SPECI FI CATI ON FOAMED AND EXPANDED BEADS OF CROSSLI NKED APLI PHATI C

POLYESTER RESI N, METHOD FOR THE PRODUCTI ON THEREOF AND FOAMED
MOLDI NG OBTAI NED THEREFROM 5 Technical Field This invention
relates to fornmed and expanded beads of a crosslinked aliphatic

pol yester resin, a nethod for t he production thereof and a foaned
nol di ng obt ai ned therefrom 10 Background Art Foaned pl astic
nol di ngs, which are featured in theigbgcrrrbhghbRess in wei ght, elasticity,
cushi oni ng property, heat insul ating property and nol dabilit are

recently used i n FOAMEDaAd® é%ﬁ@ﬂ@@DwﬁEﬁDﬁ 3 §B@ﬁ$h§NKEEe%Pb£P%%
cushi oning 15 mt?bt?ﬁ$TEﬂ_h§§§ Oageli i Iib N S%TIW@@%EO@OSG a

probl em of pol | ution” of natur enviTronnen reof. To
cope with this problen;HNDMﬁQ&MEmaND@DEU§WQBTAINEHDTHER@ERQMe proposed.
EP—A—5691%3 ghgﬁhgﬁggrgjggkpod for obtaining a nolded article in which
bi odegr adabl ~ pol yester beads are inpregnated with a bl ow ng
agent , f ol | owedtys h@&bnmnbdimglhnea nnldocmsdtgndT@xpdmdaﬂxbeads
nmol di ng obt ai ned wi t howeve under goes

shri nkage dur® gftqﬁfﬁﬁﬁ%ﬁiﬁgFfa' hﬁﬁ&ChRSEBSBEer gea%ﬂénglﬁggﬁ g I|ty
25 Thethpy asrgdud tivventihet ods aheea Fedeetinmuldingf obheined probl em of
t he above conventional technique and has as its pri me object the

provi si on of'g%ﬁﬁﬁﬁﬁﬂ“beads of an al i phatic pol yester which can afford
foamed arfoi cl@gcifrddit] art aliphatic polyester havi ng excel | ent di nmensi onal
stability, 30 heat resistance, cushlonln chani ca

property as wel | ad3msdesladdtia Mdlng EEFBS%F nga weeq A nth e

I'n accor dancenégﬂﬁhés@ asRRGlgHf, taspieseyt, cushibBMenyi phopébeye heat
provi ded foa and expanded beads of a 35 Erossllnked a|IETatIC golxester
resin having %piﬁgaq%qgngquerty and moldabi

large amounts mainly as packing receptacles and cushioning

ity, are recently use

15 materials. These foamed plastic moldings, however, pose a
problem of pollution of natural environment by disposal
thereof. To cope with this problem, biodegradable foamed
moldings are proposed. EP-A-569143 discloses a method for
obtaining a molded article in which biodegradable aliphatic

20 polyester beads are impregnated with a blowing agent,
followed by heat molding in a mold cavity. The foamed
molding obtained with this method, however, undergoes

- considerable shrinkage during the molding step and has poor
dimensional stability.

25 The present invention has been made in view of the
problem of the above conventional technique and has as its
prime object the provision of expanded beads of an
aliphatic polyester which can afford foamed articles of the
aliphatic polyester having excellent dimensional stability,

380 heat resistance, cushioning property and mechanical
property as well as biodegradability.

Discl £ the I "
In accordance with one aspect of the present
invention, there is provided foamed and expanded beads of a

35 crosslinked aliphatic polyester resin having a gel fraction



2 . of at least 5 % by weight. I n anot her aspect, the present
invention provides a nmet hod for the production of foanmed and expanded
beads of a crosslinked aliphatic polyester resin, conprising the steps
5 of crosslinking beads of a non-crosslinked aliphatic pol yester resin
with a crosslinking agent conprising an organi c peroxide to obtain
crosslinked resin beads having a gel fraction of at least 5 % by

weight; and expadilGgstaisds by Ge@ghki.nked resin beads. 10 In a
further aspect, the present |nvent|on grOV|des a nol ded article of

foaned and expandedTh@RAEh8r aspecter 5BS| PAREENRI I BYRATOHREREIES raesi n,

having a gel methdd &dr Q%eobr%Hub%QSB éf@%g%m§g g - A anded be%ﬁs of a .
non-crosslinked aliphatic polyester resin o i C on crosslinked resin

beads are forGRPSlsinkedesiliphakiggpraayestesl rpabni ccmmsing ttee retiepshai n
thereof i@ an@mUyYs1q 1ng gte?égaétf §0LBRL ?rggf:[ﬁ% a&if!’q}ﬁe X 0 rmol e

[err], nore prefera nole [err | phatic
pol yest er resHQislaSrt@lmd:@Sp@l yva(thdensabseﬂmipkbﬁgc&gemﬁ @cﬂnpwﬂrxm;/aan ds such

quch as AR ot R0 grsai ol SR LAEREY e S G iR
gl ycol and athcaiqunc ofciad 3eabtad @obybuéyd;hﬂﬁ and sxpadiaie. said
Additionally %fyl tl% o%ge%%er resin may 25 be a product obtai ned by
treating the Hove po coupling agent for increasing the

mol ecul arlOwei ght tlmaraoﬁurtheraabpeod otha pk@ﬁéﬁttih&énﬁiﬁhEﬁxbﬂidaﬁ VATEr S
or a copol yner of th wth a c&rbon ester.

ol r
Exanpl es of tHe38SUAE 598 t§°Fﬂeﬁu88dd?¥86E9 Sich as
2,4-tolyl enewnmmmealdpnbtmw pﬁlﬁé@@er resdh] Sl@é?\‘l’ﬁ'il}“@ gel

1, 5- napht hyl e edllsocy yly| enedi i socyanat e, hydrogenated
xnyIenedlls&§V§ﬁ§t 3 haﬁéﬁﬁtﬁy%e ¥dPeigRYanat e and

i sophor onedi | sOCyaBahen-a#dss1inabyl aE@pﬁQﬁﬂ&epoﬁM\te% Hahend wardonat e,
ditolyl %g C%ﬁ%ﬁ%ﬁk&sll %dhEg;th de a%gbgggégdafg gnéggfgqhaV1ng an
aliphatic ester in the main chain thereof in an amount of
at least 60 mole %, preferably 80-100 mole %, more
preferably 90-100 mole %. Examples of the aliphatic
polyester resins include polycondensation products of
20 hydroxyacids such as hydroxybutyric acid, ring open
polymerization products of lactones such as
polycaprolactone, and polycondensation products between a
glycol and a dicarboxylic acid such as polybutylene
succinate. Additionally, the aliphatic polyester resin may
25 be a product obtained by treating the above polymer with a
coupling agent for increasing the molecular weight thereof,
a blend of a plurality of the above polymers or a copolymer
of the above polymer with a carbonic diester.
Examples of the coupling agents include diisocyanates
30 such as 2,4-tolylenediisocyanate, diphenylmethane-
diisocyanate, 1,5-naphthylenediisocyanate,
xylylenediisocyanate, hydrogenated xylylenediisocyanate,
hexamethylenediisocyanate and isophoronediisocyanate; and
aryl carbonates such as diphenyl carbonate, ditolyl
35 carbonate, bis(chlorophenyl) carbonate and m-cresyl



3. ° . carbonate. Particularly preferred aliphatic polyester

resins are products obtai ned by pol ycondensing one or nore glycols
having not nore than 4 carbon atons with one or nore 5 aliphatic

di carboxylic acids having not nore than 4gcarbon atons. The aliphatic
pol yester resin may contain ot her resins or rubbers, if desired. The
al i phatic pol yesters di scl osed in the above-nenti oned EP-A-569143 may
be. sui t aldappes@def or the purpose of the present invention. 10

The nelt viscosity of the aliphatic polyester resin is preferably

| x10[ err] -1 x10[ er r Papgicylamdyerpeéesradl §l 5R1AE k¢ rpoByelfeas rfesins Rares, at
190[err] C a r hear r t | t
Vi scosity isqﬁ§§%$ﬁfhgkﬁﬁ§%ﬁﬁeggjpggyégggﬁggéﬁésé%e qu@%ﬁ? %%#§§%1 of the
resul ti ng exp@wied beddmore $hagmdl batbont Atibms heithiena ¢emierey that it

is difficylt i Khtable.foaped. mol di ng. When the, nel
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t he mol diatgpmst.epThé &hepkaphodedl pesidsr see ¢ihatmayhefoditiad na othert endency
that it is diffi.cult to obtain a_practically 20 _usabl e foaned nol di ng.

