.;e3ec clx 6T 0 FOAMED AND EXPANDED BEADS OF POLYESTER- BASED RESI N AND FOAM
MOLDI NG OBTAI This invention relates to foaned and expanded
beads of a powm resin and to a foam nol di ng obtained therefrom.
Foaned pl asti ngs are recently used in l.arge 5 anount sq Feiyy YoésS
packi ng receptacl 8'8nd cushi oning material s, because of their lightness-in
wei ght, ~cushi oning property, heat insulatijng_property and nol dability. '
These foanmed pl astic noldi ngs, however, pose a problem of pollution of

natural, environ ' 10 thereof. To cope with this: problem a
variety of bi od@r@ﬁl@ﬁ Pﬁﬁiﬁmai%@ﬁaqg BOLY ESTHFoFISEFRESRAM e,
Japanese Laid Open Pat eANDPEDAMC NOLOING ORI NER4BORE PROAOSES a ‘nethod -
for obtaining a foam nol ding in which biodegradabl e aliphatic polyester
beads are 15 i npreBhis etnwehbipnopaletasd tpeFoARR P @@Mg{&@ ds 'he
beads are: hegke dé%igegkgggb% e]é'orm f.oarre%c'g\réd exfoganded. béads, which are
subsequent |y no by~ heat g i AER T RoPE % a0 & FORRh B NG e tpined
Pat ent Publ i_E%@lf%ﬁrOINo. . H10-324766. di scl oses a.f.oam nolding, of an -
al i phatic 20 pol yegssh i oT=J RN ti f ++l east ~ hy weight.
The known, foaned Eoll%{ees??lggg?ﬁgﬁn%}g%gg, h%gr %g\'?%&‘,tlé’r é‘-,seﬁgt“\‘ 3‘!‘3’3’33
.sati sf act orJ"CHMeS . M2 HRKY ndf dPAGKLIBBEL HRAER baiclie st laeidrentsid arfinkppanese
publ i cati on hEsPUBIOF HEGLLEOCSE ERBSUEE 3Rke Shar i'irﬁk%qeg(igi ng. the. -
nmol di ng st-epﬂ%%lg@gjfg%s P§8r gi mensi onal s'tla%iil.ity. Wi | dpanese
publ i cation HID=374766 hasFsorved tRE pPEBLanse SROPR4de anche foam
mol di ng t her@kdaRkl bt pr oBhese i fioamsdspaastitombydiogesi howBvR mr Gy
i nvention has mess smadsr i HoVi he ahev . s, . of the kno .
foaned gpd etﬁgande b adsﬁglln@%\_sé(g%r%ignrclgeﬁ??% tgﬂgrl%?%%gﬁ‘tt |fb véﬁﬁpcﬂ?al ere
i s provided TOEMEY and % PRfd et Beddsl £ b kemg: aavansetyesifn incl uding a
ggl yest er - bdsiemﬂegasdqrab:bmtﬁd)arhngo:aaihg?shaeﬁégggg .prg%ogrédq: i ppatic. est far'.
. conponei L~ : ~NI VM~ - .at -l east: one gel
accel erat i ngxaaﬁgnt ’se‘*{e‘%%rg%‘% rh%ﬁh%p%?oéﬁQEBFsgggﬂ-ﬂr&aGﬂ%M dd&rshavi ng

| 2-25 car bo PIARQses A tieetfiod hEof abbyainidyg, aesoams mf dikey figl ty

aci ds and anittiesh ofiddwgdaddp Aca Osph it PR ot..ef 0:-15 _5_3's by weight,
sai d beél'?s }B‘ﬁ ' altﬁ;r‘eff.r cti o%g?pg%]t?gag??gggt%% ggllééﬁt 2*fn anot he? E
aspect, ‘the P e]'{s%ﬂa. é’ffttrqbrplbc?m%le%n% PeRkRABI 8Bng bgpaningd agertsat i ng
the above fddfedeats exparaatdbadisth 19tdhe toameemandanrpanged beads:

accordi ng t Qs ' s | Ny gnd i VE £ |l ept -heat resistance,

ydrol yas radmae e Tt o bl st Bll y BRu gr ok R iaw

exhi bit a sdffi%i®hd SpRhMbi VPINARE| baddi OpemiRataet | Pualicatiengbs,

so that thetded@24GdeliyabEas a VféimQQ&ﬁd;[RBrQﬁugh.bgh'ﬁg)gatl'ingdensi ty
g

f oam nobgi ng, i el lent propgerties such™as good e _recovery. by
agi ng, ggod%?l}%\gge%%s%&lh%s%,gpeslt.r%fbc%’o?fés?fmaﬁegﬁééﬁ éeEI'?YaWGJ-IﬁTlhg'-h

di mensi onal accur &g knieanf daeen darpb leygatrete dr b0 SmaT &R §5NOhbRekae ,
present 20 ia®eeRigtoF gy ; ti of di ng t.a |,owner

t enper at ure a;,' -c%{gpar'ed yvu'%ahﬁﬁrkﬁfoﬁ Cids Wi 'p%Jaglg%A(;f&%%t%ﬁa%ﬂ%dgel '
accel eratin§f™* Ge Sofe Tt 8% JarRAASE Pekicetion HAE-REBAOS bead nol di ng
obt ai ned usiungergeeisoamens i2fe tatrids Hridleads eePing NVRRL thﬁ!dELﬁge%Ct%? ent- in
heat regjst enhalkydral ysi.S resistance (.especi-ally in hydrolysi's resistance
under a hi g%ﬁger?ggr %tog)rre%éznc?rﬁlioncfﬁt ysetc%k?\]é‘f’t‘f%ns)%’d]i efRP¥peFestability.
and appear aREPL1iTRE ipsa M 113 4itf Gt sas hasluet gheclpased exel d£ CORE €Akagay 30
i s thus excehkefbam mAIHY G conpressiye.creep = .
resi st ance, ag% ﬁush;i oni ngﬂjpr ofe%c{/fq%e%%y%&?f§%e§%--5?8&3¥?P§§, %Pne f'oam
mol di ng i.5. PYEFEIABAY -applied to a cushi oning material, wapping nmateri al
and containers of Thar presentenvelition e Fedipaids Ay IRL LRI crghi oh
has bi .ogi@gr_'ga%l"gg%bigg]si S ' % -1 1 AU G 20(:(()'-f t hus easy to di spose of -
after use, has grBat radtush dPeiXA Lereed wRrd pesReReernbeadison wil . be
descri-bed in detalh BekowdabcEheifthartd ik sxpantiedeReads tRekuding a base

resin whi chpeefBHE8eScAmRY %6 2 nesin (hereinafter referred to
simply. as " gxpanded: ;bgaaj,%ﬁ) %gg%gxal ng % ) obe%fgs pT 8RRt 3Hh¥énti on may be - .
prepared by expan@i R§S@n&fginddadastiaopia tiel yhover Hassedesesinl0 The

pol yest er - besadaiashg Wi qQldaist t3t5en§,e_|_%e o : - . e-hase resin:
may be Sy al este‘r.-@based resin contal ﬁn‘? a%ﬁg%)?%ﬁg%}:ggeé?gFQConponent:_i n
the main chath PREREsf 37 an anount of ‘at. | east 35 nol a % . preferably-

45-100 nole % nore preferably 60-100 nole % 15 Such a. pol T _
resin has biodegradability. Exanples of the pol yester- basedmmmﬁmm E’E’E’ de
(a) aliphatic polyesters, such as pol ybutyl ene succi nate, polybu

adi pate and pol y(butyl ene succi nat e/ adi pate), obtained by pol yc6%f&hsati on
of an aliphatic polyol and an 20 aliphatic polycarboxylic acid, (b)

o o o, . o



.1 1 AUG 2004 - 4 di phenyl net hane-di i socyanat e,

1, 5- napht hyl enedi i socyanate, xylyl enediisocyanate, hydrogenated

xyl yl enedi i socyanat e, hexamnet hyl enedi i socyanate and i sophoronedii socyanat e;
and aryl carbonates such as dinethyl carbonate, diethyl 5¢¢4agimpnogmie,

di phenyl carbonate, ditolyl carbonate, -bi & chl orophenyl) carbonate and

m cr esyl, car bonate. Partlcularly preferred pol yester-based resins for use

in the present invention are products obtained by pol ycondensi ng one or

nore aliphatic polyols having not 10 nore than 4 carbon atons with one or

nore aliphatic dicarboxylic acids having not nmore than 4 carbon atoms. The

base resin may contain one or nore additional polynmers other than the

pol yester-based redfnlepst. aasi ged. aExadpiresioy swemtaddiltacred fHudyners

include a stynengréﬁpb%a@ter&gn@og@l ¥ERLy acaasr%ﬁgadz% &epe block

copol yner, rene-i sopr ock copo] yner,” a hydrogenat ed"
styrene- butaﬁ?B%E’sFﬁF@g sﬁﬂgéko oggﬁygéF t¥a g&sheds of the fatty

styrene-i sopaehdsstydeamibksckfcapel Yorty anlﬁmhMMBmﬁrpmﬁﬁMhﬁnﬁfrmb¢5¥

pol yet hyl eneg .pol,yp ne I tyr e ter ht hal at e,
polybutyline tgr%% @EE?L@ sa%ﬁyggr %né %Q%ﬁbly 2¥ FCel I ul ose.
The anount -ofegpé 5dd|bNoH§Rgb@Iyner or polyners is not nDre than 40 ~ by
wei ght, pr ef er abl YIHOEnBEBErt Q@Be%@ $chy E?bgléht %n‘?:rlgner;ﬁlﬂ%d% grore

t han 25 b¥ g E ase resin

productlon ofOPBaRRACHRG & ﬁéﬁ&@& B@a&?a%ﬁéﬁeFﬁ§fﬁ@@W@ﬂQﬁ%@&ﬁt%ﬂ%lnply as
"expanded beedpéhdadcbedidsg to the present invention, unexpanded beads of

t he above, base res a s r T ded 30 be s may be
producedﬁby any coﬁggn?ggﬁgp EnphSSEEEQEd Q%aﬁ é%%gb B g}
cont ai ni ng’ aPpBE§EEL eRVBASLETr BEVR ﬁ§0ﬁéﬂﬁ@¢ @m@ﬂ«n&aﬂaﬁw&a&»an ext ruder

and then exthydedliyBie sbsasdancEhanst h@ﬁ@%b&'l@t%ﬁ@se%éﬂd dden.cut into a
cut .i-nt th and 35 t hen cooled

d d | t abl

o bt ai - nobiadkaRhtabiid by, BiRaBst s Wdas it St il “one

polyester'bawedleemamntamnanglnglbeadl&aytbengﬂ&sn)sqﬂﬁﬁ&ﬂeﬂﬂemé.ébmg '

When thelﬁVebégﬁrbﬁbggh OL Eﬁe %ﬁd§eh§oﬁﬁ%ﬁ%Tff% (ﬁEtgff%culty may
s a

be caused in contro Ing .t ansi o e ex dde &5 time

of ol di ng i RPAIHBAE EQVFW syceé#rfen& péppeﬁéueém uerSe @fod Heare ng
medi um Furthecovéeg begr aqlﬁgweq@ba @hrtflaeebemtmésrseqw&@gl ong cooling:

time after tQ&th bnge§%88na%ﬁggatﬁ8 Sté affect e surface sn&l t hness

of the noldin hernore be is

desired to bﬁoﬂ@ﬁd QudhexaagdeWebghd5bea@9rmu$©'be>&$nammm$enthave a large

size, cogpi nﬂnaeﬁlttBhCBlaE:mﬂtnthlel %taautcttqo%xw%%nbm rﬂg EPP'Q cavity.
s havi

On t he ot her_ hand, I'S ficul roduce resin an average
wei ght bel owPRET1 gegﬁﬁ€étP6ﬁePSIFRFPaFﬁdaW§F§bW@Qﬁ%1 Readnvhk@y der ei n,

t he "aver ageneki ghhtefinotkebgad" aceedetratdinreddant ittt d@masainng t he t ot al
wei ght of a ;b chRgl uding at |east 1000 beads) which have been
allowed to S?g%gaaﬂig ﬁgg%fo}§%|n an oven at 80C.for 8 20 hours, and then
counting the total Thanbeaned bradhagdding obéagnesh usting dwe afeamedt hen

cal cul atgsl byediyi dfnghtehprte@teatt wahehic iy tike d:tcall SH¥TDEY - hd L extrusi on
of the base L8 %ln Wi t aﬁyg ruder intq strands, it is preferred that the

base resi-n bé %35?88§V IQLYEES $E5IREAN e (RARGTHEOnt®Nt of the base
resin to be hhargéysuatmeBhetanteu@mﬁemsan@u@h%tdﬂpﬁrdﬁﬁkhrﬂmmby wei ght .

When t he noi n [ es e y..to renove
hemoi ot ur ehPAARiETERRA TP MR e LabBLIEGCRA RaGLEIE,
bubbl es wi | | The Zgampmoldips @d@@u@@@|ﬁ1hﬂﬂhrQ%nSﬁdnﬂﬁhﬁl¢0@U&etseh9

affect t#e upkf endst xéxbamlaathhl mecteancatlhesteﬁ%ae@ beags,; obt ai ned from
t he extruded_heads. ion, presence of nojsture 1n a mass of the

kneaded rmltSﬂm%Sr"ﬁlé’SnFéueﬁé’druer?lts N&fr FEt GUS TN AR ORSPREF Hbl y
i ncrease 35 BheaHBEtoﬁlQWeBet@nbmaﬂtudsttﬁhe%fbam nelding 1€l ation, 11

AUG 200 g it t 0 U e co t ent but al so ot her
extrusion co E?f??%?ﬁg ?P&q%g g%btr@*? qﬁ%%§ e?%t% 1 1 e3P "Hcr ease of
MFR of the rB3tRTAay Badpcondgmieagrss af Wasrllqnﬁ)rtmsmaﬂm, ldest one gel
accel er agg ngragrBl $lkec fih f r ons,
netal salts of the fa'ltatayh%glddlg%meg?{eﬁdsh g%s?ﬁaeﬂ@éétq‘xga%%b%glEnggﬁ] g%s of the
fatty acids be incorporated into the unexpanded beads i n an anount of
0.15-3 % by wei ght based 10 on the weight of the expanded beads in order to
efficiently inpart a desired gel fraction to the unexpanded beads during
the hereinafter described gelling step, to attain inproved heat resistance,
resi stance to hydrolysis and noldability of the expanded beads and, 16
thereby to achleve |nproved heat re5|stance re5|stance to hydroly5|s and

o, B Y b1 I 1 4



.fatty acids such as oleic acid, erucic acid, linoleic acid and |inolenic
acid, and dicarboxylic fatty acids such as diner acid. The netal -of the
netal ,salts of the fatty acids may 5 be, for exanple, magnesium cal cium
.al um num or zinc. Specific exanples of_thg fatty acid netal s&htAuG A®kude
cal cium stearate, magnesi um 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 atoms are . -
preferably used because of a lubricating effect. Thus, such a fatty acid
ester pern1t§hu§eea§g b elgeweeeaaeaeke&eu%%r Hhe g9 tu%aqgf eads so
that hydrolysis 1 he polyester-based resin included int ase resin
can be prevent@yt hﬂaQE?ves to increase the expansion ratio of the expanded
beads. The ami ne cTistpteseng ihechaidy weld B descirsbRidefier alelail

st earam de of ? nltanlde for reasons of 20 inproved gel fraction and
safety. Anmong €  above-descri bed gel accelerating agents, the use of netal
salts of Fatty aC|HEe|§0@®¢d|@uﬂaﬁkpapdeﬂebeedeenCdede@@saobaﬁnpmmuedlgel

form ng ef feghi @Rd-bnpro¥ed éegbiya@@sr basand&%@xe!%h dyactant,
preferably an am-ne surfactant sucCh s(2-h roxyefh alkylanlne

may be suitabfyetEed FA EbﬁP&Nc??one%PPHaﬁﬁeb§B@@ g@FCQﬁﬁﬁﬂ%ﬁ%ﬁﬁﬂﬁfagent.
The armount - oprébensuihashanbni sapr ebepabbyredOdl- expandiwgj diledprorikoOn t he
wei ght of t Rgn t 30 ratio of the gel '‘accel erating
agent to thgggﬁgg ?aﬁﬁg 988§§f8;§%I%% Qg ‘to 5:1: The use of the surfactant
can furt¥er, |nprdV@eth@lg@$t¢rab@B©ﬁ sesihevwbipghnded theadssent iiad.

preferred th@bmpaﬁéﬂ@nbﬁ eaét bggesraelhnﬁegpweata%q, iJih1Q i ispanded
beads in an amount or reasons of, 1 nproving the

