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EXPANDABLE POLYLACTIC ACID RESIN PARTICLES, EXPANDED
-POLYLACTIC ACID RESIN BEADS AND MOLDED ARTICLE OBTAINED
FROM EXPANDED POLYLACTIC ACID RESIN BEADS [0001]This

inyention relates to expandable poiylactic acid resin particles, to expanded
=XPANREE SO YA GG ACHT RESI HARA e SnaikEANBIRMECL YLACTIC
ACID AL SR BeaBd | MoreSpddtiiEl, RS eMANDED
POL i i /léq LREP Y gs&gﬁctic acid resin in-mold foam molding
5having good appearance and excellent fusion bonding between
nded be expanded polylactic acid resin beads suitable for
o producing su?ﬁ%\ #ﬁéﬁgﬁ%dﬁg,%n# tgﬁoﬁﬁ%%g%lg ??éﬁﬁl%té‘fi@%léi(ﬂer%gin
papiiice suitzdre éof prodacingsigheaspansdert beats DEQIIRAmMEH:

resins such as 10polyethylene,

ob@ﬁ%fgﬁ@ﬁ%@%%&é@ﬁﬂ@?QQF@% RSP s/ varieis mragiically, the
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and lightness in weight. Because of accelerated depletion of petroleum

hayiigeieed fppeAacRa RO darerllgnssioyebarging artwestes oaveleer
ORtY IS e e o
P B R S R R G B ey

fomarerdetringpesabte, axben defbie poseroioamensIMpaambRR digkdrand
: Véater by blgchlsglcal degradation. In particular, environmentally friendly

PragY o
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HBY Bt e BeH ReBESCid resin such as in-mold foam moldings of
| ded LA A : |
oo st sl ey I O

20[0003]For example, Japanese Unexami

PONXEiDBERIDT YR ERISes @ AvERIRlY $iylaetesicis aesindeadstsef fious

e ineLin- b Idings. With the expanded beads, however, .
o g e e R U B Sr RS s maataee s
anehibiditiess anwediphé.caBizeabibigbfdrgrsie eteysbilization oh e rasin-
Therefore, it is hecessary to use a specific molding apparatus which can
“Hiﬂﬂ'j‘

e SRS SrRelrllRrRIRver mRiRgcsmBEseo hetwaier, much
a’ttéh%ﬁiiQ%S%éﬁ&%M@ﬁ@ﬁ%&y%ﬁ&%@& palylachic, %.'8 Fesn %’Yé‘égg such

has not yet been crystallized is susceptible to be thermally decom
-85 @@iRg telylsttingsidpetinsetie oromiseghackage dnsysudadecomposable,
_ ions of the resulting faam molding. Japanese Patent JP-A
S AR 1 R G KR P B GLRL WaiBl R RS P Rbsin
degradpdisition fiopinitictitn, realdiogeanring Ry RN aRLBrigating

ent. The composition can be melt kneaded and granulated Sbefore
PO%ﬂiﬁ&%@ﬁi%ﬁ%@%ﬂ%@a@e@%mwﬁm pocopamdaseodnactic acid

redVBBHEE BAS RERHEIRGEBIIRWL] the problems of the conventional lactic
acid resin expanded beads and foam moldings. In accordance with one

100 Hect of thefiressamplendapaheserebednviertion gtentites ko nlie) -
S ' id resin particles comprising;.10[0005]a base resin comprising
A R AT AR ROy B R A 9GP lBteoada HRsHaer
aRPeNRANEE SolIPOBle dalyolefinVINane SRLaMesE ,
! by ngi@ht per 108 parts bg %ngi ht of said bfggéresin, E%a%&%@%vg%%gv%éam

‘hayhgR feRparaBiR ®f 146 o 105 WeighbBaseerde preduce a molding 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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15weight of said expandable polylactic acid resin particles. [0008]In
another aspect, the present invention provides expanded polylactic acid

resin beads comprising cell walls defining a plurality of cells, said cell
AR BRI A SRR HEHIAHRRRG D EdR AR ghidibing at
[RRRR AR MATIRCH GG IBOBMNEN KPNRINED! KOty 8Nda BRbigkin

wax, said 20expanded beads having an average cell diameter of 10 to
BOl/BRHC[BOIdIRAIR SarRaSHIgFElS ieGSisBIRidRg/feRmiptoBePEsing a wax

goldsekat %8&@“8&*?48,98%8@%%%@4%@3@%8989 Qﬁé?‘e‘%zﬁ ibted

mold. [0010]The present invention will be descri In more
befiorerfoantinge déedopimymgedtasvatgedrithislsi®EH0011])FIG. 1is a

ng electrap microscope photograph of a crgss- section of an
B0 et poyiale PR L ADURE BERRA B ra pHESL A fochabiems of
pliainekiti@nielic aaadasihisip ety radel HrvRsnanbldRgR]lFIRS.
2 to 5 are scanning electron microscope photographs of cross-sections of

BAPRANABAH NI SRRETESTHISRIES B IMBRAIPNCR Ry@SaIUdnvention provides
é BlEDdijRdid SRREFIVAISaRRGeS AN IR nearly equal halves.

[0013]The expandable polylactic acid resin particles (hereinafter
HR88Jonally refelrasktecain expanidinigle palyielsti! pactorsimbdvitigeat least 50
Nt ~2- inventi mprise a base resip containing a polylactic acid

ﬁ@?\%#ﬁﬁa (f‘é%rcnﬁa %?‘ﬁﬁ?&%%?& rpées?rq*eg%uﬂé%d herein is intended to refer to

EOpOBImer or coppbyyutsfionaiingrabiaashb6F mobda ablagigtasidveight per
Eh%nomer component units. Examples of the polylactic acid resin include,

RS MNRERB 3a1b8RBHRSIIARRS of lactic acid, (b) a copolymer
dagtjc acid with oRg/IgMgER BHPARUGRHIBH P RERRIVAS AGIER AEREL RS the

actic acid, (c) a copolymer of lactic acid with an aliphatic polyhydric

WRishbPrARaId S dItaip iaiexadid sesn partictaspolymer of lactic acid

1 aliphati lic acid, a copolymer of lactic acid with an
L(ﬂ%?ﬁ}c ponhy%ﬁ%éﬁ%%é%%?&{?% an%l%%?unrggo %/\r}r\ﬁc? oY \H%Ec()arse %?p(%rj é(%‘ia
poiylatio atit] Fesimpdes ot tmeddsiiy aeitviatkidefintagaophaigit) dacsis, said
achd Dk-lactic acid, a cyclic dimer thereof (i.e. L-lactide, D-lactide or
et B P IRIG: rEh £550t CETRHR P AR S F AR loast

stheiolRolagEERAEH GBI SRPAYMSEHEN RS el udSe BRI said
limited to, glycolic acid, 15hydroxybutyric acid, hydroxyvaleric acid,

RYPRHLPCPRBRS Mg @ hIRSRBGRIbIABRICER IR SO t8.aliphatic
B oI RS 500 R 08k v
oapyaihtd byaneltimgtharaiipne eppatndaylywedddécamasiy/lene glycol,
R Mty olBr O, AN P ARy IOk ribed in more detail with
reference to the accompanying 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 present'
invention obtained in Example 5 and cut into nearly equal halves; and

[0012] FIGS. 2 to 5 are scanning electron microscope photographs of
cross-sections of expanded polylactic acid resin beads obtained in Comparative
Examples 1 to 4, respectively, 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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20Examples of the aliphatic polycarboxylic acid of the copolymer (c) or (d)
above include, but are not limited to, succinic acid, adipic acid, suberic
acid, sebacic acid, dodecanedicarboxylic acid, succinic anhydride, adipic
anhydride, trimesic acid, propanetricarboxylic acid, pyromellitic acid and
pyromellitic anhydride. [0015]As the lactic acid, crystalline lactic acid,

nanvensialsniaele a%ad TR A e iBlne and noncrystaline

n-c
lactic acids may be used for the purpose of'the"pr et at'i'Sﬁ. =ror'e term
thePSiulpdisiAcist Tasinokiserthbiitgiof iepterdit no A s IBIRRIRT or

b i t xpandable ticles, a mixture of crystalline and
o B RSB Bl Y el oo asromoncnt
crysitalindeantiplasidtththe siplaotistading dagtinagidds m; Iy 1k ‘
70:30 moje referab 15?85%0 60:40. [OOlg]‘Tﬁ;]aeﬁggﬁrh@é?)%%m%@1%%&%’ (a) a
v @gaﬁe;@%ﬁc § Beldy (R rRiFAB REIRICRS {aaiigercid sviibIgiaetir avide

reaiip hatic gy aroR PN ifi Iy y heat flux _
scalrgbnin qj<;‘?1§I"erential calog"ntféﬂ/%g &ﬁ?ﬁgﬂﬁ%’éﬁé}#ﬁﬁ@y&gﬂ%@mer of factic

p&GdM TefalhatieReldydrssisobaliatt enieliziatiipuuarbrgie cid, (d)

J/g. Eﬁﬁ@r = [ qlylactic acid resin” as used herein is

intgecr:] e%l{ to r_eféﬁgo%érl)%%%laﬁ]tg géc? ggi]ﬁ%a@ﬂ%@@@ﬁ%‘ﬂ%ﬁ%é%h&)ﬁﬂ@mymef
vallilgcticeasit eitueerdiip it ﬂUWBQﬂﬁ.i@i@%gﬁfﬂr%@fy@%ﬁ%wyb?fﬁ%o or
‘]/19\ rr I%sfs g_r e;p Iglactlc acid resin which shows no endothermic peak in

hea t?ux s@ r{ﬁ n%% ferential calorimetry. [0017]The term "endothermic

c§0pi4] value AHBRGRMAatSfif : In.je.intended ta refer. to .. .
hgoﬁusion as determingfﬁogm%%g%%%ﬁw%r?é% T eﬁﬂﬁ&f'c acid,
?mljﬁﬁaccéﬁiﬁiin?e%ﬂﬁﬁ d&e@rdam@qi{ﬁwdstamim@mmﬁ@puharame) and
| n e and measuring conditions are v
A b ARRIE IS fia et ereriaati
Smpﬁmm 'ﬁui that t mam:ﬁ; m%meﬁ)ﬂw ﬁﬁtm&d,o‘gw’cofic.acid,
| e sample at temperature for 10 minutes, the Sample is
TR D omeTatcr ot meceey i eioagls ind
nigidtet told @gidor rﬂw;g,g QC at a,cqoli
rate of I’gg;‘ranpm ute. Afterlt;%g abovee?:ifésmgiggscﬁé%?@ r&%ﬁ',ctﬁ ¢ %ﬁﬁ%@

CRRATIRU(RP(RLabRYeaigaidBe bahasteratt 2@ itsd te &rglene glycol, 1 4-

t ; i t the temperature at which the :
O e o eOReRlY abvcol,
iﬁ@gwﬁ@mﬂmtgémmugzyagdmaaﬁeﬁm?lu%ﬁ?m@ardfﬁ@%%wma_

s.;a, and "b' an e endothermic curve, in whic e
AR B PnAl Rk avi ahirecmmolrustim aridbabove

limeladehe doartenmerateeisideetivc Hae ' i
poin eaﬁl a point at which the DSC curve ré%ﬁ%@ﬁbggg%ﬁg%ﬁ] thbaC'C
h?&fét 858

FAPLISRIBIMItAsIfI MBS ey dTite, BSPidavibydiids|drimesic
el e - high and Jow temperature-side
base ﬁﬂugg%ﬁ%%m%é gg%eﬂﬁiénneﬁgr %c,]lgasag HM@‘W’%@%GR}W ride.
tHRO38khts ‘a" ands'thetectietaidiney stalliniows:iZ Biut e FRLNAE [actic

i ine on the law temperature-side of the endothermic peak is
e R R e e AR sl Betcias o may be used for

éevpurpet toetha gadisunbrive N einRdhn Hhe aiEL I S RFC
cur\{‘iﬂlzgﬁiipsﬁseparatingogom the curved base line is the point "a".