The "melt vi Scosity %t TPE6EEPr] éfaﬂﬂséfeg'ra?be cﬁllsora{’@ﬁ:rlc ponypsi:@gs
sec[err]" refdrscddsted iih the pbeverheApLehEHCBP+RA56S143 maletsy mi ned as
foll ows: . As a nelt viscosity neasuring device, RHEOVI S2100 25
manuf act ur ed Y- TGPAST UBEC G4t itBR PUrBesEs. of Athe| Prefent inventddn. resin is

ext ruded 1ohr ough amrher meilgevigebbi€g bAStHE alipKh@iEtiEslyestdMBer fice
| ength: 10 nm) nounted on a tip of the device at_a resin tenperatyre of
190[ err] C and-SaPrefegedly 1x30 shelf” &2 100 BerfePreLerabibnsinkl tHx1loel t

viscosity. 3@a-s, atlDobhe Falrrﬂfi;agtt 12000 fogaggga%pgfex@@ngeé~1beaﬁﬁen

(hereinafter referred to sinply "expande according to the

present inverffifomelfeydsconitheishdower thpp| yxb@erPa esinthaonleseds! i nked
resin beads) cng fdontlent ofPi8RALEdu1BYURY B8p8830RYLOSIP! LHUGE Y ANY

conventignal 35 nethod. For exanple, a polyester resinis nelted and

15 that there is a tendency thaE ig is difficult to obtain a
suitable foamed molding. When the melt viscosity is
greater than 1x10° Pa+s, foams are unable to grow in the
molding step of the expanded beads so that there is a
tendency that it is difficult to obtain a practically

20 usable foamed molding.

The "melt viscosity at 190°C and at a rate of shear
of 100 sec™" referred to in the present specification is
determined as follows:

As a melt viscosity measuring device, RHEOVIS2100

25 manufactured by CEAST Corporation is used. A melt of a
sample resin is extruded through an orifice (orifice inside
diameter: 1.0 mm; orifice length: 10 mm) mounted on a tip
of the device at a resin temperature of 190°C and at a rate
of shear of 100 sec™ to measure the melt viscosity.

30 In the production of foamed and expanded beads
(hereinafter referred to simply as "expanded beads")
according to the present invention, beads of the above
polyester resin (non-crosslinked resin beads) are first
prepared. Such beads may be produced by any conventional

86 method. For example, a polyester resin is melted and



4.~ . kneaded with an extruder and then extruded into strands. The
strands are cooled and then cut into a desired | ength or are first cut
into a suitable length and then cooled to obtai n non-crosslinked resin
beads. The wei ght of one non- 5 crosslinkéd resin bead nmay be 0.05-10 ny,
preferably 1-4 ng. The wei ght of the beads greater than the above upper
limt Is likely to cause a difficulty in uniformy crosslinking t he

resin insi de kneadedaed thl aini extdirlilegubhdt then oslkieeuded iretsd nstheadss having a
wei ght bel ow ' The, non-cross| i nked re

he above lower lipmit. 1 , in
beads may be 5%5 n§§ are Fﬁ@?égiGﬂgthﬁnp?ﬁﬁeH?tﬁra %ﬁk¥%ﬂuﬂ?%ﬂﬁiﬁ
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necessary, arfd P Creeelipkeds EeRlAsh ey eciveRIDs o4 PBganen-

borax, ziBc Rl idkedl ¥EsAUMLRYE AXydBe HBY5DE) mg, AV 1-4 mg.
I ncorporated into the non-crosslinked resin beads for the pur pose of

adj usti ng t h&heeMed ghikd off the bpadpeaseatetxpasri the rakive uppathdigmide of

i ncorporationg j1ix@h24di 4 ugk 0 : 3 4.nargani c 20
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t he pol yest erftheediesinHdnside, the bsads. ddhdrsaldif fioafldr ted prioduce mast er
bat ch of the ot e . Rrep of+ 1 o r . ded with
the | pol yaerar Pead®pavipl SEREeHne te PabObhe MbdVE e P IHIETEC
anount ofl0t he pi gnBhe opndgeosslipkedatéyin. O€HdS may tkee coldmedmsiyght per

A0 PErLE, O LU s BIBKERLLx" S2h0t uep LUEIAE SETIN YBL =2,
then crosslikewn. ByTheingosssimkbenpsrebteeineet ffofored kypldiredersistg,t he
Vessel . whi cR ISt REAPS] GrPEr ARG BRLPITOR TrY e Al g agent
and, if necessampsaxycr anstiinokigagiai glaterialnysacts pes stalgs meeilonummy be
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previously incorporated into the non-crosslinked resin

beads for the purpose of adjusting the cells and of

increasing expansion ratio. In the case of incorporation

of additives such as a pigment, a dye and an inorganic

20 material, it is possible to directly knead the additive
together with the polyester resin. However, it is
generally preferred that a master batch of the additive be
prepared and a portion thereof be kneaded with the
polyester resin for reasons of improved dispersibility.

25 The amount of the pigment or dye is generally 0.001-5 parts
by weight per 100 parts by weight of the polyester resin,
though the amount varies with the kind of the color.

The non-crosslinked resin beads are then crosslinked.
The crosslinking may be performed by dispersing the non-

30 crosslinked resin beads in a dispersing medium within a
closed vessel, which is then heated after the addition of a
crosslinking agent and, if necessary, a crosslinking aid.

Any dispersing medium may be used as long as the non-
crosslinked resin beads are insoluble therein. Water is

35 preferably used.



