[ Name of the Document) Specification [Title of the Invention)

STYRENE- MODI FI ED PCOLYETHYLENE- BASED RESI N BEADS, STYRENE- MCDI FI ED
POLYETHYLENE- BASED EXPANDABLE RESI N BEADS, 5 PRODUCTI ON METHOD THEREFOR,
PRE- EXPANDED BEADS AND EXPANDED MOLDED ARTI CLE [ Techni cal Field] The

present invention relates to styrene-npdified 10 polyethyl ene-based resin
beads, stydEﬁénﬁﬁdiﬂﬂ%éj0@@H¥§Uﬁy$ﬁﬁ%ﬁﬁ§§éanexpandable resin beads,
production nethod therefor, pre-expanded beads and an expanded nol ded
article. [Badkgriotrd IareptimaSEoiRENEMRE HEddd resin foamis generally
used as a packing material owing to its high elasticity and excellent  oi
and i npact prebYSTENCEENReBpd BBt RPSHhe IJa8 8B r eSiYRE MHaWeEP, has
weakness that its stiffness and conpressive strength are low. On the other
hand, a styrepesEselneBi P AR DOBRHANEXCRLERE SN BEANSss, but has a
weakness that it is brittle. To overcone such weakness, Japanese Exam ned

Pat ent  Publdgatyeamhion IR13L010 18] ERG1EE R, PRREMEXBANDED BEALEpanese
Exam ned Patent Publication No. SHO 25 52(1977)-10150 (Patent Document 2),

Japanese N A Nty FUPIE6ak RENCKE SHO 58(1983) - 53003 ( Pat ent
Docunment %%)ng%fa[%%??s@ nexar%5 ned Pat ent Publication No. SHO
62(1987) -59642 (Patent Docunment 4) disclose nethods in

[Technical Field]
| The present invention relates to styfene—modified
10  polyethylene-based resin beads, styrene-modified .
poljethylene—baéed expandable resin beads, production method

therefor, pre-expanded beads and an expanded molded article.

[Background Art]

15 - A polyethylene-based resin foam is generally used as a
packing material owing to its hi-gh elasticity and excellent oil
and impact resistance. The polyethylene-based resin foam,
however, has weakness that its stiffness and compressive
strength are low. On the other hand, a styrene-based resin

20 foam is excellent in stiffness, but has a weakness that it is
brittle.

To overcome such weakness, Japanese Examined
Patent Publication No. SHO 51(1976)-46138 (Patent Document
1), Japanese Examined Patent Publication No. SHO

25  52(1977)-10150 (Patent Document 2}, Japanese Examined



whi ch pol yethyl ene-based resin is inpregnated with a 5 styrene-based
nmononer and pol ynerization is perfornmed to obtain styrene-nodified

pol yet hyl ene- based expandabl e resin beads. [Patent Docunent 1] Japanese
Exam ned Patent Publication No. S1:-10 51(1976)-46138 10 [ Patent

Docunent . 2] Japanese Exam ned Patent Publication No. SHO 52(1977)-10150

[ Pat ent Doditmtemt BhibimgmtneseNex & QedSPhP 841 -5 PUBR daticgH Necspont
58(1983)-53003 [ Patent Docunent 4] Japanese Unexam ned Patent i5

Publ i cat i orB)NendSHD 6 2EEe8Y c5961 2 ¢ O BatlarsuPadicd oanNoeH oPr obl ens t hat
the Invention is to solve] In these nmethods, an inorganic nucl eating agent
is not 20 ameddn-chedl(Pattyl dhechasent Aesliscldhe snatlkedsiint di fficul t
to di sperse styrene-based resin in particulate formin the

pol yet hyl ergn hasemblyeshildearbsisd aeein dgiiomsregnibed obitai aed nmodified
resin beads, and thereby the beads tend to show insufficient chem cal

resist agce-stﬁggﬁell‘saggé 1&%&%@&"%@@ PeIslgatizag dgdRtipesfogeedity t he

pol yet hyl ene:based resin, it has been found that the styrene-based resin

2
disper sed igfhiblf sBAYRIINL SNFePISAY LBTIdhE AL q psamahpRarbigh es having

a size greatert pm near t ce regions of the beads, and
t her eby th? bféids tend to show insufficient chem cal 5 resistance, because
t he pol ymeri®4t%on of the styrene-based -

[Patent Document 1] Japanese Examined Patent
Publication No. SHO 51(1976)-46138
10 [Patent DocﬁmentQ] Japaﬁese Examined Patent
Publication No. SHO 52(1977)-10150
{Patent Document 3] J_apanese: Examined Patent
Publication No. SHO 58(1983}-53003
| [Patent Document 4] Japanese Unexamined Patent

:15  Publication No. SHO 62({1987)-59642

[Disclosure of Invention]
[Problems that the Invention is to solve] |
In these methods, an inorganic nucleating agent is not

20 wused in the polyethylene-based resin. This makes it difficult ‘

to disperse styrenc-based resin in particulate form in the

polyethylene-based resin near surface regions of the obtained

modified resin beads, and thereby the beads tend to show

insufficient chemical resistance. Even if the inorganic

95 nucleating agent is used in the polyethylence-based resin, it has



nononer. i s usually carried out at around 90C. Though expanded nol ded
articles formed with nodified resin beads prepared by such conventionally
known nethods are adequate in conpressive strength, they are 10 i nadequate
in inpact resistance. [Means of solving the Problens] As a result of an
intensive study to solve the above problens,. the inyen&ors of the present
i nventi on flsed fonad t&gs Bya A TEAY eReSTasEEPFESER Held® havi ng
a.specific 15 melting point and adding a styre e-basef noner to.beads of
this resinpdipelbydenbybadty mepiy deken atfoOaTs echaTdc AR&re SHbul d
provi de styrene-nodified pol yet hyl ene-based resin beads from which the
expanded npirdedearthizot € pmatneuf theisshifpgeesdgivis phéhienpaad sy 881%t ance of
pol yet hyl ene-based resin and 20 the stiffness of styrene-based resin can
be nade, anHctbuy tlaeHievds tehd for ebemt innvéficiont cAeeoidilng to one aspect
of the invention, there is provided a nethod for producing _

styr enesnodihi@thn 09 yethyisendastpniasiatibends theospyiesinipaseel st eps of :
25 di spersing 100 parts by wei ght of polyethylene-based resin 3 beads

whi ch cont aj I narganheyestealli (g agentoand bave. a nelting point of
95C to 115%{1838?13%?% %y V\gllyght or nore and |ess than 300 parts by wei ght

Suspenst on'5 contal M AGED Hreme Bl B o 1 Gne- based
resin beadang“ciggeglhl"eégitiy %g%_sbg?eepdal%ocp %@EFSUC%HQ%@%%&J,HQHY known
methods are adequaiéin_conapressive strengfh,'UJey are
10 inadequate in impact resistance.
'Means of solving the Problems]

As a result of an intensive study to solve the above
problems, the invéntors of the present invention foun,.d that
employing polyethylene-based resin beads having a specific

15  melting point and adding a styrene-based monomer to beads of
this resin, followed by polymerization at a specific temperaturé
would provide styrene-modified polyethylene-based resin beads
fl"Ol'J;'l w‘hich the expanded molded article that sufficiently
exhibitthe impact resistance of polyethylene-based resin and

90 the stiffness of styrene-based resin can be made, and thus
achieved the present invention.

Accﬁrdhﬂg1ﬂ one aspect(ﬂ‘ﬂaeinventknn,theréis
provided a method for producing styrene-modified
polyethylene-based resin beads, connﬁrishlg the steps of:

25 dispérsing 100 parts by weight of polyethylene-based resin



the resulting dispersion at such a tenperature that the styrene-based ‘
nmonomer does not substantially polynerize;, and perform ng polynerization
of the styrene-based nononer at a 10 tenperature of (T)Cto (T+25)C (where
TCis a nelting point of the polyethyl ene-based resin beads). According to
anot her aspect of the invention, there is provided a method for producing
st yr ene- nodtiefided wipiely ebhybkenerbasedgrest mbeladsing camprl sty 2t eps of :
15. dispersing 100 parts by weight of polyethyl ene-based resin beads which
cont ai n an rheltganbeirtuc! 8& Cntp dgeRiC AR haves by welghhgmpaiaie 81d9s5C to
115" C, 20 parts by weight to 200 -parts -by weight of a styrene-based
nonomer ange s PRlYITBINIZ #kired by Ridigaitos! andiyran caaseds rsuspersi and

contai ning a dispersant; 20 inpregnating the polyethylene-based resin beads
with the %tgbﬁﬂﬁ-e@%ﬁﬂom&gmmrumw aheatiegtheusesyldibng di spersion at
such a tenperature that the styrene-based "nononer does not substantially
pol ymer i ze,. .nett o[ ngqid aiP@! MBI aki s Gh of NB1PE S PRerDA%RE dTONOTEY
at a te{;rpepg?ﬁflféﬁggé%fdg%%stgp T+2 )lcé?\t/?)ner% 'IJC ?s }?neslﬂti ng point of the
4 pol yet hyl ene- based res] . .ar o] bfeSie;

pol ymer i zat FoH} %éztftf?ﬁavlzhgﬁlgfgﬂﬁ%%ge a%ﬁgﬁg?ﬁa}}rﬁ}h&%ﬁ?{lkﬁ éré ion
initiator apd adjusting,.the t enper.at ur of the resultin j spersion to
(T)C to (T+ §)’@J(1@?1€F%%1Fépie§”%f)l ttFHﬁ?ISapL&nﬁP%%F@]hee“(?qutceijf yl ene- based
resin beads), so that _inpregnation of the polyethy|ene-based resin, beads
with the styrene-hased HERGTRRET éﬁ&%é%‘ﬂﬁuEé?%?%ﬂ%tﬁ%ﬁ@%é%%’éﬂe,

performing polymerization of the styrene-based monomer at a

10 temperature of (T)°C to (T+25)°C (where T°C is a melting point
of the polyethylene-based resin beads).

According to another aspect of the invention, there is
provided a method for producing styrene-modified
polyethylene-based resin 'beads_,:comprising the steps ofi |

15 dispersing 100 parts by weight of polyethylene-based resin
beads which contain an inorganic nu‘cleating agent and have a
melting pdilth of 95°C to 115°C, 20 parts by weight to 200 parts
by weight of a styrene-based monomer and a pol_ymerization
initiator into an aqueous suspension containing a dispersant;

20 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 the styrene-based monomer at a temperature

25 of (T)°C to (T+25)°C (where T°C is a melting point of the |



wherein the total amount of the styrene-based nononers used in the first
and second polynerization is 30 parts by weight or 10 nore and |l ess than
300 parts by weight relative to 100 parts by weight of the

pol yet hyl ene- based resin beads. Furthernore, the present invention

provi des styrene-nodi fied pol yet hyl ene-based resin beads, conprising 20
parts by weicdhttoylamedarat! Fesi thefl YOG pArT s dsaengHre ths fyist
styrene-based resin relative to 100 parts by wei ght of polyethyl ene-based
resin whi chhodpni@iinatiam, addgagic stytehedraded agenorant #izs & nel ting poi nt
of 95C to 115C, wherein styrene-based resin is dispersed a form of
particles ipplyaddadtioaannitietpannic beljdistireg d¢heiteropgrhanrorofstia¢ ler in a
20 surface'region within at least 5 pmfromthe bead surface and also in
the bead C?@Eﬁ'ltih%g'tl%‘ﬁge@ibhﬂ td UT)ero (The P Esprhei OVEIR iorm prolimes
styrene-nodi fi ed pol yet hyl ene-based expandabl e resin beads, conprising a

vol atileg bloan 1 RO1RAS trsa d1d Wekahth e d 25 dwrBaand | ess than 300
parts b‘§/ aggﬁtt%oifg’z??rcgﬂg-%gsed resin 5 relati v@ to 100 parts by wei ght

. of pol yet h¥#§{}%’gﬂ§§@§%{ ?P%ﬁed%\@iy%ghﬁg%@—%s@&1@%%1@?@585”%%]{?%11%”9 agent

and has a nt” ( erein styrene-based resin is
am or smaPtERCTA g Sef race ragt ar A o e A PR e hend
surface and also in the bead center.  region. In ?CC%rPaé‘l%SmV%rtshuts%% present
i nventi on, Vhowigeghgrtotal amount of the styrene-baséd m
in the first and second polymerization is 30 parts by weight OIT
10 moré and less than 300 parts by Weight relative to 100 parts
by weight of the polyethylene-based resin beads.
Furthermore, the present invention provides
7 Styrene—'modified polyethylene-based resin beads, comprising
20 pérts by weight or more and 1es.s tHan 300 parts by weight
15. o.f styrene-based resin relative to 100 parts by Weight of
.polyethylene-based resin which contains an inorganic
11L1c1€ating agent .and has a melting point of 95°C to 115°C,
wherein styrene-based resin is dispersed a form of particles in
a bead, and the particle diameter is 0.8 pm or smaller in a
20 surface region within at least 5 pum from the bead surface and
also in the bead center region.
Still further, the present invention provides
styrene-modified polyethylene-based expandable 1"e.sih beads,
comprising a volatile blowing agent and 20 parts by weight or

95  more and less than 300 parts by weight of styrene-based resin



- pre-expanded beads having a bulk density of 10 to 300 kg/nB 10 obtai ned by
pr e- expandi ng the above-nenti oned styrene-nodified pol yethyl ene-based
expandabl e resin beads. 1In accordance with the present invention, also
provi ded is an expanded nol ded article having a density of 10 to 300 kg/ M
obt ai ned by expansion nol ding of the 15 above-nentioned pre-expanded beads.
(Effect of tdietivevemtlihpaaceoryiiviejahs of peéeridtilencnbersd 0¥5ithe present

i nvention, the step of inpregnating the polyethyl ene-based 20 resin. beads,
whi ch cont awhithecomariganan imupigeaticnguatertingraizehbvar@ ¥feéi fic mel ting
point, with the styrene-based nononer is carried out at a specific

t enper at ur emieAnge; podet of S PreskhbeCofvitdieipot tyrericzdtdsonl rasii &2 or. This
allows the styrene-based resin to be dispersed in the formof particles 25
having a speaidd:Gesi Z€€oirih e, Paliyridhin enebdsethd edienphetdde 6 and

t hereby providing the styrene-nodified pol yethyl ene-based resin beads and

the stygenesmmdictieds pekyghhyeoerhaset, Lxpandablegiesiwidgadst from which
t he expanded1 nol ded article having high physical properties can be

obtained. 5 [ §f]_1196ﬁ%rﬂllp;tlleoﬂeafd Bhaw %Il'xéighgso Inihé kM RegkeF e show ng

a surface region ‘cross-section of a nodi resin bead according to
Exanple 1 of .the present invention; 10 Fig. 2 is a TEM picture show ng a
center regi'd@lo -

In accordance with the presen_t invention, provided are
pre-expanded beads having a bulk density of 10 to 300 kg/m?3
10 obtained by pre-expanding the above—mentioned
styrene-modified polyethyleng—bésed expanldable resin beads.
In accordance with the present inv-erition, also
provided is an expanded molded article haviﬁ‘gra density of 10
to 300 kg/m? obtained by expansion molding of the

15  above-mentioned pre-expanded beads.

