DESCRI PTI ON POLYLACTI C ACI D- BASED RESI N FOAMED PARTI CLES FOR | N MOLD

FOAM MOLDI NG AND METHOD FOR PRODUCI NG THE SAME, AS WELL AS METHOD FOR
PRODUCI NG PCLYLACTI C ACI D- BASED RESI N FOAM MOLDED ARTI CLE TECHNI CAL FI ELD
[ 0001] The present invention relates to polylactic acid-based resin foanmed
particles for in-nold foam nol di ng, which may henceforth be referred to as
"pol ylactic acid-based resin foaned particles", fromwhich a polylactic
aci d-based resin foamnolded article excellent in heat resistance and
mechani cal strength can be obtained by in-nmold foam nol ding and to a nethod
for producing the sanme, as well aPBEERLRREEHbDd for producing a polylactic
aci d-based resin foamnol ded article using polylactic acid-based resin

f oamed parROIMISSC TG AGEDRHASED AT ROAMED BAGROROIMND FRT IN-O0D2) A
pol yl actic acid-based resin is a resin obtained by polynerizing naturally
occur ri ng Heag-iMOIaEING @D IMETHOID| Fpte (PROEIE NG e SHNEh Kurwiyer, degonposed
by naturally occurring mcroorgani sns. Mreover, it is also excellent in 1

nmechani calmmrﬁw@URe@R@bUaQN@abomm@ﬁ@tumﬁp ki chBSrES heres o aubesib
attracting public attentions. [0003]

ARTICLE

TECHNICAL FIELD
[0001]

The present invention relates to polylactic acid-based
resin foamed particles for in-mold foam-molding, which may
henceforth be referred to as "polylactic acid-based resin
foamed particles", from which a polylactic acid-based resin
foam-molded article excellent in heat resistance and mechanical
strength can be obtained by in-mold foam-molding and to a method
for producing the same, as well as to a method for producing
a polylactic acid-based resin foam-molded article using
polylactic acid-based resin foamed particles for in-mold

foam-molding.

BACKGROUND ART
[0002]

A polylactic acid-based resin is a resin obtained by
polymerizing naturally occurring lactic acid and is a
biodegradable resin which can be decomposed by naturally

occurring microorganisms. Moreover, it is also excellent in



A polylactic acid-based resin has been produced generally by polynerizing
D-lactic acid and/or L-lactic acid, or ring-opening polynerizing one or two
or nore |lactides selected fromthe group consisting of L-lactide, D Ilactide
and DL-lactide. [0004] A polylactic acid-based resin to be obtained varies
in physical properties, especially crystallinity, depending upon the
content of the D-form conponent or the L-form conponent contained in the
pol yl actic acid-based resin. Specifically, the crystallinity of a

pol yl actic aci d-based resin to be obtained decreases as the content of the
| ess opti 8&ChPsdRerl PEOPERE 185 GrmNEGHIIn &fMRGT 3t 9 f ofim E8/ponent
contained in the polylactic acid-based resin increases, and eventually the
resin w | lthieaedior ealpeeph elrd. racdGos] pAdbld arettied tfiomspr oduci ng a pol yl acti c
aci d-based resin foamnolded article by causing polylactic acid-based resin
f oaned parftoioolzds to foam in-nold foam nol di ng has been proposed. The
above-nentioned in-nold foamnolding is a nethod for producing a polylactic

aci d-based resi n $opp a0t fed cid-bagke Fayimbaa Biesh F@Sdﬁhéﬁ%éﬂbmp}h

pol yl actic acid-based 2 resin foamed particles are filled into a nold, and

the pol yhacti arid-hased nesivl d o paiAdiclies ane heated with a heat

medi um such as "hot water or steam to foamthem and the foaned particles

are fusi °’}‘i?l%ﬂ%i%&i%g”{%&&%%%EEHSrox?é/ ot_thgwo or more lactides selected
from the group consisting of L-lactide, D-lactide and
DL-lactide.
[0004]

A polylactic acid-based resin to be obtained varies in
physical properties, especially crystallinity, depending upon
the content of the D-form component or the L-form component
contained in the polylactic acid-based resin. Specifically,
the crystallinity of a polylactic acid-based resin to be
obtained decreases as the content of the less optical isomer
of the D-form component or the L-form component contained in
the polylactic acid-based resin increases, and eventually the
resin will become amorphous.

[0005]

As a method for producing a polylactic acid-based resin
foam-molded article by causing polylactic acid-based resin
foamed particles to foam, in-mold foam-molding has been
proposed. The above-mentioned in-mold foam-molding is a
method for producing a polylactic acid-based resin foam-molded

article having a desired shape in which polylactic acid-based
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foam pressure of the polylactic acid-based resin foaned particles. [0006]
Specifically patent docunment 1 discloses a resin conposition prepared by
agi ng under given conditions the resin conposition obtained by

i ncorporating a polyisocyanate conpound having an isocyanate group of > 2
equi valents/nol into a polylactic acid having an L-formto D-form nol ar
ratio of from 95/5 to 60/40 or from40/60 to 5/95, in an anount of 0.5 to
5% by wei ght based on the polylactic acid, and causing themto react. In
addition, it discloses that particles are produced fromthe aforenentioned
resin conp6sihi §ramehePpatiicérss agee filhsdedmited Wl a ar¢aiify agent and a
foamng aid, the resulting foamable particles are prelimmnarily foaned to
produce prpellydagaricl acfidaledeparesthesoamad paet pebés mraridated ouirtdd
particles are filled into a nold and then are foaned to form a nol ded
article wat heatdasdtead, shaph. af0R6T7] wiloeever , st dwen pot gy | et ¢ reemi d-daks ed
resin constituting the resin conposition has a nolar ratio of the optical

i somer  CemROAGShe @fpalte di-dh ik ofud teh Dhdrdda twhighey @lodet HeaSBy tife 3 5
nmol % or nore, and the polylactic acid-based resinis lowin crystallinity

or anor ph B%ma?}_eis§u%_orofi %h@e?blm%i&ti@%%id—m%re@c Yeirf fRIlRM article
obtained fromthis resin conposSition has insufficient heat resistance, i.e.,
about 500pa§%i%3%%2 whi ch has caused problens in practical use.

[0006]

Specifically patent document 1 discloses a resin
composition prepared by aging under given conditions the resin
composition obtained by incorporating a polyisocyanate
compound having an isocyanate group of > 2 equivalents/mol into
a polylactic acid having an L-form to D-form molar ratio of from
95/5 to 60/40 or from 40/60 to 5/95, in an amount of 0.5 to 5%
by weight based on the polylactic acid, and causing them to react.
In addition, it discloses that particles are produced from the
aforementioned resin composition, the particles are
impregnated with a foaming agent and a foaming aid, the
resulting foamable particles are preliminarily foamed to
produce preliminarily foamed particles, and the preliminarily
foamed particles are filled into a mold and then are foamed to
form a molded article with a desired shape.

[0007]

However, the polylactic acid-based resin constituting

the resin composition has a molar ratio of the optical isomer

component of the L-form or the D-form, whichever is less, of



[0008] In the above nethod, it is considered to use, as the polylactic

aci d-based resin for constituting the resin conposition, a highly
crystalline polylactic acid-based resin in which the nolar ratio of the

| ess optical isomer of the L-form or the Dformis 5 nols or |ess. However,
since particles of the above resin conposition are inpregnated with a
foam ng agent to formfoanable particles and the foanable particles are
prelimnarily foamed by being heated, crystallization of the polylactic

aci d-based resin proceeds due to the heat added during the prelimnary
foani ng pPowed§. onsnare esand theh@olprleldtdicnacidy bhsafedepart 181 LW okt ai ned
becone prelimnarily foaned particles wth high crystallinity degree, so
t hat the chysitedlioddiyngrproperthpushersbfisdetoen dmthesit Tesrisftarese. t here
has been a problemw th a nolded article obtained using such prelimnarily
f oaned pamhedlegsridhata tlea G¥d iadtd d1e | dimedrectmanitdals stgsingt h due to its
| ow fusion bonding property. [0009] Moreover, although prelimnarily foaned

particles . é;"‘lt’l'd?ﬂ%éé'%ﬁéd@ﬁ %{éa\{‘xﬁ Heeld §e§gFtQﬁcﬁbtf"é‘ed aBbul §h§o°d’f

above- menti 0 met ho S net as a problemthat” the pro uctivity is

| ow becaugg 'nFosr CaUI:8% gafasst %‘%%% e@rﬁse 19{5‘%% gte:Lst].r & resin

conposi tion, a step es vm a foam ng agent
andafoar’r[lo %633 foll owed by prellmnarllyfoamngthe resul ting foanable
particles. rE)[ 10]

In the above method, it 1s considered to use, as the
polylactic acid-based resin for constituting the resin
composition, a highly crystalline polylactic acid-based resin
in which the molar ratio of the less optical isomer of the L-form
or the D-form is 5 mol% or less. However, since particles of
the above resin composition are impregnated with a foaming agent
to form foamable particles and the foamable particles are
preliminarily foamed by being heated, crystallization of the
polylactic acid-based resin proceeds due to the heat added
during the preliminary foaming process. As a result, the
preliminarily foamed particles obtained become preliminarily
foamed particles with high crystallinity degree, so that the
fusion bonding property thereof deteriorates. Therefore,
there has been a problem with a molded article obtained using
such preliminarily foamed particles that the article is low in
mechanical strength due to its low fusion bonding property.
[0009]

Moreover, although preliminarily foamed particles

containing relatively fine cells can be obtained by the



Furt hernore, patent document 2 discloses a nethod for continuously
produci ng bi odegradabl e pol yester-based resin prelimnarily foaned
particles wherein in producing prelimnarily foamed particles for in-nold
nol ding froma bi odegradabl e pol yester-based resin, the biodegradable

pol yester-based resin and a foam ng agent are kneaded with an extruder and
extruded in the formof a foamed strand, and the foanmed strand is cut to
obtain prelimnarily foanmed particles. It also discloses that as a nethod
for cutting the foaned strand, so-called hot cutting system in which a
strand un@d®ovEoaehitgones aethakl.| ¢hisi Agtdedl das @ pretdiemedhaiartdyy aph
[0030]). [0011] In the above-nentioned conti nuous production nethod,
however, sgirodecaistitgndsi dosubeafuists iponrteicon nes eh dtap afr gashdudiseed as
described in paragraph [0030], there is a fear that a cut section of the
strand mapakalilcliest eremcoadistimobohpekietiibn, s&td iz088epfof alntsreyraatedippsed. As
aresult, the resulting prelimnarily foanmed particles have had a problem

that foampg pgasiksednlitl £36aREnk agrhhentdly $66hiAGSaLd, @l owexposed on
5 their surfaces and therefore they arée lowin foam ng property. [0012]

Fur t her no L. m ihky F2ane rti aktpided, A4 strand
have anot %Sfr p%iegﬁh%%%&t}ytfﬁ% cr S'F[%Zﬁ ir%sfﬁ?t grfltgjt;%L (ﬁ%%o l;}glsétase'r - based
resin con Qk%#ﬁing the prelimnarily foaned particles has increased because

t hey have been cooled forcibly, and, as a result, the thermal fusion

Furthermore, patent document 2 discloses a method for
continuously producing biodegradable polyester-based resin
preliminarily foamed particles wherein in producing
preliminarily foamed particles for in-mold molding from a
biodegradable polyester-based resin, the biodegradable
polyester-based resin and a foaming agent are kneaded with an
extruder and extruded in the form of a foamed strand, and the
foamed strand is cut to obtain preliminarily foamed particles.
It alsodiscloses that as a method for cutting the foamed strand,
so-called hot cutting system, in which a strand under foaming
is cut while being cooled is preferred (paragraph [0030]).
[0011]

In the above-mentioned continuous production method,
however, since a strand is cut at its portion which has already
foamed as described in paragraph [0030], there is a fear that
a cut section of the strand may fall into a condition that cut
sections of cells are exposed. As a result, the resulting
preliminarily foamed particles have had a problem that foaming

gas is apt to escape from the cut sections of cells exposed on



bondi ng property will be deteriorated. [0013] Patent docunent 3 discloses a

nmet hod for producing foamable polylactic acid particles by which foaned
particles excellent in noldability and thernmal fusion bonding property can
be obtained. This production nethod is a nethod in which resin particles
having a calorific value in differential scanning calorinetry of 15 J/g or
nore are inpregnated with carbon di oxi de under particular conditions.

[ 0014] However, since the calorific value in differential scanning
calorinmetry is 15 J/g or nore, the polylactic acid resinis lowin

cryst al | i nitei raggrifecessamditdiamione aresi®f dmcéoaming PropeF Yy a heat
resisting tenperature of about 80C. [0015] Moreover, since the gas pressure
appl i ed whgmoldsin particles are inpregnated with carbon dioxide is 0.5 to
10 MPa, 6 there has been arisen a problemthat crystallization of the

polyl actic aci d mpRiratrRetr bRgltihenbiRNe0Pcahed wRirdiha dLsbaaipadtbel es
w th carbon dioxide so that the thermal fusion bonding property of the

resul ting d & %erﬂn@chla%eashetha%rbk@b@éml gndetené Oéfiggaﬁmni@yﬁt
f oamabl e polylac ic acid particles becone flat, so that the foam ng

property t&&gf%ﬁ 3¥|ﬂhetﬁ5fvg§¥éfuﬁgégh iéggéﬂconstltutlng the

preliminarily foamed particles has increased because they have
not been cooled forcibly, and, as a result, the thermal fusion
bonding property will be deteriorated.

[0013]

Patent document 3 discloses a method for producing
foamable polylactic acid particles by which foamed particles
excellent in moldability and thermal fusion bonding property
can be obtained. This production method is a method in which
resin particles having a calorific value in differential
scanning calorimetry of 15 J/g or more are impregnated with
carbon dioxide under particular conditions.

[0014]

However, since the calorific value in differential
scanning calorimetry is 15 J/g or more, the polylactic acid
resin is low in crystallinity and is insufficient in heat
resistance, i.e., having a heat resisting temperature of about
80°C.

[0015]
Moreover, since the gas pressure applied when resin

particles are impregnated with carbon dioxide is 0.5 to 10 MPa,



Pat ent docunent 1: JP-A 2000-17038 Patent docunment 2: JP-A 2002- 302567

Pat ent docunent 3: JP-A 2003-73495 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO
BE SOLVED BY THE | NVENTI ON [0017] The present invention provides polylactic
aci d-based resin foamed particles for in-nmold foam nol ding fromwhich a
pol yl actic aci d-based resin foam nol ded article having good appearance and
bei ng excellent in heat resistance and nmechani cal strength can be obtai ned
by in-nold foamnol ding, and a nethod for producing the sanme, as well as a
met hod for _ producing a polylactic acid-based resin foamnolded artjcle

usi ng t he HISremat i FRY PotSAAR iRTARIeM b FE¥FRat bhfRbLOParti Eles for

i n-nmold foam nol ding. 7 MEANS FOR SOLVI NG THE PROBLEM [0018] The nethod for
produci ng polylaetic aatidpsaseddsediningone dingaradnd tekort @f thenpedin
foam nol ding includes a step of feeding a polylactic acid-based resin which
contai ns hmitticopdsd calth soameben &idxide m sodtlant Lefer themsatofigsiodnent
nononmer conponents, and the content of one of the optical isoners, the

D-form or pdedind osrapabt¢heF efhé Sré €85t ihgi Pahg5Be t BaNy ba sl & ac ol
contains only one of optical isoners, a Dformor an L-form as a

constituent, PPNOTRE LOMPONERLorh @ AR exhitdesaridle MBbivkaeadingcifge
pol yl acti c aci d-based resin in the presence
particles become flat, so that the foaming property thereof will
be deteriorated.
[0016]
Patent document 1: JP-A 2000-17038

Patent document 2: JP-A 2002-302567

Patent document 3: JP-A 2003-73495

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED. BY THE INVENTION
[0017]

The present invention provides polylactic acid-based
resin foamed particles for in-mold foam-molding from which a
polylactic acid-based resin foam-molded article having good
appearance and being excellent in heat resistance and
mechanical strength can be obtained by in-mold foam-molding,
and a method for producing the same, as well as a method for
producing a polylactic acid-based resin foam-molded article
using the aforementioned polylactic acid-based resin foamed

particles for in-mold foam-molding.



of a foam ng agent, a step of extruding the polylactic acid-based resin
extrudate through a nozzle die attached to the front end of the extruder,
cutting the polylactic acid-based resin extrudate with a rotary bl ade
rotating at a rotation rate of 2000 to 10000 rpmin contact with the front
end surface of the nozzle die while allow ng the polylactic acid-based
resin extrudate to foamto produce polylactic acid-based resin foaned
particles, and scattering the polylactic acid-based resin foanmed particles
by cutting stress, and a step of causing the polylactic acid-based resin

f oaned paWE%@ﬁefoﬁoSQMWLN&EE%%MHRQBL@Mcool|ng menber provided forward of
the nozzle die to cool. [0019] First, a producing apparatus is described
which is u®edslfor the production of ponIactic aci d- based resin foanmed 8
particles. In Fig. 1, 1 denotes a nozzle die attached to the front end of

an extruder. Thithenaezihodiferd preicdmapl® idcaitse ddidamdal maptid orm fine
cells through extrusion-foam ng of a polylactic acid-based resin. Moreover,

a pluralitppdlecOpah@tis1 ekl foklin-mo16f fBQ%ﬂn@idi‘h? farmegeatae &f stances
on an imaginary circle Ain a front end surface l'a of a nozzle die 2 as

i"ustfatg%é&lrfg% p?o 1%@% 7z & fig iy gges!lsn fwﬁlaabecdo ;flﬁ&eoé{r?nt end of

the extru I'sS Tnot cu arly restrict unless ctic acid-based
resin foans the nozzle Ies of the nozzle
Gie 115 PRACAIEIONSE o B TRGRNT FoFAELYTS Yo RO" éﬁ&eBEr‘P?%?fP%lﬂ §
pref er abl ycomponents, and the content of one of the optical isomers, the
D-form or the L-form, whichever is less, being less than 5 mol%,
or contains only one of optical isomers, a D-form or an L-form,
as a constituent monomer component, into an extruder and
melt-kneading the polylactic acid-based resin in the presence
of a foaming agent, a step of extruding the polylactic
acid-based resin extrudate through a nozzle die attached to the
front end of the extruder, cutting the polylactic acid-based
resin extrudate with a rotary blade rotating at a rotation rate
of 2000 to 10000 rpm in contact with the front end surface of
the nozzle die while allowing the polylactic acid-based resin
extrudate to foam to produce polylactic acid-based resin foamed
particles, and scattering the polylactic acid-based resin
foamed particles by cutting stress, and a step of causing the
polylactic acid-based resin foamed particles tocollide against
a cooling member provided forward of the nozzle die to cool.
[0019]
First, a producing apparatus is described which is used

for the production of polylactic acid-based resin foamed



8 to 50 because if the nunber is excessively small, the production
efficiency of polylactic acid-based resin foaned particles decreases,
whereas if it is excessively large, polylactic acid-based resin extrudates
whi ch are extrusion-foaned through adjacent nozzles may cone into contact

wi th each other to unite together or polylactic acid-based resin foaned
particles obtained by cutting the polylactic acid-based resin extrudates
may be unite together. [0021] The dianeter of the outlet 11 of a nozzle in
the nozzle die 1 is preferably 0.2 to 2 mm nore preferably 0.3 to 1.6 mm
and parti ®aradic)esref Erablyg- 0L 4 & dencrempebeegase fiejitiachedcersihrely
smal |, the extrusion pressure may becone 9 excessively high and, as a

resul t, ittrnoay &edofeadiektirader .t oThperfaranedieusi pnefeaabhg badwarsas if it
is excessively large, polylactic acid-based resin foaned particles conme to
have a | drgeadi asehelinafichm abirge ledlls theomght exbaveianr edunedgf bk la ng
property into a nold. [0022] The shear rate of a polylactic acid-based resin

at the owdigti otk i@f ;21 8083kE4Ired e Negzledire 4 diidiefer gl to
30000 sec-1, ‘nore preferably 2000 to 25000 sec-1, "and particularly

D ofer S 400 L 2000 BTSSR ded b S B SIn e
decr case qr, PAIVLAPHG AL 4 93980 e-L881 DnhOBTBHaRE" 1L obES: TRY Y S foar ¢
2 as illustrated in Fig. 2. The nozzle die which is attached
to the front end of the extruder is not particularly restricted
unless a polylactic acid-based resin foams in the nozzle.
[0020]
The number of the nozzles of the nozzle die 1 is preferably
2 to 80, more preferably 5 to 60, and particularly preferably
8 to 50 because if the number is excessively small, the
production efficiency of polylactic acid-based resin foamed
particles decreases, whereas if it is excessively large,
polylactic acid-based resin extrudates which are
extrusion-foamed through adjacent nozzles may come into contact
with each other tounite together or polylactic acid-based resin
foamed particles obtained by cutting the polylactic acid-based
resin extrudates may be unite together.
[0021]
The diameter of the outlet 11 of a nozzle in the nozzle
die 1 is preferably 0.2 to 2 mm, more preferably 0.3 to 1.6 mm,

and particularly preferably 0.4 to 1.2 mm because if it is

excessively small, the extrusion pressure may become



excessively large, fracture may occur and, as a result, it may be
i npossi ble to perform extrusion-foam ng stably. [0023] The shear rate at the
outlet 11 of a nozzle of the nozzle die refers to one cal cul ated based on
the following fornula: Shear rate (sec-1) = 4xQ (nr3) It is noted that Q
is a volunme extrusion rate (cnB/sec) of a polylactic acid-based resin,
provided that when Qis calculated froma nass extrusion rate (g/sec), the
density of the polylactic acid-based resinis set to be 1.0 g/cnB, and r is
the radius (cm of the nozzle. [0024] 10 In order to reduce fracture, the

| engt h of exdesrd visdit Pdah apdy hes mpZA8di e 1 Maypbereraplyt#1¢wl 80 i nes as
| arge as the diameter of the outlet 11 of a nozzle of the nozzle die 1, and
nore pref @ealflornbexprreionnéeamsnargeerens Ad ot direerrespbivhey andet 11 of
a nozzle of the nozzle die 1. This is because if the length of the |Iand
porti on ofpcAyieztlie dicd d-Sesrwml lreysim foomguhphasan dled otk anetlervefa t he
outlet of a nozzle of the nozzle die, fracture may occur and, as a result,

it may be ligHResak AhetettaR@l fa@r B @xduiLs] im0l Hs babbiucwhef EBBihdg t he
| ength of the land portion of a nozzle die is larger in conparison to the

di anet er & Qutsh gty of @ npzzle of the nozzle die, an excessively high
pressure ﬁ%xﬁﬂ%t§§51iéh to the nozzle die and, as a result, it may be

inpossibIqdﬁﬁéfnforn1extrusion-foaning. [ 0025]

The shear rate of a polylactic acid-based resin at the
outlet 11 of a nozzle in the nozzle die 1 is preferably 1000
to 30000 sec™®, more preferably 2000 to 25000 sec™, and

particularly preferably 3000 to 20000 sec™’

because if it 1is
extremely small, the expansion ratio of polylactic acid-based
resin foamed particles may decrease or polylactic acid-based
resin foamed particles may have coarse cells, whereas if it is
excessively large, fracture may occur and, as a result, it may
be impossible to perform extrusion-foaming stably.

[0023]

The shear rate at the outlet 11 of a nozzle of the nozzle
die refers to one calculated based on the following formula:
Shear rate (sec™) = 4xQ/ (nr?)

It is noted that Q is a volume extrusion rate (cm’/sec) of a
polylactic acid-based resin, provided that when Q is calculated
from a mass extrusion rate (g/sec), the density of the

polylactic acid-based resin is set to be 1.0 g/cm’, and r is

the radius (cm) of the nozzle.

[0024]

10
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In the region surrounded by the outlets 11, 11 ... in the front end surface
la of the nozzle die 1 is provided with a rotary shaft 2 while projecting
forward, and the rotary shaft 2 penetrates a front portion 4la of a cooling
drum 41 constituting a cooling nenber 4, described later, and is connected
to a driving menber 3, such as a notor. [0026] Furthernore, one or a
plurality of rotary blades 5, 5 ... are provided integrally on the outer
peri pheral surface of the rear end portion of the rotary shaft 2, and al
the rotary blades 5 fall, when rotate, into a state where they are al ways
in contact 11 [n-gydewnitichrefuceriorciande siheatengbhoif ehéand Rt idire 1.
Wen a plurality of the rotary blades 5, 5 ... are provided integrally on
t he rotarypfshhétn@zzke pliw al i s \prodEfatmbIwtdacy bl ddesesbasblarge as etaa r anged
at equal distances along the circunferential direction of the rotary shaft

2. I'n Figdidneted basthat®gk Bsc 1anefexanprele shsheerelkodter Df amd bl ades
5 5 ... are provided integrally on the peripheral surface of the rotary

shaft 2. JQQ@27)ekbrb$1608f {gWEd sRd Rat 16Rg e akatHebhfgRSt&r S the CAN
nove on an imaginary cifcle A on which outlets 11, 11 ... of nozzles are

f or med V\’hiolu(%ll%%i Egoﬁg}’%@:‘éﬂé% fgﬁ% L501Lhe; { ront arh%dié)‘:k%ér%&é o7 the

nozzl e die€e and c ‘aci ase resin extrudates e ed t'’hrough

the outl ets thebb o Shel Dna"g52kS8:088 BoYE1 848858, Yl A s

comparison to the diameter of the outlet of anozzle of thenozzle
die, fracture may occur and, as a result, it may be impossible
to perform extrusion-foaming stably, whereas if the length of
the land portion of a nozzle die is larger in Comparison to the
diameter of the outlet of a nozzle of the nozzle die, an
excessively high pressure may be applied to the nozzle die and,
as a result, it may be impossible to perform extrusion-foaming.
[0025]

In the region surrounded by the outlets 11, 11 ... in the
front end surface la of the nozzle die 1 is provided with a rotary
shaft 2 while projecting forward, and the rotary shaft 2
penetrates a front portion 4l1a of a cooling drum 41 constituting
a cooling member 4, described later, and is connected to a
driving member 3, such as a motor.

[0026]

Furthermore, one or a plurality of rotary blades 5, 5 ...
are provided integrally on the outer peripheral surface of the
rear end portion of the rotary shaft 2, and all the rotary blades

5 fall, when rotate, into a state where they are always in contact

11



[ 0028] Mbreover, a cooling nenber 4 is provided so that at |east the front
end portion of the nozzle die 1 and the rotary shaft 2 will be surrounded
t hereby. This cooling nmenber 4 has a cylindrical bottomed cooling drum 41
that has a front portion 4la with a circular shape |arger in dianeter than
the nozzle die 1 and a cylindrical peripheral wall portion 41b which

ext ends backward fromthe peripheral edge of the front portion 4la. [0029]
Wil e exanples of the material which fornms the cooling 12 nenber 4 include
metal s, synthetic resins and woods, nmetals are preferable in view of

pr ocessabmiithy .t heurfaloinlti tepdarschr fdiaseisi afalthec awwzehe dreprg nihalsa i ron and
alum num are nore preferable in view of processabylity and performance.

