;N _"abce3e\F 6T - 1 FOAMED AND EXPANDEd BEADS OF POLYESTER- BASED RESI N

AND FOAM MOLDI NG OBTAI NED THEREFROM Thi's invention relates to foanmed and
expanded beads of a polyester-based resin and to a fo t ai ned
therefrom Foanmed pl astic nol dings are recently used mmu@mg&mﬂm@ﬂnunts

mai nly as packing receptacles and cushi oni ng naterlals their
| i ght ness in weight, cushioning propertyy heat insul ating p¥P8perty and

nol dability. These foaned plastic nDIdlngs however, pose a probl em of
pol lution of natural. environnent by disposal 10 thereof To cope with this

probl éem a varF@%?EBfABPOE§§AHQ§DI@Eﬂ&ﬂnQﬁﬂﬁﬁﬁﬁﬁﬁTﬁﬁmﬁkﬁ@% RE®P®sed. For
exanpl e, Japanese Lai NpperpARRiMOEDII®! bEPATRADNOHERRERARHL. 06 proposes a

met hod for obtaining a foam nolding in which biodegradable aliphatic

pol yester beads aif <16 ivBHIGUIALAA Mdd) 5 OPRHRed En@CDkARRIEE Bebligi O

agent. The beads are heated wmth steamto formtoane expande eads,
which are Sbse (ﬁR%MQ%FQRﬂQﬁiFQAF?ﬁ&H|¢EF|FPaan%@ﬂmc@9¥9$ngJ855ﬁé§@dLald
Open Patenttﬁaﬁﬁﬂg§m|<3n No H10- 324766 di scl oses a foam nol di ng of an

al i phatic 20 pol e ction % by_weipght. The
known foaned pol i/%gosat&'}e rpe5| nrg'rFDI“gD?lncbln omé%e’?éc%%i%%ﬁé?gl %/%f?%factory
The foafm nEmbunt omaimed as tpaqkﬂmgmtempbach@@am@ecpabﬁ.onangon

H06- 248106 A& G06S, GANSIAES bk Scrpdi d Wf@%ﬁ@génﬂnta@lgﬁtdl ng step 26 and

has poor dlnen3|onal stability. v%lle Japanese publication H10-324766 has
sol ved ¢ he GHOBIHTS RIRRGIKYe hede ¥ ?Eﬁ%ﬁr@r?R%FEBfaﬂﬁs a problemin
resi st ance moldubstiriol s SI.‘he'H‘eE maﬁ@mtplawentlmldmﬁﬁ Hpenoweter| npgsew of

W th che prodB il inst g ot JbR a0 @%ﬁ*‘%&%’a@ B3 aeoRgla.
conpri ddng:theteal. r &oi @Opncmd:ﬂlngha-spmméﬁ{e@'r:- asear ety ro€ont ai ni ng at

lleast 35 My défadibid | P ifo BSidds Sr@a&@nm@@ﬁnﬁ ﬁQQeéCOQ@&E -2 f
at | east one gel acceleratln aqgnt selected fro groug conslstlng of
lS'Ft AR Fart

fatty acids$ Iy Apanesg tRRD FRteRt Bk 8ti ds,
esters of t248108 tpraakss andnetthoksfof obeainmihy acfdami moadlﬁgomnt of

0.15 which biodegradable aliphatic polyester beads are
15 impregnated with propane and pentane as a blowing agent.
The beads are heated with steam to form foamed and
expanded beads, which are subsequently molded by heating
in a mold cavity. Japanese Laid Open Patent Publication No.
H10-324766 discloses a foam molding of an aliphatic
20 polyester having a gel fraction of at least 5 % by weight.
The known foamed polyester resin moldings, however,
are not fully satisfactory. The foam molding obtained
with the method of Japanese publication H06-248106
undergoes considerable shrinkage during the molding step
28 and has poor dimensional stability. While Japanese
publication H10-324766 has solved the problem of shrinkage,
the foam molding thereof has a problem in resistance to
hydrolysis.
The present invention has been made in view of the
30 above problems of the known foamed and expanded beads.
In accordance with the present invention there is
provided foamed and expanded beads comprising:
a base resin including a polyester-based resin
containing at least 35 mole % of an aliphatic ester
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38 component, and



5-3 v by weight, said beads having a gel fraction of at |least 5 % by

wgi ght. I n another aspect, the present invention provides a foam nol di ng
obt ai ned by heating the above foanmed and expanded beads. 10 The foaned and
expanded beads according to the present invention have excel |l ent heat

resi stance, hydrolysis resistance and -nobdability as well as

bi odegradability and exhibit a'sufficient expandability while maintaining
cell wall strengths, so that there can 15 be produced, w th good
reproducibility, |owdensity foam nol di ngs having excel | ent properties such
as good shape recovery by aging, good surface snoothness, strong adhesion
bet ween cel |l s and hi gh di nensi onal accuracy. The foaned and expanded beads
according to the ate$eabt26néngemthcnemeratunghagpnmdseﬂb@mam fir@am

™ol d1Ngs A el §YBLo! BORSIALULE BF SATRY Sl habiase 1beats i do not

contain the gg acc ntain inorganic partlcles The
f oaned beada méun@eﬁbﬂaﬁﬁé@Su@ﬁnéhﬁhéaﬁﬁané§lg§ b@§@§nﬁ afhdher dadriry

i nvention Iacezseehhenbmllaeeeeff EaS &ta%egeachn@r anysalns ahRintt FED . 15-
(espeC|aIIy |n droly |s reslskance er a hb%g rature %ﬁj hum dity
condi ti ohs) 3 n§?6ﬁ F'SFQBQI €395n 2dppfafa ng al so
has a hi gh QbastdScelbycaeught and 30 is thus excellent in nechanlcal
strengths such as;fOTRCERRLVESEERED LRS! BLARGR: %@eﬂ&i%o%ﬂ&%ﬁ@ QPerty.

Because 'of these propertles % ed to a
cushi oni ng ﬁ@ﬁ@rmaﬂleQapbtﬁgnﬁﬂt@N’Qﬁaéﬁ@gb ﬁ@m@&@%ﬁ(ﬁoamQQ(ﬁkﬂtypes.
Al so, the 3@xbaaced Beadsnol ding, which has biodegradability and is - 3

t hus easy to dispgse of after i ndustrial significance. The
presentignventiongaFIEOB@eﬁeéB Seﬁapaegeg§ﬁpsb€F8W rddngh &% Fi%ed and
expanded be@desbnmludwngtaohabeveesmneWﬂemn bemlr irsess. s goaiejest er - based

resin (herep, quys.l%f %fes&%ttaac%' rswdvnead ﬁ%_i,ecésbmSl Jagaccording to the

present invertion f@y prepared Y expan ﬁ% unexpanded beads of the
above base Pd&dgar abﬁél Pask exhi; st iexnandatyiddfty al

conponent ofyhtihe lﬁﬁi@ltraﬁ.ﬂllﬂlgﬁ@)élb.e walljL wneexsgttefs,b@ectrraaslﬁha@tcm'mi ng an
aIiphatlg e?}er C ent .i.n the in ch I ner.eof a a nunt. of at
3 ‘Sial b

| east 3 aﬁ‘ﬁ'f_h4§ rrﬁﬂré) e"trYr ef eor a 10f(f’ dle %
15 Such a pmqleisx@rs thasEa o @sﬂqemtbimmvgna;dm |lSuah g sshefpea he

pol yest er - based i8S/ by ragl%%g (@odBldL MIMEHA S, SUdh@S
pol ybutyl ene succi nat e, I utylene adi pate ands@?uéHPUt | ene

succi nat e/ ad@igheEaPn Bt Simen BHATE: pdP¥ol and
an 20 ali phaitdamemblaymarebcpa)ﬂde@i axsadis (d@coaddmtgatﬂo:-tﬂ*ra)r;atesnerm)l yesters,

such as ,pol y( e ig&%& ndensat i on
of an aggnatlc po 3@% oxyq?gﬁgil AE% |phat|c polycaﬂbéiy%%cng|d and an
al i phatic pdioEIr, tEFREEIWE RS FoRRAGesthad tUagdirae Reags | hicgh & 26

internati onaioﬂoaicemalappineca}eloradcuieEéthQrdS(Hife?rQa U )contwiwpen
polynerlzatlond%{oducts q; actones such as pol ycaprol actone, and (d)
polycondensaf} dr oxyaci ds such as hydroxybutyric acid and
| actic acid. The foamed bead molding obtained using the foamed

25 beads of the present invention is excellent in heat
resistance, hydrolysis resistance (especially in
hydrolysis resistance under a high temperature and
humidity conditions), dimensional stability and appearance.
The foam molding also has a high closed cell content and

30 is thus excellent in mechanical strengths such as
compressive creep resistance, and cushioning property.
Because of these properties, the foam molding is
preferably applied to a cushioning material, wrapping
material and containers of various types. Also, the

35 foamed bead molding, which has biodegradability and is



Addi tionally, the polyester-based resin may be a 30 product obtai ned by
treating the above polyester with a coupling agent for increasing the

nmol ecul ar wei ght thereof, a blend of a plurality of the above polyesters or
a copol ymer of the above polyester with ] carbonic diester. Exanples of the
coupl i ng agents include 35 diisocyanates”such as 2, 4-tolyl enedii socyanat e,

- 4 di phenyl net hane-dii socyanate, 1,5- naphthylenedllsocyanate

xyl yl enedi i socyanat e, hydrogenated xylyl enedii socyanat e,
hexanet hyl enedi i socyanat e and i sophoronedii socyanate; and aryl carbonates
such as di nethyl carbonate, diethyl 5 carbonate, diphenyl carbonate,

ditolyl carppaalgssbl g&ca§9g89968 | de62£0aDa! enagdoRLakesphucRranal .
Particularly, prefer ster ase resins for 8se in the present

i nventi on aﬁégb%569é9§eobtalned by pol ycondensing one or nore aliphatic

pol yol s having nothd Opp@sént hafvén€ashoninl OBE #webbropedoinmaeeaali phatic
dlcarboxyllg $C|ds havi ng not nore than 4 carbon atons. The base resin may
contain one Yore additional pol ymers ot her than the pol yester-based
resin, if desiredThé&xfoghed andsexpandedtbeads potyndingi acbade uestiyrene
15 butad'en@hfeﬂoaaﬂ§£ﬁ3é555yésmgeQeéedbsgedS&xggﬂe(HhegknﬁgE@&yner, a

styrene-iI soprene- st y enat e .
styrene~but§ﬁﬁ§ﬁée§t§PeﬁémB@McRSco$6P9ﬁ€?d herdar ogergpreding to the
styrenﬁ :sopres@?etyﬁeeﬁtbeChayopelpﬂeparaa Byrykpﬁﬁﬁmh@pmh@ﬂgﬁhﬁbFer

pol yet hyl en ol ypr rene, polyethylene terephthal ate,
polybutylengé?gPeéﬁtﬁgg govﬁog§§ Pe pol yam de, starch and cel | ul ose.
The anolht of theThddpolpeatepobyaed Despnlyhech is bbe msesenthad 40 % by
wei ght , preESﬁﬁBthEOBf”?ﬁé gage 29sfﬁbMagebgthKgBﬁﬁgg%%E?Lﬁggﬁdnoh or e

than 25 10 Wbbg based on_th resin, Int
producti on 883 Baﬁ@ﬂtéﬁﬁléQpéﬁdéalBEéaéc(ﬁéF@FnSPPBPnPEFeﬂPeGhFoméﬂﬁply as
"expanded bendsh) theceodi g ha bheuptesentti Measti 65, menexganded beads of

the above bB3gcLeshiy 248 i pbshobLoner filyThecunsxRanied 0o0ads Ty be

produced by an nvent 1 ona Pase resin containing
a pol yeth er SBg8ed pesvastsrmbrsed aﬁélnnéaéeblﬂﬂﬁﬁréﬁa@%ﬂﬁﬁﬂer and then

extruded into strangﬁplzbeosttaedpoa gseeelpadsandrkBen §Wk1uAko (@)desired
| ength or a into a suitable |len tg an i 35 then co%led to obtain
YoPtené

r r
unexpanded BLABbAERGDRIUPACETS . SHER a8l BR n8oSYESHER Based
resi n- cont aprilggubgadneapdbpatetany, ppﬂgﬂbu&bﬂpnﬁ-&umg;dﬂ@aiadmpaawenage

vei ght of tjg,Deqdy bg g%ﬁg?%bﬁ%h¥akﬁﬁgegfaaﬁ'aﬁ'@%&%&c%%*l&%lcg

controlling the exp e_expan beads _a ng in
a nold @%V|?}lB9a§éﬁtPéﬂyéﬁrpﬁéyﬂéﬁpépéﬁurébéfa&lﬁgﬂﬁhﬂJ%ﬁQNQEﬁc Further
too | arge apweiygbteet,t Bacheads paay (batyletedukeisateqiteirephithia laftegr, t he

ol 1 9 SLeByRaY IRy b fE §?ﬁéd%ens.§°5“ o AZSrTIE MR adbddiie |
to be | ow, gGeH,|angélmphgﬁﬂCb@Qd§Cﬁm Xiyd igx paide @ndo amavd iphadige si ze,
causing a deﬁy6Q|tﬁs'61%bhbb@@ tine pexRanned bepdndse ar@lsd 43\ be On the
other hgnd, ;tt 15 BhEELGULE (LoPLOgY5S LSS 33a%e 13dls b 2veigue vl of
el ow t
ring open polymerization products of lactones such as
polycaprolactone, and (d) polycondensation products of
hydroxyacids such as hydroxybutyric acid and lactic acid.
Additionally, the polyester-based resin may be a
30 product obtained by treating the above polyester with a
coupling agent for increasing the molecular weight thereof,
a blend of a plurality of the above polyesters or a
copolymer of the above polyester with a carbonic diester.
Examples of the coupling agents include

