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DESCRIPTION POLYLACTIC ACID AND METHOD OF PRODUCING
THE SAME 5 TECHNICAL FIELD The present invention relates to
polylactic acid and a method of producing the same. BACKGROUND
ART 10 Most petroleum-derived plastics are light in weight, tough and
durable, can be molded easily and arbitrarily and have been
mass-produced to support our liveg sTREFY WayS. -However, when these
plastics are thrown away into the environment, they are not easily
decomposed and are 15 accumulated. When they are burnt, they
generate@IdlgeC Ao Ut T canmnvidiosdde, theretnoacretierating glcraiz
warming. In view of this situation, researches into resins made from
non-oil raw materials or biodegradable plastics which 20 are degraded by
mICESoIyansnsFaelizow actively under way. Almost all the biodegradable

plastics n ali i rhoxylate unit.and are easil
degradedqfs;{%)l}éI |§%§%i§%\§e§gﬁ kgg%éirghggnsd?%/ﬁeg%%%%afg%Jﬁjea%cl&/ and
stabitigtarePthefeforoRzvd a%efibas prolsiem such as a 25 reduction in

their molecular weights or the deterioration of their colors in the molding

step where they are exposed to a high temperature, such as melt
spiiti&RRfegHoR Rholding or melt film formation. Although polylactic acid,

out of these, & aplasticy 3Qwhigh has xselientheatsesistangeand dpodgn: |

balance between color and mechanical strength, it has lower heat
reSiStHe AR BEEBL Renfical-Bs St piyeskas hipitied byppelyémglehey and
terephthalateand polybrbdene terephthalpler Foninstanee sWhenibisy ways .

formed into a fabric, the fabric 2 , )
However, when these plastics are thrown away into the
environment, they are not easily decomposed and are
accumulated. When they are burnt, they generate a large
amount of carbon dicxide, thereby accelerating global
warming.

In view of this situation, researches into resins made
from non-oil raw materials or biodegradable plastics which
are degraded by microorganisms are now actively under way.
Almost all the biodegradable plastics now under study have
an aliphatic carboxylate unit and are easily degraded by
microorganisms. On the other hand, they have low heat
stability and therefore have a serious problem such as a
reduction in their molecular weights or the deterioration
of their colors in the molding step where they are exposed
to a high temperature, such as melt spinning, injection
molding or melt film formation.

Although polylactic acid, out of these, is a plastic
which has excellent heat resistance and good balance between
color and mechanical strength, it has lower heat resistance
than petrochemical-based polyesters typified by
polyethylene terephthalate and polybutylene terephthalate.

For instance, when it ig formed into a fabric, the fabric
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cannot be ironed. To overcome this situation, various studies have been

made on the improvement of the heat resistance of polylactic acid. One of

the solutions is a stereocomplex polylactic 5 acid. The

stereocomplexpolylactic acid is a polylactic acid containing

stereocomplex crystals and has a 30 to 50C higher melting point than a
copynerly used palylagtic acid consisting of homocrystals. However, the
stereocomplex crystals are not always 10 developed but the

homocrysfg‘% e ofieRdevelohed hba Figt myRELRF vSigHEfPRyd1ve been

pagticuanEver Wheh-a-sisienconmliexdollasticasideansisting o1 yiactic
sterepcomplex crystals is crystallized after it is remolten, the

hoffoctystatmal et Ekisnt UFd MRgrovE this PHehBR]ETBAL 5 Pay¥tfctic

nuglepiing agenkios grewingoary thelsierpocamplex aciystalsds YoMEt 1 c acid
under study. For example Pa}tﬁnt Document 1 discloses that a mixtyre

obTSRER b ISR S TS ST KRN GGOLE FrORaHF Soldtibht P C Pigher

poh#L ddctic acith) haviag a weighbaverage amblecutar weight dMoh ef st ing

abogt 20,000 and poly(D-lactic acid) in the presence of an oxamide
Q oﬂm%rgs& ij . . .
derivative 1S found to be a stereocomplex polylactic acid consisting of

stereocomifterecrygstals-by DSE measurgment. Paperitdecumentridbt aliways
te t r ic.acid consisting of .
o R e R ane g 2 nion
confpotmd Brthestahd mettoe aginrRPatehrDésument Ierioweser ssince

a latge amouptalahaipgenscantaining eroanic salveatisUsed e e ocomplex
produce a stereocomplex polylactic 30 acid by these methods, a process
fordREAAF tHeSsSIvaiRta Féadirst add tie énvilohniemalllban beebmmes

majkpdcSipsesthe axamise dervativeand the argmaticuearbased nomenon,
Cog@ggg%alnucleatingagentforgrowingonlythestereocomplex
crystals is now under study.

For example, Patent Document 1 discloses that a mixture
obtained by mixing a chloroform/hexafluocro~2-propanol
solution of poly(L-lactic acid) having a weight average
molecular weight (Mw) of about 120,000 and poly{D-lactic
acid) in the presence of an oxamide derivative is found to
be a stereoccomplex polylactic acid consisting of
stereocompiex crystals by DSC measurement.

Patent Document 2 teaches that a stereocomplex
polylactic acid consisting of stereocomplex crystals is
obtained by using an aromatic urea-based compound by the same
method as in Patent Document 1.

However, since a large amount of a halogen-containing
organic golvent is used to produce a stereocomplex polylactic
acid by these methods, a process for collecting the golvent
is required and the environmental load becomes marked. Since
the oxamide derivative and the aromatic urea-based compound
are nitrogen-containing compounds, they have a problem such

as a reduction in molecular weight, and it is substantially
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are nitrogen-containing compounds, they have a problem such as a

reduction in molecular weight, and it is substantially 3 impossible to

obtain a stereocomplex polylactic acid having an Mw of 150,000 or more.
Further, Patent Document 3 teaches a mgthod of producing a multi-block
copolymer of poly(L-lactic acid) and 5 poly(D-lactic acid) having a
refativelsshore chaimlengim and ap Mw oftessdkapdi00 60 fthecid having

coa%)lwegif %q)too#) a %te{{}%(%ceomplex polylactic acid consisting of
stereocomplex crystals. Iplowever, each time the number of blocks of the
copolymefistinbreiase@ateeprecipietivnmiust 10avebamied outtTherefdre,

it is,nefsuitable for, industral-scal jon, o t4..id) an
disclosesé] %tﬁrge%h@g %Qf%r?dit%:ﬁ%%agpggr%%%%pr% piééggy%c%%%m %3? cid) and
pdPRENZIngFactidecdihdthepreserice ofpbilfLygdtic abidytinahsin length

method, 8 18rea£ti9R iscafried ol ynggpincreased-pIRSsURR.I0 SUPIESS o

the evaporation of lactide and unreacted lactide is apt to rémain in the
reBBtién SYSERD ERDF Fe BGeiig AT Afe el Poffos ift-dbGirtd

stareoconimppalylactic acith As desgrihad-abquesa methodafpradusing o
a 20 stereocomglr%; polylactic acid having a high molecular weight and a

high LFy<taPinditity ot LWhefeih DRl SIERBESM e RFFSAR R greRmust
even whetr Meelting:and crystalizatien are: repeaied isH9tRIOPOSEd yet.