SRS e RAEEDRRY AGE GAdERsINieasts wisaitgd from the
exppeeibie sH8cRdNs mixture of crystalline and non-crystalline lactic acids is



endothermic peak is extended toward the low temperature side with the
radius of the curvature of the base line being maintained. The point "b" is
a point where the DSC curve returns to the curved base line on the high
temperature- side. 15[0019]The above-described pretreatment is carried
out for the purpose of crystallizing the polylactic acid resin sample as

mucﬁ}eﬁémﬁwngh%émmﬁmﬁﬁ@'eW&M%@@%&‘%% to the non-

represents a calorific value of the completely o nearly completely
cryStaiRiRIENsIRtisRCiS riaierrbivnd; 99 BBROdaweriopteR8Bly 15:85 to
meggipgnent employs a heating rate of 2C/minute. 20The heating rate of
2C/minute is suitable for separating the endothermic peak and exothermic
pealffilfile DSC clive tarthitergbtaliegpadpaciie asidatsirigsoasedliserein is

val 00201The base resin from which the expandable particles of the
5prei%‘#p @%glrtl |or%f%rr Oc%rRBq&%éﬂgo?ﬁéﬂr@%ﬂgg}’%@mh%%%i%k’”f'C value,
othersAhtmuibe BYINSAinUACE A% Tmﬁé@ﬂw%ﬁémgﬁg,'%tmgf@@qan 2 Jlg.
y a

resin in the base resin is generally at least 50 % by weight, prefera

least Py HaHIRSPIRIRGHC et Fasip seperallyonas mnvesigntheasedcalvEfic value
tot ' he ic\acid resin.and t ditional resin g resins. o
5 e e S R R TSR AR herei e
a rf@w@m&ﬂérﬁe l’efntfa@o?kyigp%teaeiaéesiinawri\omgtwemm&reﬁcﬁm; @alorific value,
polyester resin. ;The,us a biodegra e polyester resin containing at
mleaée%ﬁ?r{\%a&/% 4P Xhlz)%% iﬁué(sfgla%ﬁﬂﬁo%gﬁf%ﬂ@ caleAmety, of 2 Jigorless, ora.
polyasiplaetisaiin risiduehihos WO KasHd RSP daklin Hedt AUk Eanning

open,ﬁolym_erizatio_n product of a lactone (e.g. polycaprolactone), a

pql)% ﬁ@éﬁ?éﬁ@ﬂ?ﬁmetm of an aliphatic polyhydric alcohol with an
aippyprpolycarboryagi G ARG HiCsitale pobUYIEG

adipate and polybutylene succinate adipate a polycondarrMesre!
profigegiof iannégiptiaddpodjer thibedt afdLmith as dbpdatined from DSC curve of

10 boxylic acid and tic polycarboxylic acid (e.g.
15 o e e e R B e ase e e ohalsra 221987
aciexespt thay the Potpaiag Byjasihrstiebiene RNIBRIPRIGHICMaaSring

method in which lactic acid or a mixture of lactic acid and aliphatic

hydP8RILIRRS Bffcastqn R ufePRIMASHS R dRsim AarpinyiscHtrsaatdn a pan of a
(disgipspshifar SRARIS dAIMBHRBSHLER Wﬁ!ﬁ%&‘g‘ée’ﬁ%?ﬁ‘h%g%ple.

dimer of lactic acid (namely lactide) is subjected to ring-o
polyiefiraioin{pisg §3e saopixatipiat ienmsratarzse98y minotethdasisample is

hi i - lact iected to ring- o
20 A e O S A iR e e aanie s Maintained at
US-A@r0F6r5BI0 raimedoshia #amhieiasis a0/t anbacBiiite 8Ea% 2°Ciminute.

aliphatic dihydric alcohol and an aliphatic dibasic acid are subjected to

deHyBFA(BR BBRNSARSRERRGPIGERIRANTGheARpBIEUMNNE is measured while

USR5 ; [ ' iG agi : I r o
o A b e ey 8 UL A R AR M out so°c
to dbadeihsaiapnpiaratyies g issivibat ¢oidelbsetdpeakaemole, in EP-

25 880); an t i ich Jactic acid is subjected t
25deﬁydgﬁon polycod%%%nr%zla ?ﬁ\%ﬂ'ﬁ&cﬁr{gg@ﬁc\@ a'%gt’élwgﬁ%ﬁoé‘ Hefor
polyameoiteioidmeatolithpteige e bre indefired! dyriadribeerssg Bldhints “a” and

olycpndensation, The | . .
P ybpangq e endotpermlo 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



above methods may be performed in the presence of a minor amount of

an aliphatic polyhydric alcohol (e.g. glycerin), an aliphatic polybasic acid

(e.g. butanetetracarboxylic acid) or polyhydric alcohol (e.g.

polysaccharide) to obtain a copolymer. [0023]For reasons of productivity,

it is preferred that the polylactic acid resin contained in the base resin

coqﬁgmﬁp&ﬁﬁgﬁmp ic 1dh also expanded polylactic acid

resin beads and foam mo@ﬁgﬁ%#ﬁégﬁja %&%ﬁﬁfg g’%ﬂﬁ% ﬁﬁb@&dgywe

be eeHdnsctossiiesdlipelylndtie gt restpeatitersheit e orassii@ihermic peak.

polylact id resin optained by crossHnking treatment with, for example, ‘

a pf@?sgﬁ SE St SR a%?cé@%%méy R AtPResexbhat @abhe fdiyebigh and

acitbresbirpaiitles adiinnabyinesise Al O\RfiY dedin

the base resin in an amount of 9.9001 to 1 part by Weigﬁt%cg%%%ﬂ%ygpmes are
5 0.0BEYHaPY SHVBH viBRRRIRtErE pRaTEr @ Gletermbpdrabjoleight, fétus, the

10Q PRy By e t ' olyolefin wax an ,
effect to _signﬁ%ﬁ%yer@g &%%@%ﬁﬁgﬁ%ﬁg%%&’ ﬁé@%ﬁ@%@ﬁi\@%g@thermlc
acigeakils sxéerdgr tewaft thec bighotetip sedturedsideaw iexpandeils of the
beads! [ oaming and expanding the_expandable particles.
An%;éﬁn%agﬁ{%P ﬂﬁe{%o yo?a‘lfr]]ewaeﬂ%s@%% B001 PR aigubieh the DSC
insoffiuiebetirbtaiparatingdeshb eeslaenbASS TRR G APBRICT T OSimilary
large an amo%f the polyolefin wax in excess of 1 part by weight fails to ’

10 50 SESHIYRY DAGEING AEARaREOHRIER HisIBiabs i peratiesisideof the
inChilenthEfAre ;5‘85ﬂ’mtggté‘?rd‘éﬁl¥8W¥h9r}ﬁeq8w{%0rﬁe¥§rn% ’ %féﬁg%&%{% radius

ethylene with an a-olefin such as an ethylene-propylenée

etk@féh@@ﬁé@@@pﬁb&ammﬂm{hmnymei?ém@@ylleme/ﬁmmnw-@%fiboint
su e-butene co er 25 and a propylene-octene
oo R e R iad aSe e aivibim b temperature-

aveidge molecular weight of 10,000 or less. For reasons of excellent
eff btain fing_cells, the use of a polyethylene wax such as
15 poge%%ﬁnehor aqi&ﬁoﬁpﬁfﬁm%H%ifﬁ%léfmﬁﬁrﬁadioubfm the purpose
prefedigatallinmahag Y e A,
64 8RA%ERAY 6‘4%%1“‘@&96!85%15 %ﬁ%tﬁgsgéﬁ)}% ofifhus, the

combination of two or more thereof. [0027]lt is preferre

walsisiBeImimssderifie vajee obtiinathrapeiyenid 3010rGiO0IUBTEhe

pr 0.4.000, stil re 5Spreferably 1,500 to 3,000, because
thgg §>§ﬁ%§a’gl%ﬁ)pger |g:$é§ %@@ée%@ge%ﬁf%@ﬁg Mﬂiﬁ?ﬁﬁ@?&aﬁﬁﬁlitﬁu”heﬁ the
[O0atidsdaiscrirefeDBC thrsdberprivaledmpisyha R athg legelar vigfinute.
disﬂﬂt))u ion indexéat(igo of the weight average molecular weight to the _

20 urhib@ NEAUR, ERR 0P A fNBHIRtSo3 Uitghis 505, sRBRsBiegdh®gnd athermic peak

2.0antp dastia s PvOSTRURE | rticl :
havg excellent e;%gﬁggg?ﬁ?%%g@b%ity and k%%%éﬁ é@ﬁggﬁeﬁ?g&qgﬁhermc
forfR@EiFetRiife cells. [0029]The weight average molecular weight and

th er avera ' f lyolefin are as

S by el p ot A e RS SRR Eetiincsine
thep@ERENhivusotEmentisgafosee daniainel om ¢e MmRreEdEatRInbI PSsMsfother

o5 flo ratggof o%if%lﬂ?roben ene. (as a moving phase) of 1.0 ml/minute. As
th B PUYRF AR FERECto{MRARANE @ HigBalinetiseagichresin in the

pom@fiwéxssgmeawwﬂsm-ngg@b@%sfﬁfs%?%&%t%a«!}s by

a solution having a
weight, more preferably at least 90 % by weight, based on a total weight of the

polylactic acid resin and the additional resin or resins.



20 concentration of 0.1 % by weight, and the solution is injected onto the
GPC column. The elution curve obtained is calibrated by cubic polynomial
fitting using the polystyrene standard to determine the weight average
molecular weight (Mw) and the number average molecular weight (Mn),
from which the index Mw/Mn is calculated. 25[0030]lt is further preferred

thatfgo=pplyolefin [ ' 0. mor, -
pretf‘erabuggo o L2 ol e e oty gimied to. o
I

expRRlEHY BaRIERSINaAdPsiisTeRYieNe fesinaindyesithe useih herdin polyester

the ing-poi ' is.as -B- measured hy heat flux
diﬁé?ﬁé}ﬁi'm @?E%@%ﬂ%ﬁ%‘?@%@@éﬁﬂ&%@ KRR AR a5 mol %
(1 tef2fiRf)atichaierecoimpopentodritdiferehtial agsoiingealwimetepRifict of a

co -30¢ and maintained at that temperature for 10 minutes. The
®sam e'I?sx ﬁgﬁdh((ga{ateerd%&??a{?eoﬁ? fﬁ@nﬁ A8 PeBRe W ehizatienaesiuct of a

cuniactdhe {Egkﬁ@?@@p@@ﬁ@t@ﬁﬂ)?@ﬁ E@H@&me@u@fs& &H¥fphatic

represents the melting point of the polyolefin wax. When two or more

endRNENRILGRISRO el withear alirhatisear isaperatliceaoktite. gnpolyiutyiene
pe inELt [ lorific value represents the melting
po?ﬁ?gfa mge%'oql% efin v%aﬂgd[%%@ﬁ %s @RH&%H@%H%&H&W@&@ ﬁgwa@r?”d a
lwamm@/@dgegeéémfmq@aﬂkzﬁﬂobgabbhaiﬁﬁ@blzﬂ%rim&ﬁ@tﬁﬁﬁbé\hll Hliphatic
east 80 %, because.the expandable particles show particularly excellent
mexp%%?g)%%?ﬁt?/xﬁﬁ ?8&‘%’:1%% N HAMAEPAIYGEoR sl (ecdipohelralene
of thdipatytiefoptaxistd)0idpisesdds used herein, the degree of
cryg@l#éition of the polyolefin 15 wax is as measured by heat flux

diff | scanning ERFHRGHG @sstiesinreapbeitcanareddolyatfisuitabile
(1 tend WO histeR @ﬁeﬂ_rée_BQHe%@ndiﬁ%EEﬁ‘laS&%‘%@%ﬁ‘ §%?rfﬁm oL ag?actic acid

cooled to -30C and maintained at that temperature TR
sarfpftabiphatih brdsexcattowy koasidiieribjetiOT toa0iyIrRSE

cur the,DSC curve, the heat of fusion AHm (Jig) is 20 obtained as
15 N e A R R o ARl U v i Seemigtaod i
linevbisisiagyaticpaimisr et laBEC BCRNGHIAS ! LSRRl
point "a" is a point at which theC DgC glljrve b%ﬁ?ﬂgsgg]ggﬁﬂgﬁtr%ﬁnﬁ[ g %%gf;t?pen

lind BN e B hpiseRTedsits BxaEBlant bttt §8K amdethed in which
PoiictisuAdelehBloMe e R SGE] TG 9,3 033 e 0n0S

high temperature- 25side of_ the endothermic pea .-or%eenqoeo ygéeggatlon in the
cryBigfRage PiAdeatals bidisedetdwing durmple, [00381Peg 57 E37); a method in

cr izaton (%) 7 AHM/AH x 100.[0035]wherein. AHm is the heat of _ .
20 fuﬂ@%@%@ﬁ g'gaé?n%@ %Xf‘ateé’és%mis?ﬁ% AibyAia Rlcohahard,n aliphatic
fusitiva(Eic hofdlzeecentbrly arysiaianstipalyRIRtoRhsENEN &AL Absed, for

fusion AH is the value described in literatures (e.g. Kobunshi Data

Haﬁ’é%m,eK%H%ﬁ\(ﬁ’él%wé?@é?a’ﬂﬁﬁm%ﬁkwmﬁd&mﬁtaaﬁdmbfmer and a
Bagukandr of G afpnAudnerireR: %ﬁ@&{%ﬂ%ﬂ? %ﬁe%ﬁg%% S I)lfc}c 'gﬁv(f S)a(lfe