35 diisocyanates such as 2,4-tolylenediisocyanate,



16 above lower Iimt in a stable manner. As used herein, the "average

wei ght of one bead" is determned by first neasuring the total weight of a
group of beads (including at |east 1000 beads) which have been allowed to
stand at 30-40 Torr in an oven at 80C for 8 20 hours, and then counting the
total nunber of the beads of the group. Zhe.average is then cal cul ated by
dividing the total weight by the total nunber. In extrusion of the base
resin with an extruder into strands, it is preferred that the base resin be
previously 26 dried, so that the noisture content of the base resin to be
charged into the extruder is no nore than 1000 ppm by wei ght. \Wen the

noi sture content is excessively high, it is necessary to renove the

noi sture frdiphaaylnevbahe-didisogybhatext iys-aaphttéyy,l esienidd saidyamstes

bubbl es w | . i.ncl [ resin il rsely
affect the (HEvseacRy steypBatly) HyBtdusnated B T1RNedbrSodBBRECY 11 om
t he extrudebtiesema@shylangddispgoyanalte pndsdsophoiromgiddtigosyiemadenrngaidof t he

kneaded nol ta%glr earBonaRkal Baeh Bst Rem@Xxhiaden ribdnaRle, ! @ iedpsjder ably
increase_36 the nelt flow rate In this rélation, - g

MFR) of the resin.
1 it 1% dE&FPSBRESr hEEPREP YN R IPRE NS s Adte LYo CEFP R al so ot her
extrusi on coddi(thapgopheulyd ) beacbohatkl addsm-icratsyd siaghidnatant i ncrease of
MFR of the resin n 1S4l rta a . e one gel
accel erating agen?gégggggégxgrE%gF§?E$BaE?é§gE§$%n%%f%92§é%%rsoﬁﬁéﬁons,
met al sal t SUSE the that Pyegends 1n¥endionof reh® rogiof saeibd ianed &M des of the

fatty acidspbg yichnaeR@iagednen? mdeeURiRARASE PRAS 1S 1R iHP WYt Of
0.15-3 K by WEIgEb based 10 on the meL% t “of the expanded beads in order to
efficie %Iympﬁﬁa 2R deSAEEFTYEOMSadiitEn oG Ofe MFEX Yeads during

the herei natiieartesylilbedcgelsl hayisigemott moatet aihan rpraavdrbrhegtontsesi st ance,
resistance (o hydglypls.and onl dahi Lohxa0h Uhe srpanded bradsqand. 16

t hereby to achi eve Inprove egat resistance, resistance to rolysis and
di mensi onal PSLyBErist ptéert dagp(tdien o lassdierad ape cheasing tJh%

beads in a maehplAlst REUghdMOaddithiongl! @Agmawnd detdde 4 hagisend-he gel
accel er hln %%gpt IS congydered tQ favor_%? r verg*ﬁ%g 20 ﬁggctlons of
fornatig afy "3 EME0 SOPCON ™S 198l S W oG uaﬁ§%ﬁ4?t T&He St i on si de.
At |east 0. topliymewsi ghtstofrertee igeip receeisdiyatsney dgerkt dopailgoessary t o
obtai n a sulsiaalyedla tidd SRS TR Lt A1 e TSA AL 10 W Wl oiSjner VAN the

anmount of thé gel” 25 accel érati ng agent exceeds 3 % by wel ght,” however, the

t hi ckness of*¥ROIRRALE S yRoResd SOPUERE SLYHTIey Hesds GPUYMe n dhat t he
f oam nol di ng thlytlaineeg riopgherze retpardeddlgathName Ipplyogederad,| content
00 IR S R A ), o
by wei ght . ephithadediar MAlVFaghonatie padivamisle, @harghiandi spersed in
the base regelluber®nl eghef alBantabkytaei ddbavhBaal?2pdd yameikber at ons
I nclude sat lf)roe.’l.ty(;"nderfsatitsy n%%l ?ﬁsorseugc%aa}ls llloalésr IbCy 6‘lnrcc-zlidght, preferably not
more than 20 % by weight, most preferably not more than
26 10 % by weight, based on the weight of the base resin.
In the production of foamed and expanded beads
(hereinafter referred to simply as "expanded beads")
according to the present invention, unexpanded beads of
the above base resin are first prepared. The unexpanded
30 beads may be produced by any conventional method. For
example, the base resin containing a polyester-based resin
is melted and kneaded with an extruder and then extruded
into strands. The strands are cooled and then cut into a
desired length or are first cut into a suitable length and
35 then cooled to obtain unexpanded beads. The average



35 palmtic acid, stearic acid and behenic acid, unsaturated fatty acids
such as oleic acid, erucic acid, linoleic acid and linolenic acid, and

di carboxylic fatty acids such as dinmer acid. The netal of the nmetal salts
of the fatty acids may 5 be, for exanple, magnesium cal cium alum num or
zinc. Specific exanples of the fatty acid metal salts include cal cium
stearate, nmagnesium stearate and al um num stearate. The use of magnesi um
stearate is especially preferred. The al cohol constituting the fatty acid
esters is 10 preferably an aliphatic al cohol having 1-25 carbon atons.
Fatty acid esters of an al cohol having 15-20 carbon atons are preferably
used because of a lubricating effect. Thus) such a fatty acid ester permts
the use of HeLgWtt efpenst ppayrsternbapsAnEesan-6PNaAdd Ngo DeRst MaydRs ysi s

16 of the polyemyer ppagedabeyi N-unghudeghén the mga@eswal Re Be phevented
and serves {o _inCrease the, ex ion rati f th an eads., The am ne
constltutlnbeﬁﬂé FStF?CSEP&VEﬁVdZ§r9§ pPe%é% §P§ &eQﬁuﬁﬁﬂlﬁqeunde

for reasonscoht261ﬂmpgothé gepahisdohi of &he sapahwedAb@m@dﬂat the
above- de @C”t? fn%‘i& gr gl gg %%”E%vﬂtg} b'fx}s?:o?lttr@t e & %fets of fatty
r |cu

acids is pa efre of reason ngroved gel "Torm ng effect
and |nprove@em§§¢§$aﬁ@eOﬁoah9§ﬁ§ﬂ9§|@edzgmA stufbennt topr éfEBADRY an ani ne

sur fact ant s:e&'ah%schﬂ Nh@l e(e%ufa,ydlngxe Y rlalak Yo r&%olrmg ke melidfdely used
in conjunctl #B t he above accel erating ent tLﬁe annunt of the
surf act ant 161 5 HGP0G oS 19 CNEF g Yo ate o © of the
unexpanded bmadshnﬁhe wEi ¢he 30 lddhiga oFurbhegmbragcehenathagdagemtyt0 t he
sur f act b Rh f%& Bh¥ed %e%.%s 5L g g%gr‘é%le&%f btehfio%ﬁrf LR further

i nprove he geI rac |on of the expan bea is’'preferre at
i nor gani ¢ pHﬁﬂS@ﬁebeBéslW@éﬁp@ﬁa@é@amﬁﬁ@ ¢Weh@N@xﬁad@@@3x§ﬂ&?n n an anount

of 35 0.001lcauzihy \Aeugfftflfcmt@ea%orfaqumgrr&mwe%awaed Heddramapid i ty of
t he unexpandeﬂ beads and ﬁheg forg an eg ggads ha¥|ng a |l ow
appar ent delSEy CaKk XUt bRot RENPRoPYARY ¢ pat £i OF-68L6Bowts. 001 ~ by
wei ght is i pswfiice eweisino beads haviag ra]mr@wem@te ofeifgentidliaw .te When t he
amount g t? w@o&%@%&cl ﬂg%lgle% is% 18 8hndian 5 s by weight, the

t hi ckness of the walls o ubbl es of the expa ed beads is so thjn that the
f oam ol di ng obt alAﬁeHSﬁﬂoF?PFﬁéneX|§§ﬁd @VEEAgE W&égz}iltl SF anss&eack] I1ont ent

due to brealkiege rafinelde U@,;elfims&l Inﬁeatshn&rle@f thﬂwed&lamrghmfoﬁ hee grmgani c

particles is 5 ~ ref r nor e
preferably (9f8?e€ ‘%’V%&‘éﬁ o(’r?tblt e%ea%sa?t e ex anec?ed beads.
The i nor ganiad lpared ¢loes tamsl mteﬁé)r-allﬂ ﬁ‘qu figy rény Cmegpa‘ts@d) 1% ﬁdie thase
resin teoget heyurd,t RN RPORNIRSHY Rk dRtahd ARl Lrat itk a98Ms of

the group. The average is then calculated by dividing the
total weight by the total number.
In extrusion of the base resin with an extruder into
strands, it is preferred that the base resin be previously
26 dried, so that the moisture content of the base resin to
be charged into the extruder is no more than 1000 ppm by
weight. When the moisture content is excessively high, it
is necessary to remove the moisture from vacuum vents
during the extrusion step, since otherwise bubbles will be
30 apt to be included in the resin and will adversely affect
the uniformity in the cell size of the expanded beads
obtained from the extruded beads. In addition, the
presence of moisture in a mass of the kneaded molten resin
contained in the extruder is apt to considerably increase
35 the melt flow rate (MFR) of the resin. In this relation,



The inorganic particles serving as a nucleating agent for controlling the
average dianeter of cells and for increasing the expansion ratio of the
expanded beads may be, for exanple, particles of a nmetal oxide such as 20
silica, diatomaceous earth, alumna, zinc oxide, titanium oxide, calcium
oxi de, nmgnesi um oxi de, iron oxide, tin &xi-de or antinony oxide; particles
of a netal hydroxi de such as cal ci um hydr oxi de, magnesi um hydr oxi de,

al um num hydr oxi de or basi c magnesi um car bonate; particles of a 25 netal
carbonat e such as cal ci um carbonate, magnesi um carbonate, zinc carbonate or
barium carbonate; particles of a nmetal sulfate such as calciumsulfate or
barium sulfate;, or particles of a silicate such as calciumsilicate, talc,
clay, nica, itkohendepirahieethpEnpehi pely3thachplategecranteasppyrtite,
inD?olitg o§;§@rb@hé@-giheuyﬁsn?&oﬁdﬁt%bﬁatghoﬁiaebbabbmt&@uQedi%f_l
preferred. e .inorganic¢.particles prefera ve an_average particle

di anet er oftggﬁoauﬁggﬂbfégﬁpéféPSBF 5¢.96 @hﬁ R§s§h5r§ﬁéﬂgb ylgg um The
"average paptreceértéddaneter” 35 as used herein is a nedi an nunber equival ent
diamet ety (1he | PREILS) EnbeeakbOLeh 20 Tol¥eUAChCof aLig1Ba0tLRhes 10
the particle size distribution is snaller 1n dianmetéer). e averag
particle di ageREr sahgcheddéremrnifaEgYbpcife hpYhnSt AdndRi §rHATC AFOMSHugal
SediFenﬁatiﬁ@tﬁ?tBQQES5ofh€EFn@&ﬂﬁpdﬁdibﬁadésH@ngQfCQh@rthﬁy b&@?@siog of
a coloring agent_sych a c gra own ue_Qr aray . pi nt or dye.
By using co?ggeambésas?%chSrga%EXpﬁﬁ§ga Esaa§°868°ﬁ8F8gnd§t§a3g%e
obt ai ned. Theezphndedgbeagdat inagnbemonyg&nio€ 6r 1Bndr abiyc weilgimtnbaseddye of
any 10 nvept LQpa y t i fera S in an anount of
0. 0015 bar 12 bR ver A ber 10 papraobd RePAR ShrSele Ly Mol thouh
the anount Q&FiE3eRFLN iRMPakfnd OFSLKEACERSr ITPRLARB E8s&DGf i ncorporation

of the abovendgpahibadbdidaddutkingsthachedengagekrageskeraeidngeagamly and

i norganic particles and/or colorin ent, it _is possible to directly knead
the' Sadi &1 va5ePogERnartarPn TRECHRSARBL ReoholBnBR: FarLesatsns o
i nproved di bydroilpplist gndi moldaganétyl P¥ phef expeddedabeadsastngl, batch of

t hfhagﬂis ibveﬁe%@bpeter 8¥housky iRHeBILBIHaRE 2eBOLkhoR !, Ne%aqfs the dengaded
W e ase re

in, The unexpanded_beads, thus prepared are preferably
Stored i n aRVORGLYBiReAnR. SERAAtoR o CoRt LY oE o BIIHE uher o { he
pol yest er - babtdinesi bycheh&ingdthe elpahded besids ifa pr evdrt.ed from
under goi ng | ysiks.,:Betare.the c SiQN k.0t %Eﬁpd s, the
unexpanded égggéqgﬁe¥§gbrécﬁg§§tSBaBSepgﬁggnP%gtP?egpﬁen ’sg%fﬁg%qhot
chl or of or m PESBLEEREI NGr @9RBENEE. CORSisgreablte daVorolthengemedifd®t is to

heat a dpspeesiceionk 3¢ irbemdrevpanded deadspbsieisHi babhe1di speksi rg

medi um to which ossl Lnkin ent and, if necessary, a crosslinking aid
have been a&&ga?%A%§edﬁ§&e&§?ﬁﬁ%ﬁﬁﬁiGﬁaﬁay be used as |long as the base

resin of the unexpandedsbefddSakebiynwelighieofh&hei geanaciied exddiimioves

contai ned i BgaRtt Bg HAGXRARISH tRERBS a3Me aNQLPsRAGAR 1t NG Wdhent ofl0
Il1lTustrative of the dispersing nedi re water, ’thééene gl coh,e gg&hanol,
u

a a e
et hanol and tRext&cdsS teRErebP. ol Yisd spr ¥RERpFPeaBgunt oL t

25 accelerating agent exceeds 3 % by weight, however, the
thickness of the walls of bubbles of the expanded beads
is so thin that the foam molding obtained from the
expanded beads has a low closed cell content due to
breakage of the cell walls thereof. The amount of the gel

30 accelerating agent is preferably 0.2-2 % by weight, more
preferably 0.3-1 % by weight. The gel accelerating agent
is preferably uniformly dispersed in the base resin.

Examples of the fatty acid having 12-25 carbon atoms
include saturated fatty acids such as lauric acid,

36 palmitic acid, stearic acid and behenic acid, unsaturated



A nel t - adhesi on preventing agent may be incorporated 5 into the dispersing
medi um for preventing nelt-adhesi on of the unexpanded beads during the heat
treatment. Any organic and inorganic solid particles may be used as the
nel t - adhesi on preventing agent, as long as it is insoluble in the

di spersing nediumand is not fused upon beimg 10 heated. Inorganic
particles are particularly preferably used. Suitable inorganic

nmel t - adhesi on preventing agents include powders or particles of tribasic
cal ci um phosphate, kaolin, talc, mca, alum num oxide, titanium oxide or

al um num hydr oxi de. As a dispersing aid, an anionic 15 surfactant such as
sodi um dodecyl benzenesul f onate or sodi um ol eate may he suLtagly used,. if
necessary. fﬁEtHePF;QEhégFBnaﬁr8&@&FiﬁﬁlggeﬁFuﬁFEféFéGPylﬁgg £t Caf&ridge
particle di andt 2inofledi@0acia) Endmiinatkopyeiier Fhlty y0a@AH30 surhard i S
added to thg.%ispersing medi umin an anmount 20 of preferably 0.01-10 parts
by weight p r Tﬁoaﬁégfs by wei ght of the unexpanded beads. The di spersing
aid is added to tHbedmespelspfigthednabalnsahtanolinthef fptéyernadldg Magol-5
parts by'.?(""ebgf,“ £8&" e%ﬁ?ehpg%r,tﬁa ¥eWeLANt < cihf, UASHRARANRd JRe3d%c 26 As the

crosslin ing agent, may De used any conventional Qrgani c _peroxide
preferably RRGFAG1S- SBAMRABEN Ot 5RE, LAGIY BFéfeFghRy 2234 Scansdmdst ons.