[Effect of the Invention]
According to a production method of the present

invention, the step of impregnating the polyethylene-based

20 resin beads, which contain the inorganic nucleating agent and
have a specific melting point, with the styrene-based monomer
is carried out at a specific temperature range under the
presence of the polymerization initiator. This allows the
styrenc-based resin to be dispersed in the form of particles

25 having a specific size in the polyethylene-based resin beads,



cross-section of.the nodified resin bead according to Exanple 1 of the
present invention; Fig. 3 is a TEM picture showi ng a surface region
cross-section of a nodified resin bead according to Exanple 2 15 of the
present invention; Fig. 4 is a TEM picture showing a center region
cross-section of the nodified resin bead according to Exanple 2 of the
present i neand ithrereBiygprdviding thiewly remdi wl difiedTEMY: trieg obasieg. 4 is
20 traced; Fig. 6 is a TEM picture showi ng a surface region cross-section
of a nodi f iredim ésiad bead! abeosdirag e-one&tEdnpd @ dyeohyideeppresedt i nventi on;
Fig. 7 is a TEMpicture showm ng a center region 25 cross-section of the
modi fi ed resijahead] aessindiveg doimxanplach7tlte efxtdred pdeseitiednvent i on;
Fig. 8is a +EM pi cture showi ng a surface region cross-section of a

modi fied reghnibesdyareahghnghyeicLoppapatiive Exarpl etitaificlig. 9 is a TEM
picture show ng a center region cross-section of the nodified resin bead
accordipg to Conparative Exanple 1; Fig. 10 is a TEM picture show ng a
surfaceoregi on. cross-section of a nodified resin bead according to 10
~Conparat i V?B%e%'e%c%iptﬁ)ﬁ'oflbria%vi%ngM pi cture showing a center region
| Fig. 1.is a TE'M picture showing a surface 1“egi011
cross-section of a modified resin bead according to Example 1
of the present invention;
10 Fig. 2 is a TEM picture showing a center region
cross-section of the modified resin bead according to Example
1 of &the_present invention;
Fig. 3 is a TEM picture.showing a surface region
cross-section of a modified resin bead according to Example 2
15  of the present invention;
| Fig. 4 is a TEM picture shbwing a center region
cross-section of.the modified resin bea.d according to Example
2 of the present invention,
| Fig. 5 is a view in which the TEM picture of Fig. 4 is
20  traced;
Fig. 6 is a TEM iaicture showing a surface region
cross-section of a modified resin bead according to Example 3
of the present invention,
Fig. 7 is a TEM picture show.ing a center region

95  cross-section of the modified resin bead according to Example



cross-section of the nodified resin bead according to Conparative Exanple
2; Fig. 12 is a TEM picture showing a.surface region 15 cross-section of a
modi fied resin bead according to Conparative Exanple 3; Fig.: 13 is a TEM
pi cture showing a center region cross-section of the nodified resin bead
according to Conparative Exanple 3; 20 Fig. 14 is a TEM picture showi ng a
surface regdmf tloy pgsesedtirorewfioa; nodi fi ed resin bead according to
Conparative Exanple 4; Fig. 15 is a TEM picture showi ng a center region
cross-section of tI’iﬁgmﬁillél@H‘EMspmibE‘@do]a@W@fﬂgl&tl@Ltl”éaZS ltﬁﬁrpélr ative
Exanple 4; 8 Fig. 16 is a TEM picture show ng a surface region
CrOSS-SeCti@IFDSH—sacﬁi?zﬂifdf%j rhedificHeadiadooxdiawgdrain@bpar at i ve Exanpl e 6;
and Fig. 17 is a TEM picture showing a center region 5 cross-section of

the nodifi e@oq@ﬁafh@e@dgﬁg@@%m ng to Conparative Exanple 6. [Best Mde for
Carrying Qut the Invention] Styrene-nodified polyethyl ene-resin beads

(hereinagfter 10 rqu@q st® Iwna%tﬁiz%dsm@wlﬁgb@@é&ﬂeqblt@gla@ﬂ by the
production nethod of the present”invention are beads made of base resin

contaim ng SlodaeePRILOM AN tabditthl TR POl lRgdIAge, resin beads

cont ai ni ng an 1 norgani ¢ nucleating agent

Comparative Example 1;

Fig. 10 is a TEM picture slzoWiilg_a surface region.
cross-section of a modified resin bead according to

10  Comparative Exsﬁﬁple 2;

Fig. 11 is a ’fEM pictﬁre showing a center region
cross-section of the modified i‘esin bead 'according to
Comparative Example 2; |

Fig. 12 is a TEM picture showing a surface region

15 cross-section of a modified resin bead according to
Comparative Example 3;

Fig. 13 is a TEM picture showing a center region
cross-section of the modified resin bead according to
Comparative Example 3;

20 Fig. 14 is a TEM picture showing a surface region
cross-section of a modified resin bead according to
Comparative Exdmple 4;

Fig. 15 is a TEM picture showing a center region
cross-section of the modified resin bead according to

25 Comparative Example 4;



i npregnated with a styrene-based nononer and the nononer 15 is pol ynerized.
Furthernore, styrene-nodified polyethylene-based expandabl e resin beads
(hereinafter referred to as expandabl e beads) are beads in which a
volatile blowi ng agent is contained in the base resin. The

pol yet hyl ene-based resin is not particularly 20 limted as long as it has a
nmel ting point of 9%5Cgt dELISE TEMI picbsiasithwingra sybfadfeegby known

pol ymeri zati on methods can be used. The pol yet hyl ene-based resin nay be
crosslinkedrosPagédguhant v, mhrdfiedec: diombders by opdiygttieyl ene and an

et hyl ene /vinyl acetate copolyner are preferred. The 25 | owdensity

pol yet hyl e@qbﬁﬁj@‘@r@%;@m%e@gr@hay of 0.91 9 g/cnB to 0.94 g/cnB and
nore preferably a density 01‘1 0.91 g/cnB to 0.93 g/cnB. As the inorganic

nucl eating agent, fop gxapberpitetusd lsheanidsaxicdatemiegionl ay, zeolite,
cal ci um car bonat e fél)—(r?‘ét he 5 11ke il:an be used. T%e anmount og t he inorganic

nucl eatlng agent_u S, : i ght and nore
prefera’L‘P)I yc68§sf%e§t§8g %%F?éqﬁéaﬁ{e%hr%sr%l gt‘.@?\%/‘legt%gg%%ﬁf%\g?ts by wei ght of

the polyethyl ene-hase resiT.&ﬁg amount less than 0.1 parts by 10 wei ght
is not preftPEFFetEused & fidliber of styrene-based resin particles

di spersed in the pol yethyl ene-based resin would |essen and the size of the
particles would tend to increase, exceeding 1 }am An anmount nore than 2

parts by weight is not preferred because the expanded nolded article would
be [Best Mode for Carrying Out the Invention |

Styfene—modiﬁed polyethylene-resin beads [hereinafter |
10 referred to as modified resin beads) obtairned'by the production
method of the present invention are beads made of]oaée_resin
containing styrene-based resin in which polyethylene-based
resin beads contéining‘an.hzorganicJnucleathng agent is
impregnated with a styrene-based monomer and the monomer
15 is polymerized. Furthermore, styrene-modified
polyethylene-based expandable resin beads (hereinafter
referred to as expandable beads) are beads in which a volatile‘
blowing agent is contained ill the base resin.
The polyethylene-based resin is not particularly
90 limited as long as it has a melting point of 95°C to 115°C, and
resins that are obtained by known polymerization methods can
be used. The polyethylene-based resin may be crosslinked.
Particularly, branched low-density polyethylene and an
ethylene/vinyl acetate copolymer are preferred. The

25  low-density polyethylene preferably has a density of 0.91



15 brittle and the strength would tend to decrease. Furthernore, additives
such as a coloring material (colorant), a fire retardant, an anti oxi dant,

an ultraviolet absorber and the like nay be contained in the

pol yet hyl ene- based resin beads upon necessity. 20 As the coloring materi al,
both inorganic and organic coloring materials can be used. Particularly,

i nor gani ¢ ggehn? itog) 1kt er/icahd ssuthmascipmicoabte 2 danbdly bf &R land t he

|ike are preferred. As the iron oxide, there can be used a- FeOOH 25

(wat er - congdichh@oct y&3 @/)cms. i ron oxide yellow, a-Fe2®3 as iron 10 oxide
red, (FeO) x(Fe20;3)y as iron oxide black or the like. These iron oxides

may have another nmgkath§ugbrgagidmudly0ingtaien i, ke rsethstiglat itagefor a part
of Fe. Furthernore, the iron oxides nmay be mxed to obtain a desired

col or. A”Dgg)iwﬁ_ Siphave hien exiessofed30daidiohdediond rooaraxide bl ack,
(FeO) x(Fe2 y, Is preférred. The iron oxide preferably has an average

particle if'%_:mgE r..af pmto 1 lam and nore preferably an average
parti cle dlﬂgmat ér% ]8? %gg&bmto 0.8 pm The average particle 10 di ameter can

o e R S e

manuf actured by JE ( éne- base

in the T anGECBITa o | 408 vy BRveieht st 2 g prEfalt &3 Ehe " angs

of 10 % t1953£a}f‘ﬁs%byA\Q,e?g”i?€%1;4{?32 to 100 parts by weight of the
polyethylene-based resin. An amount less than 0.1 parts by

10  weight is not preferred because the nuimber of styrene-based
resin particles dispersed in the polyethylene-based resin ﬁvpuld
lessen and the size of the particles would tend to increase,

exceeding 1 pm. An amount more than 2 parts 1.jy weight is
not preferred because the expanded molded article would be

15  brittle and the strength .Would tend to decrease.

Furthermore, additivés such as a coloring material
(colorant), a fire retardant, an antioxidant, an‘ultraviolét
al‘aso:.rber and the like majr be contained in the .

‘ polyethylene-based resin beads upon neéessity.

20 As the coloring material, both inorganic and organic -
coloring materia.Is can be used. Particularly, inorganic
coloring materials such as iron oxide, carbon black and the
like are preferred.

As the iron oxide, there can be used a-FeOOH

25  (water-containing crystal) as iron oxide yellow, a-Fez203 as iron

10



than 1.5 % i.s not preferred because the pol yethyl ene-based resin beads
may not be adequately col ored. An anmount nore than 70 wt% is not preferred
because it would be difficult to mx the iron oxide with the

pol yet hyl ene- based resin beads. 20 Furthernore, because the specific
gravity of the iron oxide is greater than that of the polyethyl ene-based
resin, an ap@UBtredOifE® hgi 3@ )W %sword il axdedaisels he i Qlﬁ;ﬁ-of the resin
beads and the resin beads would not be uniformy inpregnated with the

st yr ene- bageftdONerELxidBs AR diyhB avar dnatheacke tflus nateablZiek Mg tdnnel

bl ack, 11 thermal bl ack, acetylene black, graphite, carbon fiber or the

li ke can benusgde sties peliypihybenephased Fesi Fhedds montathetiten car bon
bl ack preferably in the range of 1 wt%to 50 w% and 5 nore preferably in

the range of .2 utl6t,0p30:\k &0 AN 6RARHNG Hessrchapldr W %rhsnizothpr ef erred
because thg)m%g)%le{%{ky?eng-‘baseﬁ]gesi n beads may not be adequately col ored.

An anoupt re ths )W %0 i t. PeGaYsed thigwpul d  be difficult
to mx the é’rvﬁoﬂ%% g’gﬁ&'\%\n{t E%taqu% %EB&S% y&etq yll ene- based raesi n beads. ‘
Exanpl es of _t r -based resin include those of styrene-based nononer
origin suclﬁFﬁg‘?%ﬁﬁzéﬁgy’d-srﬂ%{ Irmgtyrene, p-nethyl styrene, t-butyl '
styrene and the like.  Furthernore,. t_hglslt]1 rene- based resilr‘hn%y be a

copol ymer of a 15 SPErEwal Bxaea MoreheP i@ SaAbt REF AR 1Y fat can be

copolynmerized with the styrene-based nononer. Ex? Ief of
diameter of 0.1 fam to 1 jm, and more preferably an average

particle diameter of 0.2 pm to 0.8 pm. The E;Werage particle
10 diameter can be measured with a laser diffraction particle size
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 Qf 5 wi% to 40 wt%, and still more

16 preferébly in the range of 10 wt% to 30 wt%. An amount less -
than 1.5 wt% is not'pre.fc-:rred because the polyethylene-based
resin beads may not be adequately colored. An amount more
than 70 wt% is not preferred because it would be difficult to
111ix- the iron oxide with the polyethylene-based resin beads.

20 Furthermore, because the specific gravity of the iron oxide is
greater than that of the polyethylene-based resin, an amount
more than 70 wt% would increase the weight of the resin beads
and the resin beads would not be uniformly impregnated with
the styrene-based monomer.

25 As the carbon black, furnace black, channel black,
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anot her nononer that can be copolynerized with the styrene-based nononer
i ncl ude pol yfunctional nononmers such as divinyl benzene, al kyl (neta)
acrylic esters which do not 20 include a benzene ring in their structure
such as butyl (nmeta) acrylate, and the |ike. These nononers may be used
substantially in the range not exceeding 5 w% relative to the

st yr ene- basgtkresl bladhe sammyindnofblatyr gnepbasedcrebom fibe20opahes by 25
wei ght or nore and | ess than 300 parts by weight, and 12 preferably 30 to
280 parts hygsweighthd elsati.ve to 100 parts by weight of the :

pol yet hyl ene- based resin. An anount |ess than 20 parts by weight is not

preferred because ity noidigecbeyirid-ieuet tasiwnbierdd yoditaperise the .
styrene-based resin particles. 5 An anount of. 300 parts by weight or nore

I's not preferr USee. Yheng: based sesi & iarld shegti) @angenter
regi on wou({%[ ]ﬁ%ﬁggﬁcgg?gs}%éﬁ%alrltly and becone | arge particles, whereby

Lhe St gnat i £8nolrobe o) 9 fA.EaBHL 4marguadsolay toeycase PLapspapdanl e

beads, _ r'ene- bas resin | ess an 20 parts by wei ght
makes the .retention of the volatile bl.ow e extrenely poor,
renderi ng ilFsai@ﬁ%ﬂll tth(% IﬁclﬁPL\Pé S eﬁ%‘?%%ﬁ% -{P[ﬁ?s al so renders the
expansi on nolding nore difficult. .As the volatjle blo*in ent,, for
exanpl e. , ﬂ@lﬁﬂgﬁé‘%ﬂ%%ﬂﬁ%s%@é}?séjé 55 ﬁlé?ydl%tpéfn@geioéb%@gﬁ:&lbb%ﬁt ane,

i sopent ane, cyl copentan.e, hexane angi the Iike can be used alone ci two or
more of these dipdnoranbors thaw b wWikdis pot preferred because it wou

be difficult to mix the carboﬁ black with the
10 polyethylen&baséd resin beads.

