@%%g%tlﬁ? Zﬁgﬁi&oc\{mp%gﬁgﬂggr%aéégqﬁgélp%én& th
cross-sgction_ of nodi fied resin bead,accordin 0, Ex le_ 1 5 of the
ot esent5; et oR Eaiery ol BEIE SR sRErh SR kA BT akrd gt on
cross-section of tfh‘ﬁi difjed rﬂesi@? bead acgﬁrdi‘n to Exa(gg.l e .| of the
present i n¢EMLESP! HigPoads o FFENSTEIFS SHowIHECAC sTaHEe d BT 5
cross-section of a nodified resin_bead according to Exanple 2

low-density polyethylene-based resin beads an

styrene-modified linear low-density polyethylene-based
expandable resin beads excellent in physical properties,

10  particularly in impact resistance, can be provided. The
present invention also has an advantage that the expandable
beads that generates a smaller amount of polymer powder and
has a high styrene-based resin content can be provided. Such
expandable beads can be provided by impregnating the inside

15 of the polyethylene-based resin beads with the styrene-based
monomer to polymerize the styrene-based MONOIMeT, and then
adding additional styrene-based monomer after the
polymerization has proceeded to a certain degree, so that the
impregnation and polymerization take place simultaneously at

20 a specific temperature.

[Brief Description of Drawings]
Fig. 1 is a TEM picture showing a surface region
cross-section of a modified resin bead according to Example 1

25  of the present invention;

11



of the present invention; Fig. 4 is a TEM picture show ng a center region
cross-section of the nodified resin bead according to Exanple 2 of the
present invention; 10 Fig. 5is a viewin which the TEM picture of Fig. 4
is traced; Fig. 6 is a TEM picture showi ng a surface region cross-section
of a nodified resin bead according to Conparative Exanple 1; 15 Fig. 7 is
a TEM picture showing a center region cross-section of the nodified resin

bead according to pGeNparakiMENENAERE: hdtiithg & beneeTEMpRirct ure showing a
surface region cross-section of a nodified resin bead according to 20

Conpar at i V%r%é—@éﬁi@h %{I“?llqggﬁod%isé e stEMRh et é!é@oﬁdﬂl@i/gcg@ Ex&RI¥1er region

cross-section of the no resin bead according to npar ati've Exanpl e

7. 25 [ Best f ry) the Invention] 12 Styrene-nodified
| i near | owld%/%r)lgﬁteyl%%o ;i/te%/%g e%{nbased resin beads (hereinafter referred to

o5 oo od rest nchgadel, ROLRIGICRY, NG QURURSLLGPEL bl e present

i nvention are beadg resin yrene-Based resin is
di sper sed LRaRrLISULAl S Lo Ba iRt 88 p¥BFRecbPE iR Ib RIS B Peads
of the present invention; |
IMig. 4 is a TEM picture showing a center region
cross-section of the modified resin bead according to Example
2 of the presenf invention;
10 Fig. 5 is & view in which the TEM picture of Fig. 4 is
traced;
Fig. 6 is a TEM picture showing a surface region
cross-section of a modified resin bead according to
Comparative Example 1;
15 Fig. 7 is a TEM picture showing a center region
cross-section of the modified resin bead according to
Comparative Example 1;
Fig. 8 is a TEM picture showing a surface region
cross-section of a modified resin bead according to
20 Comparative Example 7; and
Fig. 9 is a TEM picture showing a center region
cross-section of the modified resin bead according to

Comparative Example 7.

25 [Best Mode for Carrying Out the Invention]

12



whi ch non-crosslinked |linear |owdensity polyethyl ene-based resin beads
(hereinafter sinply referred to as polyethyl ene-based resin beads)

contai ning an inorganic 10 nucl eati ng agent and being pol yneri zed using a
net al | ocene conpound as a catal yst are inpregnated with a styrene-based
nononer to polynerize the styrene-based nononer. Furthernore,
styrene-nodified linear |owdensity polyethylene-based expandable resin

beads (hereinafter diSreakeniatriey anexpapialtaspgads) are beads in which a
volatile blowi ng agént is contained in the base resin. The

pol yet hyl e’]ﬁ}l&%ﬁtﬁgléﬁé—!ﬁ‘aw%sﬂ%%é@st(ﬂ%reﬂ‘i&ﬁ%mréfé‘lvﬁéﬁ gy gr e beads

cont ai ni ng rgani c nucleating agent and pol yet hyl ene-based resin

pol ymer i Zedm%@liﬂ%idnlg:ﬁﬁ%éﬁh%%ﬁgiﬁgﬁpey%@iﬁagg?ﬁm1¥Sﬁletle‘z%dt *the

met al | ocene conpoun ocene “conp chare enpl oyed in
ot a1 1 ocond” SotuHE TP R TR ATaRE f BRsrr N rist AHisE Sah b °
1t ani Ut { S ATREOASFarian 1 ARSI S5 BpRRTHAREAN 18T Ean (oher o1
T e RS IR T i TS

di chl oride, dinethylsilyltetranethylcyclopentadienyl-t-butylam de hafni um
which non-crosslinked linear low-density polyethylenie-based

resin beads (hereinafter simply referred to as
polyethylene-based resin beads) containing an inorganic

10 nucleating agent and being polymerized using a metallocene
compound as a catalyst are impregnated with a styrene-based
monomer to polymerize the styrene-based monomer.
Fuwthennorehsﬁméne—nuxhﬁed.ﬁnearlow>densﬂy
polyethylene-based expandable resin beads (hereinafter

15 referred to as expandable beads) are beads in which a volatile
blowing agent is contained in the base resin.

The polyethylene-based resin beads used in the
present invention are beads containing the inorganic
nucleating agent and polyethylene-based resin polymerized

20  using a metallocene compound as a catalyst.

As Uaerﬁetaﬂocene compound, known metallocene
compounds which are employed in polymerization of
ethylene-based monomers can be used. For example, a
metallocene compound having a tetravalent transition metal

25 can be suitably used. More specifically, there can be used

13



di chl ori de, dinethylsil yi t et ramet hyl cycl opent adi enyl - p- n- but yl phenyl ani de

Zi rconi um

met hyl phenyl si |l yl t etranet hyl cycl opent adi enyl -t-butyl am de 10 haf ni um

di chl ori de
tris(dieth
titaniumb
and/ or the
transition
in conbin

conmpound o
et hyl ene,

As the a-o
t hyl - 1- but
1l-octene a
are 14 pr
t hese may

chl ori de,

, indenyl titaniumtris(dinethylamde), indenyl titanium

yl am de), indenyl titaniumtris (di-n-propylam de), indenyl
i s(di-n-butylam de), indenyl titanium bis(di-n-propylan de)

c%{f@?eﬂj{&ﬁﬂ tﬁkéﬁﬁg&etpﬁg@ﬁﬂ@gﬁﬁmﬁﬁg)ﬁa tetraval ent

may be used alone or t

.the Like. As.the po|]yethylene-based resin, a honopol yner
%’1% 61191?@“@;“@%}’19%%1% ﬁh&&f—)odll Fin or the like can be used.

xene, 3, 3-dine

of

| efin, propylene, 1-butene, 1l-pentene,, .1-h
gagre sl tle-tF"aBb?rfthéH§¥CFQll?‘?ﬂlg€i‘ﬂlﬁtl rt"lb-%ﬁﬁgh’ée 1- hept ene,

nd/or the |like 25 can be used. Anpbng these, 1-butene and 1-hexene

et mThieddoaidtef i ns may be used al one or two or nore

be used in conmbination. The ratio of ethylene to a-olefin my

of

or e of these may be used

toget hor. witt weaeFhPSla G LEERTTRERTRRRRERIRRMIETEY  on based

20

appropri at elisnethgrlgilséissndime hof cy hbo e tadig i opdnt ivds mighe hedefepabl y is
range of 1:0.01 to 1:0.1 (in weight). By "lowdensity", a density

in 5 the
in the ran

10

16

20

25

déchiomddeytdith @ty igiiyiltdtoradn 825y lghallopentadienyl-p-n-
butylphenylamide zirconium chloride, |
methylphenylsilyltetramethylcyclopentadienyl-t-butylamide
hafnium dichloride, indenyl titanium tris(dimethylamide),
indenyl titanium tris(diethylamide), indenyl titanium tris
kﬁ—n~propylanndeL hndenyltﬁaniuplbiskh—n-butylanﬁdeL
indenyl titanium bis{di-n-propylamide) and/or the like. These
metallocene compounds having a tetravalent transition metal
may be used alone or two or more of these may be used in
combination. Alternatively, the metallocene compound 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
ethylene, a copolymer 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-dimethyi-1-pentene, 1l-heptene, 1-octene and/or the like

can be used. Among these, 1-butene and l-hexene are

14



meant. Pol ynerization of the pol yethyl ene-based resin is carried out using
the netal | ocene conpound as the catalyst. 10 For the ethyl ene honopol yner,
for exanpl e, vapor-phase polynerization can be enployed and for the

et hyl ene/ a-ol efin copol yner, for exanple, solution polynerization using an
inert nmedium bulk polynerization and vapor-phase pol ynmeri zation which
are substantially free of an inert nediumcan be 15 enpl oyed. The

pol yet hyl eng<pased r egiHer gf 61abhy hag Be UBE@clbak yeitght odirmbrebuti on
(MvV M) of 1.5 to 3.5 neasured by GPC (Gel Perneation Chronatography).

Thi's range o9fin @l Gead de WekANn oshbibutioen allows for easier molding and
an 20 i nprovenent 1n'strength (particularly, in inpact resistance) of the

resul ting nolded art)Cledo o“ﬁeh@gétlﬁ@-tsr&sﬂeifﬁm@ayiﬂ%@foipﬂlaxew ene- based

resin which is polynerized usin e metall ocene tonpound as the.
catal ot AR ASoRRE (s EVL R R TR A Wil b 2 Meppon
Chem oo Chuetienye 10 PS8 L pBRMRD! RS M MisHyhep cals,
ke, rogeLher b L e Shove, other, BoLYRRLs And 5 SoRol yusr s ey be ueed
hi ndered.‘ ?I[l)ce:glntcl c
Polymerization of the polyethylene-based resin is
carried out using the metallocene compound as the catalyst.

10 For the ethylene homopolymer, for example, vapor-phase
polymerization can be employed and for the ethylene/a-olefin
copolymer, for example, solution polymerization using an inert
medium, bulk polymerization and vapor-phase polymerization
which are substantially free of an inert medium can be

15 employed.

The polyethylene-based resin preferably has a
molecular weight distribution (Mw/Mn) of 1.5 to 3.5 measured
by GPC (Gel Permeétion Chromatography). This range of
molecular weight distribution allows for easier molding and an

20 improvement in strength (particularly, in impact resistance) of
the resulting molded articles.

As the non-crosslinked linear polyethylene-based resin
which is polymerized using the metallocene compound as the
catalyst, there can be used the FMRN series manufactured by

25  Nippon Unicar Company Limited, the Evolue T series

15



exanpl es of such polyners and copol yners include | owdensity polyethylene,
hi gh-density pol yet hyl ene, an ethyl ene/ propyl ene copolyner, an

et hyl ene/ vinyl acetate copolynmer and an 10 ethyl ene/ acrylic acid copol yner
having a crosslink and/or a branched chain, and a conbination of two or
nore of these. As an inorganic nucleating agent, for exanple, talc,

silica, mca, clay, zeolite, calciumcarbonate or the |like can be wused. 15

The amount 19f ntgcINADIY suHElAab 0t cagRHl Osedtds, theafeshady 0.1 to 2
parts by weight, and noré preferably 0.2 to 1.5 parts by weight relative

to 100 parigrfys Welghta Qfuddie byPM X et 8E8i BAREd €S ithbARIINIAY anount
|l ess than 0.1 parts by weight “is not preferred because it would be

difficult £ g0-Aif s Gty BRephasedh (st ChhRtPbyatlyliee- based

resin so as maké the styrene-based resin be int fformof particles
of 0.8 lamor smaller.. -A DN r an, pght is not
preferred because Jlrﬁ%eg%(?%%‘gl?ﬁ %l%g%hb:m}%x%talﬁe&gﬁﬁmggg %ﬁpi cle would tend
to decrgase. 25 Furthernoge, additives.such as Welg! - rial 16

(col or ait) cop Y?]eerrse%ydgiﬁt?‘sg Hhetsh 8a¥18t1,1g%%h%1%t1“?%/i osg}taé&absor ber and
the |like may. be contained in the polyethylene-based resinn beads upon
necessity. CASGRL cm%ﬁlﬁée%t%}"le&fﬁlogo@h&l g(rat@]é}f?%l d O?%ea%lg 5 col oring
materials can be used. Particularly, iporganic colori terials such as

i ron oxi deEX@anBbIP Bf slcnm@®lyReers an copolymers include low-density

polyethylene, high-density polyethylene, an ethylene/propylene
copolymer, an ethylene/vinyl acetate copolymer and an

10  ethylene/acrylic acid copolymer having a crosslink and/or a
branched chain, and a combination of two or more of these.

As an inorganic nucleating agent, for example, talc,
silica, mica, clay, zeolite, calcium carbonate or the like can be
used.

15 The amount of the inorganic nucleating agent used is
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

20 diffuse the styrene-based resin in the polyethylene-based resin
so as to make the styrene-based resin be in the form of
particles of 0.8 um 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.