:Exarrpl Ie,s of c_ta(tjneiqmg&mie@rlra@reqxingég;ﬂemgmd%uﬁaacaﬁl PedrXi dPSmERGN BBearate.
aur oyl pero e, _stearo er oxl n nzZqQy r.oxi

peroxydicargéﬁaysg S%CW¥§5e838F4§F§ EF§EC§§ISﬁgfyﬁfggpéé%ﬁﬁﬁﬁ%%hate and
di i sopropyl per oxy@heapbonhpd, candtpendipestbesfatty acid esters is

t-butyl per oxyesabubylabe. alipndse c0h12BhenJaRkE nenosisde NPEMGdmal f-1ife
terrperatureF 1t90g%ﬁgtgg%§%% g&ggﬁrﬁég%%0&T¥a%i§GC b§b gﬁgkgggr than (Tv +
10C), where S sOft éni 2+l it n, is
parti cul ar | grpr phrefeedblihasesk fcasorging clperbxatenfaeifigcexcefbugel vy
hi gh hal flif e I re ( r il .cequhre i heat i ng
tenperaturesgﬁh gg% gﬁ& gcééaggﬁé%tﬁﬁéhﬁég #ggtP%% ?ﬁggﬁqﬁﬁgx anded beads
in water thiempesrguirs Fokedhet Hormamnd opolofedeadshseed hadsihydsiolsd hase
resi nd_bffs hYgrfglthéeﬁlolVes*t_%rp'b%fs%ﬁr Q@gti&atinfeqw ARG Q:Hed%a_sfjéarrtésﬁlﬂ arly
expanded beddl RaFREVAN 5B 80F SRR, Foh IDEORE T3S RV 60 o by
wei ght nay beteasiofy thlet @xpeddesi beedshe anbunt of the organic peroxide may
be thus reduced i phgesfonal %P%t&%tﬁ%'ip Ort'f‘i'en&aﬁrt%ata'@.%t adey e’lﬁeot he

gel form ng treatnent can be effective carried out wthout ne f a
speci fi ¢ hoPded§rerly B amRdLidep C&g R4t aFR9es e TEAFANT Peroxide in

t he unezpanderpakld gleds .friasdenalang pradfedrr.ed conbi nation is the use of
wat er -di | uted ben e i S sl j_nki ); Wt nded
particles contaimi%ékl %@?t§%§§%dd%§?§ﬁ5§a 9%%a€?%§ﬁ%§géglﬁgf%%%hggonB (as
t he gel acc&her assen@fagetwal 2@ldsd ofn faktye asidsadtisamayteicylarly

N, N- bi s( 2- hg%%we@/lf)o&l KaaEnelo f Ampreasn el  Admiiaed fRdct raad | on of
t he expanded beads or a . reduced aTﬂ§a¥(ﬁ¥the crosslinkinhg agent used. The
"Vicat sof t eMPAQVES mesisdanGs] He¥dF 4y SH& neasured in a heating bath by

usi ng a28ilicone a svafazthext, eoedeckbly @mediaminen sasodaatarde svdath ad S
K7206- 1999, Mt B Egs, "]'Hﬁj fy-diyf r & d N oy {$)dsedSidised
herein is a t'err%g%a(éu?l dﬁro idi gl)éajlhaﬁatlﬁaég' g[#ali{ he 3N=0 orgar%?c speeroxrlyde of
N hour (s). TFeRIvERtdom W the ARy ea It RAGFIEIALNE ARIRM ¢ P oxi de (N
hour(s)) is a?d&hxtthhﬁ:t _t\M%ersdﬂﬁéﬁfaﬁﬁtln\lli% Qazmmhm 0E0 01k -8 rreot%ptwértgttl
tenperature. for e tinme peri o) our(s amunt t hear etl ca
active oxygé’r‘?‘sl"?lt roé’dt}"éleed “Ee}?‘q*\'% f‘:’.g Ig&e~tq{be)§25dr}§éea<:glﬁee%§% g{het H’@Jﬁ;z\tf -life
t enper aB0r e ratie® ofjahie gel accelerating agent to the surfactant is
preferably 1:5 to 5:1. The use of the surfactant can
further improve the gel fraction of the expanded beads.
It is preferred that inorganic particles be
incorporated into the unexpanded beads in an amount of
35 0.001-5 % by weight for reasons of improving the



-"12 peroxide is dissolved in a solvent which is relatively inert to

radi cal s such as benzene or mneral spirit to obtain a 0.1 nol/Z solution.
The solution is charged in a glass tube whose atnosphere has been repl aced
wth 5 nitrogen. The glass tube is sealed and then placed in a thernostat
mai ntai ned at a predeterm ned tenperature so that the organic peroxide is
thermal |y deconposed. It is preferred tha8 the organic peroxide be used in
conjunction with a crosslinking aid which may be a 10 conpound havi ng at

| east one, preferably 2-3 unsaturated bonds (inclusive of double bonds and
triple bonds) and generally 2-500 carbon atons, preferably 3-50 carbon
atons. Exanples of the crosslinking aid include acrylic acid; acryl ates
such as neth¥ acrylate and ethyl acrylate; 15 nethacryl ates such as mnethyl
met hacryl at e ﬁﬁmab%hytYn@ﬁhhb?yPB@éPa§@9¢eh@a6ﬁdaPﬂsth@ﬁﬁb&gé§§0rdivgnyI

conmpounds sughpaﬁdéquayabenaemﬁE acnahaap QfeﬂEtBéﬁE!t?te GHRartgst such

i et byl of pPbpahe Shor¥RaLe)PAFE! ELav: BRLOHY DoAD: ARk PPRABE,FAl o,

t etranet hyl oinethdneiertr hacaytair, tkehyinpnegyéyent dfnébbmbnyhaye

tr'”Ethy1§'p@RQH”EhErEHBBHECB¥'E§8 %Hﬁ QS£¥E gﬁk@?&i&ka&gi ?EE¥% e%hﬁﬁfyff

cyanuric aci rsocyanuric acl anurate and tria
25 i socyanur at &; bﬁlW9¥gb§tetbeoihaCEa¢§§x9f|EhécW§1é§cﬁfa§ubbﬂ§BI9¢

LrlnelLItatefhéréﬁbh%hearbesaagﬁsl%5lehhultﬁatogﬁé:EbahemoqahaFlyl g all v
enzophenonet gt r acar. a a o] ia syccinate_or dially
ol pat o o EPLRARAE CEMBobRE SHERNYEINDRRARy AR 81 hPHe CARGSR, RELT 30
phenylenebisnahEentdduepbbyheeakhgalng dhabbelbowdilsuthea&of The

1, 2- pol t d ly h
dlprgga¥g§lagﬁsﬁafa8@ tﬁQ”EHUQ ﬁnPéVEQQE?Elkg?%E P?@O&rgp ebS’Otrl gteaS

di pr opar gyl praéeﬁabéyOP E?p oﬁaggywehﬁhﬁat@°r¢h3r8§éré lX @50@Gﬁbﬁn§t|on

of an Organlbypﬁémghd¢ basbdaodlvnayheﬁgnboumdthe ex#&n&e@cbbbﬁg acrﬂe an
acrylate or a_nethacry tion

eci al a
bensoyl per ox LBETARTHCAPOFRYPRER,BRE BFRBERDRT niPARCFIg: AL oPELSa ABu arly
preferred. 5tithebesganesipetogetibeaswatbr bbel rhkivegdagemtibies gedd in an

anount ofs 0. QéCngpggéﬁ?bg g¥Rkght, preferably 0.1-5 parts by weight, per
100 parts by wei unexpanded beads. The unsaturated conpound as a

crosslinking aid |? EséHOFEaBHCaﬁﬁﬁﬁ%06F5OSBGYlES Bar fsPhFlRéitdRE,
preferably 18gen@lf3rpavherbyliagghhe peerige paemetey Wi ghlllef anke

Unexpanded beagssnTigadhel SHE! BALATRERALUES TolChal il st despiy of on

of the unexp cont-aini Sross] i nki ng
agent is heamaVrbabeéorvaﬂaEPlQG §é§§n§ﬂﬁg gfoR mesaRi exiske tsuehbase resin

and othezocoaﬂn&banSd@utomgce@ngréb&fh@ EQﬁmﬁhatU&qnwhw§1dé;rﬁﬂtdﬂﬂwﬂ t han
(Tv - 600, where T

L at softenin t he bas in (T Z
T 650) . For SxdRpl ELEA Whexiale BROPRE1IMe BRkATed BERICHIRS Rry
pol yest er (Toxlde or antimony oxide; partlcles of a metal hydroxide
such as calcium hydroxide, magnesium hydroxide, aluminum
hydroxide or basic magnesium carbonate; particles of a
26 metal carbonate such as calcium carbonate, magnesium
carbonate, zinc carbonate or barium carbonate; particles
of a metal sulfate such as calcium sulfate or barium
sulfate; or particles of a silicate such as calcium
silicate, talc, clay, mica, montmorillonite, bentonite,
30 activated clay, sepiolite, imogolite or sericite. The use
of a silicate, especially talc, is preferred.

The inorganic particles preferably have an average
particle diameter of 1-20 pm, more preferably 1-10 um,
most preferably 1-5 um. The "average particle diameter"

35 as used herein is a median number equivalent diameter (the



20 109C) conposed of 1, 4-butanedi ol and succinic acid, the gel-formng
tenperature is 50-140C, preferably 90-120C. The heating tinme for the
gel-formng is preferably less than 3 hours since otherwise there is a
possibility that the pol yester-based resin mght undergo hydrol ysis which
26 may result in deterioration of the chgracteristics of the

pol yest er-based resin and may adversely &ffect the gel formation. Before
the start of the heat treatnment for the gel formation, a step of

i npregnati ng the unexpanded beads 30 with an organi c peroxi de crosslinking
agent at a tenperature |ower than the gel-form ng heat treatnent
tenperature may be suitably carried out. The inpregnation tenperature
vari es Wthg’a?%lbi@d gfzet RBe2edanse @%gxhﬂlﬁlb%'%do‘ft Q?J @%&‘%‘fdl%%s hut i's
general |y between nper at ur e ding a half tenperature (20
hours) - the §ﬁ6tétct18m§élzﬁt Gistpisttdrngia Kapdleir dn sligaeteriof the
organic perthdﬁveEEgetpaﬁtEQQElH@dm%@értﬂﬁylEér@@mﬁ%ﬁwﬂhéﬂfﬂy\ﬁﬂé es with
t he anmount 8f§%he unex anded par ot er ondltlon but is

Goneral 'y 1090 FEABLS Sgop BPBETHEF R, ETRECAE Lo FEE N
i mpregna%ion nDreThaIhyeapandedsbaadshmaynbeegoabmed bwn&ncﬂmﬁa@mesf an

ly I lLLe, b
possi bi |1 121 RatorAR, ARRREy SchBe, 8 MIAE% B e G Ha e v s Thus,

the i npregndtPInPigreafperace akd w5 a0 apel deeds Baada, peoseredt ed

accordi ng t@prﬁdléun@eaast B@ldbﬁ@&dfi(ﬁ§lsnmaﬁobeeb@fﬂah@hequm&%@imd@d beads
dIO| and uccinic acid

made of a pg ter A

are to be i ﬁﬁ%@%nﬁlﬁé{d i Pﬁgﬁé‘ﬁfoyrrpéfl&g&é‘lct ﬁ’é Fﬁ‘f)lr é’ﬁatq Y5n PPt ature is
65 15 83C, poevenibonally8e@playedt hypenmpndgnst ipere feinsd liys uB@IR A nmiamut es,
preferably ute d Wy the
CFOSS|InkIné%g§gﬁ?bgng %Oﬁwg ?FEQg %?ﬁggggﬂgsFegﬁﬁﬁéﬁggﬁ&%g%hﬁqﬁW%ornatlon
in a closed% bajse’ resdasi tEQUORatthe0 AMANY Feed afedtidh Qn% i ned
in a Iom1ox¢gemh@nwbqg&nent of preferably 5 ~ by volune or |ess, nore

f bly 1 ~b | t hod
preferably 1~ by, Yol UIE, 2Labes?, X-TBLIRSGRUEE BhPULAAIE L0 80,
di sper silhg mallldimmssednk:dnl@gd|g§rlemqegetrla¢l@|geﬁm1¢e@ﬂ¢badmnmm nis
preferably @@I&q&@ssanh%tr U@ﬁo&@.&h leRlgedit , 0NXIa o%ssqm@ ttéwr ein is not

nore than 9.5 nore prefer not nor e .t han
gel -forni ng dﬁétg%cyh ¥r &P e?ﬁetglﬁ J’é&'eﬁeé:&?e I r‘i‘@'rtg1 E&F 5@%&?5&1& ot her
sui t abl e nmetevesycfoas r@laecdnsormfbampr@vmisldnﬁperrgsmmmy, siit alrte

crosslinkin %%93(1‘1 xl%‘}!e\&'r%%‘?%%act % %{a% ’Bg‘ hﬁﬂa above
net hod u5|n an org peroxi de as cross |n uc ernatlve
nmet hod MM&&J@&YaPrWr?Si §{!i’idt a’t‘bIP@erd-lqlilt Itqchﬁa %f@@@ﬁd after

expan3|on UMI&hethe'bH%e resin. The unexpanded beads thus prepared
are preferably stored in an environment, such an a
moisture-free environment, where the polyester-based resin
contained in the base resin is prevented from undergoing
25 hydrolysis.