Examples ofj the styr‘én‘e—based resin include those of |
styrene-based monomer-origin such as styrene, o-methyl
styrene, p-methyl styrene, At—butyl styrene and the like,
Furthermore, the sty-rene-based resin may be a copolymer of a

15  styrene-based 1'..1'101‘101’1161" and lanothei" monomer that can be
copolymerized with the styrené—based monomer. Examples of
another monomer tl.w_a't can be Copolylﬁerizgd with the
styrene-based monowmer inc_:ludé polyfunctional monomers such
as divinylbenzene, alkyl (meta) acrylic esters which do not

20 include a benzene ring in theii‘ structure such as butyl (meta)
acrylate, and the like. These monomers may be used
substantially in the range not exceeding 5 wt% relative to the

- styrene-based resin.
The amount of styrene-based resin is 20 parts by

o5 weight or more and less than 300 parts by weight, and

12



conbi nation. The content of the blowi ng agent is preferably 5 to 20 20
parts by weight relative to 100 parts by weight of resin that nmakes up the
expandabl e beads (the sum of the polyethyl ene-based resin and the
styrene-based resin). Preferably, the nodified resin beads and the
expandabl e beads each have a cylindrical, spherical or 25 substantially
spheri cal Wgrg\bgyﬁg@ Lé D hereslby svaidlengtiatidd tof 1 Ofepdedband Dis a
mean di ameter of the bead) of 0.6 to 1.6. The average size of the beads is

pref er abl y (0. 311gTt €13 QoRathlien bepdse iadsig. a AhDasnmitherleshaimam 6 or
greater than~1.6, that” is, the beads having high ovality are not 5

preferred %m%%%ﬁiﬁ%gfﬂggéb& Aok fhicitbbrd @ Hdddu ¥ et expandest beads

obt ai ned fronrsuc resin ‘beads and expandable beads into a nold

1S aphor | el 0P b TR ARy e P er T e e R oS ke thE T 11 T img.

pherical “so as to nake thée filling
easier._ An average. be i ze.s ler. a i i red because
the retent :ld'h aépogwet %fg’\?&%’%@ﬂ%%} V\“f){}lggﬂ %e%@%%éﬁ%ﬁﬁ%?ég uction in
density would tend to be difficult. An aVQrtaqqe bead si Z6 lgrﬁgg,fg{ than 3.0
mmis not pesEetsedlessBEERREsEGH bRt PR FPilN i v¢BH ABPE fwoul d be
difficult, but thinning of an expanded mul ded article would also be, _
di fficul t. woehbrtdhdgte coalespe dxErity iafveRIHle RdRs PARTISACHr ovi ded t he
modi fied resin beads and expandabl e beads. .
| whereby the strength cannot be significantly improved.
In the case of expandable beads, an amount of
10  styrene-based resin less than 20 parts by weight makes the
retention of the volatile blowing agent extremely poor,
rendering it difficult to achieve low density. This also renders
the expansion molding more difficult.
As the volatile blowing agent, for example,
15 hydi"ocarbons such as propane, n-butane, isobutane, pentane,
isopentane, cylcopentane, hexane and the like can be used
aldne or two or more of these hydrocarbons can be used in
combination.
The content of the blowing agent is preferably 5 to 20
20 parts by weight relative to 100 parts by weight of resin that
makes up the expandable beads (the sum of the
polyethylene-based resin and the styrene-based resinj.
Preferably, the modified resin beads and the

expandable beads each have a cylindrical, spherical or

95 substantially spherical shape with a L/D (where L is a length

13



Each of these beads, when seen in cross-section, has the 20 styrene-based
resin dispersed in the formof particles of a predeterm ned size in the
pol yet hyl ene-based resin as described below. In other words, each of the
beads has the styrene-based resina dispersed in the formof particles
having a 25 dianeter of 0.8 lamor smaller in the pol yethyl ene-based resin
14 in a surdfatee tegidornd Thiia amdmastiasnpinrf pbiheHecad}! adh tofo the. bead.
The lower |imt for the particle diameter of the styrene-based resin in
parti cul at erff erancirbgreesinaf b etheefead edstmrefasa bty Cefexrtastd 3r @ shm.
particles) is about 0.01 pm Were the 5 particle dianeter of the
styrene-based resi mpaddael£havimphe L /urdraaderegian @Xceedsc@tér pm it
incurs a reduction in chemcal resistance. Thus, the dianeter of

styrene- basﬁ}gubflleﬁi, rtthl%?cfisi clies HeR dshB S § ac@ H 6ghonyofreeach bead is
. pm

preferably 0 0.8 pm nore preferabl’y 0.01 =pin to 0.6 pm and 10
still re 3 e &, . _ iN18Qo N1 PR CONELAJERTI ON Wi thin
about 285 d%reﬁgg{'ﬁcg W%CPIOL%% ﬁ{en%de%%%e%%o?ﬁ{ Cgibegd, t e_est'yrene- based resin

is dispersed in the.formof p I . Ravi : L.anet of 0.8 pm or
smaller in erféé?)& &Hﬁflgpi@-l%asg*&%ﬂlﬁ%@ﬁﬁﬂga#hle 1?)1\/\/@%3 img{’ldf or 15 the

di ameter of the styrene-based, resin rticles_is about 0, m Where the
di anet er ofefﬂ?%léﬁi){’ll%ﬁéﬁ%g%éﬂt? @s-?fhoﬁg}”ﬁe& Zgrnjllﬁgt fie %%Rgérder%egi on exceeds
0.8 pm it incurs a reduction in inpact resistance. Thus, the dianmeter of
styrene- basl@@lﬁééiati"t%b?r-ti cles in the nodified resin beads and expandabl e
beads is : ‘ -

The shape of the beads preferably is spherical or

10 :subs't.antially spherical $0 as to inake the filling easier.
| An averag-e_lbead size smaller than 0.3 mm is not
preferred because the retention of the blowing agent would
decrease and the 1"8(:111&1011 in ‘dlensity would tend to be difficult.
An average bead size greater than 3.0 mm 1s not-preferre_d
15 because not only the filling into & mold would be difficult, but
.thinning of an.c-:xpanded molded article would also be difficult.
According to the present irlventioﬁ, there canl be
provided the modified resin beads and expandable Eeads.
Each of these beads, when seen in cross-section, has the
20 styrene-based resin dispersed in the form of particles of a
predetermined size in the polyethylene-based resin as
described below.
In other words, each of the beads has the
styrene-based resin dispersed in the form of particles having a

95 diameter of 0.8 um or smaller in the polyethylene-bhased resin

14



20 preferably 0.01 pmto 0.8 Ilim and nore preferably 0.1 pinto 0.5 |.pm
Next, a production nethod of the nodified resin beads and expandabl e beads
according to the present invention will be described. 25 In an aqueous
suspensi on containing a dispersant, 15 100 parts by wei ght of

pol yet hyl ene- based resin beads . containing an inorgani c nucl eating agent,
20 parts bynweisgHtacerraaips %Eﬂﬂlbélﬁ?ﬁéh%smﬂ éPt“g RETERES H @ C
styrene-based nonomer and a polynerization injtiator are dispersed. 5 As
an aqueous hredl.umNtmiowekdémip FPhdhsqpastisic sigfgenbon! Were can be used
water or a m xed nediumof water and a water-soluble solvent (for exanple,
| over al cohy}endHeastd perssanin participas tipen é]ﬂﬁyeiiiﬁhftleédl}@féﬁﬁf"iﬁ? of the
known di spersants can be used. More specifically, there 10 can be used
slightly selsubterdmeigarid resbstantedcslich adwehiOcDdmaphospWate e Fagnesi um
pyr ophosphat e, sodi.um pyrophosphate, nmagnesi um oxi de and the |ike.

Fur t her gor g,z rifcls Wi fae@18€ WiVhAgentcrsudings] sedinmpaodebyd berizene-
sul fonate nmay be used. 15 The pol yet hyl ene-based resin beads can be

obt ai ned b%uﬂfﬁeg’g‘eﬁéﬁoéiﬁee&% (ERAARL &it frhaie bsradiethed inn whi ch

pol yet hyl ene-'bas sin together wwth an additive, if necessary, is

nel ted and kn .0..an ru n h . : 1 truder to
obtain a st aeﬁlgfcea(ah{e@ns,lg?ﬁg)%o gg{né]i%hg(l}%sﬁ%ﬁg%l&gq%ﬁgt}?iéﬁleﬁbg?f%or in the

vater or Clil"tCS\l’\gle!ES‘tiCIGS in the surface region of each bead is preferably

0.01 pm to 0.8 um, more preferably 0.01 pjn.toAO.ﬁ nm, and
10 still more preferably 0.05 pm to 0.25 pm.

Also in the center region within arbout a 5 num radius
from the cénﬁer-oftht bead, the styrene-based resin is
disperséd in the form of particles having a -diameter of 0.8 pm
or smaller in the polyethylene-based resin. The lower limit for

15 the diameter-of the styrene-based i"esiﬁ particles is about 0.01
nm. Where the diameter of the styrene—bas-ed resin particles
in the center region exceeds 0.8 jm, it incurs a redluﬂjorlin'
impact resistance. Thus, the diameter of styrene-based resin
particles in the modified resin beads and expandable beads is

20 preferably 0.01 pm to 0.8 um, and more preferably 0.1 jum to
0.5 am.

Next, a production method of the modified resin beads
and_expandakﬂe1aeadsaccordh;gto1&M3presentinventkn1mdﬂ
be described.

25 In an agueous suspension containing a dispersant,

15



bei ng heated to granulate the strand. Preferably, the polyethyl ene-based
resin beads each have a cylindrical, spherical or substantially spherical
shape with an L/D (where L is a length of the bead and D is a nean 25

di aneter of the bead) of 0,6 to 1.6. The average size of the 16 beads is
preferably 0.2 mmto 1.5 nm The beads having a L/D smaller than 0.6 or
greater thamd.fyrishhy wsighthe! psdssthyban ardoasarh 694 ikgadF e not preferred
because it would be difficult to fill pre-expanded beads obtained from
expandabl e dprhgddsnignan iaanglad inhencfartmm goeatn bx pAnpedt srblydedight i cl e.

The shape of the beads is preferably spherical or substantially spherical
so as to makeptidie hind iogs easined 0 0Apaaeigyerdighd ofsa zdysaakleaseflan 0.2 nm
is not preferred because the retention of the blowi ng agent woul d decrease

and the 10 feduchkphha ad?aﬂ_i,rhyeﬂa@sutidnt endi4wbeardiditpewkstd. An aver age
bead size greater than 1.5 nmis not preferred because not only the

fillingginto a nol | gohgo sl ficetlitn tptft tiv 1086 ng ehe aguespanded nol ded
articl e5woul d al soﬂg\é\ggi ??‘?c& tS.1 As the -polyneri zatgpi on- i ﬁdijti ator, those

cle | . As the -pol |
oo Yt &Rsioh, BpPRL IR bERhL0A kLl Broh HPked URRARALED]

. U :
pol yner i zat’ rene-based nononer can be used. anpl es t hereof

ol ude or gani & per px! des puch agchenoavl: @er Yl difp 6] ey boresy oX! de.

t - but yl per r
nexanoate, ” 1-but yyseReRCEn A P S i BURERb EPB e AT Iy Blose
the known dispersants can be used. More specifically, there

‘10 can be used slightly soluble i110rganic substances such as
calcium phosphate, magnesium pyrophosphéte, sodiﬁm
pyrophosphate, magnesilim oxide and the like. Furthermore,
a surface-active agent such as sodium clodécylbenzene- |
sulfonate may be uséd.

15 The polyethylene-based resin beads can be obtained by
known methods. For example, there is a method in which
polyethylene-based resin together with an additive, if
necessary, is melted and kneaded in an extruder and then
extruded from the extr‘uder to‘ obtain a strand. Then, the

20 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

with an L/D (where L is a length of the bead and D 1s a mean

25 diameter of the bead) of 0.6 to 1.6. The average size of the
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initiators may be used alone or two or nore of these may be wused in

conbi nation. The anount of the initiator used is preferably 0.1 to 25 0.9
parts by weight and nore preferably 0.2 to 0.5 parts by 17 weight relative
to 100 parts by weight of the styrene-based nononmer. An anmpunt |ess than
0. 1 parts by weight is not referred because t,Qo nuch. tine would be
required fobcads 15@?@%%@&&%“@?} F‘?}é-gt%lﬁne-@&ggge%ﬁ%"rmgﬁ anount 5
more than 0.9 parts by weight is not preferred eﬁe_ ause it ul d decrease
t he: nol ecul &af Dméil’gﬂdﬂel‘othﬂﬁeos@Wl"eﬁéea)&é"eﬂ'laﬂe%i gt é?dbli‘eﬁ% i eve
excel l ent properties, the nolecular weight of the styrene-based resin is
pref erabl y laboitg thighlOvalihgret: nhéyseidsrad esemsT it & HulkdPed t housands.
However, where nore than 0.9 parts by weight of the initiator is used,
there may bgifaceaseovhir prenypandetdoedds oldisghtd weahl etpahdablae
above-nenti oned range can be obtained. Next, the resulting dispersion is

heated t0 syEldad inld 4 enped athen fdratidhersteypenetdihsedldederercldoes not
substantially polynerize to inpregnate the pol yethyl ene-based resin beads

with the st 1 TPORIds 709 rkiee, FRPEPREFRIE &rsuad tartiiellyl v
I npregnat i nrglrlgﬁiip)?éngﬁde of theS po[?);}et hyl ene-based resin beads wth the 20

styrene- based np LS 1 ut 9132 oN . | NaAthLSerh 8GR Jenerati on
of pol yner %d\?\ﬁlél;&%gg()t hg S iﬂ%ﬁg-%%sglgilﬁgs?#& ue {%1 %o%n%‘?i zae'Ei on taking

place bef Orseiz%hsem%? eq"stl?arlﬁ 0.2 mm is not preferred because the

retention of the blowing agent would decrease and the

10 - reduction in density would tend to be difficult. An average
bead size gl."eaterrth'anf i.‘S‘mnﬁ is not préferrecl because not
only the filling into a mold would be difficult, but fhinn—ing of
an expanded molded -article would also be clifficult. |

As the -pol'yﬁlerization initiator, those typically used as

15 a polymer’izatio:n ini‘tiatqr for suslaensioh polymerization of a
styrene-based monomer can be used. Examples there'of
include organic peroxides such as benzoyl peroxide, di-t-butyl

' pe_roiide, t-butylperoxy benzoate, dicumyl peroxide,
2.,5-dimethyl-2,5-di-t-butylperoxy hexane, .

20 1;~butylperdxy—3,5,5—trimethy1 hexanoate,
t-Butyl-peroxy-2-ethylhexyl carbonate and the like. These
initiators may be used alone or two or more of these may be
used in combination.

The amount of the initiator used is preferably 0.1 to

25 0.9 parts by weight and more preferably 0.2 to 0.5 parts by

17



sufficiently inpregnated with the nononer is prevented. It is advantageous
that the tenperature at which the nononer does 25 not substantially
polynerize is as high as possible to 18 accelerate the inpregnation rate,
but it needs to be determned wth consideration given to the
deconposition tenperature of the initiator. Next, polynerization of the

st yr ene- basediglnerbitive tdbloar phets byt waight tednpier atyrenefbgs®d C to (T +
25) C where (T) C is the nelting point of the polyethyl ene-based resin

beads. A pohyyrsinzat i oAnt @amesat less khwer Ot hapaf(E) Byiweigitt ipmefter r ed
because the styrene-based resin would not be dispersed in the form of

particles widyeadr&ha5e@ule &oRMrAlcH Aislaildnbarrddigiredr facehé egi ons of
nodi fied resin beads. Furthernore, a polynerization tenperature greater

than (T + égoﬁigei"ﬁeﬂ?z{aﬂ%ieﬂ% rs??r&%%‘aﬁ%@gﬁfo‘%ﬂﬁﬁ%g. paghi£h@dn Which

particles alesce wou e generated. Depending on the type of the
initiat used,. i.ni.t] Lght: f ' ) i nki ng agent
for thecg po@&gtbhﬁlljlﬂ%ﬁe&%a Je%ﬁ% Z@?ﬁ’%gﬁéf lgﬁgwﬁzeﬁﬁeeéibﬁcﬁ%éog for the
pol yneri zation.qf ,the styrene-based, nononey . at. perati i gher than
140C, for eWSHEﬁedG%%Erast%itgerlgéi’i%%ﬂai‘lt Wie’éghéit‘or @?ée%gygﬁﬁ%wg’%s%@rformthe
pol yneri zati on at excessively high 20 tenperatures. Since the

pol yet hyl ené-$Hsed resin beads have a nelting point of 95C or higher, the

pol ynmeri zation is perforned at 95C or higher. For this reasop, it is
preferabl e In order to achieve excellent properties, the molecular

W(—:ight of the styrene-based resin is preferably about two
10 hundred thousands tb about five hundred thousands.
However, where more than 0.9 parts by weight of the ini’_ciator
is used, there may be a case where only a.moiccﬁla-r weight
smaller tharn the above-mentioned range can be obtaihed.
Next, the 1'esu1ti1ﬁg dispersion is heated to such a
16 temperature that the styrene-based mon.omer does not .
substantially polymerize to impregnate the polyethylene-based
resin beads with the styrene-based monomer.
The time appropriate for sufliciently impregnating the
inside of the polyethylene-based resin beadé wifh the
20 styrene-based monmﬁer is 30 minutes to 2 hours. In this
range, generation of polymer powder of the styrene-based resin
due to polymerization taking place before the beads are
sufficiently impregnated with the monomer is prevented. Itis
advantageous that the temperature at which the monomer does

95 not substantially polymerize is as high as possible to

18



that the polynerization take place in a pressurizable closed 25 vessel. 19
Wth the above steps, the nodified resin beads can be obtained. The
expandabl e beads can be obtained by inpregnating the nodified resin beads
during or after the polynerization with the volatile blow ng agent. The 5
i npregnation can be carried out by per se known nethods. For exanple, the
i mpr egnat i ercaleiat the ipopyemnd tiarl oatecahuthé coedsd@ batdpieTRaK:

pol ymeri zation reaction to occur in a closed vessel and injecting the

vol ati |l e blypmihngoagadérdvitn given vedse deThenpopitégndeioncastare the

pol ymeri zation can be 10 carried out by injecting the volatile bl ow ng

agent into igcClpgestorvessel . Thus, the nodified resin beads and expandabl e
beads having excellent characteristics can be provided by the

above-menti oned nefjhQEs y,oHPMRY-Ea tivREDE thies BFeuH- befs eb nsé ybener based
nononer. is too nmuch, p%)l ymer powder of the styrene-based resin tends to

| ner easg | %a%@wgowt\éﬁg% 008 pUraes et O PAY 1Y/ LOUT NS S) MY GEidld o1 And

pol ymerT zati on” w reater amount of "styrene-base nmononer, it is

The. ot yrend BatelbNORII I Cods S sie G e 3 i hER R e i

cont ai ni ng- & di speksag e REB T STy he et o epo ST naSiieta Teein

beads , »n . s
preferred because the styrene-based resin would not be
diSpersed in the form of particles with a size of 0.8 pm or

10  smaller heaj'the surface.regions ofrnodiﬁcd resin beads.
Furthermore, a polymerization tem'perature greater than (T +
25)°C is not preferred because aggregated particles in which
particles coalesce would be gcnefated.

