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EXPANDABLE POLYLACTI C ACI D RESI N PARTI CLES

,  EXPANDED
CSTANED From EXPANCED PoLYLACT €3 & et RROGLIIN

[0001] This invention relates to expandabl e pol yl actise

resin

e

PO TE AR R

? invention is directed to a

.polylactic acid resin in-nold foam nol ding 5 having

ce. and. .exce| f usi on bondi ng bet ween

. . 2Nt
mﬁgggea@n&ﬁ%!”Vte8t'8526%‘@%%%*%rﬁ’@tbil%pabdad:tirz@@id}resin -

padidfoss ti RbAridOpolplRdL ‘éic@rc?ss‘i’r? Bedds fgﬁﬁ i'pce %grbg%%t adﬁqr;lg

to expandabl e polylactic acid resrn p

- pbtaingsi vemdhe expacted ypiiatit fsadssintRARR] hegEEDecifically, the

- now bei ng paid upon polylactic acid resi
FOBHEDEUED

bodi es. of generally enployed resins such as 10
B@S&@f WP_@&@J Iperspee 99 |a|emdylantﬂc poidymf'yr iﬁnpordef@bgsgmmng
t ' t
e B0 Phpr B ad Gl o Bodpina bewelarkpanded
. . . . _ : q .
Ll SR e AR e BB SRR S
feapi myoiding esnahso expamatte pBAYNRMR  acid W& H?rﬁd&@é is.t?igéﬂlé’for

% erive
KRG @anded beadsorn. Pol yl actic acid resins

- i sing b h d ble, wh
ROB2P! " he PBRTTRDRAERE O bR oeraliasoploNe@xesibs andh st or
. Pl proipe Bht Bty MBI o now used in various
firitly bacause afcﬁheir@mmh@atqns@atih%pﬁgiéhiééaaéns'ﬁ%rﬁﬁq:gﬁop%frties
ea W Del

ex '@gq%ed polylactic acid resin S are no
qu: pese nge[g@(gog@ecaljﬁe @ﬁ/&acrqdﬁ(l)ezra;e(%ggpleﬁen \df pxaaienas
_ N - roposes
f§§%§n é?%@ﬁé‘i%&%wﬁy @g?Fﬁoiﬁ%dab%S'rﬂ%@P%m%d@r however, much
teodiogi] : di W . ex ded
e REse SeLeRNBRHIE ol At B0 s o
aseqore. mipelylacticuaeid resinprapd pesmain®beimkd a%rggie@om_posable,

ecatéte,' of high degree of crystallization o
W Tt iRe enyirenment, istoxsarhan eimdade and wster by dRRegitalc

' a I s .whi ch. can wj t hstand the hi gh
dr o DR Rk BV S e Blas oAl tosmed hains of o

ttek WiRH-as 1 hid ; th .
F?)%}??I ac??geggc‘iﬁd resai‘sn'ﬁ\%’/hﬁibI:dhf(a’%?{l%Iﬁré’(l)cglﬂgé%)f %&%n&d polylactic acid
resipsieddsiaredow bemgstesiopdc: to be thermal ly

osed during the nolding step, thereby to
[88691@ 'gor example, Japanese Unexamined Patent Publication No. JP-

- A-2002-20525 proposes expanded polylactic acid resin beads usefyl for

producing in-mold foam moldings. With the expanded beads, however, steam
having a temperature of 141 to 161°C.must be used to produce a rﬁolding .in a
mold because of high degree of crystallization of the resin. Therefore, it is
necessary to use a specific molding apparatus which can withstand the high
pressure steam. Further, a large amount of steam should be consumed.

Additionally, part of the polylactic acid resin which has not yet been crystallized

‘is susceptible to-be thermally decomposed during the molding step, thereby to
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-1 cause shrinkage and surface undul ations of the
resul ti ng foam nol di ng. .[0004] The present
i nvention has been made in view of the problens of
the conventional |actic acid resin expanded beads and
foam nol dings. In accordance with one aspect of the
present invention the present invention 5 provides
, ex Favsaishenagy adtsucfaae uddutations st edsstingofRA Fioling.

&Bﬁ 4ﬁ base SI n conprising a polylactic acid resi n
t | eas eg@esrﬁgqt Inyestion fias; keescmadadmviewr of the problems

'%?@%gén\kg}h [a[%gg]c@egﬁ{go' e ﬁ%ﬁ@ﬁ%ﬁ%@pgs. In
of am@bﬁhdmeamﬂeéh@asaea okdhé ¥R %gérgase ﬂghriﬁe ﬁgé‘é%g]tgﬂ{ention

an anount of 1 to 30 % by wei ght
5of psavides eppanddble pebliadtecidid r@@h@aﬁﬁﬁe@caﬁ?ﬁéiﬁbe& |

38&&@;] anot her aspect, the present invention
expandfgse ;5%$'9I09Fﬂﬂf tsinga pohwadtic duicheesin having at least

I t f [
coyhg] MofiEHe 280 o R EhhECANA0BN b, Lonpr i <i ng o
I([)
oGty & et d monboge Ao e etk 82810067 (T pgft B eioht per

wax 00 %@EWQ&M@@SBGmeh@slm@ndn average cel |
r .of 10 tq 500 r50009 In a further aspect,
10 Eiﬁrﬁéﬁsent i nFENeWES L %“wtdgddtoéiﬂt‘igdnewelght based on
ot WERE o Safboab i dBifc SRR nartdeser [ bec

d |
|OI Palimsgis elt ﬁl mm:/ﬂcﬁr?%?rg%f@]@f g’;‘% B?ﬁsén‘s? lryézl(tzlgﬁ ?1)?5@8&3/ bRSanded

el Golagiicracid mrmpeagaoomnamg sl walty @ef&nnggcpﬂurentyoaf cells, said
an e ﬁ ded |c aci.d resin bead according to
t h&® E éﬁe GBRIRCRAIPTISINGR peiiactis agidiresin having at

151 n'lé?as‘t‘ﬁ@ﬁhdl %%f%ct%éf@ﬁwor@?ﬁeﬂ@%é%r&%hyn&e aryga po?yo?ef in wax,

scanni ng el ectron m croscope photo

cr ea@@qzandedsbeaﬂsmam@@dat?@daxgle&félll cﬁaﬁl@teqf of99ith SRANS.

ned in Corrpar ative Exanples
@e‘b‘{ li vel 2 aﬁ’dfué@@ha%mct.u thttecpraeamﬂ mvaqmlprbmkjeesa molded

Eﬂ§ﬁ§%§$ﬁé§5ﬁ§§§2§?lﬁﬁv§%§ Bove Panet headeamis! o
pa[eofojes”) acﬁ%ﬁ#‘e@&nflﬂvéﬁfbrp\gvﬁls@é‘ﬁeegr'bgg f(fﬁ]ct;c[:e? tail with

conpri Se a base resin containing a
20 r emsfarertedottbe mccompanying drawings, in which:

[0011] FIG. 1 is a scanning electron microscope photograph of a cross-

section of an expanded polylactic acid resin bead according to the preseht

invention obtained in Example 5 and cut into nearly equal halves; and

[0012] FIGS. 2 to 5 are scanning eleetron microscope photographs of
25 cross-sections of expanded polylactic acid resin beads obtained in Comparative

Examples 1 to 4, reepectively, and each cut into nearly equal halves.

[0013] The expandable polylactic acid resin particles (hereinafter

occasionally referred to as “expandable particles;’) according to the present
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"polylactic acid resin" as used herein is intended to
refer to a polyner or copolynmer containing at |east
50 nol % of lactic acid rnonomer conponent units.
Exanpl es of the polylactic acid resin include, but are
not limted to, (a) a 5 honopol yner of lactic acid,
(b) a copolyner of lactic acid with one or nore
alnvehtion comprseaytrzselrexin ¢ iC

P gmgo ol ynor O]‘!‘I l‘g;':ftaﬁiéﬁ’@a?o!l }ﬁ’éctfcr?cf‘d r@GhT CThe term
amog\‘laﬁﬁlfca%lr?ﬁpdw ysed bereih imimendedid phttoq polymer or

ORISR e 5 P A pernaarn
o etEiied idy sl gL SyTRLUPACH P Kb o, )

bomopo f ¢ectiofacid)€b) achb '
E;\c:L paw c ac:|ag eeD’L Iac?t@:y?%rgéf I%&%‘%@%Wtbﬁ% g more

ﬂ' h(y rexycatoxyliG aeids ptherthaddactic 2id |(a):a|gaspb|y@m of lactic
f the hyd boxy!
acl g ﬁ{gﬁi{clpé)?hygﬁ %’%@"ﬁ@yér e ';%‘V%ééé;yllc acid, (d)

| i
o e B L L

daetic/acig miihcaraaliphatis ol
h@f tﬁﬁg@?phat iC gg} yh?grmpc%ﬁglmloéﬁ ﬁghq@opo?m&g or

of
(FBPT&Pf @ eh@E. i nci ude, but are not linited to,

anedi ol 1, 6- hexanedi ol ,

%QX 52FoﬁéiﬁgéfaP%ét%%ﬁactw%m cjudegli4antic acid, D- Iacﬁc acid,

%ﬁﬁg?ﬁdﬁ[ﬁfcﬁllk@ﬂhgg @fv (l gf L:I%grc%, Byl {ufl) oPBrl]_elagtrl]de) and

pBdwresithereof.c Exnples of th?e hw@xyé@boﬁﬂk Rid BgJerqgQ?{ factic

i ncl UP but are not limted to, succinic aci
99 obyraer; @) ab@b%mcéudadm are not limited to, glycolic acid,

il o o N T N ML AT
inpeeamHoptais a0 e Qﬁ‘“. A BIEPNRLE alcohol orthe
mo??@ e e l':rf’y"ftfeaf‘ﬁt%égf‘é’ﬁ't"fﬂéé‘lﬁ Fiflene glycol, 1.4-
é‘éﬁ ‘Jd 1%ﬁ'ée’fﬁﬂeﬂ§%e 6fCYP|®qzaBeélmetthtuementﬂ dg]y&ol
tE)%feyl actl c a@fyg&? gﬁﬁﬂﬁ ngr{gxlg thlé%ﬁ 'g‘{’rpgﬁ aerr]}(’jfﬁflml
Expenples bbtheaiphalie poly2afbiokHé 8cofihy SLAULATRE (B[ (q) above

non- crystalllne Iac IC acid pr e
are Aot lonited tohsuccipis adid| ﬁtﬁplbaﬁic{ c‘su%éhé’ aTcRi sBBacic

ggﬂ J& E ctic acid is preferaby 0:
33 %’F@SI%?'d BYCgnig @nhmldeoadipﬁoaﬂjnydﬂd@ trimesic
béﬁi”Pr&p’aYr%h?da'rb&&h@% g %yPo'rﬁeﬁ‘ fi (:3|1c1rdeai¢’ndn pyromelfhtlc anhydride.

her e
[0015] As the lactic acid, crystalline lactic acid, non-crystalline lactic

acid or a mixture of crystalline and non-crystalline lactic acids may be used for

the purpose of the present invention. . From the étandpoint of in-mold

- moldability of expanded polylactic acid resin beads obtained from the

expandable particles, a mixture of crystalline and non-crystalline lactic acids is
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5 intended to refer to a polylactic acid resin having
an endothermc calorific value, as neasured by heat
flux scanning differential calorinmetry, of nore than 2
J/g. The crystalline polylactic acid resin generally
has an endotherm c calorific value of 20- 65 J/'g. The
term"non-crystalline polylactic acid resin" as used S
hemeeferatsly used entihd weiglitraeib of %@cn?@{a\ﬂhﬂﬁabﬁc a€idto the non-
resin having an endothermc calorific value, i0 as
. me&SYRtalling jactis acid isuretarably 9@ td 7813@nmae preferably 15:85 to
1““&¥A¢Etry of 2 J/g or less, or a. polylactic acid
resin i ch shows no endot herni c peak in heat flux

scqopigyy  dif f'ﬁ'ﬁeefgrh?'crgﬁ{amﬁé W%pgcg\?g:% ?e]:sq-‘[ hgs gjgé@bsrem is

"endot Herm c calorific
5hernmtended to refentbeal polylacticercid eedienhviag driehddthasmic calorific value,
determ ned from DSC curve of = 15 heat fl ux
d| fasdneasurad byheaiifinyg scaneingrdiffenential cadotimetnycef motenthan 2 J/g.