Before the conversion into expanded beads, the
unexpanded beads are subjected to a gel-forming treatment
so that hot chloroform insolubles are formed. One
suitable gel-forming treatment is to heat a dispersion of

30 the unexpanded beads in a suitable dispersing medium to
which a crosslinking agent and, if necessary, a
crosslinking aid have been added. Any dispersing medium
may be used as long as the base resin of the unexpanded
beads are insoluble therein and the additives contained in

36 the unexpanded beads are not reacted therewith.



unexpended beads. The unexpended beads are expanded by any suitable known
nmet hod to obtain expanded beads. One preferred expansi on nethod includes

di spersing the unexpended beads 5 in a dispersing nediumw thin a cl osed
vessel in the presence of a blow ng agents heating the dispersion to soften
t he unexpended beads and to inpregnate the beads with the bl owi ng agent;
and then, while nmaintaining the pressd?euhﬁihin the vessel higher than the
vapor pressure 10 of the bl ow ng agent, opening one end of the vessel to

di scharge the beads and the dispersing nmedi um sinmultaneously to an

at nosphere |l ower than the pressure wthin the vessel (generally to

at nospheric pressure), thereby expanding the beads. 15 O her nethods may

al so be adopt . od . rei.n t e n heads ,ar-e

i npr egnat edlavlvl‘itQI ﬁigggll%v%ﬁ %(j‘cw?éfle‘l"nt(‘i‘l 1}@’%%5:%& Fkgsg%dl\%s)s‘%% S" (;ea({oen ’aieﬁché/xlﬁélnedabl e
beads whi chgd¥eocilhemetiieawloute tdnce angs gdk tare shddreae oo tWadtent Hes
expandabl e beade raha Sefskned and expanded; and a 20 nethod wherein the
unexpended beads whi Ch have been kneaded with a deconposition-type bl ow ng
agent are heat ed étmﬁlFéﬁﬁgﬁéﬁﬁpePﬁﬁ&ﬁ@Flpﬁaﬁgﬁﬁ$ H@ggﬁE0§WQQﬁPQQ§ﬁ%}aiure
of the bbowingoagert dadmeessiauad arhdiVid Iforh@ redtelndyi e et - dehsiern dft

becones difficult to _obtaln expande e ayl a hi.gh ¢losed cel
cont ent V\hertl:lht%hém&gﬁa %&ﬁagﬁﬁd&{au&g&% t%slseo%%ta%e\{%%%e{:m?@drg 'pa?‘f’iycl es is |ow
In a case weggarntice agel -ihomgiang ct sedtidepardilclies meexpendskdemishes
carried out pe +a ;HhEREIH PEARIYNUSFAG AN 2 JARSL REMAXIAE BsAuble
crossllnklngfgggnt,_lt is .30 preferred that the exXpansion of the unexpended
beads be pe mEd G PETS L@ ediidBe ASh ¢ SmBATuRUESH iIRRBUASARA th t he
gel - f or M ng hier¢@idrentnosyanéct parpiotessasteparnthygubariynpliefieedband
producti vit be. .k e uch (o] a] & . th i ng
agent may bésa deng%thg¥3gna%§S§¥giﬁglge%?hﬁ%%é?p?égggﬁgﬁpérg@%éqy
gel - form ngincluge povstanfernr PatGicles onk proeesic spleium ghopehsiten
contai ni ng th1urexpeneed 3ads a 16T Bdie ,ad8tardinfh SBldOmH | Y,
crosslinking.aid has been n%ﬁfteg, thg.blomnng agent is added.,to the
di spersi on gﬂdeﬁ5Wb6H§F§H”1 0 PRed504ABRpERTGEdCHEAdE™ PRECPESUI ti ng
di spersildn issuirtflaert adits curiged tsodd. unowkrd gqoyddsmnze rsd stdsfdrestee dn an
alternate pr, j j (Hggét | Sharsion tai ning
t he unexpen5% %gé énfggit é?qﬁfp ?ﬁ%ﬁeﬁoss ﬂn%ﬁﬁrﬂ% enfﬁgﬁd,%ggtionally,
crossl i nki ngieditaadhe SHRN RLAVENS W 299 HeP IRERTAP b haprasyraNeradhe
unexpended heads id Ritdi ddOWN® aBARt10 eSS dde - SaabRND . 001 -
optlonally,:gfosslln 539 %kgﬁg d |§ks%§Jected to_a gel Lornln%%$req;nent.
Then the” it S i atfaditn e B s gt albatioin A B o
the temdratQf enef@aradilyl @ His Weanrdd) st otk iahta greded®rmnes] kxpansi on
tenper at ur e.wAYHth& DIt MhAGRHadE kY. PraRadhRPerRe n3PeMe axpanded
beads, there(ﬂﬁ%ibe ysed any conventiopal one such as agﬁgr an#c si cal
bl owit hg. agerdde d5o HH AEbaRLIb MM AR b BHS R St FBhe. 20
trifl uor ometthartd,-5l,da vl 2 -Hyetweaifghto rpeet It epadt< b wrwdi dhti 6 £ uci®et hane or
1-chl oro-1, - f et hane; or an inorganic physical blow ng agent,
e.g. nitrogélr{,?e%aalrrg%énécﬁéog%%e, argon, water or air. Above all, the use of
an i nor @8ni ¢ physiAalths GHass eIy Raanitoul195e TR ke gtred any bon
di oxi de or adnvdritRierdefhlid persointe Qr SACHBIEP ShaRth@revegtion of the
ozone | ayer. en an aqueous_di spe siqune iignis used, the er Gan al so
serve as ttu?%#hﬁﬁré}?ﬁkﬂnmore preterably 4- carbon atoms. Examples
of the organic peroxide include diacylperoxides such as
lauroylperoxide, stearoylperoxide and benzoylperoxide,

30 peroxydicarbonates such as bis(4-t-butylcyclohexyl)-
peroxydicarbonate and diisopropylperoxydicarbonate, and
peroxyesters such as t-butylperoxyisobutylate.

The use of an organic peroxide having a half-life
temperature (1 hour) that is higher than (Tv - 25°C) but

36 lower than (Tv + 10°C), where Tv is the Vicat softening



In the above expansion nmethod, the bl ow ng agent is 30 generally used in an
anount so that the closed vessel containing the dispersion has a pressure
in the range of 5-100 kgf/cnR2G The anmount of the blow ng agent is suitably
selected with the consideration of a relationship between the apparent
density of the desired expanded beads-351anmd the bl owi ng tenperature at

whi ch the expansion is - 17 <carried out. The tenperature at which the
unexpanded beads are inpregnated with the blowi ng agent is suitably between
(Tv - 25C) and (Tv + 30C) where Tv is the Vicat softening point of the base
resin as defined previously. 5 The expansion tenperature, nanely a
tenperature at which the dispersion is discharged_fromthe closed vessel to
a | ower preBStRE afnbBBhERES r§SyBnef-8l PRrtACHRETLInGE L IEECRecRRETY -
30C) and (Tus# 38Chn PrkghaiabpyrbeiveenatIvg- e20elsaned1{Thiyh2@@LF-Wen the
expansi on 1?. e graturg IS ig bhe rangglof betmeeg (Eﬁ b 305) %qd (Tv -
100), bl ocki ﬁéeo PRETBLPARASY BRRES HAdr E8TREFSn 56 MeRR & £$85404 |
content naytbmppreteneedndndot hbsgr anheatingotémpr doer hedtifige téepanded

beads thyis gRtabaRdeR" BEaHALY RhaveraRnid fRBREEHS deBaiihy tpht0+@L5- 0. 09
g/ cnB, nore preterabl arent density is

§ﬂ0.022-0“09 %/cnﬁ. When t he aBp
greater thaROHYBStErcRBSeresBEdRi 0é ERBaRBE8 KBSAR PENAYCFHAFENV arfbus
dﬁnsi ties a:cﬂé, pﬁ:b%‘é@ﬁ:@geth‘dar begaogxpa]pdababi,lt gaamdﬁ@dla&aiyveura@&.—f Thus,
there is a [ roduction of .20 Qam i avi_ng unsatisfactory
char act or | sPre0t8nBRRERE 8B aRinE” oBro RRTH SonaPd, o8 ba e coPete L’ ne
ot her hand, siheeerppnsided beeds hevénghighathat gedf ffireicddonstofemguies of the
cel| wakgs FRY¥NNGLoRE BBCASLYNGLLYnFRIALALRCadY R hNQHTRdicRY, Sigl ting in
a foan1nn|d|ng 26 haV|n% unsati sfactory characteristics. The "appar.ent
density" asth&e8MRERE R §NReQEARBYCaR eI OKE8Rs MaVnPE FMSumeIyed ARder
cont ai ni ng patréoraing3€heayelledstrmifig expandedtbaads s(ineealthseigght- WL (g) )
whi ch have §8r§§‘§§ gbapad to shapd %tff%%&%g&r a8l SR P of 50 ~
and 1 atmfor ys-are 1 nmersed Using suitabfe means such as a wre net
to det er m nBeeRe ofoPuAPeVLIienBPlainghéipeadorf tom LAPTGIFatioay @If of the
water. e gppabeghndenpetrbxAdel $nCaheubhakbePansciolpagwsc1dy Ad = W/ VL. -
18 _ The expanded_beads Eiefera I¥ have a bqu.denS|t¥ of 0.01%—0.056
g/ ciiB. Especially prefetred combination is the use ©
water-diluted benzoylperoxide (as the crosslinking agent)
with expanded particles containing a fatty acid metal salt
having 12-25 carbon atoms (as the gel accelerating agent)

20 and an amine surfactant (e.g. N,N-bis(2-hydroxyethyl)-
alkylamine) for reasons of improved gel fraction of the
expanded beads or a reduced amount of the crosslinking
agent used.

The "Vicat softening point" as used herein is

26 measured in a heating bath by using a silicone oil as a
heat conducting medium in accordance with JIS K7206-1999,
Method A 50.

The "half-life temperature (N hour(s))" as used
herein is a temperature providing a half life of the

30 organic peroxide of N hour(s). The temperature providing
a half life of an organic peroxide (N hour(s)) is such
that when the organic peroxide is maintained at that
temperature for the time period of N hour(s), the amopnt
of theoretical active oxygen is reduced by half. For the

35 measurement of the half-life temperature, the organic



The "bul k density" as used herein is nmeasured as follows: 5 In a measuring
cylinder (no water is contained), at |east 500 expanded beads (total weight
W2 (g)) which have been allowed to stand at 23C under relative humdity of
50 ~ and 1 atmfor 2 days are placed to determne the volume V2 (cnB) of
the beads fromthe graduation of the 10 Bl+nder. The bulk density Bd is
calculated as follows: Bd = W/ V2. The aver age wei ght of one expanded bead
may be.1-6 ng, preferably 1-4 ng. As used herein, the "average wei ght of
one expanded bead" is determ ned by first 15 neasuring the total weight of
a group of beads (including at |east 1000 beads) which have been allowed to
stand at 30-40 Torr in an oven at 80C for 8 hours, and then counting the
total nunbePegoxige Heads seolved dio@p SOtVendy ategd 18 tralmitciell at ed by

di vi di ng t hg nle@ttalt ova@hitcdls Fhcdheast Qieaﬂzemerrtber mlme.ca@_ves@%ﬁf\edcght of one
expanded bead . is the sane as the average % one .precursor

unexpanded B24G10TRe O jp&ﬁaé lﬁbee §°h8 &OBn 15y 6Paggetetif Ral

t hi ckness ofgl@Gsz Tubm whose mtafosrp&:tmlr;e a3 &@mmepﬂ&deﬂ w:etﬂsons of
ensuringgcell; Str t [ e, o [ o] e d eads

whi |l e nalntalnlnéJSU|tg§? B?S%%agaﬁgtygo éﬂegﬁgn%hgﬁ g%?ngghg nmol di ng
stage. When thermagtatwaiadinhiaiagg B @r@r&ﬂﬁs‘ied”éﬂdtﬁdy Wﬁé@@r%@#% e apt to

rupture so tdigit tohe - rilldﬁ efxtzﬁh:lde)llcy Rhad 13G, R F ecovery by
agi ng. \Wen the f nabl it panded beads is no the esul ting
f oam nol di ng has 3 or-Ss §ﬁggpﬁﬁ g@ ﬁ?gﬁﬂéflﬂﬁﬁﬁﬁﬁggfh§ d&berage
cell wall tmou'ignnsﬂiidrs wnﬁlera:lexrctas]ﬂeﬂ@ng @ial tvWhicknessy ‘Ibe(car) 35 defi ned

by the fl@' l Jn%{ rﬂéj\ﬂ] vt ]i%as-q: ?(rjefer\ésal o= 3 LH {H
represents an erage I1 éianEter an V represe ner vol une
fraction. TROTEfer Gaelmiveri oo Bmbands Andrdasin kal bands ¥ @ndws: A

]expanﬂed beajtnee:alu.ty IZHSD?Q@Jib’horh?étlcﬁﬁs, C?Eeﬁérébﬁycgtﬁ@rﬁa&bb& RRDFIS! Zd

or the maxi I anet [0) eacC of .t.he c S res e cut ,area. n

o e o AR T Tl e e S SR g et 1€ el shed o

10 obtain aracmdraigaes caldh disametdry)( dm::ylatm lad restewk enery 1 atre);

cal cul atjizon y. I expanded
150N 1t J BRAE giﬁeé%nu cif atsotn?éugn a“ fﬁaa[ﬂé arf &&rﬁfﬁ

beads. The average ¢ netlc nean of e average cel
di amet ers (&letthrﬂ%@tcﬁao)s'fdfrec’%?e RRPARAIRS divinyl

compounds such as div1nylbenzene, acrylate or methacrylate
compounds such as ethyleneglycol diacrylate,
polyethyleneglycol diacrylate, trimethylolpropane

20 triacrylate, tetramethylolmethane triacrylate,
tetramethylolmethane tetraacrylate, ethyleneglycol
dimethacrylate, trimethylolpropane trimethacrylate and
allyl methacrylate; allyl esters of cyanuric acid or
isocyanuric acid such as triallyl cyanurate and triallyl

25 isocyanurate; allyl esters of a carboxylic acid such as
triallyl trimellitate, triallyl trimesate, triallyl
pyromellitate, triallyl benzophenonetetracarboxylate,
diallyl oxalate, diallyl succinate or diallyl adipate; a
maleimide compound such as N-phenylmaleimide and N,N'-m-