Depending on the type of the initiator used, the

15 initiator might function as a crosslinking agent for the
polyethylene-based resin rather than as thé initiator for the
polymerization of the styrene-based monomer at é. temperature
higher than 140°C, for example. For this reason, it is not
preferablé 1o perIorlﬁ the polymerization at excessivel}? high

20 temperatufes.

Since the polyethylene-based resin beads have a
melting point of 95°C or higher, the polymerization is
performed at 95°C or higher. For this reason, it is preferable
that the polymerization take place in a pressurizable closed

25  vwvessel.
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25 containing an inorgani c nucleating agent , 20 to 200 parts by 20 weight
of a styrene-based nononer and a pol ynerization initiator are dispersed.
Here, the styrene-based nononer and the initiator may be m xed in advance.
Then, the resulting dispersion is heated to such a 5 tenperature that the
styrene-based nononer does not substantially polynerize to inpregnate the
pol yet hyl ene- based Witdsithebehdse witel st Hées madifedhased mstsheran be
Subsequently, first polynerization of the styrene-based nononer -is carried
out at a tesipexiatedr.e Ghe( F¥Lantiihle bFadsasChshebsaired 3t he nel ting point
of the polyethyl ene-based resin beads. Next, a styrene-based nononmer and a
pol yner i zatii@pregnktirgt ohe ane difideldre sirt beadsad tiromg saf affeonttof the first
pol ynmeri zation, and the tenperature is adjusted to (T)Cto (T + 15 25)'C

where TC i s;dRAnERIitn RRitA 119€ ddlatilel Yetwitigagebasedrheesi n. beads, so
t hat i npregnation of the polyethylene-based resin beads with the

styr enesbases, FORORRIo AR S BE Atk ri Al YIB T2 AkE A kakey Rl :Aeeholke tot al
anount of the styrene-based nononers used Ointhe first and second

ol yrer | Zak 9 st Panle DB AN o0l B8 (BALb AR drAkigAG Rar | S, DY

wei ght relative'to parts wel g e po ene-based resin

pesss The SSdem Byt bY AR, IRSETBISOT JPiyd v, BEERRn
pol ymer Zatcilgge(?:lrvgéj_srcialnegmgihﬁljfeicrtlsl}ig I%ﬂley\?gfgtﬁ%t'{)i)onwing agent into the
vessel. The impregnation after the polymerization can Be
10 carried out by i11jecting the volatile blowing égent 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

15  styrene-based monomer is too much, polymér powder of the
styrene—base.d resin tends to increase in amount.

When ..one wishes to carry out the impregnation and
polymerization with a greater amount of styreﬁewbased
monomer, it is preferable that the polyethylene-based resin

20 Dbeads are impregnated with the styrene-based monomer in two
separate steps as described below in order to reduce the
generation of polymer powder.

In an aqueous suspension containing a dispersant,
100 parts by weight of polyethylene-based resin beads

25 containing an inorganic nucleating agent , 20 to 200 parts by

20



21 The second addition of the styrene-based nononmer and the initiator may
be continuous or intermttent. In order to prevent the generation of

pol ynmer powder, it is preferable that the inpregnation of the inside of

t he pol yet hyl ene-based 5 resin beads and the pol ynerization take place at
approximately the sane tinme. Because the polynerization is carried out at
a rel ati vebyighigh! eeapercatanbe,sesl toonpimgy a8d@ & BALACEIZEIABt  preferred.
If the addition rate is too high, the polynerization would proceed, before
the i npr egnatitianot akesd i prmedin Hensxtthanstyrem ovbasi tneroraes 4 not
preferred because it would hinder the polynerization. For exanple, the
addi ti.on rafe isitidraf arabhbye 30xed D@ deamnse by wei ght/hour. Wth the above
steps, the nodified resin beads can be obtained. The expandabl e beads can.

be obtained as desqrjdedihdFeabovier byiispereigrats dedtsel tesiuclbeads during
or after the polynerization with the volatile blow ng agent. The

expandakl e .h .can. Lred. i M EeRKpasdeeh deads yopr e- expandi ng
t he expgnda%ﬁzﬂglegg‘grp@hge tHRCstyfehe n o

to a predetermned bulk density (for exanple, 10 to -
S L7 0 DR, s O s e gt rens )
e ot So 2L LA P R Readg e, oL o 2 foar
beads, heat fu_si nd Stliq:?sgci(ggggleyﬁi I??satdfvblyz%zeriz’ation of the
styrene-based monomer is carried out at a temperature of (T)°C
10 to (T + 25-)-°C- where T°C is the melting point of the
polyethylene-based resin beads.

Next, a styrreiae~basec1 monomer and a poiymerization
initiator are added to the reaction solutioﬁ of the first -
polymerization, and the temperature is adjusted to -(T)°C to (T +

15 25)°C where T°C is the melting po.int of the polyethylene-based-
resin.beads, so that impregnation of the p_olyethylenewbased
resin beacis with the styrene-based monomer and second
1501Yiné’rii*ation take place.

The total amount of the styrene-based monomers used

90 in tHe first and second polymerization is 30 parts by weight or
more and less than 300 parts by weight relative to 100 parts
by weight of the polyethylene-based resin beads.

The addition of the styrene-based monomer for the
second polymerization may be after the completion of the first

25  polymerization or during the first polymerization.
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Steamis suitably used as a nmedium for heating. The expanded nol ded
article preferably has a density of 10 to 300 kg/nB. A density |ower than
10 kg/ mB is not preferred because it would be difficult to achieve
sufficient strength. A 5 density higher than 300 kg/n8 is not preferred
because a reducti in wei ght .cannot achj eved and el asticjt which is
one of the charact gﬁ“’s??@?“ atjﬁé 1551 QESWI g*ryer-eﬂ)]fs”gﬁsr@gs}rhoH%I)%b%fnded nol ded
article, may not he'sufficiei tly exhibited. The obt i.neg expanded_nol ded
article is &Et¢dhg andiatororsit & %ﬂ%‘ltﬁihu‘éﬁén?rcét‘?t%ﬁ’ala{itﬁﬁ c ><[lnegir‘éﬁlince.
Since the nolded article is nodified with the styrene-based resin, it also
has hi gh sttof present the gsperrdeandl gody&ran BP¥ Hdedt dﬁr@r-‘?f@fﬁﬁzepresent
invention ca ft be used for various purposes, and is particularly 15

sui tabl e fdhaisehé nmipiegriarionfoCahe inendegyl Hbsdardyaghmiaesiasithsert ed

i nsi de bunpers, packing material for heavy products, and the 'like.

[ Exanpl 8s] re20n Theags esedtthienpehtinerizd libnhtales mpafterabepgeseinbeddlhy way
of exanples thereof. It should be understood that the invention be not

limted toihkesgnexammkes. BE¥beueasive eranincneabiods iofcahuidd damsiatya f usi on
rate, conpressive strength, inpact resistance, chem cal resistance and

density ad9@1§ﬂviel'5i)¥§ghh€eﬁ1‘{5|e|1ﬁ%?9, Exeip s handdfapparatd ve txanpl es wil |
al so be 23 descri‘bed™bel ow. [Bul k density
preferred. If the addition rate is too high, the polymerization
would proceed before the impregnation tékes place. An
10 '~ extremely slow addition rate is not preferred because it would
hinder the polymerization. For example, the add_iti_on 1‘5&@ 18
preferably 30 to 100 parts by weight/hour.
With the above steps, the modified resin beads can be
obtained. The expandable beads can be obtained as described
156 above by impregnating the resin beads during or af’ter’ the
polymerization with the volatile blowing agent.
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?)
20 by known methods. The method of measuring the bulk
density will be described in Examples.
Furthermore, an expanded molded article can be
provided by filling the pre-expanded beads into a mold of a
foam molding machine, and while heating again to expand the

25  pre-expanded beads, heat fusing the expanded beads.
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The neasurenent of the bulk density of pre-expanded beads is carried out
according to a nethod described in JIS K5 6911: 1995 "Testing nethods for
t hernosetting plastics". Moire. specifically, pre-expanded beads are
allowed to free fall into a graduated cylinder by a standard bul k density
measuring instrument and its weight is neasured. The bul k densit
determined from t heStetinoi Agiteduatnend aD apind demsiayhergings) ==

pre- expanded beads wei ght (kg)/pre-expanded beads volune in graduat ed
cylinder (n®)pgfdsidomolates] articte puefersblof hast adensidped 2RpendéY nol ded
article having a size of 400 mmlength x 300 mn wdth x 30 mm 15

t hi ckness, lgg/aifout A Hemsiidepiwet ithen & Oclag /win hsalm:mpt‘efelaledng a straight
| ine that connects the centers of a pair of |ong sides. Then, the nol ded

article is sdtsEntoybalydse ayffhamldaoahehgefzB%umﬁiehitrr&.reilifgehexpﬁnded
beads in the split surface of the half of the nolded article are counted

Wi th reépe%eﬂmghﬁ gp%ha%oaoé)kg]‘/n%ps?mfiﬂdp%pa&eah@&c@ﬁ@ebioken i nsi de
t he beads and th nunber of expanded beads that are broken at the

L
measur ed by ﬁéttﬁ%ed%%%@{ciﬁf}'@ﬁ W fﬁ@g é&ge“liﬁéén% PERRE Lular
plastics tef;{elgarg%eldnglugl teldoglt e may notl\{ber Fc%lemlcyalt-:lx%’ib?t%d?xpanded
The obtained expa11d<_3-c1 molded article is stron-g'and
10" excellent ir ¢hemical and ilnpéct resistance.: Since the = -
molded article is modified with the st’jfi*é‘n"e—'beis‘-e".d' resin, it also
has high stiffness.
’ Th'e expanded molded article écco’rding to th.e present
invention éa.i‘i be used for various purposes) and i$ particularly
15 suitable for use in interior of cars, energy absb’rbing-'material
inserted inside bumpers, packirnig material for heavy products,

and the like.

[(Examples]

20 - The present invention will hereinafter be described by
way of éxamples thereof. It should be understood that the
invention be not limited to these examples. The measurement
methods of bulk density, fusion rate, compressive strength,
impact resistance, chemical resistance and density adopted in

25 théfbilowing Examples and Comparati've Examples will also be



nol ded article having a size of 50 nmx 50 mMmx 50 mmis 5 used as a sanple
and the conpressive strength thereof is neasured when it is conpressed by
5% at a conpressive rate of 10 nmmn. using a universal testing machine
Tensilon UCT-1OT (manufactured by Orientech Co., Ltd.) [Inpact resistance]
10 A flat, rectangul ar sanple having a size of 215 nm length x 40 mm w dth
X 20 mm t hideknesised badow.from t he expanded nol ded 'article. |In accordance
with JIS K721 1, the sanple is then placed between a pair of hol ding
menbers afBangedeatitg|di stance of 150 nm A steel ball weighing 321 g 15
is dropped on the sanple to calculate the falling ball inpact value, that
i's, 50% breaki ng hegihghtndsasetasnthef thkllowilnglenegtrabif gmee B arekd Grum

hei ght fromwhich the ball is dropped is set to 1.20 cm 50% br eaki ng

hei ght Hso s s GaEtie X ofit) 4 Mo Adin2Qowheneiiod -d&dk: ribe% hr €dki Kg hei ght
(cm Hi: the height (cm of the ball when the height level (i) 1is 0 and

al so t hei td@t brga amhe »tistihe” di Marce (cm
bet Weerrlgat h%gﬁi;% g%dt%%o?%tsﬁgp%g{llgghégsmﬁgnhﬁ%ﬁ?lg%vert-f%cgl I?/'lm)ved 25 is the-

0N vl e 5 BB e el (g
evel graduated cylinder by a standard bulk density measuring |
instrument and its weight is measured. The bulk density is
deterfmined from the following equation. |
10 bulk density (kg/m?) = pre-expanded beads weight (kg)/pre-expanded beads
volume in graduated cylinder (m3) | |
[P‘uSion rate]
In a surface of a flat-shaped expanded molded article
having a size of 400 mm length x 300 mm width x 30 mm
15  thickness, an about 5-mm depth line is cut With a cut’ter'along-
a Stfaigllt line that connects the centers of a pair of long sides.
Then, the molded article is split into halves by hands along the
cut line. The expanded beads in the split éurface of thé half
of the molded article are counted with respect to the number
20  (a) of expanded beads that are broken inside the beads and the
number {b) of expanded beads that are broken at the bouridary
of the beads. The numbers (a) and (b) are substituted into an
equation: (a)/{(a) + {b)] x 100 and the obtained value is defined
as the fusion rate (%).

26 [Compressive strength]
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5 N the total nunmber (N = Zni) of sanples broken (or unbroken) Data on

ei ther broken or unbroken sanples with a [|arger nunber is enployed. Were
the nunbers of. the broken and unbroken sanples are the sane, either one
can 10 be enployed. 0.5: the negative is taken when data on the broken
sanples is used and the positive is taken when data on the unbroken

sanpl es is used. [Therd@malreesivs ancehgdld iThnee spiredebyod methed! i ke
sanpl es having a flat. rectangular shape and a size of 100 nmlength x 100

mm - wi dth x 20 54 hicknessosne : ¢oo rprefichenedpeaditerh nplideticsarticle. The
sanples are left standing at 23C and a 50% humdity for 24 hours. The

sanpl es argcl hlilggﬁrgp\?ﬁﬂ:igﬁ sxpepded-moldede atd @l a3ty t hat ek pendpder

surface of ‘€ac e 1s entirely formed of the surface of the nol ded

article. Thegcg%&(%é}?%l)evﬁébﬂy acg?{@; 63ls0 (119%‘159' 508K & CEREm is

di but yl pht H4P are respectively applied to the upper surfaces of
the three sa es and the sanples ar : i and a 50%6
huni di tS { S15 A% ATEIE PG AL ?n?P&ﬁ%ﬁlﬁéa%{%é%%%%@“%ee&%%ped of f the
upper surfaces of the sanples and the e urfaces of th es are

visual |y oBBepyEECHWhssk h‘%%%%?ﬁ%e(;gg’oa%sﬁd ?&Oﬁﬂé’rfegﬁf%e\jmgggé ratings.