[ 0030] Furtheamdns, of rtlee pathriynbld@eper,i pher alarwapropddedamdralofy t he
cooling drum 41 which corresponds to the outside of the nozzle die 1, a

feedi ng pent tAdcrddry @@diFRd2 8 £o0Lirad ikyOsf AheAZotsri s TRge s that it may
penetrate between the inner peripheral surface and the outer peripheral

A R s U

|hauid 42 Joto e, 0oL ind dTUR, Ao 0031 16 s8PPEr BLUR I o POt LguEd SO
one example a case where four rotary blades 5, 5 ... are provided
integrally on the peripheral surface of the rotary shaft 2.
[0027]

It is configured so that the rotary blades 5, 5 ... can
move on an imaginary circle A on which outlets 11, 11 ... of
nozzles are formed while being always in contact with the front
end surface la of the nozzle die 1 and polylactic acid-based
resin extrudates extruded through the outlets 11, 11 ... of the
nozzles can be cut successively and continuously.

[0028]

Moreover, a cooling member 4 is provided so that at least
the front end portion of the nozzle die 1 and the rotary shaft
2 will be surrounded thereby. This cooling member 4 has a
cylindrical bottomed cooling drum 41 that has a front portion
41a with a circular shape larger in diameter than the nozzle
die 1 and a cylindrical peripheral wall portion 41b which
extends backward from the peripheral edge of the front portion
41a.

[0029]

While examples of the material which forms the cooling
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42 can be fed through the feeding pipe 41d obliquely forward along the

i nner peripheral surface of the peripheral wall portion 41b of the cooling
drum 41. The cooling liquid 42 runs forward spirally along the inner

peri pheral surface of the peripheral wall portion 41b of the cooling drum
41 by a centrifugal force acconpanying the flowrate at the tine of feeing
the liquid into the inner peripheral surface of the peripheral wall portion
41b of the cooling drum 41 through the feeding pipe 41d. Moreover, the
apparatus is_configured so that the cooling |iquid 42 may spread gradually
in the di Pedbesnt 13 PeriseRarelfarsy-igfel ¢ GRALRG A OO05h BeFrhg 1%
running along the inner peripheral surface of the peripheral wall portion
41b and, pastigrebdel in view wiePrpecisHiRd1dll tyur Cag@bafl ithe a9k i pheral  wal
portion 41b extending forward fromthe feeding port 41c of the cooling drum
41 can bedioeesednedtacebyaeyt h Anvngoetahg, drnquadd4Zunfitifir&hmemool i ng
liquid 42 is not particularly restricted as long as it can cool polylactic
aci d- basegrigeiraviieaned viait ioH @5 oy @xanphesid eradormgldele water and

al cohol. I'n view of treatnent after use, water is preferred. [0033] On the
under surf@agap9f the front end portion of the peripheral wall portion 41b
of the cooling drum41 is fornmed a discharging port 4l1e while penetrating

between the i nngy,. (RRLHANE AlnWpLaee AUt for ol 6Fa P ANGERL s ST ASE: and

of the cooling drum 41 which corresponds to the outside of the
nozzle die 1, a feeding port 41lc for feeding a cooling liquid
42 is formed so that it may penetrate between the inner
peripheral surface and the outer peripheral surface. To the
outer opening portion of the feeding port 41c of the cooling
drum 41 is connected a feeding pipe 41d for feeding the cooling
liquid 42 into the cooling drum 41.
[0031]

The apparatus is configured so that the cooling liquid
42 can be fed through the feeding pipe 41d obliquely forward
along the inner peripheral surface of the peripheral wall
portion 41b of the cooling drum 41. The cooling ligquid 42 runs
forward spirally along the inner peripheral surface of the
peripheral wall portion 41b of the cooling drum 41 by a
centrifugal force accompanying the flow rate at the time of
feeing the liquid into the inner peripheral surface of the
peripheral wall portion 41b of the cooling drum 41 through the
feedingpipe 41d. Moreover, the apparatus is configured so that

the cooling liquid 42 may spread gradually in the direction

13



di schargi ng pi pe 41f is connected to the outer opening portion of the
di scharging port 4le so that polylactic acid-based resin foaned particles
and the cooling liquid 42 can be discharged continuously. [0034] Next, the
pol ylactic acid-based resin to be used in the present invention will be
described. As to the polylactic acid-based resin to be used in the present
invention, a commercially avail able polylactic acid-based resin can be
used, 14 and specifically, it can be obtained by copolynerizing D-lactic
acid and L-lactic acid as nononers, or polynerizing either one of D lactic
acid and LRGERANEL GEIaF 58 ENBHBRERT ST HERD FEAIRG 1D FyWMELNS A4CBSe or
two or nore |actides selected fromthe group consisting of D-|actide,
L-1 acti de el iDhelraeeT teherny suydladeaef ithapedibhssd Llrest h peay lse fised.
[0035] In the preparation of a polylactic acid-based resin, in a case where
a D-form and aasla tesmlar, et hus é dneaged heph esa hemafercs, of wienpé hepheonpbdr ti on
of one of the optical isoners, the Dform or the L-form whichever is |ess,

is less tham b gadisiordra W ekt it roN & ofwadidl ifgah thenteedant pert o1can
L-form is used as a nononer, that is, when the polylactic acid-based resin

contai ns kot hyQPLLERE NG SPNERE 91 éai%}ﬁ@rc@v%&%daénﬁlié‘wlwféh tERNELLT YR
nononmer conponents thereof, and the content of one ©f the optical iSoners,

t he D-for f @e } form mhlchever is less, is less than 5 nmol % or when
t he pol yl actic aci'd- based

[0032]

The cooling liquid 42 is not particularly restricted as
long as it can cool polylactic acid-based resin foamed particles
and examples thereof include water and alcohol. In view of
treatment after use, water is preferred.

[0033]

On the under surface of the front end portion of the
peripheral wall portion 41b of the cooling drum 41 is formed
a discharging port 4le while penetrating between the inner
peripheral surface and the outer peripheral surface, and a
discharging pipe 41f is connected to the outer opening portion
of the discharging port 41e so that polylactic acid-based resin
foamed particles and the cooling liquid 42 can be discharged
continuously.

[0034]

Next, the polylactic acid-based resin to be used in the
present invention will be described. As to the polylactic
acid-based resin to be used in the present invention, a

commercially available polylactic acid-based resin can be used,

14



resin contains only one optical isomer, a Dformor an L-form as a
constituent nononer conponent, the resulting polylactic acid-based resin
conmes to have a high crystallinity and, as a result, cones to have a high
melting point. On the other hand, when a D-formand an L-form are used

t oget her as nononers, wherein the proportion of the D-formor the L-form
whi chever is less, is 5 nmol%or nore, the crystallinity of the resulting
pol yl actic acid-based resin lowers and the resin will 15 eventually becone
anor phous as the |l ess optical isomer increases. [0036] Therefore, in the
present i mrshspenifscasen. dtpobplkepbtaiacidbhases lyasia 2Wmioch- LaptdFns bot h
optical isoners, a DDform and an L-form as constituent nononmer conponents,
and t he czamﬁideahdom—ba]etbdz ddiel ayst noabmessnerss potllymelrifzdmm eithbhe drdé or m

whi chever is |less, being less than 5 nol% or a polylactic acid-based resin

whi ch contgH ps188tYcone Pphiaal ldsoiebciad adafsrdmer Abrlr 10§ Mpasing
constituent nononer conponent. Use of such a polylactic acid-based resin

can meke nes éﬁgzlr%bﬁlea&} kGoash ﬁho%spadcﬂf&é@ skaaeRd apeF &ih (Elh%sgf'&!(l? hi gh
heat reS|stance Mor eover, as the polylactic acid-based Tes

obtai ned by, 4k sgeaqlp@g&fzwfa&%eanﬂ 049 d 048I NG, 25, KD g@@grlyr}gm 9

polynerlzatlon act1 ¢ aci d-based resin tal ned o]
nononer s kbaowyrigacatlpcro Colré_lé)anseog t he, opt i C%el soner,

resin may use
[0035]

In the preparation of a polylactic acid-based resin, in
a case where a D-formand an L-formare used together as monomers,
when the proportion of one of the optical isomers, the D-form
or the L-form, whichever is less, is less than 5 mol%, or when
any one of optical isomer, a D-form or an L-form, is used as
a monomer, that is, when the polylactic acid-based resin
contains both optical isomers, a D-form and an L-form, as
constituent monomer components thereof, and the content of one
of the optical isomers, the D-form or the L-form, whichever is
less, is less than 5 mol%, or when the polylactic acid-based
resin contains only one optical isomer, a D-form or an L-form,
as a constituent monomer component, the resulting polylactic
acid-based resin comes to have a high crystallinity and, as a
result, comes to have a high melting point. On the other hand,
when a D-form and an L-form are used together as monomers,
wherein the proportion of the D-form or the L-form, whichever
is less, is 5 mol% or more, the crystallinity of the resulting

polylactic acid-based resin lowers and the resin will
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the Dformor the L-form whichever is less, of less than 4 nmol o is
preferable, a polylactic acid-based resin obtained by polynerizing nononers
having a proportion of the optical isomer, the Dformor the L-form

whi chever is less, of less than 3 nold is nore preferable, and a polylactic
aci d- based resin obtained by polynerizing nononers having a proportion of
the optical isonmer, the Dformor the L-form whichever is |less, of less 16
than 2 nol % is particularly preferable. [0038] That is, a polylactic
aci d- based resin which contains both optical isoners, a D-formand an
L-form asventsiiltlye e comen@merpdomsomenttdie dist s loptdarstleritsafeone of t he
optical isoners, the Dformor the L-form whichever is less, being |l ess

t han 4 noliedreapeef.erabl e, a polylactic acid-based resin which contains
both optical isoners, a DDformand an L-form as constituent nononer
conponent spopar’d the content of one of the optical isoners, the D-formor
the L-form whichever is less, being less than 3 nol%is nore preferable,

and a polyl acti gphacirdyRased iesihwanghi £0BH2E BS p@h@e@psiﬁ&\i¥ihag@£%s, a

D-form and an L-form as constituent nononmer conponents, and cont ent

f f t t] i t . - i is |

bei g 1 as &t B o b BT Fen G0 i BLOh orfSira T 3 Bhner APV S 1 o5°
aci d- based resin of taining a D-f.grm _.and an L-form as consti&¥qﬂi nononer
component $0% AR HdiTdl A& Propdrtditn MANTHE SHTRAICT Sondie (He D f of m or

the L-form , ,
content of one of the optical isomers, the D-form or the L-form,

whichever is less, being less than 5 mol%, or a polylactic
acid-based resin which contains only one optical isomer, a
D-form or an L-form, as a constituent monomer component. Use
of such a polylactic acid-based resin can make resulting
polylactic acid-based resin foamed particles have high heat
resistance.

[0037]

Moreover, as the polylactic acid-based resin obtained by
using a D-form and an L-form together as monomers for
polymerization, a polylactic acid-based resin obtained by
polymerizing monomers having a proportion of the optical isomer,
the D-form or the L-form, whichever is less, of less than 4 mol%
is preferable, a polylactic acid-based resin obtained by
polymerizing monomers having a proportion of the optical isomer,
the D-form or the L-form, whichever is less, of less than 3 mol%
is more preferable, and a polylactic acid-based resin obtained
by polymerizing monomers having a proportion of the optical

isomer, the D-form or the L-form, whichever is less, of less
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whi chever is | ess, beconmes smaller, the higher the nelting point as well as
the crystallinity of the polylactic acid-based resin becones. Therefore,
the heat resistance of a foamnolded article obtained by filling foaned
particles into a nold and foamng themalso increases and it is possible
that the foamnolded article can maintain its shape even at high 17
tenperatures. It, therefore, becones possible to take out a foam nol ded
article still at a high tenperature froma nold, which |eads to reduction
in acooling tine of a foamnolded article in a nold and can al so increase
t he effi cit&aay 20fmolfkodm pelrdedudatilyl @rpfedwdtlicon. [ 0040] The content of a
D-formor an L-formin a polylactic acid-based resin can be neasured by the
fol | owi ng [getikod. The polylactic acid-based resin is freeze-pulverized and
200 ng of a powder of the polylactic acid-based resinis fed into an

Erlenneyer flaskythen, 30 &ﬂ%c%l%Na%q@e%%eaolﬂgsu@lnv@fl&p@dfmalmédr oxi de
is added to the Erlenmeyer f ask. The polylactic acid-based resin is

O ool SR FRIPLELS LI BEBLE05% 5 AP s ohaking (e Sl s (1 ask

et a2 A LR e RO g (S L e T

Hlask. L e e nd B P A 12002 i e e P28 E 4 "hYES A 4°
than 4 mol% is preferable, a polylactic acid-based resin which
contains both optical isomers, a D-form and an L-form, as
constituent monomer components, and the content of one of the
optical isomers, the D-form or the L-form, whichever is less,
being less than 3 mol% is more preferable, and a polylactic
acid-based resin which contains both optical isomers, a D-form
and an L-form, as constituent monomer components, and the
content of one of the optical isomers, the D-form or the L-form,
whichever is less, being less than 2 mol% is more preferable.
[0039]

As to a polylactic acid-based resin containing a D-form
and an L-form as constituent monomer components, the smaller
the proportion of the optical isomer, the D-form or the L-form,
whichever is less, becomes smaller, the higher the melting point
as well as the crystallinity of the polylactic acid-based resin
becomes. Therefore, the heat resistance of a foam-molded
article obtained by filling foamed particles into a mold and

foaming them also increases and it is possible that the

foam-molded article can maintain its shape even at high
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m menbrane filter, followed by analysis by the use of liquid chromatograph.
Based on the resulting chart, the amounts of the D-formand the L-formare
calculated by using the area ratio determned fromthe areas of the peaks
derived fromthe D-form and the L-formas a presence ratio. A procedure the
sanme as 18 that described above is repeated five tines, and the anounts of
the resulting Dformand the L-formare arithnetically averaged,
respectively, and the results are used as the amounts of the D-formand the
L-form of the polylactic_acid-based resin, respectively. [0042] HPLC

i nst r unentePPRgadTEeRr onht ogtRAPRF L OTConPRFCTSF FRFRIPIPU208PIWE t3/pe
systent manufactured by Jasco Corporation Colum: Comrercial nane

" SUM CHI RApamABOdded( 216 ifnax 250 1amit nanki gl t teraele byt Goei keorche M,

Anal ysis Service, Ltd. Columm tenperature: 25C. Mbbile phase: M xed

sol uti on ehiziMlegdeous selduidtdmnofin GUSOblamgy 2-ipreopenel flosuemisiesbl ut i on
of CuS®»4 : 2-propanol (volune ratio) = 95:5) Mobile phase flowrate: 1.0

m/mn Dekeetiene Wh254 mdNdl RIneC idadn admlnincrdd g8 e idfeis i driAf
Pol yl acti c aci d-based resin foaned particles are produced by

ext rusi on+QaIRd JeAC eHdiNG YrsauRe yractic acid-based resin constituting
the polylactic acid-based resin
[o040]

The content of a D-form or an L-form in a polylactic
acid-based resin can be measured by the following method. The
polylactic acid-based resin is freeze-pulverized and 200 mg of
a powder of the polylactic acid-based resin is fed into an
Erlenmeyer flask. Then, 30 ml of a 1N aqueous solution of sodium
hydroxide is added to the Erlenmeyer flask. The polylactic
acid-based resin is dissolved completely by heating at 65°C
while shaking the Erlenmeyer flask. Then, a 1N hydrochloric
acid is supplied to the Erlenmeyer flask to neutralize and
thereby a decomposition solution with a pHof 4 to 7 is prepared,
followed by adjustment to a given volume using a measuring
flask.

[o041]

Next, the decomposition solution is passed through a 0.45
pm membrane filter, followed by analysis by the use of liquid
chromatograph. Based on the resulting chart, the amounts of the
D-form and the L-form are calculated by using the area ratio

determined from the areas of the peaks derived from the D-form

and the L-form as a presence ratio. A procedure the same as
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formed particles is preferably adjusted so that the nelting point (np) of

the polylactic acid-based resin and the tenperature T at an intersection of
a storage nodulus curve and a | oss nodulus curve obtained by a dynamc

vi scoel asticity 19 neasurenent, will satisfy the followng formula 1:
(Melting point (np) of the polylactic acid-based resin - 40C) <
(tenperature T at the intersection) < Mlting point (np) of the polylactic
aci d-based resin ... Formula 1 [0044] Here, the storage npdul us obtained by
a dynam c viscoelasticity neasurenent is an index which represents an

el astic prtdpdr Opsardhgd pooyel ast FePeresdahdive st dhes ndend vikie Pmewpresent s
the magni tude of the elasticity of a cell filmin a foamng process. It is
an i ndex wfi dher eprsedeaniirgy tthefonmmgmia ude df- faamayre ssurtdimsciesshary f or
expandi ng against the shrinking force of a cell filmin a foam ng process.
[ 0045] Thatrdragdd, tepetetageynuthd theobéabnesl sy tibed dahecamounts

viscoel asticity measurenent of a polylactic acid-based resin is low, a

force withmphgh Efcﬁ%{ bnfidra Lt E8Smick SHEIPH POAHNRE acaR-8haRgatd P force is
smal | when the cel | f|In1|s elongated, and a foaning filmis elongated

easily du é%a ssure needed for the production of polylactic

aci d- base r sin d particles, and as a result, the cell filmis

el ongat ed “ﬁ¥%ﬁ55|vely, resulting in occurrence of cell breakage. On the
ot her hand, %t he storage nodul us obtai ned by the dynam c

HPLC instrument (liquid chromatograph) : Commercial name
"PU-2085 Plus type system" manufactured by Jasco Corporation

Column: Commercial name "SUMICHIRAL OA5000" (4.6 mmdpx250
mm) manufactured by Sumika Chemical Analysis Service, Ltd.

Column temperature: 25°C.

Mobile phase: Mixed solution of 2mM agueous solution of
CuSO, and 2-propanol
(Aqueous solution of CuSO, : 2-propanol (volume ratio) = 95:5)

Mobile phase flow rate: 1.0 ml/min

Detector: UV 254 nm

Injection amount: 20 microliters
[0043]

Polylactic acid-based resin foamed particles are
produced by extrusion-foaming. Accordingly, a polylactic
acid-based resin constituting the polylactic acid-based resin
formed particles is preferably adjusted so that the melting
point (mp) of the polylactic acid-based resin and the
temperature T at an intersection of a storage modulus curve and

a loss modulus curve obtained by a dynamic viscoelasticity
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vi scoel asticity nmeasurenent of a polylactic acid-based resin is high, a
shrinking force of the cell film against elongation is |arge when an

el ongation force is applied to the cell film 20 and even if cells have
expanded once due to the foam pressure needed for the production of
pol yl actic acid-based resin foaned particles, cells shrink as the foam
pressure decreases with time due to tenperature reduction or the like.

[ 0046] Mbreover, the | oss nodul us obtained by the dynamc viscoelasticity
measurenment is an index which represents a_viscosity-Ilike property anong
vi scoel astiegistiresead Widgr esdrisE vt by ifddavipnoformela ¥4 1min a foam ng
process. It is an index which represents a tolerant range within which the
cell fil m(omlthiegepongat édpwidthale potgkbnyianmsciviilchsad sesirepr €880t s t he
ability of a cell having been expanded to a desired size by the action of

f oam pressunechperaioiai 1 it Sehd iraferdiatedqandesetelihgspaent| 0AgY]offhat is,
if the | oss nodul us obtained by the dynam c viscoelasticity neasurenent of

a pol yl actdhe apjid1kagad rRsid bdsed Msit cell Hddnly eaks easily when the
cell filmis elongated by the foam pressure needed for the production of
pol yl acti ¢ gpaGid- based resin foanmed particles. On the other hand, if the
| oss nodul us obtai ned by the dynam c viscoelasticity neasurenent of a

poLyISet < 20 9300 B LAY Qe [T NS D % SRR 1700
viscoelasticity measurement 1s an index which represents an
elastic property among viscoelasticities and is an index which
represents the magnitude of the elasticity of a cell film in
a foaming process. It is an index which represents the
magnitude of foam pressure necessary for expanding against the
shrinking force of a cell film in a foaming process.

[0045]

That is, if the storage modulus obtained by the dynamic
viscoelasticity measurement of a polylactic acid-based resin
is low, a force with which a cell film tries to shrink against
an elongation force is small when the cell film is elongated,
and a foaming film is elongated easily due to foam pressure
needed for the production of polylactic acid-based resin foamed
particles, and as a result, the cell film is elongated
excessively, resulting in occurrence of cell breakage. On the
other hand, if the storage modulus obtained by the dynamic
viscoelasticity measurement of a polylactic acid-based resin

is high, a shrinking force of the cell film against elongation

is large when an elongation force is applied to the cell film,
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as a result, it becones difficult to elongate the cell film snoothly during
the production of polylactic acid-based resin 21 foaned particles and it
beconmes difficult to expand cells. [0048] Thus, in producing polylactic
aci d- based resin foamed particles by foam ng a polylactic acid-based resin,
the polylactic acid-based resinis required to have an elastic force for

el ongating noderately w thout causing breakage of cell filns due to foam
pressure necessary for obtaining polylactic acid-based resin foaned
particles, that is, the storage nmodulus, and it preferably has a viscous
force for agwoevehyiél onbhsilmyve wixdandedbosgle diecebl the| heamrressute
foamng force and for namintaining cells having expanded to a desired size
at the si zeedegghoditésspobddetiense pblidant pressid-asdedresie, fodreedi s, the
| oss nmodul us. [0049] In other words, it is preferable that a polylactic

aci d- basegar@Sidl dtgscyal yemruk ableef bsarpiredsues-dosre g yhtikh tBtpect to
both the storage nodulus and the | oss nodulus in an extrusion-foam ng step.

By adj ustiqg the tte%rda&raaéuyee redfct@bn IdY qnRectign of a storage nodul us
curve and a | oss nmodul us curve both obtained by a dynam c viscoelasticity

measur ene %f a polylactic acid-based resin (the tenperature may be
0046 s . .
referred 0 as a "tenperature T at an intersection of a storage nodul us

d I dul " d |t i.nt f _th
pol Yl acti ¢ act dHSHE e ot d Tl AL e CRnLt U e ahamd '

viscoelasticity measurement is an index which represents a
viscosity-1like property among viscoelasticities and
represents the viscosity of a cell film in a foaming process.
It is an index which represents a tolerant range within which
the cell film can be elongated without breaking and which also
represents the ability of a cell having been expanded to a
desired size by the action of foam pressure to maintain itself
at the expanded cell size.

[0047]

That is, if the loss modulus obtained by the dynamic
viscoelasticity measurement of a polylactic acid-based resin
is low, a cell film breaks easily when the cell film is elongated
by the foam pressure needed for the production of polylactic
acid-based resin foamed particles. On the other hand, if the
loss modulus obtained by the dynamic viscoelasticity
measurement of a polylactic acid-based resin is high, foaming
force is converted into thermal energy by the cell film and,
as a result, it becomes difficult to elongate the cell film

smoothly during the production of polylactic acid-based resin
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following fornmula 1, preferably formula 2, in order to inpart 22 the

st orage nodul us and the | oss nodulus suitable for extrusion-foamng to the
polylactic acid-based resin in an extrusion-foamng step, it is possible to
render the storage nodulus and the |oss nodulus of the polylactic

aci d-based resin suitable for extrusion-foam ng and thereby nake the
extrusi on-foam ng property of the polylactic acid-based resin good while
bal ancing the noduli and it is possible to produce polylactic acid-based
resin foaned particles stably [0050] [Melting point (np) of the polylactic
aci d- based 9agich paUg)lesc anrk derkacAmee ST G el hiled seepanh Q@ﬁ%l ting
point (np) of the polylactic acid-based resin ... Formula 1 [0051]

[ Mel ting plao#s8](np) of the polylactic acid-based resin - 35C] <_
Tenperature T at the intersection < [Melting point (np) of the polylactic
aci d-based resi mhusl,0Gn .prodarimyg a2 52 c el d-easosd Wysin fisanme@f er abl e
to make an adjustnent so that the tenperature T at an intersection of a

st orage mMygiliiso1 ML Bk Phd 05 SodDFLE disi € W vEs b9t fe @bt ab ned biyea dynamic
vi scoel asticity measurenment of a polylactic acid-based resin and the

oo b PR USROS 150 R LS Tt S ST
for elongating moderately without causing breakage of cell
films due to foam pressure necessary for obtaining polylactic
acid-based resin foamed particles, that is, the storage modulus,
and it preferably has a viscous force for smoothly elongating
without breaking cell films due to the foaming force and for
maintaining cells having expanded to a desired size at the size
regardless of decrease of foam pressure with time, that is, the
loss modulus.

[0049]

In other words, it is preferable that a polylactic
acid-based resin has values suitable for extrusion-foaming with
respect to both the storage modulus and the loss modulus in an
extrusion-foaming step. By adjusting the temperature T at an
intersection of a storage modulus curve and a loss modulus curve
both obtained by a dynamic viscoelasticity measurement of a
polylactic acid-based resin (the temperature may be referred
to as a "temperature T at an intersection of a storage modulus
curve and a loss modulus curve") and the melting point (mp) of

the polylactic acid-based resin so that they may satisfy the

following formula 1, preferably formula 2, in order to impart
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23 First, if the tenperature T at an intersection of a storage nodul us
curve and a | oss nodul us curve both obtained by a dynam c viscoelasticity
measurenent of a polylactic acid-based resin is nore than 40C | ower than
the nelting point (np) of the polylactic acid-based resin, the bal ance of
the loss nodulus and the storage nodulus is | ost because the | oss nodul us
of the polylactic acid-based resin at the tine of extrusion-foamng is
excessively large in conparison with the storage nodulus. [00541 Then, if a
foanlng force suitable to the | oss nodulus of a polylactic acid-based
resin, i.&he sthsagengobodee iamd dhef diomst yroduling waliiadelssifiar of the
polylactlc aci d-based resin, is used, the foamng force is so |large for the
el astic Fateasdont-Heapdng act itm@a@crlyti@mdcr egiid-theate c edds ifri |ins dor eak and
cel |l breakage occurs and, as a result, good polylactic acid-based resin
foamed palkikit¢hes ceafieimibe ehbkpined. i sCopyeibRkytoi ferdéparte s o odpe

suitable to the storage nodulus of a polylactic acid-based resin, i.e., a
foam ng fafeR1uy 28QHHY m)gg M&ﬁlﬂé‘%feiﬁétﬁoq'ytl)é&flé Qela%xgéetfésm
aci d-based resin, is used, the foamng force’is small for the viscous force

of the polyl:;ack % af(grd re?%ﬂ%m%'fﬁ@g%%dgﬂ*ﬁ%ﬁ% a@figibased resin is

hard to foan1an to obtain good

pol yl acti C %?u%l%%sqi%armelsﬂgnpfrg%g‘% v ggrtthedpeo"iylactic acid-based resin

good while balancing the moduli and it is possible to produce
polylactic acid-based resin foamed particles stably .