30 phenylenebismaleimide; polymers having double bonds such
as 1,2-polybutadiene; and compounds having at least two
triple bonds such as dipropargyl phthalate, dipropargyl
isophthalate, tripropargyl trimesate, dipropargyl
itaconate or dipropargyl maleate. The use of a

385 combination of an organic peroxide with a divinyl compound,



15 The pol ymer volune fraction Vs is given by Vs = Ad/ns wherein Ad is the
apparent density (g/cnB) of the expanded beads and ns is the density
(g/cnB) of the base resin. The average cell wall thickness of the expanded
20 beads nmay be controlled by addition of the nucleating agent and by
control of the tenperature of the atnespiere to which the unexpanded beads
have been di scharged froma cl osed vessel and the rate at which the
unexpanded beads have been di scharged fromthe cl osed vessel. \Wen the 26
average cell wall thickness is desired to be reduced, fox exanple, the
tenperature of the atnosphere is raised and/or the discharging rate is

i ncreased. The expanded beads preferably have an average cell nunber of
5-2000 per an2ylior ecpdef enablyy3at800rper metRac3yladst, Espeseiald/ly 5- 1000

per M2 for +HeaeRs o@f a9%9 §H%ft§6ﬁ %@D%B%ﬁp@}@x‘i'd@eﬂﬁ't%”m stability of

t he foan1nDId|ngs obtained fromth e expanded aver.age cel
nunber" as O4¥4NNAPENZENE REaBELEY! a@eFBPFéﬂéatﬁb Ase%ﬁé FdEHIEAY i s cut
i nto nearl yphalfeegedOne of - 20 the cut areas is neasured for its area

(S1) and.a total nber T eII ese i.n th rarea. A number (N1) of
t he ceII% per uni grggg%nﬁ%)peg Fﬁg§ gﬁl%uF;PealB? Nfg a?fp§1136u§| | ar
measur enent iandncamount odn 0ad - ﬂ@p@&méé bWrW&lUGKaIPMBfaIahﬂM tOr.dr-8 y
sel ect ed ex d he enage I I
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the cell ers 0 30 "expan aver age ce
expanded be B§s9%ay E@elﬂpééﬁ?FﬁF?@dc?ﬂp?Hﬁ séﬁeanﬁﬁﬁ§§1é§kﬁﬁgta#@rlﬁhe

aver age cel usedl int BnCclkiessit bF I@&IOTOllGlﬂOalp,arlt}e Byl mlgshtselgﬂfetﬂeigam@e

anount d i f th n cl eat.i agent h rage ceII may be
apor opr Tt ey okt POTEea Yo "2 ghdy 887 a0 BatS B9 S iohe SR i T e
expanded bezg¢sxpanded @@hd§6 fraction of at |least 5 ~ by melght in order to

attain goad nol dabhki k¥ - Eggmgh@n@gmbgraquglTsuscqngth@%hcmegpstance The
gel fractio of the exp n ﬁ@ bead s |s erabgé 095 ~ b welgpt nor e

preferably HF LSNP apAEre PEAAP §o 42 5Rpe ed3 4y o
"gel fractl@nht@hn&ngamdeﬂobe&dmk@u@ a@emmaudemdmﬁatreanedgfw&nmeuﬂdlng)

as used Elergl egﬁbg?g%g %d 3% fk(llnldo‘gg t,ﬁes%rggl e Il’lg%tﬂd \éﬁ:l vgy ch i s about

1 g) of expan Unexpand beads, or a oan1nD ng cut into 26

particles h@\mfilgtmo@@etb@rts ig gengraddn m@wmﬁewm Immatcl es) is
placed in ai1beitnanasievt ageforer) Wvﬁu'érlao@vmlsOftHéhkﬂrc@‘tord@ft'@?ﬁd’g xture is

heat ed at 62C and i, en pressure ef for hours. .\Wi l.e hot (at
least 50 C) PHAE b hiice DTS RETTadl s Tadieid 1+ 5o50HaTSHE "t 8

chl or of or m ttweowgts ea ofi rtelmelme(}mdmisrb)eadléhmastel s aorpalyestier (t:, if
col lecteg, alge et lH steQi e 1f |as eRlaId RehEWRIdEd fesdues. t1~1‘<\.“0t her
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(at | east 5CThHe hetaitﬂ.n’g Ximree fior tihe gel-forming is preferably less
than 3 hours since otherwise there is a possibility that
the polyester-based resin might undergo hydrolysis which
26 may result in deterioration of the characteristics of the
polyester-based resin and may adversely affect the gel
formation.
Before the start of the heat treatment for the gel
formation, a step of impregnating the unexpanded beads
30 with an organic peroxide crosslinking agent at a
temperature lower than the gel-forming heat treatment
temperature may be suitably carried out. The impregnation
temperature varies with the kind of the organic peroxide
and other conditions but is generally between a
35 temperature providing a half-life temperature (20 hours)



--21r flask is filtered with a suction filtration device having a 100 nesh
wire net. The solids on the wire net is dried in an oven at 80C for 8 hours
under a reduced pressure of 30-40 Torr. The weight WA of the dried nmaterial
thus 5 obtained is neasured. The gel fraction is a percentage by wei ght
((WH WB) x100~) of the weight W based-orl4t ke sanpl e weight WB. As described
previously, the expanded beads preferably have an apparent density of
0.015-0.09 g/cnB. 10 Expanded beads having an apparent density of not

hi gher than 0.068 g/cnB8 nay be suitably prepared by a two-stage expansion
process in which pre-expanded beads havi ng an apparent density of
0.067-0.134 g/cnB, preferably 0,0670.1 g/cnB, are first pre ared (first
expansi on s%%%)ab?eQBe¥%€ué%dQéoﬂe%%?gb%dhﬁ%fhbﬁfﬁn&5th@uFﬁ sofr ehear ed

preeXpandedob@@ﬂﬁcaﬁgréﬁﬁ@eSumhﬁﬂﬁﬂmé(kéﬁ?ﬁﬁﬁﬁﬂﬁbﬁﬂtﬁéfiﬁ néﬁﬁ&@nd
to _pbtain ex beads vi ng_an ar.ent |ty of
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pressure |neibesse+é5yoioﬁ@elmpee@m@endedtbeedﬁslanueeieased becaﬁeéerably
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vessel , to mhgkh usdsugeo hbyndretlyalheat']]mgs nﬂﬂlmmmmgthmam to further
expand { e Pé @%Q@@P@d ﬁ&aﬂ§me'9réhaés£@é& £bh ee§8§mgt8ﬁ ?EEBQdEﬁ

|nprove cuatln& eat treatnment vesse e pre- éxpanded
beads have B@eﬁ @ hisRRdoT sBhasbase nhRe1R he 5Qtsigtamnke edfheder a reduced

%esswe beﬁﬂ%ﬁp@ﬁdédﬂ!ebe@asoxd&l@él@ﬂ ﬁfpbhyebgei:l KIQVFTEQJOQF’FCI) hebﬁpatsed - 22
ep ySI C 0 S the secon expan treat nent
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such as ai rwethchelbmybpemuedeortheasmme@natbenstemperhearengsnéarum for
5 heating thsgegl eppxpapdsty b?@déobé pagbetrE! ymprEgHLL i oft Hixed;igagoaf

steamwi th ressed air. at di u reférably has a tenperature
bet ween (vsfggg@fﬂu ﬁﬁ'(BQe €§fyn%$e §9@+%H§§Fy between (Vs - 25C) and
(Vs - 100), mhereWh@nlShehené&pamde@fbemdmgapelneaotedheleSEhéO resin. Too
reducti on ot PrarEratng SaPfe af, EE JERTRYACOLRE LUSLATARARE sl 2 o
steam i n cofpPtingeiofowmakieBnphRedsedoard ¥assa raévahﬁaéésﬂﬁaﬂ that

t enper agour etné &D@sé@a{'éggeﬂeﬂé Uﬁwﬁyabﬁear efi éeh.&SwaBSiyéEneaS| l'y
control |l ed. _The e Eed bead roducglon of foa

nmol di ngs. e?géﬁ? nafn8§e 553u eﬁ §¥ K8§Pﬁﬁgofh eéipawaea beads in a
mol d cavitypnefeeanéﬁnla%phvrVgiumﬁdDESéebeltsAmx)m¢km0dheuehpamded beads

are fused, purging with an inorganic gas such as nitrogen, argon or
steam may be adopted. The dispersing medium used for
26 dispersing the unexpanded beads therein is preferably
selected so that the content of oxygen dissolved therein
is not more than 9.5 mg/L, more preferably not more than
8.5 mg/L.
As a gel-forming method for the unexpanded beads,
30 there may be used any other suitable method, such as
electron beam crosslinking method, silane crosslinking
method or polyisocyanate crosslinking method than the
above method using an organic peroxide as a crosslinking.
Such an alternative method may be conducted at any
35 suitable point in time before or after expansion of the



20 inflated and integrated into a unitary body. As heating nmeans for
heating the expanded beads, steamis generally used. The heating
tenperature is such that surfaces of the expanded beads are fused while
preventing the breakage of the cell structure thereof. Before heating with
the 25 heating nedium an inorganic gas such as air may be suitably
introduced into the nold cavity filled wgth the expanded beads so as to
increase the inside pressure in the cell's of the expanded beads in the sane
manner as in the above-described two-stage expansion process. By this 30
expedi ent, the foamability of the expanded beads and t he shape recovery
properties of the foam nolding after conpletion of the nolding may be

i nproved. The inside pressure is preferably 0.2-2.5 kgf/cnR2. The "inside
pressure inyhBepeabks BbatilBe expanded 35 beads" Pi (kgf/cnR) as used herein
is defined as fol | o wherein W
is an anount of g3§e|HBFé8§Bae€g#eaﬁg.érFhsxaa§88§nY&aﬁP9aﬁ&lt§£éeosz

(at mL/ ( Knol knownTeeitthodntanbbeatint expandedr beand .i SOR86Kre ek sed

Goe 11 Ol ent ek Lng9BKCREL Al Bic b oo b ar Eh et ipah B Bea

(kgf/ (cm-at e nol ecu ar wel use |ncrea5|ng
the insi%e phRedsdiéprising @@ﬂﬂgmowlﬁhéne%p&ﬁ@éédb§§@§eéndn1¢hﬁs 28.9

(g/mol) in b'%@s%ﬁ%@ off al baoaaaelgLagénttbeh\é@Itumg thiet @ispefrstilm gas in the
expanded bea anount of

reas a as, follows .
A quantity F&%tﬁ EPeSBﬁeBBQBQ% oPeééﬁaﬁB dtﬁeé&%%fgnﬁggéZ%@é%§§dﬁave been
j ust pressuwiitédthet blawgag ageatvessd thea, twh&deouﬁ;m&aﬂhan@e$$@ and

placed, W ¢ B3:80-30G0003 nather vkBschakayi: 8R! Yhd sy ovi ded

in a thernD C&EIC Charper el nt ai relative |ty under
anbi ent 1§r e§§ufté1e M@wwggﬁgep@ 120PEN1BY PRE KBEIST §ht?eé’9§|‘5@d jtest = 120

seconds aftaristchargép&nde@etaa@danaa\taebaerspb&ls&ﬂgoufedflﬁmmthe vessel . The
expanded beads ﬁre t hen .al 240 hours .in the chanber at

st a
P3C and 50 SSPUTEAREEURIT GO F 7 ATED SBAGEEn L ofEE IPE Tt RRSURS e cel I s
of the expamd&@lnStheadssgeadu@bhyrpéﬂwe&meatmhxmmMﬂrndupnaadunnalIs and

escapes fropyhepeadsaniieelidle ekl . Wei ght of the beads decreases with
the | apse of tlne98 a&ér ggn g uF Iabrlumhas been established and the

wei ght d®crease thPSHg@Ft59€§r§aXfPéP°IQﬁsédﬁp teRe SR Bouls MEdHosd. 30
Thus, the mmh@hblnftmheu@km@mme@dbe@dms(Sn@ i reeaiverl] wirth e sane

chamber aft gl f tggca%g O3 RS gggobqgiﬂng§ir te of the

wei ght shou reC|se y to t ou decima ace (0. 0001

g). The bal m@éSr elbrl@@em@ ttﬁ!@nawﬁm cutgesf ither eesael \And= h@aBEdS S0 . -
24 that the expandable beads are softened and expanded; and a

20 method wherein the unexpanded beads which have been
kneaded with a decomposition-type blowing agent are heated
at a temperature higher than the decomposition temperature
of the blowing agent and expanded. With the latter method,
however, it becomes difficult to obtain expanded beads

26 having a high closed cell content when the desired
apparent density of the expanded particles is low.