0: fine, no changes 5 0: slightly bad, surface softens .
of 10 mm/min. using a Universal testing machine Tensilon

UCT-10T {manufactured by Orientech Co., Ltd.)
[Impact resistance] |
10 | - A flat, rectangular sample having a sizve.of 215 mm
Jlength x 40 inm width x 20 mm thickness is cut from the
expanded molded article. In.accordancexvﬁh.JlS]K?Qll,the
sample is then placed'between a pair of -ho'lcling members
arranged at a distance of 150 mm. A steel ball weighing 321 g
15 is dropped on the sample to calculate the falling baﬂ impact
value, that is, 50% bree-\king height based on the fol‘lbwing
.equat'ion. The maximum height from which the ball is
dropped is set to 120 éln.
~ 50% breaking height Hso = Hi + d[T( x ni)/N=%0.5]
20  wherein
Hso: 50% breaking height (cm)
Hi: the height (cm) of the ball when the height level (i)
is 0 and also the height that is expected to break the sample
d: the distance {cm) between the heights of the ball

26  when it is vertically moved
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X: bad, surface cave in (shrinks) [Measurenent of expanded nolded article
density] The density of the expanded nolded article is neasured by a

nmet hod described in JIS A 9511:1995 10 "Prefoaned cellul ar plastics thermnal
insulation materials". Exanple 1 100 parts by weight of |owdensity

pol yet hyl ene-based resin (hereinafter referred to as LDPE, manufactured by
15 Ni ppon Uni car Gompenyhdighittlede! triddenamecr &R0/ 67Z5¢asaedy OFE poi nt :
112C, melt flowrate: 0.2g/ 10 mn., density: 0.92 g/ cmm3) and 0.5 parts
by wei ght efhwatkiiseantai=ni-ng3d, sgnt-tietld,cl sEliccon di oxide were fed into an
extruder. The feedstock was nelted and kneaded, and then granul ated by 20

under water cut sysi.efné g pidder evalpleegrshaned)r LR olr@s) atbeads
(pol yol efi n-based resin beads). The average weight of the LDPE resin beads

was 0.6 ng.. [hejaglit flow rate and the density of the LDPE resin beads
were neasured according to JI'S k6992-2. 25 Then, 0.8 parts by wei ght of

magnesigm 27 pyrq&hqp@h%ﬁuaﬁﬂn&’b&@g% gﬁ—lligyof\/@bgﬂfﬂ@é SR8 SR (or

dodecyl benzenesul f'onat'€ were di spers 0 parts by weight of water to
obtain a rredi]tajmf(_)r' di spersion. In the dispersion nedium 100.5 parts by
wei ght of tHEPTSEERht hetic silicon di oxi de-contai ning LDPE resin beads were

di'sper sed to obiaig  suspenslon, FLLRST TR g1 R.40,B3 T Bt gt o

larger number is.employe_d. - Where the numbers of the
broken and unbroken samples are the same, either one can

10 be e.mplo‘yed.

+0.5: the negative is taken when data on the broken
samples is used and-the positive is taken whern data on the
unbroken samples_is used.
[Chemical 1"'esistanc'e]

15 Three pieces of plate-like samples lj.aving a flat,
rectanigular shape and a size of 100 mim lengtﬁ x 100 mm
width x 20 mm thickness are cut from the expanded molded
article. The samphs are left standing at 23°C and a 50%
humiditjr for 24 hours. The samples are cut from the

20 expanded molded article so that the upper surface of each .
sample is entirely formed of the surface of the molded article.

Then, 1 g of various chemicals (gasoline, kerosene,
dibutylphthalate (DBP)) are respectively applied to the upper
surfaces of the three samples and the samples are left standing

25 at 23°C and a 50% humidity for 60 minutes. Subsequently,
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as a polynerization initiator was dissolved in advance in 30 parts by

wei ght of a styrene nononer. 10 The tenperature of the water-based nedi um
containing the LDPE resin beads was adjusted to 60C and the styrene
nononer was added quantitatively to the nediumover 30 mn. Then, the
resulting mxture was stirred for an hour to inpregnate the LDPE resin

beads Wi t hyjthe rsdyhenrs apporgied b5 Nextupphe tenfrercat of éhefsameleeaction
systemwas raised to 130C which is higher than the nelting point of LDPE

by 18C and, kepth & QipRehouigatos ROl e sRzepl e asteyvienenllyortosmweidntd he LDPE
resin beads. The dispersion state of styrene resin in the obtained 20

modi fi ed rﬁ—ﬂtlﬁe %%%%%ﬁﬁ?ﬂ?@%%%@@ln@gft@ FW@%Q@Q rathggsstyrene resin
W

particles a particle diameter of 0.05 lamto 0.2 dimwere di spersed

in a surface regi Q. (an.area.mibia about 5 pmfromthe surface) and the
styrene resin part leglsle"gjﬁ%tﬁﬂg Barticle dianmeter of 0. 1 pmto 0.25 pm

‘were di_spersed 25 jn a.center_reqi n M thin about a 5 pmradius
from 28 the cent é#‘).ﬁ*fiﬁéagf%%é’- g!élg Ellé%é’loqglgﬁfures of the surface region
and the center re ioB re shown in Filg. iL an? b:i g. 2, respectively.
Subsequent |y, 100‘paP&, B TBFGHE VSt HHERTDEFEl ed 5 resin beads, 1.0 parts
by. wei ght of water, 0.15 parts by weight . of npnogl ceride stearate and 0.5
parts, by Wéeghureinent sdmnnandadipaidcderttic %C?%{%t%{ pressure-resi stant
V-type rotary mxer having a.volune of 1nB, and 1.4 parts by wei ght of
but ane . - The density of the expanded molded article 1s

measured by a method described in JIS A9511:1995

10 - “Prefoamed cellular plastics thermal insulation materials”.

.Examplc-: 1 |
lCO ﬁart's by weight of low-density polyethylene-based |
re'silﬁ (hereinafter referred to as LDPE, manufactured by
15 Nippon Unicar Co-mpany Liinited, tradename: DFDJ-67795,
melting poiht: 1 iQ"C, melt flow raté: 0.2g/10 min., density:

- 0,92 g/cm?) and 0.5 parts by weight of water-containing
synthetic silicon dioxide were fed into an extruder.  The
feedstock was melted and kneaded, and then granulated by

90 under water cut'system to provide oval (egg-shaped) LDPE
resin beads (polyolefin-based resin beads}. The average
weight of the LDPE resin beads was 0.6 mg. The melt flow
rate and the density of the LDPE resin beads were measured
according to JIS k6992-2.

25 Then, 0.8 parts by weight of magnesium
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(n-butane: i-butane = 7:3) was injected at a normal 10 tenperature while
the m xer was rotated. After the tenperature inside the rotary m xer was
raised to 70C and kept for 4 hours, it was cooled to 25C to obtain
expandabl e beads. The obtai ned expandabl e beads had styrene resin
particles wwth a particle dianmeter of 0.05 limto 0.2 pm 15 dispersed in a
surface regpprosnds shptered 6502 parts desvaagbh of spdiiicl e dianeter of 0.1
pmto 0.25 pmdispersed in a center region as in the case of the

above- nent | dneecytbdirficett sEiSbnatbeadse dihpeoitdiinedOBxpatitabive™seads wer e
imedi ately fed 20 into a pre- expandi ng. machi ne (trade name SKK-70

manuf act ur egk v tSekbselb tAVeC Bi ferdiv@a. forlddperaictist eam were used at a
pressure of 0,02 MPa to pre-expand the beads. Pre-expanded beads having a

bul k density of 60,kghBdvesersiobt aid@dim29 (thenpat-he 1pr ereixpandeth deads
were left standing at a 29 roomtenperature for 7 days and then filled

ot 0 2 B0 ol il floBa dH;’&J@fcf@c@rft%@ﬁizfg’imlﬁ@Eréﬁﬁ pealagiteed by

Seki sui nery Co., Steam was 1 ntroduced into the nold to expand

and nol d thciilsgjreﬁ_ggép@ong%q%ﬁggggp%%lgi%glt_angul ar parallel epi ped expanded

mol ded arti ving a” Siz mn'length x 300 mmwidth x 50 nin
et gt and o Senskit 89,8008 0550, TIgehis A1 8L pEREPLESS! o
art! cl‘e Were?s rgeﬁgﬂrlggi*i.zzaQ?o1rlelslﬂlt}§to%r%a%h(?&oih?c;{al%l gdvance in 30
parts by we.ight of a slyrene monomer.
10 The tempera‘cure'of the water-based medium
containing the_ LDPE resin beads was adjusted to 60°C and the
styrene moﬁomer was added quantitatively to the medium over
30 min. Then, the resulting mixture was stirred for an hour
to impregnate the LDPE resin beads with the styrene monomer.
15 Next, the temperature of the reaction system was
1“étised to 130°C which is higher than the melting'point.of LDPE
by 18°C and kept for 2 hours to polfmerize the styrene
monomer in the LDPE resin beads.
The dispersion state of styrene resin in the obtained
20 modified resin beads was observed by a TEM (x12800}). The
styrerne resin particleé with a particle diameter of 0.05 um to
0.2 pm were dispersed in a surface region (an area within
about 5 pm from the surface) and the styrene resin particles

with a particle diameter of 0.1 pm to 0.25 pm were dispersed

95 in a center region (an area within about a § pum radius {rom
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10 1. Exanple 2 Mddified resin beads were obtained in the same manner as
in Exanple 1 except that an ethylene/vinyl acetate 15 copol yner
(hereinafter referred to as EVA, manufactured by N ppon Unicar Conpany
Limted, tradenanme: NUC-3221, vinyl acetate content: 5 w% nelting point:
107C, nelt flowrate: 0.2g/ 10 mn., density: 0.92 g/enB) was used as the
pol yet hyl enbebasetm esi Rhienstasd sottiphe! IDPEVARE @hED anbuHeceor<d ot yr ene
mononer added was 110 parts by weight. The dispersion state of styrene
resin in thedbhai medtenvdgfirdreesiowbendsigas evgbitigd By the TEM
(x12800). The styrene resin particles with a particle dianeter of 0.05
}.imto Os@2sgeoiiwele. di spersed in a surface region (an area within 25
about 5 pmfromthe surface) and the styrene resin particles 30 with a

particle dianeter ofQeghdnti oOpdrpmmeneigdhsper sled modiiedenter region
(an area within about aqS pmradius fromthe center). The cross-sectional

pi ctures ofoLhe puIdace 09908 pARFIERS GPRbeE:! €l paires HOWLigh(F 9. 3
g. 4,

and Fig. respectively. The dianmeters of the styrene resin particles in

the surfacflélsgi_o%gyéggi&@%-tgg et,%faﬁ&%.@g%gg Jgpteepned agisdphtoys. The

particles 8 I exanp were trace I'g. 57.n such a

Subst ant | aPEyPBkadT Soerhed BignarBrobrT saces s brct oSt TSR om the
tracing of hziv%hg a volume of 1m3, and 14 parts by weight of butane: | :
(n-butane: i-butane = 7:3) was injected at a normal
10 temperature Whilé thé mixer was rotated. After the
temperature inside thé rotﬁry mixer was raised to 70°C and
kept for 4 hours, it was cooieci to 25‘°C fo obtain expandable
beads. The obtained expandable beadé had étyrene 'fesin |
- particles with a _pai-ticlé diameter of 0.0'571,1111 to 0.2 pm
15 - dispersed in a Su"rfac'e' region and styrene resin pa:ticles with a
particle diameter of 0.1 m to 0.25 nm dispersed in a center
region as in the case of the above-mention_éd modified ;esin
beads.
The obtained expandable beads were immediately fed
20 into a pre-expanding machine (trade name SKK-70
manufactured by ‘Sekisui Machinery Co., Ltd.) and steam were
used at a pressure of 0.02 MPa to pre-expand the beads.
Pre-expanded beads having a bulk density of 60 kg/m? were
obtained.

25 Then, the pre-expanded beads were left standing at a
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5 and it was confirnmed that the particle dianmeters were in the range of
0.01 lamto 0.4 }im Subsequently, 100 parts by weight of the nodified 15
resin beads, 1.0 harts by weight of water, 0.15 parts by weight of

nonogl yceri de stearate and 0.5 parts by wei ght of diisobutyl adipate were
fed into a pressure-resistant V-type rotary m xer . having a volunme of 1M,
and 14 par t8OBy @S BRE2BAT DR Ared 2y A-ud dite 1 i Igd dpso-a ?T.lgicy\%sai nj ect ed
at a nornmal 20 tenperature while the mixer was rotated. After the

t enper at ur 816 kebinde 1 Aehin & dFragkes nesn 8 CEo SRIC mAad wastured Y hours, it
was cooled to 25C to obtain expandabl e beads. The obtained expandabl e
beads had Stkiene MesiinngsaytGel,dstdd) t hSécaparmaslintaidweedringd G105 pmto
0.2 pmdispersed in a surface 25 region and styrene resin particles with a
particle dhaskt ¢b efpadll Ondl polticit: drpredpspetsktdcanisa cénter region as
in the case of the above-nentioned nodified resin beads. The obtai ned

expandapl erpepsis g VWeE e 1 IMEHIheb ¢l featbandtd madedexpantd rpwiaghane (trade
nane SKK-70 5 manufactured by Sekisui Mchinery Co., Ltd.) and steam were

used, at a $Uf €00 1182 SMrax i Phenewirnth khsobeadsheigfiteagypanded
beads havi ﬁggi%gﬁgodglﬁsitygof 60 kg/nn_B were obt ai ned. TFF%E{I, t he

pr e- expandgd . Iz ghanding at - : LeMReALVE8xivleor 7 days

and then fﬁﬁ%ﬁ@f%ﬁ(’)@gﬁ%f@ o"?&lg%nﬁ di ngﬁln%gﬁisﬁlgﬂgartgde_ r%?e ASCIEI-GS_SP ,

manuf act urggrebl)fgths,e lé'nscy 'iml\{aaa?cql an%l%nl’iclatl qe)mﬁa?l%%‘é@stﬂé"omgﬂ?&ﬁi into the
molded article were measured. The results are sho'wn ill_T:able

10 1.

Example 2

Modified resin beads were obtained in the sa_L-me

manner as in Example 1 except that an ethylene/vinyl acetate
15  copolymer (hereinafter referred to as EVA, manufactured by

Nippon Unicar Compahy Limitedl, tradename: NU.C—3221, vinyl

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

0.2g/10 min., density: 0.92 g/cm3) was used as the

polyethylén&baseé resin instead of the LDPE and the amount
20 of styrene monomer added was 110 parts by weight.