K712 987 cept .that. the faoll owi ng adj ustnen
of NecTysta “E;Bﬁ‘ﬂ)ﬁ%"t @'%ﬁ%‘ﬂrﬂ%&f@&mﬂ&%ﬁ@daﬂ@rmlc calorific value

ad gPo oy=Tof| i n
SOREELhs SPPe35hh oo ch AR pORRLR del EA SR s i
hedntedded tFEr toca pelyladtibacihradie hadhy @&h é?‘?ddihéirﬂlb'bﬁlonﬁc value,
the sanple at that tenperature for 10 m nutes,

10 sa@|§| reeagred bydwat dyxiseanniog differentialadalonimetry, eode J/g or less, ora.

| PRMRCAE aold P MRt 30 P Thertiy, pral  heat i scanning

ZUdI‘ffé}gﬁﬁaal caftfrin§étry.he above-described pretreatnent,

the DSC curve I's neasured while heating agai n t he

safp0t7]at 2C Mietermt ‘endotreifs iluFifc RhigBex oup

30C th]an the tenperature at whi eh the endol-tI Oﬂge"a P as used

pe&‘@r%ﬁ@'"twmlwemﬁ@@h@bfumma deteroninéd t'romalDBé) curve of
o oA SR v

an@x&é‘@t tﬁﬁﬂlﬁbﬁ@ﬂﬁwiﬁg L\{ﬁmén@ EfHect'%sfé’é‘m shﬁn@

poi nt ‘at which the curve begins sep |ng rom

basenditiors are adepﬂedw Wepmwlaanmaeldsredm sa‘mpﬂle i§ BRarged in a pan of a
endof herm c peak and the point "b" is a point at which

t h& J f@lﬁ%“"'f‘@t‘-‘@‘?ﬁm@f@r angdwwated e2Q0FG teemisitghe sample.

L ARG 1B RO BPERS 118485 e st

20 t heobledtoandeC ladW écﬁﬂ'ﬁgrrﬁfe%ﬁ?"@/%@é‘s eTht g%?nrplé is mg,ntamed at

straight. Wien the bas& line or lines are

curtdeC fart20pmimites aad thevd cobledas @06t aédtligaate of 2°C/minute.
follows. Thus, the curved base |line on a base |ine on

t héftesiha Bpoie-desrribed pretrigatrost, HieidBResurie is pmurqd while
é?ggﬁggbé’ﬁ%g stapr%lg a% éﬁn'TP: ot Fen‘?’;'néjr%ture hlghereby about 30°C

than the temperature at which the endothermic peak ends.

25 [0018] The endothermic calorific value is an integration of the

endothermic peak, namely the area defined by a line passing the points “a” and
“b" and the endothermic curve, in which the point “a” is a point at which the

DSC curve begins separating from a base line on the low temperature-side of
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curvature of the base |line being maintained. The point

at which the DSC curve begins separating fromthe

curved base line is the point "a". Simlarly, 1o the
curved base line on a base line on the high :
tenperature-side of the endotherm c peak is extended
toward the | ow tenperature side with the radius of :
t hiheCaridoaherinsic Peakth ihgy” B b NpifEd | : { :
point "b" is aquoi nt dqaﬁg)rdéh?E)eb@D%@é%g&@g@]ﬁ%hggﬁcuwe

t heetyinsed basseliné o the highetemptratirensdebitif erddiBerniie peak.
[O?%QbéT(ge apove-descri bed pretreatnent is carried out

f or Ng depiceshauid be peefgrablyiopgrated ssothat each of thei ligh and

r egy PRIE . ibl.e . Thus, _ _
gﬁfgg{]ﬁer m %ﬁjég%é(?%ﬁgﬁgﬁ%%j?%ﬁ'gphe%@ﬂ&gégﬁﬁ% lige or lines are
I
crystallized polylactic acid resin. ﬁ%ﬁhéérj,ag?ﬁ@ﬁg'e ‘ths, the
abevwved baseilinedrDsase dise enttiet lornehmsaturéSild Giahé @indlothermic

f 2C/ ni . Th i f 2¢
SuPE RS ERdeE fpwalfithe Mot Rmaiekae side wibihs sedius of the
. i 4t er obtal o
reouVERRR b B accine Bl i Rel Ihe nsiBsl whie e psc
r esiive beginsemdtating fronPmedaiy 8d RBaskiinkss 11 B(?iﬁ?“a". Similarly,

present invention are conposed contains one nor e
adtvetgusved bassiing ontaibase lide bhathetHigh ferhyé@tiressi@s bfithe
resin.. The amoynt of the polylactic acid resin in the
ba%'édqt@?irﬂ'cipoe%e’ﬁ extgndeddpwasd the v terpgenatirgtsige with the radius
pr ty L0 - wej ght . r referahl. i

0 B e TBnaitle GERR b, ine Beinl SoleindT L) TH Paik i a point

t hehereothy! PSCi durgé | ' i et -
resi ?13. 5 [0021] ggﬂﬁﬂgghgﬁrﬁ%@ggg?glﬁ%%@ﬁh?Q?{nfén%erature-

i n¥lede, but are not. linmited to, a polyethylene
styrene resin and

r ey a pol ypropyl ene, resin,, a pol | :
o Q91SLa; or ~ Hb8aboveriescabetpratrentinatiisgatied out for the purpose
Pob&asEtai j oo L%, Of . .
CI YRR ENLIES BhCd Bbin FRTple i n 46 plssivle.  Thus, the
pokrydutherenis ajalsrificorangs! @btame@répreyéhtsw&élbﬁfé&&ilﬁé f B
llactic acid, a ring open polynerization product of0 a
| a@%ranlete(hfe of nepdyyaﬁamietrebmrlyaﬁlhdzed mmlylact«'r?wzlal@d_seﬂhonFurther, the
product . of an atic polyhydric alcohol with an
D Sttt e osro b oRepswelant Sablays Bdepdanyaterel 2 Ciminute.
SUtkd Rahsin o [ I t ne .
succi nat e g_a%} %21633 Mgrﬁg‘%éégp%ﬁ{ya‘?é%g’gr?%ﬁ%ﬁgﬁbgc?_&‘é‘f’”lﬂfm'c peak
anarad epdtaermicomdaiindhe OSC cob@ atd fdr Ghtamiri r&te! €hdothermic
pol ycar boxylic acid and an aromatic pol ycarboxylic
actorfie ¥allgol y(but yl ene
[0020] The base resin from which the expandable particles of the
present invention are composed contains one or more additional resins other
than the polylactic acid resin. The amount of the polylactic acid resin in the
base resin is generally at least 50 % by weight, preferably at least 70 % by
weight, more preferably at least 90 % by weight, based on a total weight of the

polylactic acid resin and the additional resin or resins.
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adi pat e/ t er epht hal at e)) is preferred. [0022] The

polylactic acid resin may be prepared by any suitable

known net hod such as a nethod in which lactic acid or

a mxture of lactic acid and aliphatic

hydroxycarboxylic acid is subjected to a dehydration

15 pol ycondenati on (disclosed, for exanple, in '
US{002:1]310, 865 xampleetofitite bﬂdltWHa@i Festn MekldeC bl SR n&fhmlted to, a
| act acid (nanely lactide) is subjected to ring-o

pOlpfl)")@ltl ﬂﬁ'ﬂ?‘ 6‘?73"(7@ §@|Y§mlem©re$maarpbb'stylrene resin and a polyester
US4 | acti de and

s- capr oI ac oa{raablgﬁﬁ?r@g?b&e P8 Vﬁﬁt%r%%gﬁontammg at least 35 mol %

by e DU T Ee—

5| n hydramyacid dthet ihandactit acid, a rmwpﬁrﬁpﬁl?m@ﬂzéﬂdrpﬁﬂidu%t of a

%vcg” c al cohol and an al i phatl c dibasic acid are
R (E-8oPRl¥FRRIPIRCRR) p@lBnimmkﬁeﬁaaﬁlmnpl(odustbmdhphatlc
a nmethod i n which.

@P.yﬁ’gﬂ.@ SF"FS’QPCWEE"‘Q 'an{iB& YRaroesylia gcig Gerﬂmqlscbutylene
dl Biekihated 6%9 Iéméja& afd éHB I)gbrl@égﬁégﬁ%a}@%t%ta%pate) and a

subjected 1o°co densat on In

( dpekyboedelnsaft:mn rewdogt of ari élluﬂ%t%ﬁao‘iyr@%@mhol #Mf Zh aliphatic

od in which lactic acid is subjected

10 deH9UF'ﬁEqCB‘M ic geidyanshar AEmatia pplycartmxghceaadc(e g:)fpody(butylene
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cagaf é/ter%gitﬂ'a%té)éd'gﬂ?ﬁ pol ymeri zation in a solid

phas e| ng Ci$% he course of the

pofgozz)densat i pJ {Pacti®Beue 3R Hﬁg%eg@répg%doﬁ Lr?y IEfable

in the presence of a m nor anount

al kpewin imetbod \shghsisa mletiuithin Whidh. lastic/#618 ioR k. madure of lactic acid

aI | hahl C é’ybasn c acid but anet et r acar boxyl i c
Ph%t%l BXYC@rB@%'ﬁCﬁCI‘? & gubjpetied da @cdehyddst)ort o

8?%@38% BRI losgi T Al P U 5119186501 & mathad n
5 whithna epelicadimed of lhdlb%cﬁﬁ(srﬁarﬁé 'Ié‘ctﬁ%zg.[ lﬁéc}t g tté Eiﬁg -open

expandabl e particles (and also xpa

acpﬁymvﬁtlmﬁﬂsclaaﬁi fonexampts, n@tJS)A-EXQ&GSEP' a method in which
* ctic acid resin beads) be a non-crossli nked
& 8N excaniolagtane ?rﬁtmedﬁﬁéﬁ riageapengidlyrkedzation in the