(Patent Document 1) JP-A 2005-255806 25 (Patent Document 2) JP-A
ddé%é%é@r?(r?ﬁfe tDIRLRATEH 37 IP-A 2002-356543 (Patent Document

4) USP 53%:/064t DiSCLSURE QF IHo NGEN TNt dFapobiRat ohg a
th%ég%%%géﬁg¥ggq&8f¥8¥@§ic acid by polymerizing D-lactide in
the presence of poly(L-lactic acid). In this method, a
reaction is carried out under increased pressure to suppress
the evaporation of lactide and unreacted lactide is apt to
remain in the reaction system, thereby reducing the melting

point of the obtained stereocomplex polylactic acid.

As described above, a method of producing a

stereocomplex polylactic acid having a high molecular weight
and a high crystal melting point, wherein only stereocomplex
crystals are grown even when melting and crystalilization are
repeated is not proposed yet.
{Patent Document 1) JP-A 2005-255806
(Patent Document 2) SP-A 2005-269588
(Patent Document 3) JP-A 2002-356543
(Patent Document 4) USP 5317064

DISCLOSURE OF THE INVENTION

It is an cbject of the present invention to provide
a pelylactic acid having a high melting point, wherein the
growth of stereocomplex crystals is promoted even when
melting and crystallization are repeated and a method of

producing the same.
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a polylactic acid having a high melting point, wherein the growth of
stereocomplex crystals is promoted even when melting and crystallization
are repeated and a method of producing the same. 4 The inventors of
the present invention have found that, in fhe method of producing a
stereocomplex polylactic acid from L-lactide and D-lactide, when
polylactic ‘dciel is1peoducesl bf tHesringespening potymedzationof anendf that ,
th id ontent of the lactide in.the obtained polylactic acid.is .
o e A S e e H o ST SOOMET O A CCriC acia
préserice-of-thepoldaeticl aid, acpdlgiactierheid havingla bighemedting is

' i r S p Is is promo ven
R 20 el e eryae At e o Shianth, he i of the
prédéntiAgenticnitaspadsaEcoplistred-Bagetden tis thirelir tRiands]

thg presentinventionds admethad-of producing polylactic-asid, .cqmprising
the steps of: 15 (1) obtaining a first polylactic acid by the ring-opening

POy ABTI SRS h-5a Frst VA2 pBsE8 O f HEERERGE WitsSoRtHpSamactic
chirality, @)biginiga pusified s polylacticiagiddy FemOiRd i€ wherein

lactide from the first polylactic acid in a 20 molten state under reduced

prE8&uEE 3 obaniRg SEEOnBiatHy S5a 1y the PREIfhgven when
pah)émeﬁiz\@tiamf@rgaﬁ@@%ﬂ%@%dﬁ '\?h(iﬁkéiiﬁf@lﬁél lé&raclhejfiﬁ%éagﬁﬁ!&é@. The
chirality in the presence of the purified first polylactic acid; an ,
OBTAFG k pTER SAEShd oI RETE ARFBPRenAD RRIECid oS

thé seéane polylactic acid in a molten state under reduced pressure.

That is, the present invention is a method of producing
polylactic acid, comprising the steps of:

(1) obtaining a first polylactic acid by the
ring-opening polymerization of a first lactide composed of
lactic acid units of the same chirality;

(2) obtaining a purified first polylactic acid by
removing the lactide from the first polylactic acid in a
molten state under reduced pressure;

(3) obtaining a second polylactic acid by the
ring-opening polymerization of a second lactide which
&iffers from the first lactide in chirality in the presence
of the purified first polylactic acid; and

(4) obtaining a purified second polylactic acid by
removing the lactide from the second polylactic acid in a
molten state under reduced pressure.

The present invention is also a polylactic acid which
comprises a segment composed of an L-lactic acid unit and
a segment composed of a D-lactic acid unit and has a welght
average molecular weight of 150,000 to 300,000 and a crystal
melting point of 190 to 250°C which is observed in a
temperature elevation process even when a program composed

of a temperature elevation process from 20 to 250°C and a
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The present invention is also a polylactic acid which comprises a

segment composed of an L-lactic acid unit and 30 a segment composed

of a D-lactic acid unit and has a weight average molecular weight of 150,

000 to 300, 000 and a crystal melting paint of 190 to 250C which is

observed in a temperature elevation process even when a program
campdsets of eotemperatwe elsvationwdcess fiosp28te 250€ anda i pDsC.

copling . process from 250 to 20C is repeated 3 times in DSC. _Further, th
L e R e S e, Ea0 8 edye of
MOBE FOR CARRYINGQUT THE INVENTION <polylactic acid

production method> (step (1)) The step (1) is to obtain a first polylactic

acid by the ring-opening polymerization of a first lactide composed 10 of
la&tRSECIiM QS TP Eh & 88N I0FH alityT LABHd el \E&EBjicliéompound having

v;/gﬁg]eosfglgmsc i%g@dngke&%f@{g}?wg&g@hydraﬂon condensation

t
of the hydroxyl groups and carboxyl groups of two molecules of lactic
acid tRieréfbre, the expression "composed of lactic 15 acid units of the

same chiralify" means r-lactide fgrgd by, the dehydration condensation, 5 1,

of two molecules of L-lactic_acid or D-lactide formed by the dehydration
condersatien ¥ TWe1ACRCUIEE 61 BAGERT el T Rerftrel are Rt IacirRes ed

is brlagtide 9eDalagkde;YWhen dhe first lactide i$.R9 Lslactide, the second
lactide which will be described hereinafter is D-lactide. When the first

lactide is PRRELHAE the ecEME HddideSHRcHYHI Ba thagriba® Retmarkpnds
is Lrlaetige mbecpurity of dienfiest tacticleds peaferahly 98:Melle 2@kt ion of

ML rgg,)frc(iar%g?;’ ra?lyo%%aén glrfg Ut ocrngz'y ug}crﬂloprg %rte f%r‘?(t)) Iymolecules of
lactic acid. Therefore, the expression “composed of lactic
acid units of the same chirality” means L-lactide formed by
the dehydration condensation of two molecules of Li-lactic
acid or D-lactide formed by the dehydration condensation of
twomolecules of D-lacticacid. Therefore, the first lactide
is L-lactide or D-lactide. When the first lactide is
L~lactide, the second lactide which will be described
hereinafter is D-lactide. When the first lactide is
D-lactide, the second lactide which will be described
hereinafter is L-lactide.

The purity of the first lactide isg preferably 90 mol%
or more, more preferably 95 mol% or more, much more preferably
98 mol% or more. Another component is a lactide having a
gifferent chirality or a component except lactic acid. The
content of the another component is preferably 10 mol% or
less, more preferably 5 mol% or less, much more preferably
2 mol% or less. Examples of the another component include
a dicarboxylic acid, polyhydric alcohol, hydroxycarboxylic
acid and lactone having a functional group capable of forming
two or more ester bonds.