[0050]

[Melting point (mp) of the polylactic acid-based resin - 40°C]
< Temperature T at the intersection < Melting point (mp) of the
polylactic acid-based resin ... Formula 1

[0051]

[Melting point (mp) of the polylactic acid-based resin - 35°C]
< Temperature T at the intersection < [Melting point (mp) of

the polylactic acid-based resin - 10°C] ... Formula 2
[0052]

The reason why it is preferable to make an adjustment so
that the temperature T at an intersection of a storage modulus
curve and a loss modulus curve both obtained by a dynamic
viscoelasticity measurement of a polylactic acid-based resin
and the melting point (mp) of the polylactic acid-based resin
may satisfy the foregoing formula 1 is described in detail
below.

[0053]
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[0055] If the tenperature T at an intersection of a storage nodulus curve
and a | oss nodul us curve both obtained by a dynam c viscoelasticity
measurenent of a polylactic acid-based resin is higher than the nelting
point (np) of the polylactic acid-based resin, the balance of the |oss
nodul us and the storage nmodulus is lost simlarly to the above description
because the storage nodulus of the polylactic acid-based resin at the tine
of extrusion-foam ng is excessively large in conparison with the |oss

nodul us. [0056] Then, if a foamng force suitable to the storage nodul us of
a pol ylactic aciFdxis&sed fr édien temperatarfeodhiaty afroricd snseadardorafi tay with t he
elasticity of the polylactic acid-based resin, is used, the foamng force

i s so | argaedragd hedvlscoesrveonnd af lbhe poliylasttereeibtiasdct azsed t hat
cell films break and cell breakage occurs and, as a result, good polylactic

aci d- baseghy esidyrigared ipaidd 1S Ganaeairahtainest Lowerspityicif a

foamng force suitable to the loss nodulus of a polylactic acid-based

resing & A0 0at T £8 odke CANROIMEA YoULEIL NS (SROSEENaGlodhe

pol yl acti ¢ aci d-base Fesin, Ts use oami ng force i's s _
oL 3500 9088 o o R LR IR B! PG SHRI IF o gl ot
as, the foamng fores decreases Wil L1re ke BEc202 (98 bhs ddalREe™s
of the polylactic acid-based resin at the time of
extrusion-foaming is excessively large in comparison with the
storage modulus.
[0054]
Then, if a foaming force suitable to the loss modulus of
a polylactic acid-based resin, i.e., a foaming force in
conformity with the viscosity of the polylactic acid-based
resin, is used, the foaming force is so large for the elastic
force of the polylactic acid-based resin that cell films break
and cell breakage occurs and, as a result, good polylactic
acid-based resin foamed particles cannot be obtained.
Conversely, if a foaming force suitable to the storage modulus
of a polylactic acid-based resin, i.e., a foaming force in
conformity with the elasticity of the polylactic acid-based
resin, is used, the foaming force is small for the viscous force
of the polylactic acid-based resin and the polylactic
acid-based resin is hard to foam and, as a result, it becomes
difficult to obtain good polylactic acid-based resin foamed

particles.
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aci d- based resin foamed particles. [0057] Exanples of the nethod for nmaking
an adjustnent so that the tenperature T at an intersection of a storage
nodul us curve and a |oss nodul us curve both obtained by a dynamc

vi scoel asticity measurenent of a polylactic acid-based resin and the
melting point (np) of the polylactic acid-based resin nmay satisfy the
foregoing formula 1 include a nethod in which the weight average nol ecul ar
wei ght of a polylactic acid-based resin to be obtained is adjusted by
adjusting a reaction tine or a reaction tenperature in the polynerization
to a pol yl[®®55d aci d-based resin because the tenperature T at an
intersection of a storage nodul us curve and a | oss nodul us curve both

obt ai ned by a dynahec tengeoeltastd d tat reasurterreric tafora qiolay | sstedtagge

aci d-based resin beconmes higher as the weight average nol ecul ar wei ght of

the pol yl addha actdrbased 4 a99k hoen Bas eauirvditbth oitbhedd By Whiphahhe wei ght
average nol ecul ar weight of a polylactic acid-based resin Is adjusted by

the use of, . &élla@‘tqwt rme%ls‘ifr%%%ﬂtmé'fng ﬁa@maégier&?& galgéagresm
ext rusi on- foanlng Here, the nelting point (np) a polylactic

i 11 oront 14 "okt cZﬁhﬁa?l.e ?Ttg%ﬂlﬁé o L*P&Eﬂ@ﬁgaﬁ%@?%ac. Toased resin

i s conduct ed, accor dance JIS Krl121 and a era ure of a
fusi on pea{:}gﬁ]rh é%‘?ﬁjtrf’ngérﬁs(]?a&ﬁ% f]’cgh 'loss moduleung) é

storage modulus is lost similarly to the above description
because the storage modulus of the polylactic acid-based resin
at the time of extrusion-foaming is excessively large in
comparison with the loss modulus.

[0056]

Then, if a foaming force suitable to the storage modulus
of a polylactic acid-based resin, i.e., a foaming force in
conformity with the elasticity of the polylactic acid-based
resin, is used, the foaming force is so large for the viscous
force of the polylactic acid-based resin that cell films break
and cell breakage occurs and, as a result, good polylactic
acid-based resin foamed particles cannot be obtained.
Conversely, if a foaming force suitable to the loss modulus of
a polylactic acid-based resin, i.e., a foaming force in
conformity with the viscosity of the polylactic acid-based
resin, is used, the foaming force is small for the elastic force
of the polylactic acid-based resin and even if the polylactic
acid-based resin is foamed once due to the foaming force, cells

will shrink as the foaming force decreases with time and, as
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is set to be the nelting point (np) of the polylactic acid-based resin. It
is noted that if there are a plurality of tenperatures of fusion peaks, the
hi ghest tenperature is used. [0059] The tenperature T at an intersection of
a storage nodulus curve and a | oss nodul us curve both obtained by a dynam c
vi scoel asticity measurenent of a polylactic acid-based resin is one
nmeasured by the follow ng procedure. First, polylactic acid-based resin
foamed particles are obtained in the sane procedure as that for producing
pol yl actic acid-based resin particles except for adding no foam ng agent.
[0060] Thed gostSHdet i i REPI e F sl hatr® i PRI O I RHBYRFE1S hours at
80C under a reduced pressure of 9.33x104 Pa. The polylactic acid-based
resin partdci@&paged piasoh e wangich?ate heated at a tenperature which
is 40 to 50C higher than the nelting point of the polylactic acid-based
resin constdainl ng the polylactic acid-based resin particles and they are

| eft over 5 m nutes under a nitrogen atnosphere to be nolten. [0061] Next,

a plane circul argxmaste Pl e hef m@bhaw f£or dhaEifran iasljpistpangd soagHausi ng
this press plate, the polylactic acid-based resin on the neasuring plate is

pressed vergd ¢ape 2t rlat Be Oheéancer bohwiel dherLpPeiRd wsurhages of
the press plate and the neasuring plate beconmes 1 mm After renoval of the

pol ylacti ¢, 3¢i d- PASEnE &S s W £ NBSE 5 Y57 B0 § ULy f £ OBVLDR:

viscoelasticity measurement of a polylactic acid-based resin
and the melting point (mp) of the polylactic acid-based resin
may satisfy the foregoing formula 1 include a method in which
the weight average molecular weight of a polylactic acid-based
resin to be obtained is adjusted by adjusting a reaction time
or a reaction temperature in the polymerization to a polylactic
acid-based resin because the temperature T at an intersection
of a storage modulus curve and a 1loss modulus curve both obtained
by a dynamic viscoelasticity measurement of a polylactic
acid-based resin becomes higher as the weight average molecular
weight of the polylactic acid-based resin increases, and a
method in which the weight average molecular weight of a
polylactic acid-based resin is adjusted by the use of a
thickener or a crosslinking agent before or during
extrusion-foaming.
[0058]

Here, the melting point (mp) of a polylactic acid-based
resin is one measured by the following procedure. That is, a

differential scan calorimetric analysis of a polylactic

26



peri phery of the press plate, the sanple is left over 5 mnutes. [0062]
Then, a dynam c viscoel asticity neasurenent of the polylactic acid-based
resin is perfornmed under conditions including a strain of 5% a frequency
of 1 rad/sec, a tenperature reduction rate of 2C/ m n, and a neasurenent
interval of 30 seconds, whereby the storage nodul us and the | oss nodul us
are neasured. Next, a storage nodulus curve and a | oss nodulus curve are
drawn while the tenperature is the abscissa and the storage nodulus and the
| oss nodul us are each the ordinate. In draw ng the storage nodul us curve
and the | esddrbdgledsresinvé,s compdsored ivahoesradnaeanttht §I8&CH Bt Her8 based on
the nmeasurenent tenperature are connected by a straight line. [0063] The

t enper at ueedlaate@peratersest iofuaficn peakadge thdutesul cimyeDshdwartess

nmodul us curve can be obtained by being read fromthe aforenenti oned graphs.

It is noted tbatcobenidifelst agage MDAl So £ Wheepandl hBeibassi dshlddts curve
intersect at a plurality of points, the highest tenperature anong the

i ntersecti of r %B eis
set to berié%sém"'t e%ggr%%ﬁggaitﬂa%dgﬁ%ﬁﬁ%r%%?@n&%%izﬁﬁétfor ageé%otdlﬁﬂl%ésf curve

and a | OS%ET%Q:]%Ii%% g)léra\kes.'" % [qol%gl@sg %m&)ee%ecrualteuries['{l tc%_a_n intersection of
a storage nodulus urve ‘and a S modul us curve bot h "obtai ned by a dynam c
vi scoel astﬂ'o%iStg)i measur enent can be measured using a dynam c

The temperature T at an intersection of a storage modulus
curve and a loss modulus curve both obtained by a dynamic
viscoelasticity measurement of a polylactic acid-based resin
is one measured by the following procedure. First, polylactic
acid-based resin foamed particles are obtained in the same
procedure as that for producing polylactic acid-based resin
particles except for adding no foaming agent.

[0060]

The polylactic acid-based resin particles are dried over
3 hours at 80°C under a reduced pressure of 9.33x10® Pa. The
polylactic acid-based resin particles are put on a measuring
plate heated at a temperature which is 40 to 50°C higher than
the melting point of the polylactic acid-based resin
constituting the polylactic acid-based resinparticles and they
are left over 5 minutes under a nitrogen atmosphere to be molten.
[0061]

Next, a plane circular press plate of 25 mm in diameter
is prepared, and using this press plate, the polylactic

acid-based resin on the measuring plate is pressed vertically
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vi scoel asticity measuring device comrercially avail able under the
commerci al nane "DynAl yser DAR-100" fromthe Reologica Instrunents A B.

[ 0065] The aforenentioned polylactic acid-based resin is fed to an extruder
and nelt-kneaded in the presence of a foam ng agent, and then a polylactic
aci d-based resin extrudate is extrusion-foanmed through the nozzle die 1
attached to the front end of the extruder. [0066] The aforenenti oned
extruder is not particularly restricted if it is an extruder having
conventional |y been used and exanples thereof include a single screw

ext ruder, uatiw phes¢fevprse Mefereeihdhe orrgeFnexsrudaresopd e ss
plurality of extruders |linked together. [0067] As the foam ng agent, one
whi ch haspdaneeahdotat Ipedneninggeldhties heswmheand ermanpheset herrewfal ndfl ude
chem cal foam ng agents, such as azodi car bonam de,

di ni t r osopeetEEEy hytenetetidabaied hydi azay ¢h bashomase ged and £ soditie
bi carbonat e; and physical foam ng agents, e.g., 29 saturated aliphatic

hydrocarb 1 ph 88 tHLPRBSs Jrii aRBe sdmORMLANE: £ A-RRM 8RB RAPeNt ane
and hexangg§é hggg, sucﬁggs %ngthyl e?ﬁ%r, ne#hylechloride, .

chIorofIUﬁ%%%g ns, such as 1,1,1,2-tetrafl uoroethane, 1,1-difluoroethane
and nonochl oraodi fl uor onet hane, carbon di oxi de and nitrogen.

Then, a dynamic viscoelasticity measurement of the
polylactic acid-based resin is performed under conditions
including a strain of 5%, a frequency of 1 rad/sec, a temperature
reduction rate of 2°C/min, and a measurement interval of 30
seconds, whereby the storage modulus and the loss modulus are
measured. Next, a storage modulus curve and a loss modulus
curve are drawn while the temperature is the abscissa and the
storage modulus and the loss modulus are each the ordinate. In
drawing the storage modulus curve and the loss modulus curve,
measured values adjacent to each other based on the measurement
temperature are connected by a straight line.

[0063]

The temperature T at an intersection of a storage modulus
curve and a loss modulus curve can be obtained by being read
from the aforementioned graphs. It is noted that when the
storage modulus curve and the loss modulus curve intersect at
a plurality of points, the highest temperature among the
intersections of the storage modulus curve and the loss modulus
curve is set to be the "temperature T at an intersection of a

storage modulus curve and a loss modulus curve."
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D net hyl ether, propane, n-butane, isobutane and carbon dioxide are

pref erabl e, propane, n-butane and i sobutane are nore preferable, and

n- but ane and i sobutane are particularly preferable. [0068] As to the
anount of the foam ng agent fed into the extruder, if it is excessively
small, it may be inpossible to foam polylactic acid-based resin foaned
particles to a desired expansion ratio, whereas if it is excessively |arge,
since the foanm ng agent acts as a plasticizer, it nay be inpossible to
obtain good pol yl acti c aci d-based resin foaned particles because of
decrease iI9064d vi scoel asticity of a polylactic acid-based resinin a
nolten state and resul tant decrease in foamng property, or it may becone
i npossi bl e to cdier pemparatergst aklamiing egegicds cduef teosnregeassdwbly hi gh
expansion ratio of polylactic acid-based resin foanmed particles. It is

t her ef or e qanefeeraatad . flloys Ghddulm s quarts dnthweigdinadriey prafreambd y from
0.2 to 4 parts by weight, and particularly preferably fromO0.3 to 3 parts

by wei ght <haged 10/ thQ0 thA mich S e t9dar0fod meeaosﬂxyé@qiéicngﬂca pasete resin.
30 [0069] While a cell regulator is preferably added to the extruder,

because Mt Gol a8l AES 580k ngsady (US| EAKIG 209 (81 1aB0bYASLS C

aci d-based resin foaned particles, 1t 1s p ble “to use a ce regul at or
whi ch Tai |30, BronoLe, e o 015l 1y 288 ik Ofo i PRLY) A5k e8] 85 Paged
Instruments A.B.
[0065]

The aforementioned polylactic acid-based resin is fed to
an extruder and melt-kneaded in the presence of a foaming agent,
and then a polylactic acid-based resin extrudate is
extrusion-foamed through the nozzle die 1 attached to the front
end of the extruder.

[0066]

The aforementioned extruder is not particularly
restricted if it is an extruder having conventionally been used
and examples thereof include a single screw extruder, a twin
screw extruder and a tandem extruder composed of a plurality
of extruders linked together.

[0067]

As the foaming agent, one which has conventionally been
used is used and examples thereof include chemical foaming
agents, such as azodicarbonamide,

dinitrosopentamethylenetetramine, hydrazoyldicarbonamide and

sodium bicarbonate; and physical foaming agents, e.g.,
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cell regulator, a polytetrafluoroethylene powder and a

pol ytetraf| uoroet hyl ene powder nodified with an acrylic resin are
preferred. [0070] As to the anpunt of the cell regulator fed into the
extruder, if it is excessively small, cells in polylactic acid-based resin
becone coarse, so that the appearance of the resulting polylactic

aci d-based resin foamnolded article nay be deteriorated, whereas if it is
excessively large, the closed cell ratio of the polylactic acid-based resin
foamed particles nmay decrease due to the occurrence of cell breakage during
the extr gsitorraftesiriodg pbfta cpbygiracairoonsi dsbabeds resepane t nsoutanrg ef ore
preferably fromO0.01 to 3 parts by weight, nore preferably fromO0.05 to 2
parts by Jveiofhitanand npaeniteniear hpoppneherabhyl herand, letbets pastchyaswei ght
based on 100 parts by weight of the polylactic acid-based resin. [0071] The

pol yl act i @iaritdnhasetharesinte @¥ilr Wddler e r udeibrdfinmghrddies haazdie die 1
enters a cutting step successively. 31 The cutting of the polylactic

aci d-baseq nresi n _@dddat g icetiReld ormed Py nehaldtihddedpt ary shaft 2 and
then rotating rotary blades 5, 5 ... provided on the front end surface |la

o Pool I LR AR LoD SR am At 10000
Dimethyl ether, propane, n-butane, isobutane and carbon dioxide
are preferable, propane, n-butane and isobutane are more
preferable, and n-butane and isobutane are particularly
preferable.

[0068]

As to the amount of the foaming agent fed into the extruder,
if it is excessively small, it may be impossible to foam
polylactic acid-based resin foamed particles to a desired
expansion ratio, whereas if it is excessively large, since the
foaming agent acts as a plasticizer, it may be imposgsible to
obtain good polylactic acid-based resin foamed particles
because of decrease in the viscoelasticity of a polylactic
acid-based resin in a molten state and resultant decrease in
foaming property, or it may become impossible to control the
crystallinity degree due to an excessively high expansion ratio
of polylactic acid-based resin foamed particles. It is
therefore preferably from 0.1 to 5 parts by weight, more
preferably from 0.2 to 4 parts by weight, and particularly
preferably from 0.3 to 3 parts by weight based on 100 parts by

weight of the polylactic acid-based resin.
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in contact with the front end surface la of the nozzle die 1, and the
pol yl actic aci d-based resin extrudate extrusion-foamed through the nozzle
die 1 is cut into polylactic acid-based resin foanmed particles in the air
at constant tine intervals by a shearing stress generated between the
rotary blades 5 and the end of the outlet 11 of a nozzle in the nozzle die
1. At this time, water nay be sprayed to the polylactic acid-based resin
extrudate unl ess the polylactic acid-based resin extrudate is cooled
excessively. [0073] In the present invention, a polylactic acid-based resin
is kept fH%@ﬁﬁBaning in the nozzle of the nozzle die 1. The polylactic

aci d-based resin has not foaned imedi ately after being discharged fromthe
outlet 11 of aWhdiZ# @ cefllthegubzizdre isdheeflcnaklphegdided to themntfudera slight
| apse of tinme frombeing discharged. Thus, the polylactic acid-based resin
ext r udat e bdcauzeMmesad «@fl lJaramilearoeds partt iaon d mediedtelnyg afdeatt bibing
extruded fromthe outlet 11 of a nozzle of the nozzle die 1 and 32 a

foam ng pgydivan miicChck 8-paBERGHONEN tF sk pafoaseds pard iigggr@f@ré{@ié?h was
extruded prior to the unfoaned portion and i1s foamng. [0074] The unfoaned

portion Midtalds, ideStARIBIEr BB AP £ X1 WedddRmd hgyout et 11 of a

nozzl e of the nozzle gins to e time during which

the unfoaned RO OfLe i h B M oIS SIR4 LAY Yakeh Desstor RXAURLE athe
cell requlator, a polytetrafluoroethylene powder and a
polytetrafluoroethylene powder modified with an acrylic resin
are preferred.
[0070]

As to the amount of the cell regulator fed into the
extruder, if it is excessively small, cells in polylactic
acid-based resin become coarse, so that the appearance of the
resulting polylactic acid-based resin foam-molded article may
be deteriorated, whereas if it is excessively large, the closed
cell ratio of the polylactic acid-based resin foamed particles
may decrease due to the occurrence of cell breakage during the
extrusion-foaming of a polylactic acid-based resin. It is
therefore preferably from 0.01 to 3 parts by weight, more
preferably from 0.05 to 2 parts by weight, and particularly
preferably from 0.1 to 1 part by weight based on 100 parts by
weight of the polylactic acid-based resin.

[0071]

The polylactic acid-based resin extrudate extruded

through the nozzle die 1 enters a cutting step successively.
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pressure at the outlet 11 of a nozzle of the nozzle die 1 and the anmount of
a foam ng agent. \Wen the resin pressure at the outlet 11 of a nozzle of
the nozzle die 1 is high, the polylactic acid-based resin extrudate keeps
an unfoaned state without foam ng inmediately after being extruded fromthe
nozzle die 1. The resin pressure at the outlet 11 of a nozzle of the nozzle
die 1 can be adjusted by the aperture dianeter of the nozzle, the extrusion
rate, the nmelt viscosity and the nelt tension of the polylactic acid-based

resin. It is possible to prevent the  polylactic acid-based resin from

f oani ng W P tiigid ehd-he P A Hnt UG g3 tT T B IRt Yudgtadi Bist i ng
the anbunt of the foam ng agent to a proper anmount. [0075] The extrusion
t enper at urpefortnies] dot yaiott inadihe basedry refs it (2 tdred tEhperoetaeing t he
polylactic acid-based resin at the tip of the extruder) is preferably a

t enper at urtghie bliagleslf,t® 50Cdricgtieled banthéef meht iyl pairfiacef 1hhef
polylactic 33 acid-based resin, nore preferably is a tenperature which is

15 to 45GHH ghefzithan ot heatred tddes o thtr Hfatliveh RYad@elti €roacbdobased
resin, and particularly preferably a tenperature which is 20 to 40C hi gher
t han thelﬁ%dddﬁkﬂmﬂnt of the polylactic acid-based resin. This is because
if the extrusion™ tenperature of a polylactic acid-based resin is |ow,
fracture @ﬁfﬂ%s, so that the resulting polylactic acid-based resin foaned
particl es easl & attach to each other, whereas if the extrusion tenperature

of a p0|y|aCtlczﬁﬁ!%}29%% a&%staagshé%ﬂkarotating while being always

in contact with the front end surface la of the nozzle die 1,
and the polylactic acid-based resin extrudate extrusion-foamed
through the nozzle die 1 is cut into polylactic acid-based resin
foamed particles in the air at constant time intervals by a
shearing stress generated between the rotary blades 5 and the
end of the outlet 11 of a nozzle in the nozzle die 1. At this
time, water may be sprayed to the polylactic acid-based resin
extrudate unless the polylactic acid-based resin extrudate is
cooled excessively.

[0073]

In the present invention, a polylactic acid-based resin
is kept from foaming in the nozzle of the nozzle die 1. The
polylactic acid-based resin has not foamed immediately after
being discharged from the outlet 11 of a nozzle of the nozzle
die 1 and begins to foam after a slight lapse of time from being
discharged. Thus, the polylactic acid-based resin extrudate
is composed of an unfoamed portion immediately after being

extruded from the outlet 11 of a nozzle of the nozzle die 1 and
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deconposition of the polylactic acid-based resin is pronoted and the
foam ng property and the open cell ratio of the resulting polylactic

aci d-based resin foamed particle are apt to decrease. [0076] Since all the
rotary blades 5 cut the polylactic acid-based resin extrudate while being
always in contact wwth the front end surface la of the nozzle die 1, the
polylactic acid-based resin extrudate is cut at the unfoaned part

i medi ately after being discharged fromthe outlet 11 of a nozzle of the
nozzle die 1, whereby polylactic acid-based resin foanmed particles are

pr oduced. ﬁ(ﬂ?ﬁﬂlnS'E@@téOBoWQFQEt}%:%Rﬂ?ﬂﬁﬂ§§€atﬁé§Pﬁ ERfPANGHPPELEAR at
its unfoamed portion, the resulting polylactic acid-based resin foaned
particl es draVevtricle e s et i wtedfPTedT st rcheainfeamed oxtyiprcard The
surfaces of the polylactic acid-based resin foaned particles are coated
entirely viddmimgki n | ayer having no cut sections of cells. The polylactic
aci d-based resin foaned particles, therefore, have excellent foam ng
property padghout |eaking of foam ng gas and is low in open cell ratio.

Mor eover, they are excellent in thermal fusion bonding property of their

surfaces. [0078]riihem RUNBGIA L A dhdased K151t foaned perdichesngre used
for in-nold foam nol ding, the thermal fusion bondi ng

extruded from the outlet 11 of a nozzle of the nozzle die 1 until
it begins to foam. The time during which the unfoamed portion
is maintained may be adjusted by, for example, the resin
pressure at the outlet 11 of a nozzle of the nozzle die 1 and
the amount of a foaming agent. When the resin pressure at the
outlet 11 of a nozzle of the nozzle die 1 is high, the polylactic
acid-based resin extrudate keeps an unfoamed state without
foaming immediately after being extruded from the nozzle die
1. The resin pressure at the outlet 11 of a nozzle of the nozzle
die 1 can be adjusted by the aperture diameter of the nozzle,
the extrusion rate, the melt viscosity and the melt tension of
the polylactic acid-based resin. It is possible to prevent the
polylactic acid-based resin from foaming within a mold and to
form an unfoamed portion surely by adjusting the amount of the
foaming agent to a proper amount.
[0075]

The extrusion temperature of the polylactic acid-based
resin ( the temperature of the polylactic acid-based resin at
the tip of the extruder) is preferably a temperature which is

10 to 50°C higher than the melting point of the polylactic
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property of the foaned particles is good and a polylactic acid-based resin
foam nol ded article obtained therefromis excellent in appearance w thout
havi ng surface unevenness and has excellent mechanical strength because the
surface of each polylactic acid-based resin foaned particle is forned of a
skin layer having no cut sections of cells exposed. [0079] Moreover, while
the rotary blade 5 is rotating at a fixed rotation speed as nenti oned
above, the rotation speed of the rotary blade 5is limted to 2000 to 10000
rpm preferably 3000 to 9000 rpm and nore preferably 4000 to 8000 rnp.

[ 0080] Thigsiids sesin, tihere pawf ¥hlhe 160t drsmift zafe1 B Waichwef 1% han
2000 rpm it is not possible to cut a polylactic acid-based resin extrudate
surely w tdo t4seCr bt ghgrbthde Bhandelasng pesnitt of 3hepobyldetitd caci d- based
resin foaned particles may unite with each other or the polylactic

aci d- basedgiesivadegnmee ipar tarel s r thisyu leedon rafmameabln & tegpefdifidd That
is also because if the rotation speed of the rotary blade 5 is higher than

10000 1 pmy;ifihe, fiQl Ioning Mo@bhggﬁe%r k$8n t};@em@lr{ﬁhgpggl35%nbifs thHaat the
cutting stress caused by the rofary blade becones greater and therefore the

e SRS b achiseac s esstsets fommekn i sntenns
fromthe Q:uetnlpeetraq:furae %%Zélfoﬂ/)f\gégig a?coioci-ibnaqse@r{‘be%ri'n is low, fracture
occurs, so that the resulting polylactic acid-based resin
foamed particles easily attach to each other, whereas if the
extrusion temperature of a polylactic acid-based resin is high,
decomposition of the polylactic acid-based resin is promoted
and the foaming property and the open cell ratio of the resulting
polylactic acid-based resin foamed particle are apt to
decrease.
[0076]

Since all the rotary blades 5 cut the polylactic
acid-based resin extrudate while being always in contact with
the front end surface la of the nozzle die 1, the polylactic
acid-based resin extrudate is cut at the unfoamed part
immediately after being discharged from the outlet 11 of a
nozzle of the nozzle die 1, whereby polylactic acid-based resin
foamed particles are produced.