1 1 AUG 200gF€5g C‘PBE%BFPFt QHOPlﬂ'Héa\gﬁgxﬁéﬁﬁéd WPt i dhgpyrain
af fordi ng exphatedtheadsfhaui ag ambunmapmaaenﬂedemsBﬁynmAm anount of the
| norgani ¢ paptl £besnbg! 98 900holk0Y, WRLIR! ot ATy GENind Guordl i n the

i npr ovenent @% mhunt o 1'nor gani artlcles
is ,greatder $WaR & DPbye ?éhpasﬁﬁerﬁﬁiékhé§sbepdﬂﬁiaﬁﬂhkikﬁybubbles of ,

the expanded beadSEk§m§De§shbﬂ that bmgeéeemﬂalsdun&e%%alﬁ%id‘deo d)he
expanded bea a_low closed ce e to breakage of t he

cell walls t Bl BRI Rk 58th i Pﬁgﬁ%&%y % UL 0. 00. 1-5 %
by wei ght ;. ppeiﬁbabyyeoeoadlpa¢byamdlghﬂy(bumglpmef@mﬁdgn&td%&dlﬁhﬁekw
wei ght, baseghegihbe %?'EBEyEBnHQﬁs%%EQBd%@ %%a%&;'ﬁy%fdﬂgggyac tdgl es

are preferab i Spersed . in ase reS|n t oget t he

|y, unifo
above- dégkrl%iﬂpﬁéFl§5p8E¥€P§PQFVﬁ§0a66ﬁ9' The iedddd@fiic paianadi serving
as a nucl eatpogyag’eatsf OBuchnbsobbllmbhh@’l@h@rsagﬁ:ldiaaié‘%t%’reﬁtI@.dﬁe pnhd

for increasi XRan | nded b ads

exanpl e, par??c% §e§f82 é%?gF°§§F§S%%ﬁgﬁ &5 sﬁQWﬁa <mé§1¥ egﬁﬁyl%%rth
al um na, zi n@Cd%i den eiéRhRGACoRPIY CasRiosydmcodicde) aralyregsi Al EDE teS i ron
oxi de, tin ogscﬂg»opr aBt LABBRY o8%kden e%tllleh@a (bfap%rfg’ééiltm%ﬂ?n S§eh as

cal ci um hydr ox r oxi ~al,um num i de or basic
nmagnesi cafﬁtﬁ’é{‘ﬁgagaﬁil 8F§§¥lgf app 39‘?&9&“ camb(# ]ﬁsr?,% Py caleh um
car bonat e, nagngsbpencprbynatrézatiion eacducdtse off lzartame s aslbrtnad «;

| f |
D1 cl o2 Ofp8LERBLoRLEANE, SUrla 0 BB ALG B BRIAUm oAt o
nDntnDrlIIonhY@roﬁﬁﬂFéﬁﬁtéUCQOa&chﬁﬂﬁﬁ&?hﬂﬁﬂFlQuﬁﬂkﬂ|amﬁ Jawgtiaeidr

sericite. The use mad@tléhhmgtetheseeqwlslﬂéﬁ-%a%ed Sce%ra?r{ %ﬁa{fé&;e Ie?el -

i norgani g, part gleg g%g gn% have an average artlc e dia

um nor e pr ef BF8BIY AGRPAdRYt TEEE NS0 INS APNR Py e SRt agkthatticl e
di amet er”. 35oaplmngdabem¢|mdﬁsfnd&ﬁh&ﬂn@uﬂbermeQUCMaBQHMGﬁgMﬁHﬁHeﬁéd&;
11 AUG 200 I i r 0 f_th rticles in
the particl e SI ze g bgtl?lg%%'ll\g]ygng I%elr% |ar? a%@%sg‘aﬁﬂ% ave'rgage
particle dlaﬁ@P@lYﬁﬁy @é @éﬁeﬁhQ%ﬁjHﬂlﬁqﬁiqﬁgﬂﬂthréuﬁﬁmhemnm deastéefuga

sedi nentati on’ nethggamglggeo@neﬁga@@@@lq%@p% de ol ied by inclusion of

a Col ori agent such_as a bI owr, blue or gray pignment ox dye
By u5|ng&gol ?e8°5¥38§%e50P8F %ﬁ%%é& (%ﬁﬁ?%ﬁ%%P?%ﬁﬂ?ﬁ%s may be

obt ai ned. The col oring agent may be organic or -inorganic pignment or dye of
any 10 conventionally enployed type and is preferably used in an anmount of
0. 001-5 parts by weight per |00 parts by weight of the base .resin, though
the anobunt varies Wth the kind of the color. In the case of incorporation
of the above-described 15 additives including gel accelerating agent and
inorganic particles and/or coloring agent, it is possible to directly knead
the additives together with the base resin Fbmever for ‘reasons of
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.25 As the crosslinking agent, there may be used any conventi onal organic
peroxi de preferably having 2-50 carbon atons, nore preferably 4-30 carbon
‘atons. Exanpl es of the organic peroxide include diacyl peroxides such as

1 aur oyl per oxi de, stearoyl peroxi de and benzoyl per oxi de, 30 11 AUG 2004

per oxydi car bonat es. such as bi s(4-t-butytcycl ehexyl ) peroxydi carbonate and

di i sopropyl per oxydi carbonat e, and peroxyesters such as

t - but yl per oxyi sobutyl ate. The use of an organi c peroxi de having a haIf-Irfe
tenperature (I hour] that is higher than (Tv - 25C) but 35 lower than (Tv +
10C), where, Tv is the Vicat softening 11 AUG 2pQ-r - 11 point of the
base resin, i partrcularly preferred: The use of an organi c peroxide

havi ng exceséf qﬂﬂﬁ14#¥§qqyﬁﬁﬁ¢ﬁ¢wky3ﬂn¢mh¢by&wmedlequcyanaoehrgh

a heating ten@emraureenargbcgcaﬂaxw, %Mgé&gaﬁédr%{ﬂ)yl@ﬁ@&i ?&n? &4 oy

unexpanded bea er hat there | f ear
resin of the?bas§%£§ (ﬂQN%Ré;f %% |%§?9Q9§9¢%Qp%ﬁgeyanate, and
benzoylperox@@@l E@ﬂhqnﬂtﬂs3ﬁuaheas:dNMth¥ﬂtnﬁmhnﬁimépxdﬂeth e used as

the organjc RHPHNI&e Si anded | ar raction of
nore XO than about 60 ' oc§§ﬁherg t hay eagﬁlfgg%fa?%% %F%Ce t he anount
of the organP&sﬂ PP heayHe QQRPQHﬁﬁﬁxﬁﬁdrmmﬁwesyln¢§ﬁb¢magel-fornrng

treatment, and sinceatrhe ceelaraymipie ddreald iyl At deeidestivel vs 335%' ed out
wi t hout need ol 3 SRec cific holding tinme for the I npregnatron of> 1

organi ¢ per oxXide 1'n "Che PRTEGTEN d&Y TG 13 BEQAG &Y | g bed roy

conbi nat i on P@lWH@nd@@aﬂthnnawdrImﬁnﬂjdlxpﬁﬂnd¢xﬁdmyémg(@§viﬂ not

crossl i nkpNgma@antchaW t4h .« SHandeq, rv;l e d coc{g ‘{u ng g fatsj\{%acr d met al
era

salt having 12-25 carhon atons a -acce |%g 0 and an
ani ne sur f acCARETPEXYgINAGISSS Wd&@hetwe) dihan a%nmr)btblmrat@asons of
i nproved gel fractTae bhsbheee&naﬂd@dcﬁﬁﬁﬁkinpbn% Qgggﬁggaqﬂgﬂpg Sfaihe

crosslinking S h Vi cat softenr i as used herern is 25
nmeasured in g%%ﬁe::! %%E‘te% %yaﬁlsr% ctrﬁ%e%ﬁqe%sr%s%atlﬁtoﬁ%lﬁeﬁﬁg
medi umin ac‘éiéiraal&ﬂree Witt n@reardmaeomg,pd\mm Arsfluddes ' Mfeﬁéie

t enperat us e pNthatdzshes d zhey; t rovr a hal f
life of the 30 8V§‘§m )c:bﬁé’?é’#% of%t%)r%lﬂfre? kg?]tt%q{ea é&{ HiFe g iding a

half life of °8R° fir ¢ pStdNEde GNqmﬁﬂq%ﬂﬁtM%?QﬁuhiQQKHCQWQ#mee,oaganlc

peroxide is hﬁdﬂbgen&de&tSt@&hnbemmﬁaﬂﬂéﬁé4§ﬁyﬁéﬁétbjgtgmgé

hour (s), thep Hh Ql en i uced aIf For

the 35 neasurggggpgngkt %%3&%5%' enper §DQ: zﬁﬁQP YHeYE, AR5 200

- 12 peroxi &0 V%eaes§6ppyaemﬁ §u§&e¢en@0wmaﬂhyk§namegolypgopymemexo o

radi cal s2Guchoagshgreane lel@ﬂe&?x@ilen%mtre'rteﬂkﬁh%lltaad@hgacpl%blf@% dn 0! ution.
re

The solution | ass.t ube whose at nobsp een replaced

with 5, nrtrgggngﬂ$hgi8F§$s 3yg%§?q&é§qujp FHEF pl He¥erh RRA t her nost at

mai nt ai ned afeil Bl@ééterﬂhﬂedmOEHpeoﬁtuhe addibabnhhepQQQQQECcﬁﬁrOXIde is

thernally degenprsed. ikt en t X] be u ed in
BoIp 15! nbt RoEkelthed LWty tbg,e G B

conj unction Wt 1g at

g cro;a i nki ng
| east one, pPef&r5BRY, 3%uF§eF@ﬂ§$éd H@ﬁGsHHQﬁﬁnﬁhky(ﬁOtkmmﬁe tmmms and

triple b2nds)0 anuygaaegartl Y bés2@0 oparhen waligh ¥ aftfd ablye 390 gar bon
atons. Exanples of; %Qe %frylrc aci d; acryl ates

? %gdrnkrng ai_d . ncl

such as et hyl acry ‘afe PRy CRe P Pame: Such as
met hyl net haéh9rat~ea§‘n‘ar sefigir reet ac syl asty'reer;mramcurkrésadwrrpl ogue S
di vi nyl conpausdsdsHgh+as v I z AT

conpounds sugg as etﬁ i ng§ beﬁsegeaggsﬁggg ﬁ%ﬁ%ﬁ“ﬁgﬁggﬁ?%%

di acryl at e, ?nﬁPﬂVFo BP6p ﬁél?oarﬁnﬂkﬁﬁqéF@Pqnﬁdanﬁbhymmanaanﬂ&d

triacryldfte, beedsamaythObmbehbéaebt ahaa onhalgs 1 dﬁgmﬂﬁgﬁﬁg cop
~di net hacryl af Y r e X d # netﬁacrylate

i e hyl oTpr gpane trinethacryl ate an
allyl esters o?mgiéhurb ég % g S8 CPRG nﬁ%ﬂdﬂﬂkﬁ?%&ﬁ?r?ﬂ$@¢ resin
cyar| uxat e ah@ meiéﬁdyanQSKnsadydnwnameanﬁdmﬂruﬁﬁﬁﬂéhdﬁtﬁbﬂkﬁimmwae@ acid
such as triathyb 5ebHRELIt I i ra Ilrtate
triallyl benzo hen n te%r 2%? _x %i%%g %%Iﬁgﬁﬁggaﬁé e%hﬁ%mqa& hate
or diallyl é?g%f% SRdL 'ﬁirdér@oﬁeéeﬁdcwcnnat@ N phasirtya e elermgi’ehaand :
N, N =n+ &~ phieen| enebedmebebbicden polexpRnY R YIAHdOURLE %b fi% ch as 1;
2- pol ybut adi ene; and conpounds having at |least two triple bon such as
di propar gyl phthal ate, dipropargyl isophthalate; tripropargyl trinesate,
di propargyl itaconate or dipropargyl nmaleate. The use of a 35 conbi nation
of an organic peroxide with a divinyl conpound; 1 1 AUG 2004 - 13
acrylic acid, an acrylate or a nmethacrylate, especially the use of a
combi nati on of benzoyl peroxi de wi th divinyl benzene or nmethyl methacrylate,
|s partrcularly preferred 5 The organrc peroxrde as a crosslrnkrng agent
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tenperature |l ower than the gel-form ng heat treatnent tenperature nmay be
suitably carried out. The inpregnation tenperature varies with the kind of
t he, organic peroxide and other conditions but is generally b‘e{ %?n@ﬁb%
tenperature providing a half-life tenperature (20 hours) 14 200
and a tenperature providing a half-l1ife (8 hours) of the organic peroxide.
The time required for the inpregnation also varies with the anount of the
unexpanted particles and other conditions but is generally 10-120 m nutes,
5 preferably 10-60 m nutes. Wiile the inpregnation nore fully proceeds as
the inpregnation tine increases, an excessively long inpregnation tine is
undesi rabl e Qg% %j%e Ehglr,lg isS.a g?ssi ility that the polyester-based resin
m ght . under go 9 roPysPR® PRAYESERE ~PRSIPEYAESI SN CPR tadMidiatnas aray there
are desired tofbegsepeetfedabdyoidiénggt o When kind: atethgebaseghesbr. ther
exanmpl e, whepegdgxpan : a_pal ter . (Tv:_ 109C) co sed of
1, 4- but anedi ol and iugglgﬁlggﬁg%%gaggg%b eaprfr%?ggl%éc&egla\kﬁ casdd 1in
benzoyl per oxFUe: roheiRgpEBgnarPaRsSLerpefathee ekpadBlets b@B@s, ar afner abl y
70-80C, dnd tireei opregbaihgnihi Aembsdl @é%@_t?i Byt e5n thiaf e/l 10-60

m nut es. V\he@e‘ggg %ggiggag ed eags are reacted w th the crosslinki ng agent
and, if desired fhe crodsl FnRFAGIAPIMPEI WBel FoFHREFoONtPA AaEDesad vessel ,

it is desirefeidat o0 the betadedmapssehubeenai mbai;n@@oilﬂng L QW08

envi ronment ©fe phef gL Ak! % u | ess r eferably 1 % by
vol ume or |ess. @E‘X n@?h%ﬁégu%ﬁaafé? u‘rgg}r%s\%??hag%%fzﬁogé nif8Eg4E such as
ni trogen; arYorP P&t 2art nble beohddng ed. Futieh elimpee 5i wigenethendessdtior 26
di spersilg téde tinexgapgededeBdsdt heselfsi seQr ggef)@bhgwsel'%%rhega§%l)et'hat t he
content of W%%%%&L,Ve&i L erein is, not more than 9.5 mg/ L, re '
preferably not” hofe than 8.5 7L?xﬁ§nge§eF9fBPWFn6 ABENEd SEEL/t he
unexpanded HEHELNB0A thefEiomytheinseill hhggother exphhabke beatBodn such as

el ectron beaisxd oS&F1 i NHATRINO ' arﬂﬁ r | i nking.net hod, or

pol yi socya_nagreO rosslgknki gt hg)dthtsé}#an t dé" gf)%viegr%?ﬁ%ﬂc%& n‘fgoan organic
peroxi de as ‘a ¢ ‘b%%ﬂferﬁ&fhage ShPAVLRY t @R navevegaewhadhrapebowc theuct ed at
any 35 dait @lleveciower nlinie beforetaplafhgrnexpansion of the 9 1 AUG
200 15 wunexpende eadsy expended beads are expanded by any suitable
known net hod, to o(bi’itsgi n expha%r}gee%w'b)é@qoés]; T prerietedterpanifo eﬁ@%/héé

i ncl udes di JFhiMigetheOYINEkpendueia peniing Sthe aotakpresyhg beEdhugrsiddi n a

cl osed vesself iseddie presEneelag LAY ndoggepLaabsallagy! Re.di sarsi on to
e peads W

sof ten, the unexpended head nd,to. | npregnate ads RVth ow' ng
agent: and talt#erlrﬁ%gpevé:icgoe %Wﬁa‘?‘a'hi%(E)"f%Q;P?J’F%s%%r%nv\PYﬁnnathéox‘}_@sﬁehr 8 gher
t han t héOvapougs.esng ectdh of ourei g ovhagt ageDt nuapeni B¢ eA8 BBHaef dfe

vessel to diggeh heqhga t hShersi.n di si mul t aneou to
an atnosphere | QJFV\%%% mar?ﬂ't%_h%%gﬁggguggs \?\:I/lhtsﬁ%‘l r?ét%%ﬂ\r}gtsescglrgy (%t‘fﬂe‘?’d??yﬂ‘%

at mospheri ¢ PYéss WHINT 1R dHie exQlaatli migibeie- beads. 15 Cther net hods may
al so be adapted such extmusmmark Wiet Bdbd Nt sinexpeprled beadsuale into

i npregnat e qQwi.ng agent_in. a closed vessel to obfarn expandabl e
beads .whi ch s‘ét‘r%t?;[ €n th}gklerg?l po%P%‘?rqq\gt%gs%}Fe PAShereB8dNshbet REEViRESLY
expandalP e S&d@s ars® dofatertde aml expandechtantl ar 20h8ebhsd wheigi kd he

unexpended beadsharyeeh Hpve ,&Eﬁ@g{i j t opposi t pR-type. bl ow ng
agent are heate a*aMt%_j% fe ergﬁ%e i gher %agno'?rﬁgg%egg%oipﬁﬁoﬁgg‘e erature
of the bl ovmwﬁdgg‘d:en't ngklsaﬁ@éé.tum [For@ntatitse re st drickre hyoviehvagn , Lt
bec;)rre;s' \C/j\,i‘]f ﬁisfunletcetscs_aﬁy ile) mﬂaﬁ{éig@q@_ﬁt?&ﬁs%%@aﬂ@ﬁ @%BEQH 9%8@“ d cell
content whe arent_density of the expanded particles is
loin. In a ?gge%\ﬁg%{g;%%e&g%l:qq i ritg %#l%%ﬁ n® e’é‘f’lﬁﬁeb\ihg%ﬁénﬂé&lbé%ﬁjs i's
carri ed3®ut 2P% &dibgpdmsimgatbdinumhesires an angami T1 peaoXtgelasa@ifect

i nki £ ki i f 1he unexpended
crossiin ngh@gﬁﬁlﬁdﬁnﬂtﬁf 3G, ngd etded {hat %#‘ﬁ%?%g%{gﬁ%ﬁ%glgeaﬁﬁﬁnteﬁgen e