Examples of the dicarboxylic acid incliude succinic
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98 moll or more. Another component is a lactide having a different

chirality or a component except lactic acid. The content of the another
component is preferably 10 moll or less, more preferably 5 moll or less,

much more preferably 30 2 moll or less. Examples of the another

component include a dicarboxylic acid, polyhydric alcohol,

hyaleaxycaatiaxylic acidiand adtete kavidy adfeneticnralgrodp cepabighohalic
forming twag ar more ester, bonds. Examples of the dicarboxylic acid. . .
008 S B B0 A E ALt aP O BUEE <Ebechonbg Y vric acia
terephthelie atitarrkisophthalitadidi &xanptéssafsthewrity hydrie @eid ene

in E%gyph' Ixhdericl hals as ethylene_alycal, pr ne
gI%Jco : buténggg?,) e%%ane%?(ﬁ%g%éﬁﬁgﬁofé%ét%éd%,xg%lyegg}ﬁfgﬁ
sohisiraT erRbpentyd Givant ddiethy lenkygigedintrietiotbrid glycolieopent yl
holyrfiuena, gbychl aag olyproylens. ghieal, pad 2 lglrz%g@ng hyl
alcohols such as bispheno agfjuct with ethyléyne oxioéég%xam es fét%ey ene

hy@itassRarsaxRylivatprende ghfedlit e 10 and hydrgblriesadydric
Exampigs of the,lagtone includr.glyeolides c-canolagtanerglyclidesy s ge .

c-caprolactone, 3-prog|{;3lactone, S-butyrolactone, (3- or y-butyrolactone,

pivai6iaEtFe ahd S/ ArBTactsRe TPREvpliCap ity B thidfrstixaidel i acid

prefesably 980n01a O Mare; 23 dhe HagwpeRingJolymerizationefdhenciuge
first lactide maybe carried out by heating the first lactide in the presence
of &LER Lataly St iR3PFERERT D PRE nfeiFeatalyst ista esrpoLAgLone,

coplainibg i 18asionre meiplelemen selacted Jyorrbtbeygﬁ@u@ﬁ@@%%egne,

of 20 alkali earth metals, rare earth metals, third row transition metals,

Al G RRRuATEh SRR THe Sikal HarPRheEad indhide Y of

magresiimgcalthut add strentiwmf dhebly 98 mol% or more.

The ring-opening polymerization of the first lactide
may be carried out by heating the first lactide in the presence
of a metal catalyst in a reactor.

The metal catalyst is a compound containing at least
one metal element selected from the group comnsisting of
alkali earth metals, rare earth metals, third row transition
metals, aluminum, germanium, tin and antimony. The alkali
earth metals include magnesium, calcium and strontium. The
rare earth elements include gscandium, yttrium, lanthanum and
cerium. The thirdrowtransitionmetals include iron, cobalt,
nickel, zinc and titanium.

The metal catalyst may be added as a carboxylate,
alkoxide, arvloxide or enolate of f-diketone of one of these
metals. In consideration of polymerization activity and
color, tinoctylate, titaniumtetraisopropoxide and aluminum
triisopropoxide are particularly preferred.

The amount of the catalyst is preferably 0.001 to ¢.1
part by weight, more preferably 0.003 to 0.01 part by weight
based on 100 parts by weight of the lactide.

An alcohol may be used as a pelymerization initiator.
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rare earth elements include scandium, yttrium, lanthanum and cerium.

The third row transition metals include iron, cobalt, 25 nickel, zinc and
titanium. The metal catalyst may be added as a carboxylate, alkoxide,
aryloxide or enolate of (3-diketone of one,of these metals. In

consideration of polymerization activity and color, tin octylate, titanium
tetraisoptogiokide ahd adumvhul 30ddisapsepaxide ace patigidaiyherization
preferred. The.amount.of the catalyst is preferably 0,001 to 0.1 part by_ ., _.
NG o IRl 0,003 GIO vt By ATy bhSed B 100"l 10
bybyeight efithk, |adtidie Amalcphtlehay deassedlas apphieeraatibnand
ini&ig@r. Ecgl@éeirably, the alcohol does not impede the polymerization of

the poﬁl actic acid and is nonvolatile, as exemplified by decanol,

dodecanoll tetradecaricinhégadeedrot anty octadebadod B Tie seadtivrris gas

preferafly capied out in anaer gas agposphere such,as DIUQQENOr ¢ 5 ne 1s

argon. The reaction time is preferably 15 minttes to 3 hours, more
preferdlsy Bomidnesil LR 4o s, TG HORTEMParaifedd preffablinutes

15040, 280Gy morerpreferably 1 (i ta- 210C - Lhe ing:opening d0-11y 150 to

polymerization may be carried out by using a conventionally known

Q

prédiction SpataRicshiRFeas Y veiital featldt Bquiphesl Withd tianeaing
ribhonalade ok Righnviss9site stirting &'ﬁl%tl%ﬁst@§i@? dhesterfdiiSna1ly
a

to obtain a purified first polylactic acid by removing the lactide from the

fir§tPOMNaBHOHHAT iHOR nfeHRH At Pedifcet! fies5die Tneshst-or

pohiaatispreidwbtainad by Tingsapeningci0 palymerization eantains-tity

unregcted first lactide. The
sgirrgngtb%aéé.

(step (2))

The step (2) is to obtain a purified first polylactic
acid by removing the lactide from the first polylactic acid
in a molten state under reduced pressure.

The first polylactic acid obtained by ring-opening
polymerization contains an unreacted first lactide. The
inventcors of the present invention have found that when the
ring-opening polymerization of the second lactide isg carried
out in the presence of the first polylactic acid containing
a predetermined amount of the first lactide, the crystal
melting peint of the obtained second polylactic acid tends
to drop. By removing the first lactide, the block copolymer
can be prevented from becoming a random copolymer and the
melting point of the obtained stereocomplex polylactic acid
becomes 190°C or higher.

The removal of the lactide can be carried ocut by
reducing the inside pressure of the reaction system. The
inside pressure of the reacticn system is preferably 0.133
to 66.5 kPa, more preferably 0.133 tec 33.25 kPa. The inside

temperature of the reaction system is preferably 150 to 250°C,
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inventors of the present invention have found that when the ring-opening
polymerization of the second lactide is carried out in the presence of the
first polylactic acid containing a predetermined amount of the first lactide,
the crystal 25 melting point of the obtainegd second polylactic acid tends to
drop. By removing the first lactide, the block copolymer can be prevented

franobecoméng=a saidorn o poty ey @i, ther meeltirgpoit of therokiaingd: : de
stereocomplex % lylactic acidd be&g_mes %9(%C OrQ]‘% er. 30 The removal

of the Fictide can be 8grrrféﬁeoutcby rS&ucmg?ﬁ‘g nside" EFes% réaftne 2°0 ¢
reactibnesysterasTihe infide.prassure of ¢hé réadion system is preferably

0.133 to referably 0.133 to 33.25 kPa. The.inside :
temperattjsr%1 %f%aeeéggéﬁo%ngs‘fs%m%igrp%%?a%wtég {0 2 P81 rrl*ﬁoir:é}" e first
prefelabiya60co 230€. dheaenwal of thedactivep is(preferbbyrcartied s

ouge&m(@@s@.turwéé%%zég%?ngl?epgeéezgfﬁff Q1334 66:9. kP ¢

The step (2) may be carried out by re-melting the first 5 potylactic acid
obtdiAe& iy five Sfepn@ nafler 1eis tdslidifre ARraatasly ihecdteps@ymdyl) is
befarkigd out while the first polylactic acid obtained in the step (1) is

molten. The lactide content of the purified first polylactic 10 acid is

preferably B3Smaif s HRssHid- e REtiBR dMEHT dethelfuiedmsy lactic
polydaciic acid-isrprelerably ik Pranqse snddess thamd Wikl Mteontent
preferably 0 wt% or more , and less_than 0.5 wt%. The weight average .
m&&chiEPwWRht bt Btk pififidd BBULRFSH RAcRE Leidiie freffasigbly 0 wes
108:906-t0=3C2,. 800 more rprefarakhsl 0H08 19 200:000:; UCH (ho¥eor more
prefe(rjabl!y 100,000 to, 180,000.
and less than 0.5 Wt%.
The weight average molecular weight of the purified
first polylactic acid is preferably 100,000 to 300,000, more
preferably 100,000 to 200,000, much more preferably 100,000

to 180,000.