The dispersion state of styrene resin in the obta-.ined- '
modified resin beads was observed by the TEM (x12800). The
styrene resin particles with a particle diameter of 0.05 pm to
0.2 nm were dispersed in a surface region {an area within

25 about 5 pm from the surface) and the styrene resin particles

30



nold to expand and nol d the pre-expanded beads. A rectangul ar

paral | el epi ped expanded nol ded article having a 15 size of 400 mm |ength x
300 M width x 50 mm height and a density of 60, kg/nB was obtai ned. The
fusion rate, conpressive strength, and inpact and chem cal resistance of
the obtained nolded article were neasured. The results are shown _in Table
1. 20 Exanphgl3aOpsripalet didgneter ghit Oof 1imeg b $). ﬂlmllpfyrﬂm@oétﬂmléﬂeéhaﬂ 0.02
parts by wei ght of sodi um dodecyl benzenesul fonatewere di spersed in 100
parts by wei ghhtef repi®t (ho ebtaiwithimedbumt 25 for rdidper gioon.the2 I n the
di spersion nmedium 100.5 parts by weight of the synthetic silicon

di oxi de- corg&{t@irﬂg VA £e5é8 headsnel piExanpd ef 2heasudispersgbito obtain a
suspensi on. Furthernore, 0.19 parts by wei ght of dicunyl peroxide 5 as a

pol ymeri zat] on il Lig{Q r 1?'&1%@0%1‘{6%11 madhvancaridn™p. 4parts by wei ght of
a styrene nonomer to prepa first styrene monomer. The tenperature ' of

t he vvat@r- %?fg gﬁg% cont al ning the EVA resin beads was adjusted to 60C
and the® 10 Fene noner was added quantl tatively to the medi umover 30

mn. Then, the res tlcﬁgﬂﬁ?ft ur §{WE%” rleedrég)m ﬁﬁr?ﬂﬂ%s oL BpPregnate the

EVA resin beads w

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 manmner that the areas of the
10 particles in the twlo figures are substantially equal.” The
diameter of each pért’iélé was measured from the tracing of Fig.
5 and it was confirmed that the particle diameters were in the -
rénge of 0.01 pm to 0.4 pm.
- Subsequently, 100 parts by weight of the modified:
15 resin beads, 1.0 parts by weight of water, 0.15 parts by weight
- of monogliyceride stearéte and 0.5 parts by weight of diisobutyl
adipate were fed into a pressure-resistant V-type rotary mixer
having a volume of 1m?3, and 14 parts by weight of butane
(n-butane: i-butane = 7:3) was injected at a normal
20 temperature while the mixer was rotated. = After the
temperature inside the mixer was raised to 70°C and kept for 4
hours, it was céoled to 25°C to obtain expandable beads. The
obtained expandalble beads had styrene resin particles with a
particle diameter of 0.05 m to 0.2 pm dispersed in a surface

95 region and styrene resin particles with a particle diameter of



Next, the tenperature of the reaction systemwas 15 raised to 130C which is
hi gher than the nelting point of EVA by 23C and kept for 2 hh urs to

pol ynerize (first polynerization) the styrene nononer in the EVA resin
beads. Subsequently, 0.1'9 parts by wei ght of dicunyl peroxide as a

pol ynmerization initiator was dissolved in 240 20 parts by weight oé a
styrene non@nemmotwbt4inme dieponeed iy ra R FBRIFELONTRE WetBAFesEyPhne
nononer was dropped continuously into the reaction solution of the first
pol yner i zat {lom adtova - et etiofh e bOnpdified g siieikffdper hour, so that the
second styrene nononer was pol ynerized (second 25 pol ynerization) while the
EVA resin beads wefféd optegnad edkp®sdabichbehe snysorennnThdiafiedpdedi on state
of the styrene resin.in the obtained nodified resin beads was observed by
the TEM (x{k2808)prcHeg pstyd ene nieshm partidd esmetSKE Farticle dianeter 5
of 0.05 lamto 0.2 pmwere dispersed in a surface region (an area within

about 5 sommra%fst&%ﬁ%f Bﬁre%eﬁ'i@ui Ven St ileeReChesLid . patid ekesmwintdre a

particle diameter of 0.1 Tamto 0.5 pimwere dispersed in a center region

(an area wi {bLa ADQUL: & AN RGN EL 98 PHE SeRhed b dltp atpss- secti onal

pi ctures of urtace region and the center region are shown in Fig. 6
R b SR VerdP bR LR, e el e gesty beace
stearate angb%i%e%ﬁrtls by wei ght of_ di i sobutyl :adi pate were fed
'Th@:ﬂ, the pre_—exp'and_ed beads were left standing at a
10 room temperature for 7 days and then filled into a mold of a
molding machine (trade name ACE-38P manufactured by
Sekisui Machinery Co., Ltd.) Steam was introdﬁcgd‘ into the
mold to CXpE.Ll'ld- and mold the pre-expanded beads. A
rectangular parallelepiped 'expande.d molded article havinga .
15  size of 400 mm length x 300 mm width x 50 mm height and a
density of 60 kg/m?® was obtained. The fusion rate, |
compressive strength, and impact émd chemical resistance of |
the obtained molded article were measured. The results are
shown in Table 1.
20
Example 3
0.8 parts by weight of magnesium pyrophosphate and
0.02 parts by weight of sodiqm dodecylbenzenesulfonate ‘were '

dispersed in 100 parts by weight of water to obtain a medium

26  for dispersiorn.



15 into a pressure-resistant V-.type rotary m xer having a volune of 1nB,
and 16 parts by weight of, butane (n-butane: i-butane = 7:3) was injected
at a normal tenperature while the m xer was rotated. After the tenperature
inside the mxer was raised to 70C and kept for 4 hours, it was cool ed to.
25C to obtain 20 expandabl e beads. The obtai ned expandabl e beads had
styrene resin partlickhs disgerasiparmiedisnyi AMét.&r petto 5 wHighs ofotlE | am

di spersed in a surface region and styrene resin particles with a particle
di amet er obyQthepiv sblifoh dammiddispetsiedngnEY Lemwtsen begiemfas in the case
of the 25 above-nentioned nodified resin beads. 34 The obtai ned expandabl e
beads wer epjxaragiatehya  ellspented aopsbiepanduegperpibiine (trade name SKK- 70
manuf act ured by Sekisui Machinery Co., Ltd.) and steamwere used at a

pressure of 0.02 NP3 {0 pherexpand bhetPegdsciphPre- expandadpbeaddchaving a
bul k density of 30 kg/ n83 were obtai ned. xt, the pre-expanded beads were

| eft Saééndggga%:éﬁ‘}%éeﬁ%t@}:}cg\mﬁﬁﬁh%ﬁ'ﬁ%ésgzsgéﬁcéﬂﬁ 5898xfdd edg nto a mol d

of a | di'ng ade nanme ACE- manuf actured by 10 Seki sui

Machi Co. d.)_.T g ' ' ; : . xpand
and ol o t RBh SR BRI AR S sl ARG oo

mol ded article having a size of 400 nmmlength x 300 mMm.w dth x 50 mMm
hei ght and™PPgeHdi'ty of 30 kg/ nB8 was obtained. The fusion rate, 15

conpressive strength, and inpact and. chem cal, resi stange .of.
e ' gf11e telnlaelr"rePture of the water-based medium -

contaihing the EVA resin beads was adjusted to 60°C and the

10 étyrene monomer was added quantitatively to the medium over
30 min. Then, thc—: resulting mixture was stirred for an hour
to impregnate the EVA resin beads with the first styreﬁe
monoﬁﬁer.

Next, the terripefréitu're"of.the reaction sY’s—tem was-

15  raised to 130°C which is higher than the melting point of EVA -
by 23°C énd kept for 2-hours to polymerize (first
polymerization) the styrene monomer in the EVA resin beads.

Subsequently, 0,19 parts by weight of dicumyl
peroxide as a polymerization initiator was dissolved in 240

20 parts by weight of a styrene monomer to obtain a second
styrene monome;r. The second styrene monomer was dropped |
continuously into the reaction solution of the first
polymerization at a rate of 50 parts by weight per hour, so that
the second styrene monomer was polymerized (second

25  polymerization) while the EVA resin beads were impregnated

33



t he obtained nolded article were neasured. The results are shown in Table
1. Exanple 4 20 Modified resin beads and expandabl e beads were obtained in
the sane manner as in Exanple 2 except that EVA resin beads were

i npregnated with 105 parts by weight of a styrene nononer and 5 parts by
wei ght of an a-nethyl styrene nononer. 25 The dispersion states of

st yr ene- basedlr gs¢ monother. 35 obt ai ned nodified resin beads and expandabl e
beads were observed by the TEMin the same manner as in anple 2.- The
styrene resin partThtesispicrhican pdate cifetldt avBrencoesgnos: (26 to 0.2 pm
were dispersed in surface regions and the styrene 5 resin Earticles with a
particl e digratiaedofic@lifiegunesin Deddsuwaswebecdispdrsébici hldknt er regi ons.
Subsequently, the expansion and nolding were performed in the same manner
as in Exaﬂgkm%,ocgnd The dwyskor redhepactinicessitteaspartigttdiametienpact and
chem cal 10 resistance of the. obtained expanded nol ded article were

measur egl. Ufeo.r(%g_{ hstAne2 shewwdre dap @ skd Bxamphefacdbdigivedanesi n beads
and expandabl e be ds were 15 obtained in the same manner as in Exanple 2

except that, . t-Bulyl PeRXy BERZOBLALETe USPdare) iR i Rict § Blrenh cangsithe _
pol yneri zation tenperature was 115C. The dispersion states of styrene resin

In the obt ?Jianr%gclcs with a particle diameter of 0.1 j1m to 0.5 nm were

dispersed in a ce-ntel." region (an area within about a 5‘pm
radius from the center). The cross-sectional pictures of the

10  surface region and the center region are éhown in Fig. 6 and
P_‘ig. 7, respectively.

100 parts by weight of the modified resin beads, 1.0
parts by weight of water, 0.15 parts by. weight of monoglyceride
stearate and 0.5 parts by weight of diisobutyl adipate were fed

15 into‘ a pressure-resistant V-type rotary mixer having a volume -
of 1m3, and 16 pa@*ts by weight of bLitane v(n~butane: i-butane =
7:3) was injected at a ﬁormai temperatu-re while the mizer was
rotated. After the.temperature inside the mixer was raised to
70°C and kept for 4 hours, it was cooled to 25°C to obtain

20 expandable beads. The c;btained expandable beads had .
-styrene resin particles with a particle diameter of 0.05 pn to
0.2 jm dispersed in a surface region and styrene resin
particles with a particle diameter of 0.1 pm to 0.5 pm
dispersed in a center region as in the case of the

25 above-mentioned modified resin beads.
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nodi fied resin beads and expandabl e beads were observed by 20 the TEMin
the sanme manner as in Exanple 2. The styrene resin particles with a
particle dianmeter of 0.05 pun to 0.25 pim were dispersed in surface
regions and the styrene resin particles with a particle dianeter of 0.1
pun to 0.45 pun were dispersed in center regions. 25 Subsequen%l , the
expansi on and nol d’hg wetsinelb eppeistaied bﬁagﬁéw§éﬁé“WEﬁﬁE?t%5"HXExanple
2,.and the fusion rate, conpressive strength, and inpact and chemi cal

resi st ance iatotherebtapred isgparmddm(ded caneiet ©Kkré0 nmeasured. The
results are shown in Table 1. 5 Exanple 6 Modified resin beads were

obt ai ned i mbReifaarere demeelasuiniBadipeey T excepd. ) tduad ttiterafbonts of the
first and second styrene nononers were both 100 parts by weight. 10

Then, , expangahi @ :hegds seerre obDapneR A (b heresanpanahhe: Bsadsn Exanpl e 2.
The dispersion statés of styrene resin in the obtained nodified resin

beads agd qxpapdableheatsdiena ehges adibienbhe SEMA ied heosasee manner as
e <,

i n Exanp styrene 15 resin particles with a particle dianmeter of
0. 05 ltmt%bq']'ail éam were dispersed in surface regions and the styrene
resin partic S*With a particle dianeter of 0.1 lzmto 0.4 | am were

dispersed in centef [po}oNS; SUBSEHE! ibadd'6 PRI AL A TR NG wer e

room termperature for 7 days and then filled into a mold of a
molding machine (trade name ACE-3SP manufactured by |

10 - Sekisui Machinery Co., Ltd.) Then, steam was introduced info
the mold to expand and mold the pre-expanded beads. A
rectangular parallelepiped expanded molded article having a
size of 400 mm length x 300 mm Widtl’l x 50 mm height and a
density of 30 kg/m® was obtained. The fusion rate,

15 compressive strength, and impact and chemical resistance of
the"'obtai:ned molded article were measured. The fesults are

-shown in Table 1.

Example 4

20 - Modified resin beads and expandable beads were
obtained in the same manner as in Example 2 except that EVA
resin beads were impregnated with 105 parts by weight of a
styrene 1'1;101'10171”161” and 5 parts by weight of an a-methyl styrene
MOoNomer.

25 The dispersion states of styrene-based resin in the



20 perforned in the sane nanner as in Exanple 2, and the fusion rate,
conpressive strength, and inpact and chem cal resistance of the obtained
expanded nol ded article were neasured. The results are shown in Table 1.
25 Exanple 7 37 After the first polynerization was carried out in the sane
manner as in Exanple 3, the tenperature of the reaction systemwas |owered

to 125C.. Thepairlhd 9npabtisd e mi 904 dofandi oysahdpelotcdalasae
pol ymeri zation initiator was dissolved in 5 160 parts by weight of a

styrene nonopeL & MRt ahR PRRLGANG c ShYEERBaBRRANRE inTRRaZeENG. Styr ene
nmononmer was dropped “continuously into the reaction solution of the first

pol ymeri zat . A At £y g : haPL cREHI AR ter ST OGS udche
second styrieﬁg %ﬁgﬁgr}(g\%g Bgl%%géléiﬁé ¥l( ‘é\@conéclo 6ol yrrg%i zat i on)] while the
EVA resin beads,were | npregnated ,wth ti Mo o001 ED, b dabl e
beads were B:bga?rﬂé]&l o ﬁg*’lgé]rﬁewrr\é\frlmsg}llggemé@x@ﬁpﬁggﬁ?{%hseﬁg?gger si on
states styrene resin in. the obtained. nodifi resjn beads
expanda%lf e GsPaePe obBited Byt }% g‘i"l‘c’émfﬂgﬁ ioﬁd(t-J h‘gitlglngol @aan@{r}gas in.
Exanpl e 2. The styrene resin particles with a particle dianmeter of 0.05 | am
to 0.2 | am WEEe cligPspeeded crRlslrt8E® Fegi ons and the styrene resin
particles with a particle dianmeter of 0.1 pmto 0.4 p. mwere dispersed in
center regions. -20SSubsegaentlyy, thehexprEaistoAldnP HeLBRNYCH_re perf or med
in the sane manner as in Exanple 3, and the fusion a _

performed in the same manner as in Example 2, and the fusion

rate, compressive strength, and impact and chemical

10 resistance of the obtained expanded molded article were

measured. " The results are shown in Table 1.

Example 5
Modified resin beads and eXiﬁand&bi(ﬁ ‘beads_‘wer-e
15 obtained in the same manner as in Example 2 except that
t-butylperoxy benzoate was used as the initiator and the
polymerization temperature was 115°C,
The dispersion states of stjrréne resin in the obtained
modified resin beads and expandable beads were observed by
20 the TEM in the same manner as in Example 2. The styrene |
resin particles with a particle diameter of 0.05 pm to 0.25 pm
were dispersed in surface regions and the styréne resin
particles with a particle diameter of 0.1 um to 0.45 pm were
dispersed in center regions.

25 Subsequently, the expansion and molding were
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rate, conpressive strength, and inpact and chem cal resistance of the

obt ai ned expanded nol ded article were neasured. The results are shown in
Table 1. 25 38 Exanple 8 The sanme EVA as the one in Exanple 2 was used 'as
t he pol yet hyl ene-based resin, 100 parts by weight of the EVA, 3 parts by
wei ght of carbon black particles and 0.5 parts by 5 weight of talc were fed
into an extgardermdkhenf@edstook masneneds dt Brd Rptadedndnid ¢ hepton

granul at ed by under-water cut systemto provide oval (egg-shaped)

Mack- col or edte peloyephys sive- basegthesimd headsct Modd fahednieal n beads and
expandabl e beads were 10 obtained in the sane manner as in Exanple 7 except

that the bhack-60b@EdRObKBEL MY ERERas@dd nesildectemdscleneresed. The
di spersion states of styrene resin in the obtained nodified resin beads

and EXP?”dﬁﬁéssgﬁ%@ﬁ were Qhsaryed-cbyhokhe iREMbDe the same nanner as
in' Exaiiple 2. e styrene 15 resin particles with a particle dianeter of

0.05 pmto 0.2 pm were' dispersed in surface regions and the styrene resin
particles with a particle dianeter of 0.1 Itmto 0.4 pmwere dispersed in

center regi ns_.mﬁubéequently, t he expansi on and nol ding were 20 perforned
in the same”fRiEr Bs in Exanple 3, and the fusion rate, conpressive

strength, and [ mpags and chem oal . feslLaDge, ol 4 g N Aungd expanded

manner as in Example 3 except that the amounts of the first
and second styrene monomers were both 100 parts by weight.

10  Then,expandable beads were obtained in the same manneras
in Example 2.

- The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM in the same manner as in Example 2. - The styrene

15 resin particles Wi’_ch a particle diameter of 0.05 am to 0.2 pm -
WEre disperé—ed '1.11 surface regions and the s'tyrene resin
particles with a particle diameter of 0.1 pm to 0.4 um were
dispersed in center regions.

Subsequently, the expansion and molding Weré

20 performed in the same manner as in Example 2, and the fusion
rate, compressive strength, and impact and chemical
resistance of the obtained expanded molded article were

measured. The results are shown in Table 1.