25 Furthermore, additives such as a coloring material

1o



| i ke are preferred. As the iron oxide, there can be used a- FeOCH

(wat er-containing crystal) as iron oxide yellow, a-Fe203 as iron 10 oxide
red, (FeO x(Fe2@3)y as iron oxide black or the like. These iron oxi des may
have another netal such as Zn, My or the |ike substituting for a part of
Fe. Furthernore, the iron oxides may be m xed to obtain a desired color.
Anmong the above iron oxides, Fe3O4 included in iron oxide black, 15

(FeO) x( Fe202d M rars) prefiee nedardhat] a@naexisia dered, eiahhtraaklan aver age
particle diameter of 0.1 pmto 1 pm and nore preferably an average

particle di;3Ri®erofnd- #hd 2Md by dd cBniAhgeavier age particle diameter can
be neasured with a laser diffraction particle size 20 anal yzer (RODCS

manuf act ur . I %o N Y I = :asi n beads contain the
IR g Toe- pebua v st

iron oxid y 1 n the range 70 W% nore preferably

|0 the range of 5 Weoplo A0oI6 ANALSLI | bofRris, Belier ahlyoldudhe range of

10 % to 30 wt % An anount than not pre because
t he pol yet hyl ene-based .17 resin bead ot .be .adeguatel y colored. An
anount. fror EOLTTER 2o a1 ERG Bprererr od Bassnle Dr TR e ai 1 oul ¢ o
m x the iron oxide with.the polyethyl ene-based resi eads. . Furthernore,
because t heOREE A rintt 5 B0r BRETPROmbR st 508 B &nd fHA fhat of

t he pol yet h]'éilf ene-based resin, an anount nore than 70 wt % woul d i ncrease
the wei ght 1t gRe RedpPRr¢fdads

As the iron oxide, there can be used o-FeOOH
(water-containing crystal) as iron oxide yellow, a-FeaOs as iron
10 oxide red, (FeO)x(Feg‘Os)y as iron oxide black or the like.
These iron oxides may have another metal such as Zn, Mg or
the like substituting for a part of Fe. Furthermore, the iron
oxides may be mixed to obtain a desired color. Among the
above iron oxides, FesQs included in iron oxide black,
15  (FeO)x(Fe203)y, is preferred. |

The iron oxide preferably has an average particle
diameter of 0.1 pm to 1 pm, and more preferably an average
particle diameter of 0.2 nm to 0.8 um. The average particle
diameter can be measured with a laser diffraction particle size

20 analyzer (RODOS manufactured by JEOL Ltd.}

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

25 than 1.5 wt% is not preferred because the polyethylene-based

17



and the resin beads would not be uniformy inpregnated with the
styrene-based nononer. As the carbon bl ack, furnace bl ack, channel bl ack,
10 thermal bl ack, acetylene black, graphite, carbon fiber or the 1|ike can
be used. The pol yet hyl ene-based resin beads contain the carbon bl ack
preferably in the range of 1 wt%to 50 % and nore preferably in the
range of 2 w%to 30 wt% An anount 15 less than 1 wt% is not preferred

because th@esﬁ?'bé%@dﬁ’hﬁﬁfrﬂ%@@ d@sinabepdsomedot Ae sadequat #lorecol ored.
An anount nore than 50 %is not preferred because it would be difficult

to mx the,garbon Hhacks Wdiptbrrpehyssduiengr basadd nesinfheansto 20
Exanpl es of the styrene-based resin include those of nononer origin such

i a v _chl he 1ike.
oo e LML I e SR St e b

The anmount of styrene-ba parts by weight, and

o the. pol Jet Iy Bxo e st 1 far el b Hnsl T % e DHE Y ced Tesin
char actbri etrecet e ey PEiEkebte VBUP haRH oI ROR. where
o i {11 oUPOTS TG EhB har SERbr PETTES: Sh ot HE!E BoIekty FERLl BABAP r esi .
namely, high elastighly gggsh\i}vgglgillmt be uniformly impregnated with '

and the resin’b
- the styrene-based monomer,
As the carbon black, furnace black, channel black,

10  thermal black, acetylene black, graphite, carbon fiber or the
like can be used.

The polyethylene-based resin 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

15  less than 1 wit% is not preferred because the
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.

20 Examples of the styrene-based resin include those of
monomer origin such 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

25 100 parts by weight of the polyethylene-based resin. Where

18



and inpact resistance. Furthernore, the styrene-based nononer cannot be
sufficiently absorbed into the inside of the polyethylene-based resin,
causi ng pol yner powder in which the 10 styrene-based nonomer is polynerized
by itself to be generated. In the case of expandabl e beads, an anount of
styrene-based resin | ess than 50 parts by wei ght nakes the retention of
the volatile blow ng agent extrenely poor, 15 rendering it difficult to

achi eve | owydensi by Ty éﬁeﬁe RERGE Pl %gewaqps@b‘é!rﬂ@

difficult. |cu arI rene-based resininan a unt of 300

zﬁ;tzxz;nzﬁw;@b O Bt Jo kA ShEbAS 5Pl e o0 resin beads

con alnlng yrene-based resin by
conventi onal netho The resent nventi o on t he ther and, can
ﬁ Rs Ehesfr aEhere £

provi de sucHYTFBST aﬁsgdlseSl 1}5%16\]781 %}/ﬁsnsg a r exarrpl e,
Y1 Copont arenoNeXanE GHE Sowi”régﬂﬁaé SO0 785 8RB AR B0, SoPeTe e
t hese hydrocarbons can be used i conbi nation. The conte of the bl ow ng
agent i8 pregiEiebliy is @61'12:@11*»éarql@ow%.wr&@%ﬁ%s o E rlhﬁ) parts by
wei ght of resin that 5 nakes up the expandabl e beads (the sum of the
pol yet hyl enmlygsbatlereiasetd rehin styamenby bhseld alestigity and high oil

and impact resistance. Furthermore, the styrene-based

monomer cannot be sufficiently absorbed into the inside of the

polyethylene-based resin, causing polymer powder in which the

10  styrene-based monomer is polymerized by itself to be

generated.

In the case of expandable beads, an amount of
styrene-based resin less than 50 parts by weight makes the
retention of the volatile blowing agent extremely poor,

15 rendering it difficult to achieve low density. This also renders
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

20 containing the styrene-based resin by conventional m_ethods._
The present invention, on the other hand, can provide such
resin beads.

As the volatile blowing agent, for example,

hydrocarbons such as propane, n-butane, isobutane, pentane,

256  isopentane, cylcopentane, hexane and the like can be used

19



Preferably, the nodified resin beads and the expandabl e beads each have a
cylindrical, spherical or substantially spherical shape wwth a L/D (where
Lis alength 10 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 0.3 mmto 3.0 mrm 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

tofill PreisuRandedolor bagds ablindeddrell-sieh dadif bed,segiin beads and

expandabl e s into a nold orm'ng an expanded nolded article. The

shape of t ef erably is spherical or substantially spherical so
as to nakerat%ﬁlgsrrg%llr ng easr er. 20 An average bead size smaller than 0.3 nm

I's not preferred b% agéﬁg t\rﬁghtlel"bet 'bg \Crﬁrt'l 6111)1{ f?ggﬂkﬁ‘é@%% decr ease

and the reduction i average bead
Size greater th not r red ecause onl the filling
into a nol dl’%ﬁﬂ@’ Mﬁ@@tfve R%tﬁblr%@”%rglh 0@)35&%181 4ol ded
article vvould al so be difficult 0 Ac dln to.t pr esent |nvention,
there can Beakpgpdyp ’cF Fﬁé’aﬁﬁiﬁd? eeﬁer@e eddst é’rgoﬁ{&pandabl e beads. Each
of these beads, when seen in cross-section, has L styrene based resin

di spersed ipelyhthYlons -bragsat ereinans thess preser dameskdcsie in the

pol yet hyl ene-based resin as described bel ow.
Preferably, the modified resin beads and the

expandable beads each have a cylindrical, spherical or
substantially spherical shape with a L/D (where L is a length

10 of the bead and D is a mean diameter of the bead} of 0.6 ro 1.6.
The average size of the beads is preferably 0.3 mm to 3.0 mm.

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

15 beads ohtained from such modified resin beads and
expandable beads into a mold when forming an expanded
molded article.

The shape of the beads preferably is spherical or
substantially spherical so as to make the filling easier.

20 An average bead size smaller than 0.3 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 3.0 mm is not preferred
because not only the filling into a mold would be difficult, but

25 thinning of an expanded molded article would also be difficult.

20



In other words, there can be provided the nodified resin beads and
expandabl e beads each having the styrene-based resin dispersed in
particulate formin the 10 pol yethyl ene-based resin in a surface regi on and
a center region of the bead. The surface region is an area within at

| east 5 pin fromthe surface of each bead and the center region is an area
wthin a5 pmradius fromthe center of the bead. It is not preferable that

the styrene-based neSidhdiflaP@ thEYhRls? ntlhnf O MohOr tFerth8agopti nuous phase
and thereby the particle §| aneter exceeds 0.8 pmas shown in the

Cross-sect 'p?B@Iide?ﬁi %@Eﬁéd?ffiea h%s?ﬁZf%ﬁ@@&%d ré%ﬂ%%?&a%fl_e Gumpg ati ve

Exanples 1" and ecause a renma e |1 nprove I n I npact resistance
woul d not b ireme ty. - resin.i i spen in the form
of particl ggacﬁg&fn%lcgs%i-gé]%igfsér&ggﬁoggélg%norﬁggrsalf%&,léﬁé%ﬁﬁgger ably 0.6 pm
or smaller in the polyethyl.ene-based . resin..The | r.dimt for the
particle dﬁ%‘flé?“lgﬁls%/ﬁel eys§1[1y SPET5SS ﬁ@gi Ihorirﬁ %f;\ﬁ%il Halsp eOff%r m
(hereinafter referred to .as,stérene- ba@fyﬂ res'bn p%rti cles) is about 0.01
pm As 25 BESEFTBERMASOVEIZS He tBEyPRREE TR EH o BESH cHRS e 2Gi spersed in 21
particulate formin the surface and center regions of each bead. The

di anet er oﬂetsﬁéﬂ%@@r@'n@%ased resin particles in the surface region of
each bead is prefer_ablé 0.01 pmto 0.8 5 pm nore preferably 0.01 pmto
0.6 lam and stil llmotecprepedabtiens G3uphea brovidearheomedidied her hand,

t he
resin beads and expandable beads each having the

styrene-based resin dispersed in particulate form in the

10 polyethylene-based resin in a surface region and a center
region of the bead. The surface region is an area within at
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

15 form forms the continuous phase and thereby the particle
diameter exceeds 0.8 pm as shown in the cross-sectional
pictures of the bead center regions of Comparative Examples 1
and 7, because a remarkable improvement in impact resistance
would not be achieved. The styrene-based resin is dispersed

20 in the form of particles having a diameter of 0.8 am or smaller,
and preferably 0.6 um or smaller in the polyethylene-based
resin. The lower limit for the particle diameter of the
styrene-based resin in particulate form (hereinafter referred to
as styrene-based resin particles) is about 0.01 pm. As

25 described above, the styrene-based resin can be dispersed in

21



di aneter of the styrene-based resin particles in the center ‘r‘egi on of each
bead is preferably 0.01 pmto 0.8 pm nore preferably 0.01 pin to 0.6 pm

and still nore preferably 0.05 10 pmto 0.55 pm Next, a production nethod
of the nodified resin beads and expandabl e beads according to the present
invention will be described. In an agueous suspension containing a

di spersant, 15 100 parts by wei ght of polyethyl ene-based resin beads, 50

to 800 pa?e?rt%’ul’ﬁegmnrﬁfin?‘tl%Ysr&rfﬁt@ae%ﬁé_é@lﬁ‘&rlfefe B¢ Dol cb@r0. 9 parts by
wei ght of polynerization initiator relative to 1 parts by wei ght of

the styreng;hased nononmer are dispersed. Here, the styrene-based nonomer
and the initiator may be 20 mi xed in advance. As an aqueous nedi umt hat

makes up the aque 1Sl Qf,.ther 1 (S . xed nmedi um
of water and a wa glF-cglloi\slﬁg %1 g(@)lt\?gnf{ﬁegfé]el}%gsr?p%ggs%&%rl Lg{lgghlgq ). The
di sper sant

is not.particularly |imted, .and any o the kn
di sper sant §h(‘?aﬁu5{=f&ifséla.gy%f)(gyesapcg%ibfqacdall?)P,re?ﬁg?'%fy 93‘5’%%3%20%(1 slightly
sol ubl e_i norgani ¢ subst.anc u as .cal ci um phosphat.e, nmagnesi um
byr ophcBphaiiB; 1§86Fmefg§?§§h§sgﬁa%? tﬂa@rﬁemfnadﬁ o0 Re 1 ke,
Furthernore, a surface-active agent such as sodjum dodecyl benzene 5
sul fonate M@fﬁéah%g.-o$ﬂé%6@)}Q—)%h?lf%ne-@ﬁs@ﬂe Pdsich Brads Wen be obt ai ned

it diameter of the styrene-based resin particles in the center
region of each bead is preferably 0.01 pm to 0.8 jam, more
preferably 0.01 um to 0.6 pum, and still more preferably 0.05

10 pm to 0.55 pm

Next, a production method of the modified resin beads
and expandable beads according to the present invention will
be described.

In an aqueous suspepsion containing a dispersant,

15 100 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.
Here, the styrene-based monomer and the initiator may be

20  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).