[0077]
Since a polylactic acid-based resin extrudate is cut at

its unfoamed portion, the resulting polylactic acid-based resin

foamed particles have no cut sections of cells in their cut
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As a result, the tine fromthe cutting of the polylactic acid-based resin
extrudate to the collision of the polylactic acid-based resin foaned
particles with the cooling nenber beconmes shorter, so that the polylactic
aci d-based resin foaned particles foaminsufficiently, resulting in a | ow
expansion ratio of the polylactic acid-based resin foaned particles. The
second problemis that the lifetinmes of the rotary blade and the rotary
beconmes shorter because of increase in abrasion of the rotary blade and the
rotary shaft. [0082] The polylactic acid-based resin foamed particles

obt ai ned iswnfiseamannéhedesstfrped aborbeapelydartareacaddrhasgd &esfidrward by
a cutting stress produced by the rotary blade 5 concurrently with cutting
and col | i deamadedaatelcy)ew ahet teat8d emmiere hemipherabksorlager diavirg

peri pheral wall portion 41b of the cooling drum41. The polylactic

aci d- basehqg esith deeiieths o tdedlles. cahkl pae yilactaamadidi-balskey re@lin de with
the cooling drum4l1l, and the polylactic acid-based resin foanmed particles

have gr owrdsmed pbstiantdal knespherkCahasbapectt anghr o @G rop&P83] The
i nner peripheral "surface of the peripheral wall portion 41b of the cooling

drum 41 | i%&d#%%ﬁé%@ }SfV\@EE)QEnELHS m%gg%@g]gl gggﬁ qunfﬁpte ndat e pol yl actic

aci d-based resin foane particles ich co e i nner periphera
surt ace oyl e LRl L LyPRrL A ALeest L0k, SRS U un et

of their surfaces.

[0078]

When polylactic acid-based resin foamed particles are
used for in-mold foam-molding, the thermal fusion bonding
property of the foamed particles is good and a polylactic
acid-based resin foam-molded article obtained therefrom is
excellent in appearance without having surface unevenness and
has excellent mechanical strength because the surface of each
polylactic acid-based resin foamed particle is formed of a skin
layer having no cut sections of cells exposed.

[0079]

Moreover, while the rotary blade 5 is rotating at a fixed
rotation speed as mentioned above, the rotation speed of the
rotary blade 5 is limited to 2000 to 10000 rpm, preferably 3000
to 9000 rpm, and more preferably 4000 to 8000 rmp.

[0080]
This is because if the speed of the rotary blade 5 is lower

than 2000 rpm, it is not possible to cut a polylactic acid-based

resin extrudate surely with the rotary blade 5 and, as a result,
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resin foaned particles stops. Thus, since the polylactic acid-based resin
foamed particles are cooled with the cooling liquid 42 imrediately after
the polylactic acid-based resin extrudate is cut with the rotary bl ade 5,
the crystallinity degree of the polylactic acid-based resin formng the
pol yl actic acid-based resin foaned particle is prevented from i ncreasing
and the polylactic acid-based resin foaned particles are prevented from

f oam ng excessively. [0084] The polylactic acid-based resin foaned
particles, therefore, denonstrate excellent foam ng property and , excell ent
ther mal f PSIloH AR R PHdFaad) 166 ith-fRsaAned ek i/ MY Mrdgveritht is
possible to increase the heat 37 resistance of the polylactic acid-based
resin by iescteashay ehéhecposvaprtiartadcdddraredirasia poaprddract keles based
resin foaned particles at the time of in-nold foam nol ding, the resulting
pol yl act i enagcilbdeasedireesam ffroaatecbearti cl e has excel l ent heat resistance.
[0085] If the tenperature of the cooling liquid 42 is excessively |low, the
nozzl e di gdogagted in the vicinity of the cooling drum 41 is cool ed
excessively, so that a bad influence may appear in extrusion-foam ng of a

polylactic acid-hagedsr 8568 b dhRIEAS £ thel fol St L¥SeHMEE bhEhrotdBy

crystallinity degree of the polylactic acid-based resin formng the

Fﬁle?/LrZFt :c (l?sl%f)ar]ed?sbf’ss%qghre%si:ﬂaﬁ% PR | ChESTNRMEY Brafa R PRl the
The first problem is that the cutting stress caused by the rotary
blade becomes greater and therefore the initial speed of
polylactic acid-based resin foamed particles becomes higher
when the polylactic acid-based resin foamed particles are
scattered from the outlet of a nozzle toward a cooling member.
As a result, the time from the cutting of the polylactic
acid-based resin extrudate to the collision of the polylactic
acid-based resin foamed particles with the cooling member
becomes shorter, so that the polylactic acid-based resin foamed
particles foam insufficiently, resulting in a low expansion
ratio of the polylactic acid-based resin foamed particles. The
second problem is that the lifetimes of the rotary blade and
the rotary becomes shorter because of increase in abrasion of
the rotary blade and the rotary shaft.

[0082]
The polylactic acid-based resin foamed particles
obtained in the manner described above are scattered outward

or forward by a cutting stress produced by the rotary blade 5

concurrently with cutting and collide immediately with the
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bondi ng property of the polylactic acid-based resin foanmed particles my
decrease. It is therefore preferably 0 to 45C, nore preferably 5 to 40C,
and particularly preferably 10 to 35C. [0086] The crystallinity degree of
pol yl actic acid-based resin foanmed particles to be obtained is preferably
30% or less, nore preferably 3 to 280, and particularly preferably 5 to
26% The crystallinity degree of polylactic acid-based resin foanmed
particles can be adjusted by the tinme froma polylactic acid-based resin
extrudate is extruded fromthe nozzle die 1 and until the polylactic

aci d- basednnesi peT bpheda paFuyT 1@ oJ8LheI e HEPRe XAl ted lcportagn #4Ricf 42, and
the tenperature of the cooling liquid 42. [0087] The crystallinity degree
of pol yl achiec cacildnigasednr ¢3i. n THearedy ertic|asi ddmded cad i diandsy t he
following formula, based on the anbunt of heat of cooling crystallization
per 1 ngpanrtitchesagetbinat hedoaaf uhusiorhgercdl INPawashr ede W d eing
increasing the tenperature at a tenperature elevation rate of 10C/ mn in

accor danc e\t A1t hsnmrpdlgﬂr&ttmd a@rievsoae@dl PesdhSFédied Pttt Pes
differential scanning calorinmeter (DSC). [0088] [Num 1] Anmount of nount

of heat h%%%eoérown to a substantially spherical shape through foaming.
[0083]

The inner peripheral surface of the peripheral wall
portion 41b of the cooling drum 41 is coated entirely with the
cooling liquid 42, and the polylactic acid-based resin foamed
particles which collided with the inner peripheral surface of
the peripheral wall portion 41b of the cooling drum 41 are cooled
immediately and, thereby, foaming of the polylactic acid-based
resin foamed particles stops. Thus, since the polylactic
acid-based resin foamed particles are cooled with the cooling
liquid 42 immediately after the polylactic acid-based resin
extrudate is cut with the rotary blade 5, the crystallinity
degree of the polylactic acid-based resin forming the
polylactic acid-based resin foamed particle is prevented from
increasing and the polylactic acid-based resin foamed particles
are prevented from foaming excessively.

[0084]

The polylactic acid-based resin foamed particles,
therefore, demonstrate excellent foaming property and
excellent thermal fusion bonding property in in-mold

foam-molding. Moreover, it is possible to increase the heat

37



1 _— i

of fusion per 1 - cooling Crystallinity ng crystallizat x 100 degree (%
ion per 1 ng 93mJ/ng [0089] As to the bulk density of the polylactic

aci d-based resin foaned particles obtained in such a manner, if it is
excessively small, the open cell ratio of the polylactic acid-based resin
foamed particles increases, so that there is a fear that it may be

i npossible to inpart to the polylactic acid-based resin foanmed particles a
foam ng force required at the tine of foaming in in-nmold foam nolding,
whereas if it is excessively large, cells in the polylactic acid-based
resi n foamesipsenicel @t thedooby bielelic BedoimbasssleasiBdt hREreasipsiihaactic
aci d-based resin foaned particles at the tine of in-nold f oam nol di ng may
become i nsyktiadilent tindégneae mgf pheperlyladtic sctidebefseder pseheraamad 0. 02
to 0.6 g/cnB, nore preferably 0.03 to 0.5 g/cnB, and particularly

pref erabl pa@t@41e Grd4tbiectBme[OD9D) -rdEd opeam-aedlding ) ocld pedyltaiaig ©

aci d-based resin foaned particles is preferably |ess than 20% nore

pref er abl yo4Q%aek i d 86$4-BRdcBaFd s Ohll YA PLehaakl HaB%pEct BSSt hegause i f
it is excesSively high, the polylactic acid-based resin foam nol ded

articles Q@rqgﬁ eamin in-nold foam nol ding and the fusion bonding of the

. 1851 : . .
pol yl acti c aci ased resin foaned particles

[0085]

If the temperature of the cooling liquid 42 is excessively
low, the nozzle die located in the vicinity of the cooling drum
41 is cooled excessively, so that a bad influence may appear
in extrusion-foaming of a polylactic acid-based resin, whereas
if it is excessively high, the crystallinity degree of the
polylactic acid-based resin forming the polylactic acid-based
resin foamed particles becomes high, so that the thermal fusion
bonding property of the polylactic acid-based resin foamed
particles may decrease. It is therefore preferably 0 to 45°C,
more preferably 5 to 40°C, and particularly preferably 10 to
35°C.

[0086]

The crystallinity degree of polylactic acid-based resin
foamed particles to be obtained is preferably 30% or less, more
preferably 3 to 28%, and particularly preferably 5 to 26%. The
crystallinity degree of polylactic acid-based resin foamed
particles can be adjusted by the time from a polylactic
acid-based resin extrudate is extruded from the nozzle die 1

and until the polylactic acid-based resin foamed particles
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decreases, so that the nmechanical strength of the resulting polylactic

aci d-based resin foamnol ded article nay decrease. The adjustnent of the
open cell ratio of polylactic acid-based resin foanmed particles is
performed by adjusting the extrusion-foam ng tenperature of a polylactic
acid-based resin froman extruder, the anount of a foam ng agent fed to the
extruder, etc. [0091] The open cell ratio of polylactic acid-based resin
foamed particles is neasured in the follow ng procedure. First, a sanple
cup of an air conparison type specific gravimeter is prepared, and the

whol e wei §iol TAdegyish g yorking ddiigivaded anddihe Féélﬁﬁéaﬁé}ﬁfﬁ ef &'%f a
quantity filling up about 80% of 40 the sanple cup is neasured. Next, the
vol une B (coed)ingf ltilgmidmddl.e pol yl actic aci d-based resin foaned particles is
nmeasured by the 1-1/2-1 atnosphere nethod using the specific gravineter.

It is noteaogvdt an air conparison type specific gravinmeter is comrercially
avai l abl e, for exanple, under the commercial nane "Model 1000" from Tokyo

Sci ence Co., Ltend QQ?BLaTmQﬁ;Lt? SOGE b Y pIAYe a0k 1W 581 gaVE8ebSréx Bpar ed.
The container nade of wire gauze is imersed in water and the weight C (9g)

of the copiney yﬁf&h cqfesvv'cc—;@l Bé“églbﬂ1§t§5%9 eﬁebfa)fgowm@eféﬁﬁhw wat er

is measured. Nex e whol e portion of the polylactic acid-based resin

foamed Parl el pol LG bECnesonbe 0851 TRY% Ao th1 P 98H76n 3Ly e

cont ai ner

mg and the amount of heat of fusion per 1 mg measured while
increasing the temperature at a temperature elevation rate of

10°C/min in accordance with the measuring method provided in

JIS K7121 using a differential scanning calorimeter (DSC).

[0088]
[Num. 1]
Amount of
mount of heat heat of
of fusion per 1 - cooling
Crystallinity _ mg crystallizat 100
degree (%) - ion per 1 mg
93mJ/mg
[0089]

As to the bulk density of the polylactic acid-based resin
foamed particles obtained in such a manner, if it is excessively
small, the open cell ratio of the polylactic acid-based resin
foamed particles increases, so that there is a fear that it may
be impossible to impart to the polylactic acid-based resin
foamed particles a foaming force required at the time of foaming
in in-mold foam-molding, whereas if it is excessively large,

cells in the polylactic acid-based resin foamed particles
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is then inmmersed in water. The conbi ned weight D (g) of the container nade
of wire gauze and the polylactic acid-based resin foanmed particles in the
contai ner nade of wire gauze in a state that they are inmersed in water is
measured. [0093] Then, the apparent volune E (cnB) of the polylactic

aci d-based resin foaned particles is calcul ated based on the follow ng
formula, and the open cell ratio of the polylactic acid-based resin foaned
particles can be calculated by the followi ng fornula based on the apparent
volune E and the volune B (cnB) of the whole polylactic acid-based resin
foaned paittadingsl baheng singwerof s@ tdadf thatal e tslet acddbbasedigesidl E = A
+ (C- D) Open cell ratio (s) = 100x(E - B)/E [0094] The particle dianeter
of the polfdaastd paatidibaseadthest ime fodamedmpadtficdresnalslipremeyadidgoie 5 to
5.0 mm nore preferably 1. 0 to 4.5 mm and particularly preferably 1.5 to
4 mm becausgufiffi dilerits 16Xe6588i M€l yrSp@tty . t e fisathage poopastyf Ofals he
pol yl actic aci d-based resin foaned particles at the time of in-nold f

oam ol di ng gy JeLreasfm Whgreas pht relrabd yexcessicwely s bage, Lhg filling

property of the polylactic acid-based resin foamed particles into a nold at

(1 oh T APPSR, (3 CBSTE3% Q05 4o to the particle
[0090]

The open cell ratio of polylactic acid-based resin foamed
particles is preferably less than 20%, more preferably 10% or
less, and particularly preferably 5% or less because if it is
excessively high, the polylactic acid-based resin foam-molded
articles hardly foam in in-mold foam-molding and the fusion
bonding of the polylactic acid-based resin foamed particles
decreases, so that the mechanical strength of the resulting
polylactic acid-based resin foam-molded article may decrease.

The adjustment of the open cell ratio of polylactic acid-based
resin foamed particles is performed by adjusting the
extrusion-foaming temperature of a polylactic acid-based resin
from an extruder, the amount of a foaming agent fed to the
extruder, etc.

[0091]

The open cell ratio of polylactic acid-based resin foamed
particles is measured in the following procedure. First, a
sample cup of an air comparison type specific gravimeter is
prepared, and the whole weight A (g) of polylactic acid-based

resin foamed particles of a quantity filling up about 80% of
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resin foaned particles, the dianmeter of a polylactic acid-based resin
foanmed particle can be neasured directly with slide «calipers. Specifically,
the | ongest dianeter (major axis) and the shortest dianmeter (mnor axis) in
the cut surface of each polylactic acid-based resin foanmed particle are
measured, and the length in the direction perpendicular to the cut surface
in each polylactic acid-based resin foaned particle is neasured. The
arithnmetic mean value of the mgjor axis, the minor axis, and the |ength of
the polylactic acid-based resin foamed particle is defined as the particle
di amet er dfhe Hramls/ | @R jis mﬁﬁ&PmﬁéedNﬁé§hnth@aN@dUﬂ@rﬁ<ﬂQ3)4Qf[9896]
Pol yl actic aci d-based resin foaned particles obtained in such a manner are
filled i ntwhaleavilyyact ia avid-badednedigafedmedsmtthiatleshd spobgbacedc
aci d- based resin foamed particles are foanmed. The polylactic acid-based
resin foampdtpariir/es] ataospherebye fioedee i nsothdatoddie ffoograedipatéercl es are
fusi on-bonded together by their foam pressures, and the crystallinity

degree ofr¢ he pekkhachi€ AfidrbashBatesbi typd NPRAFAG ghSvAmeteH s It 1S
possible to obtain a polylactic acid-based resin” foamnolded article with a

ol St ance UTEUS T THE Ve G T - REATT T Lo BOPyI et (R RS B A Fesi
- . . ( pp ylacti c aci .ase resin
Loared par JUEASD [0 Pty RGB! ol 2ot B gyl ar Y restricied, and
[0092]

Then, a container made of wire gauze is prepared. The
container made of wire gauze is immersed in water and the weight
C (g) of the container made of wire gauze in a state of being
immersed in water is measured. Next, the whole portion of the
polylactic acid-based resin foamed particles is put into the
container made of wire gauze and the container made of wire gauze
is then immersed in water. The combined weight D (g) of the
container made of wire gauze and the polylactic acid-based resin
foamed particles in the container made of wire gauze in a state
that they are immersed in water is measured.

[0093]

Then, the apparent volume E (cm’) of the polylactic
acid-based resin foamed particles is calculated based on the
following formula, and the open cell ratio of the polylactic
acid-based resin foamed particles can be calculated by the
following formula based on the apparent volume E and the volume

B (cm’) of the whole polylactic acid-based resin foamed

particles. The volume of 1 g of water was set to be 1 cm’.
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and the |like besides steam It is preferable to use water of 60 to 100C.
This is because water is liquid and has great specific heat and it can
therefore give a | arge anount of heat necessary for foam ng of the

pol ylactic acid-based resin foanmed particles in the nold even if the
tenperature is low [0098] Therefore, it is possible to heat and foam
polylactic acid-based resin foanmed particles sufficiently w thout heating

t he polylactic acid-based resin foanmed particles too nmuch, and it is

possi ble to fusion-bond the polylactic acid-based resin 43 foaned particles
firmy togethex duect-o heir foam ng force wthout causing thernmal
shrinkage of the surface of the polylactic acid-based resin foaned

particl es s generated when) umﬂgoﬁgaammr Sfot air as a heating nmedium The
polylactic™ aci d-based resin foam nol ded article obtained has excell ent
mechani cal [3d ngth and is excellent in appearance. [0099] Since in-nold
foan}nnldlng can be perfornmed at a | ower pressure in conparison to use of

hi gh pressure st aegggtgg?cﬁeséggmeéé enath L};o dl[é:%.%l%e E‘% Rl L.ow; gnd 2

nold with a conp ape can-bé pro 'm addition, 1t is

possi bl e t e a nold itself nd thereb enhan0|n

handl cabi 11037 BT MO ISoPERLEIRDLY S0 posst B¢ 181 RoF GaBEe L FRAPLY

product|V|ty of ponIactlc aci d- based resin foan}nDIded articles. [0100]
0 to 4.5 mm, and particularly preferably 1.5 to 4 mm because

eas

if it is excessively small, the foaming property of the
polylactic acid-based resin foamed particles at the time of
in-mold foam-molding may decrease, whereas if it is excessively
large, the filling property of the polylactic acid-based resin
foamed particles into a mold at the time of in-mold foam-molding
may decrease.

[0095]

As to the particle diameter of the polylactic acid-based
resin foamed particles, the diameter of a polylactic acid-based
resin foamed particle can be measured directly with slide
calipers. Specifically, the longest diameter (major axis) and
the shortest diameter (minor axis) in the cut surface of each
polylactic acid-based resin foamed particle are measured, and
the length in the direction perpendicular to the cut surface
in each polylactic acid-based resin foamed particle is measured.
The arithmetic mean value of the major axis, the minor axis,
and the length of the polylactic acid-based resin foamed
particle is defined as the particle diameter of the polylactic

acid-based resin foamed particle.
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The tenperature of the water to be used as a heating nmedium is preferably
60 to 100C, nore preferably 70 to 99C, and particularly preferably 80 to
98C because if it is excessively |low, polylactic acid-based resin foaned
particles filled in a nold foaminsufficiently, so that the thermal fusion
bondi ng property of the polylactic acid-based resin foaned particles
decreases and, as a result, the nechanical strength or the appearance of
the resulting polylactic acid-based resin foamnolded article nay be
deteriorated, whereas if it is 44 excessively high, it is necessary to bring
wat er i ntdo@9ilgh pressure state and therefore a large scale facility, such
as a boiler, is needed. [0101] A nmethod for supplying water of 60 to 100C
to polylactic @eilglbasdd sesdrbdoadedsiar foahed fardied dsnobtemdhddaind
heating the polylactic acid-based resin foaned particles is not

parti cul ardyn 8sidnrtd e drcand] exanpites at fev £0§ dMmalmsied sehaas hdajed, met hod
in which water of 60 to 100C instead of steamis fed into a nold in a

conventio sed.i Bz di,ng i fefoahds ( ; in which
a nold fiﬁﬁtgxﬁﬁtﬁﬂgo ?Fgggfggég%?ggbgggadpggg%ﬂf%%ned H%%??%?E%gﬁgkénnersed

0 vater oadiha, RpkOBtn ANRkeRy Lesdng e Rt ok olRLa Lhe pol dlagtic

aci d- base esin foa arti he “nmetho . ferfed ecause it
uni for nty TSI AORBEY | Mo ety FAE L A PR BEE i ISR ol o
entirely, even_ if the nold is o
together by their foam pressures, and the crystallinity degree
of the polylactic acid-based resin is increased. As a result,
it is possible to obtain a polylactic acid-based resin
foam-molded article with a desired shape which is excellent in
fusion bonding property and heat resistance.
[0097]

The medium for heating the polylactic acid-based resin
foamed particles filled in the mold is not particularly
restricted, and examples thereof include hot air, warm water
and the like besides steam. It is preferable to use water of
60 to 100°C. This is because water is liquid and has great
specific heat and it can therefore give a large amount of heat
necessary for foaming of the polylactic acid-based resin foamed
particles in the mold even if the temperature is low.

[0098]

Therefore, 1t is possible to heat and foam polylactic

acid-based resin foamed particles sufficiently without heating

the polylactic acid-based resin foamed particles too much, and

it is possible to fusion-bond the polylactic acid-based resin
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polylactic acid-based resin foanmed particles filled in a noldis preferably
20 seconds to 1 hour because if it is excessively short, the polylactic
aci d- based resin foamed particles are heated insufficiently and, as a
result, the polylactic acid-based resin foaned particles are thermally
fusion-bonded 45 insufficiently or the crystallinity degree of the
polylactic acid-based resin foanmed particles fails to increase
insufficiently, so that the heat resistance of the resulting polylactic
aci d- bas ed oeasich Pegdhcisisd €d Ty dcgardiehaluaddiertitsidt dPamier reg it is
excessively long, the productivity of polylactic acid-based resin

f oam nol ded theanutti cleessiow yhdemedasdsifke¥3]ofl ttlies posfsEdE eoft clobt ai n

pol yl actic aci d-based resin foamnolded article with a desired shape by
subj ect i ngolpaladtaet beidecbdsbasask iie SoankdapRt pal & clsegeherabetvhlten
foam nol ding by heating themw th water of 60 to 100C, then cooling the

pol ylacti ﬁlﬁqi%-&ae%ﬁp dresidt feamdmlded Al it lniedHial Medhen 1§ 1mRid.c and
t hen opening the nold. [0104] As to the cool1ng of the polylactic acid-based

resin f 0%'81'83-'1% Prid Ll AEG Ided *l&ﬂ‘i‘%]?e Ht%ﬁféﬁ g | S Ref { Qiyred
preferably so that the surface tenperature of the polylactic

mechanical strength and is excellent in appearance.

[0099]

Since in-mold foam-molding can be performed at a lower
pressure in comparison to use of high pressure steam, the design
strength of a mold can be kept low and a mold with a complicated
shape can be produced easily. In addition, it is possible to
make a mold itself compact and thereby enhancing the
handleability of the mold, so that it is possible to increase
the productivity of polylactic acid-based resin foam-molded
articles.

[0100]

The temperature of the water to be used as a heating medium
is preferably 60 to 100°C, more preferably 70 to 99°C, and
particularly preferably 80 to 98°C because if it is excessively
low, polylactic acid-based resin foamed particles filled in a
mold foam insufficiently, so that the thermal fusion bonding
property of the polylactic acid-based resin foamed particles
decreases and, as a result, the mechanical strength or the

appearance of the resulting polylactic acid-based resin

foam-molded article may be deteriorated, whereas if it is
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aci d-based resin foamnolded article will becone 50C or |ower, nore
preferably 0 to 45C, and nost preferably 0 to 40C because there is a fear
that if it is excessively high, polylactic acid-based resin foaned
particles in the nold are not solidified sufficiently and, therefore, they
may fail to beconme a polylactic acid-based resin foamnolded article in
conformty wth the cavity shape of the nold due to expansion which occurs
46 at the tinme of renoval fromthe nold. [0105] A nmethod for cooling the
pol yl actic acid-based resin  foamnolded article formed in the nold is not
parti cul aré¥cessisie b thigh add deamsicessprer &6f brasgurater) intaedhddIRn which
the nold is left in an atnosphere of 50C or less, (2) a nethod in which

wat er or gpresfurGtmtd esul ithehledwra @ flhegrpbdalanflaci3)ty, neuhbdasn which
the nold is imrersed in water of 50C or |ess. The cooling nethod (3) is
preferred bassilser) tis snegsdi ble to uniformy cool a nold entirely even if
the nold is conplex in shape. The cooling tinme my be adjusted
appropri at gd o dependi ng upon the cooling nethod or the size of a nold and,
for exanple, when a nold is inrersed in water of 50C or less, it is

preterebly § 5o ARema ea: LSO o hp el b Bem epcplot e

resulting polylactic aci oant no icle,

e Y oude A e OF 15 EBRRRYSBEP: Sl o loH 56 L o P oRt g™
the polylactic acid-based resin foamed particles is not
particularly restricted, and examples thereof include such as
(1) a method in which water of 60 to 100°C instead of steam is
fed into a mold in a conventionally used in-mold foam-molding
machine, and (2) a method in which a mold filled with polylactic
acid-based resin foamed particles is immersed in water of 60
to 100°C, thereby feeding the water into the polylactic
acid-based resin foamed particles. The method (2) is preferred
because it is possible to heat the whole mold uniformly, that
is, it is possible to uniformly heat and foam the polylactic
acid-based resin foamed particle entirely, even if the mold is
complex in shape.