rmed jn the sane di spersing ne
gel - f or mi ng°¥$€m&r°§4 e 1 prdrd feadeps Irayadss iampl iftied and
product i vi t preegnioe iofpnwdetudd) SUG SO NHDMISKRE9GES Smot DEL LA D
agent may beogqgg_gl %%%h@_ di SPE#SI ng nmedi um before or- art er the
gel =forning . 1T 9 A . ST 9%t AP THusCORS i @RBabl beiBEreMster a
di sper s?n &EBft Beditng lohe natexpdMeid dddse xsobs| | Mid Nt age] Adon,
optionally, crosslinking aid has been reacted, the blow ng agent is added
to the dispersion and inpregnated into the 5 unexpanded beads. The
resulting dispersion is then discharged to a | ower pressure atnosphere. In
an alternate ,process, the blow ng agent is added to a di spersion
cont ai ni ng the unexpanded beads together with the crosslinking agent and,
optionally, crosslinking aid. 10 The dispersion is then heated to
i npregnate the unexpanded beads with the bl owi ng, agent, crosslinking agent
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.1 1 AUG 2004 - 17 carried out. The tenperature at which the unexpanded
beads are inpregnated with the blowng agent i5 suitably between (Tv -
.25C) and (Tv + 30.C) where Tv is the Vicat softening point of the %\fe
-resin as defined previously. 5 The expansi on tenperature, nar?e
tenperature at which the dispersion is i §charged fromthe cl osed vessel to
a | ower -pressure atnosphere, is generally in the range of between (Tv -
30C) and (Tv + 30C), preferably between (Tv - 30C) and (Tv + 20C). Wen the
expansi on 10 tenperature is in the range of between (Tv - 300 and (Tv .
10C), bl ocking of the expanded beads and reduction of the closed cell -

content may e d thls r e.is nore preferred. The anded
beads thus ogt%a?neé‘(agbgggﬁ%bl y \5“eo a%nllEY %a?‘gﬁt |CE g0 'be‘@g% 0.09
g/ cnB, nore pAEPepibey @xGThsia09 aphciiitionshehduiel atpapa:cantrcd]ermdtsym s
(Jreater hainde0d gugiieicBRoakiore LU R TAE ML L0, IR HEL ouS
densiti es and, theref various expandabi Tty and adhesiveri

there is a f@ﬁFVSPtﬁFloductl on of 20 a foam nol di ng having unsati sfactory

charactersstics. VItJenltshemp@mmrtt t@IeItSIatty lied sheloe (1S HdBratohg he

ot her hand, ' ex i |0| o hi t hat suff|C| t strengths of the
cell walls rrégghlgt B%EE 5 cgloﬁec]f i d-% ol FHPOR &S ng i n

“be OCC&SI or?éII I
a foam nol di A§tad Rakitag ofnsare; ifaaZCtWOIay:l@Isar@cstt@rnstamstheTItmttapmm .

density" as uﬁadaheaelsn oIS t'ﬁ%asf‘ért%q; ag i@l hawg dbdlﬁa I[ nder
containing water at 23 | east 500 exp andeél‘l S otal wei g W (9))
whi ch have 3Y"€BBBRASA @ﬁéﬁ‘st (}nstaéln@“@tunieefu@déﬁ‘r?elﬁat wereightiRgsed 50 ~
and | atmfoonthayseagatl mfertsted e@a@@e‘dﬂ}ﬂe&msﬁ‘ ifeasdsticty as a wire net

to determ ne the r t he wu r IeveI of the
wat er. The asgg?e%? hge Sty Eﬁ- i%s c?gllfﬁ’l atggg afférafcgﬁ%tcpséi W/ vl 1
1 AUG 2004 - umsxpatﬁéeexpemed yeday (sl dreatsliyafes ade:nﬂmmmmmmg o
0.014-0.056 gkepB. tt;hatta%kl ' RS USRS RATRldL T S atr?c[dee %0 00

- S

fol |l ows: 5|ggmé=;asur|n?l %/nov't\gt %Lno wat er i s containe

expanded bead¥ LY St Sunéligh a?’d)l Shiodh Hhey &Raaried Iktﬁ/ﬁlst%ﬁ%t and at
23C undelb rekherrebyhtini dichyeve Sfhprosed heattmrfe(ylsaza(iﬁyé af s 14 126k o

deter m ne- g MOLYYE 1 ¥2oLEM) iR aeads, hnamy i aradiyaty on of the 10

cylinder. The bu I'S ca cuI ate R2: The
average wei gﬁPtB#néﬁebé(beﬁ&é@%e@G I%Pa@éleﬂ- dengls pﬁefaenm:t)M/ 1-4 mg. As
used her ei n, AL bRotigiehage wishahly Qfo @a@eb@&h@n@ﬁﬂ RAG hd S et @l by
first 15 rrea\,ﬁ&%;g the total ! &\%e Jéte%roug:[oof beads |ncI udi ng at | east
1000 beads) RaYanHe 87N dre RS &R ﬁﬂ@f TeVers HRAR at
80C for ¥ hotiegctandst hén formattiiog t Ardt dtabmpusted oaf ofhgeheads ahitfte

group. The aygyag8 tﬁ then &l 3ted Ryedi viding the total weight by 20
the total nunber. T ea\gera ervi:[\}leéltthJ one géganded bead is the same as

the average wei ght BflSﬂé pPedar §‘0PY Uﬁéﬁﬁén dhsegiel BreabgratdE beads
pref erabl y hagenaniaveeagesaelh/ t\ttfalolbtfadllnc|£1rl%’r‘eﬁasCt:farftl?atl5 4D r SPERePE €S LT abl y

0.3-3.5 um f f syri.ng .cel | tren bl e for
nol di ng of t g e%?}%g%gg% a% \%P( . it ai HY;BB ¢ |t<‘§'I1 %o#a |gleyl of
t he expa?ﬁedaﬁéaé@rﬁh‘lt’lﬁea@@mm @g@teeigse3 Whéoy tweelgtet | Iwwevesr,renlgehs are

consi der abl ytphe I a a h t
nol d: ng hasygg Eggggghg§g@rh§c 8%%19 ?Epf)tﬁaﬁlég %% tthlte Pex;%ﬁ;gi 4'?83&{) the

expanded bea FagmRiadinRA hesop ke sur f ace
snoot hness. Aspasdddhbealdls htaIseat erom a\oereage:ecml lcovet dnt hdgkness” is

formila: . 1PfoRbBo e tEIZeN] bapl e " dntiis ol i e
represenaos aﬁcéﬁéﬁégélé@l agmm%pmmm&mw Iraypmeygrnt vmbnee
fraction. Th?refékagﬁy%' k-di f%”%tf‘r e@?h(tcm Thé g@gsgc%laesrascfn?i n%)gnsured

expanded bead is ¢ into nearly "hal he cut "areas

for the maxi ﬁﬁn?ﬁ?gﬁéta&lyofl“éaf&%m@fy %R?é?ﬁ%i Gr%s@m hase heegim . area. An
arithmetic mean of Ekhmpiexsi ﬂSIImt@Iealf%tthyS a@fid heavaldg cedlzs i éaf@éﬁubﬁbﬁg to

10 obtain an e I dn Siml.ar surenent

cal cul ati on a?éfgégeag%%r iﬁ“ﬁ‘ﬁ%% %#lQﬁ)s SURSEY; ??r%%I%Etad expanded
beads. Te apélagel@eabldunwémdmnqsaaﬂﬂzandIhﬁnemnmeamlaf thsaaueasagd cel
di aneters (dl through d3o0o) of the 30 expanded beads. 15 The pol yner vol une
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 may be
controlled by addition of the nucleating agent and by control of the
tenperature of the atnosphere to which the unexpended beads have been

di scharged from a cl osed vessel and the rate at mhlch t he unexpended beads
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_sirioothness and di nensional stability of the foam nol dings obtained from
the expanded beads. The "average cell nunber” as used herein is neasure d
as follows: 35 A expanded bead is cut into nearly halves. One of 1 ~ AUG
- 20 the cut areas is nmeasured for its area (S1) and a total.4 AUGIRIBY (T1)
of cells present in the area. A«nunber'(Ni)'bf the cells per unit area
(m®) is then calculated by N1 = T1/S1l. 5 Sinilar neasurenent and

calcul ation are repeated for a total of 30 arbitrarily selected expanded-
beads.. The average cell nunber is an arithnmetic nmean of the cell nunbers of
the 30 expanded beads. . The average cell number of the expanded beads nay be
| U controlle n the ri_ner ;as that. for the average cell. wall

t hi ckness. |%a55¥t ﬁ r S5y &5i PABES §§ﬂgdtFﬁ&qﬁﬁa%ﬁ%ﬁnﬁ%ﬂﬂ%?&?mﬁ?ﬁdthe
nucl eat i ng agedtllnnéeaueragedcebhdndmbembmawlb@ deirtopracitdd yswantaol | ed
to a desiredy Hﬁgelachg i's |nportant that the expanded beads have a gel 15
fraction of at |east in order to attain good noldability,

resi stance-to hydr3F9sm§téﬁdoﬁegber@§F§ﬂaﬁéétSTﬁé ddie fheddiy @Fisls ey

expanded peags, l&o@rekemghby &ﬁ%ﬁe31bklW%bg&humUD%Qdeﬁdﬁfﬁﬁ)&fHE90 ~ by

i ght DSt f bl 20 .Th f t
2§Lgndedn32a r%& &gng%ﬁgﬁ&gﬁ Bgaége ggt%yf8&%4%%%%&1”5%i?%éiﬁk#ﬂﬁ%ﬂn i's

measured, as felktows: sAesaatles @mgqyalumNbu@uxﬂtesan@oanumlghmo%temmam@ed
beads (or unexmapded, l@eaﬁgne@r Lufy SRAEARLRD oo Sr%ﬂy?% Lfags having

di aneters simlar to t hos t he expan particle |n a 150 m
flask together witRR2208LlRPhEE EﬁpéFéFHF#PgTﬁéemﬁ@ﬁhﬂaGQ% eﬁﬁ?ﬁf%ﬂl%zc and

anbi ent nrespmeeemadey aef laux phatis hQ@b&olWMdvidyﬁl425 daﬁﬁﬁnfﬂkéﬁs t he

mxture int a cante to 3 the c orm.t hr ou awre
net (10,0 rre?%cfck' Sﬁl SO|eI %ergn ot%h@r\maggoﬁmti ?ﬁafVl&ﬁ ct%‘% cagke r?eat‘%?rﬁ%d
the. flask centabmiedgraldlyl akactediafimsse Amf)thei.uh:@@cﬂlmg @tﬁf@cm‘ Or Mmhius,

then chargedsiBnt Eeffak:%%(k a2Ad fefa,%em Helﬁrﬁ.t'ss t%a't{s 62C and
anbi ent pres%ure under reflux fo hour s hot at‘feast 50, O,

the mxture CRTPREAtUTe; R@GtﬁﬁoforﬁﬁthPaQE|h$qqqt%?eRPQWtHVQF%ikﬁt%n
filtratith defi thehpoeilygsaetObavesh reisie nelclubieel sl itdse cmastétere!\sm net is
dried in an n te] u er, ess 0 0-40

. Torr. The we Bgﬁ bgwﬁgggekg ga aﬂgd %gpgglgP 1ﬂ§¥%§§ﬁégpie |s %%gsured The
gel fractlonr? ig S@r@éﬁt&g@aﬁﬁeﬂebgﬁﬁs((WAIWB)x~ 00r) of the weight W

based on the sanpl @h\é’ehﬁlﬂheV\%oné%J.@@%Qh beﬁeprfe\etcgp%tdad the gPaggled beads
pref erably have _an gi nt den5|ty of an 10 Expanded beads

havi ng an apB&?EﬁF AFATIGE RfgR Eﬂ?ﬁﬁ?%%@ B suitably
pr epar ed2by ampmpvsdagelefman$u@m pmdcesfatW'whlch pr e- expanded beads

having an apparent §H§5Ttl’1e°fab9>vgﬁée9c§: e@/%%g aﬁr&f %Pabéicfpi g?%r?t(:j& g/ cns,

are first pre ar ed t expansi on st e a ove- et hod
and the thus B?eﬁé?e& fhmeded: aﬁ&é&sbégd A ss b Rl ¢l anl Bxpansi on
t r eat ment (spmemdreeﬂaﬁem0ﬁe%b@mb oF thmdveaqgﬁmkﬁbﬁmim§ daFeBe aNd

apparent den 0 referably 0.022-0.068 g/cnB. 20 In
t he second eihgﬁg?%ﬁ %égﬁQ %?% gh re e?banded beads are placed in a

closed v&ssel, to MhPuniansaabovedeferabdy amorgune phyictant| suthgas
agent, such awnb&eqqeﬁyd%rxy%rtngantaquyt'a%rfte iy (5e 8RoVEpTHNhseqedn

organi ¢ physi cal. bl ow ng ggent, such as butane ropane or 25 pentane, is

i ntroduced sGOPRENCERON Haithe theesbome gl tQRFQkﬁtéﬁkﬁgt%@e%Fe ERpanded
beads is incamasad bE phef %ﬁﬁfﬁawtﬁn&‘:- ?Lskqfr/e:tréraﬂm @r@eex@aadsgl heagnt

whose cell s been ar, Wt si.cal are, t.hen
preferabwi pgég %ﬁ a%%eaggﬁant%e&P%/ (ﬁpaQQF%;#%%g? qtﬂﬁﬁ?%ﬁ a
heat i ng d|@ﬁﬁé@cﬁfa§h§t@&ﬁtaﬁdahaﬁ&ﬂlngqﬁgﬁhtt@optheeapaﬁdeﬂab&ads I n
this case, tBQe%éEﬁBi'yo'l rsatﬂd) g8y, b@hbmrsgveft gx,ee sggﬂgée 0 tfhh@ax*ﬂeat

treatment ves whi anded bea arged, so ws

pr e-ex
to make the - H§Fh&rt Frétpé:ar"%rtch@r %l 4&?{%% ek ke pexpradgg pgads.

i ntroduction of thatheat pag fediedantiler Q.'I’fﬁlfganld- [ial“&ﬁz2é@4be 22 _ The
physi cal blo used .in .the secand n treatment

i ncreasi ng tﬁ’h@% ggg%?tg C‘sretlg)itdje e “%eétﬁas“cf%cpgt ?ab’l'lyaﬁnaf“ﬂttp al‘?l ¢ gas
such as & r 6r OQér‘lﬁor% diyoniedeghftorf areasmsond absisprdwengesheng nmedi um f or
5 heating the pre-expanded beads is preferably steamor a ni xed gas. of
steamw th conpressed air. The heating medium preferably has a tenperature
between (Vs - 30C) and (Vs - 5C), nore preferably between (Vs - 25C) and
(Vs - 10C), where Vc is the Vicat softening point of the base. 10 resin.
Too high a tenperature of the heating medi um may cause fusion of cell walls

and reduction of the closed cell content 4f the expanded particles. The use
of steantln COﬂ]UﬂCtIOﬂ mnth conpressed a|r has an advantage that t he

e Y 4 ~ - .