5 A nel t - adhesi on preventing agent nay be incorporated into

t he dlsperS|ng medi um for preventing nelt-adhesi on of the resin beads
during crosslinking. Any solid particle may be used as the

mel t - adhesi on preventing agent, as long 55as it is insoluble in the

di spersing nmedi umand i s not fused upon being heated. Inorganic
particles are particularly preferably used. Suitable inorganic nelt-
adhesi on preventing ﬁ@@ﬂLédhésiaﬂepﬁéﬁgﬁffn% c#éﬂﬂ'ﬂh y W Gncorpdfatad

al um num oxi de, titani um oxide or alum num roxi de.” 10 As the dlsper3|ng
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be used any conven organ| per I de (e.qg.
| aur oyl per oxiaddessoaapogipatargdegent heimoyhge rmovrdbe)s @&f kaolin, talc,
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t- butyIdeoxﬁssmbntwhapers1n§hald$eanfaﬂﬁomlcrsumﬁacﬂaﬂm)suuﬁnaduﬂddﬁyna
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t enper at ur e usedher'Bhél Mel e AGHeei o l{fﬁ\iﬁ'fﬁi\djr@ rRgehthewefefradliahbsl bhe of
t he crosslinkin ent. The use of an organic peroxide 30 havin
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heating tenperaougoaps 8Rql 989 ﬁeféfébﬂ? usedtiﬁﬁéﬁ(ﬂmdﬁﬁﬁ'dﬂl 10
polyester resin beads in water i s a fear that the polyester

resin be RydPaFPedyY weight per) gopspﬁFE?e}PYe‘tﬁe%%ﬁ heRs it per oxi de be
used in 35 c@toReinkedWrbBia BEASS| | NKid G fhMingh iFRY ra¢e2a®2PaYRE

6 in an amount of 0.001-5 parts by eight per 100 parts by
weight of the non-crosslinked resin beads.
As the crosslinking agent, there may be used any
20 conventional organic peroxide such as a diacylperoxide (e.g.
lauroylperoxide, stearoylperoxide or benzoylperoxide), a
peroxydicarbonate (e.g. bis(4-t-butylcyclohexyl)-
peroxydicarbonate, diisopropylperoxydicarbonate) or a
peroxidiester (e.g. t-butylperoxyisobutylate). The use of
25 a crosslinking agent having a decomposition temperature
that is lower than the melting point of the polyester resin
is particularly preferred. The decomposition temperature
herein is a temperature providing 1 hour of a half life of
the crosslinking agent. The use of an organic peroxide
30 having excessively high decomposition temperature will
require so high a heating temperature and so long a heatiﬁg
time for heating the polyester resin beads in water that
there is a fear that the polyester resin be hydrolyzed.
It is preferred that the organic peroxide be used in

86 conjunction with a crosslinking aid which may be a compound



having at |east two, preferably 2-3 unsaturated bonds (doubl e bonds,
triple bonds). Such unsaturated conpound crosslinking agent may be an
acryl ate or nethacryl ate conmpound such as et hyl enegl ycol diacrylate, 5
pol yet hyl enegl ycol diacrylate, trinethyl ogpropane triacryl ate,
tetramet hyl ol net hane triacryl ate, t et ramet hyl ol net hane tetraacryl at e,

et hyl enegl ycol di net hacryl ate, trinmethylol propane trinethacrylate or

al Lyl TEBRALY Bko1caBeatly) BLELrol1QVANYNs BELL ALY Mirddpoyanuri o

acid such as triallyl cyanurate o | socyanurate; an allyl
ester of a cddowkpe boagisd §ﬁéﬁlasb0ndstr|eﬂuqh unsiatwiraitest eompouat vl
trinmesate, sl p I a r

benzophenonetetrgﬁa kln ?QH% hh&dggl?§lé %¥é¥e ot thcgy%ﬁﬁﬁwue or
di al |yl ad|paxmmomnﬁSSumhlesn&dhy&enpghmdokudhaesybammenylnale|n1de or

N, N -m I mey_hav ubl e bonds such

as 1,2-poPybE¥§§% gﬁ%é%@&b%gnggﬁagﬁgg#%g gflﬁ%éﬂéhé¥§f°pan?rlple bonds
such as diprdpémgy&lprbhatateamdtpgmpamgyhane trfﬁwﬁy¥ﬁﬁéﬁe, Lripropaggy
trinesate ate or _di proparg eat.e. e use of a
conbi nation o & @m.%%y&pé aB&r ﬁFﬁﬁaﬁfgL g '%F%@f’ %ﬁﬁ%ﬁ#&L especial | y
t he | usr, mfln&futmlﬁmyﬂatleont@ﬁ.mbeh?mwpﬁépamdetmlrhé%kﬁhd&fymdtﬂgﬂﬁeﬂﬂlyl i's
particularly err he organi c r oxi used i n an amount
of 0.01-10 2§Pe§ ﬁh?tﬁeu ght 21hyis 8FEBFYCH. @Y \b%%‘?sa%’;ﬁsv%ﬁ ght, per 100
parts by 10ei glsocgfanifte cnagsiar eashi akeﬁrmmm begaisurathe or thnSAtyr at ed
conpound crosslinking agent is_used in anpunt of 0.001-10 parts by

wei ght, pr ef eSQ5YENYrates garedlyl eﬁyeﬁe?ﬁhﬁ CHRORVOL HATD FHGheiaght of

the non-cr osﬁmram@lBQrﬁ.&éumlleaeés triallyl trih€s&fOsstdiing tenperature
T ([err]C) is ner. al nperature which is | ower by about at nost

65[err] C t ha® Eﬁllltﬁgﬁtlﬁélﬁéﬂﬁ% RENZPRREIRC B L EAATRANEATGY resin
beads (T [er rgiayR: gl oxa@.ﬁ[t%rthallﬂ?rsﬁéé‘ﬂﬁéﬁe oF amﬁﬁseaﬂpéﬂbe I%O' yester

resin 35 beads na yester (np: 113[err] C) conposed of 1,

7 15 ma elmlde compound such as N—phenylma eimide or N, N'—m—
phenylenebismaleimide; a polymer having double bonds such
as 1,2-polybutadiene; or a compound having at least two
triple bonds such as dipropargyl phthalate, dipropargyl
isophthalate, tripropargyl trimesate, dipropargyl itaconate

20 or dipropargyl maleate. The use of a combination of an
organic peroxide with a divinyl compound, especially the
use of a combination of benzoylperoxide with divinylbenzene

-is particularly preferred.

The organic peroxide is used in an amount of 0.01-10

25 parts by weight, preferably 0.1-5 parts by weight, per 100
parts by weight of the non-crosslinked resin beads. The
unsaturated compound crosslinking agent is used in an
amount of 0.001-10 parts by weight, preferably 0.01-2 parts
by weight, per 100 parts by weight of the non-crosslinked

30 resin beads.

The crosslinking temperature T (°C) is generally a
temperature which is lower by about at most 65°C than the
melting point MP (°C) of the polyester resin beads (T = MP-
65°C) . For example, in the case of the polyester resin

85 beads made of a polyester (mp: 113°C) composed of 1,4-



but anedi ol and succinic acid, the crosslinking tenperature IS
50-140[err] C, preferably 90- 120[err]C As a pretreatment step for the
crosslinking step, a step of inpregnating polyester resin beads with an
organi ¢ peroxide crosslinking agent at 5 & tenperature |ower than the
crosslinking tenperature may be carried out, if necessary.

The crosslinked resin beads thus obtai ned have a gel fraction of at

| east 5 96beWQhﬁaﬂioErSﬁﬁr§QE¥1§9c8Qci@rr&h@Yérossﬂ%ﬁEﬂﬂ %@%ﬂgﬂ%&%rably
40-70 by weight. Wien the gel 10 fraction is 1ower than @6by I ght, it

i's i npossi bl &5t §0-140864 apreferabhBdo9ml 209G hdsi 8gpgesaeatmensi ohap
tabilit b c r
oaned ol di a9 pEoduEEqoRet FriprStey £ FOB LT A aICHAIRI R steE

(obt ai ned byréﬁpanbeﬁgstHetbressbrgk@nCrﬁgrwxndﬁtn%nﬂﬁlunkin@ea@ﬁmg talte

expanded peads t ondary
f oam ng) thereog}n‘ggga?lﬁ(Eg EBQ?EEQ¥%§Lt ¢ é 5S§#hergggng%m%%%ﬁug%h§%$'When
t he gel beacarmmedsohtghef nbaﬂsﬁmkyéby melght there is a

possibility that hj rade.fo d_nol di.ngs. ar 0 .obt ai. nabl e because
secondary foanabll#ge gﬁag ﬁﬁ%g? nt it b é@&? (ﬁ%f QSQ E&c Bnm8®poor .
The gel fracﬁkantdbn of ato$ehsﬂked%rhylweb@mwﬁ pyfdamdont3oeidoed By t he
anount and kind of a cro sl i a crosslinking te rature,
etc. 25 wel?h&’g@PrFrEEF SHagiyeggaggg%Y|W|%?&FprB@' Phegel

speci fi caoi ofragtdehi Aedlawetothanss % by weight) siple ipglodstivledito

crossl i nked r ln beads anded beads or foamed nol ding) .is placed in
a 150 n Pradn Fogeﬁﬁsi" RPLALAGONAYLRG EHrch: ST oA q’v@tb&rlé G¥s 30

heat ed under bree:bhué tBer8 heuesusdbiea heahsidesdste @H@lﬁﬂ&oge in £nehen
filtered wt ction.filtration deV|ce haV|n nmesh wire net.