{step (3})

The step (3) is to obtain a second polylactic acid by
the ring-opening polymerization of a second lactide which
differs from the first lactide in chirality in the presence
of the purified first polylactic acid. The cptical purity
of the second lactide is preferably 928 mol% or more.

The amount cf the second lactide is preferably 30 to
200 parts by weight, more preferably 50 to 150 parts by weight
based on 100 parts by welght of the purified first polylactic
acid. When the amount of the lactide is too small or too
large, the block copolymer is not formed and only
poly (L-lactic acid) or poly(D-lactic acid) is formed. The
reaction atmosphere is preferably an inert gas atmosphere
such as nitrogen or argon. By adopting this method, the
purified second polylactic acid having a hich molecular

weight and a high melting point, wherein only stereocomplex
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(step (3)) 20 The step (3) is to obtain a second polylactic acid by the
ring-opening polymerization of a second lactide which differs from the first
lactide in chirality in the presence of the purified first polylactic acid. The
optical purity of the second lactide is preferably 98 mol% or more. 25 The
amount of the second lactide is preferably 30 to 200 parts by weight,

mory ptefémbly S @ to L h0pats hyancight thasgdod H06/pads by aeaidhth are
of the purified first.pglylactic_acid.. \When the_amount of the lactide is.too

AT o Tt e £ e e D e e g 108, can
polg(lekictid meid) or poly(D-lactic acid) is formed. The reaction

atmosphere is preferably an inert gas atmosphere such as nitrogen or

argon. By adopting this method, the purified second polylactic acid having

a higremoletular weight and a high melting point, wherein only

stereocorplex- Lrystajs ate.qgroyn-aven when melting and grystallization . ;

are repeated, which is an object of the presént invention, can be

oB@ired s YR AN TRE s (A idocinain-apRieer st ashypélgiatacacid

acig by removing theastids frem thesecond pelidacticacid in a molten
state under reduced pressure. Since the second polylactic acid contains

an unreactédfo 'SBEGHRAGEHIBOthYS Rictidé€ is preféraBhArbifodenthgacted

reseeval of the-lactide mayike caiedeuthy redueingdhe Jinsidadqrassurerne

of the reaction_system, The jnside pressure of the reaction system is

prefli3BR0.233 1686 5 KP 4 SR oTE YhorRfer GBIy B-ES3 B3183 98 Kisduhiig the

insigeitémperatiyend UT thaseastion systenyispreferaiy 1H0stodb0€essure

MoFe. preferably 189 19,2806 Thesempvalolifefattde S 6.5 kpa, more
preferably 0.133 to 33.25 kPa. The inside temperature of
the reaction system is preferably 150 to 250°C, more
preferably 160 to 230°C. The removal of the lactide is
preferably carried out at a temperature of 150 to 250°C and
a pressure of 0.133 to 66.5 kPa.

The lactide content of the purified second polylactic
acid is preferably as small as possible. The lactide content
is preferably 0 wt% or more and less than 1.5 wt%, more
preferably 0 wt% or more and less than 1 wt%.

The weight average molecular weight of the purified
second polylactic acid is preferably 150,000 toc 300,000, more
preferably 150,000 to 250,000.

The stereocomplex crystal content of the purified
second polylactic acid is preferably 80 % or more, more
preferably 25 % or more, much more preferably 100 %.

The purified second polylactic acid has a crystal
melting point of preferably 190 to 250°C, more preferably
200 to 240°C, much more preferably 210 to 230°C which is
observed in a temperature elevation process even when a

program composed of a temperature elevation process from 20

toc 250°C and a cooling process from 250 to 20°C is repeated
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preferably carried out at a temperature of 150 to 250C and a pressure of
0.133 to 66.5 kPa. The lactide content of the purified second polylactic 20
acid is preferably as small as possible. The lactide content is preferably O

wt, or more and less than 1.5 wt%, more, preferably 0 wt% or more and

less than 1 wt%. The weight average molecular weight of the purified

sezond pelylaciicrasid is preferably 150,000 to 300,000, more 25
preferably_150,000 to ,000. The stereocomplex crystal content of the _,
purified sg](}:lgand\3 pg@la%c%% adid isbgre(fear%ﬁy %&%’of&? jorgg the first
prefetatily 951% ecimdrebhauchavoie pekalil) 18696 The purited idified.
segon lylacti id, has a crystal, 30.melting_point referably 190 to_.
P i Bae, TR e Srerer iy DL b5 bt me
which 15l absérvedldn @ tehipeiakde tlfevatiop pfGdesseveniwien a

program composed of a temperature elevation process from 20 to 250C

and a cooling process from 250 to 20C is repeated 10 3 times in DSC.
Thersteg{ariby ecdatried out by melting the first polylactic acid

obtained iﬂ‘ﬁ@%&%&@f_&% dtis golidifigd. t’ﬁléegiaé@ elyy the-siep Q@ﬁT@é{Qﬁr ises

carried out while the first 5 polylactic acid obtained in step (3) is molten.
<polyi&aREaGdS TRePoiactc adidlof 1RE picseRt v entidn conthrisegegment

segaast semnpesed af andetacticacidiuniy apd Asegment; 10.C0MmRosart rage
of a D-lactic acid unit and has a weight aver[%?e molecular weight of 150,

00800 BOTET R cryStditelfiAg pBIRtYT 1980472508 GhicHRL melting
obsenveel iBf temperaturs o€levation:proresseYer- Wi PEOG afberature
composed of a temperature eIevat}i{)n process from 20 to 250C and a
ation process even when a program compesed of a
coofifg
temperature elevation process from 20 to 250°C and a cooling
process from 250 to 20°C is repeated 3 times in DSC. The
pelylactic acid of the present invention is a so-called
stereocomplex polylactic acid which forms stereocomplex
crystals.

The L-lactic acid unit or the D-lactic acid unit is

represented by the following formula.

The weight average molecular weight of the polylactic
acid of the present invention is 150,000 to 300,000,
preferably 150,000 to 250,000. In this text, the weight
average molecular weight (Mw) is a weight average molecular
weight in terms of standard polystyrene measured by gel
permeation chromatography (GPC) using chloroform as an
eluent.