The dispersant is not particularly limited, and any of

256 the known dispersants can be used. More specifically, there
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known met hods. For exanple, there is a nmethod in which polyethyl ene-based
resin and an inorgani c nucleating agent together with an additive, if
necessary, are nelted and kneaded 10 in an extruder and then extruded from
the extruder to obtain a strand. Then, the obtained strand is cut in the
air or in the water or cut while being heated to granul ate the strand.
Preferably, the pol yethyl ene-based resin beads each have a cylindrical,

spheri cal qrgsuRstaBH &likYtEPREN11LGH _iﬁB@?ﬁnié%d’Bét@rﬁf&é—%@c@"@%re Lis a
| ength of the bead and D’is "a nean dianeter of the bead) of 0.6 to 1.6. The

average si ze0fullBndieats:d suplsl elabhypf oiifLbAate5 SFMipthe beads having

a L/Dsmller t or dreat®r than 1. i's, the beads having

hi gh i - ef : l. 0 dif f.i fill
O vl e RLe A BREAARiAL R ACDBED, dhLLukin g !
referably spherical or

expanded nol ded.article. The sthaﬁe of tot\](g bea(ﬁis ig prefera
subst ant i ald §US pheT AV $ GBI £ 8 ChaRE FHE T ?‘I—%S BatT e an” aver age bead
si ze sr‘rgller t han 0.2 rrl'gﬂs egcgt preferred because the retention of the 25
bl owi ngPagetfNBHtY TaB¥rRadSehd the reduction in density 23 would tend to
be difficult. An average bead size greater than 1.5 mmis not preferred
because not only tﬁ]éefl?q)llﬂeﬁ&ﬁlﬁtl@‘Eaﬁﬁﬂd‘e%ulpﬁaﬂgé W rhe@ataiBgd BRi nni ng
of an expanded nolded article would also be difficult. 5 As_ the
pol yneri zatimrwinnindtitosks. t Fogecxgpilk, | thaiseid asmeihpsl ynerhielhi on
initiator for suspension polynerization of a
polyethylene-based resin and an inorganic nucleating agent
together with an additive, if necessary, are melted and kneaded
10 in an extruder and then extruded from the extruder to obtain 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
have a cylindrical, spherical or substantially spherical shape
15  with an 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
having high ovality are not preferred because it would be
20 difficult to fill pre-expanded beads of expandable beads into a
mold when forming an expanded molded article. The shape of
the beads is preferably spherical or substantially sphekrical SQ
as to make the filling easier. An average bead size smaller

than 0.2 mm is not preferred because the retention of the

256  blowing agent would decrease and the reduction in density
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styrene-based nononmer can be used. Exanples thereof include organic
peroxi des such as di-t-butyl peroxide, t-butyl peroxy benzoate, dicunyl
per oxi de, 10 2,5-dinmethyl-2,5-di-t-butyl peroxy hexane,

t - butyl peroxy-3,5,5-trinmethyl hexanoate, t-butyl-peroxy-2-ethyl hexyl
carbonate and the like. These initiators may be used alone or two or nore
of these may be used in conbination. 15 The anmount of the initiator used

is preferabla i teh@ t@ 1% RafEicley WehHMealt 'BS'éra%i BIRf gradtar fhanto 0.5
parts by weight relative to 100 parts by weight of the styrene-based

nmonomer. Aq §”i9Hﬂt1§ ﬁ%% Eﬂ@@r&gﬂb%ﬁkﬁsé)‘ﬂo"ﬁ%ﬂ the f’i‘HIn%Hh%%ﬁﬁglcpecause

too nmuch tine woul eqwre for the 20 poI neri zatio

Styr ene- Dasad IDRATBLiAfL ABNLL LG, oA, QD nRisa ANk dliils not

preferred becaus ar wei yrene-based resin woul d

decr ease, act resi stance woul d be reduced. In order to
Bl AE55 Mo Lifi e IR

achi eve ex the nol ecular 25 weight of the styrene-based
(oL 15 Preferabl ¥ ahout, (ue, 2% ndh o hpusandse 0, abou, L vea hund o0
can' b obt & NEW/ TS E0H 4 61600 BHE S yS ABPEHERF ke SEY NG BASER  mononer
relative tgt%xpeongalgéssec?ym\é%lognqér%far} %% used. Examples thereof
include organic peroxides such as di-t-butyl peroxide, t-butyl
peroxy benzoate, dicumyl peroxide,
10 2,5-dimethyl-2,5-di-t-butylperoxy hexane,
{-butylperoxy-3,5,5-trimethyl hexanoate,
t—butyl—perbxy—Z—ethylhexyl carbonate and the like. These
initiators may be used alone or two or more of these may be
used in combination.
15 The amount of the initiator used is preferably 0.1 to
0.9 parts by weight and more preferably 0.2 to 0.5 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
preferred because too much time would be required for the
20 polymerization of the styrene-based monomer. An amount
more than 0.9 parts by weight is not preferred because the
molec.ular weight of the styrene-based resin would decrease,
and thereby the impact resistance would be reduced.

In order to achieve excellent properties, the molecular

26 weight of the styrene-based resin is preferably about two
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pol yet hyl ene- based resin beads is added and di spersed preferably under
stirring, and the resulting dispersion is heated to such a tenperature
that the styrene-based nononmer 10 does not substantially polynerize so that
t he polyethyl ene-based resin beads are inpregnated with the styrene-based
mononer. The time appropriate for sufficiently inpregnating the inside of
t he pol yet hyl ene-based resin beads with the 15 styrene-based nononer is 30

m nutes to PBuhawed. thdiesendroly eBdw@tivenh hiakes dotiasashefdy.e the beads are
sufficiently inpregnated, polymer powder of the styrene-based resin is

generated. fHpweyedeHEARY endRakhbheocoenesAld BY wEifol ¥Mhe RAWIRGLT S
prevented. It is advantageous that the tenperature 20 at which the nononer

does not ngsﬁé‘é'&,i at{l;? e}o?tjlé{lrE%rLgé‘? %%é)%ﬁt S%gﬁf’?sﬁéﬁ\jﬁ??hg e to accelerate the

i npregnation rate, needs to determ ne consi deration given

to the deCaqg@\g’es—gﬁéﬁpiotnee;@?éﬁtg%ggaﬁfbé%gp%aml%id‘?‘t or. Next, polynerization of

t he styrene-based ronore carrre at a tenperature of (T + 10) C
to (T +.35) C wher 5.,0C 0s the crystalli i on _peak te rature of the
pol yet hyl ene- based%Peg? r?cg%éjc?s?tsijﬁo‘%?réﬂ 9@?&8@9&%&‘2’% | ower than (T
+ 10)Cis not preferred beca t he styrene-pased resin would not be 5

di sper sed ilfﬂoﬁé’rl“{l%lﬁ?([aﬁiév?&Prr:fﬁgaPaﬁ"ﬁ%t] emeégg?ébfi UHs of nodified resin

beads and the stﬁlrene- based resin would be the .
polyethylene-based resin beads is added and dispersed

preferably under stirring, and the resulting dispersion is
heated to such a temperature that the styrene-based monomer
10 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
inside of the polyethylene-based resin beads with the
15  styrene-based monomer is 30 minutes to 3 hours. Where
polymerization takes place before the beads are sufficiently
impregnated, polymer powder of the styrene-based resin is
generated. It is desirable that the generation of polymer
powder is prevented. It is advantageous that the temperature
20  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.
Next, polymerization of the styrene-based monomer is

25  carried out at a temperature of (T + 10) "C to (T + 35) °C where
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conti nuous phase. Furthernore, a polynerization tenperature higher than (T
+ 35)C is not preferred because aggregated particles in which particles
coal esce woul d be 10 generated. Wth the above steps, the nodified resin
beads can be obtained. The expandabl e beads can be obtai ned by

i npregnating the nodified resin beads during or after the polynerization
with the volatile blowing agent. The 15 inpregnation can be carried out by

per se knowrdved hadsecrydtanlieXaimR! eealhehiirediati @nedering the
pol ynmeri zation can bé carried out by nmaking pol ynerization reaction to

occur in aéaﬁb{g%ﬁgléﬁéqﬂsee&pgegm afdddg the volatile blowi ng agent into the
I pr

vessel . Th egnation after the polynerization can be 20 carried out by

injecting the vol ati bg%ﬁ&%g@t&ggﬁemﬁﬁgtaﬁglmw tp{gﬁs(eﬂ + i?}f%) ;& he

nodi fied resin beads™ armd expan e aving excellent characteristics

can e, 1Y S B0 1 8DPSS I o IS A0l LMY, AR el 1o eount
PR, DXl gk Bl ot ol USRSt e B e tciofd T Poner O
vhen Lhe ammunL ol SLteneResed 5, tIuoEr LS, 200,390 DAL by g on
amount of eghﬁggaous phase. Furthermore, a polymerization
temperature higher than (T + 35)°C is not preferred because
aggregated particles in which particles coalesce would be
10 generated.
With the above steps, the modified resin beads can be
obtained. The expandable beads can be obtahnéd by
impregnating the modified resin beads during or after the
polymerization with the volatile blowing agent. The
15 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
vessel. The impregnation after the polymerization can be
20 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

above-mentioned methods. However, where the amount of

25 styrene-based monomer exceeds 300 parts by weight relative to
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powder of styrene-based resin is small and the nodified resin beads and
expandabl e beads having the nost stable, excellent characteristics can be
easily provided. 10 Wiere the amount of styrene-based nononer exceeds 300
parts by weight, it is preferable that the polyethylene-based resin beads
are inpregnated with the styrene-based nononmer in two separate steps as
described belowin order to reduce the generation of polynmer powder. 15 In
an aqueous s08peasisobycerighniofigh® gospertsdeie-bheedpaedis byadei, ght of

pol yet hyl ene- based resin beads, 30 to 300 parts by weight of a

st yrene- basggliyrneenRiwded & dhé %tgr@ne{lﬂ@é&@dbﬁow@mhf teth s pol ymeri zati on
initiator relative to 100 parts by weight of the styrene-based nononer are
di spersed. 2Q-rHase. it Benstiyene- based nononer and the initiator nmay be

m xed i n advance. Then, the resulting dispersion is heated to such a

tenperature that the styEeRFsRASCHHIRNGMR A HORMOK s:3ubRkaBERLI Y

pol ynmerize to inpregnate the pol'yethyl ene- 25 resin beads wth the

styreneshasgd MBRRIEL- 502l SUESRANENYY wdikheirohol ¥Eeld Zl%idr%%r‘%gotgxhe

t
styrene-baseéd nonomer i s carrie nperature of Cto (T

o), LS P eSS ekl snapealy \APELALNEE S ks o,
0-9 parts ggw\g%irgoh' s%re%é)—%lays%ec irczagltmi. 98 SilInlia li g}'l%r tlgglr%toid\{ﬁetdorés%% parts by
beads and expandable beads having the most stable, excellent
characteristics can be easily provided.
10 Where the amount of styrene-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
below in order to reduce the generation of polymer powder.
15 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
parts by weight of the Styrene-based monomer are dispersed.
20 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

substantially polymerize to impregnate the polyethylene-based

26  resin beads with the styrene-based monomer.
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wei ght of the styrene-based nononmer are added to the reaction solution of
the first polynerization, and the tenperature is adjusted to (T + 10) Cto
(T + 35) Cwhere TCis the 10 crystallization peak tenperature of the

pol yet hyl ene-based resin beads, so that inpregnation of the | owdensity
pol yet hyl ene-based resin beads wth the styrene-based nononer and second
pol yneri zation take place. The total anmount of the styrene-based nononers

used in the first anthd&ysesand rpaltypers@akigtibs SOthe® 800 parts by wei ght
relative to 100 parts by wei gﬁt of the polyethyl ene-based resin beads.

The styrengrbasgd PREGABHoARNENEs It Aried Wu Y Pechip@dtiite adypnce. The
second addition of the styrene-based nononer 20 and the initiator may be

cont i nuous imt.er m tt el ' ot i ; he generati on
13{;“”@;1{5 " Lt 88t . \R)h%ﬁgef c 8 L@fig??’sﬁ’aﬁh%aﬁcﬁi’?@aﬁ g

of pol ymer is "preferable that t npregnati on of the inside of

e ool veL D spesdmnet g Sefeas eBE bE- A e on (ske Pl ace
ool A S RS A B ARLORACH | prord il ot
proceed belore (hes dBeANaLl o okes.phace: Eor CXaml By Lhegdd Lion
e T et Db Sy s eloEasCd Bl el are AREd s Gn2 PEacE3R Pe
solution of the first polymerization, and the temperature is
adjusted to (T + 10) °C to (T + 35) 'C where T°C is the
10 crystallization peak temperature of. the polyethylene-based
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
amount of the styrene-based monomers used in the first and
15 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.
The second addition of the styrene-based monomer
20 and the initiator may be continuous or intermittent. In order
to effectively prevent the generation of polymer powder, i.t is
preferable that the impregnation of the inside of the
polyethylene-based resin beads and the polymerization take

place at approximately the same time. Because the

25  polymerization is carried out at a relatively high temperature,
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above by inpregnating the resin beads during or after the polynerization
with the volatile blowing agent. The inpregnation can be carried out by
per se known methods 10 such as the one described in Exanples. The
expandabl e beads can be forned into pre-expanded beads by pre-expandi ng
t he expandabl e beads to a predeterm ned bulk density (for exanple, 10 to
300 kg/ nB) by known net hods. The nmethod of neasuring the bulk 15 density

will be descfzrtbeq@i_%'rlna@&amairﬁ%atg%tﬁgf rpg*e@er@a._exnami@%d@ﬂtdﬁ@ @itk cl e can

be provided by filling the pre-expanded beads into a nold, and while

heat | ng_ag3isnedd 1exRand el hryither LtA3oACs aadsro IRl belipd et he expanded

beads. 20 Steamis suitablyused as a nediumftor heating. The expanded

mol ded art ii%ﬁﬁgﬁé%ﬁbu@é}é@gg?ns#y Harh®1b0RORA S O8 - AIRNST LY

| ower than iS not p rred because“sufficien ength woul d not

be achi eved, densi hi r.th 300 kg/m3 is not preferred because a
reduction i%ré?%a&éf éﬁ]t t%aln%r@tljagggglgjﬁi%9%%l‘gﬁbo§1 ‘asticity, which is one of

the 29_characteristics of the polyethyl ene-based resin. expanded . nol ded
article® may not b Uy HRE AR Sé%ﬁ?biib@dm 1e5h &3 1R P E&BR A& Pfol ded
article is strong and__ particul arly excellent in |npact resistangce. . Since

t he ol ded O adpede| eThg @f@awﬂé@lwb%@lﬁé@@ﬁ%ﬁh%%% g%8escriredl so has

hi gh stiffness. . . ) )
above by impregnating the resin beads during or after the

polymerization with the volatile blowing agent. The
impregnation can be carried out by per se known methods

10 such as the one described in Examples.

The expandable beads can be formed into
pre-expanded beads by pre-expanding the expandable beads to
a predetermined bulk density (for example, 10 to 300 kg/m?3) |
by known methods. The method of measuring the bulk

156  density will be described in Examples. |

Furthermore, an expanded molded article can be
provided by {filling the pre-expanded beads into a mold, and
while heating again to expand the pre-expanded beads, heat
fusing the expanded beads.