.11 AUG200 - 23 Pi = (W X Rx Tex Y/ (MXL) wherein W is an anount
of gas increased (g), Ris the gas constant and is 0.082 (atnL/(Kmol), 5 Te
is an anbient tenperature and is 296K , Y is a coefficient, for converting
the unit atmto kgf/cnR and is 1.0332 (kgf/(cnratn)) Mis théd A 2008 ar

wei ght -of the gas used for increasing the inside pressure in the cells of

t he expanded beads and 10 i's 28.9 (g/nplf ih the case of air, and L is the
vol ume-(liter) of the gas inthe expanded beads. The anount of gas
increased- W- (g) is neasured as follows: A quantity (at |east 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 pl aced, wi thin 60 seconds after .the

t ak t, h i de

ke ot RelB 0 el B DAL SIS b RS aing

wei ght . (Q 2exppnofed heabksad@vmgr@aslmve@gmem@WG afnepmpnat
expanded be. ‘ES Have 4 g&%’%\n%gﬁ:hou cfésOfHetlhfw VESFRl 5 wepandeds beads are

t hen aIIovve to stan rs I n the chamber -at 23C and 50 % rel ative

huni di ty undasuffdicden thries At imidieddnseiaReniel 9% %Cfa‘E‘}WelJedeanded 25
beads ‘gr @aduginleyy %ren%%{cﬁmﬂ youae tl%ﬁgﬁdld@dﬁtmmbespap@ﬁeét@m t haen

beads. Therefor t he i ght, of_.t beads eas se-of tine.
However, .an e(fu |B’r91 tI‘laglL eWJeéT ‘?@?%d”% Fg%‘?be%ecgeg e no

| onger occumeafd}@adcmnise)erﬁdst hies 2240 ttTuurstl'rﬁelrrtdpE B@aﬂmgldxh@ wei ght - of
the expandeq,heads | %%'&é‘%ﬁﬁ&d hddies SUE £heshesi abtarcehe | apse of

the 240 hours period asurenent of the weil ght_ shoul d bg carried out

precisely tEHREToWIh RedrrakaaaRs (@@mljg)walﬂ.,% BRPERRE r ePtesent s
the anmypt @mdEas Idn:rt&e@%dﬁ@am@;s&rﬁales is ©.00G-200 by-wadghthe

| f th b d f | t
Oy R 1 GBI L, SRole hpelePanl ol bobB 0ppl il ter)
expanded beeh}s waaaﬁm,edoafmﬂ/eqn nshe swem’clecmﬁrtlye(gxeﬁa;ledf ?ﬁésbas'%mF esin,
and Ad i's th ftm %ﬁf?éié’s(é?f& ef)éraﬂﬂfye‘&frﬁ)ﬁf‘gﬁﬂlpeaﬁ§pef§édf gam .

mol di ng prepare romt expanded bead s ire pe uch as-
receptabl e, tp}eath@s%yqqmrtque’bl%tk tﬁﬁ% S}Béﬁ? rra?aFﬁ@E\?ﬁ pref erably
has a depsi t&ca@‘l&&lﬁ:@ e gt crrB has good di nensional stability and

surface smoot hnes${'th Thlenoxid Qr?:r‘. aPé nggsf df@%d%ﬁgaaﬁueaggttﬂﬁ?e' nis.

intended to refer Bihe of  the
nol di ng by tdeenvol i qm%o%l:msg @hetﬁ@emgar Abamaren ﬁés Cgd§ r"r‘ﬁ‘idnt ai ned

at 23C and. 5,y {8l Add yenduahdi é%pb‘ﬁ'ﬁ'ﬁén Ilﬁgtt:rmaz gft Eg@a)é&p(a(ﬂ@@ﬁl byéaflls\é\ﬁ/f VM

.Thefollowr exanples Wili_furthe sen

"Parts" aremﬁg gﬁ‘?r SHAER LRI ggrﬁlp 8, Oéoﬁpgﬁaﬁl xl%%ﬁm?lué: Sand 2 An
al i phat i20 pa ety dmtmé&&lﬁ]ﬁa#ﬂ;ﬁ@laﬂmmmhact alag loxiSleowd iiagh Wol yner
Co. , Ltd e P 1 c [ i nt 0 “R{3¥90C,

| oad:  21.18 }Elc%g’S 8%%)1‘1& 8;@%1%%@'{{’1595%2%2&\2 Qla@ lﬁpoglsg)c%lfig:rrar n of

"1, 4-but anedr@fl%ﬁf‘rdoéu@éthﬁ“@nacpalda nepakis Fts 8ff é fetat W Shown i n
Tabl e 1 and supht hal egyanim E&d@ﬂxﬂd@”ﬁmhgﬁésauﬁoh@rcafﬁxnwfe ammnmmnd

kneaded in | e, axis xtruder and.t hen t oy S,

Conpar at i ve%’ﬁ‘g +9g OFa 83 dHsPAgRE S, ﬁag)rfr’ﬁ’ulétq p%otqbl%l =~ by wer ght in
lieu of 24 gehe’e&bed:erlaonageagauh aEheaér:u.amdsawévroeladm, R PR B WL r esi n
beads each hayjy @né;g' apeher ﬁ%frbggr‘at&te b5 UAB i 'c?al‘z%dhé?ée Abeast+ dc e gm and

an average Weig Itives such as netal salf of a fatty

acid were adeledatBethd pﬁllﬁééi?ersurc@sraﬁ icd ﬁ-%éqlo@%ﬁ%fo%l PRSI batch so
as to be Un'é@]’.ﬁat’eﬁ“ éEebéQﬂlclbsloﬁfU@ Filicade sieliedd calebmunts as

shown in Table 1. The p Ehal 0 yanr n.green ment %deﬁD hpﬁ
pol yester re¥tht Fﬁt‘?he fof 6‘5{0% ]s]\(rgil RPUTR&! the
cont ent Z{mereotlvatetiecpab/yesteeprlorles:m wamgznllpmnos geoipates ofThthéig®sin

beads, 300 p 004 part of
sodi um dodec?flfbenzenes %Teén%t 23&?'3&516}) ttaq' ’ﬁpgl?é(%%ﬁdrgc cl ohex

pht hal at e- d| | ut ed BBAz&RPFEROICH®aFdiFES REL AN Y plp%HeYﬁghPVangeLt d.
purity 50 ~ 39913:Qe”%tﬂé)ﬂet@:t hegec rd 8 qm( LMee (pPapéasbuyed-hy tﬁarrto

Kagaku Co. in an t shown | wer e charged,i

liter-aut ocI’@zQét RKE& fsi @%gg’ﬂ s T ﬁen arvr‘f‘trra&ﬁrcpeadrfrjn?g t?\%m&%{:ocl ave
for 5 nmigpit egstaseanbesedryden d hesdfaromurier negqtiveleas kdéamedew tkhe
stirring to 75C, 15 maintained at that tenperature for 20 ninutes and
heated to. 105C. Carbon di oxi de was then fed to the autoclave until the

i nsi de pressure thereof reached to 45 kgf/cnRG and the m xture was

mai ntai ned at that tenperature for 45 mnutes with stirring. The m xture
was then cooled to a 20 tenperature shown in Table 2 and held at that
terrperature for 5 mnutes vvrth strrrrng Then at t hat hol di ng tenperature,

o o o Y " o oy o o o




.- 26 (. 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 nedium (a mxture of steam and conpressed air) q F @ﬁmﬁ
tenperature 5 shown in Table 4 (2nd expansi on stage), thereby ob g

f oaned expanded beads. The apparent density,_average cell dianeter, average
cell nunber and average cell wal'l thickness of the foamed expanded beads
are summarized in Tables 4 and 5. The hydrol ysis resistance of the foaned
10 expanded beads was al so evaluated to give the results sumarized in
Table 6. ' The thus obtained foaned expanded beads were filled in an
airtight vessel and then pressurized with air to apply an inside pressure

of 0.6 kg/c alrﬁt che el szvhb‘}_et hersgply. pihefimddie d & bpads
| b 2 X Vo op SRERE S

were filled Iét n&ﬁd cavgﬁy V|n a size of 250 nol ded
therein by h&&fi R§E Ea iR %1%1 %ﬁ&er%%%@%ﬂd%wﬁ%ﬁ‘fﬂqw)e 6. The
t hus obt ai ne@heoltiergoeapaageaclat AGM ey, Fa yh @y datiei eedi ey tt 1 essure.
The density, y i shri the f nol di ngs
o o oval i 448 G SREALS G REARGT NS YIRS A %%ES 0. 11
Exanpl e 1%was repe Féduﬂﬁxpﬁ@dﬁﬂn@eﬁﬂﬁn@ﬁYabez5Qi§yﬂdthxirna%uﬁldﬂmafo 75
part of Nypeg Bﬁdb@@h r It e dpe | par. d uf e pon
Yushi Co., Ltd. Eurlgéa@len&) vvas%s%a%s??ta&;ﬂedq%‘ﬂﬁ .%vﬁtgo%? %er
and t hat thegﬁﬁgp FAPED: O5n G on@YmBFenEhgﬁéédegsb§ﬁ§ﬁn icRlrasides | 2
and 4, therebypabdadnbegdﬁoammhmkdﬁd@gs 3QYTme|mhanﬁe&5 Iﬁetéwaorlng
pre- expanded S 0 d f qam d|n are shomn in
ﬁ%é}‘g ma& ﬁ'ge%rgéi?ﬁg: % Q.?l%q: a%rl% é’d‘r‘%“}fcﬂ g d%f

Tabl es 3-6. nlne

Ar nost at ‘?5150°ﬁ1"ﬁpﬁulenefllm wlmmdwmemmll)%lnmmmwmsed :hngdrrer
fatty al cohohmoaﬁtrrelfut)aemr—edplartlsl Y GRARMAHN)1 YRS MSEL B v%’i%}l"r@c“ on
1 1 AUG 200 - é m% neS|u3#¥}e%k 5% %3@§g§§| acceleratln ag%l

Table 1 Gel 2&c&PE PFﬁgﬁ%P?nag & VIS Wt ik nq |

ngr esi nKi ndf edinthe( mgleparts)aid(w s ).(Parts )Ex 1Bl ~ NORENgO 531

SMVA#1001 . st ear at e7p 03 | ONC '
5gyp,,#1?0|stearate n0 3%xgése3éE \NC uorgt§g§ of ghﬁ#ﬁ&?fe described
st ear at e: lYBFcNGRE§Qé@9a9@1+aqeeéeratagaaasentzanQIxnprqanl¢+31 :

5ne.. 0.5, 0 patSmbﬂaetanHJOQ colMiing0 a%fenies BliQNGRE sd £anst e o #1001.
am ne+31 >. NleéB'i:E.@%cﬁ@a% %@é a%%&%'@:oge% ]ér5¢€71t lséﬁgrk?attsee ~resn.n
_However, for reasons of improved dlsper31b111ty, 1t is.
' generally preferred that a master batch of the addltlves ..
20 :be previously prepared and a portion thereof be kneaded
- with the base re51n The unexpanded beads thus prepared
~are preferably stored in an environment, such an a | |

m01sture free environment, where the polyester-based resin
. contained in the base resin is prevented from underg01ng
-25 -hydrolysis. : -
_ Before the conversion into expanded beads, the
unexpanded beads are subjected to a gel—fdrming_treatment
so that hot chloroform inSolubles are formed. One |
_ suitable gel forming treatment is to heat a dlsper51on of
- 30 - the unexpanded beads in a suitable dlsper51ng medium to
"which a crossllnklng 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 thereln and the addltlves contained in
35 the unexpanded beads are not reacted therew1th



.~0.5Ex. 7BI ONORESt ear am de0. 53 .1 5MVA#1001. .0.2 Ex. 8BIONOREMy., ~ 50 3
1 5MWA, #1001steara te.. Conp' . BIONORE Ex. 1 #1001Tal c0.531.5

0. 3Conp. Bl ONORECaMVAEX. 2. #1001stearate4~3:.1.5.p. 3Ex . . ~198Aug 2004

-ONOREMJMVA#1001, stearate0.530,.75.. 0, 1Ex. $| ONOREMy. M~10#1001st ear at e~

0. 530. 750. 1Ex. Bl ONOREst ear at e +5 0~ All#log;an1ne+30 75:1 0,0, 5.
.stirfactarit 1.1 AUG 200 -* 28 Table 2 .
InpregnatlnngI-forn1ngcondltlonsandkbldlngforblownngcarbon per oxi de and ~
agentt enper - di oxidecrosslinkin gimre . nation P gature

(kgf/ cnZ@ ai dconditions( C)(C X mn)(C x mn)Ex. 175x20105x459545EX.
275X20105X459545Ex. 375X20105X459545Ex. 475x20105X459545EX .

575x20105X45g:5451@bra&157>é2%£gt$5?%5 e?&gﬁ@%&@&@&&@%%{%ﬁ{bwah %%%eEX
875X20105X45 N A5Cony.
975X20105y4559§' %45@%@ P SRR SPEABe &f « W%‘I’th@ tine

for |npregaan@ﬁemabmywmsaﬁl15 "1 1 AUG 200 - 29.
: ‘A melt-adhesion preventlng agent may be lncorporated
into the dispersing medium for preventing melt-adhesion of
‘the unexpanded beads during the heat treatment. Any |
-, organic and inorganic_solid particles may be used as the
melt-adhesion preventing agent, as long as it is insoluble
in the dispersing medium and is not. fused ‘upon being
10 eheated Inorganic particles are partlcularly preferably
- used. Suitable inorganic melt —-adhesion preventing agents
include powders or particles of tribasic calcium phosphate,
kaolin, talc, mica, aluminum oxide, titanium oxide or

o

aluminum hydroxide. As a dlsper51ng ald an anlonlc
15 surfactant such as sodium dodecylbenzenesulfonate or
sodium oleate may be suitably used, if necessary.- The
melt-adhesion preventing agent preferably has an aVerage'_
particle diameter of 0.001-100 um, more preferably 0.001-
30 um and is added to the dispersing medium in an amount
20 of preferably 0.01-10 parts by weight per 100 parts by
weight of the unexpanded beads. The dispersing aid is
added to the dispersing medium in an amount of preferably
0.001-5 parts by weight per 100 parts by welght of the
unexpanded beads. : B
25 As the crossllnklng agent there may be used any
conventlonal organlc peroxide preferably ‘having 2-50
.carbon atoms, more preferably 4-30 carbon atoms. Examples
of the organle peroxide include diacylperoxides such as
E lauroylperox1de, stearoylperoxide ‘and benzoylperox1de,
30 peroxydicarbonates such-as bis(4-t-butylcyclohexyl) -
| peroxydlcarbonate and dllsopropylperoxydlcarbonate, and
peroxyesters such as t- butylperoxylsobutylate
- The use of an organic peroxide having a half-life
temperature (1 hour) that is higher than (Tv - 25°C) but -
35 lower than (Tv + 10°C), where Tv is the Vicat softening



.Tabl e 3 Pre-Expanded BeadsAver - Aver - Aver =Gel A anent Cl osedagea aagefrac-de
Sit Ycellcell.celllCelltion3contentdia-thick-(g/cm
) (o) net er nunber (, / Mm2~ness(unm) (1-i n) Ex. 1750.085941601383. 77E>i1 %géqm8p388
-504201. 0O0Ex. 3710.081' 87408250. 90. Ex. 4680. 09392506581. 29EX.
5600. 07290802741 .58 Ex. 6 80 0:,092 93 601471 1. 54Ex.

7740. 088891501253. 66Ex. 8920. 13495 _ 3012%0é5é§C0§pE5x

720. 096841302413. 43Conp. 670. 06768301250 :

3760 09794120. 1793. 25E>r<rp 10780. 099951101983. 04Ex. 11790. 09091605171"' . 50 10
11 AUG 2(~l~r - 30 Table 4 Heating Inside Pressure nedlunApparent

' k G a f
Cxpanded( 00Hoaat: (o G EEs Bl paAh oYLl o By 18 60 b6Erad0. OFiey
34. 3- 0. 25990.%9£7BE a4y C-gRIZED gE RoEe IR @E@@Ql@@BEXhlgh half-

25970.1026E% erifb r3rtQ25980. AKX .y
Ej g 8 25990. l%zgco@mﬁdiﬁ.%@gﬁo 25980. O%Egr@% -o.%@%@.oig%amg.

104, 8- 0. 25956 Jdsgap pieating ime ofpr -heatimgbtkes
Aver age cBl | Arenggemdeel bheiagedianssere i nurere of gl | f¥at| {Rapedne

expandedf oa W ee;%gg%giépandedpf f03§63 lﬁe&ds qrgbég ndb%:ds
O Y il T
1240381: 87Com1uived Ha3WA pel¥esei 22U T P s 1LOI%Q‘(M’é&al@lgxperox1de,

51nce expanded beads having a large gel fraction of more -
'10..than about 60 % by welght may be ea31ly obtained, .since -
'~ the amount of the organic peroxrde may be thus reduced in
performing the gel forming treatment and since the gel-
forming treatment can be effectively carried out without
need of a specific holding time for the impregnation of_
15 the organic peroxide in the unexpanded'particles
Especrally preferred comblnatlon is the use of
water-diluted benzoylperoxide (as the crossllnklng 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 crossllnklng
- ‘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 amount
of theoretical active oxygen is reduced by half. For the -
35 - measurement of the half-life temperature, the organic



.,11160731. 20 1 1 AUG 200 - 32 Table 6 Mol din gHYdrolysisg drol sis Y
YDensit Y Shrinkageresi stancet enper-resi stanceof foanof foanof foanmedature
o expandedof foammol di ngnol di ngC~nol di ng(g~Cni ) (~) beadsEx. 0
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8128AA0. 0314. 7Conp. Ex. 1128CBO0. 0216. 2C0np Ex. - 2128CBO. 03911 OEx .