The polylactic acid of the present invention has a

crystal melting point of 190 to 250°C which is cbserved in
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15 process from 250 to 20C is repeated 3 times in DSC. The polylactic

acid of the present invention is a so-called stereocomplex polylactic acid
which forms stereocomplex crystals. The L-lactic acid unit or the D-lactic

acid unitis 20 represented by the followjrg formula. Il O-C-c 04 CH3 The
weight average molecular weight of the polylactic acid of the present

ine kP srEE0;8@040 SO0, prefecaldy<hbO 000 0. 260,008 r inthismpesed
text.the weight 25 average molecular weight (Mw).is a weight average

ety B L o S BolUR Pond Fidhet o by S0 € and 2
petdeatiog ghromeatoyraphy (GPT tusing chldreforepas andetugnimEhein DSC

po ' ' r inventi rystal melting_point of . ..
R A e s S M
eVBR VWHeharedrans bempesed oot 4defMparangealelation proeass tfro 0 °C.

2010250G and; copling,pragess fam 29010,20¢ 5 repeated 3times i oy

DSC (differential scanning calorimeter). The crystal melting 5 point is
préEMSEALIY T tHOUDIC IR prefefabii 210 65- 230 R rEhatasahised -

means thaﬁgggg@mgl,extq%st?& eQrewn gvemywhenymeliingand,
crystallization are repeated. Preferably, the polylactic acid of the present

inVenfioh hed idé chhfent&F 0P SRINGE ahdWESs CD kel dhsh, Less

Therstarepcgpplex crystal content (S) of the polylactic acid of the present

invention is_preferably 80 % or more, more preferably 95 % or more,
muchnmxg $eﬁmﬁﬁ§ocomplex crystal content (8} of the

pelylactic acid of the present invention is preferably 80 %
or more, more preferably 95 % or more, much more preferably
100 %. The stereocomplex crystal content (S) is represented
by the following equation.

S = {AHb/(AHa + AHD)} x 100 (%)

In the above equation, AHa and AEb represent the melting
enthalpy (AHa) of a crystal melting point which appears at
150 to 190°C and the melting enthalpy (AHb) of a crystal
melting point which appears at 190 to 250°C in the temperature
elevation process of the differential scanning calorimeter
(DSC), respectively.

In the present invention, the crystal melting point
of the polylactic acid is preferably 190 to 250°C, more
preferably 200 to 220°C. The melting enthalpy (AHa) of a
crystal melting point which appears at 150 to 190°C is
preferably less than 4 J/g, more preferably less than 2 J/g.
The melting enthalpy (AHb) of a crystal melting point which
appears at 190 to 250°C is preferably 20 J/g or more, more
preferably 30 J/g or more, much more preferably 40 J/g or
more .

To achieve excellent heat resistance for the
polylactic acid, the stereocomplex crystal content, the

crystal melting point and the melting enthalpy are preferably
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100 %. The stereocomplex crystal content (S) is represented 15 by the
following equation. S = {AHb/(AHa + OHDb)} x 100 (%) In the above
equation, AHa and 4Hb represent the melting enthalpy (AHa) of a crystal
melting point which appears at 150 to 199C and the melting enthalpy
(AHDb) of a crystal 20 melting point which appears at 190 to 250 C in the
tempetature lede\sdtiongpracess-aidthe ditiergatial scanning calorimeter

(DSC), respectively. In the present inyention, the crystal melting point, of
the ponIaiI%%:eac;@%/gé)re eaLFLapllJb?y Tdo %/155 é,fr%or? aérae Etrla I g ° the
2296 dhe meltingeerthalpy¢dHal) of poryfstalahelfing poitt which appearsrore
at is, prefer I an more preferably less than 2. .
T TheT et Sely CALIE) ot o e B o c ey Appeaigsae
at 196 16 2B0€ isgaferalbiiz2 0y ot addrenioye S0 proferably 3Oal/grgrlex

mg@lm%rpgreag&qﬁe@g&&%%g@_or more. To achieve excellent heat

resistance for the polylactic acid, the stereocomplex crystal content, the

crystal mefitRy poiky g the rekidgdrithapg areyprefar abhe sengithiget 1on

abpyenumergalranges; The (/D) ratio:of the first polylagticsaeid toythe 44 oy
second polylactic acid is preferably 30/70 to 70/30, more preferably 40/60
to YWRENABRIB GRS Futsidé SHhE asove Paeiecdtystallinkpctic

of the stesegpemplex Palyiactic adddegrades. The pplacticadid 2cid) and
obtained by the present invention is a mixture of (i-g poly(L-lactic acid)
ant(k-25 & BIGCIC CopoRer BohfodBa bt Pltdacia Seymartishgegment
D-dadic:1® ackkseigment; ar admaixktie of (ii-1) poly(D-lactic acid) and

The weight ratio of the poly(L-lactic acid} {i-1) to
the block copolymer (i-2) is preferably 100/30 to 100/200,
more preferably 106/50 to 100/150. 8imilarly, the weight
ratic of the poly(D-lactic acid) (ii-1) to the block
copolymer (ii-2)} is preferably 100/30 to 100/200, more
preferably 100/50 to 100/150.

The polylactic acid of the present invention may
contain commonly used additives such as a plasticizer,
antioxidant, optical stabilizer, ultraviclet absorbent,
heat stabilizer, lubricant, release agent, fillers,
antistatic agent, flame retardant, foaming agent, filler,
antibacterial/antifungus agent, nucleus forming agent, dye
and colorant including pigment as long as the object of the

present invention is not impaired.

<moided articlex

The present invention further includes a molded
article of the polylactic acid of the present invention.
Injectionmolded articles, extrusionmolded articles, vacuum
pressure molded articles, blowmolded articles, films, sheet
nonwoven fabrics, fibers, cloth, composites with another

material, agricultural materials, fishing materials, civil
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(ii-2) a block copolymer composed of an L-lactic acid segment and a

D-lactic acid segment. The weight ratio of the poly(L-lactic acid) (i-1) to

the block copolymer (i-2) is preferably 100/30 to 100/200, 15 more

preferably 100/50 to 100/150. Similarly, the weight ratio of the

poly(D-lactic acid) (ii-1) to the block copolymer (ii-2) is preferably 100/30

to 091200 Mmare préferabyt 0B 0 HRO/E50.alhe, pohdadtionaaig pfitbaical
present-invention.may. 20 contain commonly used additives such
pla%s%%Pc?zlelr,e%r?t%?(i %n fagp%%as éﬁiﬁger?% raviolat a goﬁgjztn?,l%%%? From the
stalsiizera ibricant; Ydlease tigenhfilers) tantistatictadgent, Barmemetaddaint, can
foaining.a09 s kel aibactedaaniyngus.aogat pugleus forming

agent, dye 25 and colorant including pigment as long as the object of the
present invention is not impaired. molded article> The present invention
fugheripeludes a molded 30 article of the polylactic acid of the present
invention. Injection molded articles, extrusion molded articles, vacuum
pressure MBRIeECArtiEESNBloRMPBRILESarfEes PIRTS. SREet ABnieseRuUrPOSE

falyics: fibefs.cloth, compositas with-apether 1paterial RAGUIIRl 5ve in no
materials, fishing materials,_civil 13 engineering and construction

méie¥ials sttidridfy imdichl “tppi&s and dther Mbided atidieorpatbees of
obtained g e ipalylacticcagid £ the present iveation AN ARG ods in
can,_ be carried out by a commonly used method. 5 Examples The

folf ng &s are provided for the purpose of further illustrating the
present invention but are in no

(1) Weight average molecular weight (Mw)

The weight average molecular weight (Mw) was measured
by dissolving 50 mg of a sample in 5 ml of chloroform and
developing it with chloroform at 40°C by means of the GPC-11
of Shodex Co., Ltd. The weight average molecular weight (Mw)
was calculated in terms of polystyrene.