: ?%aaélts%eﬁ%% O AtV RTHRBEES, B SRt RS A8 7 3731 method in
orghichdaptiy aeidddd al mixtQR24d arfl *é‘ﬁPﬁé( ﬁg@ﬂl@alﬁ%éﬂl S 4 aliphatic

acid resin particles additional

poliipasiefdaid amstduaq;tedrtdeiéhydraﬂm peigcordensatio(dstlosed, for
am)unt of 0 (r?_)(l to, 1 part by wei ght, preferably
0. DFMPIS, i S o 4%%,13@ grine hﬁﬂ-l@ which a lactic acid polymer and a

polymer of an aliphatic dihydric alcohol and an aliphatic dibasic acid are
subjected to condensation in an organic solvent (disclosed, for example, in EP-
A-0712880); and a method in which lactic acid is subjected to dehydration
polycondensation in the presence of a catalyst, with a step of polymerization in
a solid phase being involved during the course of the polycondensation. The

above methods may be performed in the presence of a minor amount of an
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preferably 0.03 to 0.3 part by weight, per 100 parts
by wei ght of the base resin. [0025] The polyolefin
wax has an effect to significantly reduce the cell 15
di aneter of the expanded pol ylactic acid resin beads
(hereinafter occasionally referred to as "expanded
beads") obtai nabl e by foam ng and expandi ng t he

. expaliptiabt pohy&yﬁm&‘hl@aho% @ﬁ@lyaénrﬂf ah %ﬁplﬁ’é’tﬁd’ﬁéliﬁé&c%ﬁ (e.g.

| ess than 0.0001 part by weight 1s insuffici
obt%H ﬂn%fﬁtraﬁ@r@@xwa@@dhew@tyhuem aledhalelg. dictyeaiceharide) to obtain

anount of the polyolefin wax in excess of
1 par?‘g(%gm%gl ght fails to 20 obtain any additi onal

gﬁ{ grz?é E}C0)t026] F&T%g@b?é of r{)yeti )l{itqé%@%%rré@)igia{;{ﬂg%‘?yiacﬁc acid

5a aepil gontained iretheybaseerasin Boagtitatiny Bl ékp‘é%@gb%sparﬂaes (and

et hyl ene- propyl ene copol yner and an et hyl ene-octene
copd qscg,ﬁépan@%p(ayla@mpacljdrfesmbeqﬂsomd fﬂam mdidings of expanded

or SIS ofin BsBUR ke B Ramercasiedien Yot AricERiEsather
0060 o U AR Bl Y4B e B b Bkt Btment witn,

obtfar example agldlysodylaeatser ah oagdrit petdxideene wax such
E? ﬂet hyl ene or a copol yner of ethylene with an
c[p 4h i s palhe @m%ﬂqaﬁﬂfpp@f)éaqf@caCId?reﬁlnepanmm additionally

|OO|Ct)6 \Mpq‘ slena ﬁ@?g%{lﬁa g{@%&o%ﬁggg%d ﬁ} t¥1ie raé:egregy%?lgl@nqag@gﬂnt of

the. ecul ar

werght o 5pa A=Al s b Log B 09 barbRy SERH more

4, @oeferaily 0L03or @3 parbb g veight 11(5(9 e -
because the exg ndgti)il e %artl cl ig%r havga exgg%t of the base resin,

OBlbi ity polyalefipiwax has po@ett totsigsifieasty reduce the cell

15 pr %ﬁ:ﬁ\é@q W?%?ﬁﬁw%%r%ﬂ% {J%?&@)}sglgtq%%ﬁénﬁla%#%%gsmnally

WD|ré‘%lﬂﬂe@fto\&l @Rbaﬂidbd b&add™y %FJl ndd ag?ggqrﬂg'lgfgﬁﬂzggoa%ng the

weight) of 1.0 to 3.0, nore pre

paleupaudamepamcMm 2o gmoudht o thie ﬁoly@leﬁ@m le§€than 0.0001 part
ex andab‘_'e partjcles have excellent expandability and
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chromat ogr aphy (GPC). Mre specifically, the GPC
nmed@@R&ment i Examples of the polyolefin wax include, but are not limited to,

polyethylene, polypropylene, a copolymer of ethylene with an a-olefin such as
an ethylene-propylene copolymer and an ethylene-octene copolymer, and a
copolymer of propylene with an a-olefin such as a propylene-butene copolymer
and a propylene-octene copolymer. The above polyolefin waxes preferably
have a number average molecular weight of 10,000 or less. For reasons of
excellent effect to obtain fine cells, the use of a polyethylene wax such as

polyethylene or a copolymer of ethylene with an a-olefin is particularly preferred.



performed at a columm tenperature of 135C at a fl ow
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weight (Mw) and the number average molecular weight (Mn), from which the
-index Mw/Mn is calculated.
25 [0030] Itis further preferred that the polyolefin wax have a melting
point of 80 to 125°C, more preferably 90 to 120°C, for reasons of expandability
and foamability of the expandable particles and effect to form fine cells.

[0031] As used herein, the melting point of the polyolefin wax is as
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obtain a DSC curve. Fromthe DSC curve, the heat of

~fusion AHm (J/g) is 20 obtained as an integration of

t he endot herm c peak, nanely as the area defined by a
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described in literatures
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I n drlage ypropyl ene as the polyol efin wax,
AH Ts. éafggﬁ'fn \9%036] A col ori ng agent of bl ack,
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ex Sarrialtizationaet atdeest 70r%e maye prefarablyrat deast Barddabéause the
rtlclg can o col ored expanded beads and

co|‘%‘P88 LS 'a% ﬁé@wpﬂﬁf@ %flbtemj ezm@@nman@pllltbenarﬁgamabnny

L e
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a flame retardant, an antistatic agent
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um 15 rbonate) as long as the

Objs@E?Igg%lfyd 2@%@1 &‘th(ﬁiaﬁr@s & Chaigesin apape sdifferential
aC%@Qﬁ‘ﬁlhgIﬁ%fbrlr{\&gg%}ldmgle%)%aggael ?‘dpf%étl cle ag&a&ﬁqmperature

 ow ng agent i n an anount
pr ébretChiviiyutdst 0TRE s¥niple iethehthedias af raﬂ@ o? H9°®ﬁhlﬂme f160°C to
t he expandabl e particles. An anount of
ag@Riain ad3Strauiva. oy e m@cgmurvesthmmatfafmam AHm (JIg) is
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25

bl ByidtheAS&8King the¥6iR%S"a” and “b” and the endothermic: curve, in which the

point “a” is a point at which the DSC curve begins separating from a base line
on the low temperature-side base of the endothermic peak and the point “b” is

- a point at which the DSC curve returns to a base line on the high temperature-
side of the endothe.rmic peak. The degree of crystallization is defined by the
following formula:
[0034] Degree of crystallization (%) = AHmM/AH® x 100
[0035] wherein AHm is the heat of fusion (J/g) of the sample as
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t he exr%aﬁ%?ege particles is preferably 2.5 to 30 % by
np - preferably 3 to 20 % by weight, still
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) 5. % by wei ght
ob (Zq:ﬁ{ ng expa e%’gp%é‘éa‘?'%%ﬂﬁ Isgccptqt@p AdeWingeagantdn @A amount
; o5 b . N ok g
Gt mao e ) U e Bretol 9 02 W W AR AR et of

ex finexErelabde particies. My drmosint bBiebiGwin UgeRt ASs than 1 % by
follo cles are first prepared by an

. 20 sin parti

k¥ H@H%ﬂjﬁ tefeamiaad expanddhe expardablaparticles with a
po ] ' re m ned anount s, are charged, .
eSS4 L Boh B e A 58 PRI PR At i excess
subf 86 % By Welghtk diddiRaRttR diR Y i i
is then eZtru%ed through a die inatuﬁée-_“feo'bﬂn 0 g?ﬁﬁ%gp bonding
Thef thetexpansed heads noltdinetdefrgmi thewxpandatie patiried, @it the time of
quen%]i n%:j and cut to aobtain the B

molding n a mold are insufficient. The reason is probably that the use of an

excess amount of blowing agent facilitates the crystallization of the polylactic

acid resin during the step of producing the expanded beads.

[0039] The blowing agent may be an organic physical blowing agent or

an inorganic physical blowing agent. Examples of the organic physical
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25 resin particles. Alternatively, the quenching may

be preceded by or sinmultaneous with the cutting.

Al ternatively, the kneaded mass is extruded in to

wat er and the extrudate (such as strands) is cut with

a cutter in the water to obtain resin particles. In

an alternative, the kneaded mass is. ‘extruded in the -
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de tion of_the ba resin, the extrusion is
GolPPEA" L O o THE SrnaTcRbIe RRtiles ma bRISAR Y prepared as follows.
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strands are immediately immersed in water for quenching and cut to obtain the

25 resin particles. Alternatively, the quenching may be preceded by or
simultaneous with the cutting. Alternatively, the kneaded mass is extruded in
to water and the extrudate (such as strands) is cut with a cutter in the water to

obtain resin particles. In an alternative, the kneaded mass is extruded in the
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[0044] The expandable particles are produced by impregnating the
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[0047] As used herein, the content (in terns of % by
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dioxide impregnated in the expandable particles.
[0046] The impregnation temperature is a temperature of the
25  atmosphere within the autoclave in which the resin particles are charged, when
the impregnation is pérformed without using a dispersing medium. In the case
of liquid phase impregnation method., the impregnation temperature is the

- temperature of the dispersing medium contained in the autoclave. The
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o 4004912 b, Pkherph VB thes RS B WBIE 19\ Rs expghfae
paipartivlesreostainingdttie HIBRiMpagentnd W2l isthe MeidhiggPasthe

resin, because of excellent secondary expansion

pr ¥Bangableiparticiesatsom whichdhe tlawingrageahbaseen removed.. |
fElci f th b [ f h
o005 er ooH 1Poit RBEIeSSR e e So2pERY 61 ATimlondus obtained
h _ ' ion.of . th

i SR ERAEE T o e BBl i Rrment so as o

t hprevgratie ydoats chertiseaieeh. t MheddMandabRep£atiesyenerally

t he expandabl e
have a particle size of about 0.1 to 7 mm, preferably about 0.2 to 5 mm, still

more preferably about 0.4 to 3 mm.

[0051] The expanded beads according to the present invention
comprise a base resin containing a polylactic acid resin having at least 50
mol % of lactic acid monomer component units, and a polyolefin wax. As the

polylactic acid resin, base resin and polyethylene wax, there may be used
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particles fromwhich the expanded beads are prepared.
- [0055] It is preferred that the expanded beads have a
surface region 10 having an average cell dianeter
(ADS) greater than the average cell dianeter ADT of
t he expanded beads. The term "surface region" as used
herein is intended to refer to an annul ar surface

region hgvi ng a thi_gkae%.% of 300 pm fromthe surface
of PHe® WBiGharefnschpre aboxgiip soaneation with de exparstabielparticles.