In a case where the gel-forming treatment of the
unexpanded beads is carried out in a dispersing medium
using an organic peroxide as a crosslinking agent, it is

30 preferred that the expansion of the unexpanded beads be
performed in the same dispersing medium continuously with
the gel-forming treatment, since the process steps may be
simplified and productivity may be improved. In such a
continuous process, the blowing agent may be added to the

35 dispersing medium before or after the gel-forming



The volune of the gas in the expanded beads L is defined as follows. L
(liter) - (S/Ins) x ~ (ns/Ad) - 1} X 10-'' wherein 5 Sis the weight (g) of
t he expanded beads neasured above, ns is the density (g/cnB) of the base
resin, and Ad is the apparent density (g/cnB) of the expanded beads. The
foam nol di ng prepared fromthe expanded beads has any desired shape such as
receptable, plate, cylinder 10 or block. g’he foam nol di ng which preferably
has a density of 0.012-0.06 g/tnB has good di nensional stability and
surface snoot hness. The "density" of the foam nolding as used herein is
intended to refer to a value obtained by dividing the weight WM (g) of the
nol ding by the volume VM 15 (cnB) of the nol di ng which has been mai ntai ned
at 23C and 50 ~ relative humdity under 1 atmfor 2 days (density = WM VM

.PThe foll ow'bnwmeam ! IeméwisE)L(l iﬁrbhéiprbbgsstcgattekh_@ g&g@&tsliionvinti gn.z N
"Parts" are wei_ght . anpl es 0 ar at.i ve Exa S n n
aliphatic p(S:I n|'ges%‘r§:' &’éﬁ%@ﬂé‘eﬁﬁ?ﬁ%mﬁ%&mlﬁgﬂ ﬁg@t i Pol yner
Co., Ltd.: megtiiongliyi, ntcrobEAGnkiingataisbftaenibeprpaierct e haViR qWioaC,

| oad: 21. 18N)yark- / i 1 ci,(q%si Ve /M)-W ; 1B of
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kneaded in @isichgrgedXitd eXtliowdar pafed suten sxigspirdd Nt ansthands. In
Conpar ati ve Iixcaglplec 1, talc was,us in_an annr‘tltgt. O];qfdo Cg.S ~ by weight in
lieu of ra g& AEEESE &5T 3gert™® ThE "SR Wers § ©htdhin resin
beads each Ithspersd i aetted.rdfngalidie unexpanded [beagtsh wigeitioan Wit nm and

an aver age IOt ¥ 13 A8 no ey Addiddd eSS U dh A8 ,hec |5 5ad q fatty
acid were added tJ_:o tshe %nfegf%er réafsdl n irP%BiS ‘tﬂeblfor n%%saial malsr%ge?‘EI dgtch SO

as to bdlunit§ AIPRATHIOseF themDeatad it AMRFegRALR ST WHRARdedabl e
1. The pht hadearisamiithgriern Mgyl ages tgddacdhdsa e mplapaiteradesin in the

formof a ter t in.s t hat. 0 ere in the
pol yester ?20 |t§?mrb§ ad E&ﬁsﬁ%%@ oarr&?hlest :%Jsblcjngéoigé;%s%&:%%oé%%rts of
wat er, 0.5 gamming taieatimant oxTHen,0tbe4dpapersfiogodisuskischarged to
dodecyl benzenhagidOHes sulredd RMdsprird)y Reft - il Wenpdedire thereof

pht hal at .e-di | uted benzoyl per oxi de manuf.actured hy N ppon Yushi Co., Ltd.
ity 35 e BoRR IR of: Ry PAP SO E RIS PRt SBeaPEd LOJPREREY Ragaky
Co., Ltd.) in an asouwhe dimwing abente ukedk o iparapedriimg ke Sbove
liter-aut 00'3@&% j g |t int.o ocl ave
for 5 mnutes télc?ég)dnoﬂ\yeé%sgyggehneqﬁeﬁr@?r%% (.Pe a{m %Oﬁgl%\n&l%%%feﬁ*@m th
stirring to SPE a5 ammiREANHC Ry iRl (Rfyema weeitor 209 niPERRAN&INd
heated to 1@fEaredr ki OXidlaeMiasedthaie f ey divHdigmalt ocl ave until the

i nt a1 B0 St TR BRI & o 4 A R e QETI nb TR t ur e
was t hen codl.daddiflarioroethane or l-chloro-1,2,2,2-tetrafluoroethane;
or an inorganic physical blowing agent, e.g. nitrogen,
carbon dioxide, argon, water or air. Above all, the use
of an inorganic physical blowing agent, particularly
25 nitrogen, carbon dioxide or air, is preferred for reasons
of cheapness and prevention of the ozone layer. When an
aqueous dispersing medium is used, the water can also
serve as the blowing agent.
In the above expansion method, the blowing agent is
30 generally used in an amount so that the closed vessel
containing the dispersion has a pressure in the range of
5-100 kgf/anG. The amount of the blowing agent is
suitably selected with the consideration of a relationship
between the apparent density of the desired expanded beads
35 and the blowing temperature at which the expansion is



20 tenperature shown in Table 2 and held at that tenperature for 5 m nutes
with stirring. Then, at that holding tenperature, one end of the autoclave
was opened, and, while introducing a nitrogen gas into the autoclave to

mai ntain the inside pressure thereof, the contents therein 26 were

di scharge to anbient pressure to allow tpie gelled resin to expand (1st
expansi on stage), thereby obtatning pre-expanded beads. The gel fraction,
apparent density, closed cell content, average cell dianmeter, average cel
nunber "and average cell wall thickness of the thus 30 obtained pre-expanded
beads are summari zed in Table 3. The thus obtai ned pre-expanded beads were
filled in an airtight vessel and then pressurized with air to increase the

i nsi de press:wrelba ohe .cethe tbﬁ?@_@étﬁ@eaa’dahhﬁcnstﬁbouhekpaiﬁdbble 4. The
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When the apparent density is below 0.015 g/cm , on the
other hand, the expansion ratio is so high that sufficient
strengths of the cell walls may not be occasionally
maintained during molding, resulting in a foam molding
26 having unsatisfactory characteristics.
The “apparent density” as used herein is measured as
follows:
In a measuring cylinder containing water at 23°C, at
least 500 expanded beads (total weight Wl (g)) which have
30 been allowed to stand at 23°C under relative humidity of
50 % and 1 atm for 2 days are immersed using suitable
means such as a wire net to determine the volume V1 (cm3)
of the beads from the upper level of the water. The
apparent density Ad is calculated as follows:
35 Ad = W1/V1.
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The “bulk density” as used herein is measured as
follows:

5 In a measuring cylinder (no water is contained), at
least 500 expanded beads (total weight W2 (g)) which have

, been allowed to stand at 23°C under relative humidity of
50 % and 1 atm for 2 days are placed to determine the
volume V2 (cm3) of the beads from the graduation of the

10 cylinder. The bulk density Bd is calculated as follows:

Bd = W2/v2.

The average weight of one expanded bead may be 1-6
mg, preferably 1-4 mg. As used herein, the "average
weight of one expanded bead" is determined by first

15 measuring the total weight of a group of beads (including
at least 1000 beads) which have been allowed to stand at
30-40 Torr in an oven at 80°C for 8 hours, and then
counting the total number of the beads of the group. The
average is then calculated by dividing the total weight by

20 the total number. The average weight of one expanded bead
is the same as the average weight of one precursor,
unexpanded bead.

The expanded beads preferably have an average cell
wall thickness of 0.2-5 um, more preferably 0.3-3.5 um,

26 for reasons of ensuring cell wall strengths suitable for
molding of the expanded beads while maintaining suitable
foamability of the expanded beads in the molding stage.
When the cell wall strengths are considerably weak, cells
are apt to rupture so that the resulting foam molding has

30 poor shape recovery by aging. When the foamability of the
expanded beads is no good, the resulting foam molding has
poor surface smoothness.

As used herein, the term “average cell wall
thickness” is intended to refer to a thickness T (cm)

35 defined by the following formula:
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T = bm[(1 - Vs) /3 - 1]
wherein Dm represents an average cell diameter and Vs
represents a polymer volume fraction.
The average cell diameter Dm (cm) is measured as
5 follows:
A expanded bead is cut into nearly halves. One of
, the cut areas is measured for the maximum diameter of each
of the cells present in the cut area. An arithmetic mean
of the maximum diameters of the all cells is calculated to
10 obtain an average cell diameter (dp). Similar measurement
and calculation are repeated for a total of 30 arbitrarily
selected expanded beads. The average cell number Dm is an
arithmetic mean of the average cell diameters (d; through
dsg) of the 30 expanded beads.
15 The polymer volume fraction Vs is given by
Vs = Ad/ns
wherein Ad is the apparent density (g/cm3) of the expanded
beads and ns is the density (g/cm3) of the base resin.
The average cell wall thickness of the expanded
20 beads may be controlled by addition of the nucleating
agent and by control of the temperature of the atmosphere
to which the unexpanded beads have been discharged from a
closed vessel and the rate at which the unexpanded beads
have been discharged from the closed vessel. When the
25 average cell wall thickness is desired to be reduced, for
example, the temperature of the atmosphere is raised
and/or the discharging rate is increased.
The expanded beads preferably have an average cell
number of 5-2000 per mmz, more preferably 5-1500 per nmﬁ,
30 most preferably 5-1000 per mm’ for reasons of good surface
smoothness and dimensional stability of the foam moldings
obtained from the expanded beads.
The “average cell number” as used herein is measured
as follows:
36 A expanded bead is cut into nearly halves. One of
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5 Similar measurement and calculation are repeated for a
total of 30 arbitrarily selected expanded beads. The
average cell number is an arithmetic mean of the cell
numbers of the 30 expanded beads.
The average cell number of the expanded beads may be

10 controlled in the same manner as that for the average cell
wall thickness. In particular, by suitably selecting the
amount and kind of the nucleating agent, the average cell
number may be appropriately controlled to a desired level.

It is important that the expanded beads have a gel

15 fraction of at least 5 % by weight in order to attain good
moldability, resistance to hydrolysis and heat resistance.
The gel fraction of the expanded beads is preferably 10-
95 % by weight, more preferably 40-90 % by weight, most
preferably 60-90 % by weight.

20 The “gel fraction” of expanded beads (or unexpanded
beads, or a foam molding) as used herein is measured as
follows:

A sample (weight: W3 which is about 1 g) of expanded
beads (or unexpanded beads, or a foam molding cut into

26 particles having diameters similar to those of the
expanded particles) is placed in a 150 ml flask together
with 100 ml of chloroform. The mixture is heated at 62°C
and ambient pressure under reflux for 5 hours. While hot
(at least 50 °C), the mixture in the flask is decanted to

30 remove the chloroform through a wire net (100 mesh). The
solids on the wire net, if collected, are returned to the
flask containing swelled residues. Another 100 ml of
chloroform is then charged in the flask and the mixture is
again heated at 62°C and ambient pressure under reflux for

35 5 hours. While hot (at least 50 °C), the mixture in the
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having an apparent density of 0.015=0. 068 g/cm ’

preferably 0.022-0.068 g/cm .

20 In the second expansion treatment, the pre-expanded
beads are placed in a closed vessel, to which the above-
described inorganic physical blowing agent, such as
nitrogen, air or carbon dioxide, or the above-mentioned
organic physical blowing agent, such as butane, propane or

25 pentane, is introduced so that the inside pressure in the
cells of the pre-expanded beads is increased to preferably
0.2-7 kgf/cmz. The pre-expanded beads whose cells have
been charged with the physical blowing agent are then
preferably placed in a heat treatment vessel, to which is

30 then fed a heating medium such as steam to further expand
the pre-expanded beads. In this case, the expansion ratio
may be improved by evacuating the heat treatment vessel,
in which the pre-expanded beads have been charged, so as
to make the inside thereof under a reduced pressure before

35 the introduction of the heating medium thereinto.
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the expanded beads in a mold cavity or between a pair of
endless belts so that the expanded beads are fused,

20 inflated and integrated into a unitary body. As heating
means for heating the expanded beads, steam is generally
used. The heating temperature is such that surfaces of
the expanded beads are fused while preventing the breakage
of the cell structure thereof. Before heating with the

25 heating medium, an inorganic gas such as air may be
suitably introduced into the mold cavity filled with the
expanded beads so as to increase the inside pressure in
the cells of the expanded beads in the same manner as in
the above-described two-stage expansion process. By this

30 expedient, the foamability of the expanded beads and the
shape recovery properties of the foam molding after
completion of the molding may be improved. The inside
pressure is preferably 0.2-2.5 kgf/cm®.

The “inside pressure in the cells of the expanded

35 beads” Pi (kgf/cn?) as used herein is defined as follows:



1.0 described except that magnesi um stearate was not used at all. The
properties of the pre-expanded beads, foaned expanded beads and foam
nol di ng thus obtained are shown in Tables 9-12. 15 Exanple 18 Exanple 12
was repeated in the sane manner as described except that talc was not used
at all. The properties of the pre-expanded beads, foanmed expanded beads and
foam nol ding thus obtained are shown in Jables 20 9-12 . The gel fractions
of the pre-expanded beads, the'foamed expanded beads after the 2nd
expansi on stage and the foam nol di ngs of the foregoing Exanpl es and
Conpar ati ve Exanpl es were al nost the sanme. 25 30 35 - 3G Table 7 Ge
accel erati ngPol -agent Anount Per-Cross- esterof oxidelinking resin

Ki ndf ounttalc (parts )aid(w ~ )(wt

~) (parts) Ex. BICNCBEN@NN%@Z#l@DLsﬁ@a&a@@p(ﬁpxIL 5p, 2Ex. Bl ONOREMgMVA13#1001st
ear at ep. 50. 1£e§p ,15Ex. Bl ONOREMy O

Wi is an amount of gas increased (g),

R is the gas constant and is 0.082 (atm:L/(K'mol),

5 Te is an ambient temperature and is 296K,

Y is a coefficient for converting the unit atm to kgf/cm2

and is 1.0332 (kgf/(cm®-atm)),

M is the molecular weight of the gas used for increasing

the inside pressure in the cells of the expanded beads and

10 is 28.9 (g/mol) in the case of air, and
L is the volume (liter) of the gas in the expanded beads.

The amount of gas increased Wi (g) is measured as
follows.
A quantity (at least 500 beads) of expanded beads

15 whose cells have been just pressurized with a gas in a
vessel are taken out of the vessel and placed, within 60
seconds after the take-out, on a weighing device provided
in a thermostatic chamber maintained at 23°C and 50 %
relative humidity under ambient pressure. The weight (Q

20 g) of the beads is measured just 120 seconds after the
expanded beads have been taken out from the wvessel. The
expanded beads are then allowed to stand for 240 hours in
the chamber at 23°C and 50 % relative humidity under
ambient pressure. The gas in the cells of the expanded

25 Dbeads gradually permeates through the cell walls and
escapes from the beads. Therefore, the weight of the
beads decreases with the lapse of time. However, an
equilibrium has been established and the weight decrease
no longer occurs after lapse of the 240 hours period.

30 Thus, the weight of the expanded beads (S g) is measured
in the same chamber after the lapse of the 240 hours
period. The measurement of the weight should be carried
out precisely to the fourth decimal place (0.0001 g). The
balance represents the amount of gas increased (Wi = Q -

35 S).
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X .
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105X4595X5408x. 3¢ " PEU TP R 10! Cxpanatth v@US P is
defined as follows. :
L (liter) = (S/ns) x {(ns/Ad) - 1} x 107°
wherein
S is the weight (g) of the expanded beads measured above,
ns is the density (g/cm3) of the base resin, and
‘ Ad is the apparent density (g/cm3) of the expanded beads.
The foam molding prepared from the expanded beads
has any desired shape such as receptable, plate, cylinder
10 or block. The foam molding which preferably has a density

()]

of 0.012-0.06 g/cm3 has good dimensional stability and
surface smoothness. The “density” of the foam molding as
used herein is intended to refer to a value obtained by
dividing the weight WM (g) of the molding by the volume VM

15 (cma) of the molding which has been maintained at 23°C and
50 % relative humidity under 1 atm for 2 days (density =
WM/VM) .

The following examples will further illustrate the

present invention. "Parts" are by weight.