9, 128AA0. 0213. 8Ex. 10 128 A A 0.022 4.0Ex. 11128AA0.0214.0 . '~ 1 AUG 2al -
33 Examples 12-17 (. An aliphatic polyester reS|n (H ONORE #1 001 -
manuf act ured by Showa H gh Pol ynmer Co. Ltd neltlng 5 point: 112C~ V'cat

sof t eni ng pqi_nt 9 R 90C, .| oad 18N) /10 X nsn Y
1a26 .g/.cnB) (?%r%{olide% 9r?tsti n ys(o(])]T e%i‘blﬁ% Cg? n’F%T%E?'He A net al
salt of a,fdeytadiod radiwalin stalil es7 betreﬁeme( an |Ihixeer#125pnnutatbur ed by
Mat sumur a Sabawa nCQ .0 .3t tho1 AY AR ik Pakhe Cls%lq_t'ta.f.'g?tt & & (%%Jgan]t e

i norganic particles_and a phthal ocyani n green pi gnent -as a ¢
mel ted and Eiésfedib® #NGRE SEmesBhsiridiaameehererka¢ededitht o strands

whi | e evacuathtJI@gte@ rematéegtaeer %ub@hﬂssts"e&'l@@ \é@ircﬁ ‘d}iétn 0 LRI . fesin
beads each t&%w ng . i amet ofaﬁt]S about ength of about 3.0 mMm

and an aver age weignt- 6F3 &t Qres%qt[enatpl%edatf WP%E?Hu%ss‘added to
t he pol yest éhatedine iorgand o gremanfice igss ttetre tved Chy sd)ecamnpos@e uni foririly
di spersed therei nrignan o IR SRRl I o NG DL NBL 0gy @R 1y 0T een

pi gmrent was added to the 20 yester .resin a mas atch

S0 as to be SERIHOGHLP I ey %&ﬁ%@%%ﬁgs@éﬁ "élhl%lﬁrdumf baas the cont ent
t hler eoI 10n tdmmmestaemrgesaﬁfw 1mt293rmgtprﬁt:&ﬁ@$ryw@$3 adﬂsgtﬁe?ﬂtés

pol yester regifd m of; 3 er,_batch s e uniformy -

di sper sed t%erg n |l%1%§'r‘ils rﬂor@ ‘W’t} ’t‘ib‘f’élﬂfe f@@ngﬁgtgn‘df the
resi n beads 936Fa3am §'C5fOQAH¥@?bOI® 5t<pxa$t spoéfarabilyud-G0 derdbrOGitqes i of
sodi um dOdemaH@lé%nwltff@@I%SS]ll%]ﬂ%{%salq J,'\'chﬁi%é:': éPﬁgEBy%EEFOX' de

manuf act ured. b ppon shi
met hacryl at &5 r‘l’ti:?’a(‘?tsul“la"d:héﬂt1 REHRG C%thYLt%ICW?-ﬁtan armunt
shown: i 5. Tabteethacmlé.laaecshangﬂd dsntoee thifl Immeammt@venandtnytrogen gas

vas then I nicedueed1l e AHOCANS J % 5l Wl o8, 19y Lemye oxygen

therefrom The mxture Was at ed W iIrring i ntai ned at
t hat tenper &COPOUAGE ZQTH Mt éievartwlbepzpnme 2O0¥lat84or heatbecrpla08C,

Carbon di oxicdapwandshemde@ s @ dHia eHEAG) e dildtyi e i nside pressure
t her eof reachféIy %%y 0 k f/c G nd t mxture vvas mai nt ai ned at that

t enper at ur ePP 1§tqrry "’H"ge THe R 54 Yk @LRBSPEN e hen cool ed to
a t enpebét uteisioawn ate, Tatdte:a&xee:idrﬂmdlrmé*dtartmattrimpﬂatare for 5 mnutes

wih StirTi Rge EigRn Al o ﬂ!e’tg:al ALY € RDE DG gE ot he autocl ave

was opened,. e Intro a nitrogen ‘gas | e’40tocl ave to
mai nt ai n théllF“ﬁ§P&€r|é/rl€st§Jr & iy O%H@H@%OW@F\@%h@ﬁeyeﬁheméné

di schar ge t alayhi mtth}arcﬁq&m% thahthWetsh@rﬁeljdfg%gfaiﬁiﬂé Oa AR (1'[St

expansi on s rehy. .opt aj ni ng. pr.e- expanded. bea action,

appar ent derr]t'g'lgt(:é an}';tl\t%g'r a%e/q" cesllﬁcq’d pct %E%r%%m&’é‘?f nﬁﬁae réﬁgﬁ' ver age

cell waPk¥ thuseb@ar@wr@ftet,h@hlms el entn adheal paxbexphndedchdadscar as _

summari zed It&lgqb_lyq %rl-ﬁ{’éq_ltlh-_l.&é)btﬂ ”a?.dl retpﬁggggeg begdgﬂﬁge filled in
and e

an alrtlght vesse then pressuriz arr to rhcreasée e .inside

pressure i nPYROEHIE &tfer doilald \%qwetse%mhetﬁacragb@xy@atwe '
pre- expandedihdaqd Wi ad® t ftﬁm]fl;}l ashid d reed hef d@ﬁﬂ/lcﬁﬂ"i%@t‘éd EO a

st eam suppl for._su heat i ste reduci ng the
pressurep:on qg\i\llpg‘giseel cRPngngc m afl]@afﬁlmf‘ﬂé BRe- QxHanH‘ed beads
\r/1vere he8® ed pPhietty L& niedxitsmeg. et dem ( @ odiyatemse hafvigtce atowole clmmdessedhaior)
avi ng-a tegpenatur, 0 ere

A ﬁ}%é.gé%@gabs R b4 HROTALOR1 AL ST €Y

obt ai ni ng f& expa ent den5| average ce II
di aneter, &rdde dands, @isd %&%%@tblph%ﬁlatﬁv clalnm@p@rrgwﬁe toarred

expanded be&d@p&tﬁda&l&ﬁ@,ﬂt@%ﬁd}ﬂ ].estxlﬂné‘é‘&'te' diBeopudQhysis
resi stance qf__the foaned anded beads was [ so eva uat éd to give the

results sumtaricodd 58 Ofa ]eorl argyl maleate. ~The use of

35 combination of an organic peroxide with a d1v1nyl compound,



.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 11 AUG 200g - 35 nold cavity having a size of 200 X 2343 AUG@Mm and
mol ded therein by heating with a steamha¥dng a tenperature shown in Table
12. The .t hus obtai ned nol di ng was aged at 40C for 24 hours under anbient.
pressure. The density, 5 hydrolysis resistance and shrinkage of the foam
nol di ngs were evaluated to give the results summarized in Table 12.
Conparative Exarrpl e 3 Exanmple 12 was repeated in the ,sanme mariner as 10
descri bed exce t hat nggne5|un1stearate was not used at all. The

properties of Hélﬁr BCepaRfed BYAdEe arfe FSIRHIER Hoarsrarl 3 bhm

nol di ng t hus tbkt ansaedfaraecshmmmamomtdfeotﬁzlo&lp&cﬁxlﬁmlfltﬁt@ Exarrplte 12 g
was repeat ed e escribe ept that_ tal c was not use

at all. The Sﬁgﬁépgbggggpga%g %Fg é&p%‘ Q@qﬁgi(%éj et TSR Y  beads

and foanlnolﬂﬁﬁéeﬁﬁﬁg obt ai ned are shown in Tables 20° 9-12 . The gel

fractionssof the pirﬁeezsegaﬁsé B@%@%ndteh%sf %a'@%% %;ig?fg%%%%ﬁ&%{ S an d

2nd expansi on_stage and f.oam mol t he
Conpar ati ve ERafpi 88OH8te o) ot tﬁe %@ by wegd ghty, tp Eﬁhﬂw -0 36-9rabl e
7 Gel accelpaatsngyPabygatenper gAmD lrts by weight of the unexpanded

PCpart Sy CporRtstd flg SR ALECKD %Sﬁhdéﬁ%ﬂ%%%a%éﬁéa#w §ith 1 _
. Bl ONOREM g BSstlm 25 RLRL0OEs Ve A0Ad 03 palsEx k3l GNCRERC MpiRférdbly 1 1 .

5M\/A 1ﬂt#1oclsuear hetQ by22bx PCO\I%WQD& J:Q:slb ht of th
1.' 5MVA 15#' 109}1{ 9 rage é 2ExgHBI aNOREMgp f% Y weight o =

The gel-forming temperature T (°C) at which a _
dlsper51on of the unexpanded beads in a dlsper51ng medlum
contalnlng a crossllnklng agent is heat- -treated, varles

15 dependlng upon the kind of the base resin and other
conditions but is generally a temperature which is not
 lower than (Tv - 60°C), where Tv is the Vicat SOftening_

point of the base resin (T 2 Tv-65°C). For example, in. |
the case of the unexpanded beads made of a polyester (Tv:
20 109°C) composed of 1,4- butanedlol and succinic ac1d the
gel- formlng temperature is 50-140°C, preferably 90-120°cC.
- The heatrng time for the gel- formlng is preferably less
than 3 hours since otherwise there is a possibility that
- the polyester-based resin might undergo hydrolysis which
- 25 may result 1n deterioration of the characteristics of the
| polyester based resin and may adversely affect the gel.
formation. o :
Before the start of the heat treatment for the gel
formation, a step of impregnating the unexpanded beads
30 with an organic. peroxide crossllnklng agent at a
temperature lower than the gel-forming heat treatment _
~ temperature may be suitably carried out. The 1mpregnatlon
'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)
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1. 47Ex. 148205 P99 ﬁggs 15720, 2881 6 Ex. 17730
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- 39 Tapl e & é%%er conditions but is generally 10-120 minutes, :

5 _preferably 10-60 minutes. While the 1mpregnatlon more
fully proceeds as the impregnation time increases, an

, . excessively long impregnation time is undesirable because
there is a possibility that the polyester-based resin
might undergo hydrolysis. Thus, the impregnation

10 temperature and time are desired to be selected acCording'
to-the kind of the base resin. For example, .when
-unekpanded beads made of-a_polyester (Tv: 109°C) compoaed
of 1,4-butanediol and succinic acid are to be impregnated
with benzoylperoxide, the 1mpregnatlon temperature is 65~

15 85° c, preferably 70~ 80° cC, and the 1mpregnat10n time is 10-
120 minutes, preferably 10-60 minutes. '

When the unexpanded beads are reacted w1th the-
crossllnklng agent and, if de51red ~the crossllnklng aid =
- for gel formation in a closed vessel _1t is de51red that

20 the closed vessel be malntalned in a low oxygen
environment of preferably 5 % by volume or less, more
preferably 1 % by volume or less.' Any method such as '

 purging with'an'inorgahic gas such as nitrogen, argoh or
steam may be adopted The dispersing medlum used for
25;_dlspers1ng 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.
o 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 Crosslinkiﬁg
‘method or polyisocyanate ¢rosslinking 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 tlme before or after expansion of the
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18390163. 69 1 1 AUG 200 - 41 (.. Table 12 Ins-Hydroly-Hydroly- Nbldlng
ide sis i si's DensityShrin= kagetenper—Pre s-res s-,resis-of

f oanof at ur esunekpacdedf baades .nol di ng foano ( C)(kgf/foanedofB expandedf oam

[ cnmol di ngem ) be 2 :
g20.0244.0Ex -13123g§n8k%88g§§2a é%égs are expanded by any suitable

known method to .obtain. expanded beads. One preferred
expansion method includes dispersing the unexpanded beads
5 in a dispersing medium within a closed vessel in the
presence of a blowing agent; heating the dispersion to
'soften the unexpanded beads and to impregnate the beads
with the blowing agent; and_then)’while maintaining the
pressure within the vessel higher than the vapor pressure

10 of the blbwing agent, opening one end of the vessel to
discharge the beads and the dispersing medium _
simultaneously to an atmosphere lower than the pressure
within the vessel (generally to atmospherlc pressure)
thereby expanding the beads. '

15 ' . Other methods may also be adopted such as a method
'whereln the unexpanded beads are impregnated with a
blowing agent in a closed vessel to obtain expandable

| beads Wthh are then taken out of the vessel and heated so
.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 decomp051tlon temperature
of the blowing agent and expanded With the latter method,
'thever, it becomes difficult to-obtain‘expanded beads

25 having a high closed cell content when the desired

apparent-density of the expanded particles is low.
 Ina case where the gel-forming treatment of the

unexpanded beads is carried out in a dispersing medium

using an.organid_perokide_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 blow1ng agent may be added to the

36 dispersing medium before or after the gel-forming
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f oamed expanded beads were neasured according to the nmethods sho el o

Shri nkage Foamed and expanded beads. obtaijged were mai ntai ned 10. at 23C
and a relative hunmidity of 50 ~'for 72 hours and nol ded as described above.
The shrinkage of the foamnolding in the direction nornmal to the thickness
di rection 1 1 AUG 200 - g.2 of the nolding (between two shrinkage val ues
in the Iongl tudinal and lateral directions,. a greater value was used) was
calculated as follows: = L (B - A) /B] x 100 (~) (5) 5 wherein R Shrinkage
of the nol di rigeatnaniyt hThusngiinudinealp rocedsat, eradlt drergtdi)s g r $ en mol-di ng

aged under c f t C ur

a?ter t he. m%%]églqﬁ%lgg te% éﬁ{’%}gjﬁ{#&;fﬁ’%%ﬁ) %%%%Jé}{;gl%‘%r?%gﬁgnﬁpﬁg to A
Hydrol ysi s RS Yof @W@E@)’%dﬁﬁ Beeriy: reéactéd, abbeebEramphes
and Conpar at |a\gearExar§)IaeﬁjedftQ> fﬁk@Qi:ystéréﬁ% Sér‘?@cﬁn% edhgcéQaRd,beads was

eval uat ed 15 accordi o the f owing.ratin en the foaned beads
were al |l oted ut% %&a&r‘ige%uh)cféar&cong‘#’te SRSUIE 1R% ShSPeRSHR dfs 4 and a
rel ati ve huniddistohagfgegD to fa)rlcﬁ&nja;;/:semmvmlspm\eﬁe molxh drhe shri nkage
of the nol di ng 1Rl ARGy di o) LS, less than 7 ~
B: Wien the fganed bet%gg) wegeyal tor{slsie %Jr?én g %@%ﬁ?ﬁ%né of a-
tenperat ure GRSREESAMR &qnéqadtnw Hihﬁ dHngrRANGH ~b¢aﬁls 200dayseanditbl ded
in a nold, tmeleshmddsagelmfngt heyatl dirfiy, QY t?id}?éjlﬂ? of gb g1 § Q28 tged

equati on 5) than 7. and ,when f oane eads were all owe
stand und ér condldtg'ssgjnsrsd‘fo Jter}:&ﬁ’éttlﬁaet‘?ﬁ& h%é%%“?’é‘?aﬁ‘%euﬁﬁﬁpapfi?dof
80 ~ for 30 @@Fﬁsamd-tm)ltd@d Hlrpwi | ajerithe ctws sikiagjed o4 a@entmhﬂdng
obt ai ned aCC@@@ﬂ&idﬁlf'“%fg§§¥¥ﬁﬁiﬂgkéfa drig Y ﬁgighgé?e Z%g?ethe

f oamed beads were all owed to stand er condi tions of 40C
and a rel ati & TRARIItHFaSMeBG ~ FHEN20thgy SisRe risdiomed S rﬁilaﬁcmﬁrcgeddeo

shririkage of tlowerolpdienguiat aitied@eaes,didtde @k thansarat i s ﬂéérbéfm)re
si,S, Resi. st nce of  Foam. Mol di.n '

than 7 ~; 3 d
the above Exzi;rar%I 'eblségnzga%éourrsptgér ati ‘I“E{Zéﬁ%f)‘e—grmﬁﬁg h$EPERPdon rte%‘i‘%q%t%@er%f
t he nol di ng was evélsuébédbécSPWﬂ@Iq @gentAfused Hisim g rdpamiets t thet alndvander

condi tions obxpaheepebaldss ¢heAQCHaAA Kb fxf‘é,eaci' AR L % B0o7ef 0r 60
days,, t he ngh(%b % was neasur.ed for th o) coéé’%;esm on ness prOV| ded
7

inJI'S K-676 Tile CXIARTS PHY 2 WARDrAFRE £ oet%e PBPPARENG
ratings: 10 hutane,25ww@mwsﬂlmdmme3wal$&>éad@jlcmZ or higher. B:

The 25 ~2¢0MpLe$3LRR HRARIRGSS usﬂ‘%Md;EJEﬁhéhé%J%Hééﬂgne, 1-chloro-
1,1~ dlfldoroethane or l-chloro-1,2,2,2-tetrafluoroethane;
or an inorganic physical blowing agent,:e.g. nitrogen, -
carbon dioxide, argon, water or airQ Above all, the use

- of an inorganic physical blowing agent, particularly

25 nltrogen, carbon d10x1de 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 blow1ng agent.

_ In the above expansion method, the blowing agent is

30.'generally used in an amount. so that the closed vessel
contalnlng the dlsper51on has a pressure in the range of
5-100 kgf/cm(S The amount of the blowing agent is
suitably selected with the consideration of a relatlonshlp

_ between the apparent den51ty of the desired expanded beads

35 and the blowing temperature at which the expansion is-.