2 SOOPELe" T g Dhe RREHTAS, b8GRS AR HaRu BRIt e hveing an
an dvesagiecslpdiapietst(ADTERM tzysé@gpf, %%ﬁg?.gg@ {8300, um, more

Thus, the fact that the average c
t herefarabiy 20rte@0frums, Wieretheeavdrage delleliametc? @ TR dreater than

di ﬁ@ter DT of, ex a]nded beads neans that the

Sav et Hgdm. | PeghaniER proReREs O fRmITPIdings okigined fram the
... di f t insid

e pahard BRade Srd KSR, AR b ool Sy the expanded

hertsads drd apbieh@beoles diurﬂidggﬂ‘}étrﬁbl irPh md]§ and’ ﬂ’%‘f‘@fdre, a

region of the expanded bea is as asured byt
f olSheRkage abthedaamamolding imaettotbeachusedc UtAr aiie?agéfmérﬁeter less
| ves and,the cross-section is photographed - :

|
uaitin JBWEE R FRgeaadrais Aot sscbpdoammoleing oblaied from the
" Coht L ing th ter of th
10 caBEhaRT bedus Rt 3 t3be LhAEIRARS NG o P Peprance due 10 fusion of
celthe sulfacdhitargof ARIEMeaRdig Wi S6aR il 4 AiAN TR HGlrage cel

are entirel | ocated wthin the surface region

Ico@ﬂ_ﬂf@@ter _ h_sQf tbﬁ@dplanged Ibgads paay b@fc:olf\fhblttdét(i]I biofl fﬁl?e amount of the
ocated W thin the surface region, .is excluded from o
t nERaRIuN Gantaiprihherian, ameiiby hesameunbel thipolyolefin wax
st ic8hiied 8% bl8 oL tho

porti ons of 1gp£5§gb§¢%@%|%% f{‘ﬁgh‘\m %p@nggé}eggs&qe

. 16t heremaraded cells is measured. The cell dianeter (Ds)

1S &cul ated by dividing the length Ls by the nunber

cs [03]= s/ &9 ysedsharaimthpravesyer eall dinmeatar ADEbf theé expanded

- 0L ' f bi ded
beRgBaE A et Bue tolEieMetisthr Anexbandertoestis cut into
. . . . . - | . t .
( Dos8hy efamates 38 the oftRssetlioh rliog i ising ascanning
nuetentroBsniceoscepe,  Orethesptastbgrabht Batraifttiing ﬁal%fgltn‘gggﬁ center of

straight line which is | ocated on the outsid
20 (¢ ke ErOISP-seetipr i drawn. hel haslenptice.todf theestimgtitlinen the cross-

TR il U S R Bl B0 HeEa B30 g e
?Lg?g%@tecgﬁg&%%aéa@e, BRPeh gt 18T RE5 SF WhicH RTBLSEATT the
straight line, is included in the counts. The cell diameter (Dt) is calculated by
dividing the length Lt by the number Ct (Dt = Lt/Ct)). Similar procedures are
25  carried out for n-number (n is 10 or more) of arbitrary expanded beads. The
average cell diameter ADT is an arithmetic mean of the cell diameters (Dt) of
the n-number of the beads.

[0054] - The amount of the polyolefin wax contained in the expanded
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“excel | ent nol dabi | i ty and give foam nol di ngs havi ng

excel | ent nmechani cal strengths. The noldability of

t he expanded beads is greatly influenced by the :
average cell dianeter of the surface region thereof. A
| arger average cell diameter ADS of the surface
region is preferable fromthe standpoint of the

ol ke i  GOPeRC pr ovi ded
aver agé:S lcge@g?tg % ter ADT dﬁgﬁhwgé@g’ %Oge Weﬁ Iyttﬂgm to 0.5
spepart by deigtttgstilbfold ptafefitily pro3 O3, pdriBy wa

cel| djanmeter ADS of the surface regi o% |sypre et?&grwo parts by

30 Wej9Bbef the D aﬁ@dﬁé'%b@ﬁé“%bﬂemltmt 5ecomdary expansion property
har (et afl fiI6R Bottoldd < Bty B e Srrasiiesth “ers at a time of

55t rtae ghdldlg thefsttim adnaml d'Siﬁ?ef e BblﬁS%&E tvﬁé? ﬁ Y dggomposes

expanded beads are greatly | uence
celduritigethe tpeeparfativhof ithes exieandzgl bsads, thé%nﬁﬁﬁﬁ%f tHehﬁolyolefm wax

uni.f rmt cells and the closed cell content
Fr dth '?%@Xé@’&;ﬁi%'éﬁf@ﬁs depends upgn theamounbtheredfdn the expandable
L [l di t
mﬁ%‘?ﬁi@fﬁﬁ% O eX&P“{TH d b%égglaeréi‘ﬁ%m%%er able,
quossHd t hat Ft"’éa Féf@rrré@ hé Qﬂaé&bf‘é@g ggg%t@h 226 region

beadS|s vvlthlnt espec geo

10Th davinghan avermecdbdhhm@brdﬁ&)@)’gr@atér’ftﬂah nigé d@eﬁa@@é&ﬂ I diameter

bl 0 00 f bl 20
oo A of i e dparydast Oﬁmﬁﬁ]yaes"t‘érrn%o@fugegéﬁeg%omié;w herein is
t f th
beadt%ggg 16 Féte 16 Sy Y Sl 8 R b diaviiit aih ks af 300 pm
20Grong tnBsuadd bf M sedRfsef Q"h%bét}‘leilﬁe i8n ?399&% 15&4458 Pﬁér%ed “inside

reasons of uniformty of the appare dens

beaeglongodﬂamehj laatedpandey baad dorsigs obﬁ%@k‘f&ge PégibA%aving a
gﬁéﬁ?é t e time of nolding in a nold, good physical

o?rOOaummﬁ ADIRFidE region suoundedhbyike sarfdse region.

3”3&"“%3“85%5{1{% 60 Fkagk R Al A S s i aubas egian is
as gremes tHrrkheYavdiagd ebll aWnmstePRO08f o W%Q%alagz?ﬂéans that the

are filled in a one liter neasuring C er to't
gr &vaeageceelbdiameter ARS (vf/éh@ surfee (ggionfis gl*&te%ﬂh&ﬁdﬁé‘ average

beads jhavin vol u is then neasured to the
fi Pgﬁ d ngc’?t r@c’@g tn Ohhﬁ)eXPﬁﬁ'éeﬁlheladGeny ty

] D@% g To (R “%9? P%ﬁﬁ&ﬂ B RTR4S cpBoistfeBbaPTdr the surace

25

{1 of vt bt anc bl .

be&¥Bandedrbaad isutisto nearly equal haives and the cross-section is
photographed using a scanning electron microscope. On the photograph, a
straight line passing the center of the cross-section is drawn. The number
(Cs) of the cells which are located on the straight line and which are entirely
located within the surface region is counted. Thus, a cell, only a part of which
is located within the surface region, is excluded from the counts, even when the

cell is located on the straight line. Then, a total length Ls of those portions of
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follows. In a neasuring cylinder containing water, a
quantity (weight W (g)) 15 of the expanded beads are
i mrersed to neasure the volume Vb (cm) of the beads
fromthe rise of the water |level. The apparent density
Dapp is calculated by the fornmula: [0062] Dapp .
(kg/nmB) _ {Wh (g) x 0.001 (kg/g)}/ {Vb x0.000001 (nB/

tnblstraféhieSiliol BFe RXBRIEGH (RE RTINS i Misbislred.  The cell

c
by heating the expand e parti

bl otiangtery@s) is valbulated by BfvidiAgaKé KehdtR L@y tAW erCs (Ds =
expagga Ieépiar_ti cles to soften, foamand expand.
| B

suilt milagProsedunes arectarded suemnn-mumber[) (nis 10 or more) of
' ' - | ed t ture ma e use
o HBHE RRa0TeARERR oihe ArpEde oeldiomelacADRof i surface
; . . g i 0 e
om0 B prumoer o e
pr dieadsed Whthtte colite@ xRpIISEIE € PR ﬁe%n&hﬁ)f%ﬁtlc@(ﬂﬁon of the

in a closed vessel equipped with a st rrers,
a HaERIghdineadhighis lpcateshon e butsidemestsiet tthef cellt Agarest to the

[ icles., 18 0064] The tenperature
o "R e RRAP B bREd a5 Iophimetan e )
[ ' ' IS genera
PetonarPiry - CIREREAMAocATE A Sriad SHRR fes de average cell
10( TetiameGEDARR grédtgr thahQee aveiage c@dla?nétegABﬁhereorg, show

t ition temperature of the polylactic acid resin
f : ?ﬁr%%lﬁﬁ‘?@ﬁnﬂwg‘%é%pmatyleefoanpmddingaehawing ekoglferd m&¥Hdnical

' ' [ t , the expanded beads

ob S ERGHS, R ofRpufy BY ﬁi%péféarq@dﬁ is reatyaiiianced by the
ooRgfaderteil GRS of (A8 et kBN InERo? A A Jarbd Auerack ce
| s diametipdDS of tHeemafdceaegidr RIpreRIRBIEF I theédStandpoint of the
nmeasur.ed..j n cordance with Jl rSPK7121- 1987 10 ana 'S

15 al%‘ﬂpﬁg'@ti/_ ‘Pﬁgﬁqxﬁén‘?@fbl fblead@ .dw]f)vg reg ;ttb?tathb ggﬁﬁ&ﬁ;@ﬁd}ame’ter
gglﬁlx‘gﬂ %g{rf&yﬁ‘géjdsg%@g@f e géﬁcéh%é raNge; of; h@éoo HRe Thus, the
gl @averdgendsli iRt DS GG %g'rfécé'?@aaﬁ ?ﬁ?@ifrééghytitﬂo 800 pm,

sanpl e has been heat treated under” spec
c omepre; praterably ddstors Qflejimi paﬁlcﬁldﬁ@lﬂbfe}%liﬁocf@rﬁﬂf ﬁﬁ}xﬂe On the

2X8§?ﬁr}&{p?{ge§£%ﬁ§gglg;@gﬂ%r§égtgg gﬂlpi?e(s%)mmprgss[ag? ?gaan%th c:f a foam

20 8r ?ﬁcﬁ%ﬁ?@b&%ﬂgg J&r@.ﬂgegégéaenadédabngg srar%fgr St?f influehced gl;/ the
average cell diameter of the inside region of the beads, the uniformity of the
cells and the closed cell content.  From the standpoint of the improvement of
the mechanical strengths, a smalier average cell diameter of the inside region
of the beads is preferable, provided that the average cell diameter ADT of the

25  beads is within the specified range of 10 to 500 um. Thus, the average cell
diame_ter of the inside region is preferably 10 to 400 Hm, more preferably 20 to
200 um, particularly preferably 30 to 150 pm.