20 Examples 1 to 8, Comparative Examples 1 and 2

An aliphatic polyester resin (BIONORE #1001

manufactured by Showa High Polymer Co., Ltd.; melting
point: 112°C; Vicat softening point: 109°C, MFR (190°C,
load: 21.18N): 1.5 g/10 min; density: 1.26 g/cm3) composed

25 mainly of 1,4-butanediol and succinic acid, a metal salt
of a fatty acid as shown in Table 1 and a phthalocyanin
green pigment as a colorant were melted and kneaded in a
single axis extruder and then extruded into strands. In
Comparative Example 1, talc was used in an amount of

30 0.5 % by weight in lieu of a gel accelerating agent. The
strands were cut to obtain resin beads each having a
diameter of about 1.5 mm, a length of about 1.6 mm and an
average weight of 3 mg. The additives such as the metal
salt of a fatty acid were added to the polyester resin in

35 the form of a master batch so as to be uniformly dispersed
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therein in amounts as shown in Table 1. The phthalocyanin
green pigment was added to the polyester resin in the form
of a master batch in such an amount that the content
thereof in the polyester resin was 20 ppm.

5 100 Parts of the resin beads, 300 parts of water,
0.5 parts of aluminum oxide, 0.004 part of sodium
dodecylbenzenesulfonate, 1.5 parts of Nyper FF
(dicyclohexyl phthalate-diluted benzoylperoxide
manufactured by Nippon Yushi Co., Ltd.; purity 50 %) and

10 methyl methacrylate (MMA) (manufactured by Kanto Kagaku
Co., Ltd.) in an amount shown in Table 1 were charged into
a 5 liter-autoclave, and nitrogen gas was then introduced
into the autoclave for 5 minutes to remove oxygen
therefrom. The mixture was heated with stirring to 75°C,

15 maintained at that temperature for 20 minutes and heated
to 105°C. Carbon dioxide was then fed to the autoclave
until the inside pressure thereof reached to 45 kgf/cm?G
and the mixture was maintained at that temperature for 45
minutes with stirring. The mixture was then cooled to a

20 temperature shown in Table 2 and held at that temperature
for 5 minutes with stirring. Then, at that holding
temperature, one end of the autoclave was opened, and,
while introducing a nitrogen gas into the autoclave to
maintain the inside pressure thereof, the contents therein

26 were discharge to ambient pressure to allow the gelled
resin to expand (lst expansion stage), thereby obtaining
pre-expanded beads. The gel fraction, apparent density,
closed cell content, average cell diameter, average cell
number and average cell wall thickness of the thus

30 obtained pre-expanded beads are summarized in Table 3.

The thus obtained pre-expanded beads were filled in
an airtight vessel and then pressurized with air to
increase the inside pressure in the cells thereof to a
value as shown in Table 4. The pre-expanded beads were

35 then filled in another vessel connected to a steam supply
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device for supplying heating steam. After reducing the
pressure in the vessel to a value shown in Table 4, the
pre—expanded beads were heated with a heating medium (a
mixture of steam and compressed air) having a temperature

ot

shown in Table 4 (2nd expansion stage), thereby obtaining

foamed expanded beads. The apparent density, average cell

diameter, average cell number and average cell wall

thickness of the foamed expanded beads are summarized in

Tables 4 and 5. The hydrolysis resistance of the foamed

10 expanded beads was also evaluated to give the results
summarized in Table 6. '

The thus obtained foamed expanded beads were filled
in an airtight vessel and then pressurized with air to
apply an inside pressure of 0.6 kg/cnﬁ in the cells

156 thereof. Then, the foamed expanded beads were filled in a
mold cavity having a size of 250 x 300 x 60 mm and molded
therein by heating with a steam having a temperature shown
in Table 6. The thus obtained molding was aged at 40°C
for 24 hours under ambient pressure. The density,

20 hydrolysis resistance and shrinkage of the foam moldings

were evaluated to give the results summarized in Table 6.

Examples 9-11
Example 1 was repeated in the same manner as

26 described except that 0.75 part of Nyper BW (water-diluted
benzoylperoxide manufactured by Nippon Yushi Co., Ltd.;
purity: 75 %) was substituted for 1.5 parts of Nyper FF
and that the preparation conditions were changed as shown
in Tables 1, 2 and 4, thereby obtaining foam moldings.

30 The properties of the pre-expanded beads, foamed expanded
beads and foam moldings are shown in Tables 3-6.

In Examples 4, 5 and 11, an amine surfactant (Trade
name: Armostat 515; mixture of N,N-bis(2-
hydroxyethyl)alkylamine with a higher fatty alcohol;

35 manufactured by Lion Corporation) was used in conjunction
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5 The shrinkage and hydrol ysis resistance of foam noldings, and the

hydrol ysis resi stance of foaned expanded beads were nmeasured according to

t he nmet hods shown bel ow. Shrinkage Foa and expanded beads obtai ned were

mai ntai ned 10 at 23C and a rel«ative humdity of 50 ~ for 72 hours and

nol ded as descri bed above. The shrinkage of the foamnolding in the

direction nornmal to the thickness direction - 42 of the nolding (between

two shrinkage values in the longitudinal and lateral directions,. a greater

val ue was used) was calculated as follows: R=[ (B- A /B] x 100 (%9 (5)

5 wher ei n Ryi @hiddaaei @f $hearmidling A gdengtbelboagisydugaheor |ateral

| engt h) of the nolding aged under condltlons of a tenperature of 40C for 24

hours i medi ately after the nolding 10 step B: Length of the nold cavity

corresponding to A Hydrol ysis Resi st ddeleofl Foaned and Expanded Beads: In
f

the above [EXanples and COMPYPAL ¥ePATERy (ne nydrorysisTresjsrance
t he foanmed beads|was _evaluat ed 16%egﬁgrd|ng tq the follomnng raf ig1gsss-A
Wien the floaned be&8dYierle—attonwed>t stand arldefedndi t itSHS of | Binkin
tenperaturle of 40Ce&%€Ta [rel ative hum goeighiy 9X3ﬁ9s andagglged
in a nold,| the shritgRage |of tﬁéndnld|1g (%ia ned(®&kondiRgrEs) 2 (ég £s)
equation (5) is less than 7 ~. B: Wen Wg zaned beads were al g
st and under—condigiy a tegperature of 4UL,and aTetratrve hpm gy af
80 ~ for 20Exlayk ag %3 edskg aqgld t BeSshrii nkdge of the5noldlng 3
obt ai ned coreipag—t " he—ettatt+on \5} -s—tHess—that—"F———and W’d‘}ﬁﬁ—(—hﬁ'
f oamed beadsx wez e iF%%@gﬁ to spgnd ungder gcondijti oss off a tepperptu 40C
and a rel hii f § egr@ £ 30 days--and din a ml hé
shri nkage |ofixt he | ROHORE lobt ai R8d according td t hg 30 equat on (5)M¥§ ngr e
than 7 ~. [C £ e allowdd to stgnd under con8iBions
of a tenperaturejof 40C and a Mgl ative hynidity of 80|~ for 20 days and
nol ded in QDIQ,B&@@OQEW sicageadle the nnu i ng ob%ained agcgrdlpg MMA
) #1001 amine 0.5 : 0.1
surfactant )
Mg 0.5
Ex. 5 BIONOCRE stea;ate + + 3 1.5 Nil
#1001 amine 0.9
surfactant )
BIONORE Mg MMA
Ex. ®] 41001 | stearate 0.8 3 1.3 0.5
Ex. 7 B;?gg?E Stearamide 0.5 3 1.5 g%?
BIONORE Mg MMA
Ex. 8 #1001 stearate 0.3 3 1.5 0.6
Comp. | BIONORE MMA
Ex. 1| #1001 Talc 0.5 3 1.5 0.3
Comp. | BIONORE Ca 4 3 1.5 MMA
Ex. 2| #1001 stearate ) 0.3
Ex. 9 | BIONORE Mg MMA
#1001 | stearate 0.5 3 0.75 0.1
EX. BIONORE Mg MMA
10 #1001 stearate 0.5 3 0.75 0.1
Mg 0.5
Ex. BIONORE | stearate + ; 3 0.75 MMA
11 #1001 amine ) 0.1
0.5
surfactant




35 the equation (5) is nore than 7 ~. - 43 Hydrolysis Resistance of Foam
Mol ding: In the above Exanpl es and Conparative Exanples, the hydrolysis
resi stance of the nolding was eval uated as follows: 5 After being all owed
to stand under conditions of a tenperature of 40C and a relative humdity
of 80 ~ for 60 days, the nolding was neasured for the 25 a conpression

har dness provided in JIS K-6767-1976. dh28 eval uati on was nade according to
the following ratings: 10 A: The 25 o conpression hardness is 0.4 kgf/cn?
or higher. B: The 25 ~ conpression hardness is |lower than 0.4 kgf/cnR2. 15

- 44 CLAIM5S 1. Foaned and expanded beads conprising: a base resin

i ncludi ng a pol yester-based resin containing at | east 35 nole ~ of an

al i phatic ester 5 conmponent, and at | east one gel accel erating agent
selected fromthe group consisting of fatty acids having 12-25 carbon
atons, nmetal salts of the fatty aci ds;ga@3feers of the fatty acids and am des
of the fatty acids in an anount of 0.15 10 3 ~ by weight, said beads having
a gel fraction of at least 5 ~ by weight. 2. Foaned and expanded beads as

clainmed injclaimi, Inpdedeating ah @Gppafermidgnsity of 0./015-0.09 g/ ¢nB. 3.
Foanmed and [expandepd demdist asnel aj med iandlain1l§g%5§r 2,| and having|a gel
fraction of| 40-90| ~ by wWeirght. 4| Foapediagd e ' Pdadscambat ai fred i n
claiml, 2ior 3, WhesebRigaisndase resgenturt hertw T gesdamxadei t ij onal
pol ymer other thah @p&y§§$§ki@@sa@mﬁ¥3dhgﬂldﬁ1eﬂﬁﬁﬁ&eof g/ B2 el ght  or
I ess. aid conditions (")
(°C x min) (°C x min)

Ex. 1 75%x20 105x45 95 45

Ex. 2 75%20 105x45 95 45

Ex. 3 75%20 105x45 95 45

Ex. 4 75%x20 105%x45 95 45

Ex. 5 75%20 105x45 95 45

Ex. 6 75%20 105x45 95 45

Ex. 7 75x20 105x45 - 95 45

Ex. 8 75%x20 105%x45 95 45

comp. 75%20 105x45 95 45

Ex., 1

comp.. 75%20 105x45 95 45

Ex. 2

Ex. 9 75%20 105x45 95 45

Ex.

10 —-% 105x45 95 45
e 75%20 105x45 95 45

5 *: Holding time for impregantion is zero.

10

15



20 5. Foaned and expanded beads as clainmed in claiml1, 2 or 3, wherein said
base resin consists essentially of the polyester-based resin. 6. Foaned and
expanded beads as claimed in any preceding claim further conprising
inorganic particles in 25 an anount of 0.001-5 ~ by weight. 7. Foanmed and
expanded beads as clainmed in claim6, whg geln said inorganic particles
conprise silicates. 8. Foanmed and expand@d beads as clainmed in claim

7, ~wherein said inorganic particles are talc. 30 9. A foam nol di ng obt ai ned
by heating the foaned and expanded beads according to any preceding claim
in a nold.

.AS.y. A A AhS. Ah, E. AY. AE. A&&9. A{. A. AY. A E. A 2. AY. A. As. A. A&9. Ayr. A AL. Ay. A A
y. Ar. AL AT+M A&&. A9X. ATX. A9. A3u. A . A, . Ay e. Afl . A# . A AvN& A ASS. A A a2". A(Y
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}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] catcatcajcatcatcalcatcalcatPQetIit;

<XY} xsni d_2] ca] ca] ca] ca] ca] ca]ca]c cmﬁcg@&agcq&ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca}Ga}eahea}ea}£g44%giiﬁfﬁ

$3$9846 ' ' | wrnthc~X] cl] ca ca] ca] ca] ca] ca] cay cpa‘]'%‘] ch] gakea] clalfe¥allcal cal c
a] ca] ca] calica] ca] ¢cafe€ ]C&h@%hg@h%& eeal ' 'agX) x y)gbg V¥, , ,age
.......... / 6/ 7/ G| HEBLC |} cl Je=adka] caFealcal c a cagdd] cla] ca] ca
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~

\ 0q0r 000222233444455%G96[N9 KsnuadY]chmauﬂna ]caksa]cp]ca]ca
] ca] ca] ca] cla] ca] cq] ca] caj ca] ca] ca] ga] ca] ca] calj(gmhcal c ajl cajimd] ca! E\ LbL
dLSSO[ 6[ 8[ Zbab] 1 ngxx7$~3{) 65-0a8¥d va| gbJod c] cp] cedeal FaJ egkcaJicagcafcal ca] ca]
cal ca] ca] calg@] Ot caggal ca]@aaf, Icalcaggadc aggal chj cqh@an C1.0p
a] ca] cal dk"{jgrt "63') %"/ﬁ:ﬁe/&cup@ 59-8" gbT X -}Ldj 'A‘d4 d] C al lsﬂst,aj ca l:gbbd.] cMal] ca
] Ca] Ca] CAa] ;li ca \:ai ""] Ca] € [Q,gl. \,a_ﬂ ca "a] L,aj L,SD .,aj a Ca] car€q

] FLS[ M| WM gZ& {vq'gb$§]c'ﬁﬂ cal-tat-eatcal }ca caﬁg }e ] ca] ca
] ca] ca] c"a] calcal 6‘@\1 chl cX1 QA2 ca rn]g‘ l.cal rn'ﬁp/\nl ngg‘ﬂ v ={( 7|]m§\82\ ]calc
a] ca] ca] ca]|cB¥ cab ¢a] @] ch] cd] @32 crh] ca¥?a] chl c8Pcal ba] ddllcal cale8fc k] ca] ca
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gfbml(( Sg %%%;95" $10%&°§L §2’§ s!L1 O%& §)]3§§<1 gi@lé&& 0 18 gg«g’* )Lélow&' 0)
e SL$10%§$‘?“_’§! N A N T A N 30 1250 | 0.55

Ex. 91 16 0.097 94 120 179 3.25

| 78 0.099 95 110 198 3.04

St BRE 0.090 91 60 517 1.50

10
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1098v&' () - $wxyzwi [ M7! 11N #10% 10MV 10MM

10MM “#109%WME () -*1 " #1000 ()-*!\ " #10%[ & ()-*! S #10% V& ()-*zb~WwUBM! ! 1" @
#10%=p=& ()-/! @ @10%ogo& ()-/!;

C@10% ' & ()-/16.  @10%]& ()-/!6@10%]& ()-/! SL0%0Go& () -
zodY7!!1'1  110% 0" 0& ()- 10" % 10" %

10" % @#10% %&' ()-/!k @10%0& ()-/'!'a @10%00& ()-/!1" @10%p& ()-/

" (#QH0$$zX6dY7I 11X @10%0& ()-/!1 Nable 4

Inside Pressure %ﬁ;ﬁﬁﬁf diﬁzitingf
pressure | in vesifl temper- foamed expanded
(kgf/cm”™) | (kgf/cm°G) aﬁ%;e beads (g/cm®)

©Ex. 1 4.5 ~0.25 97 0.029
Ex. 2 4.1 ~0.25 95 0.027
Ex. 3 4.3 ~0.25 99 0.027
Ex. 4 4.9 ~0.25 98 0.029
Ex. 5 4.4 ~0.25 96 0.028
Ex. 6 4.6 ~0.25 97 0.026
Ex. 7 4.3 ~0.25 98 0.029
Ex. 8 4.6 -0.25 94 0.045
com 4.5 -0.25 99 0.029
comp 1.9 ~0.25 98 0.037
Ex. 9 4.9 -0.25 98 0.029

%ﬁd 4.8 ~0.25 99 0.029
ﬁﬁf 4.6 -0.25 95 0.028




@10% GG ()-/° @10% & ()-/16 @10%u]u& ()-/!1*%

1090V () -
@10% w& ()-/!f° @10%0& ()-/!X @10%08& ()-/!"