.15 1 1 AUG 2004 44 CLAIMS 1. Foanmed and expanded beads conprising: a base
resin including a pol yester-based resin containing at |east 35 m)l e %of 5
an aliphatic ester conponent, and at |east one gel accelerati dg H@e?m"

-sel ected fromthe group consisting of fatty acids having 12-25 carbon
atons, netal salts of the fatty acids, esters of the fatty acids and am des
of the fatty. acids, said at |east one gel accelerating agent being
unlforrﬂy dlspersed in said base resin in an anmpunt of 0.15-3 % by wei ght,
sai d beads having a gel 10 fraction of at least 5 % by weight. 2. Foaned
and expanded beads as claimed in claim1, and having an apparent density of
0.015-0.09 g/cnB. 15 3. Foaned and expanded beads as clained in claim1,
and having a @dirifachctiton Bhe4edPeXalryreeiaghtehidh Fommerheashypanded

beads as cl a r{ic n an
arount of 0 GO 5%1@ ai'“{ﬁrj‘i% i 5t oS, ST AP AONE A ILER T o
in claimé4, Vd i %or’r éanl@dpa(r'fﬂ ct e¥0 ‘onpriiere STV | J;at‘ese Bic&paned

and expanded skmefaaiaml&fg PoAine s H:htél élda[Be4 rada{ eagl S thdd 9&]5'
particl esgare talc Foaned an %’r beads cl al rred In a|¥n 4, and

havi ng a appar ent d‘gﬁm a51|51(9n0 r@nﬁnaﬁ? F JeTRRE BiHeH &5 pihded
beads as cl aiwpdeh rkhe a:ilmp@rm haandlg;cmegﬂjed rfawcdsm oh®fchOs &P Jebye1

wei ght . 1 JaoA /Y %facq‘%d A, exns as clainmed in
claim 1, "wherej # S@ﬁ%@l se rsgrsrleﬁ ur t Her cdrrprl g‘i%%ﬁ% 17 oHidF HoPYSrer
other than pQlty&&§t&essaddy residyGin adl a¥unt 1 WO Pisfewibhy betwess. 5
10. Foamed andvexpandted heads s +clzeg md 'Wh@ha*tﬁ‘elex%%rs@do@; sai d base
resin cop |stt% %%:%@Eﬁ%”y af the R este based resin. 11, A foam nol di ng
obt ai ned ng tHE f5antdd AT é%féfn brfetdtfse%c%‘Fd‘nbot% 3@ mivin a
nmol d. 10 12 -Alfooé;m,nblldaqun@btoaﬁ mere tgxpaememgaetms f aredrece @nelt Expapged
beads aCCOI’dItI}lﬁ QA oGledl i %r%;% ed beads ‘as
Ged %O%t@{td iaé?rem n has sai a‘)‘%%

claimed.in claiml erei n sal d base acce?%?%?lhﬁ
agent uni f or ASF SdPLFERLEE % her ei n by kneading together of the base resin
and gel accel erati Mpeagepanded beads thus obtalnedmﬁreferably have LA
A’S‘f AA AI?; %H A%gpﬁg ﬁ%Y ig&tﬁz%%n o '%Ll%s da‘ %% Al_}cm ' moreAlgrégf\e ré\%l@l_g Af A
. A A+] . AVF. AHL|92Rf—0AO9A3>(cmq9'> MMMhe\LaMem’Shdé\ﬁsitﬁylé béeaBpe>c\ 45

>cC  than 0.09 ' t

\\(\#. #. ppO :a ““““ 889 %00068’%3’%8 %E)’Sxii‘??&gﬁgxé)ﬁ%s&@é‘%%? ’;@V’F')O " pp0
0pp00000° * * 5668509508k (GEEFSTS0| V5ol Rpandahigobun 2 DE' (1
(] q and adhesiveness. Thus, there is a fear of productlon of

ZQ_ a foam molding- hav1ng unsatlsfactory characterlstlcs
When the apparent density is below 0.015 g/cm ., on the
other hand, the expansion ratio is so hlgh that sufficient
:Strengths of the cell walls may not be odCasionally
maintained duringlmolding,_resultihg in a foam molding
25 _having unsatisfactory characteristics.
The “apparent density” as used herein is measured as
follows: ' | ' '
In a measuring cyllnder contalnlng water at 23°C, at
| ' least 500 expanded beads  (total weight- Wl (g)) which have
-30 been allowed to stand at 23°C under relatlve humidity of
50 % and 1 atm for 2 days are 1mmersed u51ng suitable
means such as a wire net to determlne the volume V1 (cm3)
of the beads from the upper level of the water. The |
apparent denslty Ad is calculated as follows:
35 - Ad = W1/V1.
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~ 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 hélves. ‘One of

‘ the cut areas is measured for the maximum diametet 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 (d,). 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 dlameters (d; through
d3p) 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/Cma) of the base resin.
| h The average cell wall thickness of the expanded

20 -beads may be controlled by addition of the nucleating .

agent'and by centrol 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 mm? , more preferably 5-1500 per mmz,

30 moSt'preferebly'B 1000 per'mm2 for reasons of good surface

smoothness and dimensional stability of the foam moldlngs
obtained from the’ expanded beads.

The “average cell number” as used herein is measured
as follows:

35 : A expanded bead is cut into nearly halves. One of
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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 selectlng the
amount and kind of the nucleating agent, the average cell
number may be appropriately cohtrolled-to a desired level.
| ' It is important that the expanded beads have a gel
15 fraction of at least 5 % by welght in order to attain good
'_moldability, resistance to hydrolysis and heat resistance. |
- The gel fractlon of the expanded beads is preferably 10-
95 % by weight, more preferably 40-90 % by weight, ‘most.
preferably 60-90 % by weight. o ' _
20 ' .~ The “gel fraction”'of expanded beads (or unexpanded'
beads, or a foam moldlng) as used hereln is measured as
follows
: A sample (weight: W3 whlch is about 1 g) of expanded
beads (or unexpanded beads, or a foam moldlng cut into
25 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
aﬁd 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
36 5 hours. While hot (at least 50 °C), the mixturelin_the
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in an oven at 80°C for 8 hours under a reduced pressure of .
| 30-40 Torr. The weight W4 -of the dried material thus
b obtained is measured. The gel fraction is a percentage by
7weight ((W4/W3)x100%) of the weight W4 based on the sample
: welght W3. ' '
| -As described prev1ously, the expanded beads _
jzpreferably have an apparent density of 0. 015-0.09 g/cm .
10"Expanded beads hav1ng an apparent density of not higher
| than 0.068 g/cm may be suitably prepared by a two- stage
expansion process in which pre-expanded beads hav1ng an
apparent density of 0.067—0;134 g/cm’, preferably 0.067-
0. l'g/cm3, are first prepared (first expansion step) by '
15  the above-described method and the thus prepared pre-

| expanded beads are then subjected to an expan51on _

treatment (second expansion step) to obtain expanded beads.
~ having an apparent density of 0.015-0.068 g/cm [ o
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
organie physical blowing agent, such as butane, propane or

26 pentane, is introduced so that the inside pressure in the

'-dcells of the pre-expanded beads is increased to preferably
_O.2f7'kgf/cm2; The pre-expanded beads whose cells have
been charged with the physieal 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 therelnto
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103: "10%@j()angogﬁwusbﬁﬁc  more preferably between (Vs - 25°C) and (Vs
- 10°C), where Vc is the Vicat softening point of the base .
10 resin. Too high a temperature of the heating medium may
- cause fusion of cell walls and reduction of the closed
cell content of the expanded particles. The use of steam
in conjunction with cempressed air has an advantage that
the temperature of the heating medlum may be prec1sely and
15 easily controlled
The expanded beads are used for the production of
foam moldlngs - A foam molding may be produced by heatlng
the expanded beads 1n a mold cav1ty 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 heatlng 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 expan51on 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/cmz.
The “inside pressure in the cells of the expanded
-35 beads”fPi (kgf/cmz) as used herein is defined as follows:
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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 dev1ce prov1ded
'1n 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 vessel. 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 péermeates through the cell walls and
esdapes from the beads. Therefore, the welght of the
beads decreases with the lapse of time. However, an
equlllbrlum 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
' 1n 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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The volume of the gas in the expanded beads L is
defined as follows.
L (liter) = (S/ns) x {(ns/Ad) - 1} x 107
wherein o '
- 8 5 is the weight (g) of the expanded beads measured above,
‘ns is the density (g/cma) 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 den51ty
of 0.012-0.06 g/cm’ 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 mblding by the volume VM
15 (ém3) of the molding which has been maintained at 23°C and |
50 % relative humldlty under 1 atm for 2 days (density =
WM/VM) | | | |
The following examples will further illustrate the
. present invention. "Parts" aré.by wéight.
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/cm composed
25 mainly of 1,4-butanediol and succinic ac1d a metal salt.
of a fatty acid as shown in Table 1 and a phthalocyanin
greenlpigment 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 ah 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 addltlves such as the metal
salt of a fatty acid were added to the polyester resin in
36 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.

100 Parts of'the.resin_beads, 300 parts of water} E
0.5 parts of aluminum oxide, 0.004 part of sodium -
dodecylbenzeneéulfonate} 1;5 parts of Nyper FF
(dicyclohexyl phthalate—diluted'benzoylperoxide
manufactured by Nippon Yushi Co,; Ltd.; purity 50 %) and

- methyl methacrylate.(MMA) (manufactured by Kanto Kagaku

Co., Ltd.) in an amount shown in Table'l'were charged into
a 5 liter-autoclave, and nltrogen gas was then 1ntroduced
into the autoclave for 5 minutes to remove oxygen
therefrom The mixture was heated with stirring to 75° C,

‘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/anG

“and the mixture was maintained at that temperature for 45

minutes with stirring. The mixture was then cooled to a
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

- were discharge to ambient pressure to allow the gelled

resin to expand (1lst expaﬁsion 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

'obtalned 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 inéide'pressure in the cells thereof to a
value as shown in Table 4. The pre-expanded beads were
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

%]

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 fllled
in an airtight vessel and then pressurized with air to
- apply an inside pressure of 0.6 kg/cm2 in the cells
15 - thereof. Then, the foamed expanded beads were filled in a
' mold_oavity having a size of 250 x 300 x 60 mm and molded
therein by heating with a steam having a tempe:ature 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 _
25 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'l, 2 and 4, thereby obtaining foam moldings.
30 The properties of the pre-expanded beads, foamed expanded
- beads and foam moldlngs 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'nsed in conjunction
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with magnesium stearate'as a gel accelerating agent.

Table 1

_Gel_accelérating .
" Poly- agent Bead | -Pper- | CFOSST
_ _ I . .+ . | linking
ester - . weight | - oxide S
resin " Kind Amount | vy | (parts)y | 2%
- ; I (wt % ) 97 P | (parts)
' BIONORE ‘Mg R = MMA
Exf-; #1001 -| stearate - O'S- 3 1.5 0.3
P . | BIONORE . - Al S B : MMA
Ex. 2 #1001 stearate | .0 3 1. 0.3
- BIONORE Ca o : MMA .
EX'_B #1001 | - stearate 0.5 3. _1'5 0.3
Ek 4 BIONORE | stearate . + | = . ;' 3 1.5 - MMA
! #1001 " ~amine 0.5 ) " 0.1
- surfactant ) ' _
o N 0.5 - -
Ex. § BIONORE stea;ate + + 3 1.5 Nil-
: #1001 ~ amine 0.9 o . C
surfactant i
: BIONORE | Mg . - MMA
: EX'.G #1001 Stearate 0.8 3 'lﬂs 0.5
BIONORE I . , MMA
| Ex. 7 #1001 Stearamide |- _0.5 3: 1.5 0.2
o | BIONORE | Mg . - L - . MMA
E¥713 #1001 |  stearate 0.5 3 -175 0.6
Comp. | BIONORE | o . o  MMA"
Ex. 1| #1001 -| - Tale 0.5 = 13 0.3
| Comp. | BIONORE Ca . 3. L5 " MMA
| Ex. 2.| #1001 | stearate D R e
Ex. 9 |BIONORE | . Mg : : ~ 5e | . MMA
- #1001l | stearate 0.5 .3 -,9’75' - 0.1
Ex. |BIONORE| Mg | . MMA
' .105 © #1001 -|._Stearate '0f5 3 0775 Sl 0.1
EX. .|BIONORE | 'stearate + ; 3 ' O 95 - MMA
11 #1001 amine . ) 1 0.1
=] - c A 0.5 :
surfactant : .




& ()-)!.k#10% & ()-)H JKNPQNL/ 5. k#1. k#10%
& ()-).k#10% & ()-).Kk#10%
& ()-).k#10% & ()-)5WZj #. k#10% & ()-)!. k#10%

& ()-) knrtuwx[ 95! . k#1! . k#10%
& ()-)!.k#10% & ()-)!.k#10%

& ()-). k#10%
& () -)wx}~nK) 5! . k#10%

k#10% & ()-)5WZ) #! . k#10% & ()-). k#109@8 -

& ()-)!. k#10%
& ()-)5WZj #QSTUVX nL*5! . k#10%

& ()-)!.k#10%

Table 2
Impregnating Gel-forming
conditions and Holdin
for blowing tem er? Carbon
peroxide and | - agent b dioxide
. . Do : . ature "2
‘ crosslinking | impregnation '(OC) - (kgf/cm®G)
aid conditions | .
_ : (°C x min) (°C x min) .
Ex. 1 75%20 '~ 105x45 95 45
Ex. 2 75%x20. .105x45 95 45
Ex. 3| 75%x20 105x45 95 45
Ex. 4 75x20 105x45 95 45
Ex. 5} 75x%x20 105x45 95 45
Ex. 6 75%20 105x45 95 45.
Ex. 7 75%x20 105x45 95 45
Ex. 8 75x20 105x45 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 ;05x45 | 95 45
= 75%x20 105x45 95 45

5 g Holding time for impregantion is zero.
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Table 3
| Pre- Expanded Beads _ -
el Closed Aver- | pver- | Avers
_ :Ge L ose - age age
- - | Apparent age. .
tlon 3 content dia- thick-
(g/cm”) 0 number .
(%) - (%) meter (/mm?) - ness
. (um) | (pm)
Ex. 1| 75 0.085 54 160 138 3.77
Ex. 2| 63 | 0.073 88 50 420 1.00°
Ex. 3| 71 0.081 87 40 825 0.90.
Ex. 4| 68 0.093 “92- 50 658 1.29
Ex. 5] 60 0.072 90 80 274 1.58
Ex. 6] 80 | 0.092 | 93 | 60 471 | 1.54
Ex. 7] 74 0.088 | 89 | 150 125 3.66
Ex. 8| 92 0.134 95 30 1210 1.15
‘Comp. | 4, 0.096 84 130 241 3.43 °
Ex. 1| 1 : .
comp. | ¢ 0.067 68 30 | 1250 0.55
Ex. 2 . _ . -
Ex- 90 76 | o0.097 94 120 | 179 3.25
el 78 | o.ose | 95 110 | 198 3.04
EX. | _ e
1 79 |- 0.090 91 60 - 517 1.50

10
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Table 4
' Heating
Inside Pressure: medium dzﬁgiiengf
pressure | in Vesifl temper- foamed ésgahded
. 2 . 2
(kgf/cm®) | (kgf/cm“G) ature 3
. . - (°cy. beads (g/cm”)
' |Ex. 1 4.5 -0.25 97 10,029
Ex. 2 4.1 -0.25 95 0.027
1 Ex. 3 4.3 ~0.25 99 ©0.027
JEx. 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
comp.. 4.5 -0.25 99 0.029
Ex. 1 ’ ' T
‘comp. 1.9 -0.25 98 0.037
Ex. 2 2 D e | '
Ex. 9 4.9 ~0.25 98 0.029
Ex.. 4.8 ~0.25 99 0.029
.EX. - e
11 4.6 0,25 95 0.028
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Table 5
Average cell Average cell Aviragil
diameter of | number of Ei% g
foamed expanded | foamed fl(f: r;es(sj
. beads expanded oex aonaéned
C : : : 2 p ed
(\am) ) beads (/mm°) beads (um)
Ex. 1| 210 . | . 47 1.63
Ex. 2| 120 - 124 ©0.88
Ex. 3| 90 206 0.65
Ex. 4| 140 i 103 1.09
EX..5 190 | 65 1.43
EX. 6 - 200 52 139
Ex. 7| - 230 a2 . 1.79
|Ex. 8| 90 | 211 1.10
' gimpi - 240 | 38 1.87
g:mpé . 50 396 0.50
| Ex.9 220 40 ) 1.71
-ﬂﬁ{ 210 o as 1.64
%ﬁi', 160 73 1.20
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Table 6

" Molding .Hyd;oly51s Hydrolysis | Density Shriﬁkage'
. reslstance , :
temper- |- foameq | fesistance | of foam | of foam
ature = | of foam moldlng molding
_ (°cy. expanded nolding (g/cm y ol (%)
| ) f. : beads o
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 10.022 4.2
Ex. 8| - 128 ' A _ a | 0.031 4.7
comp. | 4.9 c s 0 021 6.2
Ex. 1 . : _ ' :
comp. 126 | ¢ B | 0.039 | 11.0
Ex. 2 : : _ :

R B PY: A A | 0.021 3.8
BX. 1 108 A | a | o0.022 4.0
10 * | |
'%ﬁf 128 A A | .0.021 4.0
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Eyamples 12-17 . :
'An aliphatic polyester resin (BIONORE #1001
manufactured by Showa H;gh Polymer Co;, Ltd.; melting
5_:point: 112°C; Vicat softening point: 109°C,. MFR (190°C,
| load::21.18N): 1.5 g/lO min; density: 1.26 g/cm’) 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 plgment 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
15 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 unlformly dlspersed therein in an amount as shown in
Table 7. The phthalocyanln green pigment was added to the
20 polyester resin in the form of a master batch so as to be
uniformly dlspersed 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
"25"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
(benzoylperox1de manufactured by Nippon Yushi Co., Ltd i
30 purlty 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
35 75°cC, malntalned 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 thereof reached to 40
kgf/cm G and the mixture was maintained at that

temperature for 45 m1nutes_w1th stirring. The mixture was
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 auntoclave was

opened, and, while'ihtroducing a nitrogen gas into the
autoclave to maintain the inside pressure.thereof/-the
contents therein were discharge to ambient pressure_to
allow the gelled resin to expand (lst expansion stage), .
thereby obtaining pre—expahded beads. The gel fraction,

.apparent.density, average_cell diameter, average cell
number and average cell wall thickness of the-thue
‘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

then'filled in another vessel connected to a steam supply
device for supplying heating steam. After reduc1ng the

-pressure in the wvessel to a value shown in Table 10, the

pre-expanded beads were heated ‘with a heating medlum (a _
mixture of steam and compressed air) hav1ng a temperature

shown in Table 10 (2nd ‘expansion stage), thereby obtaining'

foamed expanded beads. The apparent den51ty, average cell_

'edlameter,'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

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

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

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
ffor 24 hours under amblent pressure. The density, _
b -hydroly51s re51stance and shrinkage of the foam moldlngs
' Were evaluated to give the results_summarlzed in Table 12.

Comparatlve Example 3
Example 12 was repeated in the Same manner as
10 descrlbed except that magnesium stearate was not used at
all. The properties of the pre- expanded beads,_foamed
expanded beads and foam molding thus obtalned are shown in
Tables 9-12.