Aft'is 292 J/g. In the case of polypropylene as efin'w

168UnipqtraBE) Aeotisvgligrin ehitaghnirapheoididdleseg denaanle, in EP-
desir : incarporated.into the base resin so as to color the

25 UEAl %)fb@ :

expagza e Bg]r%gga ﬁ}hegyﬁosdelgf\“gg%ge%cé%ﬁﬂ dB@UE&?&E@Q&%&?@%at'on
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



10 colored expanded beads and colored foam moldings. The coloring

agent may be any customarily employed inorganic or organic pigment or

dye. [0037]The expandable particles can contain one or more additives

such as a fusion bonding improver, a flame retardant, an antistatic agent,

a weatherability agent, a thickener, an inorganic filler (e.g. talc or calcium

15cay] i i t resent invention

con b aes e OAETIne Sl iael R AR (<o
ageRUiRRpitiRcaRR O iergEl)ebp Rlgiyielip sbeiatlyeStopl¥abyharide) to obtain
Weiggwqé)p the weight of the expandable particles. An amount of the
blowing agént less than 1 % by 20weight is insufficient to foam and

expdha2Bk expandabra@mwe@mmamﬁmﬁﬁg%ﬁeﬁé@rémﬁﬁe K8factic acid

an amaunt of the bIoWng agent in excess of 30 % by weight is

‘HisadtAnEYUBIEAdRdlS L ArReiffsioroastiineihsommandatie particles (and
expansiee pende p@m Aanglab ' time of :
molding in a mol.dd;re. msu#‘?c%gllct;.h% hﬁeﬁreason %g?%ﬁ@ﬁ@%iﬂé%%?s%xgﬁndw
an PRIXES asiguRs T BRARIgREyR Maadicsslnked aystatiiatoaiEia rather

I ' ' ' ' ; f producing th ded beads. .
00 Ba R R B g gt witn
inorépirexanpdical pyaugparate Bxamplegafdhe@gasic physical - 10 -

lowyj ents include, but are not limjted to, propane, isobutane, normal
| ut\gn@gyclobultaniﬁ%(%(léﬁ&&@?ﬁdl?ﬁljaﬁéﬁtﬁﬁ ,r@%[blﬁéﬁl;@ﬁé,addiﬁona”y
'SOWWSQ(H’?@WW@QWW'WW@E%@F@QW‘fi\'?eén amount of

dichlorodifluoromethane, chlorofluoromethane, trifluoromethane,
1,1,9; 908 fmdopastkinciodnprefarab b0t detRdnpart by weight, more

1,1-gj -chlaro- tetrafluaroethape. Examples of _
ror e B g A e AT LR R G ElaRi ase resin
ahnd[aﬁ.?ﬁbr reason"s'hf]‘ tmly?dﬁﬁa mfmﬁéﬁmﬁr@@mgag{t@rm the cell
the yse of inorganic sical blowjng agent, especially air, nitrogen or
_150art§6%na%§lr ep@%%28%%@?%88&659%%@5’@%9%% deredratistigscasionally
10bieﬁw'n9diﬂﬁaéi%&pﬁiﬁé@%@@é%@ﬁaﬁi@ﬁ%ﬂtﬁ?ﬁ%ﬁﬁw%ﬁ%ﬁgHﬁiﬁ‘g the
e

small apparent dens,i% may be obtained even with a small"famount of t

bloVRAAFERIS AREtsIRS e HIBARPHEEASHRRPI efecengsssttian 0.0001 part
CO”@W@E\BE%Q&(H@@H’S&%@{ Blgemdg%ur%%élgatéo%nﬁgf gqrﬁbil giameter.

dioxide with isobutane. [0040]When carbon dioxide is
agefectiRygeaeamSuteoé terpibigaiefiandable preticlesis pafeRe2At fails to

to 30 % by weight,. more preferably 3 to 20 % by weight, still more
20pre e?a%@%%%f&@ﬁﬁ'@ﬁ%for reasons of obtaining expanded beads
hav[og zeftisfactory Exaapsiercratie sl stfisigatiniatapi 10fmi
bondiré(?:; during the molding thereof ﬂmold. [004ll] The ’etyx‘bﬂar%#c%amﬂmltec‘ fo,
parfANEIRYG R BRHORYIERS e SRPRINGYS B tRKsnepwitities areldfist such as
PreparethpeAKOEHBE S SeteRn and o
poiyolefin?/vaﬁ;(@i;r? predeterm?r@yaﬁr%;unts are% éﬂz%ghegd&r;rﬁ%(i%%)r%o lymer, and a
kne@RRaYMan @feromylencawimperatotefibusiciersta preibyienbaseteasitopolymer

Th is then extruded through a die in the form of strands.
25Thiaﬁﬁqi%%igg%%ﬁn%%%%?a&% &l in REIYE BOMRIRTIY RS RrRferably
obthianhie Aorabier prdieigs. MERIO@HYLIGHE SIUANBDING MaYsbe PIEGRAEHns of

by or simultaneous with the cutting. Alternatively, the kneaded mass is
extiRifI NS lpskiopRiame ineraalse thasrasiaraalysthylemenitxesuch as
cuttesyi t ' i ' In. ternative, the kneaded
o e M R S PR preferrea.
cooling press. The cooled block or plate is ground or cut to obtain the

resin particles. [0042]The average weight per particle of the resin particles
is generally 0.05 to 10 mg, preferably 0.1 to 4 mg. It is not easy to prepare
resin particles having excessively small wejght. When the weight per
particle is excessively large, there is a possibility that the resin particles

are not uniformly impregnated with a blowing agent and that the density of
the expanded beads obtained therefrom in a center part is higher than that
in a surface part. The



shape of the resin particles is not specifically limited and may be sphere,
10ellipsoid, solid cylinder, polygonal prism, cube or any other desired

shape. [0043]lt is preferred that the base resin for the preparation of resin
particles contain as low a moisture content as possible. When the base

resin containing a significant amount of moisture is kneaded in an

extr%%r hoere IS @ é%sibilitg that de%radation of the base resin is apt to
occur 5o that tHe R YRAPRE1GH RR1EBH s RAle RfdaAEMIRINGERN of two or
viscasity thereof is reduced. Additionally, there is a possibility that air

bub éme formed in the resin particles. Such air bubbles may adversely
affe niformity! 3 BEREeHIan datiannslyeiefin whrhae flomimbe average

resmBREGIEPWMBRNINS RARS SO AR OIS Hire, '@@ﬂ?ﬂﬁ@f%ﬁn more

use an extruder provided with a vent so t (o]

Suckeaiaiaihomahe nciakriseeiedmtiss eqpuathihdeipa Hiakss 65 Bkcellent

evaggi?gﬂaégﬁ%y%&e%grennébm? prevent degradation of the base resin, the
esired to

extrusion Is ¢ Caried out while maintaining the temperature of

the [2628fesin at 260€ alsteprAS10dd IiTe BOBHLANE PLE!
producgg{tg/#%] regnating tﬁe 25resin particles with a,{l:ﬂ))l?)‘rv%%ngélelega;ergﬂrltr.n'i2 Kaecu!ar
[ 'Igt‘l‘féo

impt¥y U PaftRilesafieastighicayelaginmalgentanmelyht to the
. fi i lowi t und .
R 6 S B DR B L To 2.0,

10thatiAdigwbadly prefeislynliRdvdsSebiscalite tiyeranmiliiouibiphe dRRASIE
0.4 e preferred method, resin particles are charged
R A A Ay B s o

dioxddsirsdeditheneddis a pressure for impregnation into the resin particles
und@ %glontrolled ﬁgperature to obtain expandable particles. In 5another
pre Redimethod, 5ot iBYeiAg eHaRieauR RVeRig B A s, suctbesaverage

an aRstRYR, MRIGHS YHEN s ISRATS G [y rﬂé%&sewgé/?é’%\fl\%lremeation

stirring the dispersion medium’at controlled temperatures, a
15p|okiHgragEe 30BN HSRaborMiioxisesifiedlty the SR Imeasarement is

im resi icles with the bl g nt and to obtain

exgg%gagiee@g %%%lﬂﬁ\;ﬁﬁ% gr?%ﬁ&%f&%ﬁgsgi%fﬁ fidls Pethod is

partiishiotpeetenb kabecaicerbpirasended beannpRIRINeA LR Waecior, a

expandable partjcles have uniform cells. [0045]In the above impregnation
RS sy

me TP ARRIR S serhiu s BRSO, 16 Bolyplefinevax sample is

Y T %fb?éﬁ%%}sﬁ@%%aé'&%ﬁ“%”

of the polylactic acid resin during the 15impregnation step. XCesaed
20 crySemeRitieHianagf$t v énbihweigharared theasiy dtion idinieitieg anto the GPC

incr, expansi i . itionally, m ayse a reduction of =~
oo e S AR GiE B hb i eabetyakfiting
incresing tidmelysarapzaetancned tbedtiaengihin thw & rage molecular

Furthermo ere is a possjbility that the foam molding obtained from the

20 %’?ﬁ%%@@&d&%é‘ PURBBIMAGHHIRT weight Gdmofranoidrich the
is usgeartaRpeiRg-auaBH the impregnation temperature is preferably

not higher than (-2.5X + 55)C where X is the amount (in terms of % by

25 we ki Ok carbon #iésidstinprgieited ihatéhepalyditie partitiese a melting
[Ooééiﬂ_m 'QBHE?QQE‘“ I:] rtr%? D %{%%?gﬁiyﬁ?@%ggsne@é%%g%§ é)f expandability

25atmosphere within the autoclave In
- chagddoamabilihedftheegrptindablperinticied aihefedsinorer SRR SioL:

meg In the cage of liquid phase impregnation method, the
impﬁrjeaggr:gtion teméé%al{ﬁ?cﬁ EE% e é\gﬁlﬂr‘@ HaHe aidperapiyaiesiaivwvax is as

contained in the autoclave. The - 13 -



impregnation time is generally 10 minutes to 24 hours. [0047]As used
herein, the content On terms of % by weight) of the blowing agent in the
expandable particles is as measured by the following method. About 10 g
of the expandable particles containing the blowing agent 5 are sampled
and the weight W1 is precisely measured. When the expandable particles

have water deposits, articles (about 20 to 30 g) are dried by blowing
dry érlmret%%%qg %% @%mﬁlgé Wer ‘§éﬁfﬁﬁ@ﬂﬂf€é?wwmqwg)theMore

partigesiftaagesbipAdpswaaiar «J @erﬁgfﬁérfﬂﬁ%?é%wgg%ﬁe%ﬁ@tg%i??erentiat

1.5 kPa or less and allowed to stand at 23

partRF88 HNCRlRRgE ee anceer@jed drat§iRE avalitrdsnitminesicit merelem perature
Thu ical blawi nt |s remoyed from the patrticles. The
Weigﬁkbrit fg?tm}ﬁp%)}a%élegw; ro I?vh%c{ﬁ?ﬁe § ﬁtﬁﬁfé;ﬂfg@égﬂﬂﬁge to 160°C to

beenbizitogdiSE measureThEhsaleightp¥ratans IVmsUBRE MRASHERDT the
pre%s&é/ to the fourth deci alﬁ‘lac_e (0.0001 g). The content (in terms of

% by waigHh Bf BREEIEWR GHtiad RO phibe pekvicleditoNewind/Vhen two or

formmtaelendslcantenbebkioyis ( ight). = (W1 - VV2) | VV ,
x 100 [0049]wherein V\})l represe%tﬁ%@g%@%%%%&g%g%ﬁ z;{tﬁ)ée &dothermic

partR§8K E3¥iamihg treosshang aibermimaalupiic treusaighteEd s the melting point
expgpﬁ@&w@q{g%&gm which the blowing agent has been removed, 20
[0050] The resin particles and the expandable particles thus obtained are