20 Steam is suitably used as a medium for heating. The
expanded molded article preferably has a density of 10 to 300
kg/m3. A density lower than 10 kg/m3 is not preferred
because sufficient strength would not be achieved. A density

higher than 300 kg/m3 is not preferred because a reduction in

25  weight cannot be achieved and elasticity, which is one of the
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The expanded nol ded article according to the present invention can be used
for various purposes, and is particularly suitable for use in interior of
cars, energy absorbing material 10 inserted inside bunpers, packing
material for heavy products, and the like. Since the present invention
enpl oys as pol yet hyl ene-based resin the resin using a netall ocene

compound as a catalyst, it can provide an expanded nolded 15 article having

a falling Baldrddmeaclicabeenef pgpjr@myqen@r Baket. reAht bopah dedol ded article
having a falling ball inpact value of |ess than 80 cmcan be used, the one

with a val ue,pfe BQremier m Q%‘%?é’@'bed%%@fgnﬁﬁ%ﬁmbﬂgd er from cracking and
chi pping and can suitabiy be used particularly for energy absorbing 20

materials. Afalllggfcggﬂg{anm%% @L&@?quo?@e&raﬁ clgrfsag@foﬁg ' e

preferred. A metho measurin I'i ng ba i npact st stance w | |
be d ib l.
the?ﬁ; 't gfﬁg t%?é:%?%%m%@%ﬁ? lﬁ@*%@%{%&d@g%ftﬁg%%?ﬁﬁé lﬁﬂol‘qéfhbe
under st 0o e i0 inmte ese es e
nmeasur € E&@F H8o‘§1°5lrf}¥1\(7§r El%q&aﬁ t%rea}h%dgtaesae AC B ki ggn@rlijcﬁs Conpar at i ve
Exanpl es \M'hég{} %tlgf be described below. 5 [Measurement of crystallization

r

peak tenpe f1€550l yet hyl ene- based resin] The crystallization peak

tenperature i s neasured
i The expanded molded article according to the present

invention can be used for various purposes, and is particularly
suitable for use in interior of cars, energy absorbing material

10 inserted inside bumpers, packing material forl heavy products,
and the like.

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

15  article having a falling ball impact value of 80 cm or greater.
Although a molded article having a falling ball impact value of
less tha_n 80 cm can be used, the one with a value of 80 cm or
greater does not easily suffer from cracking and chipping and
can suitably be. used particularly for energy absorbing

20  materials. A falling ball impact value of 90 cm or greater is
more preferred. A method for measuring the falling ball

impact resistance will be described in Examples.

[Examples}

25 The present invention will hereinafter be described by
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according to JI'S K7121 using a differential scanning calorinmeter (DSC).
More specifically, resin as a neasurenent 10 sanple is set on a neasuring
vessel of the DSC, and the tenperature is raised to 280C at a heating rate
of 10C/mn. After being kept at 280C for 10 min., the resinis left to
cool to a roomtenperature (23C) and the crystallization peak tenperature
is measured while the tenperature of the resin is 15 raised again at a
heat i ng ratweapfo{1R&A M ple s Measdofeneitt st uidl be flerstioe dthat the

pol yet hyl ene-based resin] The nelt flowrate is neasured at 230C under a

load of 1@nkghtassWdhng 1i0iddd tK7Zidse [vbasywlesentTioé pehyelrbyt eme- based
resin density] 20 The density is neasured according to JI'S K6992-2.

[ Measur enenft ¢ of o B! SCHA AL e BNt e Slisstd pfat EQMEx MM MRk afRe measurement is
carried out using a GPC under the follow ng conditions. Instrunment: GPC

st ument Type 1900 TERIAGLE SAtIDR1o2DANRGE M SIS 3T Col umn: TSK

Cor poration I'vent: ortho- di chl or obenzene
(%) oA AR Stk R P e B0, concem Ll on,
wei ght Mw %%(?y‘teﬁ—?ylene-based resin]

The crystallization peak temperature is measured
according to JIS K7121 using a differential scanning
calorimeter {DSC). More specifically, resin as a measurement

10 sample is set on a measuring vessel of the DSC, and the
temperature is raised to 280°C at a heating rate of 10°C/min.
After being kept at 280°C for 10 min., the resin. is left to cool to
a room temperature {23°C) and the crystallization peak
temperature is measured while the temperature of the resin is

15 raised again at a heating rate of 10°C/min.

[Measurement of melt flow rate of polyethylene-based resinj

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] |

20 The density is measured according to JIS K6992-2.
[Measurement of molecular weight distribution: Mw/Mn]

The measurement is carried out using a GPC under
the following conditions.

Instrument: GPC instrument Type 150C manufactured by

25  Nihon Waters K.KX.
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nunber - aver age nol ecul ar wei ght Mh are determ ned by conversion fromthe
cali bration curve using standard styrene 10 resin, and then the MV Wnh is
cal cul ated. [ Measurenent of bul k density] The neasurenent is carried out
according to a nethod described in JI'S K 6911: 1995 "General testing

met hods for thernosetting plastics". Mre specifically, pre-expanded 15
beads are allowed to free fall into a graduated cylinder and their weight

i s measur eddiyinan: iRHrERH d@nsiatryu faeasuredngy TOSOHn@otpoFasiolbul k density
is determned fromthe follow ng equation. bulk density (kg/nB) = weight
(1-g)/ beadgslvehungrilib-gliadlatedenykhrdgdDOM) 20 [ Measurenent of expanded
nol ded article density] The density of an expanded nolded article is
nmeasured hy@paRihine.dessra¢bed in Jl S A 9511:1995 "Prefoaned cel |l ul ar

pl astics ther rral insulation materials". [Measurenent of Inpact strength] 25

For the rreqtqgﬁ,ef:@gg pfm;/}euhrrpact strength a sanple 32 having a size of

215 mm x 40 mm x 20 cut fromt he expanded nol ded article. The sanple
i's thenspl | di stanpse of 155
mm A rSst egﬁﬁgct?(?nwel g Girnnté%é&l]ﬁgq‘ldg fr ?mégggﬂe‘g%?gpméned hei ght

on a pomU&r&illtl the center of the sarrple in wdth direction and at a
hal f way bet5 e )fhe pair of holding nenbers to see whether or not the

sanple is broken. The weight-average molecular weight Mw and the

number-average molecular weight Mn are determined by

conversion from the calibration curve using standard styrene
10 resin, and then the Mw/Mn is calculated.

[Measurement of bulk density]

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

15  beads are allowed to free fall into a graduated cylinder and
their weight is measured by an apparent density measuring
instrument. The bulk density is determined from the
following equation.
bulk density (kg/m?3) = weight (kg)/beads volume in graduated cylinder (mS3)

20 [Measurement of expanded molded article density]

The density of an expanded molded article is measured
by a method described in JIS A 9511:1995 “Prefoamed cellular
plastics thermal insulation materials”.

[Measurement of Impact strength)]

25 For the measurement of the impact strength, a sample
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This test is repeated froma variety of ball-drop heights and the m ni num
hei ght that produced a break in the 10 sanple is defined as a falling bal
i npact value. The inpact strength is thus evaluated. The inpact strength
increases as the falling ball inpact val ue increases. The maxi num hei ght
fromwhich the ball is dropped is set to 120 cm Were the falling bal

i npact val ue exceeds 15 120 cm the weight of the ball is changed to 534 ¢

or 1044 g sdidde §ddel bne IR m APASImYRIUE 0 sfEasdledrom tthe sane
manner as described above. The obtained value is converted into a falling

bal I i mpacte M3 pigeQf 18 cRahtiffe 321G SinihR id ehkavwhme &auat iaoganZO (1)
i npact val ue of 321 g ball = (534/321) x (i'npact value of 534 g ball) (2)

Bl o6 an Loreara T el e ey e (e T A Ti W bl [ Pipatt value s
Qauat ron (Broaf SDAPERIRE 42h eAdrh T Do iR B e e e s
gt 5L Ta0ie3 0% TR FRILER! 8 DA E AR et (2) e
Cat Al yst (ARG APuREE BY APEGH D Ear S ERRRPL el adenan
FMRN- 063, crystallization peak tenperature: 101C, nelt flow rate: 1.3g/10
min., densimgmbers to see whether or not the sample is broken.
This test is repeated froni a variety of ball-drop
heights and the minimum height that produced a break in the
10 sample is defined as a falling ball impact value. The impact
strength is thus evaluated. The impact strength increases as
the falling ball impact value increases.
The maximum height from which the ball is dropped is
set to 120 cm. Where the falling ball impact value exceeds
15 120 cm, the weight of the ball is changed to 534 g or 1044 ¢
and the faliing ball impact value is measured in the same
manner as described above. The obtained value is converted
into a falling ball impact value of the ball of 321 g by the
following equation.
20 (1} impact value of 321 g ball = (534/321) x (impact value of 534 g ball)
(2} impact value of 321 g ball = (1044 /321) x (impact value of 1044 g ball)
In Examples and Comparative Examples, where the
falling ball impact value is greater than 120 cm and smaller

than 200 cm, values converted by the above equation (1) are

25  shown, and where the falling ball impact value is greater than
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0.914 g/enB, nolecul ar weight distribution (MvV Wn): 2.77) 10 was enpl oyed.
100 parts by weight of LLDPE and 0.5 parts by weight of talc were fed into
an extruder. The feedstock was nelted and kneaded, and then granul ated by
under water cut systemto provide oval. (egg-shaped) polyethyl ene-based
resin beads. The average wei ght of the pol yethyl ene-based resin 15 beads
was 0.6 ng. Next, 0.8 parts by weight of magnesi um pyrophosphate

di t 0. ts i t
(di sper santyo@ndy v%?y%\%reéénpé(rt‘@ gg dupelt %%%gﬂgur) ugcepcggxgg%%e@g?wﬂ.ona e

(surface-active agen re dispers rts i ght water to
obtain a mediumfor 20 dispersion. In the dispersion nmedium 100.5 parts by
wei ght of the polyethyl ene-based resin beads were dispersed to obtain a
suspensi on.. 0. 19 paﬁts by wei ght of dicunyl peroxide as a 25 pol ynerization
initiator wetBi¥Sotved in advance in 100 parts 34 by weight of a styrene
beads was adj ust edipc GO 1 e LG JTere: DA¥EHeAIGmer cont ai ning the
initiator was added 5 quantitative to the dispersion over 30 m n. Then,
the re8ul tHﬂ@{eﬁincﬂ?%ﬂ%@%e%tﬁersf%dE‘i@%@@%‘f &HZRHUPY 18513 8r5r egnat e t he

pol yet hyl ene-based resin beads wth the styrene nononer.
metallocene catalyst (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)

10  was employed. 100 pafts by weight of LLDPE and 0.5 parts by
weight of talc were fed into an extruder. Thé feedstock was
melted and kneaded, and then granulated by under water cut
system to provide oval (egg-shaped) polyethylene-based resin
beads. The average weight of the polyethylene-based resin

15 beads was 0.6 mg.

Next, 0.8 parts by weight of magnesium pyrophosphate
(dispersant) and 0.02 parts by weight of sodium
dodecylbenzenesulfonate (surface-active agent) were dispersed
in 100 parts by weight of water to obtain a medium for

20 dispersion.

In the dispersion medium, 100.5 parts by weight of the
polyethylene-based resin beads were dispersed to obtain a
SuspenéknL

0.19 parts by weight of dicumyl peroxide as a

256 polymerization initiator was dissolved in advance in 100 parts
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Next, the tenperature of the dispersion was raised to 10 130C and kept for
2 hours to polynerize the styrene nononer in the polyethyl ene-based resin
beads. Thus, nodified resin beads were obtained. The dispersion state of
the styrene resin in the obtained nodified resin beads was observed by a
TEM 15 (transm ssion electron mcroscope). The styrene resin particles
wth a particle dianmeter of 0.04 pmto 0.2 pmwere dispersed in a surface

region (x23,5QQisAN & 83 trbRkNm@ihep, Pmfromthe surface) and the
styrene resi'n particles with a particle dianmeter of 0.05 pmto 0.5 pmwere

di spersed in a 20 'Pﬁ@t&;mfggﬂéwré 6%21;’11%0%319@1*@&%??0‘!"%}1'@ n about a 5 | am

radius fromthe center e cross-sectional pictures of the surface

[ d ' ' i.Q:- L+ 2R Flge -2 ively.
Subsequent 7 500 sare LB haPEi TR bt s Rl b e TR0, 157
parts by wei

i.ght of, monogl yceride stearate .35 and.0.5 part i ght of
di i sobutyl Ségf%l&?éb%?@qpéﬁmﬁﬂfib QR qr‘@é%%rtz—‘-er g%ﬁé?%ﬁﬁ -5 %S@yer%\fary m xer
having a volune, .of 1nB, and 14 parts by weight of bufane (p-butane:
i - but ang :qﬂ@}tlg@”’gﬁwpa{h‘? 15589\?11%1 Qé'ght"’g@:d@]ilnj g@f‘%’&’%gea nor mal
tenperature 5 while the mxer was ro ateé.oAfter the tenperature was raised
to 70C and FREPELING MExhBgE SV apts e &8I @Y ¢ Jorxn thphitai n expandabl e
beads. The obtai ned expandabl e beads had styrene resin particles with a
particle dimmtegnaie thepalpetbylene-based resin beads with the

styrene monomer.
Next, the temperature of the dispersion was raised to
~10 130°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 the styrene resin in the
obtained modified resin beads was observed by a TEM
15 (transmission electron microscope). The styrene resin
particles with a particle diameter of 0.04 pm to 0.2 pm were
dispersed in a surface region (x22,500, an area within about 5
nm from the surface) and the styrene resin particles with a
particle diameter of 0.05 jum to 0.5 um were dispersed in a
20 center region (x12,800, 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. 1 and Fig. 2,
respectively.
Subsequently, 100 parts by weight of the modified

256  resin beads, 0.15 parts by weight of monoglyceride stearate
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0.2 lzmdispersed in a surface region and styrene resin 10 particles with a
particle dianmeter of 0.05 pmto 0.5 }.Im dispersed in a center region as
in the case of the nodified resin beads. The obtai ned expandabl e beads
were inmedi ately introduced into a pre-expandi ng machi ne and steam was 15
i ntroduced at a pressure of 0.02 MPa to pre-expand the beads. Pre-expanded
beads having a bulk density of 60 kg/n8 were obtained. Then, the

pr e- expandgd dbeasispaesebli Wkath i of alissaiwhitly] aflipafeoammofd nigtoechi ne, and
then steam was introduced for 20 expansion nolding of the pre-expanded

beads. A r?ﬁé@@@ﬁé%@é@ét@htﬂ—@pp@%btﬁ&palmﬂﬁél ol gied: arvoklehavilmgs,a bul k
density 60 kg/ B and a size of 300 mmx 400 mm x 50 nm was obt ai ned.