The materi al r%ro@ﬁ"& nfPRGAdRTIt REogdiFed jay £ %Me? I@‘Hed SR Y6t r eat ment

is dried in @&p@maadabegaher(bb@amedf@{; @xﬁ%ﬁu}'r@% A dRAUGRE PRSI W €.
The melght W% he 35 dried material thus obtained is neasured. The ge
fractionl® eads) and heating the expanded beads with a heating medium

for the foaming (called secondary foaming) thereof and for
the fuse bonding thereof to each other. When the gel
fraction is higher than 80 % by weight, there is a
possibility that high grade foamed moldings are not

20 obtainable because secondary foamability and adhesion of
the expanded beads become poor. The gel fraction of
crosslinked resin beads may be controlled by the amount and
kind of a crosslinking agent, a crosslinking temperature,
etc.,

25 The gel fraction referred to in the present
specification is defined as follows.

A sample (about 1 g; crosslinked resin beads,

expanded beads or foamed molding) is placed in a 150 ml
flask together with 100 ml of chloroform. The mixture is

30 heated under reflux for 8 hours. The heat-treated mixture
is then filtered with a suction filtration device having a
200 mesh wire net. The material remaining on the wire net
after the filtration treatment is dried in an oven at 80°C
for 8 hours under a reduced pressure. The weight Wl of the

35 dried material thus obtained is measured. The gel fraction



is a percentage by weight ((W/W)x100% of the weight W based on the
sanpl e wei ght W2. As a nethod of crosslinking the non-crosslinked
resin beads, other methods, such as el ectron beam crosslinking 5 method
and sil ane crosslinking nethod, than the gbove met hod using an organic
per oxi de crosslinking agent can be used. The crosslinked resin
beads are then expanded by any sui tabl e known method. One preferred

expansi on netl LU n resi e‘%?ﬁ%
di spersi ng %h%?%%t |n a C|0§§§tvg§§%?ﬁ?%k? %réﬁéﬁ%ﬁ 0 '%Iomnng
agent ; heat|ngHEWbcdl§b@r§ﬁ0@leows@ghénW2he crossllnked resin beads and

to imregnate i he Headsuitiat e REGUL 18 nBOR inANC e Wil Seoin

mai ntai ni ng the pressure W't vesse € 'vapor
pressure of theadd,owthgragetihods, sopbnasgedeeteoml béameIQﬁﬁiEﬁkIHg

si mul t anequsl i schar t he beads. and the di.spersin iumto an
atnnspher§ agéﬁ%ﬁé?ﬁ?ﬁ&lgpﬁogﬁﬁé?i&nﬁFggsﬁ?E?O?b e?a?h °$ﬁessure
within the vessaglod sEmbanexpgadingpehexhaadsrost hemk Py rwgémda:ammal SO

be adopted such as a nethod wherein crosslinked resin beads are
i npregnat ed W%%%-a bl owi ng agent in a closed vessel to obtain

expandabl e beads wrhehcrossai@kklenrebakePeods ffe tfitery esgrinddtl bieairgd so
that the resin _beads are softened and expanded; and .a nethod wherein 25

resin beads WHIGRHE &N58En NekdRFed We PEE (ﬁﬁﬂ%@ﬁ%on me thodle blomjng

agent ar ggheatrgd e 2 diQyHResAMN %r'&'sgﬁhkbbaﬂeun bEgd sleC® NP agi 4 p s g Nt
of the bl ow ng agent and expanded The expanded beads obtai ned by

expansi on of RGH MHkEdn a clesied HeaaslhaPethRePEaFRNGRI OF radR IS t hat
of the 30 Cr(Eﬁﬂdﬂ”“ﬂ$dﬁiﬂgnt%%ﬁ@ﬂsper51on to AbEEERathY etYos£XPRRLied,

crosslinked resin beads be obt ai ned by expandi ng non-crosslinked
resin beads &ffin becﬂ‘i’én aé%doé?@l iimeirggneke tchasbamia wEEh el kW hds by

an el ect ron.reamf Q3 nmﬁgenﬁta'iﬂ‘éalﬁiﬁg BRe pressé¥e lREcidAVRY

agent used for™ preparing thé above
9 éﬁpaﬁt@ﬁﬁ@ed&ghetm@@nnﬁ@eb@anﬁdpé@ AGBAei ofafhenel ewitng axgent,

opening one end of the vessel to simultaneously discharge
the beads and the dispersing medium to an atmosphere
(generally atmospheric pressure) lower than the pressure
within the vessel, thereby expanding the beads. Other

20 methods may also be adopted such as a method wherein
crosslinked resin beads are impregnated with a blowing
agent in a closed vessel to obtain expandable beads which
are then taken out of the vessel and heated so that the
resin beads are softened and expanded; and a method wherein

25 resin beads which have been kneaded with a decomposition-
type blowing agent are heated at a temperature higher than
the decomposition point of the blowing agent and expanded.
The expanded beads obtained by expansion of crosslinked
resin beads have the same gel fraction as that of the

30 crosslinked resin beads.

Alternatively, expanded, crosslinked resin beads may
be obtained by expanding non-crosslinked resin beads and
then crosslinking the thus obtained expanded beads by an
electron beam crosslinking method, etc.

35 As the blowing agent used for preparing the above



a.volatile blow ng agent, e.g. propane, butane, hexane, cycl obut ane,
cycl ohexane, trichlorofl uoronet hane, di chl orodi f| uor onet hane,

chl or of | uoronet hane, 5 trifluoronethane, 1,2,2,2-tetrafl uoronethane,
1-chloro-1, 1- di fl uor oet hane, 1, 1-di f$uoroethane or 1l-chloro-1, 2,2, 2-
tetrafl uoroet hane; or an inorganic gas bl ow ng agent, e.qg. ni t rogen,
carbon di oxide, argon or air. Above all, the use of an inorganic

bl owi ng agenexppagkbcykanky ’Bhéf@gﬁeﬁ' BO SRR LRA Ao sich as
preferred for reasons of ch eapness and prevention of the ozone [ayer.