16suith@RA2]ored in ohviscimtieeatorefeme daivatunadiohReie WBR HAR 3 d8gree of
pre drolysis of th resin. The expandable particles
el e el sar e PR s ve—

5 mmmﬂm@ﬁ@ﬂf@@%@m@&1‘9f%’r@%eﬁé‘qggﬁgnga@ﬂﬁ@%%ﬂmabnability.

ajjs according to the present invention comprise a base resin containin
I

b
aep PRURPEERME S thaviAstalieatonoientss of thetmohadsfironanias 100 %.
oo S bolyety B . iy eS8 P S gSlaf g povolein

resin and polyethylene wax, there’' may
15deseiapsdd apovednwenractieatdit théeramiabiempa damdfRaRITBSC). More

ds h nultiplicity of cells havi i
e 8 NS R (Dicher 38) Borlupeansi  orscire iamgntial
20 caffipgcdrindts averassiseiliametes AP is o frgrrra]tqﬁ’le}?té%%erature

pm, the mechanical properties of foam moldings obtaine

expHdetBiBsRSare FBARAAPIEathRRMEatR cliratalisf dOME mipateded] 60°C to
beagist ke ke [aTe R g in.a mol , therefore, )
shrinkageé'cf;lfgttﬁ;(;e f%%ﬁ%ol%g%ﬁii}gaep%qg%ggé% Rﬁag\%? é%’iﬁ@? /g) is
20leshiaimad perai tiegrationgbthesdebathese©ie feal Mg ARGk defined
frorgy%elﬁép nded beads has surface yndulations and poor appearance
dueto usmr?%?ﬁ%gs%ﬁa%%'? rBofd rirt?g e KB ENgAHE SRR AUIVE in which the

mombemhmauesageme&td}amehé\%@fdbﬁlswf#@@%%ﬁgﬁ FYhe apase line

contro{led !)%;che amount of the \Bolyolefin wax contained therein, name

by e B M EBRIPErBlIjRTRIRS Rasecehthmendathexmiapasle ritibepoint “b” is
frora pliehetRifxRandesidreada i P@éedggé%o 'r%’%%%ﬁ%%@qﬁié%g}erature-

_the avergﬁe cell diameter ADT of the expand ads’Isas mea
25 the SRR eaniensaidedTbeadegreat aitoryetatiiy sinraidabsed by the

a”%ﬁ@mﬁ %ﬁ%@ign is photographed using a scanning electron
microscope. On the photograph, a straight line passing the center of 20the

- crof@gsdition is drawarddefengtallZhmbhestaightiingen thgeross-
[0035] wherein AHm is the heat of fusion (J/g) of the sample as



section is measured and the number (Ct) of the cells located on the
straight line is counted. In this case, any cell, at least a part of which is
located on 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

me&FBFhe ¢ abPaveAREraNDIS & heahaidusion o heobtedsofapEtEnerystallized

am yolefi ' in the anded - 15 - beads is

pre eratg?{yE F)ng\('%)]% t0 T%a\?{t@béf @%@ﬁ?&@ﬁ&gi&ggﬁy%%cf@g%lBép@()@tures

we@@?@-sfﬁwhw@bmdb?nﬁmmo fK@qﬂaal?hlIPW?iﬂég,mWQr%é%Py

wei ase.resin, because of excellent secondary expansion

progg}t‘gi/i ?ﬁ%ﬁiﬁ@j’?@’fﬁﬁgiﬁgn@ﬁgﬁ %@ncﬂ%fhﬁé@ﬁﬁ&fd@)’@é}éﬂgne as
bat athienpaiySidfia makding thesss iya Meltnai '

hardly decomposes during the prepagfatigl‘r?ctr;?tEgggxl?[);?61;?1’%?gg’I gggl S, thaeS the

am é/r{?f%? Ak i/the expanded beads depends upon the

amooggghereof in t [ r ' xpanded
beansnagg pre are(?.engSS] i%%%(\a?g’:ggég%;tgt ’e%ég‘ﬁygetﬁ{)egﬁg%%% any

surfiRERY Ao R inAciperatecCistalthm bt ARB) greaies oo the:

| di DT-gf th d ds. Thet "surf
e R D P ot . e g oive
10 havindpeettiekpanded Beadurafi@mwdkesVfiRGe ﬁfdﬁ%@@?‘?ﬁe-r&ﬂo‘?g?graggnt may
e

reg?]lgn of the beads is termed "inside region". Namely, an expande

condfsAYrCLSlAmRE YT QVRANG A 48N Sk Rse 8 iE Fogpen Eoridye.
insigirpEgion SU”Omﬂ@e&gé(ﬁHEﬁBrf?&%é%@%QnT&ﬁam% rf%?é ﬁhﬁétrgea dditives

average cell diameter ADS of the surface region Is greater
avetHgR 8eipdiesirndiondingfrappeveied Heaus reteatent antbeuatkoggent, a

cell gial e ign is greater than the average cell

diametgir]l%tﬁﬁle Xs%fgﬂ}égﬁf%ﬁ%dg%§&w Bécaﬁjle.rz(@ D056 A5 GRlsym

15 heretmptiteatejeradercphislihmetse 40 iod ity fameqsionot thSention can be
expanded te.e%gs is as measured by the following method. An expanded

bed FEEIR' ﬂearly equal halves and the cross-section is photographed

usi anning efgrapyay ograpl..a straight.line
paséa['r)]% the center of ;hem%gggrﬁ%%%ﬁ@ eg r%%qg@g 58 s)"afan amount
the®elidanich dre veigtddrsaferalslyaigte: 36 &/ahy weight abesnditslythe weight of

loc ithi egigq.is, counted. Thus, a cell, only a part of
i S e A AN BRI Dt Riobdr e esarian 1 % by
20 eveveighéristinsuicisidatehonane expight tineeThenapiatahiermt ek
thofig ror%ra'ons of -.16 - he;j%aight line which are located on the counted
| [

cel SRR PR RRIBFYP S SRLDIAE S PlowinERERNt in excess
lenaitBbs/birRambe uisad Do o SUEISE HOSEAGH BIEIGALIS bonding

out for n-number (n is 10 or more) of arbitrary expande

avétifie @ipangdreibeadss ontgineditase thegkpandablaribrtictis msahafime of

th i f. - ber0f the beads. When the counted

nue'rﬁge”?qééqi?f%eerﬁcé@'?gr elr%ﬁﬁ) %#gt portion BHing '§tPJf§tPﬁlﬁWeﬁWi%P?ié‘se of an
25 locaregss ahmuutsu’xﬂémmngedlg_(émmnmwgfmj@aiﬂfm%ﬁ% polylactic

bea%} éJS emﬁlé%gd aﬁ‘the cell diameter Ds. [0057]The expanded beads,

wh&& LA é@ﬁb fisdem, \%Fﬁ%‘@wltﬁé S?Qﬁﬁtj@rdms%ﬁggter than

thgegeggye cell digmetnbivhg %ﬁpfﬁp% Eﬁ%‘&%ﬁﬁy%ming agent or

give foam moldings having excellent mechanica

mcﬁ@dﬁﬂfﬁ%ﬁ'ﬁ@’g&&&%’ gWedrRas Hreatiyanihiencddheydrgaaicmyesical
cell diameter of the surface region thereof. A larger average cell diameter
ADS of the surface region is preferable from the standpoint of the
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15 moldability of the expanded beads, provided that the average cell
diameter ADT of the beads is within the specified range of 10 to 500 pm.
Thus, the average cell diameter ADS of the surface region is preferably 30
to 800 pm, more preferably 50 to 500 pm, particularly preferably 60 to 300
pm. On the other hand, the mechanical strengths .such as compressive

stre : i ined from the expanded beads are
gregtﬁaj?ﬁ?%% ced @%ﬂ@%\ﬁ%ﬁ c%l?qdfgnm%éf%fqﬁ%nﬁgﬁlésr%aﬁ%ﬂ”@ﬁ firmal
beablstane, myitlmity e thropelitaaead treernslgesheaie; e EntiRdNBohexane,

star}gﬂﬂi@ fGtrée imgrolv ment of the mechanical strengths, a smaller
~average ceﬁ dameter s %heé(ﬁ%?d ”Fetg]&m IR Hiehiprpgifluoromethane,
prowidledatas e ethergencrliatiamsies DT, of therdberdsdsithin enioro-1.1-

e of 10 to 500 pm. Thus, the average cell diameter of the

specified ran !

s B HOURSIE N e faBIl S B 1AG0 % i1 ek AbBy 200D ethane.

partt r t js.preferred that the bulk .
dentgi%é%{ t%ﬁﬁpan gfa@%tggissq gg@d@%ﬁﬁ%ﬁ% &%?i}{gﬂ%&@%?@fecﬂﬁw dioxide,
12_;@@0_0 agfm, stﬁonwegneé?whbjnﬂﬁof ’ mslélwd ﬁéga_olfﬁrdﬁéllﬁ‘?%rgﬁental

uni ity of the apparent density of the s, good infiatability and
fusig'r[lgé}ogr%irfgeo ﬁ%@&%%ﬂ%@ ﬁ&ﬁ?ﬁ%‘ﬁl’rﬂﬂﬂ%&ﬁp@@@&y air, nitrogen or
physiralopr djzttiesiofrefearsdnoldingvetiningd {HNePEaESIRMHIOY: the
Sshag)ggae of the foam molding. [0059]As used herein, the bulk density of

10he 86@%@%&8&@@%%%@@&@%5mwﬁgmﬁ@m@@agxm@ a small
beagiaguidfiedsie A/ i oneancro/er AR I e Il d towing

The weight WP (g) of the expanded be having a volume 0
me&8@Rld td hreaheveduinmang Gigants(ay o Thedsikglensity GaRbknation of two

kg/ f d beads is.calculated di he followi
T T T
L ) JO@4BIL]| The appdisent stebdify dibigeasnardpaberds v g aRd @% content

ws. In_a measuring cylinder containing water, a quantity (weight W

foll
15 (3))?&@8?{% Berarrpirsbiripanticlamie riairrebheaduite B Yohymesight, more
( ) isa of it
B Tt I Bl RBLEr SRR O Bt for
(igfgﬁﬁqwgimb.tﬁmg @M@Bﬁﬁl@eﬁml ; Bi]a'Mrmgeqdmi ; detbt;;aedﬁaﬁ@btbeaﬁo and
obt NoOVAr . n articles contajnin lowing agent
suc%@gé%r@ﬁ%%xﬁg éﬁ(gl?gv%l ne%ég)%é% §H{én§§hﬁ|§@é)t gaﬁ@%ﬁggm a mold.

and@dghd. A suitahéediqriminbledidrticushnay eamitadPpRFAR as follows.
hav[’i%qéa contgrolled terﬁ erature may be used to heat the expandable
20parfitdal! RACHSIRR AP MiREATGRaTeh R @mp known mathode ekpaaxrmple, the
May AeCRAEIRAAY BN RY ' eferr -
method, the expant%agltg part?g%ggrge?%géc{g inﬁg%lggqegds \r/{?egséz%egﬁﬁﬁ?gd mixed
witRBGskReRdRAinRh extrtfi@hretiomdasahee fedfiideekmnsittiof twse resin.

croRdabIasIRloeh e B 0OThE (PaE OVthe, o g

atmosphere for heating the expan parti

tengisratserisigenedaelystwersnsdd in 3R e (lerchRe) Rttt bbtain the
95 betweenéTg.- 10C) X%é%?g 40C), where Tg is a glass transition
tenlSEPRFERRe A SN oREHRBH A B hecoRERRRHATEDY o
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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5 particles are formed. With the above expansion temperature, the
expanded beads obtained have a suitable expansion ratio, a suitable
closed cell content and a suitable moldability. [0065]The glass transition
temperature as used herein is a midpoint glass transition temperature as
measured in accordance with JIS K7121-1987 iUand is calculated from .

the midpoint of a heat flux of a DSC curve obtained by heat flux
diﬁe&ﬂﬁﬁps%ogh%%é’égléjﬁz%ﬁ? 1S90048AY!PHRE 6F AvbingintRes ThEhe cooled

glasblitrehsitipatensperativie i¢ MeasHsEAfethesa s been heat
treaieé%a der specified conditions as described in WS K7121-1987,