The fallingpahly ﬁp?arf‘fbyva!éigh@foft}Brﬁt@!%a(hn%t@qi@eﬁmﬁ@tﬂechervwaéneasured
and it was as excellent "as 250.5 cm 25 36 Exanple 2 100.5 parts by weight

of pol yet hyl &gy hRserh B8k modipadnohi pidied 4 al He AP dmRRSL aFe | N

Exanple 1 were I sperse a di spersion nediumobtained in the sane 5

manner S iR 3R Eugzel':v‘a}ﬁtsn%tﬁ'%%l bt On A2 P ggg?']?/ | Qe gﬁasdiéffgad

per oxi as ‘a polymerizatron 1 ni or Was |n advance I n 66

parts by Wf:' % Cf)and ?{te)i)r &5 4o 8&?&, i Wc?abst % 0184 fi 85-81% §R%ain

expandable beads. The obtained expandable beads had
styrene resin particles with a particle diameter of 0.04 pm to
0.2 um dispersed in a surface region and styrene resin
10  particles with a particle diameter of 0.05 um to 0.5 pm
dispersed in a center region as in the case of the modified
resin beads.
The obtained expandable beads were immediately
introduced into a pre-expanding machine and steam was
15 introduced at a pressure of 0.02 MPa to pre-expand the beads.
Pre-expanded beads having a bulk density of 60 kg/m?3 were
obtained.
Then, the pre-expanded beads were filléd into a mold
of a foam molding machine, and then steam was introduced for
20 expansion molding of the pre-expanded beads. A rectangular
parallelepiped expanded molded article having a bulk density
of 60 kg/m? and a size of 300 mm x 400 mm x 50 mm was
obtained. The falling ball impact value of the obtained molded

article was measured and it was as excellent as 250.5 cm.
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nononer. 10 The tenperature of the dispersion of the polyethylene-based
resin beads was adjusted to 60C and the first styrene nononer containing
the initiator was added quantitatively to the dispersion over 30 mn.
Then, the resulting mxture was stirred at 60C for an hour to 15

i npregnate the pol yethyl ene-based resin beads with the first styrene
nononmer. Next, the tenperature of the dispersion was raised to 130C and
kept for twoxhewps Ro polynerize (first polymerization) the first styrene
nmononer in the 20 pol yet hyl ene-based resin beads. Subsequently, 0.3 parts

by wei ght of di cunyloper @xirée by Aghe! ¥MBbivaliBnkenbhisatofeyias di ssol ved
in 534 parts by weight of a st'yrene nononmer to obtain a second styrene

monomer. - The. S6¢ Y AhEeene (IBNefRle Wos, AEenpet aB: spNllcnyaysty Into the

reaction solution o rst 7 polynerization at rate of 80 parts by

wei ght per r..far . _h txt}fet' r.ene mer was

pol yneri zecfh% segggﬁldllbgl g@?rzsz 'oh dﬁ%ﬁﬁeﬁ%@%ﬁ%ttﬁ% &he. based resin
beads re inpre(%nat eid i.th tl[iue jTonormer to obtain nodified 5 resin beads.
The di \é\ger PN ETaf'E of @f;ﬁ‘én? Yrene resin in the obtained nodified resin
§f§?§n2’afeg?§erV6d R mere, O 8RS El et b9 TLSE 9P $208kiad e

as a polymerization initiator was dissolved in advance in 66
parts by weight of a styrene monomer to obtéin a first Stsfrene
MONoIer.

10 The temperature of the dispersion of the
polyethylene-based resin beads was adjusted to 60°C and the
first styrene monomer containing the initiator was added
guantitatively to the dispersion over 30 min. Then, the
resulting mixture was stirred at 60°C for an hour to

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

Next, the temperature of the dispersion was raised to
130°C and kept for two hours to polymerize ({irst
polymerization) the lirst styrene monomer in the

20  polyethylene-based resin beads.

Subsequently, 0.3 parts by weight of dicumyl peroxide
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

25 continuocously into the reaction solution of the first
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particles with a particle dianeter of 0.05 pmto 0.35 pmwere 10 di spersed
in a surface region (x19,300, an area within about 5 pmfromthe surface)
and the styrene resin particles with a particle dianeter of 0.06 pmto 0.4
prn were dispersed in a center region (x38,600, an area within about a 5
pmradius fromthe center). The cross-sectional pictures of the surface 15
region and the center region are shown in Fig. 3 and Fig. 4, respectively.

Subsequent Ly xpandablea Peads (Wi PrRRak ey leidity pean@odRIpery as in
Exanpl e 1 except that the amount of bl owi ng agent was changed to 12 parts

by wei ght, 1,14, RardSHy+ Zcq’le"‘@jaSehdaé‘ﬂn%@laoﬁféﬁom’eﬁ’]@gﬁf)gol hferehéai ned

expandabl e " beads had styrene resin-particles wt ticle diameter of
part 1 o1 es it Py RRPLRERiG D, Bum BrCRO R P B B Bt 1 &
beads. | 38PANCRXBARBAH RUT B8 Gt e UAS S0P REd D §OERE: aREMiEE e as
the. molHed" a7 BCERavi ng A density 6f 60 kgi 18 (the amount of bl owing
agent: 14 parts by weight) 5 was as excellent as 175.5 cm Ml ded articles
respectively havilitf &188Rs5ISN sttade WgiB SEYHN akseAt i tBFowi ng agent: 16
parts by weight) and 150 kg/ n8 (the amount of blowi_ng agent:. 12 parts by
wei ght )~ wepéipiephreadariadt resimabeindg was obapated by the TEM
(transmission electron microscope}. The styrene resin
particles with a particle diameter of 0.05 um to 0.35 um were
10 dispersed in a surface region (x19,300, an area within about 5
pm from the surface) and the styrene resin particles with a
particle diameter of 0.06 pm to 0.4 pm were dispersed in a
center region (x38,600, an area within about a 5 um radius
from the center). The éross—sectknaalyﬁctures of the surface
15  region and the center region are shown in Fig. 3 and Fig. 4,
respectively.
Subsequently, expandable beads were prepared in the
same manner as in Example 1 except that the amount of
blowing agent was changed to 12 parts by weight, 14 parts by
20 weight and 16 parts by weight. The obtained expandable
beads had styrene resin particles with a particle diameter of
0.05 pm to 0.35 um dispersed in a surface region and styrene
resin particles with a particle diameter of 0.06 pm ﬁo 0.4 pm

dispersed in a center region as in the case of the

25  above-mentioned modified resin beads.
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val ues were neasured. The values of the nolded articles were 10 as
excellent as 105.5 cmand 260.5 cm respectively. The dianmeter of the
styrene resin particles in the surface region and the center region were
determned as follows. The particles of Fig. 4, for exanple, were traced
as shown in Fig. 5 in such a manner that the areas of the 15 particles of
the two figures are substantially equal. The dianmeter of each particle was

nmeasured from the AfagkpaneledFintoldedl antclé was cgnfinereth tthatsdine particle
dianeters were in the range of 0.06 limto 0.4 pm 20 Exanple 3 Mdified

resin beadsyM8H@robs ahnEsaplde ARt SHANGH o aSallN riearRl v deeweept t hat
"Evol ue F-201" manufactured by Sum tono Chemcal Co. Ltd. (nelting point:

117C, crys i hon re. ( t & g/ 10
A O N e A LR SR e Vs

2.5) was e a i near -l Sl 0l ye . - resin. The
di sper si on%?t gézq%f 79@;%?%1]%3@2%?5 bffﬁ"w?ﬁg %%%%?’ngﬁ b%g?ﬁ%’eg’%ﬁgg;{% beads was
observed by the TEM The, styr 5. resipn particles with a particle
di anet eg 0¥V803. 65 %W?geﬁ.tf%r%%véfsema}'spyr]%lé%# RTEG SPflaecSéD‘?CgéYéolbu’ (an area
w thin aboyt 5 pm fromthe rface nd the styre resin particles with a
particle E‘iaé’ﬁ’ége‘? ngity %350 5?§%3pﬁi%?‘én‘a}lé e?gg’éio}”ﬁng Eg%'?ﬁ‘%rigegi on
(an area within about, a 5 pmradius fromthe center). ,
Y /md
parts by weight) and 150 kg/m? (the amount’of blowing agent:
12 parts by weight) were prepared and the falling ball impact
values were measured. The values of the molded articles were
10  as excellent as 105.5 cm and 260.5 cm, respectively.
The diameter of the styrene resin particles in the
surface region and the center region were 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
15 particles of the two figﬁres are substantially equal. The
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 um.

20  Example 3
Modified resin beads were obtained in the same
manner as in Example 2 except that “Evolue F-2017
manufactured by Sumitomo Chemical Co. Ltd. (melting point:
117°C, crystallization peak temperature: 108°C, melt flow rate:

25 1.5 g/10 min., density: 0.915 g/cm3, and molecular weight
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10 Next, expandabl e beads were obtained in the sane nmanner as in Exanple
1. In the obtai ned expandabl e beads, the styrene resin particles with a
particle diameter of 0.05 pm to 0.3 pmwere dispersed in a surface region
and the styrene resin particles with a particle dianmeter of 0.1 pmto 0.5
pm 15 were dispersed in a center region as in the case of the
above-nentioned nodified resin beads. An expanded nol ded article was

obt ai ned i pyikRE IRATBn MAWVVINRS2L %) Beameheplbyand st fiee flahéang bal | i npact
val ue was neasured. The value of the nolded article having a density of

20 60 kg/ ”@ﬁﬁ%e@%i@%éﬁl?@'ﬂﬁy%éﬁs@cﬁ%sﬁ%?‘”m e 4 Into an extruder, 100
t of t sane

parts by weigh | i near | ow density pol yet hyl ene-based resin as

that of Exanple 2%, dgﬂ%ﬁ%]ﬁ{)ﬁ %)@ét}é‘%fgg'ﬁye%nérﬁgg%lgéhdﬁl@%rﬁtia%gé (Fe304)

and 0.5 40 parts by ‘wel talc were stock was nelted and

kneaded. g WhemaOLanyl Bhedstyoundetc el e b SyBlem e, Bt ova

(egg-shape&?O ylene-bas reS|njbg : e average
0.7y, B\bdPrHRPYEAFIF AR Tard Dl ERUABTE B Vet B ot Brhal n”the:
sanme nmanner as in Exanple 2 exc?géFthat th obtained iro o§gge-containing

pol yet hyl el A ddaPEESEH 1Bea I IGEF & SR8, (eeﬁ) aFé §irspet & a8y of

styrene resin in the obtained ) . : : .
from the surface) and the styrene resin particles with a particle

diameter of 0.1 um to 0.5 um were dispersed in a center region
(an area within about a 5 1m radius from the center).

10 Next, expandable beads were obtained in the same
manner as in Example 1. In the obtained expandable beads,
the styrene resin particles with a particle diameter of 0.05 pm
to 0.3 um were dispersed in a surface region and the styrene
resin particles with a particle diameter of 0.1 pm to 0.5 pm

15 were dispersed in a center region as in the case of the
‘above-mentioned modified resin beads.

An expanded molded article was obtained in the same
manner as in Example 1, and the falling ball impact value was
measured. The value of the molded article having a density of

20 60 kg/m?3 was as excellent as 155.5 cm.

Example 4
Into an extruder, 100 parts by weight of the same
linear low-density polyethylene-based resin as that of Example

25 1, 25 parts by weight of iron oxide particles (Fe3zO4) and 0.5
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nodi fied resin beads and expandabl e beads were observed by the TEM as in
Exanple 1. The styrene resin particles with a particle dianeter of 0.05 pm
to 0.3 urn were dispersed in surface regions and the styrene resin
particles with a particle 15 dianmeter of 0.1 pmto 0.45 }.tm were di spersed
in center regions. Next, expansion nolding was carried out in the sane
manner as in Exanple 1 to obtain a nolded article having a density of 60
kg/ nB. The pmasusedvéiaii of thad wdmpaat. valhe fe@@safclt wss fmahiedas as
excellent as 125.5 cm Exanple 5 Oval (egg-shaped) bl ack-col ored

pol yet hyl engrdbaseshdé€shmdends yeieudhtal medunnldrheasapeu@snete@s in
Exanple 4 25 except that 3 parts by wei ght of carbon black particles were

41 used | n%eﬁ’iﬁbﬂfdet J%’al'( ?e@fi'btlété kesolole %MW@Q@I%‘@QBESQU t he
car bon bl ack-'contai ning p yet h ene-based resin beads .

Modified re l%e%gfswe [ arrple2
except that ét ﬂe obt ali neg%ceglrgb ra%bl agkélggﬁt?g?% h%lsgr?ge?z;sed resin

bead_s %?engeaFLbe@g.n%é?ﬁﬂgg Pa@g@s@ }%rst Ongt %I ned in the sane nmanner

as in i 'Sper si 0 yr eneSesin in the obt ai ned
10 o0 1 2, esin e A7, xPRICED. ¢ leats 6T OBELASURY, (he TEM 2o
obtained in the same manner as in Example 2 except that the
obtained iron oxide-containing polyethylene-based resin beads
were used.
10 The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM as in Example 1. The styrene resin particles with a
particle diameter of 0.05 1um to 0.3 pum were dispersed in
surface regions and the styrene resin particles with a particle
15 diameter of 0.1 um to 0.45 pm were dispersed in center
regions.
Next, expansion molding was carried out in the same
manner as in Example 1 to obtain a molded article having a
density of 60 kg/m3. The measured falling ball impact value

20  of this foam was as excellent as 125.5 cm.

Example 5
Oval (egg-shaped) black-colored polyethylene-based
resin beads were obtained in the same manner as in Example 4

25 except that 3 parts by weight of carbon black particles were
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particle dianmeter of 0.06 pmto 0.3 pmwere dispersed in surface regions
and the styrene resin particles with a particle dianeter of 0.1 pmto 0.55
pm were dispersed in center 15 regions. Next, expansion nolding was carried
out in the sanme manner as in Exanple 1 to obtain a black nolded article
having a density of 60 kg/nB. The neasured falling ball inpact val ue of
this foamwas as excellent as 155.5 cm 20 Exanple 6 Modified resin beads
and expandabdea] haadsadesfeth® bt @h neddienpaheicsase Mimmervcasge vEgnpbé 1
except that the anmounts of styrene nononer and a-nethyl styrene nononer 25
were 95 pakhe byrWwehgbladndonmtpanisg polweibhicne-dspent ireelry beadds The

di spersion states of styrene resin in the obtained nodified resin beads
and expandapl & (beadsg were observed by the TEM The styrene resin particles
with a particle diameter of 0.04 pmto 0.2 pmwere dispersed in surface

regions (areas 5 V‘Md?:h']he%p%'élr?b‘é@dfsr%&h@b%‘ﬁ&?@ﬁ)tlﬁlgaﬁﬂ@ styrene resin
particles with a particle dianmeter of 5 pmto 0.5 pmwere dispersed in

cent er 5egl¥qg§11 gsinwtt)égl%s Ob&X@egt@marta}ﬁfi@%btaﬁﬁ@at&ﬁwterS) Next,

an expande ed article tarn same nmanner as in

ChaP geu PIREKEPEnEAUL0 PRt Ll TRAR Lot P dP LIERARMGART e BEaval U O

t he nol ded e havi

Then, expandable beads were obtained in the same manner as
in Example 1.
The dispersion states of styrene resin in the obtained
10 modified resin beads and expandable beads were observed by
the TEM as in Example 1. The styrene resin particles with a
particle diameter of 0.06 pm to 0.3 ym were dispersed in
surface regions and the styrene resin particles with a particle
diameter of 0.1 pm to 0.55 pm were dispersed in center
15 regions.