' -[00'58] : It is.preferred that the bulk-density of the expanded beads be 10
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about 0.6 to 12 nm nore preferably about 1 to 8 mm
and an open cell content of preferably 30 %or |ess,
nmore preferably 20 % or less, particularly preferably
10 % or less. The open cell content is as neasured
according to ASTM 20 D2856-70, Procedure C. As used
herein, the_closed cell content and the closed cell

! . e
corto@00 kuimd, e prifetabhn$Pite 2bb2<g(¢ &t (@g%g%:%#gb%bs to 100

conteng (9% plus the open cell ent
% kona” tfen seasionaiof ewtifermity dé thebapisentedensitgdfta@ bkads, good

” G i E R Rl bGHTa Srinbeais b diee shmaiinn in a mold,
hurggd ' 3 f bl i ded.”
[ gggé‘;j]dtmﬁfegl Br gf er rsegpé)ﬁéa%“t %Idegpﬁg'ggﬁjr%értﬁggbégs and low

| 5anéhrinkage pathefdanbmaitiingont ai n a pl astici zer for

re of inproving expandability of resin :
paiﬁ&gﬁes i NS Used herain sthedndiadensiipafittalsxpahyed bdads is a

U nd S RPRRY s Rlickis femad” T Bimandeaiadd Sare fied tsone ifer

" heai AN LS ° | '
g GRS the ot 8 Bt £ o7 ie HeiHFEAI 6T the
t hexpangedibeads havidg meglomelsit € anthah ﬁﬁéaémea'i@rt]rée first decimal

expandabl e particles (or the expand3ed beads) .
10 | RéAGec(0z819)i s The Hiutkedensityb@®xan &bine”)tod the eupandéebeads is

o 2?@#%%?@35%@3%4%ﬁ%&oﬂ%ﬁagﬁnﬁwgz temperat ore’
o er - [BRANDRT ) a8y 0T B RSt e Ot mr L

t hEOhK]l ast i ¢ Thesapparenydédresitysfith@ BkyantefibéSds [?Zrﬁe_alﬁured as

purpgose of the present invention. Exanples of t
pl lows; 2 & aimReasi 819 ylindar eomtaining watarda noantityy@eesight Wb (g))
dept M@t d 3 riyatives | ycolic acid

1

5 Gop] Y% eifedoRlys Sk FopeiEhy B ineRure ok atemgarialom?) of the
depbd@é froRbtheailicbfiha by atnee | Do i '
derivati ves, Cand te{] régﬁ/l%egvs}r{f l}:rh;/éi gppaqrglgﬂw@?ns'ty Dapyp is calculated
deby ¥he fararila:These pl asticizers may be used singly or
in con‘tii nation of twg or nore thereof. 15 [0069] The
gl JR482In der i Hapi (kimithy (04 (d)or 0.604utkg/g)} Gy «@r000001 (m?/
faEW) cid esters. Aycerin fatty acid esters
conpri‘sing at |east 75 % by mass of diacetyl nonoacyl

20 gl j0083)!  cont Fhaidipandedbehataf %bﬁtﬁ%@g@éﬁi% the

having 8 to 16 carbon atons are suita
MoBXRANRMAEble padicles apméainimgea btbwing ayenrtcduth, as carbon dioxide to

di cerides o aturated fatty acids and
01 Aoy B SRS batiEleS do ool fo0m Aag éxpand. A suitable heating

medium such as steam, air or nitrogen having a controlled temperature may be
| used to heat the expandable particles. A steam-air mixed gas is preferably
25 L_xsed. The expansion may be carried out in any suitable known method. In
one preferred method, the expahd_able particles are placed in a closed vessel
equjppéd with a stirrer, to which a heating medium is then-fed for expansion of
~ the expandable resin particles. '
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20 poor conpatibility with polylactic acid resins, are
not fully satisfactory. Suitable glycerin fatty acid
esters contain at |east 75 % by mass of a .

monogl yceride of a fatty acid and/or its acetyl ated
product, in which the fatty acid is selected from
caprylic acid (CO capric acid (C10), lauric

aCIl[df)élir]i?1 a%['@tﬁé&&aﬁ%ﬁa&[&gﬁﬂ? aftflas nu‘ﬁgérgl)fé ﬁ@%&igﬂtpefxpandable

C8 r@rﬁcleﬁ ueatampamadn tempgrauned is gseméranya betweeT Ty - 30 C) and (Tg

di ac capryl at e, cerin diaceto- nonocaprate
or ggé rP’f? aQB/e?%“’W@ﬁ‘dIT}éUT%Q &) and ({iget |4O%Chhl\ﬂdgine§'g is.a glass

é?féﬂgygrt fét’ur’é blfo ot )?Igata ic %8 %legl(é: \@th Etfpi@%pandable
5ar qwho{@@émo?mbac eVt PtheAGRY & é sicm‘lte\‘ﬁa:?érgturg the expanded

glycerin - 20 tripropionate an el r andlogue

Abdeadaldbtaingd have a siutabbt@(pwmm@tb' éts%utable closed ceII content
(comrercially avail abl e under a trade nane of

PL%’?@W'@WW "Wtamn Co Ltd.).is part|cularly
d f
SR U5 e RSB E0 e a midpoint
be,
f§|9|'%ﬁ‘?§*§?‘26?“n‘{?f“aﬁé*?‘8‘8%%&?%§”?8 HEAbaafich iy s k71211087
10[ o@ng]is \MIeubteﬂ fRonefneanpoint af aaiéatlﬂugrcmmsﬁ curve obtained by
an al kyl ene group, R ﬁresents a
%Pgﬁ iffgrgntial é?%ﬂﬂing Gﬁl%lmﬁtfygatam aatiyg eate afrioLE/minute.
Lo DR G %@Sgﬁw’% S BRI Hr Sl $a55lettasitiogn heat
1 treatdy Wé?%e@tfi@ﬂ‘soon‘a d@%c'? d|ﬁ5i§’>'|/<7685’ %%)7, Paragraph

i sopropyl, butyl, secon ary tyl, tertiar

: |s<3b@toyltrpl m‘rgdndltlmvsycbf sanfyget(d)., octyl, isooctyl,
_ 36 hexyl , nonyI decyl |sodec |, dodecyl,
15te cyl,  HbeRxrandegheadstasserding thﬂ’zﬁmﬂessnbrhvemtmn

havi.n carb
| BLREINA AERATE AR o oDl 900416 410 B rternly
buiajbbEmBS tb aQ7ra}n HhGrePreferhbly adouf 1 Gls 'd Mﬁ% 'a‘ffasaﬁfae{erPSeu content
for exanple, et hyi hthalyl  ethyl glycol at'e
buof ppﬂferra@lw:BO Buoy lesgl oo ardembly 26 °/armallmuﬁamc'|'la$ly preferably
gI)i ter .@@rlvatlvg r{ax for exanp
tri ﬁﬁr - gINERPL celbeoqttentys a&@eaﬁaﬁégﬁmgrdmgam ASTM
[0 T
20 exg%ﬁbg ﬂjta ﬁ?g&%dLﬁeace t yg %é{ g%telrg,rthlet %]gg@gent and the
[ 0glEskd tap céﬁterh't fiagé itite f’éléﬂldf%‘h'lb’ fiat 'ﬁ?é/cllaged 'c8fi content (%) plus
exanpl e, di et hyl
the open cell content (%) equals 100 %. The thus obtained expanded beads
are desirably stored under conditions so that hydrolysis of the resin is
prevented. Thus, high temperature and high humidity environment should be
25  preferably avoided.
[0067] _It is preferred_that the expandable pa'rtic_ﬁle_s and the expanded
beads contain a plasticizer for reasons of improving expandability of resin

particles, improving the secondary expandability and fusion bonding of the
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adi pate, diethyl adipate, dibutyl adipate, dioctyl
adi pate and their anal ogues. 25 [0076] The rosin
derivatives may be, for exanple, conpounds
represented by the following forrmula: [0077] Ro
_CO0-. ((CHR ) p(CHR2) q- O r ((CHR3) p, (CHR4) ' -Or' - RS
[0078] wherein Ro represents a rosin residue, R1, R2

At SaPandt pRors STl RBIAE IR GRbRR A o e e Plasticizer
al gl uwdqh’érehﬁiél |ﬁﬂanaedtt@ réfef 6 BQlasy NEuHdtaritd qgéfﬂ[ carlower the

group, p, , and q' are each an I nteger o

Wi tghaSSh'feamthm t&mpd!mtur(emf-di)e polylacticoadid aegin (nmehcbdntélﬁed in the
1to 6, and r' are each an integer of 0 to
Wi t%p@ﬂgg@eml% (enihe expapdgdibgads).o The plaefm}:er is desired to be

5 3 R L0015 B B S et

acelyet & €51@rthehigh 6% Rmpdratithsh f
roslyﬁ‘t t etraet hy?ene al ypccg esterﬁo @%%Mdsq%ﬁthg kind and

trlaémmwt@ﬁéh%]pWQClZﬂDnonet hyl et her ester of rosin and

[ | ene gl 10 nonoe et her ester of rosin.
d@@#g}rhe tetré’ IFBRLARSRA 'Y&S@Qﬁerth%rﬁwhashoeesmynay be

be’suftQIBI gﬁent fhe ﬁmgﬁ?fjﬁg 5%@?”1&%9\ 13%82¥x§m@p§|qf the

10Th mmrcaee iclude Rl GAOMET Fhied 4 y¢|y@ér?‘fﬁ8@r'| arti%éé dé{ﬁer ééter

and R represents an al kyl group, Tan
ar weriyatings, glyeolie akid @rmapves,vglyg)laistératértvaﬂws cntrlc aCId

e L T
I
R oA A oo

cytdfmd)loemdreghgmf an al kyl ene group which may 20
contain at |east one acylated hydroxyl group or an
1551 £@088lene gr o'Upﬁ ghycetin detiyativest may be, foreasmpegglycerin fatty acid

oSS« BRI AT BR g SSis SO RIED hSasad o by TBASS of

| Ry Rionbabfl dvcerb it IREERo Bl ol AR RBILN nlling s t

sud6i carben a@bmetarralsuﬁam wsed! Y Matighrefided of u saturated fatty acids
di t et rahydr of urf ur acate, dodecane-2 aC|3

d@gly@qrmsyca‘raatwa¥qﬂ igtty acids and triglycerides of fatty aC|ds WhICh have

20 poor compatibility with polylactic acid resins, are not fully satisfactory. Suitable

glycerin fatty acid esters contain at least 75 % by mass of a monoglyceride of a
fatty acid and/or its acetylated product, in which the fatty acid is selected from
caprylic acid (Cg), capric acid (C4g), lauric acid(C+2), myristic acid (C44) and
palmitic acid (C+¢). An acetylated product of a monoglyceride of a Cg-C1o

- 25 saturated fatty acid, such as glycerin diaceto-monocapr'ylate, glycerin diaceto-
monocapr_a_te or glycerin diaceto-monolaurate and their analogues, has good
competibility with a polylactic acid resin and is particularly preferred. Also

preferably used are glycerin triacetate, glycerin tributyrate, glycerin
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al cohol and ditetrahydrofurfuryl phthalate. [0084] The

pl asticizer may be suitably incorporated into the

expandabl e particles during the follow ng steps (1) to

(4): 22 [0085] (1) A step, in the process of :

preparing resin particles, in which a polylactic acid
resin and optionally a desired additive are nelted

an ﬂﬁﬁ&%i[ ; t em jch resin _
pa?tnlbcl es a?ea{%r@iégﬁé%oequ eévvrt ﬁ\%&e\émhggﬁeﬁa (Q@L‘eq{p—;monocaprylate
[ 00BBMNiETiaNystvaiiabie unet A @S REATR 6F H@IR!EMREﬁdgé%from Riken
cor\t/_al ning a blow ng agent are expanded; and [

(4) angindp0., iLid.} isep ¢ldasy suitablyeisedifogtheqsirpose of the present
pariﬁ\i/&l\t?oii in which a polylactic acid resin, a :

bl owm ng agent and, optionally, an additive 10 are

smelfpedopnd knegdgedi @ﬁe@&éﬁ%ﬁ%s r%zg)pﬁ%%ff)?%ggmﬁé%%mpounds

(1) may be perfornmed, for exanple,
kneegresgntdbby the/following faemlilg.esi n and the
plasticizer. The kneaded nmass is then forned into

redPR73hr ti ¢l eB(OR)POCR 1P OB’ PRyR or med, f or
b . e ol :
PodBPT2 S0 ¢ woBRPIETH B vebfedeie o Fisw Groym R repessents an alkylene
durg f i ' at. i . [ '
o, (gt A I g

10be amel manted aré eacleirigpeadehily bhqntfepbP BiM K9 50?§§’O aE)xamples the

di fferent nethods (3-a) and g,-b).