[0102]

The period of time for heating by water of polylactic
acid-based resin foamed particles filled in amold is preferably
20 seconds to 1 hour because if it is excessively short, the
polylactic acid-based resin foamed particles are heated

insufficiently and, as a result, the polylactic acid-based

resin foamed particles are thermally fusion-bonded
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if it is excessively high, the polylactic acid-based resin foam nol ded
article may becone fragile. Therefore, it is preferable to adjust the
in-nold foam nol ding conditions so that the crystallinity degree wll
beconme 40 to 65% nore preferably 45 to 64% and particularly preferably 50
to 63% Since the crystallinity degree of a polylactic acid-based resin 47
foam nol ded article is neasured by a nethod simlar to the nethod for
measuring the crystallinity degree of polylactic acid-based resin foaned
particles, the description thereof is omtted. [0107] The material which
forns t he imshud fiisieatt yaoti cheafrystaédinityedegund eXanpt axlhereoic i ncl ude
such as iron-based netals, alum num based netals, copper-based netals and
Zi nc- based atet-dlas.edAlnesimuideased paattalcsl egr dpridferreed dfamaadde  vi ewpoi nt  of
thermal conductivity and processability. [0108] Mreover, it is also

per m ssi bligy @ ffiwrildien v, Meceghatet hpohghactégi aehcbasedt i€ stdsd
particles with an inert gas to increase the foamng force of the polylactic

aci d- base%orl%ﬁi'a%t1fc0%'@‘ih—ﬂﬁar§éé3|fe°slr§%n@%dlr&&f3é&ﬂﬂé Q@Y ngk force of
polylactiC acid-based resin foaned particles leads to an inprovenent in

fusion boér%tt%% ARSI Y R Lgé%@ &;)ﬁg actig Ceascéldg el%r{ 5| %oam nmol ded

articles time of oamm)l as a the a
' rerf);"of,'egg PAM AN Gy 2 f $d %;ﬁ%dctriecs'a“cfdo-ab@s”éﬁ ded, A té&lme nboafd dgrther
articles only decreases.
[0103]

It is possible to obtain polylactic acid-based resin
foam-molded article with a desired shape by subjecting
polylactic acid-based resin foamed particles to in-mold
foam-molding by heating them with water of 60 to 100°C, then
cooling the polylactic acid-based resin foam-molded article
formed in the mold, and then opening the mold.

[0104]

As to the cooling of the polylactic acid-based resin
foam-molded article formed in the mold, the cooling is performed
preferably so that the surface temperature of the polylactic
acid-based resin foam-molded article will become 50°C or lower,
more preferably 0 to 45°C, and most preferably 0 to 40°C because

there is a fear that if it is excessively high, polylactic
acid-based resin foamed particles in the mold are not solidified
sufficiently and, therefore, they may fail to become a
polylactic acid-based resin foam-molded article in conformity

with the cavity shape of the mold due to expansion which occurs
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mechani cal strength. Exanples of the inert gas include such as carbon

di oxi de, nitrogen, helium and argon, and carbon dioxide is preferred.
[ 0109] Exanpl es of the nmethod for inpregnating polylactic 48 acid-based

resin foaned particles with an inert gas include a nethod in which

pol yl actic acid-based resin foaned particles are placed under an atnosphere

of an inert gas having a pressure as high as atnospheric pressure or

and whereby the polylactic acid-based resin foaned particles are

inpregnated wth the inert gas. In such a case, although polylactic

aci d- baseatr ¢hien tiioenmed pamovelleEneay the mgdidegnat ed with an

and whereby thep pekwoaCtfios aeiodibaseter %81?1%@@1%? akl@rd—ikfa:s;%'iid&rveﬁin
e tenperature applie en

inpregnated wth an inert gas. [0110] T

hi gher

i nert gas
before being filled into a nold, it is also permssible that polylactic
aci d- basedonesiin foamed particles are filled into a nold and then the nold
is placed together with the foaned particles under an inert gas atnosphere

| yl i i d- i f : ; \ )
pol y1 act | ¢/ dchesed cesiyy h 03 tehed 6191 @ I FRICGNALEG L An i nert

gas is preferab to 2§b, and nore pre

SCYr1cC
f oaned paFﬁ I"es are coole o nmucha as"are

(3) a method in which the mold is immersed in water of 50°C or

'y -10 to 20C. T
because if the tenperature is excessiv lLow. p | act i ci d- hased
terH) %nd e}aar{\%les %nerencg, yan(_DLude gLYta %\eitflol Slﬁ&vg(l)lscs%'il ble to

heat the polylactic acid-based resin foamed particles sufficiently in
i n-nmol d ft§§hmﬁ%ﬁd}%gkﬁﬂdﬂi%ﬁ@r%ﬁ%ﬁ%@here of 50°C or less, (2) a method

in which water or air of 50°C or less is blown to the mold, and

less. The cooling method (3) is preferred because it is

possible to uniformly cool a mold entirely even if the mold is

complex in shape. The cooling time may be adjusted

appropriately depending upon the cooling method or the size of

a mold and, for example, when a mold is immersed in water of

50°C or lessg, it is preferably 1 to 10 minutes.

[0106]

As to the crystallinity degree of the resulting

polylactic acid-based resin foam-molded article, if it is

excessively low, the heat resistance of the polylactic

acid-based resin foam-molded article is deteriorated, whereas

if it is excessively high, the polylactic acid-based resin

foam-molded article may become fragile. Therefore,

preferable to adjust the in-mold foam-molding conditions so

0

that the crystallinity degree will become 40 to 65%,
preferably 45 to 64%, and particularly preferably 50 to 63%.

Since the crystallinity degree of a polylactic acid-based resin
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the thermal fusion bonding property between the polylactic acid-based resin
foamed particles is deteriorated, so that the nechanical strength of the
resulting polylactic acid-based resin foamnolded article nay be
deteriorated. On the other 49 hand, if the tenperature is excessively high,
the inpregnation anount of the inert gas into the polylactic acid-based
resin foanmed particles becones snmall, so that it may be inpossible to

i mpart sufficient foam ng property to the polylactic acid-based resin
foanmed particles; and the crystallization of the polylactic acid-based
resin foarfEdTyalidace Yt Proorivht aveashiEWHSF ebynatHod Hekiala X us? of®ondi ng
property of the polylactic acid-based resin foanmed particles is

det eri or atmetthod Edrhate ashe imer Hahd caty sstalenigt it ofdedres estul po gl pot ¢ act i ¢
aci d- based resin foamed particle may be deteriorated. [0111] The pressure
appl i ed wheii pa@adaatries iac fdahadeshresdles f aaredepattiptlies aherespregnat ed
wth an inert gas is preferably 0.2 to 1.6 MPa, and nore preferably 0.28 to
1.2 MPa. \Wagndde inert gas is carbon dioxide, it is preferably 0.2 to
1.5MPa, and nore preferably 0.25 to 1.2 MPa. This is because if the
pressure iﬁjlqﬂ:]essively | ow, the inpregnation anount of the inert gas into
t he pol yl actic "aci d-based resin foamnolded articles becones small and

whereby it is inpossihle to inpanrt - sufficient foamn ropert 0 _1he
pol yl actic aci d- aeséﬁ‘t%re slia(r)iL lacnl%aafoprgnr i ¢ ees“}c’ls Jt%argottpf%apﬁejc%%fn?%faﬁf

strength of the resulti ol y] acti.c aci d-based._resin foaned rticle ma
be 9 restrictef, anémé amples thereoéifhclude such asnffog?based y

metals, aluminum-based metals, copper-based metals and
zinc-basedmetals. Aluminum-based metals are preferred from the
viewpoint of thermal conductivity and processability.

[0108]

Moreover, it is also permissible to further impregnate
polylactic acid-based resin foamed particles with an inert gas
to increase the foaming force of the polylactic acid-based resin
foamed particles. Such an increase in foaming force of
polylactic acid-based resin foamed particles leads to an
improvement in fusion bonding property between polylactic
acid-based resin foam-molded articles at the time of in-mold
foam-molding and, as a result, the a resulting polylactic
acid-based resin foam-molded article has further improved
mechanical strength. Examples of the inert gas include such
as carbon dioxide, nitrogen, helium and argon, and carbon
dioxide is preferred.

[0109]

Examples of the method for impregnating polylactic
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deteriorated. [0112] On the other hand, if the pressure is excessively high,
50 the crystallinity degree of the polylactic acid-based resin foam nol ded
articles increases and whereby the thermal fusion bonding property of the
pol yl actic acid-based resin foaned particles decreases, so that the
mechani cal strength of the resulting polylactic acid-based resin foaned
particle may be deteriorated. [0113] The period of time for inpregnating
polylactic acid-based resin foanmed particles with an inert gas is
preferably 20 mnutes to 24 hours, nore preferably 1 to 18 hours, and

par ti cul aglcjdpbesecalbkyis f@aBe@dm¢%tlQ&ﬁ§1W#ﬁﬁwa@eﬂﬂegﬁsgag ipakude ali oxi de,
it is preferably 20 mnutes to 24 hours. This 1is because if the

i mpr egnat methioidmeni ghérbepslybhgt shontjidibased repossiddeed dmpregmt e

pol yl actic aci d-based resin foamed particles with an inert gas

suf fi ci entalne pacéharidreanhatithsplidrd beé amphegitags omavire bpwxaansd vel y
long, the production efficiency of a polylactic acid-based resin f

oam nol deq AffiiH Qs RURPIRS1d PrHsBe idw tﬁ%ﬂf'&iﬂ R PRI Ay G 1aci d- based

resin foaned particles with an inert gas at to 25C under "a pressure of

0.2 to 1. IYEfélaacsc 14eSehied AROYEe s F{:|m88y§%?£fci&s'£&§é SAiSreddift dam ng

property restraining the crystallrnrt

with the inert gas. In such a case, although polylactic
acid-based resin foamed particles may be impregnated with an
inert gas beforebeing filled intoamold, it is alsopermissible
that polylactic acid-based resin foamed particles are filled
into a mold and then the mold is placed together with the foamed
particles under an inert gas atmosphere and whereby the
polylactic acid-based resin foamed particles are impregnated
with an inert gas.

[0110]

The temperature applied when polylactic acid-based resin
foamed particles are impregnated with an inert gas is preferably
-40 to 25°C, and more preferably -10 to 20°C. This is because
if the temperature is excessively low, polylactic acid-based
resin foamed particles are cooled too much and, as a result,
it is impossible to heat the polylactic acid-based resin foamed
particles sufficiently in in-mold foam-molding and, therefore,
the thermal fusion bonding property between the polylactic
acid-based resin foamed particles is deteriorated, so that the
mechanical strength of the resulting polylactic acid-based

resin foam-molded article may be deteriorated. On the other

49



of the polylactic acid-based resin foaned particles from increasing, and it
is therefore possible to thermally 51 fusion-bond the polylactic acid-based
resin foaned particles strongly with a sufficient foamng force and to
obtain a polylactic acid-based resin foamnolded article excellent in
mechani cal strength, especially inpact strength. [0115] When polylactic

aci d-based resin foaned particles is inpregnated with an inert gas as
descri bed above, although it is permssible to heat and foamthe polylactic
acid-based resin foaned particles as they are within a nold, it is also

per mi ssi blhendo hédthe fremperptace &s fstekDaisealy &dioh fbhﬁevdnplfﬁgnatu@@ to

undergo secondary foam ng before filling theminto a nold, and after
r ender i ng atbemthioghithef dared gesondaoi tlye @m&yﬁmbmﬁwtamidﬁba$¢diﬁesin
perm ssible to fill theminto the nold, followed by heating and foam ng.

The use offcsrela peeenddkis yecbaargedmpant i sbeshaaket ithapassi hsodoilwht ain a
polylactic aci d- based resin foam nol ded article that is high in expansion

ratio. As.g, Regld g R Wndy A6 itG adid-hased cdgsi n foaned
partlcles dr?ﬁglr S pﬂéferred [Ofﬂ%] The tenperature f or #%5hlng

pol yl acti Bl ?1 %absae%e?e'?sﬁer 4 ﬁ&?%@fﬁé&' %8@ ‘Bh‘éOQi‘}ZéE?H{LQaE%H”&@” 'y

f oamed par 'S pre an 7 becaus I's”excessively

noh, LA grvstallny eace. o, e poLulackc el dsbaesy Lonin o
and whereby the thermal fusion bonding property of the
polylactic acid-based resin foamed particles is deteriorated,
so that the mechanical strength of the resulting polylactic
acid-based resin foamed particle may be deteriorated.
[0111]

The pressure applied when polylactic acid-based resin

foamed particles are impregnated with an inert gas is preferably
0.2 to 1.6 MPa, and more preferably 0.28 to 1.2 MPa. When the
inert gas is carbon dioxide, it is preferably 0.2 to 1.5MPa,
and more preferably 0.25 to 1.2 MPa. This is because if the
pressure is excessively low, the impregnation amount of the
inert gas into the polylactic acid-based resin foam-molded
articles becomes small and whereby it is impossible to impart
sufficient foaming property to the polylactic acid-based resin
foamed particles, so that the mechanical strength of the
resulting polylactic acid-based resin foamed particle may be
deteriorated.
[0112]

On the other hand, if the pressure is excessively high,
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bet ween secondarily foaned particles decreases, so that the 52 nechani cal
strength and the appearance of the resulting polylactic acid-based resin
foam nol ded article are deteriorated. [0117] Wen filling secondarily
foamed particles into a nold for nolding, it is preferable to increase the
foam ng property of the secondarily foamed particles by inpregnating the
secondarily foaned particles with an inert gas under the sane conditions
and the sane procedure as those applied in the case of inpregnating
polylactic acid-based resin foamed particles wth an inert gas. [0118] Wen
bot h pol ylthet icxystied-liadey desines ednddepmalivilasy: 1 e isedwake i1ss fvanmed
particles are inpregnated with inert gases, the inert gases nmay be either

of diff er gomkimadsiedr anticihe Taoreksas, arlitwhehepyatbeprieé emabl fusfort he sane
kind. [0119] The rate of fusion bonding of the resulting polylactic

aci d- base¢oneiang eaperelyded aHd Ja isdyief eldild YboaAlsl afed & oantad €
preferably 50% or nore, and particularly preferably 60% or nore. Here, the

rate of fygien hendigeg Qs & d0lad agldic tiRCinkdasatJest-dRam my dagk articl e

is one measured by the follow ng procedure. First, a polylactic acid-based

resin 1oamaml st achinkecis beth gaddd b33 UEo3he BT SEL ELTL NSy oS ti on.

Then, nunber t he

deteriorated.
[0113]

The period of time for impregnating polylactic acid-based
resin foamed particles with an inert gas is preferably 20
minutes to 24 hours, more preferably 1 to 18 hours, and
particularly preferably 3 to 8 hours. When the inert gas is
carbon dioxide, it is preferably 20 minutes to 24 hours. This
is because if the impregnation time is excessively short, it
is impossible to impregnate polylactic acid-based resin foamed
particles with an inert gas sufficiently. On the other hand,
if the impregnation time is excessively long, the production
efficiency of apolylactic acid-based resin foam-molded article
decreases.

[0114]

By impregnating polylactic acid-based resin foamed
particles with an inert gas at -40 to 25°C under a pressure of
0.2 to 1.6 MPa as described above, it is possible to increase
the foaming property while restraining the crystallinity degree
of the polylactic acid-based resin foamed particles from

increasing, and it is therefore possible to thermally
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53 particles exposed to the cut surface of the polylactic acid-based resin
foam nol ded article is counted by visual observation and the nunber N2 of
the fractured particles, that is, the divided particles is counted by

vi sual observation. The rate of fusion bonding can be cal cul ated based on
the followng fornula: Rate of fusionbonding (% = 100xnumnber N2of fractured
particles [/ total particle nunber N1 of foaned particles EFFECT OF THE

| NVENTION [0120] In the method of the present invention for producing

pol yl actic aci d-based resin foanmed particles for in-nold foamnolding, a
rotary bl ddeion-bongt eteapodyghvehcracad i based peesiimhidamdyinaytalalas in
contact with the front end surface of a nozzle and a pol ylactic acid-based
resi n ext stidane 1 yextits iao muffdd e drtthrfosgh rey merzdee argl cdt okttahit e rotary
bl ade, as described above. It is therefore possible to cut the polylactic

aci d- basegonggbkraxt hedat pasetel¥sia pbhalNol auhsian & | oxsPEshEaln
pol yl actic aci d-based resin foaned particles. Therefore, when polylactic

aCid‘base%e%%%5%c%93%§Qed§%ﬂﬂ‘Q%ﬁ?dﬂéﬁlﬂ?%ﬂld%%iékﬂgﬂ H oam nol di ng, the
- base

pol ylactic acid-bas resin foaned particlés foamuniformy in al
directionﬁ ggg, as aresult, the foamed particles are thermally
fusi on-bo 8 go unite together strongly in all direction. 54 [0121]

When polylactic acid-based resin foamed particles is
impregnated with an inert gas as described above, although it
is permissible to heat and foam the polylactic acid-based resin
foamed particles as they are within a mold, it is also
permissible to heat the polylactic acid-based resin foamed
particles to undergo secondary foaming before £illing them into
a mold, and after rendering them highly foamed secondarily
foamed particles, it is permissible to £ill them into the mold,
followed by heating and foaming. The use of such secondarily
foamed particles make it possible to obtain a polylactic
acid-based resin foam-molded article that is high in expansion
ratio. As a heating medium for heating polylactic acid-based
resin foamed particles, dry air is preferred.

[0116]

The temperature for foaming polylactic acid-based resin
foamed particles to convert into secondarily foamed particle
is preferably lower than 70°C because if it is excegsively high,
the crystallinity degree of the polylactic acid-based resin
increases and whereby the thermal fusion bonding property

between secondarily foamed particles decreases, so that the
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The pol yl actic aci d-based resin foaned particles are scattered by a cutting
stress generated when a polylactic acid-based resin extrudate is cut, and
they collide with a cooling nenber and are cool ed i nmedi ately. Therefore,
the crystallinity degree of the polylactic acid-based resin is suppressed
and the particles exhibit excellent thernmal fusion bonding property in

i n-nmold foam nol ding. [0122] Moreover, in the present invention, a
polylactic acid-based resin is extrusion-foamed and a nozzle die is used

as a nmold. Therefore, the resulting polylactic acid-based resin foaned
particl esmesheaifafli sEreaurs and Kage apPEGWasEEN Adelthe mgsud.t iy 23]

Furt hernore, because the present invention uses, as a polylactic acid-based
resin, a pollylactiic aciid-based resiim fHekincimodoiedaiens ilkdich agpst i cal i soners, a
D-formand an L-form as constituent nononer conponent, and the content of
one of th@eteptibealedsoners, the D-formor the L-form whichever is |ess,
being less than 5 nol % or a polylactic acid-based resin which contains
only one gpyhe&al isoner, a D-formor an L-form as a constituent nononer
conponent, the resulting polylactic acid-based resin foanmed particles are

high in crystal hh@htﬁ’iffgn%%%ga'n'd%%liy“f@&ﬁ‘éd 835t AL:E 1 nP3 d Ad24ls Jhe
resul ting pol ylactic acrd-based resin-foaned
molding, it is preferable to increase the foaming property of
the secondarily foamed particles by impregnating the
secondarily foamed particles with an inert gas under the same
conditions and the same procedure as those applied in the case
of impregnating polylactic acid-based resin foamed particles
with an inert gas.
[0118]

When both polylactic acid-based resin foamed particles
and secondarily foamed particles are impregnated with inert
gases, the inert gases may be either of different kinds or of
the same kind, but they are preferably of the same kind.
[0119]

The rate of fusion bonding of the resulting polylactic
acid-based resin foam-molded article is preferably 40% or more,
more preferably 50% or more, and particularly preferably 60%
or more. Here, the rate of fusion bonding of a polylactic
acid-based resin foam-molded article is one measured by the
following procedure. First, a polylactic acid-based resin

foam-molded article is bent and it is cut at predetermined

position. Then, the total particle number N; of the foamed
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particles, therefore, denonstrate excellent foam ng property and excellent
thermal fusion bonding property in in-nold foamnolding, and the resulting
pol yl actic acid-based resin nolded article is excellent in appearance, heat
resi stance and nechanical strength. [0125] In addition, when a cooling
menber is conposed of a cylindrical cooling drumprovided in front of a
nozzle die and a cooling liquid which is running along the inner surface of
the cooling drum even if polylactic acid-based resin foamed particles
obtai ned by cutting a polylactic acid-based resin extrudate with a rotary
bl ade scateet igdpsdiex@sseshs0 ithg Futp@yifce f dhreiBPBriafthe pol yl actic
aci d-based resin foaned particles into contact wwth the cooling liquid to
cool t hemacild-lasechereafior &€ possidilded arur@ley ipy eventtadéwpotidwct i c

aci d- based resin constituting the polylactic acid-based resin foaned

parti cl es dosemiatcreenandgthe munisdaiN, i of tthed€égneeuard phottebder e
pol yl actic aci d-based resin foaned particles excellent in thermal fusion
bondi ng prigpefhy aikAHE] pdef 1 heLs 18 R &Ebl/GraRid- bpsedvaesbA . extradate is
conposed of an unfoamed portion imediately after being extruded through a

nozzle di %ﬁégo? #0809 P HPO MUL Bah 3,98 L6ANDL JUQ ’cﬁgtf@l%ag%md

portion an oam ng, an en the polylactic acid-based resin rudat e
is cut wit gg%&fgq above-nmenti oned unfoaned portion with a rotary blade, it

i's
Rate of fusion bonding (%) = 100xnumber N, of fractured particles

/ total particle number N; of foamed particles

EFFECT OF THE INVENTION
[0120]

In the method of the present invention for producing
polylactic acid-based resin foamed particles for in-mold
foam-molding, a rotary blade is rotated at a given rotation
speed while being always in contact with the front end surface
of a nozzle and a polylactic acid-based resin extrudate
extrusion-foamed through a nozzle is cut with the rotary blade,
as described above. It is therefore possible to cut the
polylactic acid-based resin extrudate surely to obtain
substantially spherical polylactic acid-based resin foamed
particles. Therefore, when polylactic acid-based resin foamed
particles are used for in-mold foam-molding, the polylactic
acid-based resin foamed particles foam uniformly in all
directions and, as a result, the foamed particles are thermally

fusion-bonded to unite together strongly in all direction.
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possi ble to make the whol e surface of the resulting polylactic acid-based
resin foaned particles be formed of a skin layer in which no cut sections
of cells are exposed. Therefore, it is possible to surely prevent foam ng
gas fromleaking at the time of foam ng of polylactic acid-based resin
foaned particles. In addition, the thermal fusion bonding property is

i nproved due to enlarged contact area of foamed particles. Therefore, the
resulting polylactic acid-based resin foanmed particles are excellent in
foam ng property and thermal fusion bonding property. BRI EF DESCRI PTI ON OF
THE DRAW N@22110127] [Fig. 1] A schematic diagramwhich illustrates one
exanpl e of an apparatus for producing polylactic acid-based resin foaned
particles for i mheoipelfydantim diaig-Hasay r@siA Soleersd ipadiiagreamanfe a
multi-nozzle die viewed fromthe front. [Fig. 3] A photograph of a section
whi ch was st twirtdd ayr of anytthlmpestretd rydriergrady vicdn ca ges Oy baseik r esi n
foanmed particles obtained in Exanple 1. [Fig. 4] A photograph of a section
whi ch was Uty Wdded fedial YestlAtitd N d hawolal RS, acd - hasegh tiesd n f oaned

particl es obtained
cooling member and are cooled immediately. Therefore, the

crystallinity degree of the polylactic acid-based resin is
suppressed and the particles exhibit excellent thermal fusion
bonding property in in-mold foam-molding.

[0122]

Moreover, in the present invention, a polylactic
acid-based resin is extrusion-foamed and a nozzle die is used
as amold. Therefore, the resulting polylactic acid-based resin
foamed particles contain fine cells and have a low open cell
ratio.

[0123]

Furthermore, because the present invention uses, as a
polylactic acid-based resin, a polylactic acid-based resin
which contains both optical isomers, a D-form and an L-form,
as constituent monomer component, and the content of one of the
optical isomers, the D-form or the L-form, whichever is less,
being less than 5 mol%, or a polylactic acid-based resin which
contains only one optical isomer, a D-form or an L-form, as a
constituent monomer component, the resulting polylactic
acid-based resin foamed particles are high in crystallinity and

excellent in heat resistance.
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in Conparative Exanple 1. EXPLANATI ON OF REFERENCE NUMERALS [0128] 1 Nozzle
die 2 Rotary shaft 3 Driving nenber 4 Cooling nenber 41 Cooling drum 42
Cooling liquid 5 Rotary blade BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
[0129] In the present invention. the bulk density of polylactic acid-based
resin foaned particles and the apparent density, the conpression strength,
the flexural strength and the heat resistance of a polylactic acid-based
resin f oamnolded article are those neasured by the procedures descri bed
bel ow. [0130] 58 (Bul k density of polylactic acid-based resin foaned
particles)lOH&& bul k density of polylactic acid-based resin foaned particles
is one neasured in accordance with JI'S K6911 (1995) "Testing nmethods for
thernosetting plEst inssulthing pelykachieasar e serstevhuteatedsi ng an
apparent density tester in accordance with JIS K6911 and then the bul k
density ofpapolylect ithead fibrmms edmoestir sfteaped efaenitc feamiayg peapareyg based
on the foll ow ng equation.

and excellent thermal fusion bonding property in in-mold

foam-molding, and the resulting polylactic acid-based resin

molded article is excellent in appearance, heat resistance and

mechanical strength.

[0125]

In addition, when a cooling member is composed of a

cylindrical cooling drum provided in front of a nozzle die and

a cooling liquid which is running along the inner surface of

the cooling drum, even if polylactic acid-based resin foamed

particles obtained by cutting a polylactic acid-based resin

extrudate with a rotary blade scatter any directions, it is

possible to surely bring the polylactic acid-based resin foamed

particles into contact with the cooling liquid to cool them.

It is therefore possible to surely prevent the polylactic

acid-based resin constituting the polylactic acid-based resin

foamed particles from increasing in crystallinity degree and

to render the polylactic acid-based resin foamed particles

excellent in thermal fusion bonding property.

[0126]

Further, a polylactic acid-based resin extrudate is

composed of an unfoamed portion immediately after being

extruded through a nozzle die and a foaming portion which is
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[0131] Bulk density of polylactic acid-based resin foaned

particles

(g/cnB) = [Mass of neasuring cylinder with sanple therein (g) - Mss of

measuring cylinder (g)] / [Capacity of nmeasuring cylinder

(cn8)] [0132]

(Apparent density of polylactic acid-based resin foamnolded article) The

apparent density of a polylactic acid-based resin foam nol

ded article is

one neasured by the nethod provided in JIS K6767 (1999) "Cellul ar plastics

and rubbers - Determination of apparent density." [0133]
strength of polylactic acid-based resin foamnolded article
rect angul gontéouersshapde spéormed AT Gom@Nchis|farping 56

( Conpr essi on
First, a
henwikk h and

30 mMmin height was cut out froma 59 polylactic acid-based resin

f oam nol dedladbictlie. addidadpatsieids respec iepgrudsite dempugs siidist rdregt h at 5%
conpressi on was neasured in accordance with the nmethod provided in JI'S
A9511 (199%)e-@ehituloakedphagidae®d heyrlon Rewtd avumtedlalds’, att ais

conpression speed of 10 mimn. In the nmeasurenent of the

conpression

strength, 3-Lensiel 08 Mé’%%%ahhéﬁétémﬂﬁfé@é@F%h[e(ﬁéé“ﬂ]ifﬁffﬁ@pﬂ% ctder- 10T"

nanufactured by ORI ENTEC Co Ltd.) was used

acid-based resin foamed particles be formed of a skin layer in
which no cut sections of cells are exposed. Therefore, it is
possible to surely prevent foaming gas from leaking at the time
of foaming of polylactic acid-based resin foamed particles. 1In
addition, the thermal fusion bonding property is improved due
to enlarged contact area of foamed particles. Therefore, the
resulting polylactic acid-based resin foamed particles are
excellent in foaming property and thermal fusion bonding

property.