Next, expansion molding was carried out in the same
manner as in Example 1 to obtain a black molded article
having a density of 60 kg/m3. The measured falling ball
impact value of this foam was as excellent as 155.5 cm.

20
Example 6

Modified resin beads and expandable beads were
obtained in the same manner as in Example 1 except that the
amounts of styrene monomer and o-methylstyrene monomer

25 were 95 parts by weight and 5 parts by weight, respectively.
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density of 60 kg/nB was as excellent as 245.5 cm Exanple 7 15 Modified
resin beads were obtained in the sane nanner as in Exanple 2 except that
the amounts of the first and second styrene nononmers were 50 parts by

wei ght and 350 parts by weight, respectively, t-butyl peroxybenzoate was
used as the polynerization initiator and the polynerization 20 tenperature
was 115C. Then, expandabl e beads were obtained in the sane manner as in

Exanpl e 1 using 14Tparfifspdkivei @hitcandr ¢y pant sebm Wai aid Htatihedbl ow ng
agent, respectively. The dispersion states of styrene resin in the

obt ai ned 25 il FekiieBAcReAlY aRgasipANdabL eabeads. WR gbgepyed by 43

the TEM The styrene resin particles w a particle dianeter of"0.05 }.tm

to 0.4 pm wereqd peffﬁgyértgﬁgﬂgefegﬁ%gnr g%ir%}?é%ﬁﬁs% %gmgﬁ gﬁgﬁfoﬁérpmfrom

the surfaces) and the' s articles wt par anet er of

5 o radt u! PO TR Dntar ) ek T B e Rl RN M e
il R Ot e A T TR NE AN N T e

A SRR R S R G
(amunt of dispersed in center regions (areas within about a 5 pm radius

from the centers).
Next, an expanded molded article was obtained in the
10 same manner as in Example 1, and the falling ball impact
value was measured. The value of the molded article having a

density of 60 kg/m?3 was as excellent as 245.5 cm.

Example 7

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

20  temperature was 115°C. Then, expandable beads were
obtained in the same manner as in Example 1 using 14 parts
by weight and 16 parts by weight of the blowing agent,
respectively.

The dispersion states of styrene resin in the obtained

25 modified resin beads and expandable beads were observed by
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bl owi ng agent: 16 parts by weight) was prepared in the sanme manner as in
Exanple 1. The falling ball inpact value 15 neasured of this nolded article
was as excellent as 120.5 cm Exanple 8 Modified resin beads were obtained
in the sane manner as in Exanple 7 except that the inorganic nucleating

20 agent added was silica, dicunyl peroxide was used as the initiator and
the polynerization tenperature was 140C. Then, expandabl e beads were

obt ai ned inthe-sane (88 o L) : h i%Beﬁ- .00 Statgs of
styrene reg’lhﬁ3 i%]rﬁ\tﬁhe A@E?a%ﬁg{le%ﬁez%S&Dd?gvlp{elgléses?ﬁr%ﬁb%é S 21?113 g%(pantc%abl e beads
wer e observ 44 th EM_The styrene. resi i.cl it rticle
di anet er oq%d%% ]"Bﬂm kooﬁogéﬂﬂjm“ﬁreedzﬁ%%@escggﬁir!SanIg‘étrcF alcee Pegi nl%a%Zr eas

wi thin about. 5.pmfromthe surfaces) and the styrene resin parficles with
a particle "Eﬂtglr‘rgt%?mdf" %]-16’8‘ ﬁ&f’ﬁltt %?ngﬁﬁﬁr%né SHEYEY eirﬁsé%nt er
regions (areas wthin about a ? pm radi us _,frgmthﬁaﬁ(ﬁgi}ers). Next, an
expanded notafaicigs: Weile anRarbistaicHadn e ek RE O- d ki et H38 VH Exanpl e 1,
and the falling ball inpact value was neasured. The value of the nol ded
articl eShavliggeaseo ideReNE§T SELBUNRJAHBARAE! HdNekBRMNhD HE F6E! 5 m
Exanple 9 Modified resin beads were obtained in the sane nmanner as in
Exanpl e 2 dxeepthehantdre)anounts of the first

Next, an expanded molded article was obtained in the
same manner as in Example 1, and the falling ball impact
value was measured. The value of the molded article having a

10 density of 60 kg/m?3 (amount of blowing agent: 14 parts by
weight) was as excellent as 155.5 cm. Furthermore, an
molded article having a density of 30 kg/m?3 (amount of
blowing agent: 16 parts by weight) was prepared in the same
manner as in Example 1. The falling ball impact value

15  measured of this molded article was as excellent as 120.5 cm.

Example 8

Modified resin beads were obtained in the same
manner as in Example 7 except that the inorganic nucleating

20 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
Example 1.

The dispersion states of styrene resin in the obtained

25 modified resin beads and expandable beads were observed by
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15 styrene-nononer and the second styrene-based nononmer were 120 parts by
wei ght and 80 parts by weight, respectively. Then, expandabl e beads were
obtained in the same manner as in Exanple 1. The dispersion states of
styrene resin in the obtained 20 nodified resin beads and expandabl e beads
were observed by the TEM The styrene resin particles wwth a particle
dianeter of 0.04 pmto 0.3 pmwere dispersed in surface regions (areas

W t hi n about, Spmuf r Uﬂh%hﬁg@éhfeaﬁ@é?ﬁl pRGtiNesshwenepaesicle dpantdtekes with
a particle dianeter of 0.05 pmto 0.5 pmwere 25 dispersed in center

regions (argag s thingahput, g, Sy o a@_ghefse&%fgemat&eregmlﬁ%Are@iext, an

expanded nol ded article was obtalned I he sane nmanner "as in Exanple 1,

d the falljng.ball i £.) : : : | ded
rticl'e havHen bR Ao, eBs By R Rt B TP P B SRt T
Ex le 10 Modi.fj ed _r.esin_bead ; [ in_the [
. 30 R B R BB R T B ST B ORE 22 1
.used, d aft first I Lzati t. 135C using 0. 19 t
Dy vl gt GHSACEaRRI D BEORT A6 EaNEHETHR ATON SPRe Bnpehi: HEHY The
reaction systemwas |lowered to 125C. 0.30 parts by wei ght of dicunyl

per oxi de adr@péhgnestetSion initiator was dissolved in 350 15 parts by

wei ght of a styrene nmononer to prepare a second ) ,
Next, an expanded molded article was obtained in the

same manner as in Example 1, and the falling ball impact
value was measured. The value of the molded article having a

10  density of 60 kg/m?3 was as excellent as 160.5 cm.

Example 9
" Modified resin beads were obtained in the same

manner as in Example 2 except that the amounts of the first
15 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

in Example 1.

The dispersion states of styrene resin in the obtained

20  modified resin beads and expandable beads were observed by

the TEM. The styrene resin particles with a particle diameter

of 0.04 um to 0.3 pm were dispersed in surface regions (areas

within about 5 pm from the surfaces) and the styrene resin

particles with a particle diameter of 0.05 1am to 0.5 um were

25 dispersed in center regions {areas within about a 5 um radius
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styrene nononer. The second styrene-based nononmer was continuously dropped
into the reaction solution of the first polynerization at a rate of 50
parts by weight per hour so that (second) polynerization of the second
styrene nononer took 20 place while the resin beads were inpregnated with
the second styrene nononer. Then, expandabl e beads were obtained in the
sanme manner as in exanple 7. The dispersion states of styrene resin in the
obtai ned npdid itRd dQsictspeads and expandabl e beads were observed by 25
the TEM The styrene resin particles with a particle dianeter 46 of 0.03

pmto 0.3 pmwere NE%peéﬁeéx{;an%wd AE61dQPLOMT 1€ W LD b MihRIdN AkaEt 5 pm
fromthe surfaces) and the styrene resin particles with a particle

di aneter of : i S S i t r:egi ar eas
s dmBERALG 95411105@%%%16(11, ReESat ;f&ll%ggtlfa{ll 1?1QQQB§ (

wi t hin about 'a 5 pmradius the centers an expanded nol ded

article Wa%/aql&tcai)v%%dmie%s&ﬂ%d.Saﬁﬁga\gﬁﬁ (ﬁsﬂié‘]%ﬁ% glééiclgnlqﬂ/ fal 11ng

bal | inpact “val ue was nmeasured. alue 0o article ‘having a

density.of 60 kg/ng t 0f bl o o by 10 wei gh
xoal | ot deons8y St al el 8 FhaRilas 1B €TRaving a densi 1y of

30 kg/ nB (anmount of blowi ng agent: 16 parts by weight) was prepared in the

sanme manner as in Exanple 1. The falling ball inpact value neasured of
this nolded article was as excellent as 120.5 cm 15
Example 10

Modified resin beads were obtained in the same
manner as in Example 2 except for the following. 50 parts by
10 weight of a styrenc monomer was used, and after (first)
polymerization at 135°C using 0.19 parts by weight of dicumyl
peroxide as the initiator, the temperature of the reaction
system was lowered to 125°C. 0.30 parts by weight of dicumyl
peroxide as a polymerization initiator was dissolved in 350
15 parts by weight of a styrene monomer to prepare a second
styrene monomer. The second styrene-based monomer was
continuously dropped into the reaction solution of the first
polymerization at a rate of 50 parts by weight per hour so that
{second) polymerization of the second styrene monomer took
20  place while the resin beads were impregnated with the second
styrene monomer. Then, expandable beads were obtained in
the same manner as in example 7.
The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by

25 the TEM. The styrene resin particles with a particle diameter
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Exanple 11 Modified resin beads were obtained in the sane manner as in
Exanpl e 10, and 14 parts by wei ght of pentane (n-pentane: isopentane = 80:
20, volune ratio) was added 20 instead of butane as the bl owi ng agent.
Then, the tenperature inside the rotary m xer was raised to 30C and kept
for 6 hours. Then, the tenperature was cooled to 25C to obtain expandabl e
beads. The di spersion states of styrene resin in the obtained 25 nodified

resin beads,fan ®xnandaly. 8 paadse MeHes POSRIY e Dyriate kégloliﬁlvl(aﬁm styrene

resin particles with a particle diameter of 0.03 limto 0.3 pmwere

di spersed iypi+Syh{ A58 G ARSHOM Qe sWirtdddk)abaut (9e frléﬁ'@“ tdwepsurfaces)
and the styrene resin &rtlc | es vmthapartlcle dlarre of 008 }imto

from the. comer sl%%eﬁiﬁ? 4 B e oo %R B?%%?-%ﬁﬁa. i e
sane mnner zgf)erPec.Eer?”BFﬁt%r 1%@9%13 fep C%\E'VG&I’B%' Ebo%a%tn V?l 1‘{%8 kgl 8

measur ed. te ‘of havi
(amount .of .bl owi ent: 14 parts by weight) was as excell ent as 155.5
cm -Fur? herfﬁ%%tpg 9?%?@&& article having a density of 30 kg/nB (ampunt of

b ouing 20°L:  16,peL s, by kel g) e, b chard 0. 0E SAE ener 2 0
was as excgleﬂnggtlngsnnlezroa% i(iquxample 1, and the falling ball impact
value was measured. The value of the molded article having a
density of 60 kg/m?3 (amount of blowing agent: 14 parts by
10  weight) was as excellent as 155.5 ¢cm. Furthermore, a molded
article having a density of 30 kg/m?3 (amount of blowing agent:
16 parts by weight) was prepared in the same manner as in
Example 1. The falling ball impact value measured of this
molded article was as excellent as 120.5 cm.
15
Example 11
Modified resin beads were obtained in the same
manner as in Example 10, and 14 parts by weight of pentane
(n-pentane: isopentane = 80: 20, volume ratio) was added
20 instead of butane as the blowing agent. Then, the
temperature inside the rotary mixer was raised to 30°C and
kept for 6 hours. Then, the temperature was cooled to 25°C to
obtain expandable beads.

The dispersion states of styrene resin in the obtained

25 modified resin beads and expandable beads were observed by

47



Conparative Exanple 1 Modified resin beads and expandabl e beads were

obtained in the sane manner as in Exanple 1 except that

20

trade nane

"TUF-2032" manufactured by N ppon Unicar Conpany Limted (crystallization

peak tenperature: 113C, nelt flowrate: 0.9 g/ 10 mn.,

den

sity: 0.923

g/cnB, nolecular weight distribution (Mv M): 4.5) was used as the |inear
| ow- density pol yet hyl ene-based resin (LLDPE) prepared by 25 using a

Zi egl er- Natt @ e@hal Yothe thorHAL WERGH 234 +1981 dREh & Waeti48 dREnELOC and the

amount of styrene nononmer added was 185 parts by weight.

Th

e di spersion

states of § ﬂ.g@e&gﬁsﬂo“ol@ 1 REwRRbal e BB ised-fh881 e 18RS 2308d s
eads TE

expandabl e re observed by 5 the

M The styrene resin particles

R 2 P hEATELS uoh 000 B LAl pmaess. diphareadalp surf ace

regi ons 0, areas"withrn a

cent'er

faces), but

he styrene

R B e e R s e

areas W thin about,a 5

! di f he .cer .. 1h
ol ctur 6b. of B LA FacEPREGT ShEaa Rkt RO GHDBHC (o

Cro

1o

regrons

$ Idzggt i onal

resin

beads are gshown .in Fig. 6 and Fig. 7, respectively. An expanded nol ded
article wasde$ FHETShne 15 manner as in Exanple 1, and the falling
bal | inpact value was neasured. The val ue of, Ehe nol ded .article having a

bul k Next, an expanded molded artic

e was obtained inn the

same manner as in Example 1, and the falling ball impact

value was measured. The value of the molded article having a

10 density of 60 kg/m?3 (amount of blowing agent: 14 parts by

weight) was as excellent as 155.5 cm. Furthermore, a molded

article having a density of 30 kg/m3 (amount of blowing agent:

16 parts by weight) was prepared in the same manner as in

Example 1. The falling ball impact value measured of this

15 molded article was as excellent as 120.5 cm.