26 Example 7
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measured. The results are shown in Table | 25 Exanple 9 39 Mdified resin
beads were obtained in the same manner as in Exanple 7, and 12 parts by
wei ght of pentane (n-pentane: isopentane = 80: 20) was added instead of
butane as the blow ng agent. The tenperature inside the rotary m xer 5 was
raised to 30C and kept for 6 hours. Then, the tenperature was cooled to

25C to obtain expandab) enbeads. oiﬁh%edﬁﬁmbﬁl @B sSéatresd fusiyrdre resin in
t he obtai ned nodified resin beads and expandabl e beads were observed by

the TEMin Ll.7d ¢, SaABr TRMEEAST eESa”HEetegn{aghﬁLWbﬁmﬁe 1&a e hn
particles V\ntﬁla particle dianetef 05 pmto 0.2 pmwere dispersed in

surface €0l one AN LB.AhNENP 1881, PRILY Chesow A partighet! anet er

of 0.1 pmt umwere I'spersed in centef regions. i ng the obtained

expandabl e aealgﬁ%r}bF% o%x grn%:l ?Lh]éohi and opl.g ﬂagiL}Aﬁ ¢ WELTPIdmRAyLy fthe same

manner as i IOI’] rate, npressive strength, and

i npact and em cal eS| st ance of the obtai ned ex ticle
were me igO FRELS é’u‘f“?bg%érr 8t &hSHRTFAC FRpPEMST %(Pd[%ﬁﬁngaﬁ ver?téxanple 1
Modi fi ed reS| n beads were obtajned in the sane nanner as in,Exa

except t hat SEHETMBUNROBICTst yF BRESCERNBNBLY IS8T WL £6 ‘ﬁ%?t@r%@lgggl ght .

continuously into the reaction solution of the first
polymerization at a rate of 50 parts by weight rper. hour, so that
i‘he second styrene monomer was polymerized (se_‘cond
| 10 polymerization) while the EVA resin beads were impregnated

with the monomer. Then, ‘exiaandable. beads were .‘ob'tained in
the same manner as in Example 3.

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

15 the TEM in the same ma.nner as in Example 2. The styrene

| resin particles with & particle diameter of 0.05 pm to 0.2 Jm
were dispersed in surface regions and the styrene resin
particles with a particle diémetcr of 0.1 1..111‘1 to 0.4 pm were
dispersed in center Tegions.

20 Subsequently, the expansion and molding were
performed in the same manmer as in Example 3, and the fusion
rate, compressive strength, and impact and chemical
resistance of the obtained expanded molded fau*ticle WEre

measured. The results are shown in Table 1,

25
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25 The di spersion state of styrene resin in the obtained 40 nodified resin
beads was observed by the TEM (x12,800) and dispersion of the styrene
resin particles was hardly observed in both surface and center regions.
The cross-sectional pictures of the surface region and the center region
are shown in Fig. 8 5 and Fig. 9, respectively. Then, resin beads.

cont ai ni ngE&zbhp¥d 8y agent (bl owi ng agent-containing resin beads) were
obtained in the same manner' as in Exanple 1. The di spersion state of
styrene resin inTihesabtaimied btakiagnageniExsongderd e s esiarl Beads was 10
observed in the sane manner as descri bed above, and dispersion of the

styrene regyh ﬁ%ﬂﬁ/%i’l@&%d\ﬂﬁaé@d deyinbservedrarts bothesgiif adehgr E& Lent er
regions as In'the case of the above. nodified resin beads. The obtai ned

bl owi ng ag§:}hﬂ%"h?h§%%ﬂ%f%%idhll?ﬁﬁg%laé% %:["ﬂclm(ﬁcﬁt@l'iy hets iyt 0 a

pr e- expandi ng mac ade naive SKI{ manuf act ured by

Seki i hi K Q. L 1St MES 2. US et _ f 0.'02
eki tsglg,g/fgw'gg%ﬁ 891@%% k%gg% Sf;a;ygu% BB MRS FeuS el Fde PERRIYNE S

MPa e beads, however, hardly expanded and
Do obt i nelbe et btives Brdmr e 2okbner T B PSR et s aned in
monomer | e TEORAOLYS GHE NGHERE RAS 288 ParPLoRyt a1 T e 2
polyethylene-based resin beadsiv® o "o S
~* Modified resin beads and expandable beads were
10 obtained in'the same manner as in Example 7 except that the -
black-colored polyethylene-based resin beads were used. -
~ * The dispersidn.stafes of styréne resin in the obtah}gd
modifiea resin beads and expandable beads were observed by
" the TEM in the samé manner as in ‘Example 2. The styrene
15 resin 1'3'&'11‘t’icleslfwi‘t11 a particle diamieter of 0.05 m to 0.2 pm
Were"_di?spérsed iﬁ surface regions and the styrene resin
particles with a particle diameter of 0.1 jum to 0.4 pm were
dispersed in center regions.
Subsequently, the expansion and molding were
20 performed in the same manner as in Example 3, and the fusion
réte,conqnessivestrength,and impact and chemical
resistance of the obtained expanded molded article were

measured. The results are shown in Table 1.

26 Example 9



wei ght. The di spersion state of styrene resin in the obtained nodified
resi n beads was observed by the TEM (x12,800). The styrene resin particles
with a particle dianmeter of 0.05 lamto 5 0.2 lamwere dispersed in a
surface region (an area within about 5 pmfromthe surface) and the
styrene resin particles wth a particle dianeter of 1 lamor greater were
di spersed in a ceNMcatifiahironin Heasrew oret abteiabslind!s Ba@ ¢ adi us fromthe
center). The cross-sectional pictures of the surface region 10 and the
center regimanare shamnExafpde 710add Fipartslby wekgidcof wentanfhen,
expandabl e beads were obtained in the sane manner as in Exanple 3. The

obt ai ned expapdahbecbdadpchadnethe Gt $0emeas exddepansitebdsovbtiaacparticle
diameter of 0.05 lam 15 to 0.2 pmdispersed in. a .surface region and the
styrene resigthBaslowirgs awehit. a Ta¢ tieal e anet efskefe thbamtarygueater

di spersed in ,a center region as in the case of the above nodified resin

beads. Zhe ;obt ainedsexpandabl gdbiesds yere Hionmdi atreley: fade 20 into a
pre- expandi ng machi ne (trade nanme ™ SKK-70" manufactured by Seki sui

Machi nery e A P16 e 0 VPa to
lire- expan??%étggdsé%&fggg@p&aﬁggsE%ggsahgslligge uc?ak'gg%g)g?%yévsf 30kg/ n8

vere SoLal et 2eplerh i IS L PRI e e e kg o @ 42
modified resin beads and expandable beads were observed by
the TEM in the same manner as in Examplc-: 2. The styrene

10 resin particles with a pafticlé diémeter of 0.05 nm to 0.2 um
were dispersed iﬁ surface 1'egilonrs and'th_é .s"tyren‘e resin
particles with a particleldiamet.er of 0.1 pm to 0.4 pm were
dispersed in center regioné;

Using the o_bte(ined expandable beads, the expansion

15 and molding were 1aerforﬁed in the same manner as in
Example 3, and the fusion rate, compressive strength, and
impact and bhemiéal resistance of the d_btétine_d expanded

molded article were measured. The results are shown in Table

1.
20
Comparative Example 1
Modified resin beads were obtained in the same
manner as in Example“Q except that the amount of styrene
monomer added was 10 parts by weight.
25 The dispersion state of styrene resin in the obtained
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nmol di ng machi ne (trade nanme ACE-3SP manufactured by Sekisui Machinery Co.,
Ltd.) Then, steamwas introduced into the nold to expand and nold the

pre- expanded beads. A 5 rectangul ar parall el epi ped expanded nol ded article
having a size of 400 nmlengthy 300 mmw dth x 50 nm height and a density
of 30 "kg/nB were obtained. The fusion rate, conpressive strength, and

i npact and chenfiedl ré£%i skancewat obberedd aiynedemENed: 22 80D awat e
nmeasured. The results are 10 shown in Table 2. Conparative Exanple 3

Modi fied r %?iisﬁjél?%%iﬁ Hense ekl ad e d elsin therisaIR wiRNAerdag disdovadplre 3
except that the first and second. 15 polynerization tenperatures were 85C.

The di sper@%%@ﬁgg%ﬁhiﬁ WSR0e L eRionsD hRcabiainedomil haduresi n beads

was observ . surface region, x12,800 in a center
region). The styrene_ resin. I GJ I & artigcle.di t.errgy egter than
omwbr e 30 B sran e RinB Y AR clhtle B epReh Bl s Mo B P P8 O
fromt hg surf&&e.),,.rﬁang in the center regi-on (an area within about 5 pm
radi us Proifd e et§SPEHEEyrene resin particles were not observed in
particul ate form and .i nst ead, vveée in a, conti %gous .State. TEF .
cross-sectional pi éR@Ped eHN A SH G IDENE &iBAVARE FEEDEARIRY P gi on are
shown in Fig. 12 and Fig. 13, 43 respectively. .Then, expandable beads
wer e obt ai regEniincoimdasaing ranited casl §) ekt i@inedTie thist 8fAY expandabl e
beads had . : o e —

meanner as iit Example 1.  The dispersion state of styrene

resin in the obtained Blowing—agent‘ containing resin beads was

10 observed i the same manner as deééfibéd"'ébOVC',' and
dispersion of the styrene resin particles was hardly obsgerved in
both surface and center regions as it the ‘case of the above.
modified Tesin Beads.
' The olitainéd blowing agent-containing resin beads
15 were ii*ﬂiﬁeéiiéifél_;i fed into a pre-expanding machineg (trade

namé SKK-70 fnanufactured by Sekisui Michinery Co., Ltd.)

and stéams were used at a pressure of 0.02 MPa to 7'13'1;e-expand

the beads. The beads, however, hardly expanded and

pre—exiﬁand"ea beads that can be adkap'te'd"f()r expansion molding

20  could not be".orbl‘fained.

Compaféiti\}é Example 2
" Modified resin beads were obtained in the same
manner as in Example 3 except that the amount of styrene

25 monomer in the second styrene monomer was 260 parts by
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the styrene resin particles with a particle diameter greater 5 than 1 pm
dispersed in a surface region as in the case of the above nodified resin
beads.- In a center region, the styrene resin particles were not observed
in particulate formand instead, were in a continuous state. The obtai ned
expandabl e beads were imedi ately fed 10 into a pre-expandi ng machi ne
(trade nan®eE8k- 70  manuf act ur ed by Sekisui Machinery Co'., Ltd..) and
steam were  used at avfressure of 0.02 MPa to pre-expand tg beads. -

Pre- expanded beads'handiggeashun i6tabpdlt §LygrENg0KeT R IhdleE © g?’aﬁ‘% d. 15
Next, the pre-expanded beads were left standing at a roomtenperature for
7 days andrdddlifeet! inetson b emd e wis &b saivdich§yneehiTiaV( B (ke K%E-ssp
manuf actured by Sekisui Machinery Co., Ltd.) Then, steam was introduced
into the goyreto® rexpanthsndl cwiwith e ppréidz pdirdedtdeads). 08 ponriect angul ar
paral | el epi ped expanded nol ded article having a size of 400 mmlength x
300 mMmmi dbhox1B0wBRehgighér antlia a denshty refzidA (gl aBcwawiidhiai ned. The
fusion rate, conpressive strength, and inpact and chem cal resistance of

the obt ai ngg sl dednarid 6l € varerraeas el thEheryresid t6sial ariclshown in
Tabl e 2. 44 Conparative Exanple 4 Modified resin beads and expandabl e beads

o 4 A SR8 LD BCATRLECR oA it e
centerregknl(an_area'wﬁiﬂn_aboutz&§'pn;radhquronlthe
center).  The cross-sectional picturés‘dfth@ surface region

10 and the céntei‘ region are shown in Fig. 10 and Fi.g.-ll,
respectively. |
| Then, expandable beads were obtained in the same
manner as in Example 3. | The obtainéd _expah(_:'iable bgads had
the styrene resin particles with a par"l;iclé diarﬁeter 6f O;OS B
15 to 0.2 pm dispersed in.a surface -1‘egion and the styrene resin
particles with a particle diameter of 11i;q'or greater dispersed
in a center region as in the case of the above n1odiﬁed;resin
-beadé.
The obtained expandable beads were immedia’tely fed
20 into a pre-expanding machine {trade name “SKK-70”
manufactured by Sekisui Machinery Co., Ltd.) and steam were
used at a pressure of 0.02 MPa to pre-expand thé beads.
Pre-expanded beads having a bulk density of 30kg/m?® were
obtained.

2b Next, the pre-expanded beads were left standing at a

q2



the EVA resin beads. The di spersion states of styrene resin in the obtained
nodi fi ed resin beads and expandabl e beads were observed by the TEM
(x12,800). The styrene resin particles coalesced and 10 were in a
continuous state in surface and center. regions. The cross-sectional

pi ctures of the surface region and. the .center region of the nodified
resin beadscars EhmoweramiFe or 74 darys Engl filletbintespeuldvel .- The obt ai ned
expandabl e beads were subjected to 15 pre-expansi on and expansi on nol di ng
in the samenebdies raschine Exedndt e BmicoA ke 3R mepanidedurskdded article
having a density of 30 kg/n8. The bul k density of the obtained

pr e- expandegt loieadsi aKlridie Cysi bodrnat Eharomptessi wassingogtuced anto i npact
and chem cal resistance of the obtained nolded 20 article were nmeasured.

The resul t §1ar g, SO dah 38! 81 @ mol CAUMRApAL L Mg ExawEl BeRdMpdi Ai ed resin
beads and expandabl e beads were obtained in the sane manner as in Exanple

2 excent thak.ABctEnzovl. PErLOn desanaed anidiel bLdgtgtvandal he 45

pol ymer P zat' ~on ure wa I'spersion states of styrene resin
in the obtained . ified resin s_and._expandapl e e sohserved by
the TEM i n StHe Oga%@ nert néilhi ﬁ%%hqﬁﬁ tlﬁu% g?yﬁ%ﬁgﬁgf&lﬁéﬁ%grti cles
wth a particle diangter greater than .l u e .dispersed in surface
regi ons (ardEdsiiyt 'iﬁoal%gin Wr?r‘?Ffﬁt]ﬁ%Ll "‘r?é{n \é\ﬁ{lﬂ‘%éléﬁio.%'ﬁ ®styrene resin
particles coal esced and were in a_ i i

compressive strength, and impact and chemical resistance of

the obtained molded article were measured. = The results are

10 shown in Table 2.