Par 3, Contrdlnst RURRE6NaIY Bhpas 0B ClESIHt6 Esm exphicideds

bea [ i ' referably have a particle
e O O PRSP . A, BB A Ea0v1s arpare resin
Morégiisierabyyitpexdesseysaal weighen csheantenieigieiRiabitticles is

30 %.0r less re preferably 20 % or less, particularly preferably 10 A or
less B SelY (210, TSl & 2nASSIR R hek aiFRsi pastiaies are not uniformly

2oDmammtemmdmm@m@@m@rm%ﬁﬁ@a%ﬂﬁ‘a)'(?‘fgg%&%ﬁged beads

the closed cell content have the relationship that the close

(%) PR Hb%rﬁféeﬁb&ﬁe?ﬁf(% eRiideshighes trae thasivatainéate part.  The
expandps beadsestissitEhbs oker anisncaRFligRe o AL Y OUSIS o

of the resin is prevented. Thus, high temperature an

1%nv@8m§|'ﬁt §ﬁ&@:@yﬁecté5pmb@mglangdim%cma |_mm}@w@@ﬁf%@téhgpe.

exp e particlgs.and the expan eads contain a plasticizer for .

reaggﬁﬁf improviﬁlg'se%g e&&%‘ﬁ@%&%ﬁ?ﬁﬁr[ﬁé@f%%ﬁfﬁ?%ﬁéﬂon of resin
secpadarizexpataiatiliyond sieiRorEMNBM H%H0lipIEPAIE % he base resin
bead%,gand lowering the molding temperature. The term plasticizer as

useHHERLHNR: TriigToE gapt rRmRP ¥ Lot meistuer isstamasiethint aaestwdeththere is a

olassokamgitiom ti idresin.when contained in
the%panda&gle%ggg?sagﬁoﬂg? eq;%an %%I "b%egzﬁi _%R%Oppgﬁyéifgr%?%e

15desifstiagHis wetightdhemafdaiongiead antditmmempecetitethyr8dii® reduced.

20 ‘ t though the temperature reduction

op e B MR R 8 DGR srsceeerimsina esin

geneasliiessedSacthamnpibigicresingivisdlp srsablhasefdRnNeoT cells of the
invention, Examples of the 10plasticizer include,

purpose of t resen _ .
but%%ga%{qareﬁ%%d%f)émﬁﬂ tiem sdcEdesinaastinlesierMirrthe yasticesin
aci¢oetaiigdi vesistlysolest Wk tric.aci rivatives, adipic acig -
derivatives, rosibn derivativégggagggﬁgg%%%{%%ﬁg@gﬁg| c?é’ri\'\/iﬁv%ggn so that
20Thdbe kit raadieruioked slidrpor inecoroligralinaadfswmassneitaining the

the i rivatives may be, for example, glycerin
fatt%?d@%%g%g%?ﬁ@r%ﬁ ?a %}ﬂa%ctfgﬁegt]grg %'?)%rin pﬁgiﬁéeé@@a%?gfg itign of the
masaest diateijheendanibgliseesicantaibo g arfiat GUSR MY AHEMAE Yhe
havtiél 81016 caFl%ﬁn toms are suitably used. Monoglycerides of

fﬁ Pa%a(‘}%?t)? a 856,1 A yeeiRs st Ralesstatty acids and

unsa

triglpgerides of fatty peidspuitieiblRays B8R e inili : lvlactic
acid resins, are not fully sgtisfact(,)ég/él Suitablebl%?:?eaﬁr??gé% gﬁﬂﬂe}g%}?g ing the

25 corfefAadicdes ?{Vf%‘ 5y M@ﬁf@ﬂﬁﬁnp&!&)eéﬁwm reataity cidicbandinmitsticles
ac%ﬂﬁtﬁ‘:ﬂ)H\P@QféﬁtbIBVWHQCQé@ﬁtf%%%cédpgﬁgg%cetg%{ﬁg} example, charging the
blowing agent under pressure in a closed vessel, such as an autoclave,

containing the resin particles so that the inside pressure in the vessel is
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.

caprylic acid (08), caloric acid (C10), lauric acid(C12), myristic acid (014)
and palmitic acid (016). An acetylated product of a monoglyceride of a
08-012 25saturated fatty acid, such as glycerin diaceto-monocapylate,
glycerin diaceto- monocaprate or glycerin diaceto-monolaurate and their
analogues, has good compatibility with a polylactic acid resin and is

partj r I efer S lycerin triacetate, glycerin

o T A S At e s oxicfpacms thod.
diacesimmuaTtics wiseengut dnciedioaudivdiesingeiadrrid MANe thiowing agent
RIKEMﬁL PL-OIf?)Q frgm Riken Vitamin Co., Ltd.) is particularly suitably .
used15P AR FRIPYLEBKIR ISR HPHREARIE S8 YoD fo mbregnationdnto the resin

derigativeiesnaydee d QoANNRIeRRIBPALM following -
forn?ula: [0071]R(OR')nOOC-R"-gQO(R'Q)r%%éfgg;ﬁzﬁv%gw%%g%%@r%' In
fan ARNERERsCerredrasihes aresirpanticlre wieRhaspecsionscidadenssel. such
OrgaiGHr [ vienesgroun. 10 and.m and n are each ,
independegr\t{%%%]ﬁggg% @:‘élﬁ@ldoé.] %%gﬁ%%b@tﬂ]§ alkyT S}Jé:lﬁb%&ﬁ' r. While
thosdifitigrige dispersamonediomstsoohtesl|etetbyiperaylirgsoRybhysical blowing

e B BB KR A6 JeeTIGGIR focmmieghate the resin
tetr@@mle@ewwﬁwlbemiﬁgtagléﬁvb@w&ﬁéiﬁ’fé&ﬁaﬂwﬁ%ﬁﬁ%@s.‘ The latter,

include those 15having 2 to 8 carbon atoms, such as 1,2-pro

101 2 iflidepassdnpresngfienenptord) Fheaglicedtic\apie ibesbiatbvesauay the

be, melﬁegwm%ﬁg%ﬂ fi! @ixcgl téeng’é%%gélgf]@?lyé;ﬁ%%ggl lc%ew cells.

or its analogues. The glycol ester derivatives may

trieti®068 glycol dikcttatebovitsmpatamatioAeMEHI esiHie RYHation

0T e R REAR R de Wb A00 Bl Eh et alphigasons o
diemsdewlmteod@mybaw@msc&m@miaﬁiwm&a@n%&&ie%ﬁgﬁ%ﬁn during the

25[0076]The rosin derivatives may be, for example, compounds

15,0 W] AR{8BHoVRNEER YR RIYBiglization may prevent the expanded beads

Ooﬂ'é(ﬁ:'éﬁiaﬁ AR (g&l—lﬁ%%)ér -0)r-R5 [0078]wherein Ro
represents a rosin\g resiﬁu'fa@,éRl, , é%@rﬁ%go %nd, a[%?tiot]xa ly, may cause a
reduction of inflatability and fusion bonding of the expanded beads and a

necessity of increase of the steam pressure at the time of in-mold molding.

Furthermore, there is a possibility that the foam molding obtained from the

20 expanded beads fails to have a smooth surface. When carbon dioxide is used

as the blowing agent, the impregnation temperature is preferably not higher
than (-2.5X + 55)°C where X is the amount (in terms of % by weight) of carbon

dioxide impregnated in the expandable particles.

[0046] The impregnation temperature is a temperature of the -

26 atmosphere within the autoclave in which the resin particles are charged, when

the impregnation is performed 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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- 21 - each independently represent a hydrogen atom or methyl, R5
represents a hydrogen atom, an alkyl group having 1 to 8 carbon atoms or
an acyl group, p, p', g and g' are each an integer of 0 to 6 with the proviso
that (p+q) is 1 to 6 and (p'-i-cf) is 1 to 6, and r and r' are each an integer of
0 to 7 with the 5proviso that (r+C) is 1 to 7. [0079]Examples of the

d of the above f lg.include diethyl lycol ester of rosin,
ciet YRR DS RS ERRIPYY DTSR erié gptBF ester of rosin,

tetrgogaigne glycohesise@fomi, tieshvieneng rabmanematvy §ieht) of the

ester of rosin and triethylene glycol 10monoethyl ether ester of rosin.

[00 BAS9ERY SR RAOPREaR dariaasds arypasiedntpr following

co re ' Q0 - R -

g AT L T S R -

5Lep@§eﬁ¥dl§rmiﬁdlIaﬂcﬁth:m(&ilgfﬁlmebgﬁcq;quayd&ryhgmw. awémgxpandable
aving.at,least one rox [oup, a rosin resiaue, a group represente.

by S DAY RSIRT SRR et 6P BRURIES AR AR 0 2 e sEactied by

an Qigverednegicieeieun NS e aele peforesavda Yl ITARRr veighing W1, the

cycloalkyl group, a cycloalkenyl group, an alkylene group which may

20cBREUfES 35 SRR dRyAHeg Hyateky| Jhugassigatakisminameayaeyated to 1.5
whigh gy |6081igi ajitRasY (?Bes?a(%aé?@ﬁ'y@r%w{l YRS aeg)tgrﬁl Jes is no

alkyl group or a tetrahydrofurfuryl alcohol residue and n'i15 an'integer o

100 4lop@3leskieag|caeornad\cionphmnd 48therboverforejulaTintlsgthe physical

di inate .ditetrahydrofurfuryl adipate, i
e o TR (i e ARl 2ot of the partiles W2
ditefraftydifsitirfiiney lohgsibal Blshitig traieyaneidriaxhnbialate. IOA%KTHRY The

plasticizer may be suitably incorporated into the expandable particles

durfG SN0 ARG Yephenidonameastirebnesiisntstshe fouith decimal place
e S ey M AT ISR e

15 calculated from the following formula:

[0048] Content of blowing agent (% by weight) = (W1 - W2) / W1 x 100
[0049] wherein W1 represents the weight (g) of the expandable
particles containing the blowing agent and W2 is the weight (g) of the
expandable particles from which the blowing agent has been removed.

20  [0050] The resin particles and the expandable particles thus obtained
are suitably stored in low temperature and low humidity environment so as to
prevent the hydrolysis of the base resin. The expandable particles generally
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.

25  [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

- 14 -



[0086](2) A step in which resin particles are impregnated with a Sblowing

agent; [0087](3) A step in which expandable particles containing a blowing

agent are expanded; and [0088](4) A step, in the process of preparing

resin particles, in  which a polylactic acid resin, a blowing agent and,
optionally, an additive 10 are melted and kneaded in an extruder.

[0089]Thus, step (1) may be performed, for example, by melting and

kne k%G e PbRiBciRsAtIBaE aheveiiheoplstitimewThérknersenbatissarticles.

is th ed into fgsi ' e may be performed, for ,
exarfr?}))lg?g; incorpﬁ%S%ﬁg#&?s éé%eézl}r?ﬁ eayf‘lgé 'Bsﬁﬁ%f&fec?éﬁ’i&?ﬂﬂg an
15t:?i3llﬁéagﬁp@ﬂidl'mmhhl _engamzplagog%?g?om(sme) ,%r@geeam 2@56% 300 pm, more
particles w ing age ep (3) may be performed, for
exa%réié,r%ltf/ﬂﬁgggfgﬁ%@%WVOI}M%?Qrﬁ‘?n@ﬁ%ﬁ@?b‘lﬁﬂ girmete) AR stptshter than

5(3-a5(1m1@m>,<mé1dﬁé&ﬁmﬁ&'%ﬁ@ﬁé@%@@&wmﬂg}@i@ﬂgﬂ%g?%ﬁ giis

10dispexseddadibeaaiscnns SisRASSINA dNRSBM Hisd

heating with a heating 20medium. In this case, the IZer Is spraye

oveP¥AAALES Beads sxpdrassravarhcidilionativitheccels walishod i astexaeded

spraydadsthe icles. with.the heating medium for

expansioslw in t?ldg% gggﬁﬁ%%ﬁvﬁlﬂggggﬁﬁgwgt% %Q&ﬁdga?ﬁgoﬁ%‘?ﬁqf@re a

whightinkaaasidizerfbasirpefdinadaptiarite taeisxpantintdeMer diameter less
s while spraying a plasticizer over the

ini ) dabl icl
o R GRS B chine B AR e BGiNGeatadned from the
BEF ggr%tge%%e to fusion of
are

blowing agent. The resin particles impregnated Wirﬁl'l the blowing agen

disdP&r§edace theesaf ﬂ/ﬁﬁﬁﬁéhﬁ’sfb@@éiﬂ@ Wittdaterafroim shealdtocTBive ivierage cell
a loWBHERFHDE BFIRLR %B&(ngggqrpaﬁgtégﬁgﬁ&%%é{ g?;fagé)unt of the

plasticizer.is added to the dispersing mediuni s

Ee)gié@ﬂ!ﬁfﬂf@ W@mqmmafﬂmmheemgoamlef wtuasgnﬁrménka@mié?é?@aeﬁn wax
4 kfQr r example elting and kneading a polylactic
aci resﬁﬁgﬁigoélt%%n(%arﬁgel i r%hﬂg%gﬁflﬁx&%ﬁ‘?e%ﬁﬂ%ﬂ@%&ﬁﬁ@s are