BRIEF DESCRIPTION OF THE DRAWINGS
[0127]
[Fig. 1]

A schematic diagram which illustrates one example of an
apparatus for producing polylactic acid-based resin foamed
particles for in-mold foam-molding.

[Fig. 2]

A schematic diagram of a multi-nozzle die viewed from the
front.
[Fig. 3]

A photograph of a section which was cut with a rotary blade
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(Fl exural strength of polylactic acid-based resin foamnolded article)
First, a rectangul ar col um-shaped specinmen of 75 mmin |ength, 300 nmin
wi dth and 30 nmin height was cut out from a polylactic acid-based resin
foam nol ded article. Using this specinmen, a nmaxi mum stress was neasured in
accordance with the nethod provided in JI'S K7221 (1999) "Rigid cellular

pl astics--Flexural test--Part 2: Determ nation of flexural properties" at a
conpression speed of 10 mimn, and the result was taken as a fl exural
strength (MPa) In the neasurement of ~the maxi num stress, a Tensi|on

uni ver sal ie§PENBORHEATREC RebAnererdl raake Feamed Prr ehif aciteeidasy

ORI ENTEC Co., Ltd.) was used. [0135] (Heat resistance of polylactic

aci d- basednr &sampflear.nol ded article) 60 The obtai ned pol yl actic aci d-based
resin foamnolded article was left over 22 hours in an electric oven kept

at 120C. [Bigengiions of the polylactic acid-based resin foamnolded article
were nmeasured before and after leaving in the electric oven. Then, a

di mensi on change yas: St £ph atred skasednam it wab Ul owh 08 Lebabi-obaME it was
eval uated as heat resistance. The dinension of the polylactic acid-based

resin foa%”?hgeﬁﬁl?%éb:ﬁh@ &@%d%é%@&dré‘éiﬁef@&nﬁcg ﬁf%f@ﬁé GEEBAh@! ue of

the dinensions ongi tudi nal direction, t ansverse direction and

the vertig@ d@ﬂﬂ%ﬁgéy%e Example 1.

EXPLANATION OF REFERENCE NUMERALS
[0128]

1 Nozzle die

2 Rotary shaft

3 Driving member

4 Cooling member

41 Cooling drum

42 Cooling liquid

5 Rotary blade

BEST MODE FOR CARRYING OUT THE INVENTION
[0129]

In the present invention. the bulk density of polylactic
acid-based resin foamed particles and the apparent density, the
compression strength, the flexural strength and the heat
resistance of a polylacticacid-based resin foam-molded article
are those measured by the procedures described below.

[0130]
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D nensi on change (% = 100x (D nmension after heating - D nension before
heating) / Dinension before heating [0136] (Appearance of polylactic
aci d- based resin foamnolded article) The appearance of an obtai ned
pol yl actic acid-based resin foamnolded article was observed visually and
eval uated based on the following criteria. o ... No speckles was found in
the surface of a foamnolded article. x ... Speckles were found in the
surface of a foamnolded article. [0137] In the surface of the polylactic
aci d-based resin foamnolded_article obtained by using polylactic

aci d- based Bugk dersity efnbalparttérac et desdéctrensdatarteidesh their
surfaces, an area which corresponds to cut sections of cells of a
pol yl actic aci dThesbdlkedenstornel patylateihaacidvased|tesiied eaned ooks
dar k, whereas an area which corresponds a skin |ayer of a polylactic

aci d- basegaredici efsodpednpandd sheed hias aoddridaavoee wandh JoBKSe 9hi t {1s905)
Therefore, the surface of a polylactic acid-based resin foamnol ded article

exhibits vhlegehk nnehettddr sRackrdnidtaring gt Mg Wrhkicshsl, 0eki ng
areas and dark-1ooking areas, so that the appearance thereof is

det eri or atpdo Qrnfhe RhRerohandeetihgs S fAaC e pphrankolixhastiCre scbd-f1ased
resin foam nol ded article obtained by using
accordance with JIS K6911l and then the bulk density of
polylactic acid-based resin foamed particles was measured based
on the following equation.
[0131]
Bulk density of polylactic acid-based resin foamed particles
(g/cm®) = [Mass of measuring cylinder with sample therein (g)
- Mass of measuring cylinder (g)] / [Capacity of measuring
cylinder (cm®)]
[0132]
(Apparent density of polylactic acid-based resin foam-molded
article)

The apparent density of a polylactic acid-based resin
foam-molded article is one measured by the method provided in
JIS K6767 (1999) "Cellular plastics and rubbers - Determination
of apparent density."

[0133]
(Compression strength of polylactic acid-based resin
foam-molded article)

First, a rectangular column-shaped specimen of 50 mm in

length, 50 mm in width and 30 mm in height was cut out from a
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pol yl actic acid-based resin foaned particles having no cut sections of
cells in their surfaces has brilliance overall and |ooks whitish, so that
it is good in appearance. [0138] (Ilnpact resistance) A puncture inpact test
of a polylactic acid-based resin foamnolded article was carried out in
accordance wwth ASTM D- 3763 (Standard Test Method for Puncture Properties
of Plastics Using Load and D spl acenent Sensors). [0139] Specifically, from
a polylactic acid-based resin foamnolded article was cut out a test piece
having a width of 100 nmand a |ength of 100 mm and being the same as the

f oam nol d&@Plvdadtdi%e acd drkhreiefesssithécpBr AP ldeSorpti6hCeneV HiRI /BT this
62 test piece was neasured using a Dynatup inpact tester, conmmerci al

nane" GRCSZE@EC iaea | dlflee dompmeGsiamals tResneaiite R ICH . qomprrig Ll s | ons
including a test |load of 3.17 kg, a test piece holding spun 4 of 76 mm and
a test tenperaingd® iof a28Crdimee withl thbksaephbdnpeaeidgdwas JagkenoamEl an

i ndex of inpact resistance. For Exanples 6 to 10 and Conparative Exanpl es

3, 5 and @Godde MegtigpRacp1was iset therba1lif8umbseen matekExamprest 4 to 5
and Conparative Exanple 1, the test speed was set to be 3.06 nisec. [0140]
(Exanpl e DoRlad &dd eacd d-dasad mieshih f oated Heanddchg et idr
compression strength, a Tensilon universal testing machine
(commercial name "UCT-10T" manufactured by ORIENTEC Co., Ltd.)
was used.
[0134]
(Flexural strength of polylactic acid-based resin foam-molded
article)
First, a rectangular column-shaped specimen of 75 mm in
length, 300 mm in width and 30 mm in height was cut out from
a polylactic acid-based resin foam-molded article. Using this
specimen, a maximum stress was measured in accordance with the
method provided in JIS K7221 (1999) "Rigid cellular
plastics--Flexural test--Part 2: Determination of flexural
properties" at a compression speed of 10 mm/min, and the result
was taken as a flexural strength (MPa). In the measurement of
the maximum stress, a Tensilon universal testing machine
(commercial name "UCT-10T" manufactured by ORIENTEC Co., Ltd.)
was used.
[0135]

(Heat resistance of polylactic acid-based resin foam-molded

article)
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f oam nol di ng were produced using a manufacturing apparatus depicted in Fig.
1 and Fig. 2. First, 100 parts by weight of a crystalline polylactic

aci d-based resin (commercial name "TERRAMAC HV- 6250H" produced by UNI TI KA
LTD., nelting point (np) : 169.1C, D-formratio: 1.2 nmol% L-formratio:
98.8 nol % tenperature T at an intersection of a storage nodul us curve and
a | oss nodul us curve, both obtained by a dynam c viscoelasticity
measurenent: 138.8C) and 0.1 parts by weight of a polytetrafl uoroethyl ene
powder (conmercial name "Fluon L169J" produced by Asahi (3 ass Co. , Ltd.)
as a cell regul 3her opgpénpddroilytlecsisi agid-besew aasiadd&oai-Melalasar r el

di aneter of 65 mm and then were nelt-kneaded. In the single screw extruder,
t he pol ylaattiicd ecagd 6l-llefsedveesinhvassmal bnkaleadterti @bvidlKeat atthe2 063,

begi nning and then was nelt-kneaded while the tenperature thereof was

i ncr eased DligheA2QCns @F4 theThenylbuttare seam-dadday r3rb ) ot -att1 ddd i sobut ane
and 65% by wei ght of nornmal butane was pressed into the polylactic

aci d- based 46§31 {,Br8 B4 48P SRR 10 LRl £ L L 1RHHg 8h £HE o NUK@BNE: Woul d
beconme 1.0 parts by weight based on 100 parts by weight of the polylactic

ac! d-Daseq sl e FUs, Ao L gne e UAPSISRAUNIONd e

pol yl acti ¢ aci'd-baséd resin. the polylactic ac
in a nolt

12 oSSR MR 00l Rl REOC L L 4 LB Ot ol eLatl AL s
dimension of the polylactic acid-based resin foam-molded
article was defined as being an arithmetic mean value of the
dimensions in the longitudinal direction, the transverse
direction and the vertical direction.

Dimension change (%) = 100x{(Dimension after heating - Dimension
before heating) / Dimension before heating
[0136]
(Appearance of polylactic acid-based resin foam-molded
article)

The appearance of an obtained polylactic acid-based resin

foam-molded article was observed visually and evaluated based

on the following criteria.

O ... No speckles was found in the surface of a foam-molded
article.

X ... Speckles were found in the surface of a foam-molded
article.

[0137]

In the surface of the polylactic acid-based resin

foam-molded article obtained by using polylactic acid-based
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extrusion-foaned at a shear rate of 7639 sec-1 through each nozzle of the
multi-nozzle die 1 attached to the front end of the single screw extruder.
The tenperature of the nmulti-nozzle die 1 was held at 200C. [0143] The

mul ti-nozzle die 1 had 10 nozzles in which the outlets 11 had 1.0 mMmmin
dianeter and all the outlets 11 of the nozzles were |ocated at equal
intervals on an imaginary circle of 139.5 mmin dianeter imgined on the
front end surface la of the nulti-nozzle die 1. [0144] On the outer
peripheral surface of_ the rear end portion 64 of the rotary shaft 2, four
rotary bl &fssiis figemedpevitded es heagingl Ciitageegaarsi Afefoals ih Ehelr
circunferential direction of the rotary shaft 2. Each of the rotary bl ades
5 was corfurfigass sar lkated whiah worgesporlle itraghhasgctirnbechA abile being
al ways in contact with the front end surface la of the nuti-nozzle die 1.

[ 0145] MorefoverpoliyHes anial |angi dresdrssd dedwaich af waondd nep e il & Thasohgwsed of the
front portion 4l1a having a circular shape and the cylindrical peripheral

val | portixn dilinrexd enti nodrackwaikd whee@akhanpareahghabhedgerofpbhesf ront
portion 4la and having an inner dianeter of 315 nm The cooling water 42

vas fed i qitheaga9! bty iy rhled i Qualy e dedsikPeodddadps-t herkeedi ng
port 41c of the drum4l. Entirely on the inner surface of the
has brilliance and looks whitish. Therefore, the surface of
a polylactic acid-based resin foam-molded article exhibits
black and white speckled patterns containing whitish-looking
areas and dark-looking areas, so that the appearance thereof
is deteriorated. On the other hand, the surface of a polylactic
acid-based resin foam-molded article obtained by using
polylactic acid-based resin foamed particles having no cut
sections of cells in their surfaces has brilliance overall and
looks whitish, so that it is good in appearance.
[0138]
(Impact resistance)

A puncture impact test of a polylactic acid-based resin
foam-molded article was carried out in accordance with ASTM
D-3763 (Standard Test Method for Puncture Properties of Plastics
Using Load and Displacement Sensors) .

[0139]

Specifically, from a polylactic acid-based resin
foam-molded article was cut out a test piece having a width of
100 mm and a length of 100 mm and being the same as the foam-molded

article in thickness. The total absorption energy (J) of this
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peri pheral wall portion 41b, the cooling water 42 having a tenperature of
20C was flowing forward and spirally along the inner surface. [0146] The
rotary blades 5 provided on the front end surface la of the nulti-nozzle
die 1 were rotated at a rotation speed of 4800 rpm The polylactic
aci d- based resin extrudates which were extrusion-foanmed through the outlets
11 of the multi-nozzle die 1 were cut wwth the rotary blades 5 to produce
substantial ly spherical polylactic acid-based resin foamed particles. Each
of the polylactic acid-based resin extrudates 65 were conposed of an

unf oaned B6Sti PACCATFAISaleRyUdrECeisiEiong Dewetiyded "RCSudte St S¥ozzl e of the
multi-nozzle die 1 and a foam ng portion which was contiguous to the

unf oaned pommeaeiaddiaws "GRE&ABAY.a Eackalfe fnemndrect Resasrdhifasad resin
extrudates was cut at the opening edge of the outlet 11 of a nozzle and

t he cutti ngdefr tbedpolghacinclwtiny hasedt riesdid o€xs r udaie, wasespearifearared
within the unfoanmed portion. [0147] In the production of the polylactic

aci d- base oﬁﬁ% Zzpaﬁg?goﬁafé'rﬁhesan&la{ Sctesthe?Tr%te%raiusI}éafotf 23v@s ifat al | ed

in the ti-n , and the cool |ng menber 4 was kept retracted

from the mulLi- Beazh: 1 Ll s LAl o R0l Ml Gr agididased resin

extrudat e was extrusi onlthe single screw extru and it was

conf | 1 med Lat. Liie ol ¥Lacki 6., 2L % RaSSH LAY LofiLEUPRLE MESSPIposed of an

unf oaned port

5 and 6, the test speed was set to be 1.90 m/sec. For Examples
1 to 5 and Comparative Example 1, the test speed was set to be
3.06 m/sec.

[0140]

(Example 1)

Polylactic acid-based resin foamed particles for in-mold
foam-molding were produced using a manufacturing apparatus
depicted in Fig. 1 and Fig. 2. First, 100 parts by weight of
a crystalline polylactic acid-based resin (commercial name
"TERRAMAC HV-6250H" produced by UNITIKA LTD., melting point
(mp) : 169.1°C, D-form ratio: 1.2 mol%, L-form ratio: 98.8 mol%
temperature T at an intersection of a storage modulus curve and
a loss modulus curve, both obtained by a dynamic viscoelasticity
measurement: 138.8°C) and 0.1 parts by weight of a
polytetrafluoroethylene powder (commercial name "Fluon L169J"
produced by Asahi Glass Co., Ltd.) as a cell regulator were fed
into a single screw extruder with a barrel diameter of 65 mm

and then were melt-kneaded. 1In the single screw extruder, the

polylactic acid-based resin was melt-kneaded at 190°C at the
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i medi ately after being extruded through a nozzle of the nulti-nozzle die 1
and a foam ng portion which was contiguous to the unfoaned portion and was
foam ng. Next, the rotary shaft 2 was installed to the nulti-nozzle die 1
and the cooling nenber 4 was disposed at a predeterm ned position. Then,
the rotary shaft 2 was rotated and a polylactic acid-based resin extrudate
was cut wwth rotary blades 5 at the opening edge of the outlet 11 of the
nozzl e to produce polylactic acid-based resin foamed particles. [0148] 66
The polylactic acid-based resin foamed particles were scattered outward or

forward byegiandic iemgl $theds wagarsdd tpeades ririadrsy Wiaade® zaide! | i ded
with the cooling water 42 flowi ng along the inner surface of the cooling
drum 41 ofctHehreofcowls ngaredsed 4.0 tdp°eby bei ng cool ed i medi ately. [0149]
The cool ed polylactic acid-based resin foaned particles were discharged

t oget her wictalaitlhe cooling water 42 through the discharging port 4le of the
cooling drum 41 and then were separated fromthe cooling water 42a with a

dehydrat or. The Thebt, ab@%@nlaotzbh@gtmqngcaé bB?e\dei 86t Nof opgBlu Pans i £hgs had
particle diameters of 2.2 to 2.6 nmand a bulk density of 0.21 g/cnB.

[0150] The hg Oxgéf‘rll?lt}t Qﬁf H&‘?‘cn%lit BhESHe%é(';ﬁ%és%c?&h@obé‘ﬁé%oi}?féé‘tIQa”ed

particles is shown The surface O

acid-based resin in a molten state so that the amount of the
butane would become 1.0 parts by weight based on 100 parts by
weight of the polylactic acid-based resin. Thus, the butane was
dispersed uniformly in the polylactic acid-based resin.
[0142]

Then, the polylactic acid-based resin in a molten state

was cooled to 200°C at the tip portion of the extruder, and

subsequently, the polylactic acid-based resin was

extrusion-foamed at a shear rate of 7639 sec™?

through each
nozzle of the multi-nozzle die 1 attached to the front end of
the single screw extruder. The temperature of the multi-nozzle
die 1 was held at 200°C.
[0143]

The multi-nozzle die 1 had 10 nozzles in which the outlets
11 had 1.0 mm in diameter and all the outlets 11 of the nozzles
were located at equal intervals on an imaginary circle of 139.5
mm in diameter imagined on the front end surface la of the
multi-nozzle die 1.

[0144]

On the outer peripheral surface of the rear end portion
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pol yl actic acid-based resin foaned particle was entirely covered with a
skin layer. No cut sections of cells were present in the skin layer. [0151]
Next, the polylactic acid-based resin foanmed particles were put into a
hernmeti c container. Carbon dioxide was then pressed into the hernetic
container at a pressure of 0.3 MPa and was |left at 20C over 24 hours. Thus,
the polylactic acid-based resin foaned particles were inpregnated with
carbon 67 dioxide. [0152] Subsequently, the polylactic acid-based resin
foamed particles were filled into a cavity of a nold nade of alum num The
i nternal @fmERsi gRterYt Wdaddy ity fon Feteslvd Dlasles o aaanFHBL A8 um shape
of 30 M in length, 300 mMmmin wdth and 300 mMmin height. The nold was
provi ded vintleg2s2 lyi acWaral foedirmglpoin $hikavingumnfdraneiel dfre8timmt 20 nm
intervals in order to connect the inside of the cavity of the nold and the
out si de obft hdbemelodtarirachadft the feedi of phet gohadyablatiescé wpart havi ng an
opening width of 1 mm The feeding port was configured so that polylactic

aci d- baseg¢dr@sighreerEBd: Raf ti€les mbikl 66 dHe ke giRladwetl-d1804 e pd | owed
to flow out of the nold through the feeding port, whereas water could be

fed from ta8noulkde of, thRcABLA 50Nt BRe! BRLAR OhalBrFANL!YaldE gl the
g port of the nold. [0153]
muti-nozzle die 1.
[0145]

Moreover, the cooling member 4 had a cooling drum 41
composed of the front portion 41a having a circular shape and
the cylindrical peripheral wall portion 41b extending backward
from the peripheral edge of the front portion 4la and having
an inner diameter of 315 mm. The cooling water 42 was fed into
the cooling drum 41 through the feed pipe 41d and the feeding
port 41c of the drum 41. Entirely on the inner surface of the
peripheral wall portion 41b, the cooling water 42 having a
temperature of 20°C was flowing forward and spirally along the
inner surface.

[0146]

The rotary blades 5 provided on the front end surface la
of the multi-nozzle die 1 were rotated at a rotation speed of
4800 rpm. The polylactic acid-based resin extrudates which
were extrusion-foamed through the outlets 11 of the
multi-nozzle die 1 were cut with the rotary blades 5 to produce

substantially spherical polylactic acid-based resin foamed

particles. Each of the polylactic acid-based resin extrudates
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Water maintained at 95 was pooled in a heating water bath, and the nold in
whi ch the polylactic acid-based resin foanmed particles were filled was

i mrersed conpletely in the water in the heating water bath over 5 m nutes.
Water was fed to the polylactic acid-based resin foanmed particles in the
cavity of the nold through the feeding port of the nold, and the polylactic
aci d-based resin foaned particles were heated to foam Thus, the polylactic
aci d- based resin foanmed particles were thermally 68 fusion-bonded to unite.
[0154] Next, the nmold was renoved fromthe heating water bath. Then, water
mai nt ai nedeite ZOMRLSSso@fean HnAABIREr PeBBLPRgIWAEEE2tBAY 2L TRE hdlRTI was
imrersed in the cooling water bath conpletely over 5 mnutes, so that the
pol yl act i exoiuidshsbdougbsi nofpased phe tivdltds niaz z2lived e lldang eef camied.

[ 0155] The nold was renoved fromthe cooling water bath and then was
opened. Thitsct isort edtiangwaar cosltummosizaged thel yhackined pordibaseddressn
foam nol ded article was obtained. The resulting polylactic acid-based resin

foamed pardd g f oamempbdednar bbel eapadcanc-eacBh 588t rAPPRAERPEEIa L HI56]
(Exanpl e 2) Polf1act|c aci d-based resin foaned particles and a polylactic

3222;?323% %(d;c fa]%a%;t{@'og;%%ﬁﬁ le 'g% wer epabtained 1hnokhg 38981089087 as
nmple 1 except Tor changi ng
the cutting of the polylactic acid-based resin extrudate was
performed within the unfoamed portion.
[0147]

In the production of the polylactic acid-based resin
foamed particles, first, no rotary shaft 2 was installed in the
multi-nozzle die 1, and the cooling member 4 was kept retracted
from the multi-nozzle die 1. In this state, a polylactic
acid-based resin extrudate was extrusion-foamed from the single
screw extruder, and it was confirmed that the polylactic
acid-based resin extrudate was composed of an unfoamed portion
immediately after being extruded through a nozzle of the
multi-nozzle die 1 and a foaming portion which was contiguous
to the unfoamed portion and was foaming. Next, the rotary shaft
2 was installed to the multi-nozzle die 1 and the cooling member
4 was disposed at a predetermined position. Then, the rotary
shaft 2 was rotated and a polylactic acid-based resin extrudate
was cut with rotary blades 5 at the opening edge of the outlet
11 of the nozzle to produce polylactic acid-based resin foamed

particles.

[0148]
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the nunber of rotary blades 5 to 2 and providing the rotary blades 5
integrally on the outer peripheral surface of the rear end portion of the
rotary shaft 2 at equal distances along the circunferential direction of
the rotary shaft 2 (providing the rotary blades 5, 5 integrally at
positions on the outer peripheral surface of the rear end portion of the
rotary shaft 2, the positions being opposite in the dianmeter direction of
69 the rotary shaft 2) and adjusting the rotation speed of the rotary

bl ades 5 to 7800 rnp. [0157] The obtai ned polylactic acid-based resin foaned
particl es had aTpar podlyéadicameterdobased tres3n3 foametheantdslles ngre
pol yl actic aci d-based resin foaned particle foamnolded article had an

excel | ent sappearadceutidid8br (Exaapliebd) thol yhiecing @eidsbasake@py f oaned
particles and a polylactic acid-based resin foam nolded article were

obtained tiha tRe33M1RRRRESE anhdesaniirG Wi dxam ecbietERlatar 4ising, as
a polylactic acid-based resin, a resin conposed of 100 parts by wei ght of a

crystal ling nyu Ek‘é Eﬁédll?ﬁéfdsdfﬁéé‘? d£ WELeLaL fgﬂagg 0011

pr oduced by nlca ti'ng point: formratio:

Storage . FERURGY BETVE add ANGELoNTGS R WO b A ed by & dynam c
vi scoel asticit neasurenent. 107.0C) and 2 parts by
[0149)5

The cooled polylactic acid-based resin foamed particles
were discharged together with the cooling water 42 through the
discharging port 4le of the cooling drum 41 and then were
separated from the cooling water 42a with a dehydrator. The
obtained polylactic acid-based resin foamed particles had
particle diameters of 2.2 to 2.6 mm and a bulk density of 0.21
g/cm?.

[0150]

The photograph of the obtained polylactic acid-based
resin foamed particles is shown in Fig. 3. The surface of each
polylactic acid-based resin foamed particle was entirely
coveredwith a skin layer. No cut sections of cells were present
in the skin layer.

[0151]

Next, the polylactic acid-based resin foamed particles
were put into a hermetic container. Carbon dioxide was then
pressed into the hermetic container at a pressure of 0.3 MPa
and was left at 20°C over 24 hours. Thus, the polylactic

acid-based resin foamed particles were impregnated with carbon
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wei ght of a masterbatch of an acrylic-styrene based conpound, which is a
crosslinking agent, having an epoxy group and a polylactic acid-based
resin, and cooling a polylactic acid-based resinin a nolten state to 200C
inthe tip portion of the extruder. The tenperature of the nmulti-nozzle die
1 was held at 200C. 70 [0159] The obtai ned polylactic acid-based resin
foamed particles had a particle dianmeter of 2.2 to 2.6 nm The resulting
pol yl actic acid-based resin foaned particle foamnolded article had an
excel | ent appearance. [0160] Polylactic acid-based resin foaned particles
were prodicxdden the sane manner as described above except for failing to
press a foam ng agent into the single screw extruder. A dynamc

vi scoel astliodapdasur enmrent was perforned by use of the resulting polylactic
aci d-based resin particles for neasurenent. As a result, the tenperature T

at an intersectisibsefuchtIhor age AW IS tGW v iabasd DS Smd Wl dimadlr ve was
137.5C. The nelting point (np) of polylactic acid-based resin which

consti t ut e the.Rol We%tfflf‘éa‘irﬁ%ﬁﬁdc&\%h? FRRIHE] @y of "BASHI SARNT Was
measured to be 171.2C [0161] (Exanple 4)" Polylactic acid-based resin

foamed panti.elies AL o MU AGH 1§ A5i8-DAsed, &8I hd qasEaged, article vere

obt ai ned

rectangular column shape of 30 mm in length, 300 mm in width
and 300 mm in height. The mold was provided with 252 circular
feeding ports having a diameter of 8 mm at 20 mm intervals in
order to connect the inside of the cavity of the mold and the
outside of the mold. Each of the feeding ports had a lattice
part having an opening width of 1 mm. The feeding port was
configured so that polylactic acid-based resin foamed particles
filled in the mold would not be allowed to flow out of the mold
through the feeding port, whereas water could be fed from the
outside of the mold to the inside of the cavity through the
feeding port of the mold.