_ .Comparative Example 3
Modified resin beads were obtained in the same |
manner as in Example 3 except that t11e first and second
15 polymérization temperatures were 85°C. |
The dispersion state of styrene resin in the obtained
modified resin beads was observed by the TEM (22,500 in a
surface region, x12,800 in a center region). The styrene resin
particles with a particle diameter greatel‘" than 1 m were
20 dispersed in the surface region (an area within about 5 pm
from the surface), and in the center region (an area within
about 5 1m radius from the ;:en'ter), the styrene resin particles
were not observed in particulate form and instead, were in a
continuous state. The cross-sectional pictures of the surface

25 region and the center region are shown in Fig. 12 and Fig. 13,
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continuous state in center regions (areas within about a 5 pm radius from
the centers) 10 Then; expansion and nol ding were perfornmed in the sane
manner as in Exanple 2, and the fusion rate, conpressive strength, and
i npact and chemi cal resistance of the obtained expanded nol ded article
were neasured. The results are shown in Table 2. 15 Conparative Exanple 6
Modi fied regspcheaddyand expandabl e beads were obtained in the sane manner
as in Exanple 7 except that benzoyl peroxide was used as the initiator and

the 20 pol ymeri zatThent e/fiieied abR: Wead8SEers ¢heaisanbid tlpolspmeei zati on.
The di spersion states of styrene resin in the obtained nodified resin

beads and expandabhe 1!’1119@94%1%1“@830b8'15h&e§bmfmetch%xﬁﬁhddﬂbléﬁ%e%@mhmnner as
in Exanple 2. The styrene 25 resin particles with a particle di aneter

greater th%ﬁglsgﬂﬂre i Posf 5P du%f&%§%ilth bsfaee rd?ﬁh?é[%z(gf@&&mth' n about

S pmfromt he styrene re In particles were in a continuous

cLate 19 CROLEL TSRl 1SRRI RO, B o e U e

centers pictures o _ reglon and the
com ool on,of e, oL o beacs s, show T 6y de and Fo
sarre n'annegcglsn Iprgr%glrépsl 3\’61130 1'?crnltdo rs]gr\frclij |1(1)1npraﬂ1%ulate form and |
. instead, were in a continuous state.
The obtaiﬁled expandable beads We.reiimmediately fed
10 in‘to‘ a pre—expandiilg machine (trade name SKK-70
| manufactured by Sekisui Machinery Co., Ltd.) and steam were
used at a pressure of 0.02 MPa to pre-expand the beads.
Pre-expanded beads having a bulk density of 30kg/m3 were
élata-illed.
15 Next, the pre-expanded beads were left standing at a
| room te'mperature for 7 days and filled into a 1ﬁ01d of a
molding machine (trade name ACE-33F manufactured by
SékiS'Lli Machinery Co., Ltd.) Then, steam was introduced into
the mold to expand aﬂd moid the pre-expanded beads. A
20 rectangular parallelepiped expanded molded article having a
size of 400 mm length x 300 mm width x 50 mm height and a
density of 30 kg/m3 was obtained. The fusion rate,
‘compressive strength, and impact and chemical resistance of
the obtained molded article were measured. The results are

25  shown in Table 2.
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conpressive strength, and inpact and chem cal resistance of 10 the obtained
expanded nol ded article were neasured. The results are shown in Table 2.
Conparative Exanple 7 Modified resin beads and expandabl e beads were 15
obtained in the same nmanner as in Exanple 7 except that benzoyl peroxide
was used as the initiator and the polynerization tenperature was 85C in
the first polynerization and dicunyl peroxide was used as the initiator
and the pol ynerization tenperature was 125C in the second 20
. pol ymer i zatG@mpakteeivk $pexraipdn 4st ates of styrene resin in the obtained
nodi fi ed resin beads and expandabl e beads were observed by the TEMin the
- same nmanner. as i n Poatpleel 2esifhbeatlyr anel exesintd palct bebds weth a particle
di ameter greater than 1 lamwere 25 dispersed in surface regions (areas

within 5 1dypfipem ilh@lle@ﬂzﬁ%rﬁ@ﬁﬁ%r andis ek erm5legh anscdiatr elaatwi thi n about
a 5 lamradius fromthe centers). Then, the expansion and nol ding were

per f or ngd 'ghtﬂl%% 2 ORNR88 /B EXBITR 8d 3d ANEh s he diisiaionase, -5

conpr essi vé’strengt h, I mpact and chem cal resistance of the obtained
expanded m%hdegv%r |eg ﬁbvé%r% rreasured The results are shown in. Table 2.

480 o

| The dispersion states of styrene ‘resin irs the obtained
modified resin beads aﬁd -expahdable beads were .observed by
the TEM (x12,800}. The styrene resin particles coalesced and

10  were in a continuous state in surface and centerlrcgions. The.
cross-sectional pictures of the surface region-and. the;:cé:nfer
region of the modified resin beads are shown in Fig. 14 and Fig.
15, respectively..

The obtained expandable beads were subjected to
15 pre-expansion and expansion molding iﬁ the sarne manner as :
. in Example 3 to méke an expanded molded article ha{ting a

density of 30 kg/ms3. The bulk dénsity of the obtained
pre-expanded beads, and the fusion rate, compressive strength,

and impact and chemical resistance of the obtained molded

20 article were measured. The results are shown in Table 2.

Comparative Example 5
Modified resin beads and expandable beads were
obtained in the same manner as in Example 2 except that

25  benzoyl peroxide was used as the initiator and the
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CY) polymerization temperature was 97°C,

The dispersion states of styrene resin in ‘the obtained
modified resin beads and expandable beads were observed by
the TEM in the same manner as in Example 2, The styrene

5 resin particles with a particle diameter greater than 1 pm were
dispersed in surface regions (areas within about 5 pm from the
surfaces). The styrene resin particlles coalesced and were in a
continuous St;ate in ce_n.'ter regions (areas within about a5 pm
radius from the centers)

10 | Then, éxpanéion and molding were performed in the |
same manner as in Example 2, and the fusion rate,
compressive strength, and ifnpact and chemical resista‘.nce of
the obtained expanded molded article were measured. The
results are shown in Table 2.

15
Comparative Example 6

Modified resin beads and expandable beads were
obtained in the same manner as in Example 7 except that
benzoyl peroxide was used as the initiator and the

20 -polymerization temperature was 85°C in the second
poly111c—:rization.

The dispersion states of styrene resin in the oiﬁtained
modified resin beads and expandable beads were observed by
the TEM in the same manner as in Example 2. The styrene

25 resin particles with a particle diameter greater than 1 pm were
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Uva a dispersed in surface regions (areas within about 5 pm from the

surfaces). The styrene resin particles were in a continuous
state in center régions (areas within about a 5 jam radius from
the centers). The cross-sectional pictures of the surface

5 region and the center region of the modified resin beads ‘are
shown in Fig. 16 and Fig. 17, respectively.

Then, the expansion and molding were performed in
the same manner aé in Example 3, and the fusion rate,
compressive strenéth, and impact and chemical resistance of

10 the obtained expanded molded article were measured. The

results are shown in Table 2.

Comparative Example 7
Modified resin beads and expandable beads were
15 obtaihed in the same manner as in Example 7 except that
benzoyl peroxide Wa-s used as the initiator and the
polymerization temperature was 85°C in the first
polyﬁqerization and dicumyl peroxide was used as the initiator
and the polymerization temperature was 125°C in the second
20 polymerization.

The dispersion states of styrene resin in the obtained
modified resin beads and expandable beads were observed by
the TEM in the same manner as in Example 2. The styrene
resin particles with a particle diameter greater than 1 pm were

95 dispersed in surface regions (areas within 5 pm from the
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surfaces) and center regions (areas within about a 5 am radius
from the centers). |

Then, the expansion and molding were performed .111'
the same manner as in Example 3, and the fusion rate,
compre-ssivé strength, and impact and chemical fe-sistance of
the obtained expandéd-lﬁolded article were measured. The‘

results are shown in Table 2.
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v~ vvNonawfx ~q ti ro.10 ., Ux a, HUWpwWC) In Tables 1 and 2,
PE refers to pol yethyl ene-based resin, SMrefers to a styrene nononer and
a- MSMrefers to an a-nethylstyrene nononer. The invention thus described,
it will be obvious that 5 the sanme nay be varied in many ways. Such
variations are not to be regarded as a departure fromthe spirit and scope
of the invention, and all such nodifications as woul d be obvious to one
skilled in the art are intended to be included within the scope of the
following clains. 10 Furthernore, the present invention is related to
Japanese Patent Application No. 2004-257154 filed on Septenber 3, 2004,
whose priory is claimed and the disclosure of.which is incorporated by
reference in its entirety. 15 51 [Nane of the Docunent] Cainms [Claiml] A
met hod for producing styrene-nodified polyethylene-based resin beads,
conprising the steps of: 5 dispersing 100 parts by wei ght of

pol yet hyl ene-based resin beads which contain an inorganic nucl eati ng agent
and have a nelting poi.nt of 95C to 115C, 20 parts by weight or
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more and | ess than 300 parts by weight of a styrene-based nononer and a
polyneri zation initiator into an aqueous 10 suspension containing a

di spersant; inpregnating the polyethyl ene-based resin beads with the
styrene-based nononer, under heating the resulting dispersion at such a
tenperature that the styrene-based nononmer does not substantially

pol ynmeri ze; and 151peThdiss ng apel @l zaféon tof pohe: sty earebbaséd nononer
at a tenperature of (T)Cto (T+25)C (where TCis a nelting point of the
pol yet hyl engsdiasegivr esferPeads siyldd @inio2b e et d -+ M SPM edbei ngo
styrene-nodi fi ed 20 pol yet hyl ene-based resin beads according to claim1,

wherei n the,pplyel iyl ena-hased,f88{dr.1 s branched |ow density

pol yet hyl ene, an et hyl erie/vinyl acetate copolynmer or a mxture of these,

25 [Caim31 A net Lt [ ' -qodi §i ; ene- based
resin beads, conpr hgfcngﬁﬁﬁgtgﬁggw%f :aw%lﬁz%ecggiwngﬂl%g%e%ﬁ??@%i%;ﬁght of

Bnd “have AHRRETNG BaTnPCareB6e 16 188, Paaeody SR RNaTNE (R 509,60

parts by wei ght of a styrene-based nmononer and a pol yneri zation:initiator
"nto an’ aquebls SUEHEEN GrF GoRCRRAATHE 20 CherSaRts *TpeeoRAL The  Ehe
pol yet hyl ene-based resin beads with_  the styrene- baﬁgd nononer, under
heating t hdwgsUienagngd afil speekitBadiicalion saceWpatdt Beeo R RS 8
styrene- based _ o

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. 2004-257154 filed on
September 3, 2004, whose priory is claimed and the disclosure

of which is incorporated by reference in its entirety.

15

51



nononer does not substantially polynerize; and performng first

pol yneri zati on of the styrene-based nononer at a tenperature of (T)Cto
(T+25)C (where TCis a nelting point of the pol yethyl ene-based resin
beads); 15 subsequent to the first polynerization, adding a styrene-based
nononer and a polynerization initiator and adjusting the tenperature of

t he resul tigrdiespérthiconctonidp @ ClaifiF +- 25) C (where TC is a nelting point
of -the polyethyl ene-based resin beads), so that inpregnation of the 20

pol yet hyl ene-based resin beads with the styrene-based nononmer and second
pol yneri zation take place, wherein the total amount of the styrene-based
mononer s usgd dim tihea frheslhod abe mecbndipglytyeeheaticalifiesl 30 parts by wei ght
or nore an | ess than 300 parts by weight relative to 100 parts by wei ght

of 25 the Fﬁ?& %)1e0e: Based reash b deads corbpriGhal Mdlstéparifiod for
produci ng styrene-nodi fied. polyethyl ene-based resin beads according to

claim 35 wher ei n t‘ﬂ‘i‘gp%%%\% 2&@2&-&@5@9 \Xrn@%l{‘t‘.b? pwlﬁggllszgﬂ@\yacg@@i ty 5

pol yet hyl ene, an ethylene cetate” copol ynmer “or xture of these. .
parts by waioit: BFoaeretdi BRI aH S05 R U s R Hprp GRS 0 20
Tedin wni chIRBRTAITE SHEARGaT 20 RUET doki o agente ntSnERRINET T ng pol nt
: of oCto Lot cm%e-{eesisntlfél){reyegg_ ba??te'sdbr e%ie? f'xf o?ief%%r?&qé-—gaégém of
particles IROTE and Ies; P Ry weEig LY1 ,
monomer and a polymerization initiator into an AguUEoUs
10 susp_ens‘ion containiﬁg a dispersant;
impregnating the polyethylene-based resin beads with
ther Styrehe~base_d monomer, uﬁder heating'the resulting
dispersion at such a temperature that the styrene-based
Vmonomer does not substantially polymerize; and
15 performing polyrﬁerization of the styrene-based
monomer at a tempéfaturé of (T)°C to (T+25)'C (where T°C is a

melting point of the polyethylene-based resin beads).

[Clainﬂ 21 A n.lethod for producing styrene-modified

20 polyethylene-based resin beads according to claim 1, wherein
the polyethylene-based resin is branched low-density
polyethylene, an ethylene/vinyl acetate copolymer or a mixture

of these.

25  [Claim 3] A method for producing styrene-modified
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a bead, and the particle dianeter is 0.8 pmor snmaller in a 15. surface
region within at least 5 }jgymfromthe bead surface and also in the bead
center region. [Claim®6l Styrene-nodified polyethyl ene-based resin beads
according to claim5, wherein the particles of styrene-based 20 resin in
the surface region and the center region have a particle dianmeter in the
range of 0.j9diyenhtydefe8hpaed feGlini lmad s, Segrameisipdi ficed teps \dt hyl ene- based
expandabl e resin beads., conprising a volatile blow ng agent and 20 parts
25 by wei ght or nordsaedsiesd Ghaar3dkparaightyofveiogne tiuflers4barsgidene- based
resin relative to 100 parts by weight of polyethylene-based resin which

contai ns andgnarganie whuch eati idnage it oagd riasnached tinggagenntarmwd 95C to
115C, wherein styrene-based resin is dispersed a formof particles in 5 a

bead, and t ar i Clien direttesr 05°0.-@ PG Or Zeddes by weight tace region
w thin at Ilji(;%‘é%) 5 pmf?% t he bead surface and (Urgl SO in?t he bead center

regi.on. L O Al R Kpener Rt iedrpalietid ans basede expandabl e 10 Tesin

beads a erein the particles of styrene-based resin

in the surface regi on.and _the,.cen reqi ' i.cl iaperer in

t he range d?&@f%i%ﬁﬁt{%n d.néﬁﬁrir?l 1%‘%5 &i'm &]Qfﬁgrlgg\é;bﬁ%ﬁgéi%%a s havi ng a bul k
density of 10 to 15 300 kg/ M3 obtained by Pre-expanding the _
st yrene- nodk F8BET$BN Vet hyl ene- based expandabl e resin beads of claim7.

[Clai m 10] An expanded nol ded arti C|? havi n% a denscity of .10 .to %0 kg/ n8
obt ai ned by éxpansilBrpTaRHELothe polyet ylehe-based resin beads wi

the styrene-based monomer, under heating the resulting
10 dispersion at such a temperature that the sty.reﬁe—based
inonomer does not S‘ﬁb’s"tantially polymerize; and-
performing first polymerization of the styrene-based
monomer at a temperature of (T)°C to (T+28)°C (W-heré T°Cisa
‘melting point of the polyethylene-based resin beads);
-15 | subsequent to the first polymerization, adding a
styrene-based monomer and a polymerization initiator and
adjusting the temperature of th_e resulting dispersion to (T)°C
to (T+25)°C (where T°C is a melting point of the
polyethylene—baéed resin beads), so that impregnation of the
20 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 30 parts by weight or more and
less than 300 parts by weight relative to 100 parts by weight of

25 the polyethylene-based resin beads.
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[Claim 4] A meth‘od for producing styrene-modified
poly.ethylensvbased resin beads according to claim 3, wherein
the polycthylene-based resin is branched low-density

5 po’lyethylene,' an ethylene/vinyl acétate copolymer or a 11'1ixturé

of these.

[Claim &) Sltyrene_—modiﬁed‘ ;p.o}yethyleﬁe—bascd,,re_sin beads,
comprising 20 parts by weight or more and less than 300 parts

10 by weight of styrene-based resin relative to 100 parts b_y. weight
of polyethyiellﬁ—BASEd .1'es'in which contains an inorgalﬁc
11uc1¢ating agent and has a melting point of 95°C to 115°C, 7
wherein 'styrene—ba_sed résin is dispersed_ a form o‘f particles in
a bead, and thé paftiélc di—ameiér is 0.8 nm or smaller in a

15 surface region within at least 5'pm from the bead surface and

also in the bead center region.

[Claim 6] Styreneanodi‘fi_(—:d polyethylene-based resin beads
according to claim 5, wherein the particles of styrene-based
20 resin in the surface region and the center 1"c-:g'1<51'1 have a

particle diameter in the range of 0.01 pm to 0.8 um.
[Claim 7] Styrene-modified polyethylene-based expandable

resin beads, comprising a volatile blowing agent and 20 parts

25 by weight or more and less than 300 parts by weight of
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styrene-based resin relative to 100 parts by weight of
polyethylene-based resin which contains an inorganic
nucleating agent and h.as a melting point of 95°C to 115°C,
wherein styrene-based resin is dispersed a form of particles iﬁ
a bead, and the particle diameter is 0.8 pm or smaller in a
surface region within at least 5 pm frbm the bead surface and

also in the bead center regiomn.

[Claim 8] Styrene-modified polyethylene-based expandable

resin beads according to claim 7, wherein the particles of

- styrene-based resin in the surface region and the center region

have a particle diameter in the range of 0.01 pm to 0.8 pm.

[Claim 9] Pre-expanded beads having a bulk densify of 10 to
300 kg/m?® obtained by pre-expanding the styrene-modified

polyethylene-based expandable resin beads of claim 7.
[Claim 10} An expanded molded article having a density of 10

to 300 kg/m? obtained by expansion molding of the

pre-expanded beads of claim 9.
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