In the above@¥PaAsiés REPWHAT fEenVol @tT| LIRANGg Putanggedexageysed i n an
anount of 2- %9c@%bh§a§¥ “@Xaﬂ§geﬁéné00tr1ch£5¥{ﬁiJB&dME Lf the

crosslinked résin bea I norgani ¢ gas ow ng agent ‘i s used in an
amount so t h&fchlorpdaféhosenetvharel @@bOEpiﬁuﬁmnmathanehhe range of 10-60

kgf/cm G gTh bl wi,th the
conS|derat|o§ o?qggﬁeﬂEFﬁgﬁghl9m%e? ggg%réf%¢?$%ﬂ$%%5%dsﬁt%hﬁ%&%h& &e3|red
expanded beadsfén@rphehaﬁeblbwﬂﬁglfkmmmmemhnmeenr\MHaﬂidﬁmeleﬁpathon is
carried out. Lure at mhlch t he cros | nked reS| beads are

i mpr egnat ed Wi tetﬁa}?ﬁo%ﬁggﬁﬁ ag8ht AT TR IHHTS G éé??ﬂ@wﬁ nt, - ©260y

[ err] C wher enliRriogea, nebrbng ubomidaf afgbmr@ﬁshnnkedbove a&si ntheadse The

tenperature suitabl.e for_exp the 25 crosslinked resin beads becones
hi gh as the §é& 2fr ABPEER"IC g?ﬂ@%%%fagﬁ%?ed%%% lQé;ﬂgiﬂI%}tqﬂﬁ§nexpan3|on

t enper at ume Ics.rbon diokhaer aﬁgemf hotpreoRerrddiaivd MRasothy) [ r] C but not
hi gher g %I\/P + 50 21[ JIC wher e is a nel blfglg]fm nt of the
crosslinked FEEPRTGE85q81CU3Bre entlogﬁ% RS e L hus obt ai ned :
general |y have a In bnékaﬂ@ﬁéléypms@oﬁk&e&cﬁig/&@v@mt@ueambwﬁ cel |

di amet er of 0 expanded beads can be further f oamed

and inflated® ent\/\ﬁénuﬁﬁgt 8. alTh%m‘F"b%Fn% 36&9 Pars & wealghth@®exealiong 35

termerature @adttshaycaeﬁ_%ﬂt 6t the OrO¥IhddEMesi®eads. The
nded ads havi ng, such characteristics are utilized for

the fornﬁgloﬁnBFgFBéﬁeaaﬁDpaPﬂﬁgg agent is used in an amount so that
the closed vessel has a pressure in the range of 10-60

kgf/cm’G. The amount of the blowing agent is suitably
selected with the consideration of a relationship between
the bulk density of the desired expanded beads and the

20 blowing temperature at which the expansion is carried out.
The temperature at which the crosslinked resin beads are
impregnated with the blowing agent is suitably at least (MP
- 20) °C where MP is a melting point of the crosslinked
resin beads. The temperature suitable for expanding the

25 crosslinked resin beads becomes high as the gel fraction
thereof increases. Generally, the expansion temperature is
in the range of not lower than (MP - 25)°C but not higher
than (MP + 50)°C where MP is a melting point of the
crosslinked resin beads.

30 The expanded beads thus obtained generally have a
bulk density of 0.015-0.6 g/cn? and an average cell
diameter of 0.05-0.5 mm.

The expanded beads can be further foamed and inflated
when heated. The foaming ratio varies with the heating

386 temperature and the content of the blowing agent. The



A foamed nol di ng may be prepared by placing and heati ng the expanded
beads in a nold. As a result of the 5 heating, the expanded beads are

fuse-bonded to each ot her to forma foanmed nolding of a unitary
structure. As the mol d, any customarifgy enployed nold may be used. As
t he heati ng nmeans, steamis generally used. The heating tenperature

is such that surfaces of the expanded beads are 10 fused while preventing

obt ai ned 1 onge ooed LEABsCERATAG, sueh BRFETCo A PR B Rl i 0 11

expanded theadorm@ié ohoafe doambdi mgldhyghave any desired shape such
as a container, a Rl a .col um a(f eet or ,a 15 | ock.

te cyl i,nder
The foanmed nol di ng o%OPﬁﬁgpP§28ﬁPgiﬂ%%h??d%F?EﬁF%a Y RIS 9@ shri nkage.
The shrinkaghdatih@ [ther xpandedsbeads prhederd@bdy RsY%eOrrels@st. oFhdhe the

f oamed nolLding .S xcel l ent. i.n_dingensional stability. Especially, the
20 shri nbagéj%ﬁftlf‘ﬁé F&ﬁ&pﬁpﬁpnae?g‘geﬁﬁe ?/‘%??%A?évﬁ%r? CﬁEOtIfergel
fraction of tHe foressl ifokeddr RslaiRgads hSupitdf@sdtructde 20 Ay wReght. In
t he case of suggbaeggl fraction, the expanded beads exhi bit both

ndfg ly emphayve

excel | ent he&® CHSERBALY A OBl Fo2Hi NG tysedrhePEf 6PE, it is

possible to okiadiifig #eank OBLEAR €5P3eHEHaPERUSsed. DiTRdegadallye ol di ng
havi ng excel | ent nechani cal strehgths such as conpression Strength,

bendi ng st redgfRedRdurends| sushr Shgthsurfaces of Hie exnandesl diragsadds! e
used I n lige EBMAInile PRBYChECALI CRe! Solll ERARLIL I6F And LbbdifRR Of 2
beads, I ng)

sanple 30 (crosslinked resin expanded beads or foane
whi ch shows ®efdsddgoadeing (petrpyeds dihd ddwis ebtwmimedn foamegeasured 28

suspensi on mfod S nasgifp Gambifel CEERREDSh o5, Ui Bb ot Al o0
in which 35 beagisi.| Eugpé@@mQ¢|m¢lgﬁngimax;hﬁnqtamwe@epdmednsaepevaueu
Aer b o Bl odogr Sase ety By AcProsred o bauaiet” diidh, o MERLYL, o
ki nds of 180i bl@siK-ected in the
The foamed molding of the present invention has a
very small shrinkage. The shrinkage is 10 % or less,
preferably 5 % or less. Thus, the foamed molding is
excellent in dimensional stability. Especially, the
20 shrinkage of the foamed molding is extremely small when the
gel fraction of the crosslinked resin beads is at least
30 % by weight. In the case of such a gel fraction, the
expanded beads exhibit both excellent heat bonding property
and biodegradability. Therefore, it is possible to obtain,
25 from the expanded beads, a biodegradable molding having
excellent mechanical strengths such as compression strength,
bending strength and tensile strength.
The term "biodegradable" used in the present
specification is intended to refer to a case of a sample
30 (crosslinked resin beads, expanded beads or foamed molding)
which shows a biodegradation (%) of at least 60 % when
measured 28 days after the commencement of the following
test according to the soil suspension method:
Soil Suspension Method (JIS K6950 (1994): a method in which

35 a soil suspension liquid is substituted for an activated



fbllomﬁng No. 1 to No. 6 places is used. 5 No. 1: National Institute

of Bi osci ence and Hunman Technol ogy at Tsukuba-shi,
| bar aki - ken No. 2: National Institute of Bioscience and Human
Technol ogy at Tsukuba-shi, Ibaraki-ken 1 No. 3: Tsukuba-shi,
| bar aki - ken 10 No. 4: M kuni -cho, Fukui-ken No. 5:
Unat suki - cho, Toyana- ken No. 6: Tsuruga-shi, Fukui-ken (2)

Preparati on Qf @ [ 400 [ r 15 m nutes
using a free%éuéggﬁggr §ﬁ§§?ﬁg§ds?%gégg?@eg%?%sta%§§£4#é§;%ﬁt¥%52§%§ze

t hereof to 23Bthedr foroRelrebic Biodé8yadabihaty coBaidt Rrdted eslMeije)m The
sanme inorganig.salt.,. culture di,umas described in JI S K.69 (1994) is
used exce(%t) gﬁéf‘”tﬁe“‘éﬁ%ﬁﬁ? 8 kll—![(n%?afd’ oF O Kt C‘t’ﬁdﬂ}ﬂ 3%%5
changed to 2.foldowdflg () BrepanNati 6npDacS&eils Susqrensi on Liquid: The above
soi | 150 g; d ight).is mxed with stirring with 3 liters of

the inorg&nic salt&ﬁurﬁurgaﬁéapﬁglf%?t%%P?ﬁ Lo nce apdy Hyman g

al l owed to stand quiescenbﬂgbﬂﬂylda% BtNYs@%uba-shiherkgsalki L e super nat ant
is used. 25 (5) Biode radabiliti est Method: A sanple (30 is mxed

with 300 ni of theNSoik:sNapeARRENINPELFHEtRRE tBiPSRLANGS and Hugagy| t ur ed.