15

20

) n net hod
t héligd gapurckdefhpse bRYngat ¢o 80 sanuerdatoms) saich as methyl, ethyl,

U BB ) &ndc b, @piary bubl sseb i mamuichexyl

Ofrfebﬂrl,@é%@i%% i I i t.h or

after the gprayi hg'zaté L@Iﬁéﬁann(ﬁlgtlil eetcgg‘fst(ﬁ%cég‘”gpgcﬁ, tetradecyl,
he fiegddesy! fandhectidsyl. n E xardple dfthe MG Gdubinciubg those
expandi Al ternativel the heating nmediumto

ng, devi ce. ,
whi H"lghzto §|°a§bqrbat9§i8. Is46h b@e%%tfdpy!e'ne, 1,8cbutylenbeand 1,4-
ex%%ﬂﬁ'&g devi ce containing the 25 expandabl e
parti'cleS while spraying a plasticizer over the

expoorsol e parid ghesiic héldBRiAtvES R bd fofamples sthyiphthaly!

autocl ave, resin particles spersed rn an (

di st giyeglatedbutyipathealyiutgayiptsidtevortits ﬁ\d_?d)%\(éé?g The glycol ester
aggnt.. ,[The re;:en (ﬁartl cles |npregnated with the

bl GMHRIESMaY of i%@ml@e@e@m@mmgmol diacetate or its analogues.

[0074] - The citric acid derivatives may be, for example, tributyl
acetylcitrate or its analogues.
[0075] The adipic acid derivatives may be, for example, dimethyl

adipate, diethyl adipate, dibutyl adipate, dioctyl adipate and their
a'nalogues.

[0076] The rosin derivatives may be, for example, compounds
‘represented by the following formula:

[0077] Ro ~COO-((CHR"),(CHR?)-0)((CHR®)(CHR*)4-0),-R®
[0078] wherein Ro represents a rosin residue, R1, Rz, R® and R*
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23 wth the dispersing nmediumfromthe autoclave into

a |l ower pressure zone to obtain expanded beads. In

this case, the plasticizer is added to the dispersing

medi um so that at |east a surface region of the resin
particles in the autoclave contains the plasticizer.

Step (4) may be perforned, for 5 exanple, by nelting
arediniadepagdentip rgpreseint aabydrogesi atonooposathiypR® represents a

SIS o i e i oS o v
LT RS S I 6T W B oo o

netbl®end 3pb§['))i & Pes 6l endarand rt rebé@diebahtederest-0 117 with the
preferred enbodi nent, the nmethod (3-b) is perforned

bypréviseethst (ig rhie IriesTn particles together with the
DRSSt PR A A 1

t s ' [ t .
¢ (Pt plyEoPStd: B roSth, B RIREERY] Bebtib Eterth rosin
| npietgnene dlyool ebeer sfsiosim aietiaetifiend gIWidI estér &f rosin,

met hod, the plasticizer can be unifornly inpregnated
i rigthylene glyco! signeethyd gitbar ester 0é resipaanit trictagiise glycol

obt ai ned.  Furt her tEe expanded beads have uniform
céppngﬁgyé.eﬂw{e%tﬁﬁf’ EPP3-b) is adopted, it is -

d th N .
PIBOBDIGE, | Rt ABuBhgBIIGHERY deoh AR by e, o

pamtdrples cohigounie relpeesatteadsythe ﬁil!%ﬁn%'?@rrﬁgla: ,
pl asticizer can be easily dispersed in the dispersing

nmd®08M [ 009%h -TBOGrROBNt of the plasticizer is

pref bly 0.2 to .3 parts by _weight re preferably

0. 1008315 & pawherelp T remesests piteiahudifurtindiaigohpl sesidue
t i , : [ f

ey BofprosanirP Rl BRu o B Qropl! ' qrbl an aryl
angronp havingat Vedst drieehkdmckybfraups 2fogih assideiez argrang

the pressure of steamused in the nolding step, for

r d@pergented byt@OHP hly osiyarqureanresemies by oX-tG@OY), where X

" RbePehS o' o Sl Sh 8RS GrrgthG A Rt varenyt aroue.
oy CRLiRelF g % ey oAt B R bl oo lkyidiie Brods wifieh may
presain anleast bne amyated foldrakylegroupyorran dikehylidwee group which

exrgggdc%%tabiﬁaadtsleiagt gnerrglcgliatgg ehyfd?g)glrg)rlogé),n rg?)?esents an alkyl
group or a tetrahydrofurfuryl alcohol residue and n is an integer of 1 to 4.
[0083] Examples of the compourid.of the above formula include
ditetrahydrofurfuryl succinate, ditetrahydrofurfuryl adipate,
ditetrahydrofurfuryl sebacate, dodecane-2 acid ester of ditetrahydrofurfuryl
alcohol and ditetrahydrofurfuryl phthalate.
[0084] The plasticizér may be suitably incorporated into the

expandable particles during the following steps (1) to (4):
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excel | ent bondi ng between expanded beads, excell ent

mechani cal strengths such as flexural strength and

conpressive strength, excellent 5 di nensiona

stability and excellent surface snoothness. [0094] The

foamed nol ding according to the present invention may

have any desired shape and may be in the formof, for
a.container, a plate, a cyllnder

exi@’é@ byl i ndd) Pobterni T Bhaisos! Brapesing resl] pegisies, i

SRSB4 ks LAY R e e ot

Zoanhgdnﬁédequw reasons of satisfactory nechanical
stren heat insulating property and |lightness in
: @ﬂlg 6] The dBpdy siep idewkichyrespagicied anmjmpregnated with a
caI uI at ed from the formula shown bel ow by dividing
thg %‘Pg (g) of the foanmed nolding by the vol une

VI t her aStede;

i 1808 st napbiof StepEn BTG R gt gontaining 2
( gpldwiBg aded/ayk)dxpavded) ¥9d001( m8/ L)} [0097] The
foam nol ding preferably has a ratio of its flexural

st [QARfIh (i n t(4) Asstep, WPthe prodass afpprepaningdessi particies, in

t f t 7.kNmM k f bl
L WietDR riRRie Hcid fesin  aulawisinar ALRRG cept aRlyt ancadditive
10rNﬁfé@'\ellfe‘?faﬁ@%%%ﬁg@flnsénré’?@uéé'rs' on bondi ng between

he 20 expanded bea and of excell ent mechani cal

st [@08B]hs. Thahuetep (1) ina %rdée béiafofl'r'n%l@lu'l’é\4 e)ﬁérﬁﬁl’égbﬁ} melting

to apparent densHY rati o of the foaned nol di ng
geﬁ@ﬁdﬂﬂeﬁdﬂtﬂ)me Bolwactiqakig. reF(IUqui tﬁheplad;tﬁxmraﬂ'he kneaded
nded _to t he maximum

b TS e S FRefSAR fhsi PRMIES, dsisk (3) M8y heparformed, for
[ rample: 1 IetpoiRRNhe nidsiicizBA b TBAE 49,18 gion of

a length mnan

15 of tiz5rewin pariiclepaheihg befiorehait aﬁélelrﬁf)r tmE;V’hﬁe resm particles
opp03| ng surfaces having a |l ength of 0 mmand
VVI With the biewing agenh cut surface obt ai ned by cuttl ng

di ng, he ot her urf beln as )
foodgéhsurfacgl k(3 E’ eﬁg) OFW? fhé)y the following

astwi® f r
o o RSN (S o i
f opaditienhu: eypandedafit ablexpaneiy deviey heaéatity Wit a heating

E}qdﬁed beads filled in a nbld with a suitable
20 he dﬁis GIR& the plasticizen isrsnrayediaver sutfangs &f the

tegRsiIatIE pithitles! n%d?tanlé%%siy ith Or' S the sprgylng the

expandable particles are heated with the heating medium for expansion in

'.the'expanding device. Alternatively, the heating medium to which the
plasticizer has been added is fed to the exhanding device containing the

- 25 expandable particles while spraying a pl.asticizer over the expandable

particles. In method (3-b), in an autoclave, resin particles dispersed in an

aqueous dispersing medium are impregnated with a blowing agent. The

resin particles impregnated with the blowing agent are discharged together
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expanded beads. The tenperature of ‘the heating nedi um
is preferably 80 to 130C, nore preferably 90 to 120C

As a result of the above heating, the expanded beads

are fuse-bonded together to forman integral foam

nol ding. As the nold, there may be used a customarily

enpl oyed netal 10 nold or a continuous nol di ng machi ne

hawiithgthe dispersing stediimbiebin tite adictaws Rl laNower pressure zone
JP- A- 200Q0-15708 or US- A-5, 968, 430. [0100]_|t-IS
pr £4 8P1alR expandenbaadsa i thistases the plasiwizat ibelddes to the

¢ nereafshg BRELARSE hAfaf oY 4 Surrate siioh o G 8y particles in
al tvantbdidee beagins hesprRRBiciRr a %tégs(ld} [ @%Ho‘ﬁq‘ned for
c pres ed gas ™’

of tinme in a closed vessel to whi uri

5 hasxalpde, e thelliing age knemylimg aapoly Eatigaiie résh cowsBodifion
nitrogen, abr or ~carbon di oxide, or an organic gas
suERntNingithraPolBactin @cikhiasia, theeblowisy égept anduhe piasticizer is

th b t he. faam n fficiency an _

SR EER 7 Po iRy ¢ oo Rienst cumas ik SBen formed into
-1 mekpasdaiBhArhiape. 20 recovery of the foanmed nol ding

obt ai ned may be inproved. The inside pressure of the

bef91]s pref dmabhy thelpbsve dnithals, anettodf(3Gb)43 patiBuldirly
MPa, re preferably 0.05 to 0.2 MPa. [0101] The
10 ner%fEF%?')é Ae 4R & preferipd mrsBodioaent, the methodi(ddy is

e 5o B 3 P A i GO e i
i nan eRRRGUI dishERNSE ATdHRIMLIA el HRTLNBE ¥ &l MBS 4 agdft. The

and 50 %relative hum dity under anbient preSSlljr
Thdisperginn is\stifrg)d while hentrelitg fhe tepaseraadevtheresf so that the

{ PBRIRg et cadsielBs iizanaro mBradnaies m e rewpmarticles.
R T NN LN R ——
[osetageoniolg ipentd earapalios MG e apgance
i negads pavedinitorm ¢albshaps. t Wéhenx peattiod (Bands adepted, it is
-f ?b&?lfl?\%t?aghgggf}n%t? : glzggi’?wﬁhifgg‘})%v _ >a?!1i8@2i]sﬂ)di_{r(ml\ép?h)e step of

) i RoratiAA AR sl DIABLIUGHR! Re Brolng BGert®S e #
20  plasticizer can be easily dispersed in the dispersing medium. _
-[0092] " The amount of the plasticizer is preferably 0.2 to 3 parts by
weight, more preferably 0.3 to 2.5 parts by weight, still more preferably 0.4
to 2 parts by weight, per 100 parts by weight of the expandable particles
- (or expanded beads), though the amount varies with the kind of the
25 plasti_cizer and the pressure of steam used in the molding step, for reasons
of obtaining significant effects of the addition of the plasticizer while
preventing a reduction of the compressivé strength at an elevated

temperature and avoiding depositioh of dusts due to sticking property.
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i ncreased inside pressure, W2 is the weight (g) of the
expanded beads after 48 10 hours, MWNis the nol ecul ar
wei ght (g/nol) of the gas used for increasing the

i nsi de pressure of the beads, Dis the bulk density
(kg/ m. of the expanded beads and Ris the gas
constant (8.31 J/JK nol). [0104] The foll ow ng

IOBRET o pal Y 40T OIER fthe AsCRadlfFENion gress pe ebtaines
AveReTo (S RSBV ENor g1 e,
g s sTIRTl toke Al OO

8exualiest bbnding betwesnadxpaved g behds éxcelleing ni@stdhical
(LACEA H- 280 manuf act ured bi/{‘eM tsui Chemicals, Inc.)

ardirenans sach as figoirabstigngthe andcompreggivedsrengta; eellent
PO} . factured, by, Toyo Petrolite Co., Ltd.,
n%ﬁﬁ'%@%&%@ﬂﬁw%éﬁﬁﬁ?“ﬁ%ﬁﬁ ?Cez,s'ﬁ'eﬁ’,thrfﬁﬂsecul ar

Wegoeli] di st ri PHE iFeameadRsIdidg % coﬁﬁhb't@@h@%’r@éé tih0&ntion may
degree of crystallization: 88 0% was nel ted and

krieaugeany deaitedshapdaand ftey kedades farmcbfjrfer eRaniphena vessel,

.extruded in the fornilo strands. The strands were
E i

i FhEQNEIREYy aRiaif reaYlinfaraBetolist cylindghenrodse sheet ouw biock.

ai1B85E, "of ubfle Bepadty dashERL he B foldig' Arrgraaly 15
BOEY ﬁg@13 i E@@l’r } .