15'_Example 18
' Example 12 was repeated 1n the same manner as
described except that talc was not used at all. The
properties of the pre expanded beads, feamed expanded

. ,_.beads and foam- moldlng thus obtalned are shown in Tables

20 9-12. ' '

The gel fractlons 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;almoét the_same. '

25 : _

30

35
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: . -Table;7-
S Gel accelerating ' _ . L e
| poly-- agent - Amount | ..~ | Cross-
- : T - of - . - | linking
-ester _ : oxide : .
" resin Xind ‘Amount talc (parts ) aid
: AR (wt % ) | (wt %) | ‘P23 T (parts)
[TEx. |BIONORE| Mg — T MMA-
|12 | #1001 | stearate | °° 0.1 L3 0.2
‘| Ex. | BIONORE Mg ' N E MMA
13 | #1001 | stearate 0.5 ) +0.1 13 0.15 .
Ex. |BIONORE| '~ 'Mg . o - CMMA.
14 | #1001 | stearate 0.5 ] 0.1 1.5 0.25
'Ex. | BIONORE ‘Mg | o . - MMA
15 #1001 . stearate 1.0 O';-' 1'5, 0.2
Ex. | BIONORE T Mg 0.2 0.1 1.5 : MMA
- 16 #1001 |  stearate : ’ ) 0.15 .
Ex. | BIONORE Mg~ - - s _ - MMA .
17 #1001 stearate 0.3 0.05 lf5~ 0f15'
‘Comp. | BIONORE |~ "= _ - o o MMA
Ex: 3| #1001 0.1 L3 0.2
Ex. |BIONORE | Mg _ | _ L s MMA
18 #1001 |- stearate 0.5 ) 0.2

10

15
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& ()-)1. k#10% & ()-)!. k#10% & ()-)!. k#10% & ()-).k#10% o -
& ()-)$')*,-.iL/115 k#l0% & ()-).k#10% & ()-).k#10% & ()-)5WZj # . k#10%
& ()-)1. k#10% & ()-).234689 *115WZj #! . kBﬁ;lO% | -
o _ Table 8
Impregnating _
conditions Blowing N carbon
for. agent Holding dioxide
peroxide and impregnation | conditions (kg £/
. crosslinking | conditions | (°C x min) -ZG)
aid (°C % min) e
(°C x min) - |
Elxz' 75x20 105x45 955 40
= 75%20 105%45 95x5 40
A © 75%20 105x45 95x5 a0
S I TPPT 105x45 - 95x5 40
. 75%20 105x45 95x5 40
s 75x20 105%45 95x5 40
comp . 75%20 105x45 95x5 40
Ex. 3_ _
| Elxs'" 75%20  105x45 95x5 . 40
5
10

16



& ()-)! . k#10% & ()-).k#10% & ()-).k#10% & ()-)!.k#10% & ()-)9::

H JKLi L/ 15, k#10% & ()-).k#10% & ()-).k#10% & ()-).k#10% & ()-)!.Kk#10%
& ()-).k#10% & ()-).k#10% & ()-)LMOPQRSI K>1! 510940% 3Y&?' éoc%' ;@M 3Sf ;
#1098 ()-@ 3, 109& ()-L.k#10% & ()-)5WZj #ST gop}t T4! 51, 54 e, 0
10%#&' ()-e, O 10W#& ()-e 3S 10W#&' ()- 3L10%W#HE& ()-

3$&10%#& () - 10%B4! 51, 0 1, O 109%y#& () -e3® To%#& ()-e, O 10%#& ()-e) ?B[ L
O 10%#& ()-e, O 10%#& ()-efJ*!, O 10%#& ()-e, O 10%#& ()-e, O

109%#& () -, O 10%#& ()-€) ?B[L , O 10%#& ()-e, O 10%#& ()-e~ B*!, O 10%#, O
10%#& ()-e8 O 10%y#& ()-e, O 10%y#& ()-e, O 10%#& ()-e) ?B[L , O

10%#& ()-e}]A*!, O 10%#, O 10%#& ()-e, O 10%#& ()-e, O 10%#& ()-e, O
10%#& ()-e()?B[L , O 10%#& ()-eY=*!,6 O 10% O 10%#& ()-e)?B[L , O

10%#& ()-e, O 10%#& ()-e, O 10%#& ()-e, O 10%#& ()-e C1, O 10%,_0
10%#& () - ,o 10%#& ()-e, O 10%#& ()-e, O 10%#& ()-e, O 10%#& ()-e,
10%#& () - |%)5yY9*| O 1,0 10%#& () TRel@y#& ()-e O 10%#& ()-

10%#& () - 6T 7Bl C O 109 #H& (O ~—e5678ENO~> B+ 0-1-0-—10%#& ()—eO

10%y #& x,0100 #8& ()-e, O 100#8& ()-€)2B[ L, O 100#& ()- eOPQN dgzZ: *|, O
1, c/)ylové/?#& ()-e, cymn{élp e gloo,g ;ﬁ%’ﬁ-%}@? n% 8 )(?aerIQA,IOg. -
10%#8& () - €9 kqw-yYQxL, Ol 1, O 10%#& ()-e, O 10%#& ()-e, O 10%#& ()-e, O

10%#& ()-¢)?B[ L | % f&f’/{y#&&p@aﬂyﬁ‘@ |, BVEXEIE0 #&A frége 10%yHeerage, O
10%#& (1) - e, O 10%#&3C - ¢) aBhkitQ 109 #2YY - eyYor! %84l O 100y #&el)l e, O
10%#& () - &, O .100y#f8}‘§’)1-'< 8‘31(% z& () dEmErer | O 160)61%1%?1()-e=ymi¢kﬁ3e350
10%#& () - ¢, O 10%y#&'¥( 0%y #&|( ) - ef 11 0%y #& () Arep B[ L |, o (p.m) nE
10%y#&' () - &y é;*l 0.1. 0.1 %/#& O)-el0 10%#& ()4e, O 10%#& )
10%#& () - ¢) Wy H#&' ) neYy Y9 10%#&' ( O 10%#
10%#&' () - ¢, éoo #&71?)-9)7 [E%o 10%1#?‘8 ey\9*' gzﬁ o) 1()()/9/#%‘ (2)5
10%#& () - e, @xlOOFy#&Z g &[()-e)?B[L - /%#& O-err ()*+ O
10%#& () - ¢, o.aoog/#&% e, oO &l()-e, 10%1#& ()= 850 10(@#&1( e)')BjL_ , O
10%#& () - e, uxd: ADzZ: TI0%#, U lL‘V(yFF& (=&, OrtoyH#H& )= O-10%#& ()7 €,
10%#& () - ¢, qaooy#gﬁ%)-ewﬂ[ 99@GHNCPQ?}‘HE) , O 10%y#36@)-e, O 10%y.4A& ()-g, O
10W#& () - €, P lOWHE ()= te, O T0%#&()—e)?BH t -0 30WH#&-(+eRSTZ gj-2Z+-) , O
10%#, O 10%y #ﬁ‘é()'e’u 100y #&. 0p7e, O 10%BXE ()-¢, O 19%#& ( -e,@.10
10%#& () - €y g -itttrmd-aE) 01094 #& )6, 0100y 4&! O=-e O 10%W#& ()-&, O
10%#& () -¢e Y#ed () 1e) BBbBe, O|10%#% () -e yzzzaiao 109#, Q.67 ..
10%#& () - (& (Y- Q 10%#& () -e, O 10%W#& ()-e. O 10%#& () - e)’?B L
e

£J). 0 10%# B%10.|0 109k # 1% #&4 ¢ »- e, O| 109 e Le, 0
102%,/#&' ()/?/ 2) 78} | zz:% ow#%@low/%& ?be o)k ow/%gg?() D 10%# e,
10%#& () - ap@npooy#ié%g ) ?g[ % 1aF), O 10{%#&( e, O_I0%#&[()-€ O

P
=
joi

10%#& () - EE®. 10%y# #& () e% B[L |O 109528 ()] ezZO) 28 10%#, O
10%#&' () - e, €x109 #&}4() 3,0100 OlU%yr& O) =€, O 10W#H&()=e)?8[ L
yX7x10" v:-1m/d & ()14 131004 & () @?’ 0096 &1 () - 8@ 10% #& ()6-@)6°B[L , 0
10%/#& ()-eT"5gGL0™ Y I0Sp 10%& \)-l_op .LU"/O 2 ()-n —y %&b

0%&é Tf#10% & ()-10"10"56789: ;t>GL0" “5WIE =0 Sp 10%& ()-rSp
10% & ()2rSp 10% & ()-rSp 10% & ()-r-Sp 10% & () -r; <=>?EKQP010Sp

10% & ()-rSp 10% & ()-rSp 10% & ()-rSp 10% & ()-rSp 10% & ()-rSp
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10% & ()-rSp 10% & ()-r5WIE =0 "Sp 10% & ()-rSp 10% & ()-r_)O5WIE =0 Sp
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10% & ()-rpSp 10%&()-r8p 10% & ()-rSp
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10% & ()-rZ><5Sp_Sp 10% & ()-r 5WIE =o'8plaobh& ()-rSp 10% & ()-rSp

"Sp 10% & ()-rSp
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109 & ()-rSp 10% & ()IrsSpiel0% @féss@t@<ﬂ {rSp BOVREERE-r Sp
10% & ()-r1Bp 10% &p(r)esrs&'z\éﬂE 3@ %51_@_.% %Eﬁs; 109e&siYyr §F
10% & () - r 5\WIE =0 o) % & (foame ck SaNFa rrabe By
109 & ()-rSp 10% & ?5‘& é%ﬁfé Q?‘?f} 9‘? % E rSp 10%dads - rcj;fcr\mE
10% & () - f %84 " 100618 ) mlml A& ()-Sp 10 & ()-r pk
10% & () - C*) ?Ed- 10%%&'@-0 gw%() 19&0&()-0 10% & ()-C*
& ()-C1")2[L,1210% & T)-C* 10% % 10% C{ 10%® {34 1(
& ()-c 1op e 10%&'(‘-(:*2345 24 10% 0% & ()~ Ct10%
& ()-C 1006 8¥E)-ICr 4086 & () 5% & () Cg2 d 1JRIM i 785 10%
& ()-cr 10%813()-0‘)’7d 1C%&?) 10% (55 C |10% & )Qé*ItZUY=
10% 10% & )& [0% & (J-Cf(y7 0
X.
14 4.7 ~0.25 97 0.043
Ex '
15 3.2. -0.25 97 0.029
16 4.4 -0.25 96 0.034
Ex. '
17 3.7 -0.25 96 0.033
Comp. : _
| Ex. 3 4.3 - -0.25 98 0.035
18 4.0 -0.25 99 0.037
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10% & ()-C* 10% & ()-C* 10% & ()-Crz*>, 10% 10% & ()-C* 10% & ()-C*)?
d 10%& ()-C 10% & ()-C 10% & ()-C*uY9, 10% & ()-C 10% & ()-C+()?
d 10%& ()-C* 10%& ()-C* 10% & ()-CuY9,  10% & ()-C° 4110%ué 400k C* () ?
d 10%& ()-C 10%& ()-C* 10% & ()-C-uY9, 10%& ()-C* 10% & ()-C()?
d 10%& ()-C 10%& ()-C* 10%& ()-C~ u¥9,~ 10% & ()-C 10%

& ()-c()? d  10%& ()-C 10%& ()-C 10% & ()-C!" (.2uY9, 10% & ()-C*
10% & ()-C*()?.d 10%& ()-C~ 10% & ()-C* | - -

 Table 11

Average cell Average.celi Average
diameter of ‘number of cell wall
foamed expanded foamed thickness
beads - expanded of foi?if

' o 2 expande

m _ .

| (P.). - beads.(hmn). beads (pm)

Ex. : b

12 110 121 1.01

Ex. ' _ ' _ _

14 - 80 184 0.93

Ex. | " . —

15 130 | 105 1.01
Ex. ' - .

16 140 98 | 1.28

Ex. - ' _ '

17 170 - 64 1.51
Comp. ' S - R -
Ex.p3 - 100 | 205 |- o.89

Ex. ' B '

18 | 380 . 16 3.69




-10% & ()-C*28; ABHLUY9,  10% & () - C*

10% & ()-C*()? d

10% & () - C*

10%

: () - "() - %
& ()-C  10% & ()-C*LRU\bfuY9,  10% & () 10% & ()-C+()2 d * 10
&f%g-C? 10% & ()-C 10% & ()-Cflouv|}uY=, 1096&.()-F? 109618A0G 200%( ) ?
d 10% & ()-C . 10% & ()-C*  10% & () - C*}~fF, 10%& ()-C 10% .
& ()-Cd)? d  10%& ()-C 10% & ()-C 4{0% & ()-C* U9, . .10:%&()-(3)?-.(1
10% & ()-C* - 10% & ()-C* 10% & ()- 10% & ()-C+fJ* 10% & ()-C* 10%
&()-C)?7 d % 10%&()-C 10%& ()-C 10%& ()-C 10%& ()-Cruo* - 1
Table 12
_ | 1Ins- Hyiﬁz}y— Hyi;i}y— | Shriﬁex
Molding ide OO .| Density kage
| temper- | Pres— tre51s_f ﬁfSlS | of foan of |
N “ature | sure ?S;E.eg _aonfCe | molding | foam -
C . . ° | . : ’ o 34 ) g4
( <) (k%f/ expanded | . foam | (9/cm’) mo%fing
cm) ‘beads molding h
Ex.’ U | L ' -
0 134 0.6 | - a A 0.024 | 4.0
Ex, . R e S -
1128 0.6 A A 0.020 4.4
13 SRS o B
- Ex. ' : L e o
" 138 . 0.5 [ A A 0.031 3.8
is | 128 0.6 A A 0.021 4.0 -
el 128 | 0.6 | oA A | 0.024 | 4.0
le6. _ . . .
Bl 128 | 0.6 A A 0.024 4.4
comp- . 128 | 0.6 | ¢ B’ 0.033 | 4.8
Ex. 3| - . . ) _ : |
EX. ' Ln = o ; DA A -
18 128 0.6 A A 0.036 4.8
] f ... The shrlnkage and hydroly51s re51stance of foam |

moldlngs, and the hydroly51s re51stance of foamed expanded .
o beads were measured accordlng to the methods shown below
- _Shrlnkage o _ |

- : Foamed and ehnanded beads obtalned were malntalned _

- at 23°C and a relative humldlty of 50 % for 72 hours and
molded as descrlbed above. The shrlnkage of the foam

moldlng in the ‘direction normal to the thlckness dlrectlon

10



10% & ()-C*0)2 d  10% & ()-C 10% & ()-C 10% & ()-C* 10% & ()-C+fJI*
10% & ()-C* 10% & ()-C)? d % 10% & ()-C* 10% & ()- C* o%f@% 10%
& ()-CruY=* 10% 10% & ()-C* 10% & ()-C*)? d 10% & ()-C* 2008 -
10%&'() C*bB* 10% 10% & ()- C* 10%&'() c)?d  10%& ()- 10%

& ()- 10% & ()-CruY=*  10% 10% & () - 10%&'() c)? d 10%&'() C
10%&'() C 10%& ()-C fF* . 10% d‘%&' 10% & ()-C*d)? d - 10%
& ()-C 10% & ()-C - 10% & ()-C*$%&' U:- 10 0%&'()-0)? - S

of the molding (between two shrinkage'values in the
_longitudinal and lateral directions, a greater.vaer.was'
used) was calculated as follows: _
"R = [(B - A)/B] x 100 (%) | (5)
5 'whereln ' o
R: Shrlnkage of the moldlng _ .
A: Length (longitudinal or lateral length) of the
molding aged under condltlons of a temperature of
o 40°cC for 24 hours 1mmed1ately after the molding
10 . step :
L B: Length of the mold cavity correspondlng to A
'Hydroly51s Resistance of Foamed and Expanded Beads:
In the above Examples and Comparatlve Examples, - the
hydrolysis resistance of the foamed beads was evaluated
15 aecording 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 obtalned accordlng 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
25 ] ~ 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 humldlty of
80 % for 30 days and molded in a mold, the .
| shrinkage of the moldlng obtained accordlng to the
3 'equatlon (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 equatioh (5) is more than 7 %.