Comparative Example 1

Modified resin beads and expandable beads were

obtained in the same manner as in Example 1 except that

20 trade name “TUF-2032” manufactured by Nippon Unicar

Company Limited (crystallization peak temperature: 113°C,

melt flow rate; 0.9 g/10 min., density: 0.923 g/cm?, molecular

weight distribution (Mw/Mn): 4.5) was used as the linear

low-density polyethylene-based resin (LLDPE) prepared by

25  using a Ziegler-Natta catalyst, the polymerization temperature
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density of 60 kg/nB was 120.5 cm This is significantly smaller than that
of a nolded article of the sane density which contains polyethyl ene-based
resin obtained using the 20 netall ocene conmpound as a catal yst.

Conpar ative Exanple 2 Modified resin beads and expandabl e beads were
obtained in the same manner as in Exanple 1 except that the 25 anount of
styrene-based nononer used was 10 parts by 49 weight. The di spersion states

of styrene yg8in onctdied abteah nadin redi fived neesli s bgrdsa anddexpandabl e beads
were observed by the TEM The styrene resin in particulate formwas hardly

5 observed dq.sUp{ageidipgi ons (areas within about 5 pmfromthe surfaces)
and styrene resin’in rticulate formwas not observed in center regions

(areas within abouynd &Rk e LEQ e%gxﬁe%g@ggga igScellbtalexl, the

obt ai ned expandabl e beads wer e i mredi 0 ‘a pre-expandi ng

machi ne and_st.eam.was .i n{.r ced.at_a _pr re of 02 - expand

t he beads. 1&3@IﬁggdgffSlﬂhggﬁéggre}nﬂfﬁﬁ?@1@%%2%3%%&@%(}’9%}%ngggﬁgggggeads t hat
can be _adapted faor ansi on nol di.ng coul d not. be obtained..15 Conparative
D) €53 D& NIade] HErEyBRa ot AT HeTeh bt e e HidBeRD o 1
except that the amount of the initiator used was 1.0 parts bSy wei ght. The
obt ai ned r &i % bedHy bt drnan é@’qrgrébslmrsed in surface regiorn

(x12,800, areas within about 5 yum from the surfaces), but
dispersion of the styrene resin particles was not observed and
the styrene resin particles was the continuous phase in center
10 regions (x12,800, areas within about a 5 um radius from the
centers). The cross-sectional pictures of the surface region
and center region of the médiﬁed resin beads are shown in Fig.
6 and Fig. 7, respectively.
An expanded molded article was made in the same
15 manner as in Example 1, and the falling ball impact value was
measured. The value of the molded article having a bulk
density of 60 kg/m?® was 120.5 cm. This is significantly
smaller than that of a molded article of the same density which
contains polyethylene-based resin obtained using the

20  metallocene compound as a catalyst.

Comparative Example 2
Modified resin beads and expandable beads were
obtained in the same manner as in Example 1 except that the

25 amount ol styrene-based monomer used was 10 parts by
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anount of fine powder other than the nodified resin beads. 20 The fine
powder was styrene resin powder and it was generated due to the styrene
nmononer bei ng pol yneri zed before the
resin beads with the nononer. For this reason, the polyethyl ene-based
nodified with a desired amount of the styrene resin.
An expanded nol ded article for the evaluation of 50 physical properties
g%-gggained since the fine particles hindered the fusion of the
é at the expansion nolding. 5 Conparative Exanple 4 Mdified
resin beads and eﬁﬁ§9 | . : ' ~dd - eq as in
t atQﬁgggrgﬁﬁg%tﬁ@égéﬂqaggbgggﬁﬁg?'Pﬁé§?ﬂ?P?§tor and the
pol ymeri zat.i on. 4 emper ' i rSi S yrene
RO RGP & e AL ER AR S PR

s  and expan eads “wer e

resin could not be

coul d not
expanded

Exanpl e 1 except

resinin
observed
greater t
fromt

in center
Next, an

bea
nzoyl peroxi de

resin

i npregnation of the inside of the

25

b e TEM. ., Th . esi rtigles mith ' di

e I M ver b iRty aEa ek oy PRERCHIFS e Ly mE T s o
f . A f the st i 15 d [

"PRaPERGd (8 BRETSET A BOUR &S  DINPABTAS 119 G e Bentora) -

expanded nol ded article was obt ai_negai n.the sanme nmanner as in
Exanpl e 1, SHEREHD 2BA pHY B repipabiPavldry

the nol ded article having a

10

156

20

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

Next, the obtained expandable beads were immediately
fed t.o a pre-expanding machine and steam was introduced at a
pressure of 0.02 MPa to pre-expand the beads. The beads,
however, hardly expanded and pre-expanded beads that can be

adapted for expansion molding could not be obtained.

Comparative Example 3

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
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-based resin could not be
modified with a desired amount of the styrene resin.

An expanded molded article for the evaluation of

50

Wl Ba¥@%elOtThe val ue of



20 density of 60 kg/ n8 was as poor as 95.5 cm Conparative Exanple 5
Modi fi ed resin beads were obtained in the sane nanner as in Exanple 7
except that benzoyl peroxide was used 25 as the initiator and the

pol yneri zation tenperature was 90C 51 in the first polynerization and

di cunyl peroxide was used as the initiator and the pol ynerization
tenperature was 130C in the second pol ynerization. Then, expandabl e beads

vere obt aigieglsionlt heo s@ee SRoNaE A6t ik Bhaaphed lsinzeTtige diisper si on states
of styrene resin in the obtained nodified resin beads and expandabl e beads

were observegd-thyled RendEM d The BiyIeNeMes Bxpaniddd eexaMd Atanpearticle
di anet er reater than 1 }un were dispersed in surface regions (areas

within 5 1 domdbe, sinifaces) and center regions (areas 10 within about a
5 pmradi u?yfﬁ; omltﬁe cgntlel%g). Next, an expanded nol ded article was

obtained in the sane manner as in Exanple 1, and the falling ball inpact
val ue was neasured. The value of the nolded article having a density of 60

kg/ n8 S Qor_as. 120.5 ¢ 5 Conparative Exanple 6 Mddified resin
" e MR ot

beads manner as in Exanple 7 except that dicunyl

peroxi de was wused as the initiator, and fhe polynerization tenperature was
50 130C in the firYOBEISFHEF P DGR SRS DERPEN DRI R P AL ReTe

obtained in the same manner as in Example 1 except that
benzoyl peroxide was used as the initiator and the
polymerization tempc—:rafure was 90°C.

10 The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM. The styrene resin particles with a particle diameter
greater than 1 pm were dispersed in surface regions {areas
within 5 pnm from the surface). A part of the styrene resin was

15 in a continuous state in center regions (areas within about a 5
m radius from the centers).

Next, an expanded molded article was obtained in the
same manner as in Example 1, and the falling ball impact
value was measured. The value of the molded article having a

20  density of 60 kg/m3 was as poor as 95.5 cm.

Comparative Example 5
Modified resin beads were obtained in the same
manner as in Example 7 except that benzoyl peroxide was used

25 as the initiator and the polymerization temperature was 90°C
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used as the initiator and the polynerization tenperature was 90C in the
second pol yneri zati on. Then, expandabl e beads were obtained in the sane
manner as in Exanple 1. The di spersion states of styrene resin in the
obtained 25 nodified resin beads and expandabl e beads were observed by 52
the TEM The styrene resin particles with a particle dianmeter greater than
1 pmwere dispersed in surface regions (areas wthin 5 pmfromthe

surfaces) . ijfhenSTsensolyaakRiMason higd cﬁ@u&ﬁ%u@mo&ﬁaeew@ wead efs regi ons
(areas within about a 51Im 5 radius fromthe centers). Next, an expanded

mol ded art iygleei Wyas @Bt @hReth é Hd1hen e S3HE OFRORIp &% thit Bl 8 01C iand the
falling ball inpact value was neasured. The val ue of the nolded article

having a_ dgasiiyo ol SOIKHETE Aa5nas POk, R5phOfRbEbbICarEr at | ve

Exanple 7 S were obtalhed”in the sane manner as in

Bxampl e 2 oxsephohal (hISATLAL, fhef I BGBAG sy ene mononer was B34

parts by wel an continuously Into the reaction

sol utiop of the fi,{,ﬁt8 @%I er}eﬁghﬁa%dagn ove Q he°‘[’§§inr-me e%@ﬂ@al e beads
(5) i . The di

were obtained in _ _ _SII’I aq_r%’ie i Spersion states of
ver e obser JBALEYCA TG T HCETERE ARG SYRBRETbU T parTrLt GO T e Bar 1l e
di amet er the TEM. The styrene resin particles with a particle diameter

greater than 1 pum were dispersed in surface regions (arecas

within 5 nm from the surfaces) and center regions (arcas

10  within about a 5§ yum radius from the centers).
Next, an expanded molded article was obtained in the
same manner as in Example 1, and the falling ball impact

value was measured. The value of the molded article having a

density of 60 kg/m3 was as poor as 120.5 cm.

Comparative Example 6

Modified resin beads were obtained in the same
manner as in Example 7 except that dicumyl peroxide was
used as the initiator and the polymerization temperature was

20 130°C in the first polymerization and benzoyl peroxide was

used as the initiator and the polymerization temperature was
90°C in the second polymerization. Then, expandable beads
were obtained in the same manner as in Example 1.

The dispersion states of styrene resin in the obtained

25 modified resin beads and expandable beads were observed by
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of 0.07 pmto 0.4 I.tmwere dispersed in surface regions (x19, 300, areas
within about 5 lamfromthe surfaces), but in center regions (x19, 300,
areas within about a 5 lamradius fromthe centers) the particul ate
styrene resin formed a 25 continuous phase and as a result, the styrene
resin particles 53 had a particle dianeter greater than 0.8 pm The
cross-sectional pictures of the surface region and the center region are
shown in Fige BEMd Aflge RyreaspectnviedyticNextyithna gxgenideddimigdrarticl e
having a density of 5 60 kg/n8 was nmade in the same manner as in Exanple

1, and thgrtatéd nEaballl piiReete Vad perswab ineasti-ee rébioles (a8eO0r as
120 5 cm The conditions for nmaking the nodified resin beads t he bl ow ng

agent usedy;the, B ndﬁ%%htﬂhé)fsuﬁﬂﬁ‘c@sae expangiad elﬂ@r@§ﬁ€l$¢v@§‘Q1‘1tﬁ'e falling
bal | inpact value of the expanded nol ded arti cI e according to Exarrpl es 1-11

%n%\ C8rrpar abh :gﬁbgg%]_@g%te ;11tcoeq{é%1 n'sn(gﬁ*%lélsew]ttﬁﬂg a%@ 55hto 0 )
5 radius from the centers).

Next, an expanded molded article was obtained in the
same manner as in Example 1, and the falling ball impact
value was measured. The value of the molded article having a
density of 60 kg/m?3 was as poor as 100.5 cm.

10
Comparative Example 7

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 dropped

15 continuously into the reaction solution of the first
polymerization over 10 hours. Then, expandable beads were
obtained in the same manner as in Example 1.

The dispersion states of styrene resin in the obtained

modified resin beads and expandable becads were observed by

20 the TEM. The styrene resin particles with a particle diameter
of 0.07 um to 0.4 nm were dispersed in surface regions
(x19,300, areas within about 5 um from the surfaces), but in
center regions {x19,300, areas within about a 5 pm radius
from the centers) the particulate styrene resin formed a

25 continuous phase and as a result, the styrene resin particles
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“had a particle diameter greater than 0.8 pum. The
cross-sectional pictures of the surface region and the center
region are shown in Fig. 8 and Fig. 9, respectively.

Next, an expanded molded article having a density of
5 60 kg/m?3 was made in the same manner as in Example 1, and
the falling ball impact value was measured. It was as poor as
120.5 cm.
The conditions for making the modified resin beads,
the blowing agent used, the bulk density of the pre-expanded
10 beads and the falling ball impact value of the expanded molded
article according to Examples 1-11 and Comparative Examples

1-7 are shown in Table 1 and Table 2.
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hi EIl co10 01 mO N 8~000Cg081I oUwu, Up-~ mc- o.4dDbAG
p~yu ~a352u U~~DbA of z'ovarx 3wmw. -- ~BoB Ncl 0 Wy
A b QNS5 BS h8ai waln Tables 1 and 2, PE refers to
pol yet hyl ene-based resin, SMrefers to a styrene nononer and a-MSMrefers
to an a-nethyl styrene nononmer. The invention thus described, it wll be
obvious that 5 the sane may be varied in many ways. Such variations are not
In Tables 1 and 2, PE refers to polyethylene-based
resin, SM refers to a styrene monomer and o— MSM 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. 2004-258792 filed on