?8(1)06] In a \gﬁ?&g%rt oclamqggg{%op%bgm ﬁ@ﬁ%sé{sloﬁse”(% saébséactory

g noéchanricahstsength, hebt Fiswating property ane llightninowefght.
dei.oni zed wat er, of tribasic calcium phosphate

0.9
an %?Béabefﬁfd%&tvdwgb@/e@yb may becalomateddremdgbe. formula

U BRI B A eSS B b Blng by e
i NohuiheeVRIUCEEY) ANEreD® ashidtetrifhd ELARIHR SSEY 'fmen8ions thereof,
the autoclave was 3 MPa(G . The autocl ave was :

mdPABE] ned - asDAUKY/ nf*dpr= MM g)x0eB0 tatkdy/g VIV L) »@.001( m%/ L)}

c di oxi s stopped. Then, the autoclave was
1 3?’582}, Isu)ékdfﬁﬁ\ﬁ%afﬂduggﬁ.'nwrafeqréélul has @ patio oé dsflexural

T BRSPS BB or
R oo monseri o 0t FOSIP ST R oy o
[ deas 10kd g fantasanssohsisang fudies boadingvbstvese miid
etx%ra’rided beads and of excellent mechanical strengths. The upper limit
of the flexural strength to apparent density ratio of the foamed molding is
generally about 30 kN - m/kg.

[0098] The flexural strength as used herein is intended to be the
maximum bending strength measured in accordance with JIS K7221-
2:1999, appendix 1. A sample molding having a length of 300 mm, a
width of 75 mm and a thickness of 25 mm is prepared such that one of the

two opposing surfaces having a length of 300 mm and a width of 75 mm is

a cut surface obtained by cutting the molding, while the other surface being
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“were ne

dehydrated by centrifuge and then i medi ately charged
in a closed vessel equipped with a stirrer and
preheated to about 80C with a m xture of steamwth
air. The particles were heated-for about 1 to 2

m nutes until 15 the expansion and foam ng thereof
were conpl eted. The thus obtained expanded beads were

. ; Ty t
cobd 16 LTRSSl A, TAROPEl 561 e g o

‘abihet s@pledacinaddwninerdg trar gampilenisasulsjecesd &Y the BBRding test.

aufog)cgl ve was gradual I({ pressurized with air at a rate
of LO®2RI \Pa/ hodiPe Toamed Bolding ipmsetaablyprapaned thy heating the

ey . h € WA :
PSRBT N1 hell SRS Qeolontlio o Son as
negtebfl 6EHoRAIrSHEMINGCA témparatare EAKRIENt RS USBYRe surfaces of the
treated expanded beads were collected an | m’regl at a y

noéxpandesi beads) EPBerteitiengturedfithe hedtitel mé8RAA i preferably 80
manuf act ured by Daisen Industry Co., Ltd.) having a
molod! 4 h raereeREsTBraPly &0 to0d2076 | eAgtanrestdt afthe above heating,

(e RO g Ak BorsHPodSH Soatres o i an ivearal foam
ooy, S REITOLELrSASe 548 4 LUt e mos

anophor aTonticands mblding treschiag haviidy ¥ranfnd sed bBR as
opposj te si d%_t hereof . _The nold was then cooled for 90
se@'éﬁ'%e%"ﬂh' -Qed @P0-49d 08 o1 HErAH 988480 0 cool for

1 onds u f foam nol di n hys

SR e R g AR L B2 Bt et
[ Ghdind ke ifcraBseRheipres¥@e ifsidedofthe®@tid Herddf. h%ﬁéh a
and thereafter neasured for-various properties. e
nuieneatimentigay belcactiéd ouivbly giilowinglthé e guei totstand for a
degr.ee of c.rgst | lization and nol ecul ar wei ght

di 'te% PEBR i%‘gwedff_‘ a Flased upssaltoawbiakaa pressurized gas has

s rized - on. di oxjde content of

¢ oo AE e op i Fy e o orBB0RA0ad SHERR GRBiER. o or

| nedrdeniesias! 6r ah driganfxgagdaeh kRasitanand B\ ficreasing the

apparent density, appearance, flexural str engtch ana

t gsidgt presstira hethe expanded beadgt the foaning effipeneytand

density of . the, fo nmol di n re summarized in Table 2.

TrATRAIRRetE0aH: SE i Fapanded heaghmay bevsmyRred ancgiape

m’r’e%ﬁ%gfs %frt‘eﬁ%' %?h]ég;é g’i%@@%%%%r?é{d halPBE mbPodR™HES inside
pressure of the beads is preferably adjusted to a range of 0.03 to 0.3 MPa

more preferably 0.05 to 0.2 MPa.

[0101] ‘The inside pressure of the expanded beads is determined
just before the molding as follows. About 1 L of the expanded beads
whose inside pressure has been increased are transferred to a room
maintained at 23°C and 50 % relative humidity under ambient pressure.

' The weight W1 (g) of the beads is measured with a weighing device in the

room. The expanded beads are then allowed to stand for 48 hours in the
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15 devi ce (Tradenane: GPCV2000 manufactured by Japan
Waters Inc.) provided with columms (manufactured by
Pol ymer Laboratories, PLgel 120 pm M XED-A, 30 cnx4)
at a columm tenperature of 135C with an injection
anount of 0.5 nl. Exanples 2 to 5 .20 [0111] Foam

nmol di ngs were prepared in the sanme nmanner as that in

Exramm e IheaxtmpWeid‘rﬁtWQf(g)ajmuétex?fanI%@Hm&fé i3 ¥84sured after 3

- % s changed as shown in Table 2. The properties
oft ?n/a

8Pe& &éﬁ'@%@%@ Rer-t | Ehegneaspaamem of’dbadse@mb W1

h .
or 8 ¥4 ShBHELES Rahief'Suk b 12 s8shnd dreumahplaean@ie 5). The

10

15

20

-2b

' 94n§i?d@V)ﬂe's§uFé B (MPa)zgf bSﬁdgd tb%a#% %%ﬁﬂlﬂtg{da{nﬂm the

di ngs were prepare e sane na
Exfarmuta Beloaxcept t hat poI on efin wax P-1 was
substituted with each of polyolefin waxes P-2 to P- 8
as{ dAdln i n TEHMP3) and Tabl e 4. The properties 29 of

oridr Baa BB Ao 0y Rer Bl e D i Bavo. %}’Eﬁ 050001
Znﬁ""gﬁf’ebia"%’?%?2’8"3%‘“%11‘%@%@[3 4R Bale P pdvino

mﬂn@fepse@msedb pressiies, S4@ds thnneigsg) bbthel ékpaﬁdéﬂbleﬁds after 48

except. . that the proportion of the crystalline and
ncﬂ?”&? j@\’\élsl t%ﬁé'“oﬁ%%alr Weight (gdnal) of $hengasased fm’ngendzaamg the

o efle Reski bt e ARG 17 5. indbi R BNs v (g BT) Hetrnesepanded
ofbeRamIER i e gdbEoRIBREE SPINImblje expandabl e

resin particles, expan eads an 0 foam nol di ngs

arfe184pbwn i n 'Il'bélfelldl\NlngC’@@ﬁpﬁisl wal @fﬂf&'lﬁus]trétgjtﬂmﬁk)résent
f oam nol di n'g was prepared in the same manner: as .
a

i ANVEBtiaRs| eFarts aredpt weight. pol yol efin wax P-1 as a)
n ﬁé agent (cell diameter controlling agent
Wal"'fs)4 no IIe%ed at all as shown in Table 5. 15

Cqomespti ve ExapRing & 2@ partk oF cfrgé‘fglllni?é ngﬁac‘!{f?:sacfd resin

prepared in the sane manner as t
eXbé&EA hizdl 00.manptactured tya MitsUTNCiremivaie: Iné3l) Wﬁarts of non-
n%wstaﬁme pc%y@/ctlc acid resin (LACEA H-280 manufactured by Mitsui
Chemicals, Inc.) and 0.01 part of polyethylene wax P-1 (Trade name:
POLYWAX 1000 manufactured by Toyo Petrolite Co., Lid., number
~average molecular weight: 2,200, molecular.weight distribution index: 1.2,
melting point: 110°C, degree of crystallization: 89 %) was melted and
kneaded in an extruder. The kneaded mixture was then extruded in the
form of strands. The strands were immediately quenched in water at
about 25°C and cut to obtain solid cylindrical resin particles haVing a
diameter of about 1.2 mm, a length of about 1.4 mm and an average
weight per one particle of about 2 mg. |

[0106] In a 3 L autoclave e'quipped with a stirrer, 600 g of the thus
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Ni ppon Talc Co., Ltd.) was used in place of polyolefin
wax P-1 as the nucleating agent as shown in Table 5.