During culture, the oxygemeonpimet b ekukhBa-shiFuUshepskPehquid 1S
continuously nmeasured using a BOD neter. The bi odegradation BD of the

sanpl e is expresse§Ooby330TSpkabaoshbni Herrakinken BD = [(Ms -
Me)/M] %0100 ([ergh) 4. myRERELENYS FEREESERS a BOD value (ng) of the
measur ed suspension liquid, M represents a BOD value (ng) of a

control (soil susp8Rsi&a PRatpdkbbele neBOYRMAORN t he 35 sanple) and M is a
ageoretlCggngrggenNgegggg%Fggﬁgg_gﬂfl F%%%}?%ﬁ?omjng exanples will further
illustrate tH&) Preppgesiaoni afehamphe: "Pagemplaris iyrawidlat -100°C for

15 minutes using a freeze grinder and then sieved to adjust

15 the particle size thereof to 250 um or less.

{(3) Inorganic Salt Culture Medium: The same inorganic salt
culture medium as described in JIS K 6950 (1994) is used
except that the amount of NH,Cl1 of a buffer solution is
changed to 2.5 g.

20 (4) Preparation of Soil Suspension Liquid: The above soil
(150 g; dry weight) is mixed with stirring with 3 liters of
the inorganic salt culture medium for 30 minutes. The
mixture is allowed to stand quiescently for 30 minutes.

The resulting supernatant is used.

25 (5) Biodegradability Test Method: A sample (30 mg) is mixed
with 300 ml of the soil suspension liquid and the mixture
is cultured. During culture, the oxygen consumption of the
suspension liquid is continuously measured using a BOD
meter. The biodegradation BD of the sample is expressed by

30 the following formula:

BD = [(Ms - Mc)/Mt] x 100 (%)
wherein Ms represents a BOD value (mg) of the measured
suspension liquid, Mc represents a BOD value (mg) of a
control (soil suspension liquid obtained without the

35 sample) and Mt is a theoretical oxygen demand (mg)of the



5.7  Exanples 1-3 100 Parts of an aliphatic polyester resin

( Bl ONORE #1003 manufactured by Showa Hi gh Polynmer Co., Ltd.; major
conponents: 1, 4-butanedi ol and succinic acid; nelting 10 point: 113[err]C,
MFR(190[err]C): 8 g/10 mn; nelt viscositj at a rate of shear of 100
sec[err]: 950 Pa s) were blended in a dry state with 0.2 part of

al um num hydr oxi de and the bl end was nel ted and kneaded with an

ext ruder. 1Tﬂ§%ﬁﬁ§% t hen extruded into strands, which were subsequently
cut to 15 obtarn non-crosslinked resin beads each having a dianeter of
1.3 mm a | erfigampdfe 1. 3 nm and a wei ght of about 2 ny. The

l'i nked t t
[Fter-autocl ave {ogstep thephisoBeRaP LS F it Hihiner B i,
0.02 part of mrianh ZGvénddop.behzenestl doadbe weigiarts of Nyper FF

(nanufactﬁred by N ppon Yushi Co., Ltd.; benzoyl peroxide; purity 50 %
and a quantity (as shown in Table 1) of DVB-570 (manuf actured by
Shin-N ttetu Eheipled 163, Ltd. di vi nyl benzene; purity: 57 % . The

m xture was heated\@tr125 stlrrln to 105[err]C, maintai ned at that
tenperature for 60 Pairhgt 8f éﬁdaéthéﬁl?oP@ %ﬁ???:?%ﬁkﬂn@ﬁ?@%ﬂﬁ%sllnked

resin  bedds 0 st facdelrelyr @«gt BHBwésHﬁﬁﬁV\@olﬁné_ﬁbé@ l.1td.; major The
crosslinked resin beads (100 par were t charged nto a

li ter-autocl &RERBFEHSer FPU§99€§éP@saBﬁ sucaiRbe  aaiparmeldfingol i n and
0.02 partjgof gditumi13ecdoggrythbergenegullopag en; Tﬁ&@%féﬁﬁ}”ﬁ? dieaed to

an expansi on tenperature and carbon élOdee was fed to
aut ocl ave unthiate o ishsiade ofr d99usect ter%Sd% Peesdhwere blengedsinre dsyshown

in Table 1, sqdfthatyitdhe or.es gﬁrlee%@s a&h®nin hﬂmf'&g{@é egh M £l GA AN was

di oxi de. Cne end of the aut
13 was meddiedo gade kneadietde wiithr aduekhgudeni t ridyen wgss theno t he

aut ocl ave t o SRR 1hRS ng@'i'aﬂﬁspr§ﬁ§5ﬁewgp§r$ﬁﬁse%19entlp\én ﬁg}?@[ ge the

contents therein to the anbient pfessure
crossl i ndéd l@%ﬁ&ifb@@@scrvmlbnkle%rdemsl bgadadeatle haeingea cri;llamaileirret er

of the expandgd b&AdS 2 length of 1.3 mm and a weight of about 2 mg.
The non-crosslinked resin beads (100 parts) were then
charged into a 5 liter-autoclave together with 300 parts of
water, 1.5 parts of kaolin, 0.02 part of sodium
20 dodecylbenzenesulfonate, 2 parts of Nyper FF (manufactured
by Nippon Yushi Co., Ltd.; benzoyl peroxide; purity 50 %)
and a quantity {(as shown in Table 1) of DVB-570
(manufactured by Shin-Nittetu Chemical Co., ILtd.;
divinylbenzene; purity: 57 %). The mixture was heated with
25 stirring to 105°C, maintained at that temperature for 60
minutes and cooled to 30°C to obtain crosslinked resin
beads having a gel fraction as shown in Table 1.
The crosslinked resin beads (100 parts) were then
charged into a 5 liter-autoclave together with 300 parts of
30 water, 1 part of kaolin and 0.02 part of sodium
dodecylbenzenesulfonate. The mixture was heated to an
expansion temperature and carbon dioxide was fed to the
autoclave until the inside pressure thereof reached a
pressure as shown in Table 1, so that the resin beads were