-d 10% & ()-C 10% & ()-C 10% & ()-C 10% & ()-C' () 5<DERgGLO

10%10%A& () -. ++10%A& ()-.+ F 10%A& ()- & 10%A& ()- Y'"10%A& ()-10 10

R ghiu_?Gl0 11 2004

+10%A&' () - . ++10%A&" () = ++10%A& () - . +#3[ +10%A&' () -. ++109%A& ()-. +_? [i) _

+10%A& () -. ++109%A& () - ++10%A& ()-. ++10%A& () - +#3[ +10%A& () -.+ <GlO

#3[ +10%A& () - . ++10%A& () . ++10%A& ()- F+100A& () 3] L, +10%A&' ()-.++10%A&

"()-. +HL0YAL () - . HH1I0YAL () C++10%A& () - . ++109A& ()- . ++10%A&' () - . +hH, +10%A&

"(+109A& () -. ++10%A& () - . +_'-_Ir10%A& (0)-  ++10%A& ()-.++10%A& () -. +&#3[ | H, +10%A&

"(#3[ +10%A&L () - . ++10YA& () - ++10°/d>\&'() . ++10%A& () - . +&#3]:

[?, +10%109A& () - +#3[+10%A& () - ++10%A& () C+H+10%AL () - . ++10%A& () -. +$' { _?
, +109% L0%A& 1 ¢ H3L ++10%A& ()- | ++109%A ()- ¥ +017

2 2, +10% 109A& oA NG DYAL () . ++10%A& () . +?DEK

ORW ?, +10% 10%A& (f)1 thel@tm&e( F.xampﬂ@m&r@ -Comrﬂe(l?@ts?_a_\(é Eﬁ%l"é@"/ﬁ&é . +WK

Nbej k” <, +10#3H1H0! + % +#3[ k ~'D, +
10?3+10%\& éb +#%¢Lg%fc()5§§tzs)¥ ++1§>%§B(31%%%é’3(3 dﬁi‘g/@@ﬁ(a}é 2? X}c +10#
+100A& () - . TPHIBYRE (). +#3] +109A& () - . ++109A& () - . ++10%A& () - . +hH, +10#+10%

A& () - . B 10%A& ()Aftei:O%&n(g)alt%&bﬁlQWt%d {A‘%g@ +lco%_:+10f/“’*& ()-
L0%& () -. ++30% a@hr io% (3L T 10%AE () - ++10 Jé: +1%%x&+10%
A& () - ++10%\&%% 109 ?& ogaLe (Ji)atwﬁeléw&%tyg mr%m@%:@o()
#3[ +10%A& (?ayml@%&mp)‘tdmglm&tn(e)asuftﬁo%& Bre D3] {cdmpHd0f, +109%A8 (

) . ++10%A& n;rdﬂggg( 18 ) N +hH, +10%A& ( +10%A&' (
HHI0%E ()5, ++1004x§$&e§#§n AN (57)67 I (&%E@l&é%&n(yasﬁlo%\
& () - ;éo £)acees a £p- thesft 4>iéwane) Tati DAL () -

@+109 +10%x& (1;\ P4 098\ ( Fom fégg@gn( Y& (- - 1QUAS() - . +) #3[ " .
oyTH10 100ase (1 5 0% & () B hard#id QU5 )y 4 t%_&/* Ly P #3L
& ()- 10A10A1%A+1 YAL () - #3[6789 <t XyX7+10 +10% & ()-Vv9P" 10%

& ()-*(v9P"10% &‘3()Th¢/92?51 UFORDL S S YOR" AAYEN&SE) 18V B0 n&in( o, 'V 9P" 10%
- * <=>EGR] t TAy XktMIRmEQ% & ()-*VOP"10% & ()-*VOP"10% & ()- YVOP 1006
)-*VIOP"10% & ()-*/KwN'] ahj kuvc3yX7+/ KWN'vOP" 10% & ()-*v9P"10% :

-*y9P" 10% & ()-*VOP"10% & ()-*VIP'10% & ()-*vwxpTyX7+/ KwN'vOP" 10%

-*PPOP" 1096 & ()-*"vOP"10% & ()-*VvOP"'10% & ()-*vOP"'10%

C%VOP 10% & () -*xX8yX7+/ vOP"10% & ()-*VvIOP"'10% & ()-*VvIP" 10%

-*vOP" 10% & ()-*VIP"10% & ()-*/ KWN'WW yX7+/vOP"10% & ()-*VvIP" 10%
-*vOP"10% & ()-**VOP"10% & ()-*/KWN'NvOP"10% & ()- * |\ <yX7+/ vOP" 109
-*vOP"10% & ()-*VOP"10% & ()-*/KWN'VOP"10% & ()-*v9P"10% -

% ddy X7+ | KWN' VOP" 1096 & ()-*VOP"109% & ()-*vOP"109% & ()-*VvOP"10%
-*vOP"10% & ()-*hHyX7+// KWN'vOP" 109 & ()-*v9P"10% & ()-*v9P"10%
-*vOP"10% & ()-*VOP"10% & ()-*Vv9P"10%. & ()-* x\ @X7+/ | Kw9P" 109%
-*vOP"10% & ()-*VOP"10% & ()-*vOP"10% & ()-*VIP"10% & ()- */ KW
X7+/ vOP" 10% . & ()-*VOP"10% & ()-*vOP"10% & ()-*Vv9P"'10%

-* KWN'VOP" 10% & ()-*# (.24sS3yX7+v9P"'10% & ()-*VvI9P'10%

-*vOP"10% & ()-*/ KWN'WOP"10% & ()-*vOP"'10%

- * 46<@\GKOS3yX7+VOP" 10% & ()-*VIP"'10% & ()-*/ KwN'vOP" 10%

-*VOP"109% & ()-*VvIP'10% & ()-*KMOUYZ OByX7+vOP" 10%

-* [ KWN'VOP" 10% & ()-*vOP"10% & ()-*VvOP"10% & ()-*VvIOP"10%

-+ df hnrs_/ yX7/ KWN'vOP" 109% & ()-*VvIP"10% & ()-*Vv9P" 10% -
~*VOP"109% & ()-*VOP"10% & ()-*sy}dDyX7/ KwN'vOP" 109 & ()-*Vv9P" 109
-*vOP"10% & ()-*VOP"10% & ()-*vOP'10% & ()-*VIP"10% |
-*t T4y X7/ vOP"10% & ()-*vOP"109% & ()-*VvOP"10% & ()-*VIP"10% -
-*vOP"10% & ()-*/ KWN'sS3yX7/vOP"10% & ()-*vOP"10% & ()-*v9P"10%
-*vOP"10% & ()-*/ KWN'NvOP"10% & ()-*sS3yX7/vOP"10% & ()-*VvIP"'10%
-*vOP"10% & ()-*/KWwN'vOP"10% & ()-*VOP"10% & ()-*0S7yX7/v9P"10%

- *VOP” 10% & ()-*/KwWN'vOP"10% & ()-*vOP"10% & ()-*VvIP"10%

*X@X7/ vOP"VOP" 109 & ()-*/KWN'vOP"10% & ()-*PvOP"10% & ()-*vOP"10%
_*ygp" 109 & ()-*_/yX7/ KWN'VOP"10% & ()-*vOP"10% & ()-*VvIOP"10%
-*VOP"10% & ()-*V9P"10% & ()-*t XyX7/ KWN'vOP" 10% & ()-*fvIoP" 10%
-*Oy9P" 10% & ()-*PvOP"10% & ()-*Vv9P"10% & ()-*VvIP"10%

*pPOyX7/ vOP"10% & ()-*Vv9P"10% & ()-*VvOP"10% & ()-*Vv9P"10%

_*VOP" 10% & () - */ KWN'" #&* +, SW yX7/ vvOP" 10% & () - *VvOP" 10%

-*VOP"10% & ()-*VOP"10% & ()-*/ KwN'NvIP" 10%

-.1026|\ <yX7/ vvOP" 10% & ()-*VIP"10% & ()-*/ KWN'vOP" 10%

_*VOP 10% & ()-*vOP"10% & ()-*68: @El CByX7/ vOP" 10%

-/ KWN'VOP" 10% & ()-*Vv9P"10% & ()-*VIP"10% & ()-*v9P"10%

-*| LMORTUWIK+7vOP" 10% & ()-*Vv9P"10% & ()-*VIP"10% & ()-*v9P"10%
-*VOP"10% & ()-*VOP"10% & ()-*VIP"10%

&L Y\ ANZA L ey o rmIl A NN NN A NN NIl A NN A ~1 7 \ R eI .Y Y 4

Ro Qo Qo Ro R0 Qo Ro Ro RO Ro Ro Ro

T

—+

Y Y Ve N N L L T T e N N N e i T L W W N N e O L L) AAA/-\AAA/-\’-\’-\/—\/-\’-\
v\_/vvvvvvvvvvvvvvvvvvvvvvv< N N N N N N N N N N N

> 0 R0 R0 R0 R0 R0 R0 R0 R0 RO RO R0 R0 RO RO RO RO RO RO RO RO RO RO Ro Ro



.al110% ! & () 310%!&() 1091 & ()- Gz B*1109%!110%!& ()-G 10%!& ()-G ?
al110%!& ()-G 10%! & ()-G 10%! & ()-G' B*|10%H10%|&() G 10%!& ()-0 2
all10% ! & ()-G 10% ! & ()- GlO%l&() G, / 11 AUG 2004
uY=*110%!110% ! & ()-G 10% ! & ()-GO ?

al110%! & ()-G 10% ! & ()-G 10%B! & ()-G 44
<=>?BFbB*!10% ! 1 10% ! & ()-G 10% ! & ()-0G) ?

1110%!1& ()-GF 10%! & ()-G 10% ! & \uY=*110%!110%! & ()-G 10% ! &
a) 55 ()- ()- () - GLQyd \ u ()-
al110% ! & ()-GF 10%!& ()-G10%! & ()-G ]~ _"cghB*110%!110%!& ()-G 10% ! & (

-9 7
331! ! )10% 1 & () -G 1bos | &Feamed angdogxpandeyl bepdepomprisings 1 1098 1110% ! & ()-G 10% ! &

G 0
é? Thos 1 & () - @ THBRELEYY UG T RO s O BB 8 7 BRI e ()-
5  an aliphatic ester component, and

1110% ! & ()-G 10% ! & 0% ! & GuY=*1109%1110%!& ()-G 10% ! & G’7

Zl 110% ! & E) € 1@%%&0'8 ggﬂ%ﬁ%m&l ( )gema@*acw»ﬁom 11@%0@ 9(38@!@9% fagy( ) () )

111006 ! & 9°
al110% 1 & §%° & %% bt '?’%fa  of Bt T ng@"&gl%’g/ﬁ' ?ﬁi{j% ) G)2?
al 1 10% | & (3ndaintides ¢f&h¢ FatiQ! ab0g a8 41) et vt kd Q28dI4raN Agtinf Doifi LA%rnts () - G) 2

11 04 | (/| * | 111 ! & 0 | - ?
a1 1108 1 @ (JEETEOHR SHAFSEoRoR A PRSI oy by petgsads Tavinga )
al 1'10% Jo& (fraddohQ¥at I%ait)S ‘ﬁ i ()-G10%!'& ()-G& F*' 10% 1098 10% ! & ()-OQ 7

al % 10% ! & ()-G 10% ! & ( 10061 & ()-G 10% 1 & ()-G U -101 1 1 10% 1 & ()- Q) ?
all10% ! & ()- 310%1&() G10% & ()-G 10% 1 & ()-G

;1?3%9610'16: 10t anc oG ot oSt e d Bl Lomgteyingane () - 100

()-fgst=~ D@@aféni&&ﬁﬂt?%&b(o)ww@g/éﬂﬁ 109%& ()-10%& ()-10%& ()-1LK1O! ! 1#310%&
)-109%&' () - 10%&' () - 10%&' () - 10%&" () - 10%&' () - <K10!! #3R10%&' () - 10%&' () - 10%&
()-10%& () - &#3R DKlO' | #310%&. () - #3R10%& () - 10%& () - 10%& () - 10%& () - hLO110%&

10 () 100 () - For o (S RO R E e SAOE g e oo’ )5

3R H, 1098 (fractDROIUB:Y0)% byogsight- 109%&' () - 10%&' () - #3R! % - . 2[ ?, 10%0%& () - #3R1
0% ()-109%& ()-10%& ()-109%& ()-234678;
hH, 10940%&. () - 109&' () - #3R109&' () - 10%&' () - 10%& () -
BOULM G 10V00K () - RO drs SR Al e 008G ) - AYNERCRXIIH 1094 0% (
)- 109%& () - 109&' ()-#3RLO%&' () - 10%& () - X\ abf ghi cGr10%&’ ()~ 10%& () - 10%& ()-10%
& ()- #SRIOW&D(QanEQMK(l?SmjanmI}meQf-lmm%'rﬂ%.by/&e(ght 109 ()-109& ()-109& ()-#3
Rz~| POLQU& () - 109&' () - #3R109&' () - 10%& () - 109%& () - 109&' ()-{_CO010% 0% () - 10%
& ()-#3R10% () - 10%&' ()-109&' ()-hHO10%09%& ()- 10%& ()- 109& () - #3R109%&' ()- 10
% () - CGHLO%! () 5.10% & amdeDIMB debar@¥ehds #IRLAYE I d1nhOY&iKorein GlOYE10%E! () -
109 () - 109 () - 109%& () - 109%& () -) #3RyX710 F  10%&! ()- 3 109%.#&' () -
$&1094#¢& ()imoIRIBID: C(O)ngrﬁsslsainsmS 109&' ()-."10%& ()-0."109& ()-."109%& ()
"109%& ()-."10%& ()-." 10%& () -
rR207. "10%&' ()-."109% ()-." 10%& ()-." 10%& ()-." 109%& ()-5W
‘1" & /hL, 7. 10%&6() . FaA dnid-exh Mwadsdsm&bd)ncl'éuihoafyﬁv'vlﬁérein“saﬂ‘y&' ()-."10%
&() / 6; <=ELnm\t, O%&() 10%&() "109%&' () -5W
" 1098 ) lmw@a@ Rayth_mrefaéc
10%& () 10%& ()-." 109%& () 0%&' ()-."10% ()-ghns| dH, 5W
109&! ()-."109% ()-."109%& ()-."109%& ()-."10%& ()-." 10%& () - mQL, 5W " 10%& (
) "10%&' ()-5W 7. Foamed and expanded beads as claimed in claim 4, and having a

" 10%&! 10% % C,5W"10% "10%&' ()-."10%&' ()-."10%& ()-."10
% () - géwp@fe%é‘%fé}&ow(ﬁéywﬂi%\é/&() 10%&'(%)-."10%'(%)-."10%'(%)-."1

0% ()-5W"i ML, 5W " 109%& ()-." 10%& () - 5W
" 10%& (). 10%&' ()-."10% ()-gl, 5WBW
"10%0 () - 108/& () Foam@bad gxpandedigads as. clainein Jlains?5ie. Hay e go) - . * 10%:
()-." 109 ( (o, LOYR () -. " 109%& ()-."109& ()-j J*75." 10%& ()-." 10%&
() " 109 ( a°t1'° 0 %0 A’bj‘./o‘?f/%g‘é% -5W " mB75. . "10%&' ()-."109%& ()-." 109%& ()-5W
109 () - 0%& () V675. . " 10% () - 5W
10%: () -. " 10% () - 109%&! ()-. " 10%& ()-#(*, 26_?75.. " 10%& ()-."10%& ()-
0%&! () " 109&! () "109%& ()-." 10%& () - 67
<=>vZ>75. . " 109%& ()-." 109%&" ()-." 10%& ()-." 109%& ()-." 109%& ()-5W
">?@\CFGr R675. . "109& ()- & "10%& ()-."10%& ()-5W
"~ U109 ()-. " 10% ()- GLMORTUWGK+5. " 10% ()-. " 10% ()-."10% ()-."10% ()-.
"10% ()-."10% ()-(."10% ()-WK*_cdhR6+5. . " 10% ()-5W
" 1098 () - "10%& ()-."109%& ()-."TO%& ()- hi j kI mt X+5. . " 10% ()-5. " 10%& () -

A NN A NN A NN A NN A NN M A NN




“z10%03%& ()- S 1 10%0%& ()-9X|[:vWA] S Sy@10%0%$& ()-S S$10%0%& ()-S S
#f 1090$& () - S1090$& ()- S9! 1090$& ()- SYt 10%0$& ()-D Utu|[:-4100$S
S81090$& ()-S Sys6! 10%0$& ()-S S11090$& ()- SyF. 1099$& ()- S1, RAIGHBRY ()-
S' 1090%& () - uvwFbA4100$S S S10%$&' ()- S 10%B& ()- S10%& ()-3 Syl0%& () -
S#1098& ()- 100$100%-0Oc| [ bA4100$S S 8100@5& #1098& () - S 100/65&' ()-
S109%$& ()- S10%& ()- S10%& ()- Nornmal" ™Heading 13]c" "Headi ng 23]c"

"Fbadin 33 c" " adl 3 adi.n ng 73] c"

" Headi ng 83} c" adl ﬁ‘ga"é% efﬁd’&xb‘%%g bfq?dsslﬁlgrclaé?lg% 8’%3 g’o‘%er?ﬂlsa%%asg
BJzQYK" gov} ebiti(faghéd cQuprisesinl 4dditibad O8] s @bk r"baSed resin in an
p/ 6Q<CthQ<%NI§Z §< gf ) r¥v #6/c !’ #$%&6§0)§T " ﬁﬂ'yéé(zé - | A69K>R@EHMCPSTYA /A
clLet vkplrf%tp@@ﬁéé%(q DY WO g PIEREST Tus. 9LS50g DR] x5 Q);
Un3l[bn2li2Lf}' R ?Wk6<]Vv 4K’ s, 61 WhnH| +Rf w =Tg"5D h/ GN'y $/ KW/ ; J\ dz" 4<Rs&;
F\ g| Af 2; MXi z/ Lg6>Gwn, E' i uc0123456789: ;
< >? @ABGDEFGHI J KLOVNCPIERSETAAAK e ded baindsaie fefpiink & ie1aigel | sk heteinsaid Base

#$UR' ()*+,-./0123456789: ;
<=>7 GABCDEFEHIP FRIFRIE LSRRI O8NS Pelaesterrhaged &R ki mopqr st uvwyz{ | } ~6Ti nes

New RomanAri al Courier New'h Root EntryWrdDocunent
I " #$9& ()*+,-./0123456789: ;

'< =>? @\BCDEFGHI J KLwNopwmwmg\opminedwmg‘mg jhie| foarogrbarst axpanded{tehds

"HSYR () *+, - %234 6789:
< ->> @BCDEFGP AR\ 1~ abedef ghi j kI mopgr st uvuxyz{ | } ~
HSYR' (0) * +, - . | 0123456789:

<= >’7@\BCDEFG-II J KLM\ICPQRSTUVV\XYZ[ \ “abcdef ghi j kI mopgr st uvwxyz{| } ~
12 A foam molding o tamed by heating the foamed and expanded beads

according to claim 4 in a mold.

13.  Foamed and expanded beads as claimed in claim 1 wherein said base
15  resin has said gel accelerating agent uniformly dispersed therein by kneading together of

the base resin and gel accelerating agent.