[0153]

Water maintained at 95° was pooled in a heating water bath,
and the mold in which the polylactic acid-based resin foamed
particles were filled was immersed completely in the water in
the heating water bath over 5 minutes. Water was fed to the
polylactic acid-based resin foamed particles in the cavity of
the mold through the feeding port of the mold, and the polylactic
acid-based resin foamed particles were heated to foam. Thus,

the polylactic acid-based resin foamed particles were thermally
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in the sane manner as described in Exanple 1 except for adjusting the
anount of the butane containing 3596 by wei ght of isobutane and 65% by

wei ght of nornmal butane to 1. 5 parts by weight instead of 1.0 part by

wei ght based on 100 parts by weight of the polylactic acid-based resin. 71
[0162] The obtai ned pol ylactic acid-based resin foanmed particles had a
particle dianmeter of 2.2 to 2.6 mm The resulting polylactic acid-based
resin foaned particle foamnolded article had an excel | ent appearance.
[0163] (Exanple 5) Polylactic acid-based resin foaned particles and a

pol yl act i Euadict-basedd d¢si mrfidaEm nol ded article were obtained in the sanme
manner as described in Exanple 1 except for using a nmulti-nozzle die 1 that
had 20 nozdiex]in which the outlet 11 had 1.0 nmin dianeter, all the
outlets 11 of the nozzles being |ocated at equal intervals on an inmagi nary

circle of 139.5Ne®,i Bhdi abBlEkas afthexdd Uicantheankagiagpwhyéachatch .
aci d-based resin through the nozzles of the nmulti-nozzle die 1 at a shear

rate of 38&1% SeGat 0l %llmEgﬁn%t&&t ned “%@ ﬁé@f%agna&ﬁgﬁ]ﬁé‘é%oﬁ% 59@99(1

particles had 'a partic anet er of resu

pol yl acti ¢, a] d- 9%@69\0&%%3; QAEAABA (1o LOATIY G4 bihe Nad an

excel | ent "appear anc

completely over 5 minutes, so that the polylactic acid-based
resin foamed particles in the mold were cooled.
[0155]

The mold was removed from the cooling water bath and then
was opened. Thus, a rectangular column-shaped polylactic
acid-based resin foam-molded article was obtained. The
resulting polylactic acid-based resin foamed particle
foam-molded article had an excellent appearance.

[0156]
(Example 2)

Polylactic acid-based resin foamed particles and a
polylactic acid-based resin foam-molded article were obtained
in the same manner as described in Example 1 except for changing
the number of rotary blades 5 to 2 and providing the rotary blades
5 integrally on the outer peripheral surface of the rear end
portion of the rotary shaft 2 at equal distances along the
circumferential direction of the rotary shaft 2 (providing the
rotary blades 5, 5 integrally at positions on the outer
peripheral surface of the rear end portion of the rotary shaft

2, the positions being opposite in the diameter direction of
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[0165] (Exanple 6) Polylactic acid-based resin foaned particles, before
being i npregnated with carbon di oxi de, obtained in Exanple 1 72 were fed
into a 10 liter pressure container, which was then sealed hernetically.
Into this pressure container, carbon dioxide was pressed at a pressure of
1. 0 MPa, followed by being left at 20C over 6 hours. Thus, the polylactic
aci d-based resin foaned particles were inpregnated with carbon di oxi de.
[0166] The above-nenti oned pol yl actic aci d-based resin foamed particles
were taken out fromthe pressure container and the polylactic acid-based
resin foalg¢ parteEiryl ehalder )i mnediagieIsf inedhentet@ HAn fneast & tEfui pped
wth a stirrer. The polylactic acid-based resin foanmed particles were

heat ed t o riotamywtliadgisy 5 ot 7800 afmp65C over 3 mi nutes under stirring. Thus,
secondarily foanmed particles were obtained which had a particle dianeter of
2.6 to 3. qgomm7]a bul k density of 0.048 g/cnB and a crystallinity degree of
20. 20. [0167] The resulting polylactic acid-based resin foanmed particles

were fed into aTher BBiaG neeNtR1RActGY R AivRdele radis timdy essed into
the hernmetic container at a pressure of 0.8 MPa and was |left at 20C over 24

hours. M1 34009 idabe {AUTR RIS 17 &d MPreghat ednl th carbon

di oxi de.

resulting polylactic acid-based resin foamed particle
foam-molded article had an excellent appearance.
[0158]

(Example 3)

Polylactic acid-based resin foamed particles and a
polylactic acid-based resin foam-molded article were obtained
in the same manner as described in Example 1 except for using,
as a polylactic acid-based resin, a resin composed of 100 parts
by weight of a crystalline polylactic acid-based resin
(commercial name "LACEA H-100" produced by Mitsui Chemicals,
Inc., melting point: 171.4°C, D-form ratio: 0.9 mol%, L-form
ratio: 99.1 mol%, temperature T at an intersection of a storage
modulus curve and a loss modulus curve, both obtained by a
dynamic viscoelasticity measurement: 107.0°C) and 2 parts by
weight of a masterbatch of an acrylic-styrene based compound,
which is a crosslinking agent, having an epoxy group and a
polylactic acid-based resin, and cooling a polylactic
acid-based resin in a molten state to 200°C in the tip portion

of the extruder. The temperature of the multi-nozzle die 1 was

held at 200°C.
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Subsequently, the secondarily foamed particles were filled into the cavity
of the nold used in Exanple 1. Water nmaintained at 85 was pooled in a
heating water bath. The nold 73 in which the secondarily foanmed particles
were filled was imrersed conpletely in the water in the heating water bath
over 3 mnutes. Water was fed to the secondarily foamed particles in the
cavity of the nold through the feeding port of the nold, and the
secondarily foanmed particles were heated to foam Thus, the polylactic
aci d- based resin foamed particles were thermally fusion bonded to unite.
[0169] NexXt0l5Phe nol d was renoved fromthe heating water bath. Then, water
mai nt ai ned at 20 was pool ed in another cooling water bath, and the nold was
i mersed in theTheobbhginetiepoigilhctdianpicetebpsederesim fuseed so that the
pol yl actic acid-based resin foaned particles in the nold were cool ed.

[0170] Theanlid1was haenmay ed ritiemet g seealdme wat.er deatth camth t hehe was
opened. Thus, a rectangul ar col um-shaped pol yl actic acid-based resin

foam mol deg <At pwq%%@taﬂdﬂ%ldﬂ?)%serde%téstfrp&owéd 3G AG d-based resin
foaned particle foamnolded article had an excellent appearance. [0171]

(Bxom o Safehyay o2l aned eal apies gl vere  produced i
[0160]

Polylactic acid-based resin foamed particles were
produced in the same manner as described above except for
failing to press a foaming agent into the single screw extruder.
A dynamic viscoelastic measurement was performed by use of the
resulting polylactic acid-based resin particles for
measurement. As a result, the temperature T at an intersection
of a storage modulus curve and a loss modulus curve was 137.5°C.
The melting point (mp) of polylactic acid-based resin which
constituted the polylactic acid-based resin particles for
measurement was measured to be 171.2°C.

[0161]
(Example 4)

Polylactic acid-based resin foamed particles and a
polylactic acid-based resin foam-molded article were obtained
in the same manner as described in Example 1 except for adjusting
the amount of the butane containing 35% by weight of isobutane
and 65% by weight of normal butane to 1.5 parts by weight instead

of 1.0 part by weight based on 100 parts by weight of the

polylactic acid-based resin.
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for using a nulti-nozzle die 1 having the sanme structure as that of the
multi-nozzle die 1 used in Exanple 1 except that the nunber 74 of nozzles
was 20 and that the dianmeter of the outlet 11 of each nozzle was 0.7 mm
extrusion-nol ding a polylactic acid-based resin at a shear rate of 11136
sec-1 through the nozzles of the nulti-nozzle die 1, changing the nunber of
rotary blades 5 to 2 and providing the rotary blades 5, 5 integrally on the
outer peripheral surface of the rear end portion of the rotary shaft 2 at
equal distances along the circunferential direction of the rotary shaft 2
(provi di ngl@¥f2rotary blades 5, 5 integrally at positions on the outer

peri pheral surface of the rear end portion of the rotary shaft 2, the

posi tions bei ng Tpasittasiriad pdley Idictmes evcidl residdrredin heogrerdry shaft 2)
The polylactic acid-based resin foaned particles were fed into a 10 liter
pressure qedtaiciers hdd Gh peast idien deahetehesfrer izatd y2 .4 nw. thhes pressure
contai ner, carbon di oxide was pressed at a pressure of 0.8 MPa, foll owed by

bei ng | ef tr &y ROGPUB 1Pl QU S - ac ildUsasdder£91 1y | Bsdthéd asd £k based resin

foamed particles were ‘inpregnated with carbon dioxide.” [0172] The

above-ment¢ oned, Piyd %E&P&i&@ﬁéx?%iléé%&ﬁQa%aP%éé?| es were taken out

fromthe pressure contalner and the polylactic acid-based resin foaned
particles ﬁ§¥é?i nmediately fed into a hot air dryer equipped with a
stirrer. Thepolylactic acid-based resin foamed particles were heated to
foamw th HEX hft gfr of 65C over 3 minutes under stirring. Thus,

ample

Polylactic acid-based resin foamed particles and a
polylactic acid-based resin foam-molded article were obtained
in the same manner as described in Example 1 except for using
a multi-nozzle die 1 that had 20 nozzles in which the outlet
11 had 1.0 mm in diameter, all the outlets 11 of the nozzles
being located at equal intervals on an imaginary circle of 139.5
mm in diameter, and extrusion-foaming a polylactic acid-based
resin through the nozzles of the multi-nozzle die 1 at a shear
rate of 3820 sec™.

[0164]

The obtained polylactic acid-based resin foamed
particles had a particle diameter of 1.5 to 2.2 mm. The
resulting polylactic acid-based resin foamed particle
foam-molded article had an excellent appearance.

[0165]
(Example 6)
Polylactic acid-based resin foamed particles, before

being impregnated with carbon dioxide, obtained in Example 1
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secondarily foanmed particles were obtained which had a particle 75 dianeter
of 2.6 to 3.6 nm a bulk density of 0.059 g/cnB and a crystallinity degree
of 20.2% [0173] The resulting secondarily foanmed particles were fed into a
hernmeti c container. Carbon dioxide was then pressed into the hernetic
container at a pressure of 1. 0 MPa and was left at 0OC over 24 hours. Thus,
the secondarily foanmed particles were inpregnated with carbon di oxide.
[0174] Subsequently, the secondarily foaned particles were filled into the
cavity of the nold used in E;gﬂPle 1. Water nmintained af 85 was pooled in
a heating WeEerHhtHtorfe Mol teh RIFFEFTheLRRHNRT i | YPFTanEds phirefcl es
were filled was inmmersed conpletely in the water in the heating water bath
over 5 nifrRaked hemeetigalhed tatchdéhddc EESULE O et iCddPN in t he
cavity of the nold through the feeding port of the nold, and the

secondar i |didxoiadedasaprested aerepheasedetaf LoV PThusyl Lavwsd bycoadngi | y
foanmed particles were thernmally fusion-bonded to unite. [0175] Next, the

nol d was resmyest from heheatidigdvat ehubat khe pPheplawater apadrbaisead at 20
was pool ed in another cooling water bath. The nold was inmersed in the

cool i ng wet&s i hatdhme HRlraliel e DRired ifiordh@sit B0 wh hat chPBoROEYbREEEC
aci d-based resin foaned particles in the nold were cool ed.
[01le66]

The above-mentioned polylactic acid-based resin foamed
particles were taken out from the pressure container and the
polylactic acid-based resin foamed particles were immediately
fed intoa hot air dryer equipped witha stirrer. The polylactic
acid-based resin foamed particles were heated to foam with dry
hot air of 65°C over 3 minutes under stirring. Thus,
secondarily foamed particles were obtained which had a particle
diameter of 2.6 to 3.6 mm, a bulk density of 0.048 g/cm® and
a crystallinity degree of 20.2%.

[0167]

The resulting polylactic acid-based resin foamed
particles were fed into a hermetic container. Carbon dioxide
was then pressed into the hermetic container at a pressure of
0.8 MPa and was left at 20°C over 24 hours. Thus, the secondarily
foamed particles were impregnated with carbon dioxide.
[0168]

Subsequently, the secondarily foamed particles were

filled into the cavity of the mold used in Example 1. Water

maintained at 85° was pooled in a heating water bath. The mold
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76 [0176] The nold was renoved fromthe cooling water bath and then was
opened. Thus, a rectangul ar col um-shaped pol yl actic acid-based resin
foam nol ded article was obtained. The resulting polylactic acid-based resin
foaned particle foamnolded article had an excell ent appearance. [0177]
(Exanple 8) A polylactic acid-based resin foam nolded article was obtai ned
in the sanme manner as described in Exanple 7 except for adjusting the
pressure to 0.3 MPa instead of 1.0 MPa and adjusting the tenperature to -7C
instead of OC in inpregnating secondarily foamed particles wth carbon

di oxi de. [01¥B}ch( thaenpeecrdanigy Vicamed Paditd-H&se ¥ ar&s i fletnas ded
article was obtained in the sane nmanner as described in Exanple 7 except

f or adj ustimmgriskee cempiebelyein she3Giestientdhefhet img warperegabhiower
secondarily foanmed particles with carbon dioxide. [0179] (Exanple 10) A

pol yl acti @ athdtbasedwsest wfodfadmlodetecasttch@anhsy Ddrmedeehitn ¢ hes sanme
manner as described in Exanple 7 except for adjusting the tenperature to

22C i nst eag) gheMG¥ity igMERENAG DG IBRARNM ANl Fed@® b S LIFCERSE nib1d, car bon
di oxi de. 77
and the secondarily foamed particles were heated to foam. Thus,
the polylactic acid-based resin foamed particles were thermally
fusion bonded to unite.
[0169]

Next, the mold was removed from the heating water bath.
Then, water maintained at 20° was pooled in another cooling water
bath, and the mold was immersed in the cooling water bath
completely over 5 minutes, so that the polylactic acid-based
resin foamed particles in the mold were cooled.

[0170]

The mold was removed from the cooling water bath and then
was opened. Thus, a rectangular column-shaped polylactic
acid-based resin foam-molded article was obtained. The
resulting polylactic acid-based resin foamed particle
foam-molded article had an excellent appearance.

[0171]
(Example 7)

Polylactic acid-based resin foamed particles were

produced in the same manner as described in Example 1 except

for using a multi-nozzle die 1 having the same structure as that

of themulti-nozzledie 1 used in Example 1 except that the number
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[0180] (Conparative Exanple 1) 100 parts by weight of a crystalline
polylactic acid-based resin (comrercial nane "TERRAMAC HV- 6250H" produced
by UNITIKA LTD., nelting point: 169.1C, D-formratio: 1.2 ww% L-form
ratio: 98.8 w% tenperature T at an intersection of a storage nodul us
curve and a | oss nodul us curve, both obtained by a dynam c viscoelasticity
nmeasurenent: 138.8C) and 0.l parts by weight of a polytetrafl uoroethyl ene
powder (comrercial name "Fluon L169J" produced by Asahi G ass Co., Ltd.) as
a cell regulator were fed into a single screw extruder with a diameter of
65 mm and atheazaees was LOkaedddrt Chethbase gl ©fsthevwputeket ddepf garh
pol yl actic aci d-based resin was nelt-kneaded at 190C at the begi nning and

t hen was melzzllenwaged . Whinhe e¢keruseapenaldirgthepebflawsit mriebdesed 220C.
[0181] Subsequently, butane containing 35% by wei ght of isobutane and 65%
by wei ght refsimonpeh dhdaneanasofr es526 a6 thihmuginltHeanbize lasi df based resin
in a nolten state so that the anount of the butane woul d become 0. 7 parts

by wei ght rRasad 21806 1Rant Schinyehghth®nunif 1ty kaekirg Bthdebasegs r esin.
Thus, the butane was dispersed uniformy in the polylactic acid-based

resin. [0182},3T8e8y; fhagPohy:R01dG, BEbELRASE rieRidy 1 13, BBl £RA Si@de 78

was cooleéﬁto ZQOC at t%e tip portion of the extrS%%r, and
peripheral surface of the rear end portion of the rotary shaft
2 at equal distances along the circumferential direction of the
rotary shaft 2 (providing the rotary blades 5, 5 integrally at
positions on the outer peripheral surface of the rear end
portion of the rotary shaft 2, the positions being opposite in
the diameter direction of the rotary shaft 2). The polylactic
acid-based resin foamed particles were fed into a 10 liter
pressure container, which was then sealed hermetically. Into
this pressure container, carbon dioxide was pressed at a
pressure of 0.8 MPa, followed by being left at 20°C over 5 hours.
Thus, the polylactic acid-based resin foamed particles were
impregnated with carbon dioxide.
[0172]

The above-mentioned polylactic acid-based resin foamed
particles were taken out from the pressure container and the
polylactic acid-based resin foamed particles were immediately
fed intoahot air dryer equippedwith a stirrer. The polylactic
acid-based resin foamed particles were heated to foam with dry
hot air of 65°C over 3 minutes under stirring. Thus,

secondarily foamed particles were obtained which had a particle
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subsequently, the resin was extrusion-foaned at a shear rate of 5659 sec-1
t hrough each nozzle of a nmulti-nozzle die attached to the tip of the single
screw extruder to produce strand-shaped polylactic acid-based resin
extrusion-foaned articles. The tenperature of the nmulti-nozzle die was held
at 200C. [0183] Subsequently, the strand-shaped polylactic acid-based resin
extrusion-foamng articles were cooled by air cooling over a distance of 60
cmfromthe tip of each nozzle of the multi-nozzle die, and then the
strand- shaped polylactic acid-based resin extrusion-foaned articles were
f1 oat ed odiehetewabdr 2sér tacd -bnma, ceobithly deneitpach dver9agdest ek of 2 m
to cool. The water tenperature in the cooling water bath was 30C. [0184]
The mul ti anezziseadildntiag Hegrezzlofs 2ion 28hi ch the outlets had 1.0 nmin
di aneter and the land portion was 7 nmin length. The resin tenperature in
execution [@f 7&qtrusi on-foam ng through a nozzle of the nulti-nozzle die,
whi ch was neasured by inserting a breaker plate between the tip portion of

the single scr ‘%‘P{eei(ééﬁ'ﬂ@{ng%é&ﬁiﬂ‘ﬂﬁ@@ah@%%éﬂ‘ﬂc?eé hereayp g d nto
the center part of the bre p ate, was 204C." [ 0185] The strand-shaped

pol yl act | g‘ghﬂe?ﬂ% c%[r{teasn{‘er %’%a H%P&I ?%% E‘ﬁé}fq e I8 n ﬁ'éﬁ’ drai ned

and then t 1 ¢ acid-ba fesin rusi on- es were cut

hermetic container at a pressure of 1.0 MPa and was left at 0°C
over 24 hours. Thus, the secondarily foamed particles were
impregnated with carbon dioxide.

[0174]

Subsequently, the secondarily foamed particles were
filled into the cavity of the mold used in Example 1. Water
maintained at 85° was pooled in a heating water bath. The mold
in which the secondarily foamed particles were filled was
immersed completely in the water in the heating water bath over
5 minutes. Water was fed to the secondarily foamed particles
in the cavity of the mold through the feeding port of the mold,
and the secondarily foamed particles were heated to foam. Thus,
the secondarily foamed particles were thermally fusion-bonded
to unite.

[0175]

Next, the mold was removed from the heating water bath.
Then, water maintained at 20° was pooled in another cooling water
bath. The mold was immersed in the cooling water bath
completely over 5 minutes, so that the polylactic acid-based

resin foamed particles in the mold were cooled.
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with a fan cutter type pelletizer at 2.3 mmintervals into a solid
cylindrical shape. Thus, polylactic acid-based resin foaned particles were
obt ai ned. The obtai ned polylactic acid-based resin foanmed particles had a
particle diameter of 1.7 to 2.3 mm [0186] The photograph of the obtained
pol yl actic acid-based resin foaned particles is showm in Fig. 4. In the
surfaces of the polylactic acid-based resin foanmed particles, many cut
sections of cells were formed. [0187] Next, the polylactic acid-based resin
foanmed particles were put into a hernetic container. Carbon dioxide was
then predsadéilnto the hernetic container at a pressure of 0.49 MPa and was
| eft at 20C over 24 hours. Thus, the polylactic acid-based resin foaned
particl es were iThpreghdtwed wembvedrfiosm ttheoxbdeinfOlB8dr Bakhsequériian a

pol yl actic aci d-based resin foamnolded article was produced in the sane

nmanner as @es eplkRd i ThR3 MRl &eck alhgiuitirt ke 1ekinaigeg g 1aetd & aci d- based
resin foaned partlcles. [0189] 80 (Conparative Exanple 2) The producti on of

a_pol yl actj agidbased itesidhd HTRka PRSI WAS HLATILD et he same

manner as SCFI

resulting polylactic acid-based resin foamed particle
foam-molded article had an excellent appearance.
[0177]

(Example 8)

A polylactic acid-based resin foam-molded article was
obtained in the same manner as described in Example 7 except
for adjusting the pressure to 0.3 MPa instead of 1.0 MPa and
adjusting the temperature to -7°C instead of 0°C in impregnating
secondarily foamed particles with carbon dioxide.

[0178]
(Example 9)

A polylactic acid-based resin foam-molded article was
obtained in the same manner as described in Example 7 except
for adjusting the temperature to 13°C instead of 0°C in
impregnating secondarily foamed particles with carbon dioxide.
[0179]

(Example 10)

A polylactic acid-based resin foam-molded article was
obtained in the same manner as described in Example 7 except
for adjusting the temperature to 22°C instead of 0°C in

impregnating secondarily foamed particles with carbon dioxide.
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Exanpl e 1 except for changing the nunber of rotary blades 5 to 2 and

providing the rotary blades 5, 5 integrally on the outer peripheral surface
of the rear end portion of the rotary shaft 2 at equal distances along the
circunferential direction of the rotary shaft 2 (providing the rotary
blades 5, 5 integrally at positions on the outer peripheral surface of the
rear end portion of the rotary shaft 2, the positions being opposite in

the dianmeter direction of the rotary shaft 2) and adjusting the rotation
speed of the rotary blades 5 to 1800 rnp. However, polylactic acid-based
resin foarl®d8Particles joined together and no satisfactory polylactic

aci d-based resin foaned particles could be obtained. [01901 (Conparative
Exanpl e 3)(CSepamdariviey Exeapae particles were obtained in the sane nanner as
described in Exanple 6 using the polylactic acid-based resin foaned
particles obtai ned parCenpgr akivhtExdnmp ery,stlid ineepalltilngtdecondarily
foanmed particles had a particle dianeter of 2.3 to 3.5 nm but the bulk

density therenkhwas Assih dlkcitne r&iQ60nGhE "rrARoiAd Aot 85 8R dlRaadk g esin

foam nol ded article was obtained in the sane manner as described in Exanple

6 using §o*>‘r§tg$§f§§?%ﬂ-y gn_ggmgpgm&! §% LLal r&‘}‘-dfoﬁ% r[a%%l:]l.%%@’ar ative

Exanpl e 4 ic aci ase esi n’ foamed particles were ~oObtained in

the same ria_ oq:rm %%tqeé‘scgbbgdwtlzg, Eﬁ‘e%@éfat%reé‘%e%tt an intersection of a
storage modulus curve and a loss modulus curve, both obtained
by a dynamic viscoelasticity measurement: 138.8°C) and 0.1 parts
by weight of a polytetrafluoroethylene powder (commercial name
"Fluon L169J" produced by Asahi Glass Co., Ltd.) as a cell
regulator were fed into a single screw extruder with a diameter
of 65 mm and then were melt-kneaded. In the single screw
extruder, the polylactic acid-based resin was melt-kneaded at
190°C at the beginning and then was melt-kneaded while the

temperature thereof was increased to 220°C.
[0181]

Subsequently, butane containing 35% by weight of
isobutane and 65% by weight of normal butane was pressed into
the polylactic acid-based resin in a molten state so that the
amount of the butane would become 0.7 parts by weight based on
100 parts by weight of the polylactic acid-based resin. Thus,
the butane was dispersed uniformly in the polylactic acid-based
resin.

[0182]

Then, the polylactic acid-based resin in a molten state
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By

for feeding 100 parts by weight of a crystalline polylactic acid-based
resin (commercial name "LACEA H 360" produced by Mtsui Chem cals, Inc.
melting point (np): 142.5C, D-form ratio: 6.0 nol% L-formratio: 94.0
nol % tenperature T at an intersection of a storage nodul us curve and a

| oss nmodul us curve, both obtained by a dynami c viscoelasticity neasurenent:
112.7C) and 0.1 parts by weight of a polytetrafluoroethylene powder
(comrercial nane "Fluon L169J" produced by Asahi dass Co., Ltd.) as a cel
regulator to a single screw extruder with a diameter of 65 nm The

pol yl act i wagcicgoBgsedor @9I0ACwAatE thel tiknpadtdonncl ShAgkatsvdew, ernAuder at
175C at the beginning and then was nelt-kneaded while the tenperature

t her eof wesibsiequessded tbelg88€inThWesa, exheusesut fPagedory| actiennciatdased
resin in a nolten state was cooled to 195C at the tip portion of the single
screw ext ofdess anre X trhrsiugh &aaheth2drouvdha aulmil-hiozzdzzd e ditec alchvad nt ai ned
at 195C. The obtained polylactic acid-based resin foanmed particles had a

particle tdj anetal 6f the?stAgle &dPBw ERQLO3ReA ROpYbaGEE GG - hasaskd esin
foam nol ded article was obtained in the sane manner as described in Exanple

1 except 83 haltys B (1§ QRIPIREA P A I A Mid2psat fed . T egged
particles and maintaining the water in the heating water bath at 70C
[0193] (QQQE%&%&%%% %éa@%éaéglti—nozzle die was held at 200°C.

[0183]

Subsequently, the strand-shaped polylactic acid-based
resin extrusion-foaming articles were cooled by air cooling
over a distance of 60 cm from the tip of each nozzle of the
multi-nozzle die, and then the strand-shaped polylactic
acid-based resin extrusion-foamed articles were floated on the
water surface in a cooling water bath over a distance of 2 m
to cool. The water temperature in the cooling water bath was
30°C.

[0184]

The multi-nozzle die had 15 nozzles in which the outlets
had 1.0 mm in diameter and the land portion was 7 mm in length.
The resin temperature in execution of extrusion-foaming through
a nozzle of the multi-nozzle die, which was measured by
inserting a breaker plate between the tip portion of the single
screw extruder and the die and inserting a thermocouple into
the center part of the breaker plate, was 204°C.

[0185]

The strand-shaped polylactic acid-based resin
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A polylactic acid-based resin foamnol ded article was obtained in the sane
manner as described in Exanple 7 except for adjusting the tenperature to
28C instead of OCin inpregnating secondarily foanmed particles with carbon
di oxi de. [0194] (Conparative Exanple 6) A polylactic acid-based resin
foam nol ded article was obtained in the sane manner as described in Exanple
7 except for adjusting the pressure to 0.1 MPa instead of 1.0 MPa in

i npregnating secondarily foamed particles with carbon dioxide. [0195]
(Comparative Exanple 7) A polylactic acid-based resin foamnol ded article

was obt aisxédusiohdosamed marierl ofs e iy idraBnalad depihe f or
adjusting the pressure to 1.7 MPa instead of 1.0 MPa in inpregnating
secondar i lpplfydamed pacidebasedindsignebnudi ori- leameflG1g6] c e weekcwlensi ty,
the open cell ratio and the «crystallinity degree of the polylactic

aci d- basedringsian fhoamed tepactiel pelapditbe secpdnganm! ynteaveds patocd es
obtained in the 83 exanples and the conparative exanpl e descri bed above, and

the apparnti dersiinariidia EHENLSSTANsSt benglhcttihe skliexwaaled Selsgmgt h, the
rate of fusion bonding, the heat resistance, the crystallinity degree, the

appear ance il 4 he HRAUs MRSISTANCE nd . { BRePBbYLAGKIC pradRaged resin
foam nol ded articles were neasured in the procedures déescribed above, and

the reSL”té%fo%ased resin foamed particles had a particle diameter of

1.7 to 2.3 mm.
[0186]

The photograph of the obtained polylactic acid-based
resin foamed particles is shown in Fig. 4. In the surfaces of
the polylactic acid-based resin foamed particles, many cut
sections of cells were formed.