85 impregnated with carbon dioxide. One end of the autoclave



are’shown in Table 1. The thus obtai ned expanded beads were aged
at 60[err]C for 24 hours, filled in a nold having a size of 208x208x25
mm and then nolded therein with heating at a steam pressure 10 as shown in
Table 1. The nol ding thus obtained was aggd at 60' C for 24 hours under
an. anbi ent pressure. The apparent density, shrinkage and

bi odegradability of the foaned nol ding were evaluated to give the

I ' ' bl e. ' Ex | es, 2
The non-cr 0 SFFnEaa"r BPReBealte Fott pareus B Hode B e

charged i ntoaatsclaver taumathésuént thet iwside pmedduBOHCardcst, oftonater, 1.5
parts of kaolj,n _and 0. part .20, of sodi um dodecyl benzenesul fonate. The
m xture was ﬁlelgtcggrge Q‘?‘S gﬁngﬁﬂﬁﬁsFﬁﬁr?%ﬂpB affe%‘ér/ea@?fueri‘}arpdiﬁ‘?sdﬁr@xi de was

fed to tmemchkeapglnumhgl théeﬁi:dSSsﬁfn]@é@Sﬁé%ﬁu ;M@.f raachadxa g
pressure gs shown ,in T 1, so that e.resin beads were | npr egnat e
with car bgn (ﬁ{é&?il&é(. a ﬁ Fﬁ@ e¥REagRNTet ! a1 3R $95510F Fhe X pFRAe EbaAsises,

one end of theeaghowmade waple 1.t hen opened, while introducing a nitrogen
gas into the aut ocl ave, to discharge the contents therein to the

anbi ent pressur8® thipephtaipadderrprRdrad rkaads peanss agpske atu|60°C
density and tfe auenaaescekh1dbamehes Bb14Meaexpanded own in
Tabl e 1. The t hus ob%ginedlex%%ngg% beaggqﬂgﬁgqggégﬁ%?ﬂ%b err]C
for 24 hour s ™¥ @ndedhien Hokerd KASra§navithehedtDUR @DEK 23 eam prasEvdet hen
nol ded t Rgr ei ' heat | tia r I : kN l e, 1.
The nol di ng Fﬁu?hggfa?%ega%ég égezhg?m%gxggﬁgﬁﬁfg f%?%fﬁgﬁgﬂﬁg S%ggrggn
anbi ent pres$P°€ frre24 hours under an ambient pressure. The apparent

characteri stige$sQfth LRds gg@f' ggij Exampl e 4
Exanple 1 was pgpfgﬁnggg?hg? g ggﬁgb%gnn régs f%%?%éﬁﬁé%:%ﬁ%%%ﬂ that an
al i phati ¢ pompdsiiag weseneyBLONORE to give the results summarized in

Table 1.

15
Comparative Examples 1 and 2
The non-crosslinked resin beads (100 parts) shown in
Example 1 were charged into a 5 liter-autoclave together
with 300 parts of water, 1.5 parts of kaolin and 0.02 part
20 of sodium dodecylbenzenesulfonate. The mixture was heated
to an expansion temperature and carbon dioxide was fed to
the autoclave until the inside pressure thereof reached a
pressure as shown in Table 1, so that the resin beads were

impregnated with carbon dioxide. In the same manner as

W
%44

that in the above Examples, one end of the autoclave was
then opened, while introducing a nitrogen gas into the
autoclave, to discharge the contents therein to the ambient
pressure, thereby expanding the resin beads. The bulk
density and the average cell diameter of the expanded beads
30 are shown in Table 1.
The thus obtained expanded beads were aged at 60°C

for 24 hours, filled in a mold having a size of 208x208x25

mm and then molded therein with heating at a steam pressure

as shown in Table 1. The molding thus obtained was aged at
35 60°C for 24 hours under an ambient pressure. The



#1001 manuf actured by Showa Hi gh Pol ymer Co., Ltd.; nmjor conponent s:

1, 4- but anedi ol and succinic acid; nelting point: 113[err]C;
MFR(190[err]C): 1.8 g/10 min; melt viscosity at a rate of shear of 100
sec[err]: 1,950 Pa s) having MFR 10 di ffeygent fromthat of the pol yester
resin in Exanple 1 was used and that the crosslinking conditions shown
in Table 1 wer e used. The properties of the expanded beads
and t he nol di-g dokheref gggrg In
t he above Exarrgrggtgg%%%ggar gt ?ég ﬁéggafﬁﬁgs dnﬂn‘%}%ef\dnjklangﬁ% the
nmol di ng was cal cul ated as foll ows (betmeen two shrinkage values in the
| ongi t udi nal ggp%g gr al directions, a greater value was used):

R [(B - A)/g? O ([err]) 20 R Shri nkage of the nol ding

A. Length of the nBkdinpdeafevaat p&OfermédC frortlx) demer snanner as

di at t.h of th
[red ek Sber A BbOLOOLRLERen ipnert BRSO NS Mthnors
Exanpl es, thél28lbmadegaatabeli by ShowdeHhgh dPslmmeraTeyalitat.gd n&?’ofxOI | ows:
A nol di [ ce o
T or oor gani < FERPPREREAALL FORERBEEL herti SBTCTITe ard dioMAItang th ti e

was neasur edpolhe :bilagegr; adERI(LBOYC) : 118 §XPU asised ndld arilfeo¥ityhathanber
of days required f&r %O t he iaht thereof to_decrease to 50 [err].
In the above® eSN8AY eﬁﬁig afeGe ‘BlafpPeda fhehaving MRRdensity Bd

(g/cnfernp) \aaff@eaﬁur gdonsthat! @95the polyested Nreb i ATHUEAMGAY i1NGRAL at
were pl aced to determ ne the volune V (cnB) of

| east 500 ex ed heads
the beads 35 gnﬁ?ﬁetBPEdGEFlGﬁoﬁ?l%%El%?l¢9Rﬁ#tloﬁﬁa%ﬂﬂW@-d@h§?b9€Bé

15 is @@&@uh@bgd as foll ows: Bd WV wherein W
(g) is atotal Eht of the expanded beads placed in the cylinder. 5
In the above ExanplB8 BREPEBRHAP 0T vErE@iAnded thaads ang, ghggaocdeing

dianeter of thea¢xpandadrbeads ¥Bs SRGSH LM Rdble 1.

15 In the above Examples and Comparative Examples, the
shrinkage of the molding was calculated as follows (between
two shrinkage values in the longitudinal and lateral
directions, a greater value was used):

R= (B -23a)/B] x 100 (%)
20 R: Shrinkage of the molding
A: Length of the molding aged at 60°C for 24 hours
immediately after the molding step
B: Length of the mold corresponding to A
In the above Examples and Comparative Examples, the
25 Dbiodegradability of the moldings was evaluated as follows:
A molding is immersed in water at 24°C in the.
presence of microorganisms. The reduction of the weight of
the molding with time was measured. The biodegradability
is expressed in terms of the number of days required for

30 the weight thereof to decrease to 50 %.

In the above Examples and Comparative Examples, the
bulk density Bd (g/cm’) was measured as follows:

In a measuring cylinder, at least 500 expanded beads
were placed to determine the volume V (cm’) of the beads

35 from the graduation of the cylinder. The bulk density Bd



fol | ows: An expanded bead was cut into halves. The cut
surface was observed to neasure the maxi numdianeter dl, 10 d2... dn (nm

of each of the total n-nunber of cells, from which an arithnmetic mean D
was cal culated (D = (dl + d2 ... + dn){sn). Simlar procedure was
perfornmed for 30 arbitrary expanded beads. The average cell dianeter is
an average of D of the 30 beads (dividing a total of the average D of

t he. 15 beads . I .above Exanpl es and Conparative
Exanpl es, Thelt %%Sb%ra’éﬁfi aéngP%E’E%r(g/an) was determined by dividing

t he wei ght WM (g) of BHe=nw)/ding by the volunme VM (cnferr])

determ ned fromthe_o r..di,mensio f_the | di (BM = 20 VM .

The nol di ngs &hetrﬁ ne%iﬁ&eﬁsbgahggﬁ Eﬁé%?gggl&ge, exPa%ﬁe}dcm a
crosslinked stplactedr én thewcglihdenkage of 5 [err] or less and thus
have hi gh practical _val ues.. The bj odegradabi ity (50 % wei_ght

etucti om Sor t hem A SHeaaEVS sEsRTPLES S CanRALAl e A (Rne 28, t he
nol di ngs of thererageexpandadahedds bf £REPExPAhIE] BXodm Gfasl ik IWA as
shri nkage of nore than 10 % and, thus, are not suitable.