September 6, 2004, whose priory is claimed and the disclosure

of which is incorporated by reference in its entirety.
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to be regarded as a departure fromthe spirit and scope of the invention,
and all such nodifications as would be obvious to one skilled in the art
are intended to be included within the scope of the follow ng clains. 10
Furthernore, the present invention is related to Japanese Patent
Application No. 2004-258792 filed on Septenber 6, 2004, whose priory is
clainmed and the disclosure of which is incorporated by reference inits
entirety. I1Nabde[dNarige dothendogudbnithsCl ainms [CGaim 1] A nmethod for
produci ng styrene-nodified linear |owdensity polyethyl ene-based resin
beads, conprising the 5 steps of: dispersing 100 parts by wei ght of
non-crosslinked I|inear |owdensity polyethyl ene-based resin beads which

are polynmepizad Usiang, & HEY bl ¢RI SOB UL 36~ @ cedfidklyEheand contain an
i nor gani cnﬁucl eat | ﬁg agent, 50 to 800 p?r)ts by 10 wei ght of a styrene-based

monomer  angg g, i Rhe ol Y 0612 1R JEBELARALHAM & Rl at or
relative tgo%oélerﬁ)%rl?%%bd;%e\%\g?]ghte of therstlylrene-%a’sed nlomlegr Into an
agueous Sléstgggsépn contai ning a dispersant; inpregnating the

pol yet hyl ene-based resin beads with 15 the styrene-based nononer under

neat g e st 0o fLSRE ST tls B DMe TR RS0
linear low-density polyethylene-based resin beads which are
polymerized using a metallocene compound as a catalyst and
contain an inorganic nucleating agent, 50 to 800 parts by
10  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 into an agueous
suspension containing a dispersant;
impregnating the polyethylene-based resin beads with
15 the styrene-based monomer under heating the resulting
dispersion at such a temperature that the styrene-based
monomer does not substantially polymerize; and
performing polymerization of the styrene-based
monomer at a temperature of (T + 10) to (T + 35)°C {where T'C
20 is a crystallization peak temperature of the polyethylene-based

resin beads).
[Claim 2] A method for producing styrene-modified linear

low-density polyethylene-based resin beads according to Claim

25 1, wherein the styrene-based monomer is used in an amount of
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perform ng pol ynmerization of the styrene-based nononer at a tenperature of
(Ti- 10) to (T + 35)C (where TC 20 is a crystallization peak tenperature
of the polyethylene-based resin beads). [Claim21 A nmethod for producing
styrene-nodified linear |owdensity polyethyl ene-based resin beads
according to Claim 25 1, wherein the styrene-based nononer is used in an
anmount of 58 50 to 300 parts by weight. [Claim3] A nmethod for producing

styrene- nocy(jltgctg(b@rpa@fts 3}2 gnst.ty pol yethyl ene-based resin beads
according to claim erein the | ow- density pol yet hyl ene-based resin

beads have a nol ecul ar WEI ght distribution (MVM M) of 1.5 to 3.5 neasured
by GPC and a density of 0.910 to 0.925 g/cnB8. [Claim4] A nethod for

product ng SEXESASIRAMASG KBPUrf, e depsityn RoLYRL AV fpgybased rosir

beads, rising steps o parts by wei ght

non-ci oss! Bl ol 17301} 01 920 o 0] ey 3%%&%%8% ek oheRtlp i ¢!

are poly meP 1z ocene conpoun cata contain

an inorgani.c nucl eati en 30.t0 300 rts
styrene? baéed‘”ﬁﬁﬁ%%rtp%n%’%“%é?ﬁné' Eoéé‘?‘thgﬁﬁﬁ}e ﬁe (‘gsfm p%ﬁyrrerl zation
initiator relativ arts by, ht o tyrene-based. mononer
into an aqlEbifs? %@%%Hg’i“b t ﬁg%ﬁtﬁ&J‘guﬂ’iﬂs é}ﬁ" gq ﬁﬂpegn%tl ng the
pol yet hyl ene- based resin beads W th

measured by GPC and a density of 0.910 to 0.925 g/cm3.

[Claim 4] A method for producing styrene-modified linear

10 low-density polyethylene-based resin beads, comprising the

steps of:

dispersing 100 parts by weight of non-crosslinked
linear low-density polyethylene-based resin beads which are
polymerized using a metallocene compound as a catalyst and

15 contain an inorganic nucleating agent, 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 parts by
weight of the styrene-based monomer into an agueous
suspension containing a dispersant;

20 impregnating the polyethylene-based resin beads with
the styrene-based monomer under heating the resulting
dispersion at sucﬁ a temperature that the styrene-based
monomer does not substantially polymerize;

performing first polymerization of the étyrene—based

25 monomer at a temperature of (T + 10) to (T + 35)°C (where T°C
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t he styrene-based nononmer under heating the resulting dispersion at such a
tenperature that the styrene-based nononer does not substantially

pol ynmeri ze; performing first polynerization of the styrene-based 25
nononer at a tenperature of (T + 10) to (T + 35)C (where VC 59 is a
crystallization peak tenperature of the polyethyl ene-based resin beads);
and subsequent to the first polynerization, adding a styrene-based nononer

and 0.1 toiDa%ppstAlbwtieh PHaloktetPeRohyenst 2ok po 31dtht)ﬂlaherbasbatl ve to
100 parts by weight of the “styrene-based nononer and adjusting the

tenper at ur g: 9fy th@dd)esld ing dispersion to (T - 10) to (T + 35)C (where TC
is a crystallization peak tenperature of the polyethyl ene-based resin

peads), so that | npheaaglialt ol thierhoWplepaldnl-d R0l yehlyg ene-based resin

beads with the styrene- nononer a econ pol ymer i zati on take pl ace,

e g el n YT AL Sl e OO TR St o 1 11
part o ¥ VBl Ok LG PRSI R NS PP 80651 By PRRRD e fFinl Srh &1 A
pol el ! ene baced, Lesin beads. Bccol dipa Lol Anaieretn
8' SEBI Pgt b?cg@lg{\%vpg 1801:]:61%1311'[100 ?T54 %%)"%aﬁ*"e%ﬁ ?D%grned,racd%nm ty of
crystallization peak temperature of the polyethylene-based
resin beads), so that impregnation of the low-density
10 polyethylene-based resin beads with the styrene-based
monomer and second polymerization take place, wherein the
total 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.
15
[Claim 5] A method for producing styrene-modified linear
low-density polyethylene-based resin beads according to claim
4, wherein the low-density polyethylene-based resin beads
have a molecular weight distribution (Mw/Mn) of 1.5 to 3.5

20 measured by GPC and a density of 0.910 to 0.925 g/cm3.

{Claim 6] A method for producing styrene-modified linear
low-density polyethylene-based expandable resin beads,
comprising the steps ol

25 dispersing 100 parts by weight of non-crosslinked
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[Claim6] A nethod for producing styrene-nodified linear |owdensity

pol yet hyl ene- based expandabl e resin beads, conprising the steps of: 25
di spersing 100 parts by weight of non-crosslinked 60 |linear |owdensity
pol yet hyl ene- based resin beads which are polynerized using a netall ocene
conpound as a catalyst and contain an inorganic nucleating agent, 50 to
800 parts by weight of a styrene-based nononer and 0.1 to 0.9 parts by 5
wei ght of dipehyriew-datisory poiyedipenelatsedertvinlBéapar tvdioyn anei ght  of

t he styrene-based nononer into an aqueous suspension containing a

di sper sant ;pdlRphednatingidde paltyeldud enedimpednidesisne headdywt tmd t he
styrene-based nononmer under heating the resulting 10 di spersion at such a

t enper at ur e dfyatint &€ iSloyEanec BASErka (TRROABEN €088 fPBOTUBSrasth@l |y
pol ynmeri ze; perform ng pol ynerization of tThe styrene-based nononer at a

tenperatur %Qigl%tﬁof"a%&r@ﬁe BagedOdfod¥hE CatE 01 6 8 @Tg’?sﬁltbi B@tion peak

tenperature o e polyethyl ene-based 15 resin beads); and inpregnating

e« <251, BRI L G LbSE14 R0 BIUTIIAERCR Wkt ey [ B o ng
Lo enst Bl Y G5 BESEc ExPANIRDl Syl S PRAOS, BRER S 19 (0 cpaim
parts. by Wesiugshrgénsion containing a dispersant;
impregnating the polyethylene-based resin beads with
the styrene-based monomer under heating the resulting
10 dispersion at such a temperature that the styrene-based
monomer does not substantially polymerize;
performing polymerization of the styrene-based
monomer at a temperature of (T + 10) to (T + 35)°C (where T°C
is a crystallization peak temperature of the polyethylene-based
15  resin beads); and

impregnating the resin beads during or after the

polymerization with a volatile blowing agent.

[Claim 7] A method for producing styrene~modified linear
20 low-density polyethylene-based expandable resin beads
according to claim 6, wherein the styrene-based monomer is

used in an amount of 50 to 300 parts by weight.

[Claim 8] A method for producing styrene-modified linear

25  low-density polyethylene-based expandable resin beads
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[Claim8] A nethod for producing styrene-nodified linear 25 |owdensity
pol yet hyl ene- based expandabl e resin beads 61 according to claim@®6, wherein
the | owdensity polyethyl ene-based resin beads have a nol ecul ar wei ght
distribution (Mv M) of 1.5 to 3.5 nmeasured by G°PC and a density of 0.910
to 0.925 g/cnB. 5 [Caim9] A nethod for producing styrene-nodified |inear

| ow- density pol yet hyl ene-based expandabl e resin beads, conprising the
steps of: dicgparddiiggtd @laiparg swiheneengtitc ddwndeneigss! i nked 10 |i near

| ow- density pol yet hyl ene-based resin beads which are polynerized using a

met al | ocengqlgepbiihsh @ asabtrabistbeands eond ai mabscufer gagightnucl eat i ng
agent, 30 to 300 parts by weight of a styrene-based nononer and 0. 1 to

0.9 parts bysi¥@iabnoMa MEhyrsEr 1 Zatbas 5 mdd aheed gl @Pyeahd 400 parts by
15 wei ght of the styrene-based nononer into an aqueous suspensi on

contai ni ng Lpelpé'ﬁ?qﬁs@rgioi%pgegggt%}"@mtshe pol yet hyl ene-based resin beads
with the styrene-based nononer under heating the resulting dispersion at

such a genperature that the styrene-based 20 nonomer does not substantially
pol ymeri ze; performng first polymerization of the styrene-based nononer

o0 Loty o o el sop i GRS Gt g a1 2t o
low-density polyethylene-based expandable resin beads,
comprising the steps of:

dispersing 100 parts by weight of non-crosslinked
10 linear low-density polyethylene-based résin beads which are
polymerized using a metallocene compound as a catalyst and
contain an inorganic nucleating agent, 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 parts by
15  weight of the styrene-based monomer into an aqueous
suspension containing a dispersant;
impregnating the polyethylene-based resin beads with
the styrene-based monomer under heating the resulting
dispersion at such a temperature that the styrene-based
20  monomer does not substantially polymerize;
performing first polymerization of the styrene-based
monomer at a temperature of (T + 10) to (T + 35)°C (where T°C
is a crystallization peak temperature of the polyethylene-based
resin beads);

25 subsequent to the first polymerization, adding a
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resin beads); 25 subsequent to the first polynerization, adding a 62
styrene-based nononer and 0.1 to 0.9 parts by weight of a polynerization
initiator relative to 100 parts by weight of the styrene-based nonomer and
adjusting the tenperature of the resulting dispersionto (T + 10) to (T +
35)C (where TCis a 5 crystallization peak tenperature of the

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

pol yet hyl engyhasedbakedi mobeagderwiiht O e tstyeperbasgdwaphoef aand second
pol yneri zati on take place, wherein the total anount of the styrene-based

nonomer s usgslyire e tidd shitaBdos eebnd v PO BRI ZALyOW i ghbGitthe300 parts
by weight relative to 100 parts by weight of the polyethyl ene-based resin

beads; and g4 g EAGMhR, hesi i Aeddiu hLNh Ot e Aff@ratifie of th
pol ymer i zatsltggg%%tﬁégbgol atli e bl 0\1Ni ng Jjllgent.g 15 [%1 e?i malo] A? rret%od for

expandal  FESf N oIS CGebr Uy 1ol & 1o, Werel h £ ho | out dansi ty

(o oy Bt 8 05 o SEER SRR Bl R Rl Y s BBt 00, o2
Feal n beadd. BMITLT e G31Rb 860 e RL by OT ot ol rredbaded restn
ol St vy essbadueng eerih S My 2ng n 020 S AR Sh i L8%d O denst Y

polymerization take place, wherein the total amount of the
 styrene-based monomers used in the {irst and second
10  polymerization is 50 to 800 parts by weight relative to 100
parts by weight of the polyethylene-based resin beads; and
impregnating the resin beads during or after the

polymerization with a volatile blowing agent. -

156 [Claim 10] A method for producing styrene-modified linear
low-density polyethylene-based expandable resin beads
according to claim 9, wherein the low-density
polyethylene-based resin beads have a molecular weight
distribﬁ‘tion (Mw/Mn) of 1.5 to 3.5 measured by GPC and a

20  density of 0.910 to 0.925 g/cm3.

[Claim 11} Styrene-modified linear low-density
polyethylene-based resin beads, comprising 50 to 800 parts by
weight of styrene-based resin relative to 100 parts by weight of

25 non-crosslinked linear low-density polyethylene-based resin
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63 which is polynerized using a netall ocene conpound as a catal yst,
wherein styrene-based resin is dispersed a form particles in a beads, and
the particle diameter is 0.8 pmor snaller in a surface region within at

| east 5 pmfromthe bead 5 surface and a center region within a5 }.Im
radius fromthe bead center. [Claim 121 Styrene-nodified |inear

| ow-density pol yet hyl ene- based expandabl e resin beads, conprising a 10

volatile b 9 L9819 08 | $1308 ﬁ%ﬂhﬁoféﬁn\éebgm &finst yEene- based resin
relative tg%\%%g Pt g”by V\?EI th 519@0 non- cr ossl i nked pl near | ow density

pol yet hyl e d dgt@l-locene conmpound
as a cat anfQ@%ﬁhg{}gg#\&&yrene %Zaseg%cyggléir%??g %??ggfged a frorm 15

particles é%&cl?g (i]isi az#d%&ge?@r 1‘18'[%14'1@1@3& me%epsur(? maller in a

surface re hi'n ea’s om t he a cent er
region within 1-imradius fromth t [

Pre- expand@ﬁlaolil%laénl‘laa\?lw asebﬁﬁﬁég e\;ﬁ]SIﬁ i\ ?qugpg%éﬁl?nﬂr%{%t ained by’
pre-expandi ng.the styrene-nodif ear w- dens ol ye | ene- based
expandabl eSPg 8&%? Coptey éFﬁ’rcﬁ W]égm[lcfl1 5’0}?\%41"] é&ﬁysegp% djéelgé(rml ded
article havi ng a density of 10 64 to 300 kg/ n8 obtai ned by expansion

nol di ng of PERE CHRELTexpanded beads of clai m 13.

[Claim 12} Styrene-modified linear low-density
polyethylene-based expandable resin beads, comprising a

10  volatile blowing agent and 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 is polymerized using a metallocene compound as a
batalyst, wherein styrene-based resin is dispersed a form

15 particles in a beads, and the particle diameter is 0.8 um or
smaller in a surface region within at least 5 pm from the bead
surface and a center region within a 5 um radius from the

bead center.

20 [Claim 13] Pre-expanded beads having a bulk density of 10 to
300 kg/m?3 obtained by pre-expanding the styrene-modified
linear low-density polyethylene-based expandable resin beads

of claim 12.

95 [Claim 14] An expanded molded article having a density of 10
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to 300 kg/m?® obtained by expansion molding of the

pre-expanded beads of claim 13.
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