15agemteguadatthe plasticizer is kneaded in an extruder. The kneaded

co lfion is then formed into expandable particles. [0091]Among the
abgg):,ﬁ ﬁg thods, methH8]E-BFieipatteyRAgemetdiamatieeADR af the expanded

prefRserm @’r&qﬂi@m&éa%me%tﬁﬂ%ﬁ&ﬁBﬂ?%%‘%‘i%@ﬁ%é%% is cut into

resin particles together with’the plasticizer in-an agueous
medRAilreaieabredersaod dltsowiss agetiurTibetisfesiphds sisirRfadtlning

' h f h blowin _ dth
S R N THE PICHPETaEIc ST I FAesc thseoonter of

20plastieizevszasdotiomitourdwimpregediadin attlessti %{F%ﬁtrﬁ%%%@%mss-

25

expanded beads obtained. Further, the eg)anded beads have uniform ce

shae” mwm&wmaame,em ihréithreoaimianetphotidizerstraight line

wi:ﬁggmﬁﬁ;lggeﬁrﬁégﬁgg%ﬁg%ﬂ,%ﬂ%@&?%rﬁgﬂ%mﬁﬁﬁ'ri]sqggz'a 1P on the
straight line, 1s 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
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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20plasticizer 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 25plasticizer and

the H the molding step, for reasons of obtainin

B e R SRRy 81 005

redmmmow@grmmmrmmmﬁmmye@ma@mgawwwa@ﬁﬁ ?Eﬁ' 100 parts by
e

idi ition of dust to sticki ty. - 24 - [0093]
om0 V50 BASS LESIT, REEoR e B Shsas P RiGRpeien property

expgnflatabiiadsindefonh Dheiingramaidieg 8@&@?&@%&?8 Et?s at a time of

between expanded beads, excellent mechanical strengths such as flexural

KtrefmaiRing hsiasdive ameldin, Slncaidhe Rulvelesione s taitity decbmposes

1021t

15

20

25

excallpmigsiidas E}%%W%ﬁhéo%%mgéﬁgg ér%%ggfﬁo%c%cgp gﬁgegf)alyrﬂleﬁn wax

the present invention may have any desire ay be’in
of, fér leraprpr)dercbealr a deprateymopl the, anylindeiereslid eiasigandable

orr eet ar a blgck, [0095]The arent density of the foamed
moI%%n%?qzé%)r@?@a‘gwgl}éméﬁﬁj éBHﬁ;Bﬁ@fg[ﬂEﬁ&'ﬁﬂ?r@to 200 kg/m3,

for [885@)s of satisfaiionefogedanisalriren | { .
and Ii%(htness in weight(.yThe apparent densi?yg?gﬁgmm?%qﬁn%%w e region

1B ADAVERES FRICBRIE bRV g EaiEnt arctherirragd ¢g)l aiameter
the fgameeh i m ) s determined from . .

the outer diﬁ%gﬁﬁﬁggg%ﬂggég] [{)gﬁig%nn%?% %9&%9%%0%89 F]erem 1S
(ko/gFRndRr(t9xefen 1o w3 AnnyEoSTiTaesoagion didinggectisiepizdaast 300 um

rati ' | strenath (in_terms.of MPa) to its apparent density (in o
terrﬁ?ﬁt@g%?n%% %at ease%é Ri’k&%%@@%éf&%ﬂ&%?‘@ﬁﬁ@ﬁﬁl!ﬁw&ﬁa’ﬁd “inside
still negion prefdeahblytdpastdhiBmikgadossAIRIS LA SRRBAUIGRN having a

bonﬁ'gql% between the 20 expanded beads and of excellent mechanica

Re5$, 21 R HimANs: Heinside spginmnstresiagpdrby tie ssitiacatiegion.

of thefRamaed TaTe™ - 10098]The flexural .
strength as usﬁpﬁ%ﬁﬁn gd&t:'gpge% ?ﬁglf %ag#nlég%%%%g%ﬂza%éﬁa{ﬁ“ 1S
me&5eRiRS ihandbriavesagricslSilenaeter 260T1008x pamdedibekal FrsBRlethat the

molgli Vj | 0 a width of 75 mm and a thickness of
o ARt L SRR AT O B AUROIs e diratadian g average
lengl] afid0@imnohtiednsidth et oMHe ashsysasralgained by
cuttiﬁg# molding, while the other surface being - as molded surface
[

(sk e molding)S WAFRERNN{BRIBY YRS dimmaimAdRohte surface
dowa@i@m@ftmﬁééﬂﬁaﬁd%ét%)@segeg E’stﬁ?eggﬂgé%f%e[%?o%]/eiggjé\%god. An

foamed molding is preferably prepared by heating the expan
filleBMPPRIARIDGRE dsseitple IneatlyEielibalysscdmadisstzass-aebbioails

ha";j:’ﬂ%t%é%%%@%ﬁx@ugﬁé:é:%?ﬁﬂgfuesigé 1oR %grcoesscgyehe On the photograph, a

straight line passing the center of the cross-section is drawn. The number

stre

(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 exciuded 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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expanded beads. The temperature of the heating medium is preferably 80

to 130C, more preferably 90 to 120C. As a result of the above heating, the
expanded beads are fuse-bonded together to form an integral foam

molding. As the mold, there may be used a customarily employed metal

10mold or a continuous molding machine having a running steel belt as

disc in. -2000-15708.0r US-A-5,968,430. [0100]lt is preferred
thatﬁ%eggggﬁéeﬂg%ﬁ R e?grg"ﬁ&?:fﬁ%efé) ‘i"ﬁg?e@ﬁﬁiﬁéure‘i The cell
presdigméisiods) ibeaklsateerbofd Miwin @ ECTERRIMERI )N LR FRBIS D o (Ds =
out l?_y ﬂyc;)\i/ing%'the beads to stand for a 15suitable period of time in a

closed veddel t3' P FRILUER e GRETIRES BedATad ambag4s inalOter more) of

an igealy expSNEERSIAYOIE AL o rganic ga
such as bugne?By increasing tﬁgqgs?(?e% ﬁ%%cs%ri% ﬁ%%i@?r%gﬁ%& face

the fEEHARGSeRMcRIHbYNGHE Bemestfitserentttiaftiie exize)dsd e AdSUMRLT of the

be i d e covery of the foamed molding obtained may
be i%ﬁé?\%d.@ﬁﬁﬂ& g%%éf%ﬁr%uo 9‘?&%%&85%’%3?&?6@%&]@1@8% on of the

rangéraignoBne Ol Ralavateel peieisuyi@iferim8: 2MRmelPLAHI MR st to the
inside HI‘GSSUf% of the %ﬁ)ande beads is determined just before the

molJIRg RS folI0Ws PABBUE ENBOYRA3p dhase beiataeteniisose inside

preg908H)as been Migsensachaty thansier intained at 23C
and 50 0/Zi:’relative humidity under ambie%’t%ﬁggsfgg%éqv%é?ﬁ?} Wi ?grb ferage cell
18he HAMS RIS Greatanthandbr BivierageicelirdtametemA DN therpandeaw

b fethen, t for 4 in the - 26 - . Then, the
e e B odrh Rlad s mielos BRsanca

48 rdtesgibsod. Theemokdahilignufithef émw@iébtﬁéé/d_sag§ﬁé/é’tt§hﬁﬂl%lqeed by the
carried out to t ggsecond d(?. egéﬁ?l(ace (0.01 g). The inside pressure P

m
(MPA) Bftfe BXpAIRIBG Hetldd i Llfana EptRshinaes forlasseliaverage cell
[O1GREMAEA I (W ih¥Va e { 001)x(1/
D)x0.6}x0.000001 [0103] whe(%i)rﬂ]é %iﬁ%’%@g&%@ Sé &Mézg(%%%dge'é%f the
1%)eaf¥ Grririssespmrdiad hreaderararitiedibat tigravepoktie!l diameter
exp dstRrid 8, is the molecylar weight (g/mgal) of
the g\rgpu%sfgg%or increﬁs?‘rllpéptlﬁg}%:? e\é{ﬂagsé%%g i ﬁ%{ §l§8§ ) the bR the

den3K$TRgP 93 diametexpdified theadsriact RagitheigprtanBRB 83800 um,
J/K%%)e[ggeq%l'gme fgﬂqw' example Wi%further illustrate the present
invention. Pars are By weight H% ngﬁb‘l "Y[BiefsiA YRR tor 380d4ms oOn the
cryssiirenaalyjansnesifanmial G hE SLRR @@BHH&FH%&%D?!&#% gf a foam

Chemicals, Inc.), 80 parts of non- crystalline polylactic aci
20H- 2B Idingupkiained Fymiikeiesnantesheady arelgatipitiotnced by the
polygihy. CONRRBH - 20POL YVYAX 100Q manufactured by
Toyo Pe%?cr)élite Co.‘, Ltg{%ﬁﬁﬁggmgdé |Peglon oy'tA‘he tlaeags, t%e uniformity of the
cells and the closed cell content.  From the standpoint of the improvement of

the mechanical strengths, a smaller 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

diameter of the inside region is preferably 10 to 400 um, more preferably 20 to

200 pm, particularly preferably 30 to 150 ym.

[0058] Itis.preferred that the bulk density of the expanded beads be 10
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average molecular weight: 2,200, molecular weight distribution index: 1.2,

melting point: 110C, 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 25

about 25C and cut to obtain solid cylindrical resin particles having a

dianﬁ@tg@@kgpﬁﬁ,t ,qq@rme%,lgg h&f; d an average

Wei%g[ per one particle of about%lmg.?(%ﬁﬁ@%n%tﬂan%%rg\}g %8&&%&5 to 100

\évit.h ﬁ?gef@ra@@%asmﬂwmy lo‘_r' ﬁlﬂa’r?ﬁdrr?ﬁid@@gﬁgﬂg;m@?gagf& good
eigp MyateL . aleium pho a .02 g of sodium

A R gt

dodecyl sulfate were charge e mai Qiseldieg ina mold,
i}utcﬁ%ﬁﬁ@)@%l ﬁmbﬁméﬂ?ﬂmf@@?m&ﬁ;@;‘QMﬁ@Wnﬁ’ﬁﬁ%éb’é%@%t%nd low
the ve so that the inside pressure 5 of the autoclave was

MPE%l ?ﬁﬁ?eeé’gt%‘(ﬁi%%ggoi@%tained as such for 10 minutes and the
feeqasaaybon dioxrieuxaa pismedNESNK BERUPEIYR UaRIRNED SUEN i as

for 3 hours. As a result, the pressure in the autoclave decrea?sed to 2

MP RIS R RELEE AoliowiRctipiiade wakpmided keads aoetitied in a one liter
; in particles 10i d with
e S A SR 0 B s

carbon dioxide as a blowing agent were collected.

resiffftidrs heads havingl awblunateof debysitateoy sansiuga ot et cimal

immediat harged.in osed vessel equipped with a stirrer and
00re Z% 83%119 ut gB%%\ﬂﬁ %Wh@mﬂsf@é%%d\)\ﬁ%ﬁtﬁﬁ.wmwds is

weredieateddeicbading to hentauissingibindhe expansion and foaming
thereof were completed. The thus obtained expanded beads were

collEProm the WsnselkgHTOBFT A/ Boliordt kb émletbhiedts were01 m L)),
air-ggigegt room tem%eéﬁbﬁ?eiﬂfc%%#%f W@E&ﬁ%&%ﬁ%ﬁ%ﬁ%@j{@gg‘ured as

autoclave. The autoclave was gradually pressurized w

0.1 feltearsoudnom mﬂéswﬁég):mﬁmgwmhtaitﬁﬁganmela\aedMﬁWi‘/@é@ht Wb (g))