Addi tional |y, %98’k density of the expanded beads of Conpar at i ve

Exanpl es highly depgRdexpgBARcliNBeb8NRES abE €1t Ihihes expaBstae for the
preparation of the expanded beads, so that it was difficult to control

t he expansi on SUgthase Waghebservphofackeanuse the mapHmye Ainmater dl,

The gel frgctign of dhhengypardedcReadsthl €864 Of-numb&XaiPl&S11ls 4 s, the
sane as that of the noldings obtai ned 35 therefrom

16 which an arithmetic meanTRb¥es 1calculaegpie = (d1 + d2 ... 1
2 3 +-ﬁn)/n). Similar procedure was performed for 30 arbitrary
expanded beads. The average cell diameter is an average of
D of the 30 beads (dividing a total of the average D of the
15 Dbeads by 30).

In the above Examples and Comparative Examples, the
apparent density BM (g/cn?) was determined by dividing the
weight WM (g) of the molding by the volume VM (cm’)
determined from the outer dimension of the molding (BM =

20 WM/VM).

The moldings of the expanded beads in Examples 1-4,
which have a crosslinked structure, show a shrinkage of 5 %
or less and thus have high practical values. The
biodegradability (50 % weight reduction) of them is 38 days

26 or less and is excellent. In contrast, the moldings of the
expanded beads in Comparative Examples 1-2 show a shrinkage
of more than 10 % and, thus, are not suitable.
Additionally, the bulk density of the expanded beads of
Comparative Examples highly depends upon the temperature in

30 the expansion for the preparation of the expanded beads, so
that it was difficult to control the expansion ratio in the
production of the expanded beads.

The gel fraction of the expanded beads in each of
Examples 1-4 was the same as that of the moldings obtained

35 therefrom.



Exanpl e Melt Viscosity of Pol yester Resin (Pa s) 950
950 950 1,920 950 950 Crosslinked Resin Beads Nyper
FF(part) 2 2 2 2 - - DVB- 570 (part)
0.3 0.5 1.0 0.1 - - 16¥ ossl i nki ng Tenper at ure
([err]© 105 105 105 105 - - Crossl i nki ng
Time (m nutes) 60 60 60 60 - - CGe
Fraction ([err] by weight) 46. 3 52.7 65. 2 50.7 0
0 Expanded Beads Expansi on ~ Tenperature ([err] Q) 105
105 105 105 100.5 101 COabld 1Pressure (kg/cnferr])
30 30 45 30 40 40 Bul k Density (g/CMerr])
0.051 0.062_0.050 0.049 0.047 0.011 Aver age Cel | 0.31
0.29 0. 30 [EgaBple 0.28 0.300 1 Diarketer (8m 4 Mol ding o
Expanded BeafSompabBhithve Pressure (kd/cnferr] G 11.0 21.5
2.2 1.5 ERadple 0.2 Appaf ent Density (g/cnferr]
0.061 0.070 ﬂeyglvpggggity'UGU .I@SJ Shrinkage [([err] 4
4.8 4.8 § gOlyei%Q Bi odegr adat bility]|(day)
30 38  |R#8in (pd%%s) 18 980 | 950 | 950 |1,920| 950 | 950
o linked Resi
Beads
Nyper FF(part) 2 2 2 2 - -
DVB-570 (part) 0.3 0.5 1.0 0.1 - -
Crosslinking
Temperature (°C) 105 105 105 105 - -
Crosslinking
Time (minutes) 60 60 60 60 - -
Gel Fraction
(% by weight) 46.3 | 52.7 | 65.2 | 50.7 0 0
Expanded
Beads
Expansion
Temperature (°C) 105 105 105 105 | 100.54 101
CO, Pressure
(kg/cm?) 30 30 45 30 40 40
Bulk Density
(g/cm®) 0.051]0.062 ;0.050}0.049{0.047} 0.011
Average Cell 0.31 | 0.29 | 0.30 | 0.30 | 0.28 | 0.30
Diameter (mm)
Molding of
Expanded Beads
Steam Pressure
(kg/cm’G) 1.0 1.5 2.2 1.5 0.2 0.2
Apparent Density
(g/cm’) 0.061]0.070{0.057 | 0.053 | 0.060 | 0.158
Shrinkage (%) 4.8 4.8 4.8 4.8 >10 >10
Biodegrada-
bility (day) 22 30 38 35 16 18

22



17 - CLAI M5 Foamed and

expanded beads of a crosslinked al i phatic pe%yes%er—resrn—haV“ﬁg a gel
fraction of at least 5 5 [err] by weight.

expanded beads as recited in claiml1, and hav“Mﬂuﬂmﬂ ﬂm Iry of
0.015-0.6 g/cnferr]. 3. A met Rbd f or uat 1 en foaned
and expanded beads of a crosslinked aliphatic pol yester resin,
conprising the steps of: crosslinki ng beads of a non- crossllnked
al i phatic pol yester resin with a cr8&BIMBki ng agent conprising an
organi c peroxide to obtain crosslinked resin beads having a gel
fraction of at least 5 % by weight; and 15 expandi ng said

crosslinked resin beads. Foamed and~¢XPandAdn©Ehdd a$ eecrtedlinkeflai m 3,

wherein said o11pBLOR01 Go mefé%%(éperésslz{"%ea%l PTG 8110 Basts by

wei ght per of ~ sai non atic
pol yest er ﬁesﬁnﬁbhydwelgmt A nethod as recited in cIa|n13

wherein said ssli ent furth 0 ises _a ¢ ound havin
| east two unsaturat d bo%g ared &n & equgd%d % %@FhSﬁ §§C}g§5téﬂ Fhatha h15
wherein said and havpogna b@lhsﬁhs:rtyaroﬁrmmﬂs-@f 090k’ 10 parts by weight

25 per 100 parts by,weig ) crosslinked aliphatic pol yest er
resin beads. 3. YK 9??4% dﬁ ALQARES PR 8?a?ﬂ?§ ¢dyABfei n” sai d

crosslinki ng %pﬂﬁd@@ﬂ@é&@@soﬁ & oty gt irfe Dfa liehzeylc polyieetexi @esint h
divinylbeﬂiene. 30, , 8. A q@]ded article of foamed and expanded
beads f GOPPHLSHIAKERE F T PPRt9L pol yester resin, having a gel
fraction of at |eas¢rSsé¢Eidliky veiditof a non-crosslinked aliphatic

polyester resin with a crosslinking agent comprising an
organic peroxide to obtain crosslinked resin beads having a
gel fraction of at least 5 % by weight; and

15 expanding said crosslinked resin beads.

4, A method as recited in claim 3, wherein said
organic peroxide is used in an amount of 0.01-10 parts by
weight per 100 parts by weight of said non-crosslinked
aliphatic polyester resin beads.

20 5. A method as recited in claim 3, wherein said
crosslinking agent further comprises a compound having at
least two unsaturated bonds.

6. A method as recited in claim 5, wherein said
compound is used in an amount of 0.001-10 parts by weight

25 per 100 parts by weight of said non-crosslinked aliphatic
polyester resin beads.

7. A method as claimed in claim 3, wherein said
crosslinking agent comprises a combination of benzoyl
peroxide with divinylbenzene.

30 9. A molded article of foamed and expanded beads
of a crosslinked aliphatic polyester resin, having a gel

fraction of at least 5 % by weight.
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