20 Conparative Exanple 3 [0116] A foam nol di ng was
prepared in the sane manner as that in" Exanple 1,

-except that 0.1 part of calciumstearate was used in

place of polyolefin wax P-1 as the nucl eati ng agent
asg rési les, 9 Y9 220t i
gl SR Tcls, Q00! AR EEARLE gl of Bkl cacur

| npheseateaart] 0dcg pf sbdaimddewyl sufbte were charged.  While
et hyl enebi sam de (Trade nane: KAO WAX EB-FF

reM@Riginipg dhe gorientedn e autonlpvesat A0SEd carbar dgca(i@é' (COy)
WAoo ¥ Wb pledink RS RDIO08 55 Bl 8o pressure
r esf ihaoétﬁﬁoicfd\%swa@@ﬁl!mé%ge | QUﬂ)cﬁ%“wgglrﬁéﬁg%epnas such

obtained in Conparative anples 1 to 4 are s

- Tallor el GGmimites SN thteofieegr efxbarbain dioxiieowas sesppe Ofhen, the

10

15

20

25

each of the beads obtained in Conparative Exanples 1 o
4 a%@&‘%\%ﬁsﬁﬁt@ﬁ%’.c ofor ¢ BoursespAe @ Resuit, thet pragsure in the

\A'_'aﬁ]_to‘gzLavl\{eﬁg_é%r%aggg%%%@lga&% O-I_ge%r%i:r% i?\ t%eL%JLtJngave was

© thel rBIéaddd B the atmospheric pressure and expandable resin particles
impregnated with carbon dioxide as a blowing agent were collected.
[0107] . The expandable resin particles were washed with water,
dehydrated by centrifuge and then immediately charged in a closed vessel
equipped wifh a stirrer and preheated to about 80°C with a mixture of
steam with air. The particles were hea'tedf_or about 1 to 2 minutes until |
the expansion and foaming thereof were completed. The thus obtained
expanded beads were collected from the vessel.
[0108] The coll.ected expanded beads were air-dried at room
temperature for about 24 hours and then charged in an autoclave. The
autocl_ave' was gradually pressurized with air at a rate of 0.1 MPa/hour.
After the pressure within the autoclave had arrived at 0.5 MPa(G), the
pressure was reduced to 0.2 MPa(G). The autoclave was then
maintained as such for 3 hpurs.
[0109] The thus treated expanded beads were coliected and
immediately molded using an EPS molding machine (Model VS500
manufactured by Daisen Industry Co., Ltd.) having a mold with dimensions
of 300 mm length, 75 mm width and 25 mm height. Thus, the beads filled
in the mold (cracking: 10 mm) were heated for 15 seconds with steam at

0.02 MPa(G) from one side (the side with a dimension of 300x75 mm) of
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) MLO- (0 'ct N.0O) fa o COco co C3) LU co COuU
O -~.CVOOr NCOMN N O ~r- ONNO a.~r
rrr Lcca+, o UONNNNOCTZ7 NCOS5- a) a5 ~
r- NCc La) cad4075CDC C C -0CO0O0OO0O0

9f O\anﬁilg)) angO Ncr:)aﬁigtlg:ébﬁl 55 sée%ngs Wlfhogg% 817-8 %2 ylfﬁa((‘ygfom the
or oppgpitetsidetierepf. Dhe nwhkrwas rthenchiol‘dEI tor 90 $ecdnds with
water and further allowed to cool for 120 seconds under vacuum. The
foam molding thus obtained was thereafter taken out of the moid.
[0110] The foam molding was dried at 40°C for 12 hours and
thereafter measured for various propertigs. The number average
molecular weight, melting pdint, degree of crystaliization and molecular
weight distribution index of .the polyethyiene wax P-1 are summarized in
Table 1. The carbon dioxide content of the expandable particles; the bulk
density and inside pressure of the expanded beads: and the apparent
density, appearance, flexural strength énd the ratio of the flexural strength
to the apparent density of the foam molding are summarized in Table 2.
The number average molecular weight and weight average molecular
weight 6f the polyolefin waxes in Exémples we.re measured using a GPC
device (Tradename: GPCV2000 manufactured by Japan Waters Inc.)
provided with columné (manufactured by Polymer Laboratories' PLgel 120
pm, MIXED-A, 30 cmx4) at a column temperature of 135°C with an
injection amount of 0.5 ml.
Examples 2to 5
[0111] Foam moldings were prepared in the same manner as that in
Example 1, except that the amount of polyolefin wax P-1 was changed as
shown in Table 2. The properties of the expandable resin particles; expanded
beads and foam moldings are shown in Table 2. The SEM photograph of a
cross-section of the bead obtained in Example 5 is shown in FIG. 1.
Examples 6 to 12
[0112] Foam moldings were prepared in the same manner as that in

Example 4, except that polyolefin wax. P-1 was substituted with each of

polyolefin waxes P-2 to P-8 as shown in Table 3 and Table 4. The properties
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expandable resin particles, expanded beads and foam moldings are shown in

Table 3 and Table 4.

Examples 13 and 14 |

[0113] Foam moldings were prepared in the same manner as thaf in
Example 1, except that the proportion of the crystalline and non-crystalline
polylactic acid resins was changed as shown in Table 4, and that the amount of
polyolefin wax P-1 was changed as shown in Table 4 (in the case of Example
14). The properties of the expandable resin particles, expanded beads and
foam moldings are shown in Table 4.

Comparative Example 1

[0114] A foam molding was prepared in the same manner as that in
Example 1, except that polyolefin wax P-1 as a nucleating agent (cell diameter
.controlling agent) was not used at all as shown in Table 5.

Comparative Example 2

[0115] A foam molding was prepared in the same mahner as that in
Example 1, except that 0.1. part of talc (Trade name: SIMGON manufactured by
Nippon Talc Co., Ltd.) was used in place of polyolefin wax P-1 as the nucleating
agent as shown in Table 5. |

Comparative Example 3 _ _

[0116] A foam molding was prepared in the same manner as that in’
Example 1, except that 0.1 part of calcium stearate was used in place of
polyolefin.wax P-1 as the nucleating agént as shown in Table 5.
- Comparative Example 4 ' |

-[(-)117] A foam molding was prepared in the same manner as that in

Example 1, except that '0.1. part of ethylenebisamide (Trade name: KAO WAX

EB-FF manufactured by Kao Corporation) was used in place of polyolefin wax

P-1 as the nucleating a.gent as shown in Table 5. The properties of the
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Oa) U EE~ Qanmac. 4- '.... cOEEaa)) C U WU a)

o @xpandable résin@artitles, &Xpahdadtbeads aft f
0OQ0 ,0 0V c- ?ao Cn cmpai‘c ccoo -ogmﬁ%l&'\ﬁg%b%'ned'”

) @qmp@ragyeﬁxamplea 1to#-dre shown in Table 5. The SEM photographs of a
cross-section of each of the beads obtained in Comparative Examples 104

are shown in FIGS. 2 to 5, réspectiVer.
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[0118] In the above Tables 2 to 5, the appearance of
the foam nol dings was eval uated wi th naked eyes :
according to the following ratings. [0119] A Neither

SPIOPUIOE 11 ISR Tl 20 S o

conitidifgs Wakleveuated WiPhdked é%@&&c&dirﬁ}bi t@% ??Ifovj/iﬁg ratings.

observed in corners and edges.” Non-snoo ace

pal@148]lobser véd .Ngithe2 2hribkage gor fefoamiatiohris bsegrveanSurface is
deformgtion are observed. [0123] As will be
od fromthe foregoing, the foam nolding of 10

ung &
ex d pol vyl ' i: Sj ds, accordin o, the
b pr Esenﬁ i ﬁve%taﬁocérygﬁggﬁg&%?%f fﬁ&%ﬁ%&w'@l Y \?\é%ﬁfaccﬁés smooth.
bepatatand has Ceifinkegt i98B83ARAGE Bfbrs TG Non-smooth
tic a resin

strengths. Further, the expanded polylac
beaddacesispardy obsemwetlhe present invention have fine

FabActs oo o S5 vegagensefbomedsanas ovsed

= , L act i id resi N

DafdTBI 0T o A RARRAAS b3 e BRiric, 17 lhm molding of
10 easkd;amcwdmwlbeti@bew&egm%é&da&%@@#ﬁ?itaqhe%5es%%t inVdffion has

'S CLAIMED |I'S: 1. Expandabl e pol ylactic acid resin
pa8ee¢ fusiorcbapdingibejwean ithes beads and dasymicellent appearance and

polyl actic acid resip having at |east 50 nol % of
| af15C a%'E?'o&Fﬁﬂ%ﬁ%r g%’#ﬂﬁ‘fﬂﬂ'}ﬁ expanded pplylagtic asidgesin beads
WaX ~d 3 t r V. ight per. 100
0 aéct:éé,d? g@Bmtg ?Eﬁp}%gnst grll\%(?@ég eh%rvésfﬁ%, éeAI%anvfcgn E)e easily molded to
give a foam molding having strong fusion bonding between the beads.
15 Furthermore, the expandable polylactic acid resin particies according to the

present invention can easily give the above expanded beads.

20

25
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‘a blowing agent in an anount of 1 to 30 % by wei ght

based on the weight of said expandabl e polylactic

‘acid resin particles. 10 2. The expandable ponIactlc

acid resin particles as clained in claim1, wherein

'said polyolefln wax has a nelting point of 80 to 125

C. 3. The expandabl e polylactic acid resin particl es

-asMHAST I&@LMNE&lSn 1 or 2, wherein said polyolefin

wax as é of cr stallization of at |least 15 _
70% "' Ry écﬁ%?ﬂ‘bﬁfﬁ'@ mldlesemmprpangl cl es

po §L?é¥%’e§a§,§xfgﬁiésc&‘*ﬁﬁ§ﬁg soualic 546 st Bving abeast 50
0fmB0% bPIbf0bid 2ofomeEh BofiRAHIIRRfN! yl actic acic
|

resin particles as clained ny preceding claim

wher ei n & gptyaelity wlasf inramvamduas of 01000¢ W ar paeibgleight per 100
dIStF utian * ?Iex of 1.0 to 3.0. 25 6. The expandag l e

pd 3% YV&e'&B saigi basmrasiel 88das clained in any

B{)Ie;:tdlhy ene V\g]x d&;ﬁ 'E)?rﬁaasrﬁgg' gg’f%&% & E@,Vﬁélgggpﬁsed on the

beaellght:oﬁpalcsem@amme\wwlécﬂ@fdd’ﬂ Reksinfarti@le! urality
of cells, said cell walls conprising abase resin

conprl sing a pol yI actl c aC| d resin having at |east 50
%% oﬁ.hl acti c _ conponent units, and a

poI )?ol ef ' &¥B&EN '%I p@ tf‘eaclﬁie'éﬂ%n paviiclgs as claireddme claim 1,

Vi STEEIRoRbIcth Yot & e RiB pofff AR B5s00 "

have a surface region having a thickness of 300 pm and
an average cell dianmeter which is greater than the

average explaradnblerpabylashc @cmanctﬂﬁlble@@s clafin&d in claim 1
inclaim7 or 8, wherein

The xpanded be clainmed i
@e "@Eﬁﬁeﬁéal‘g Uﬁfﬁﬁhwaﬁ hageR pareeof caystabizationfof at least
30;(1%_800 pm 10. The expanded beads as clainmed in any

~one of claims 7 to 9, 15 wherein said polyolefin wax

20

25

is a pol yethyl ene wax.

4.  The expandable polylactic acid resin particles as claimed in any

preceding claim, wherein said polyolefin wax has a number average
molecular weight of 500 to 6,000.

5. The expandable polylactic acid resin particles as claimed in any
preceding claim, wherein said polyolefin wax has a molecular weight
distribution index of 1.0 to 3.0.

6. The expandable polylabtic acid resin particles as claimed in any

preceding claim, wherein said polyolefin wax is a polyethylene wax.

7. Expanded polylactic acid resin beads comprising cell walls defining

- 38 -



11. A foam nol di ng obtai nabl e by nolding the expanded
beads according to any one of clains 7 to 10 in a
nold. 20 - 39

a plurality of cells, said cell walls comprising a base resin comprising a
polylactic acid resin having at least 50 mol % of lactic acid monomer

component units, and a polyolefin wax, said expanded beads having an

average cell diameter of 10 to 500 um.

5
8. The expanded beads as claimed in claim 7, wherein said expanded
beads have a surface region having a thickness of 300 pm and an average
cell diameter which is greater than the average cell diameter of said
expanded beads.
10 '

9. The expanded beads as claimed in claim 7 or 8', wherein said

surface region has an average cell diameter of 30 to 800 um.

10.  The expanded beads as claimed in any one of claims 7 to 9,

15 wheréin said polyolefin wax is a polyethylene wax.

11.  Afoam molding obtainable by mo'lding the expanded beads according

to any one of claims 7 to 10 in a mold.

20
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