[0187]

Next, the polylactic acid-based resin foamed particles
were put into a hermetic container. Carbon dioxide was then
pressed into the hermetic container at a pressure of 0.49 MPa
and was left at 20°C over 24 hours. Thus, the polylactic
acid-based resin foamed particles were impregnated with carbon
dioxide.

[0188]

Subsequently, a polylactic acid-based resin foam-molded
article was produced in the same manner as described in Example
1 using the obtained polylactic acid-based resin foamed
particles.

[0189]
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shown in Tables 2 to 4. [0197] [Table 11 Polylactic acia-based resin D-form
L-formMelting Intersection ratio ratio tenperature 'f (nol ' t) (nolt)
point (C) (IC) Exanple 1 1.2 98.8 169.1 138.8 Exanple 2 1.2 98.8 169.1
138.8 Exanmple 3 0.9 99.1 171.2 137.5 Exanple 4 1.2 98.8 169.1 138.8
Exanple 5 1.2 98.8 169.1 138.8 Exanple 6 1.2 98.8 169.1 138.8 Exanple 7
1.2 98.8 169.1 138.8 Exanple 8 1.2 98.8 169.1 138.8 Exanple 9 1.2 98.8
169.1 138.8 Exanple 10 1.2 98.8 169.1 138.8 Conparative 1.2 98.8 169.1
138.8 Exanp-e 1 Conparative 1.2 98.8 169.1 138.8 Exanple 7 Conparative 1.2
98.8 169. 1CoB@agatiisl Exampdgparati ve 6.0 94.0 142.5 112.7 Exanple 4
Cnrrpara rive Exanoie 5 1.2 98.8 169.1 138.8

The production of a polylactic acid-based resin foamed

particle was attempted in the same manner as described in
Example 1 except for changing the number of rotary blades 5 to
2 and providing the rotary blades 5, 5 integrally on the outer
peripheral surface of the rear end portion of the rotary shaft
2 at equal distances along the circumferential direction of the
rotary shaft 2 (providing the rotary blades 5, 5 integrally at
positions on the outer peripheral surface of the rear end
portion of the rotary shaft 2, the positions being opposite in
the diameter direction of the rotary shaft 2) and adjusting the
rotation speed of the rotary blades 5 to 1800 rmp. However,
polylactic acid-based resin foamed particles joined together
and no satisfactory polylactic acid-based resin foamed
particles could be obtained.

[0190]

(Comparative Example 3)

Secondarily foamed particles were obtained in the same
manner as described in Example 6 using the polylactic acid-based
resin foamed particles obtained in Comparative Example 1. The
resulting secondarily foamed particles had a particle diameter
of 2.3 to 3.5 mm, but the bulk density thereof was as high as
0.060 g/cm’. Apolylactic acid-based resin foam-molded article
was obtained in the same manner as described in Example 6 using

the secondarily foamed particles obtained.
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[0191]
(Comparative Example 4)

Polylactic acid-based resin foamed particles were
obtained in the same manner as described in Example 1 except
for feeding 100 parts by weight of a crystalline polylactic
acid-based resin (commercial name "LACEA H-360" produced by
Mitsui Chemicalsg, Inc., melting point (mp): 142.5°C, D-form
ratio: 6.0 mol%, L-form ratio: 94.0 mol%, temperature T at an
intersection of a storage modulus curve and a loss modulus curve,
both obtained by a dynamic viscoelasticity measurement:
112.7°C) and 0.1 parts by weight of a polytetrafluorocethylene
powder (commercial name "Fluon L169J" produced by Asahi Glass
Co., Ltd.) as a cell regulator to a single screw extruder with
a diameter of 65 mm. The polylactic acid-based resin was
melt-kneaded in a single screw extruder at 175°C at the beginning
and then was melt-kneaded while the temperature thereof was
increased to 185°C. Then, the resulting polylactic acid-based
resin in a molten state was cooled to 195°C at the tip portion
of the single screw extruder and extrusion-fcoamed through a
multi-nozzle die 1 maintained at 195°C. The obtained
polylactic acid-based resin foamed particles had a particle
diameter of 2.2 to 2.6 mm.

[0192]
A polylactic acid-based resin foam-molded article was

obtained in the same manner as described in Example 1 except
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for using the obtained polylactic acid-based resin foamed
particles and maintaining the water in the heating water bath
at 70°C.

[0193]

(Comparative Example 5)

A polylactic acid-based resin foam-molded article was
obtained in the same manner as described in Example 7 except
for adjusting the temperature to 28°C instead of 0°C in
impregnating secondarily foamed particles with carbon dioxide.
[0194]

(Comparative Example 6)

A polylactic acid-based resin foam-molded article was
obtained in the same manner as described in Example 7 except
for adjusting the pressure to 0.1 MPa instead of 1.0 MPa in
impregnating secondarily foamed particles with carbon dioxide.
[0195]

(Comparative Example 7)

A polylactic acid-based resin foam-molded article was
obtained in the same manner as described in Example 7 except
for adjusting the pressure to 1.7 MPa instead of 1.0 MPa in
impregnating secondarily foamed particles with carbon dioxide.
[0196]

The bulk density, the open cell ratio and the
crystallinity degree of the polylactic acid-based resin foamed

particles and the secondarily foamed particles obtained in the

83

MNHIUWOCCOCOQ] Q1 Q) 00 NNw (0O W -HJj (NNNHNBHNN
o o0U~1CN'9OpNrl GONNNNti NNNNNNNNGCNNN 6d
Y" -HH.1(NHHHHHH.i C.i CNNNNNNNNGC/NNNNNN
L 00O00c 000000000000 Z G"d.~00C000000O0
"~0G00000000000 410(} COQI WCOCOQ SCOQ] WQJ W
J~:1'1~ |'"CCUQ A&



ti +~NN1ro0O NCG G NNNNI NI O NNN Hz

- r-rCGC ocoONOOOOH - HOOC ONON U N.
OOCOO~Nrl N.-1 NN NNN s NEO aG
C Uuc o H-~0-4, 'J0-Nn

HTti

6 E

X X

N~I

_1
T NI O

Oo
H N CO
1 Jr

' <oos

ZT O
~3

N .y l' aaaao, as o, d;"

, mo, ) C n~'"aa9 am
N N k k k k k. Kk kkkcwO0OWO
orn

examples and the comparative example described above, and the

od
WWN
K
X

T O6©°
800
T~ Q0 ©

b

AN

“"NC ZZ

a~—-

X ® Tz
H
C)E

o

N
E
X

mxX __Z

, E E
X O

n
m
m

c
N C
m

O

N
~0.U a~- gn.ws
N N m
a o) o

Ov
=z
=z

apparent density, the compression strength, the flexural

strength, the rate of fusion bonding, the heat resistance, the
crystallinity degree, the appearance and the impact resistance
of the polylactic acid-based resin foam-molded articles were
measured in the procedures described above, and the results are

shown in Tables 2 to 4.

[0197]
[Table 1]
Polylactic acid-based resin
D-form L~form ) Intersection
. ; Melting
ratio ratio , o temperature T
(mol%) (mols) [Point °C) °c)
Example 1 1.2 98.8 169.1 138.8
Example 2 1.2 98.8 169.1 138.8
Example 3 0.9 99.1 171.2 137.5
Example 4 1.2 98.8 169.1 138.8
Example 5 1.2 98.8 169.1 138.8
Example 6 1.2 98.8 169.1 138.8
Example 7 1.2 98.8 169.1 138.8
Example 8 1.2 98.8 169.1 138.8
Example 9 1.2 98.8 169.1 138.8
Example 10 1.2 L 98.8 169.1 138.8
comparative 1.2 98.8 169.1 138.8
xample 1
Comparative
Example 2 1.2 98.8 169.1 138.8
Comparative
Example 3 1.2 98.8 169.1 138.8
Comparative
Examole 4 6.0 94.0 142.5 112.7
Comparative
Example 5 1.2 98.8 169.1 138.8
Comparative 1.2 98.8 169.1 138.8
Example 6
Comparative 1.2 98.8 169.1 138.8
Example 7
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Exanpl e 4

Exanple 6 0.048 2.0 20.2 0.8 20 24

density ty
[Mra) (O

Open cel
(hour)

[ Tabl e 31 Secondarily foaned
f*) Ti
Example 3 - - - - - -

("1

Example 2 - - - - - -

rat_o

NNWWOWP) NUUUUVV 135 [01991
5

particle Sulk Crystalline Inpregnation conditions

degree pressure Texperature g eni

W N
Example 1 - - - - -

20.2 1.0 0 24 Exanple 8 0.059 1.9 20.2 0.3 -7 24

anpl e
1.9
Exanple 9 0.059 1.9 20.2 1.0 13 24 Exanple 10 0.059 1.9 20.2 1.0 22 24

Exanpl e 7 0.059

Ex

.p a Exanple 2 Conparativc 0.060 15.3 24.1 0.8

SuUCT3TPUOD uoTieubsidut

sToT1red poweoJ UTSSI PosSeg-PTOR OTI10BTATO4

opeTq Azeioy

PTOW

. . . P . L aTdwexd
g 0c 8T 4 TZ°0 008°¥% Z L0 0Z eaTavredwo)
. . . . . 9 ardwexj
g 0c 8T 1°¢ 1270 008V 14 L0 0¢ saTyeredmon
R . . . . g o1dupxy
g 0¢ 8T 1°¢ T2 0 008V Z L0 0¢ saTieIedNon
; R . . . F oTdwexd
24 (04 1 Z°€ I2°0 008°F i 0°T 0T saTIETRAWO)
. . . . £ a7dwexd
9 0¢ (44 0°¢¢ 120 - - 0T ST eaTIeTRAUON
. , R 7 a1dwexq
- - - - T2 0 008°T Z 0°'T 0T eaTyereduon
. . . . T etduexyg
4 0c 9°2¢ 0°¢¢ T2 0 - - 0°T GT satiereduos
g 0¢ T°8T 72 12°0 008‘F Z L0 02 0T srdwexy
g 0¢ T°8T 1°2 TZ°0 008°‘F% Z L°0 0Z 6 sTdwexd
g 0c 78T 172 T2°0 008'F Z L0 0c g @Tdwexdy
g 0c T°8T 172 Tz 0 008‘F% Z L0 0c L e1dwexd
9 02 7 8T v Z Tz 0 008°‘F i 0'T 0T 9 erdwexy
&4 0c 78T q°Z 120 008‘¥% i 0°T 0< G oT1dwexdy
24 0¢ 2702 07¢T 7170 008‘F i 0°T 0T p oTdwexd
24 0c L70¢ 9°¢ TZ°0 008°F 4 0°T 0T ¢ ordwexXd
44 0c [ Z°Z TZ°0 008°L Z 0T 0T z ®r1dwexy
4 0c 78T Ve TZ°0 008‘Pp 12 0°T1 0T T ordwexd
(udT) (sepe1q) (umur)
soTzzZou
Awwmsv AWLQEm so1bop oT3eI (wo/b) peeds SSPETq | T93°uetp | wmQE:z
Tl 2InjieiIs L A3TuTTTe3s&To |1T80 uedo A3Tsusp uoTy®30y |70 T8qUMY 2TZZON
3Tnd

nparative Exanple 1 C,
[Table 2]

20 24 Exafp-%813 Exanple 4
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Conparative 0.059 1.9 20.2 1.0 28 24 Exanple 5 Co.Para-j, 0.059 1.9 20.2
C.10 24 Exsnole 6 Conparative 0.059 1.9 20.2 1.7 024 Fx rnp_e 7 86

[ 0200] [Table 4] Folylactic acid-based resin, foamnolded article Apparent
FI exural Conpression Rate of Best. densit strength strength "usiv
Oyetallir,i ty Inpact y y y n resistance Appear nre (g/cm) (Me) (MPa)
bondi ng 14) (8) dey nee (a) resist snce Exanple 1 0.21 2.50 2.03 80 0.2
50.7 09.2 Exanple 2 0.21 2,44 1.98 80 0.2 50.9 0 9.5 Exanple 3 0.21 2.52
2.01 80 0.2 51.3 0 9.1 Exanple 4 0.14 1.50 0.97 80 0,2 53.0 0 3.9 Exanple
5 0.21 2.481%%0 80 0.2 53.6 0 9.4 Exanple 6 0.048 0.39 0.15 70 0.7 61.1 O
1.8 Example 7 0.059 3.53 0.32 70 -0.5 51.1 0 2.64 Exanple 8 0.059 0.54
0.30 70 -0Tebk8@ @10 2.5 Exanple 9 0.059 0.53 0.33 70 -0.6 50.1 0 2.41
Exanpl e 10 0.059 0.49 0.30 60 -0.6 50.4 01.92 Co-para_ive 0.21 2.38 1.82
70 0.2 50.9 x 8.2 —camtet

Secondarily foamed particle
Bulk Crystallini Impregnation conditions
. Open cell

densﬂjy ratio (3) ty degree Pressure |Temperature| . v

(g/cm”) (%) (MPa) o) Time (hour)
Example 1 - - - - - -
Example 2 - - - - - -
Example 3 - - -~ - - -
Example 4 - - - - - -
Example 5 - - - - - -
Example 6 0.048 2.0 20.2 0.8 20 24
Example 7 0.059 1.9 20.2 1.0 0 24
Example 8 0.059 1.9 20.2 =7 24
Example 9 0.059 1.9 20.2 1.0 13 24
Example 10 0.059 1.9 20.2 1.0 22 24
Comparative _ _ _ _ _ _
Example 1
Comparative _ _ _ _ _ _
Example 2
comparativel 4 060 15.3 24.1 0.8 20 24
Example 3
Comparative _ _ _ _ _ _
Example 4
comparative| 4 059 1.9 20.2 1.0 28 24
Example S
comparativel 4 059 1.9 20.2 0.1 0 24
Example 6
Comparativel 59 1.9 20.2 1.7 0 24
Example 7
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Qonparative Exame 2 - - - - - - - Ccrparauive 0.060 0.44 0.20 60 0.8 53.0

X 1.5 Exanple 3 Conparative 0.21 - - 80 5.8 39.8 0 - Exanple 9 Co-.para,ive
01059 0.36 0.22 40 -0.6 49.4 0 1.72 3xamle 5 conparative 0,059 - 0.15 40
-0.8 - O1.6 Exanp-e 6 conparative 0.059 - - 0 - - O- Exnple 7 Industrial

Applicability [0201] The polylactic acid-based resin foaned particles
produced by the production nmethod of the present invention denonstrate
excel l ent foam ng property and excellent thermal fusion bonding property in
in-nmold foam nol di ng. Therefore, a polylactic acid-based resin nol ded
article odt0&i0%d therefrom is excellent in appearance, heat resistance and
mechani cal strength, and can be used suitably for applications such as
bui | di ng rfedxliealdd and aut onotive interior materials. 87 CLAIMS 1. A nethod
for producing polylactic acid-based resin foaned particles for in-nold

f oam nol di na_ca lri Si ng- a step of feedinaga a.nolvlactic acid-hased resin

whi ch Folylactic acid-based resin’ foam-molded article
Apparent Flexural |Compression Rate of Heat - ..
density strength strength fusion resistance Cr;é't:el;l(rﬁ)ty Appearance rei?zizzce
(g/cm’) (MPa) (MPa)  |bonding (%) (%) d j
Example 1 0.21 2.50 2.03 80 0.2 50.7 O 9.2
Example 2 0.21 2,44 1.98 80 0.2 50.9 O 9.5
Example 3 0.21 2.52 2,01 80 0.2 51.3 O 9.1
Example 4 0.14 1.50 0.97 80 0.2 53.0 O 3.9
Example 5 0.21 2.48 2,00 80 0.2 50.6 O 9.4
Example 6 0.048 0.39 0.15 70 0.7 61.1 O 1.8
Example 7 0.059 0.53 0.32 70 -0.5 51.1 O 2.64
Example 8 0.059 0.54 0.30 70 -0.6 50.0 O 2.5
Example 9 0.059 0.53 0.33 70 -0.6 50.1 O 2.41
Example 10 0.059 0.49 0.30 60 -0.6 50.4 O 1.92
Comparativel  0.21 2.38 1.82 70 0.2 50.9 x 8.2
xample 1
Comparative . _ _ _ _ _ _ _
Example 2
Comparative| 4 pep 0.44 0.20 60 0.8 53.0 X 1.5
Example 3
Comparative _ _ _
Example 4 0.21 80 5.8 39.8 O
Comparative _
Example 5 0.059 0.36 0.22 40 0.6 49.4 O 1.72
Comparative _ _ _
Example 6 0.059 0.15 40 0.8 O 1.6
Comparative _ B
Example 7 0.059 - - 0 - o

Industrial Applicability
[0201]

The polylactic acid-based resin foamed particles
produced by the production method of the present invention
demonstrate excellent foaming property and excellent thermal
fusion bonding property in in-mold foam-molding. Therefore,
apolylactic acid-based resinmolded article obtained therefrom
is excellent in appearance, heat resistance and mechanical
strength, and can be used suitably for applications such as

building materials and automotive interior materials.
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contains both optical isoners, a Dformand an L-form as constituent
nononmer conponents, the content of one of the optical isoners, the D-form
or the L-form whichever is less, being less than 5 nol % or contains only
one of optical isoners, a Dformor an L-form as a constituent nononer
conponent, into an extruder and nelt-kneading the polylactic acid-based
resin in the presence of a foam ng agent, a step of extruding the
pol yl actic acid-based resin extrudate through a nozzle die attached to the
front end of the extruder, cutting the polylactic acid-based resin
extrudate with a rotary bl ade rotat?%ﬁIﬁﬁ a rotation rate of 2000 to 10000
rpmin contact with the front end surface of the nozzle die while allow ng
the polylactic acid-based resin extrudate to foamto produce polylactic
aci d- based resin foamed particles, and scattering the polylactic acid-based
resin foaned part.i chesebyodciivt i podte tsg, pahyll &ctst @ pafd ceasedgrédten
pol yl actic aci d-based resin foaned particles to collide against a cooling
menber pr @dued fpemward eff dthe mezzl® i tmpichiolg, &brbr idiemget hod for
produci ng pol yl actic aci d-based resin foanmed particles for in-nold

foam nol di ng acGordidp Jf0 feleRiiMg b pesfIeidt it e GepIdiG drardism GANRIH ses a
cylindrical cooling drun1prOV|§%d orward the nozzle die and a cooling

ol ToiSbhsgid SOGRQ0R Uik Surises ohd e codag, dam S The
i n-mol d f%%ﬂé féﬂé%%Eﬁéﬁgﬁgfmkgﬁﬁéﬂéggg, the content of one of the

optical isomers, the D-form or the L-form, whichever is less,

being less than 5 mol%, or contains only one of optical isomers,

a D-form or an L-form, as a constituent monomer component, into

an extruder and melt-kneading the polylactic acid-based resin

in the presence of a foaming agent,

a step of extruding the polylactic acid-based resin
extrudate through a nozzle die attached to the front end of the
extruder, cutting the polylactic acid-based resin extrudate
with a rotary blade rotating at a rotation rate of 2000 to 10000
rpm in contact with the front end surface of the nozzle die while
allowing the polylactic acid-based resin extrudate to foam to
produce polylactic acid-based resin foamed particles, and
scattering the polylactic acid-based resin foamed particles by
cutting stress, and

a step of causing the polylactic acid-based resin foamed

particles to collide against a cooling member provided forward

of the nozzle die to cool.
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1, wherein the polylactic acid-based resin extrudate conprises an unfoaned
portion imedi ately after being extruded fromthe nozzle die and a foam ng
portion which is contiguous to the unfoanmed portion and is foam ng, and
wherein the polylactic acid-based resin extrudate is cut at the unfoaned
portion with a rotary blade. 4. The nmethod for producing polylactic

aci d-based resin foaned particles for in-nold foam nol ding according to
claim 1, wherein the polylactic acid-based resin constituting the

pol yl actic acid-based resin foaned particles _is adjusted so that the

mel ting point (Rp) BRetmpthns fpaceTedueins Paded adsichacafddberediepetature T
at an intersection of a storage nodulus curve and a | oss nodul us curve,
bot h obt aifieedhelsly pardyicdrisc fovi $nowbadt Ffoanymabdingepepording| teatiasfy t he
followng formula 1. (Melting point (np) of the polylactic acid-based resin
- 40C) 89 ,(wespetatthe doal itidiendmlicer sempirdresSaMeylingr peabtcdaidn®f the
polyl actic acid-based resin ... Formula 1 5. A polylactic acid-based resin

foamed pardrhgl rbof debnEd®bSrd ea@ AL i 8agiM bl 4 1Ayl aghi e wei e based
resin foanmed particle obtained by extrusion-foam ng, wherein the

pol ylacti G AchGrPaRed IR HRONLAHAS A QP LaAhd SUBT thg bk [ orm and an

L-form as constituent nononer conponents, and the content of one of the
optical isomers, the Dformor the L-form whichever is |less, being |ess
than 5 nol % or contains only one of optical isomers, a D-formor an

L-form as a 3. The method for producing polylactic acid-based resin

foamed particles for in-mold foam-molding according to claim
1, wherein the polylactic acid-based resin extrudate comprises
an unfoamed portion immediately after being extruded from the
nozzle die and a foaming portion which is contiguous to the
unfoamed portion and i1s foaming, and wherein the polylactic
acid-based resin extrudate is cut at the unfoamed portion with

a rotary blade.

4. The method for producing polylactic acid-based resin
foamed particles for in-mold foam-molding according to claim
1, wherein the polylactic acid-based resin constituting the
polylactic acid-based resin foamed particles is adjusted so
that the melting point (mp) of the polylactic acid-based resin
and the temperature T at an intersection of a storage modulus
curve and a loss modulus curve, both obtained by a dynamic
viscoelasticity measurement, will satisfy the following

formula 1:

(Melting point (mp) of the polylactic acid-based resin - 40°C)
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constituent nonomer conponent, and wherein the surface of the particle is
entirely covered with a skin layer. 6. The polylactic acid-based resin
foamed particle for in-nold foam nol ding according to claim5, wherein the
bulk density is 0.02 to 0.6 g/cnB, the crystallinity degree is 30% or

| ess, and the open cell ratio is 20%or less. 7. A nethod for producing a
pol yl actic aci d-based resin foamnolded article, conprising a step of

i npregnating the polylactic acid-based resin foaned particles for in-nold
f oam nol di ng obtained by the nmethod for producing polylactic acid-based
resin foaﬁegtelpnﬁrawég Tt ithadhd ereantieondi RgMatedbrdiP@ine ORI MEL with
90 an inert gas at -40 to 25C, under a pressure of 0.2 to 1.6 MPa, a step
of fiIIinghﬁheoéwﬂ@hédpi@Cé@k@a§@§eéeﬁéﬁ n -fodimadulgarlt i cl es for in-nold
foamnolding into a nold, and a step of heating the polylactic acid-based
resin foaned particles for in-nold foamnmolding to foamthe particles. 8.
A nethod for producing a polylactic acid-based resin foam nol ded article,

conprising a step of popPyegoRicngciticbpskyl aekifi dehflebapadttiesenfoloaned
particles for in-nmold foam nol ding obtained by the nethod for producing

pol yl acti g ragiddbasee -3 iPwmeEn A&y & (ﬁcﬂirlfa@tlicn 8l Jeam mdLing
according to cIa|n11 wth an inert gas at 0 to 25C, under a pressure of

0.2 to 1. Qfo S{Q:fl%f ofb(%aalmgiégi tﬂ;f’ 4l ﬁls%%td Cfoaa%dl%r#)a%ﬁﬂexfe%%{ pamed
particles for |n ol oam nol'ding to produce seconda
polylactic acid-based resin contains both optical isomers, a
D-form and an L-form, as constituent monomer components, and
the content of one of the optical isomers, the D-form or the
L-form, whichever is less, being less than 5 mol%, or contains
only one of optical isomers, a D-form or an L-form, as a

constituent monomer component, and wherein the surface of the

particle is entirely covered with a skin layer.

6. The polylactic acid-based resin foamed particle for
in-mold foam-molding according to claim 5, wherein the bulk
density is 0.02 to 0.6 g/cm’, the crystallinity degree is 30%

or less, and the open cell ratio is 20% or less.

7. A method for producing a polylactic acid-based resin
foam-molded article, comprising

a step of impregnating the polylactic acid-based resin
foamed particles for in-mold foam-molding obtained by the
method for producing polylactic acid-based resin foamed

particles for in-mold foam-molding according to claim 1 with
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foamed particles, a step of inpregnating the secondarily foamed particles
wth an inert gas at -40 to 25C, under a pressure of 0.2 to 1.6 MPa, a step
of filling the secondarily foaned particles into a nold, and a step of
heating the secondarily foaned particles to foam the particles. 9. The

met hod for producing a polylactic acid-based 91 resin foam nolded article
according to claim7 or claim8, wherein the foanmed particles in the nold
are foamed by being heated with water of 60 to 100C. 10. The nethod for
produci ng a polylactic acid-based resin foamnolded article according to

cl ai m 7 oBrclBehtr &Jas @her &Pt @ RS Cnettdefas pyesarbenclidbd de. 198 MPa,

a step of filling the polylactic acid-based resin foamed
particles for in-mold foam-molding into a mold, and
a step of heating the polylactic acid-based resin foamed

particles for in-mold foam-molding to foam the particles.

8. A method for producing a polylactic acid-based resin
foam-molded article, comprising

a step of impregnating the polylactic acid-based resin
foamed particles for in-mold foam-molding obtained by the
method for producing polylactic acid-based resin foamed
particles for in-mold foam-molding according to claim 1 with
an inert gas at -40 to 25°C, under a pressure of 0.2 to 1.6 MPa,

a step of foaming the polylactic acid-based resin foamed
particles for in-mold foam-molding to produce secondarily
foamed particles,

a step of impregnating the secondarily foamed particles
with an inert gas at -40 to 25°C, under a pressure of 0.2 to
1.6 MPa,

a step of filling the secondarily foamed particles into
a mold, and

a step of heating the secondarily foamed particles to foam

the particles.

9. The method for producing a polylactic acid-based
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resin foam-molded article according to claim 7 or claim 8,
wherein the foamed particles in the mold are foamed by being

heated with water of 60 to 100°C.

10. The method for producing a polylactic acid-based

resin foam-molded article according to claim 7 or claim 8,

wherein the inert gas is carbon dioxide.
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