(2) Lactide content of polylactic acid

The lactide content of the first polylactic acid was
determined based on the ratio of a quartet peak area derived
from lactide {4.98 to 5.05 ppm) to a quartet peak area derived
from polylactic acid (5.10 to 5.20 ppm) in heavy chloroform
by using the JNM-EX270 Spectral Meter nuclear magnetic
regeonance apparatus of JECL Ltd. The lactide content of the
gsecond polylactic acid was determined in the same manner as
the first polylactic acid except that a solution of heavy
chlorecform and hexafluoro-2-propanol (v/v ratioc of 95/5) was
used in place of the above heavy chloroform.

(3) Ratic of first polylactic acid to second polylactic
acid {L/D)

The L/D was obtained based on the following equation

by using a specific optical rotation [a] measured in a

solution of chloroform and hexafluoro-2-propanol (v/v ratio
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way to be taken as limiting. The physical properties of 10 the composition
were measured by the following methods in the examples. (1) Weight
average molecular weight (Mw) The weight average molecular weight
(Mw) was measured 15 by dissolving 50 mg of a sample in 5 ml of
chloroform and developing it with chloroform at 40C by means of the
GBE-tk of Shadex:Ca:, Ltd. The weight average molecular weight (Mw)
was calculated in terms of polystyrene. (2) Lactide content of polylactic

acitd 90 Theligedde Boriteht of théirst golyigéticadid Was determined
baked arhthesratiotof @nquartet peaktarea dedved ifrorodadiioel (4 trion of

5.05 ) to_a guartet peak area derived _from polylactic acid (5.10 to .
550 %%% E Cetalv{):/ ccljop(rgo OI% %y%:?si%la %eeJﬁ%Eéﬁg]iﬁ §B§c FHveRaton
nuefegrumagmetica2% iesanande hpparatus of JEOL Ltd. The lactide

conient of ec &@OI lactic acid-was determined.in the same manner
as %ﬁe firs%%%ﬁ%gctlc cﬁ%xgg t%t%gtla S0 u%gﬁr%f Egz)avy chloroform and
hexafluorédt2epropansbEhmiatioxoQ5/5-was cosdrbimtpléBe ofdlve abbvalated

heayy chlgroform 30 {3),Rafioof fist:palylactic acid t é??&é‘ﬂt&%}é‘ )?eq{lgha. 1py

acid (L/D) The L/D was obtained based on the following equation

usiftfa Epecific vpriearetatioh [AF MeaRuictlinG aothitierystchlorofokming
andhexeflyorogpronanel (yiyJaliod4 9f 99/8) at 856 s b= {(al520 +
0.5)/(055 +1[a]/(-320)) [In the equation, 320 is tth specific optical rotation of
pufe (Flactic AN 0%s 4 Spedifid BRticH totation 5 of pure

D-lagtic acid +£4Deteraeeamplex SEStALOMantheh

5 mg of the sample was put into a dedicated aluminum
pan to be measured by means of the differential scanning
calorimeter (DSC29%20) of TA instruments Co., Ltd. The
measurement conditions are shown below. The crystal melting
enthalpy was calculated from the area of a region surrounded
by a crystal melting peak and a base line which appeared in
the DSC chart to obtain the stereccomplex crystal content
(8). The crystal melting point was also measured.
(a) The sample was heated from 20 to 250°C at a rate of
20°C/min.
(b) The sample was coocled to 20°C at a rate of 45°C/sec by
using dry ice after the temperature reached 250°C.
{c) The above processes (a) and (b) were repeated 3 times

in total.

Example 1
(step {1): producticn of first polylactic acid)

100 parts by weight of L-lactide (manufactured by
Musashino Chemical Laboratory, Ltd., optical purity of 99 %
or more; and 0.15 part by weight of stearyl alcohol were fed
to a polymerization reactor equipped with a colddistillation

tube from a stock feed port in a nitrogen stream.
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The stereocomplex crystal content (S) was calculated based on the
following equation from crystal melting enthalpy AHa which appeared at
150 to 190C and crystal melting 10 enthalpy AHb which appeared at 190
to 250C in DSC. S (%) = {AHb/(4Ha + AHb)} x 100 (%) (5) 3 repetitions of
DSC measurement 5 mg of the sample was put into a dedicated

. alemdirmenupart io/he rheasuretidyy mearniseof the differential saanaingcdbed by

calerimeter (DSC2920) of TA insttuments Co., Ltd. The measurement
cgh:b‘ftﬁ)cl)"%ealtgreiﬁéo%nﬁ éloa\l/\}/i%T%e ci::%%e{\:ajlarﬁ}elt‘?fr?‘gs ent 5%&} vf/%s cfg%u%ted when
frémhe aick ofagegiomisrednded oyea crystalsmedting pgakahdiat of tin

base | [ ed ] hart to obtain the stereocomplex
e R R SR e
Tha. sample wels héateellfrems2@ to 250CyataitatecfyRe miat (ke 190°C

sarpple wagcooled ta 20Cat g rale of 45€ispeby, Ysing.dry dce afigrithe
temperature reached 250C. 25 (c) The above processes (a) and (b) were
repifdel 3 BmesTROVALEREMPREE {step (1): production of first polylactic

acid) 30 19Qpartshyyweight:afd -lactide gnanytactured bys Mysashino , p. o

Chemical Laboratory, Ltd., optical purity of 99 % or more) and 0.15 part
by FRIRYAE of Kteaf alddHot Weré fed o EpshahefiFatorPisatforeduippest

Wigh 2e0ichdistllation tuberfeom.a-stack deed; pertdn A Riffeden sthealbdPineq
Subsequently, the inside of the reactor was substituted by nitrogen 5

(i8S, At LIt &S bR Tt 9 0B et LSRRtle WasTcoietety
maoker0.03 partdypdeght ohtin £2-etudhexapeate was added ftom the

SKK*fee%B%“B%?%ge%y weight of D-lactide (manufactured by
Musashino Chemical Laboratory, Ltd., optical purity of 99 %
or more) was added to the purified first polylactic acid
(PLLA) in a molten state obtained in the step (2) from the
stock feed port in a nitrogen stream. The reactor was
maintained at 190°C to carry out ring-opening polymerization
for 2 hours so as to cbtain a second polylactic acid.
(step (4): removal of lactide)

After the end of polymerization, excess lactide was
removed by heating the reactor at 230°C and reducing the
inside pressure of the reactor to 1.33 kPa. Finally, the
polymer was ejected as an amorphous strand from the exhaust
port of the reactor, and the strand was cut into a pellet
while it was cooled with water. Then, the pellet was left
in a hot air circulation type drier heated at 180°C for 1
hour to obtain a purified second polylactic acidpellet. The
Mw, lactide content and L/D of the purified second polylactic
acid are shown in Table 1. The crystal melting enthalpy,
the stereocomplex crystal content (8) and the crystal melting

roint are shown in Table 2.