0.5 duced to 0.2 MPa(G). The aut
1 e AR BT Tof 5 NDLHS AU RESPUES fos el eMBdams) of e

beasisads ewnlipeteidpptieraegiatalyanolded us| Iding '
ma:ﬂ)}i?g (Model VS500 25 manufactured by Da@éang ﬁﬁ&%%ﬁ%ig #P)'S calculated
haviig

iR AR dimensions of 300 mm length, 75 mm width and 25
m 5@@] t. Thus, tae b Hled 4 old Leracking: m), were
her;Itedafor 15 seco?é%p\?v?gﬁé{[e}a_m@{%%g] ’M@é@c@@ﬁ?@%ﬁ ﬁﬂ%%qaémaf
witte@ didhension of 300x75 mm) of - 28 - the mold and for another 15
se ith steam,at 0.02 MPa(G) from the opppsite side thereof. The
20 mog was then cogre% %r( gg?o% ifﬂ%atfé)r ARGHHRY hsliaa the
coat¥pandaisequntisiendentainingra bleavingaganidiners AREIRSHINRS o

aken out of the mold. 5[0110]The foam molding was dried at

th fter t I
4oec£‘ef4%¥"e1¥§%8€f@aﬂat%ﬁe&> PRn@-30tsa ipara sk erepettiesA Buable heating

NUMRRTiGNFSAER BOMEHIT WEBINIRREASG RO ystallization
and molecular weight distribuﬁ%ﬁ@%ﬂ%@g Ié%l)?e%t%wgﬁﬁgv%a&rgp iy réﬂ&é're may be
surHffgitebeattaplexpartakle banidiezide/otuamt-alr thexexpgadablsreferably

pargj )t 2nsity and inside pressure of the expanded beads;
28 anég %@apﬁ%ﬁ% é‘é}%ﬁé‘/ﬁ §§pa eAratite ﬁ%&;gﬂ?é@ a¥rptiahie evaimsthod.  in
theditexprafstredgtietioodictiappaeimidtansipapidee Dammalding 28osed vessel

summarized in. Table. 2. The number average molecular weight and weight
avérage i SR ST & YRSHLR bR#ing RedinErdipiced/ireexpansion of
MmedRLEsGastbR @R particies. |
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iolyoleﬁn waxes P-2to P-8 as s

10axpaRdds tRicide

15Tabﬁ@°§. 0 Comp

20

25

15 device (Traderiame: GPCV2000 manufactured by Japan Waters Inc.)
provided with columns (manufactured by Polymer Laboratories, PLgel 120
pm, MIXED-A, 30 cmx4) at a column temperature of 135C with an
injection amount of 0.5 ml. Examples 2 to 5 20[0111]Foam moldings were
prepared in the same manner as that in Example 1, except that the

am polyolefin,wax P-1 was changed as shown in Table 2. The

progertigaj of the ex%%enag%%\%er%%'r{ DT 5?@%%8 fURating thsrRxpandable
molgiadiciacs isehcmmaménablaem;Tehetslﬁ\,ﬂi@b@mra@hu@‘t@e@é%(b‘r%QCﬂ@@fand (Tg
the Q a tain shown in FIG. 1. 95Examples 6 to 12

din Example 5 i ]
(0L ToI St RIGTHTAR,GETMERE Gt RS S84 Fa r B3, thieie T is a glass
Exatriieifioexeepictizat pobroded ’E&\f%afé RS %&?ﬁ%ﬁ%iﬁpﬁtgghe%andabie

own in Table 3 and Table 4

rofRéttHedes 2ge farmetoldhiitivina:a reveiep @ siorstemperaiiablate Sheanded

propest ' icles, expanded beads and foam
o s a0 2 e RO € BT R o g col content
[01EB]R casnitabldingsdabitityprepared in the same manner as that in

Ex , except_that the proportion of the crystalline and non-crystalline
poaglak’% acid resi ﬁ/ggaégat LoD dRBWR TR EHRS 41sastieeithis a midpoint

amayasotaabintitewmpe Rtlwas thangerk Wi dab\eid, (ndhe,
case of Example téé)o.fThe é%roperties of the gj@%%abl%éﬂasmk%g‘rtﬂﬁes, 121-1987
g

PG o bachsrb fidofratiS €. curve obtained by
CompataiMedmerantia) s&xhh puslelle) s prepared in the same
manner as that in Exagrlnjsple 1,@90%3‘[5? @?&%%%ﬁr? %g}ﬁﬁ_aeiea r%:ap(? Ciminute.

nuclE?igipag dan@énnlkemperatorerislingzayest) sits ties useshis Ab&Been heat

shoyvn.i ble 5. 15 Comparatiye Example 2 [0115]A foam molding was

oren R SR LSRR e alioms A SRarEd TSk iadolSfrperagraph
talcYTGasteroponeohtiofMNomantastuspd by Nippon Talc Co., Ltd.) was

used in place of pc;;gnlefin wax P-1 as tlfe nucleating agent as shown in

I

rA8\RXEXAARS d8qds BepRIding tadhiiny esenpimpEtton

in thesarg| Lasy gl t0. rt of calcium

stez?ate wag}%é%e inqu)slaace of @3%%#%%95?&@&% R%“ﬁmﬁ’%?et&%g Tipreferably
as Sswh Gftanid BIrconpe aisteiymbedt 25§08 Hil tadramelsittcell content
wa in the,same manner as that in Example 1, except that 0.1

parib cF)) e %%%@b#@ar/ﬁialé ?Frsaére]or{&%??ﬁrfgl)(/\é&g}éﬁtIﬁsﬁn&%i‘éé‘ﬁéfé’d@’eferab‘y
by Héd/Corfesatiomheapesast|ndiaesm PisRAIeHSUMEX SeddRSiteo ASTM
nucgféigg %8ent as shown in Table 5. The properties of the - 30 -

-/0, Procedure C. As used herein, the closed cell content and the
closed cell content have the relationship that the closed cell content (%) plus
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
preferably avoided.

[0067] It is preferred that the expandable particles and the expanded
beads contain a plasticizer for reasons of improving expandability of resih‘

particles, improving the secondary expandability and fusion bonding of the
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expandable resin particles, expanded beads and foam moldings obtained
in Comparative Examples '1 to 4 are shown in Table 5. The SEM
photographs of a cross-section of each of the beads obtained in
Comparative Examples 1 o 4 are shown in FIGS. 2t0 5, resfpectlvely.
Trade name (manufacturer) ' POLYWAX 1000 (Tovo Petrolite Co.. Ltd.)

X Petrolite Co.. Ltd.) POLYVVAX 850 (Tayo Petrolite
o SR T LD S EHAp eI g e RARX dsoieTavBiesticizer
Petaits@ahktein iDegerriof coysspdizatianides 68 suB@RceMat &8 Bver the
_ Melting Point
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glass transition temperature of the polylactic acid resin when contained in the
expandable particles (or the expanded beads). The plasticizer is desired to be
able to reduce the glass transition temperature by 0.5 to 20°C, more preferably
by 1 to 15°C, though the temperature reduction depends upon the kind and
amount of the plasticizer.

[0068] A plasticizer generally used for thermoplastic resins may be
suitably used for the purpose of the present invention. Examples of the
plasticizer include, but are not limited to, glycerin derivatives, ether ester
derivatives, glycolic acid derivatives, glycol‘ester derivatives, citric acid
derivatives, adipic acid derivatives, rosin derivatives, and tetrahydrofurfuryl
alcohol derivatives. These plasticizers may be used singly orlin combination
of two or more thereof.

[0069] The glycerih derivatives may be, for example, glycerin fatty acid
esters. Glycerin fatty acid esters comprising at least 75 % by mass of
diacetylmonoacyl glycerol containing a saturated fatty acid moiety having 8 to
16 carbon atoms are suitably used. Monoglycerides of unsaturated fatty acids,
diglycerides of saturated fatty acids and triglycerides of fatty acids, which have
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 (Cs), capric acid (C4g), lauric acid(C1y), myristic acid (C+4) and
palmitic acid (C1g). An acetylated product of a monoglyceride of a Cg-C1»
saturated fatty acid, such as glycerin diaceto—mon‘ocaprylate, glycerin diaceto-
monocaprate or glycerin diaceto-monolaurate and their analogues, has good
compétibility with a polylactic acid resin and is particularly preferred. Also

preferably used are glycerin triacetate, glycerin tributyrate, glycerin
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tripropionate and theif analogues. Above all, glycerin diaceto-monocaprylate
(commercially available under a trade name of RIKEMAL PL-019 from Riken
Vitamin Co., Ltd.) is particularly suitably used for the purpose of the present
invention.

[0070] The ether ester derivatives may be, for example, compounds
represented by the following formula;

[0071] R(OR’),O0C-R"-COO(R'O),R

[0072] ~wherein R represents an alkyl group, R’ represents an alkylene
group, R” represents a divalent organic group containing an alkylene group,
and m and n are each independently an integer of 1 to 500. Examples the
alkyl group include those having 1 to 20 carbon atoms, such as methyl, ethyl,
propyl, isopropyl, butyl, secondary butyl, tertiary butyl, isobutyl, amyl, hexyl,
heptyl, octyl, isooctyl, 2-ethylhexyl, nonyl, decyl, isodecyl, dodécyl, tetradecyl,
hexadecyl and octadecyl. Examples of the alkylene group include those
having 2 to 8 carbon atoms, such as 1,2-propylene, 1,2-butylene and 14-
butylene.

[0073] The glycolic acid derivatives may be, for example, ethylphthalyl
ethyl glycolate, butylphthalyl butyl glycolate or its analogues. The glycol ester
derivatives may be, for example, triethylene glycol 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, dibuty! adipate, dioctyl adipate and their
analogues.

[0076] The rosin derivatives may be, for example, compounds
rebresented by the following formuia:

[0077] Ro —COO-((CHR1)p(CHRZ)q-O)r((CHR?’)p»(CHRd')q*—O),'-Rs
[0078] wherein Ro represents a rosin residue, Rj, Rz, R® and R*
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each independently represent a hydrogen atom or methyl, R® represents a
hydrogen atom, an alkyl group having 1 to 8 carbon atoms or an acyl group,
p, p', g and ¢’ are each an integer of 0 to 6 with the proviso that (p+q) is 1
to 6 and (p'+q’) is 1o 6, and r and r’ are each an integer of 0 to 7 with the
proviso that (’r+r’) is1fo7.

[0079] Examples of the compound of the above formula include
diethylene glycol ester of rosin, diethylene glycol acetate ester of rosin,
triethylene glycol ester of rosin, tetraethylene glycol ester of rosin,
triethylene glycol monomethyl ether ester of rosin and triethylene glycol
monoethyl ether ester of rosin.

[0080] The tetrahydrofurfuryl alcohol derivatives may be, for
example, compounds represented by the following formula:

[0081] Th-0O0OC-=R

[0082] wherein Th represents a tetrahydrofurfuryl alcohol residue
and R represents an alkyl group, an alkenyl group, an aryl group, an aryl
group having at least one hydroxyl group, a rosin residue, a group
represented by —COOTh or a.group represented by —X-(COOQY), where X
represents an aryl group, an aryl group having at least one hydroxy! group,
a cycloalkyl group, a cycloalkenyl group, an alkylene group which may
contain at least one acylated hydroxyl group or an alkenylene group which
may contain at least one acylated hydroxyl group, Y represents an alkyl
group or a tetrahydrofurfuryl alcohol residue and n is an integer of 1 to 4.
[0083] Examples of the compound of the above formula include
ditetrahydrofurfuryl succinate, ditetrahydrofurfuryl adipate,
ditetrahydrofurfuryl sebacate, dodecane-2 acid ester of ditetrahydrofurfuryl
alcohol and ditetrahydrofurfuryl phthalate.