@109 X & ()-/"!,
10'w 10'w 10'w
@10% o' o0& ()-/"0o()*;

++ WwAdY7!! a -#10% & ()-/!N -#10%vWWK' ()-/'S -#10%& ()-/!'I1"
-#10%YY& () -/1; . -#109& ()-/!; -#109%&' ()-/,,-j..//1/wxXvB7!! 10M
- 31 —
Table 5
Average cell Average cell AXiragil
diameter of number of Eﬁickﬁa 5
foamed expanded foamed e esd
beads expanded © oame
\ (ym) beads (/mmz) expanded
s beads (um)
Ex. 1 210 47 1.63
Ex. 2 120 124 0.88
Ex. 3 90 206 0.65
Ex. 4 140 103 1.09
Ex. 5 190 65 1.43
Ex. 6 200 52 1.39
Ex. 7 230 42 1.79
Ex. 8 90 211 1.10
Comp.
Ex. 1 240 38 1.87
Comp.
Ex. 2 50 396 0.50
Ex. 9 220 40 1.71
Ex.
10 210 44 1.64
Ex.
11 160 73 1.20
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Table ©
. Hydrolysis . . .
Molding . Hydrolysis | Density | Shrinkage
resistance ,
temper- of foamed resistance | of foam of foam
ature of foam molding | molding
(°C) expanded molding (g/cm3) (%)
' beads
Ex. 1 128 A A 0.021 3.7
Ex. 2 128 B A 0.021 3.8
Ex. 3 128 B A 0.021 4.5
Ex. 4 128 A A 0.022 4.0
Ex. 5 128 A A 0.021 4.0
Ex. 6 128 A A 0.019 3.8
Ex. 7 128 B A 0.022 4.2
Ex. 8 128 A A 0.031 4.7
comp.. 128 c B 0.021 6.2
Ex. 1 : )
comp. 128 c B 0.039 11.0
Ex., 2
Bx. 9 128 A A 0.021 3.8
Ex.
10 128 A A 0.022 4.0
Elxl' 128 A A 0.021 4.0
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Examples 12-17
An aliphatic polyester resin (BIONORE #1001
manufactured by Showa High Polymer Co., Ltd.; melting

5 point: 112°C; Vicat softening point: 109°C, MFR (190°C,
load: 21.18N): 1.5 ¢g/10 min; density: 1.26 g/cm3) composed

mainly of 1,4-butanediol and succinic acid, a metal salt
of a fatty acid shown in Table 7, talc (Hifiller #12
manufactured by Matsumura Sangyo Co., Ltd.; average

10 particle diameter: 2.5 um) as inorganic particles and a
phthalocyanin green pigment as a colorant were melted and
kneaded in a two-axis extruder and then extruded into
strands while evacuating to remove vapors. The strands
were cut to obtain resin beads each having a diameter of

16 about 1.0 mm, a length of about 3.0 mm and an average
weight of 3 mg. The metal salt of a fatty acid was added
to the polyester resin in the form of a master batch so as
to be uniformly dispersed therein in an amount as shown in
Table 7. The phthalocyanin green pigment was added to the

20 polyester resin in the form of a master batch so as to be
uniformly dispersed therein in such an amount that the
content thereof in the polyester resin was 20 ppm. The
talc was added to the polyester resin in the form of a
master batch so as to be uniformly dispersed therein in an

26 amount as shown in Table 7.

100 Parts of the resin beads, 300 parts of water,
0.5 parts of aluminum oxide, 0.004 part of sodium
dodecylbenzenesulfonate, 1.5 parts of Nyper FF
(benzoylperoxide manufactured by Nippon Yushi Co., Ltd.;

30 purity 50 %) and methyl methacrylate (MMA) (manufactured
by Kanto Kagaku Co., Ltd.) in an amount shown in Table 7
were charged into a 5 liter-autoclave and nitrogen gas was
then introduced into the autoclave for 5 minutes to remove
oxygen therefrom. The mixture was heated with stirring to

36 75°C, maintained at that temperature for 20 minutes and
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heated to 105°C. Carbon dioxide was then fed to the
autoclave until the inside pressure-therepf reached to 40
kgf/csz and the mixture was maintained at that
temperature for 45 minutes with stirring. The mixture was

65 then cooled to a temperature shown in Table 8 and held at
that temperature for 5 minutes with stirring. Then, at

, that holding temperature, one end of the autoclave was
opened, and, while introducing a nitrogen gas into the
autoclave to maintain the inside pressure thereof, the

10 contents therein were discharge to ambient pressure to
allow the gelled resin to expand (lst expansion stage),
thereby obtaining pre-expanded beads. The gel fraction,
apparent density, average cell diameter, average cell
number and average cell wall thickness of the thus

15 obtained pre-expanded beads are summarized in Table 9.

The thus obtained pre-expanded beads were filled in
an airtight vessel and then pressurized with air to
increase the inside pressure in the cells thereof to a
value as shown in Table 10. The pre-expanded beads were

20 then filled in another vessel connected to a steam supply
device for supplying heating steam. After reducing the
pressure in the vessel to a value shown in Table 10, the
pre-expanded beads were heated with a heating medium (a
mixture of steam and compressed air) having a temperature

25 shown in Table 10 (2nd expansion stage), thereby obtaining
foamed expanded beads. The apparent density, average cell
diameter, average cell number and average cell wall
thickness of the foamed expanded beads are summarized in
Tables 10 and 11. The hydrolysis resistance of the foamed

30 expanded beads was also evaluated to give the results
summarized in Table 12.

The thus obtained foamed expanded beads were filled
in an airtight vessel and then pressurized with air to
apply an inside pressure as shown in Table 12 in the cells

35 thereof. Then, the foamed expanded beads were filled in a
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mold cavity having a size of 200 x 250 x 50 mm and molded
therein by heating with a steam having a temperature shown
in Table 12. The thus obtained molding was aged at 40°C
for 24 hours under ambient pressure. The density,

5 hydrolysis resistance and shrinkage of the foam moldings
were evaluated to give the results summarized in Table 12.

Comparative Example 3

Example 12 was repeated in the same manner as

10 described except that magnesium stearate was not used at

all. The properties of the pre-expanded beads,

foamed

expanded beads and foam molding thus obtained are shown in

Tables 9-12.

15 Example 18

Example 12 was repeated in the same manner as

described except that talc was not used at all.

The

properties of the pre-expanded beads, foamed expanded
beads and foam molding thus obtained are shown in Tables

20 9-12,

The gel fractions of the pre-expanded beads, the
foamed expanded beads after the 2nd expansion stage and

the foam moldings of the foregoing Examples and
Comparative Examples were almost the same.
25

30

35



10tJ° "10%J& ()-/!" "10% LtL& ()-/'a "109& ()-/!N "109& ()-/!SC

"109&' ()-/iiinjkzl nKVAMB70: ! D " #10%"~"& ()-/! @ #10%z& ()-/!6

U H10%p&P&&' () -/ H T #10%i: u: & ()-/ 1T #109%K& ()-/! mLOY%PP& () -
mMmoopqqqqwxmvB70: ! 10:5 10:5

10: 5 #10% 5& ()-/'a “#10%& ()-/!\ " #10%n& ()-/!a " #109& ()-/!S " #109%& ()
-1 qQgs% t LuwWU3MB70: ! 1 &#109%4 u] u&' ()-/! X &H#10%\ I\ & ()-/! D &H#109%/ X/ & ()-/!
% &#10% T] T& () -/ ! N&#10%8b8& ()-/! As108fA L\ & () -

lul vw xxxxxxzodY70: ! ! $10%oKo& ()- 10 10

10" &#109& () -/ &H10%&R' ()-/!X &H#10% 1 & ()-/!' X &#10% | & () -/ xyzY{]|}}wWJ6dY70:

!‘,"10@6&f()-@#!I‘,"lO@@opo&f()-@ﬁ!‘,"lO@ﬁ'&f()-@ﬁ!G‘,"lO@ﬂolp&f()-@ﬁ!l/‘,"
10%%oXo&' () - @ ,, "1098Y8% () - @} ~$~~z[PE: 0:! 10" ( 10" ( 10" ( "0"10% (& ()-|
IN 0"10%u u
Table 7
Gel accelerating Am . o
_ agent oun _ ross-
zthr : ot éﬁﬁge linking
resin Kind Amount talc (parts ) aid
i (wt % ) | (wt %) P (parts)
Ex. BIONORE Mg MMA
12 #1001 Stearate 0.5 0.1 1.5 0.2
Ex. BIONORE Mg MMA
13 #1001 stearate 0.5 0.1 1.5 0.15
Ex. BIONORE Mg MMA
14 #1001 stearate 0.5 0.1 1.5 0.25
Ex. BIONORE Mg MMA
15 #1001 stearate 1.0 0.1 1.5 0.2
Ex. BIONORE Mg 0.2 0.1 1.5 MMA
16 #1001 stearate ' ' 0.15
Ex. |BIONORE Mg MMA
17 #1001 stearate 0.9 0.05 1.5 0.15
Comp. { BIONORE _ _ MMA
Ex. 3| #1001 0.1 1.5 0.2
Ex. BIONORE Mg _ 1.5 MMA
18 #1001 stearate 0.5 ' 0.2
b
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10" #10% & ()-/! K ¥poRopFLIng #109& () -/ i
conditions Blowing carbon
for agent Holding dioxide
peroxide and | impregnation | conditions (kgf/
crosslinking conditions (°C x min) 3
! , ° . cm G)
aid (°C x min)
(°C x min)
EX.
i’ 75x20 105%45 95x5 40
Ef‘3' 75x20 105x45 95x5 40
E1x4' 75%20 105x45 95x5 40
Elxs' 75x20 105x45 95x5 40
Elxs' 75%20 105%45 95x5 40
E1X7' 75%20 105x45 955 40
comp . 75x20 105x45 955 40
Ex. 3
Elxs' 75%20 105x45 95x5 40
5
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Table 9

Pre-Expanded Beads
Gel Average Average Average
A t
. frac- égﬁgfz; cell cell cell
tion ( o) diameter number thickness
(%) 9 (pm) (/mm?) (um)
Elxz' 79 0.090 50 624 1.25
E1x3' 72 0.076 70 335 1.47
Elx4' 82 0.099 40 764 1.11
Elxs' 72 0.067 60 288 1.10
E1X6' 74 0.086 70 413 1.67
Elx7' 73 0.074 110 252 2.24
Comp. | gq 0.085 40 736 0.94
Ex. 3
Elxs' 74 0.103 210 84 6.06
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hydrolysis resistance of the foamed beads was evaluated
16 according to the following ratings:

A: When the foamed beads were allowed to stand under
conditions of a temperature of 40°C and a relative
humidity of 80 % for 30 days and molded in a mold,
the shrinkage of the molding obtained according to

20 the equation (5) is less than 7 %.

B: When the foamed beads were allowed to stand under
conditions of a temperature of 40°C and a relative
humidity of 80 % for 20 days and molded in a mold,
the shrinkage of the molding obtained according to

26 the equation (5) is less than 7 %, and when the
foamed beads were allowed to stand under conditions
of a temperature of 40°C and a relative humidity of
80 % for 30 days and molded in a mold, the
shrinkage of the molding obtained according to the

30 equation (5) is more than 7 %.

C: When the foamed beads were allowed to stand under
conditions of a temperature of 40°C and a relative
humidity of 80 % for 20 days and molded in a mold,
the shrinkage of the molding obtained according to

35 the equation (5) is more than 7 %.
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CLAIMS

1. Foamed and expanded beads comprising:

a base resin including a polyester-based resin
containing at least 35 mole % of an aliphatic ester
component, and

at least one gel accelerating agent selected from
the group consisting of fatty acids having 12-25 carbon
atoms, metal salts of the fatty acids, esters of the fatty
acids and amides of the fatty acids in an amount of 0.15-
3 % by weight, said beads having a gel fraction of at
least 5 % by weight.

2. Foamed and expanded beads as claimed in claim
1, and having an apparent density of 0.015-0.09 g/cm’.

3. Foamed and expanded beads as claimed in claim
1l or 2, and having a gel fraction of 40-30 % by weight.

4. Foamed and expanded beads as claimed in claim

1, 2 or 3, wherein said base resin further comprises an
additional polymer other than polyester-based resin in an
amount of 40 % by weight or less.

5. Foamed and expanded beads as claimed in claim
1, 2 or 3, wherein said base resin consists essentially of
the polyester-based resin.

6. Foamed and expanded beads as claimed in any
preceding claim, further comprising inorganic particles in
an amount of 0.001-5 % by weight.

7. Foamed and expanded beads as claimed in claim
6, wherein said inorganic particles comprise silicates.

8. Foamed and expanded beads as claimed in claim
7, wherein said inorganic particles are talc.

9. A foam molding obtained by heating the foamed
and expanded beads according to any preceding claim in a
mold.