Example 2
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5 with 500 | of toluene to carry out polymerization at 190C for 1 hour so
as to obtain a first polylactic acid. (step (2): removal of lactide) The inside
of the reactor was reduced to 1.33 kPa to remove excess lactide so as to
obtain a purified first 10 polylactic acid. The Mw and lactide content of the
obtained purified first polylactic acid are shown in Table 1. (step (3):
praduction of secand podylactic acid) 100 parts by weight of D-lactide

(manufactyred by Musashino.Chemical Laboratory, Ltd., qptical purity of
9915 or o) WL SRaeH (e BLRSE ey ol EETE0g (bR Frgeated
m@lterobtma'nbminad"iirftheis_té;b_l(zchrpuwnbasmbk feedcﬁ)@tdn@ﬂi_tmmn the
SUEANLIDS RO IAS TRIRT AL A AA0GLA O IITLODENTY e gne
polymerization ftor 2 hours so as to obtain a secon polylacticacid.

(step (8):demmvil shiavede)After ﬂi@eemﬁvofagmlymedzaﬁm,mes&t of the
lagideswas Jemoved ydisAng he regglor 8t 230 a0d reuing e,

inSide pressure of the feactor to 1.33 kPa. Finally, the polymer was

ejddtEG RS affdmaipholk)strand from the exhaust 25 port of the reactor,

and the strand wak cukinkha pellet yhiledt wag cooledwith water, THER, s 4

the pellet was left in a hot air circulation type drier heated at 180C for 1

hokir¥a 6B 89trfedRetsnd pbifactic atid pellet. M¥e MEIacRiecontent
contentians b ohthe purified sesand RQlactic:3Q-a¢id are:shawR iR hown in

Table 1. The crystal melting enthalpy, the stereocomplex crystal content

(ST &Rd the crystaFmETKE “pointard RswR TH RapieY. Bxtnfie Sreecomplex
(stepgdihand 42y dite qperation ehthe-step (i) OhEXamME do¥aS are shown

repeated, . . 5.

Synthesis Example 1
{synthesig of PDLA)

100 parts by weight of D-lactide (manufactured by
Musashino Chemical Laboratory, Ltd.) and 0.15 part by weight
of stearyl alcohcl were fed to a polymerization reactor
equipped with a cold distillation tube from a stock feed port
in a nitrogen stream. Subseguently, the inside of the
reactor was substituted by nitrogen 5 times, and D-lactide
was melten at 190°C. When D-lactide was completely molten,
0.05 part by weight of tin 2-ethylhexanoate was added from
the stock feed port together with 500 pl of toluene to carry
out polymerization at 190°C for 1 hour. Thereafter, the
inside pressure of the reactor was reduced to 1.33 kPa to
remove excess lactide. The Mw of the obtained PDLA was

158,422,

Comparative Example 1

The purified first polylactic acid (PLLA) cbtained in
the step (2) of Example 1 and PDLA obtained in Synthesis
Example 1 were kneaded together at 240°C for 10 minutes by
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to obtain a purified first polylactic acid except that the amount of stearyl
alcohol was changed from 0.15 part by weight 5 to 0.2 part by weight. The

Mw and lactide content of the purified first polylactic acid are shown in

Table 1. (steps (3) and (4)) The operatigr, of Example 1 was repeated to
obtain a purified second polylactic acid. The Mw, lactide content 10 and
L/D=ofrthye pleifiedsepdad palylactis @cid arecghavayin Batileil. dhe,crystal o
melting enthalpy,.the steregcomplex .crystal content (S) and the crystal
mé):ﬁ%lp%inaf a@é% 8\1/—'vh iiﬂlL%b e, ]}gésyc/ﬁt Bsis )Faen%ﬁeaf%sy%rﬁ e§3|£ the
of RDsANEQD parits by weig e ndD:ldotidéafmian ufacturédeby: ivasashine 1t ing

C i orajory, Lt r ight _of ryl hol
w[é%?ggg %%on%%eﬁlztg%er?{%%%?e% é&?&%ﬁe wﬁ%@%ﬁg d?s'éfi Iaﬁgr? the
tulsE HrohRa Jrsckiferd portl it agiittogdirsredm. Sabseyuently, the inside
of the reactor was substituted by nitrogen 5 times, and D-lactide was
molten at 190C. When D-lactide was completely molten, 0.05 part by

&GRS 2-&thirreambate was added from 25 the stock feed port

togethep with 5000 tqltiene to carry out polymerization at 190C for 1
hour. Thereafter, the inside pressure of the reactor was reduced to 1.33

kPato rerhbfe @Re&sS kefide CEnd v BF B dBtairaPDRA Vifs Example 1

198:A22 30 EorepaiativvoExamplenb hgpriified dirst palylagticacid t ic acid
(PLLA) obtained in the step (2) of Example 1 and PDLA obtained in
SYFTESRS BXEHpIEPEWLAE kndSd &t gitier 5239H€%or 10 minutes by

1/{step (3))

100 parts by weight of D-lactide (optical purity of
99 % or more, manufactured by Musashino Chemical Laboratory,
Ltd.) was added to the non-purified first polylactic acid
in a molten state obtained in the step (2) from the stock
feed port in a nitrogen stream, the reactor wag maintained
at 190°C, and ring-opening polymerization was continued for
2 hours to obtain a second pelylactic acid.

(step (4})

After the end of polymerization, excess lactide was
removed by heating the reactor at 230°C and reducing the
inside pressure of the reactor to 1.33 kPa toobtain a purified
second polylactic acid. Finally, the polymer wag ejected
as an amorphous strand from the exhaust port of the reactor,
and the strand was cut into a pelliet while it was cooled with
water. Then, the pellet wag left in a hot air circulation
type drier heated at 180°C for 1 hour. The Mw, lactide
content and L/D of the obtained purified second polylactic
acid are shown in Table 1. The crystal melting enthalpy,
the stereocomplex crystal content (8) and the crystal melting

point are shown in Table 2.

Example 3
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using the Laboplatomill SOC150 of Toyo Seiki Co., Ltd. to obtain a pellet.

The Mw, lactide content and L/D of the obtained pellet are shown in Table

1. The crystal melting enthalpy, the stereocomplex crystal content (S) and

the 5 crystal melting point are shown in Tgble 2. Comparative Example 2
(steps (1) and (2)) The operations of the step (1) and (2) of Example 1 10
were repedted touatitaineal nenguutifieddirstipohtlacticadid excepsthaiihained

lactide was not removed., (ste ) rs b ight of D-lactide o
(of-)L%llca ﬁﬁﬁrﬁr}%f%g%sog #]%%5? %nfl}?gcﬁ% ’6?%‘23&%0"8 emitgt 24> C
Labpratompg E5nadl) waszulied tothieintn euified ficstpalplactioabitkdn screw
malaaiale obianar Ddbesien 4 o thezi@%af\?fgpqmék@ UG Y S
stream, the reactor was maintained at 1%%%: and ring-opening
poNIAGA LAt Was cortingiedfor2 hiolifs tanobein ausetondpdtgdciiern was

acid,;20,(step44)After the gnd gf Rﬁl/xm‘?{izat&%gxam@geg%g@ arn was

removed by heating the reactor at 230C and reducing the inside pressure
of $& PEAt6Ft0-P. 33 RPE B WHtaY @ palifed Segont polyldcindcighen heat