[0084] The plasticizer may be suitably incorporated into the
expandable particles during the following steps (1) to (4):
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[0085] (1) A step, in the process of preparing resin particles, in
which a polylactic acid resin and optionally a desired additive are melted
and kneaded;
[0086] (2) A step in which resin particles are impregnated with a
5 blowing agent;
[0087] (3) A step in which expandable particles containing a
blowing agent are expanded; and
[0088] (4) A step, in the process of prepéring resin particles, in
which a polylactic acid resin, a blowing agent and, op'tionally, an additive
10 are melted and kneaded in an extruder.
[0089] Thus, step (1) may be performed, for example, by melting
and kneading the polylactic acid resin and the plasticizer. The kneaded
mass is then formed into resin particles. Step (2) may be p;erformed, for
example, by incorporating the plasticizer into at ieast a surface region of
15 the resin particles during, before or after impregnating the résin particles-
with the blowing agent.
[0090] Step (3) may be performed, for example, by the following
two different methods (3-a) and (3-b). In method (3-a), the expandable
particles are expanded With an expanding device by heating with a heating
20 medium. In this case, the plasticizer is sprayed over surfaces of the
expandable particles. ~Simultaneously with or after the spraying, 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 expanding device containing the
25  expandable particles while spraying a plasticizer over the expandable
particles. In method (3-b), in an autoclave, resin particles dispersed in an
agueous dispers\i’ng medium are impregnated with a blowing agent. The

resin particles impregnated with the blowing agent are discharged together
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with the dispersing medium from the autoclave into a lower pressure zone
to obtain expanded beads. in this case, the plasticizer is added to the
dispersing medium so that at least a surface region of the resin particles in
the autoclave contains the plasticizer. Step (4) may be performed, for
example, by melting and kneading a polylactic acid resin composition
containing the polylactic acid resin, the blowing agent and the plasticizer is
kneaded in an extruder. The kneaded composition is then formed into
expandable particles.

[0091] Among the above methods, method (3-b) is particularly
preferably used. In a preferred embodiment, the method (3-b) is
performed by dispersing the resin particles together with the plasticizer in
an aqueous dispersing medium in the presence of a blowing agent. The
dispersion is stirred while contrblling the temperature thereof so that the
blowing agent and the plasticizer are impregnated in the resin particles.
With this method, the plasticizer can be uniformly impregnated in at least a
surface region of the expanded beads obtained. Further, the expanded
beads have uniform cell shape. When method (3-b) is adopted, it is
preferred that the plasticizer be in the form of a liquid during the step of
impregnating the resin particles with the blowing agent, since the
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
plasticizer 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 compressive strength at an elevated

temperature and avoiding deposition of dusts due to sticking property.
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[0093] The foam molding of the present invention may be obtained
by molding the expanded beads in a mold. The foam molding has
excellent bonding between expanded beads, excellent mechanical
strengths such as flexural strength and compressive strength, excellent
dimensional stability and excellent surface smoothness.

[0094] The foamed molding according to the present invention may
have any desired shape and may be in the form of, for exampile, a vessel,
a container, a plate, a cylinder, a solid cylinder or rod, a sheet or a block.
[0095] The apparent density of the foamed molding is preferably 15
to 300 kg/m®, more preferably 15.to 200 kg/m®, for reasons of satisfactory
mechanical strength, heat insulating property and lightness in weight.

The apparent density (DA kg/ m?) may be calculated from the formula
shown below by dividing the weight WM (g) of the foamed mdding by the
volume VM (cm®) thereof as determined from the outer dimensions thereof.
[0096] DA (kg/ m®) = {WM (g)x0.001 (kg/g)}{VM (L)x0.001( m®/ L)}
[0097] The foam molding preferably has a ratio of its flexural
strength (in terms of MPa) to its apparent density (in terms of kg/m®) of at
least 7 kN'm/kg, more preferably at least 9 kN'm/kg, still more preferably at
least 10 kN'm/kg, for reasons of strong fusion bonding between the
expanded beads and of excellent mechanical strengths. The upper limit
of the flexural strength fo apparenf 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 preparéd 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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‘composition _
the sample facing downward, the sample is subjected to the bending test.

[0099] The foamed molding is preferably prepared by heating the
expanded beads filled in a'mold with a suitable heating medium, such as
steam or hot air, having a temperature sufficient to fuse the surfaces of the
expanded beads. The temperature of the heating medium is preferably 80
to 130°C, more preferably 90 to 120°C. As a result of the above heating,
the expanded beads are fuse-bonded together to form an integral foam
molding. As the mold, there may be used a customarily employed metal
mold or a continuous molding machine having a running steel belt as
disclosed in JP-A-2000-15708 or US-A-5,968,430.

[0100] It is preferred that the expanded beads be treated before
molding to increase the pressure inside of the cells thereof. Such a
pretreatment may be carried out by allowing the beads to stand for a
suitable period of time in a closed vessel to which a pressurized gas has
been fed. The gas may be an inorganic gas such as nitrogen, air or
carbon dioxide, or an organic gas such as butane. By increasing the
inside pressure of the expanded beads, the foaming efficiency and
adhesion strength of the expanded beads may be improved and shape
recovery of the foamed molding obtained may be improved. The 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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room. Then, the weight W2 (g) of fhe expanded beads is measured after
the lapse of the 48 hours period. The measurement of the weights W1
and W2 should be carried out to the second decimal place (0.01g). The
inside pressure P (MPa) of the expanded beads is calculated from the

formula below:

[0102] P (MPa) =
{(W1-W2)><0.001}/(MWx0.001)xRx296/{(W2><0.001)x(1/ D)x0.6}x0.000001
[0103] wherein W1 is the weight (g) of the expanded beads having

increased inside pressure, W2 is the weight (g) of the expanded beads after 48
hours, MW is the molecular weight (g/mol) of the gas used for increasing the
inside pressure of the beads, D is the bulk density (kg/ m®) of the expanded
beads and R is the gas constant (8.31 J/K - mol).

[0104] The following examples will further illustrate the present
invention. Parts are by weight.

Example 1

[0105] A blend of 20 parts of crystalline polylactic acid resin
(LACEA H-100 manufactured by Mitsui Chemicals, Inc.), 80 parts of non-
crystalline polylactic 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., Ltd., 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 particies 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 equipped with a stirrer, 600 g of the thus
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obtained resin particles, 900 g of deionized water, 0.9 g of tribasic calcium
phosphate and 0.02 g of sodium dodecy! sulfate were charged. While
maintaining the contents in the autoclave at 30°C, carbon dioxide (CO9)
was charged under pressure into the autoclave so that the inside pressure
of the autoclave was 3 MPa(G). The autoclave was maintained as such
for 10 minutes and the feed of carbon dioxide was stopped. Then, the
autoclave was left as such for 3 hours. As a result, the pressure in the
autoclave decreased to 2.5 MPa(G). The pressure in the autoclave was
then released to 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 with a stirrer and preheated to about 80°C with a mixture of

steam with air. The particles were heated for 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 collected expanded beads were air-dried at room
temperature for about 24 hours and then charged in an autoclave. The
autoclave 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 hours.

[0109] The thus treated expanded beads were collected 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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the mold and for another 15 seconds with steam at 0.02 MPa(G) from the
opposite side thereof. The mold was then cooled for 90 seconds with
water and further allowed to cool for 120 seconds under vacuum. The

foam molding thus obtained was thereafter takén out of the mold.

5 - [0110] The foam molding was dried at 40°C for 12 hours and
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thereafter measured for various properties. The number average
molecular weight, melting point, degree of crystallization and molecular
weight distribution index of the polyethylene 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 and 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 of the polyolefin waxes in Examplés were measured using a GPC
device (Tradename: GPCV2000 manufactured by Japan Waters Inc.)
provided with columns (manufactured by Polymer Laboratories, PLgel 120
um, 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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of polyolefin waxes P-2 to P-8 are shown in Table 1. The properties of the
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 that 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 Exampie 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 manner 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, excépt that 0.1 part of calcium stearate was used in place of
polyolefin wax P-1 as the nucleating agent as shown in Table 5.

Comparative Example 4

[0117] 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 agent as shown in Table 5. The properties of the
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expandable resin particles, expanded beads and foam moldings obtained in
Comparative Examples 1 to 4 are shown in Table 5. The SEM photographs of a
cross-section of each of the beads obtained in Comparative Examples 1 o 4

are shown in FIGS. 2 to 5, réspecﬁvely.
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Polylactic acid resin composition (pad) Nucleating agent [0118]In
the above Tables 2 to 5, the appearance of the foam moldings was
evaluated with naked eyes according to the following ratings. [0119] A:
Neither shrinkage nor deformation is observed. Surface is smooth.
[0120]B: Slight shrinkage is observed in corners. Surface is smooth.
orners and edges. Non-smooth

01 - Shrink is,0b d_i
surlBd8 party oJBSH AR IS g A AAREAEEAE EEtoR oo
arernbigingedv i1 anmrdd Wt RAREICOFLE IR INGRBNY riBVAY atings.

molding of expanded polylactic acid resin beads according to the present
invéBtidihas good ¥URRINEE SHR<BERBRhdRB FBatiomiridhesBssbIBntface is
appgagyase and mechanical strengths. Further, the expanded polylactic
acid resin beads according to the present invention have fine cells and

5 carl®B28sily moldBdSiglivehaifd@penisldirsgivedrig stong usisabansisgmooth.

o e A e
expantiest kepdstiy?0Xerved.
[0122] D: Significant shrinkage and deformation are observed.
[0123] As will be understood from the foregoing, the foam molding of
10 expanded polylactic acid resin beads according to the present invention has
good fusion bonding between the beads and has excellent appearance and
mechanical strengths. Further, the expanded polylactic acid resin beads
according to the present invention have fine cells and can be eésily molded to
give a foam molding having strong fusion bonding between the beads.
15 Furthermore, the expandable polylactic acid resin particles according to the

present invention can e‘asily give the above expanded beads.

20

25
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- 37 - CLAIMS: 1.Expandable polylactic acid resin particles comprising: a

base resin comprising at least 50% by weight of a polylactic acid resin

having at least 50 mol % of lactic acid monomer component units, 5a

polyolefin wax in an amount of 0.0001 to 1 part by weight per 100 parts bycsLLP
weight of said base resin, and a blowing agent in an amount of 1 to

30 &4 pyngesight based on the weight of said expandable polylactic acid

resin particles. 102. The expandable polylactic acid resin particles as

claimdd in Elspandaierei \dartipagaierRitaRatts|asrRme [sohe: of 80
to 125C. I lactic aci S| ich s_clal . .
i caim 1 & BRRLe RS S SO BRI SRt acid

of atahANITHUL ledsiThe expdidableghialdaidicraxidmesircparpcesrdsunits,
claimed in any preceding clajm, wherein said Ro fin wax has a numper

5 avernge OGRS BOBtGEIBH0! 50 Sy haol A RRWEIBNE per 100
polykag bcifeligin dTastirdes Aseclalne thigany preceding claim, wherein

said polyolef n wax has a molecular weight distribution index of 1.0 to 3.0.
256.The expewbls gagnit akiamaimbaiiclos 3 @amndeighihased on the

Pregaig oL 'cf"é&‘édﬁﬁb%@% leipotdsadiniystindrne wax.
7.Exp%edka§o%§/ actic acl reswgads comprising céll walls defining a

plurality of cells, said cell walls comprising a base resin comprising at - 38

- L. L, P least 50% b ight of a polylactic acid resin havin least50 .
10,101 620t 14118 SERP A B A S A By U claim 1.

amatiglrefr0 10 lotsl o sfih yanehgizt pend Bid gptsriyofiveQ b dl2&icCbase
resin, said expanded beads having an average cell diameter of 10 to 500
pm. 8. The expanded beads as claimed in claim 7, wherein said

expangled baade ayRLBISTRER/188IRN SaMiIRgsiiYsKieRs ASSERIRARENA claim 1

an average cell diameter which is greater than the average cell diameter
of K@ ehaieds $RiddeolyD dfie waxdnae @ seaieaotrivséaliizatiom gf at least

or d/v(l?erein said surface region has an average cell diameter of 30 to
O

15 50d b

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.

20

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.

25 6. The expandable polylactic 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

a plurality of cells, said cell walls comprising a base resin comprising at

- 38 -
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15

10. The expanded beads as claimed in any one of claims 7 to 9, 15

wherein said polyolefin wax is a polyethylene wax. 11. A foam molding
obtainable by molding the expanded beads according to any one of claifmat P
7to 10 in amold. - 39 -

least 50% by weight of a polylactic acid resin having at least 50 mol % of
lactic acid monomer component units, and a polyolefin wax in an amount of
0.0001 to 1 part by weight per 100 parts by weight of said base resin, said

expanded beads having an average cell diameter of 10 to 500 pym.

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

expanded beads.

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

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

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

wherein said polyolefin wax is a polyethylene wax.

11. A foam molding obtainable by molding the expanded beads

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