Finally othe pelymerwasieiected 33 ag-an ¥nophods strand oM ihe o The

exhaust port of the reactor, and the strand was cut into a pellet while it
WEEESSRd Wil RS reThER HAY palfct VRRqem arhetraiperdusEsient (S)

typadrierfeatad mt 1806Jopdihaut 7 ke Mwastide coment and /D0 are

the obtained purified second polylactic 30 acid are shown in Table 1. The
cryd8iheltihg & RASIpg, the stereocomplex crystal content (S) and the
crystal melting point are shown in Table 2. Example 3

Example 4
The purified second pcolylactic acid pellet obtained

in Example 1 was dried at 110°C for 5 hours, and molten and
formed intc a film by using a melt film forming machine
equipped with a double-screw extruder. The pellet was melt
extruded into a film having a thickness of 210 pm at a die
temperature of the £ilm forming machine of 260°C and a take-up
rate of 40 m/min. The crystal melting enthalpy,
stereocomplex crystal content (S) and crystal melting point
of the obtained film are shown in Table 2.
Table 1
Example 1 Bxample 2 C.Exifpie C.Exiﬁple
Purified Mw 186,021 116,271 196,021 195,539
first , Lactide
polylactic | .oprent 0.45 0.46 0.45 2.45
acid (%)
o Mw 218,747 157,481 162,581 224,932
i:zéiéed Lactide
polylactic CO?E?nt 0.86 0.88 0.98 0.97
acid ¥
L/D 64.3/35.7 58.5/41.5 49.8/50.2 | 49.7/50.3
C.Example : Comparative Example
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18 The purified second polylactic acid pellet obtained in Example 1 was
dried at 110C for 5 hours, molten at 245C by using a melt spinning
machine equipped with a double-screw extruder and ejected from a
nozzle having one discharge 5 nozzle Wilth a diameter of 0.25 mm, and
unstretched yarn was taken up at a rate 8f 500 m/min. This unstretched
yarn was stretched to 3.5 times by preheating at 70C and then heat set
at 190C to obtain 1.33 dtex polylactic acid fibers. The crystal melting
enthalpy, stereocomplex crystal con?éllﬁl(%) 40 and crystal melting point of

the obtained skretéhed yafn are ﬁhown in.Table é Exam Ig The pcurified .
i AHa D QE%% gl mel {6t901nt
second polylacti¢aei pdllet opje}lgs;c ( /@)Exa(rgpl as rleqecaé)f
for-5-hours, .and $FdHeREhd [formed.into afilm by using.a melt film forming
machine equipp&d wath a dqublé-screw &xerudert The pellet wasanelt
extrPded 'into a Tgrgch%/&wg althic ness of 210/m atadie Temperaire of
the fiffri forming machine of 260 C and A'ta e-up 20 rate of 40 mfrhih. The
crystal melting erthalpy, stereocomplex Trystal content (S) and cpystal
mettmgpoint—of the obtained fitm-are shown i Tablteg 2 Table-t Exampte
1 Example 2 C.EXample C.Exantble [1%° Purified Mw 196,021 178571
196,821 19%,53% Jirsticactide palylactie comtent @45 0.46 0.45 2:45; acid
(0) Mw 218, 747-157,491162;581-224;932-Purifiec-Hactide-seeond
cdntent 0.86 0.86°898%.97| © | 51.2 100 213
First 0 47.8 | 100 217
Ex.3 Second 0 45.9 | 100 217
Third 0 46.1 | 100 216
First 0 50.8 | 100 218
Ex.4 Second 0 51.2 1c0 217
Third 0 51.8 | 100 216
First 26.1 | 32.1 |55.2 217
C.BEx.1 Second 24.8 | 29.9 /54.7 217
Third 25.7 | 28.5 |52.6 215
First 0 44.3 | 100 188
C.Ex.2 Second 0 45.2 | 100 188
Third " 42.1 | 100 187
Ex.: Example C.Ex.: Comparative Example

S: stereocomplex crystal content

Effect of the Invention

According to the production method of the present
inventicn, there can be provided a polylactic acid having
a high melting point and a high weight average molecular

weight, wherein stereocomplex crystals are grown even when

(%}

melting and crystallization are repeated.

The polylactic acid of the present invention has a high

melting point and a high mclecular weight, wherein




polylactic (0) acid L/D 64.3/35.7 58.5/41.5 49.8/50.2 49.7/50.3 25
C.Example Comparative Example 19 Table 2 Number of tHa AHb S
crystal melting point times of scanning (J/g) (J/g) (%) (C) First 0 59.2 100
220 Ex. 1 Second 050.1 100 218 Third 0 47.7 100 218 First 0 60.2 100
220 Ex.2 Second 0 55.4 100 219 Third %1.2 100 219 First 0 47.8 100
213t ExSoSerpIEA 45:9200 247 Rhird3- 461 18R 316HEIFStH0 8P0ing
218 Ex.4 Second 0 51.2 100 217 Third 0 51.8 100 216 First 26.1 32.1
553 17 3¢ BX T SeWnd 22 & SBPS£F 2 FrithiRt 28 sa 55 £epygnt onal
First 8 4dc3: 300 188 £olix.2a58c0nd:45. 2300:183 T hitdp=42.1 100 187
Ex.: Example C.Ex.: Comparative Example S: stereocomplex crystal
content (0) 5 Effect of the Invention According to the production method

5 of thedpresentl Applicability

Since the composition of the present invention has
excellent heat resistance with a high melting point, it can

be melt molded into yarn, film or another molded product.
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invention, there can be provided a polylactic acid having a high melting
point and a high weight average molecular 10 weight, wherein
stereocomplex crystals are grown even when melting and crystallization
are repeated. The polylactic acid of the present invention has a high
melting point and a high molecular weight, wherein 20 stereocomplex
crystals are grown even when meltingageligrystallization are repeated, all
of which a_conventional stereocomplex polylactic acid does not have. 5 =
Industrial ApPicabity Sind A omiSotiSPo#the PréSeAGAdentiiidst s 109
excelentthess registance with a high melting point, it can be melt molded
into yarn, film or another, molded_product. Zli LAIMS 1. A method of
producing 5 oIfﬂ%Eﬁ% %%f&?c%mdfp%gf?l tRe 5@% Cgf:lfl)aocbjtgin% & fifst
potylacticogeioh bpdhp Slymgnpeningpolphesizatiar of bfirstilaetidemposed of
coinapcqised of Ia&tic acid uni ch the same Crﬂ@ﬂ%ﬁ{% obtaining a purified

efi

first po ﬁlgctﬁzcgimd%r)l/ltr:esmgving e Tactide from t polylactic acid in

a molten dtate ohderiretaged prassufe;eld @) obtaipingya sedond acid by
pollagtic.agid by Ihe .ring-gpening polymerizafiop g& congilacude; 5
which dif%e%dfrom thgfirst lactide In chiralit;f;z'an t%e res%el‘lwg‘e ST the taoan e
pufified first Pohigctiged; asdpabtainrupearfied second polylactic
acid by 15 @mg}gegiﬁgll%ctlgegmﬂﬁe ?%CRFEQaF&@X'@CE{% agiddn a-pe
molten state under reduced pressure. 2. The method according to claim 1,
VW%%@&TBHﬁ@#@ﬁ polymerization of a second lactide which
differs from the first lactide in chirality in the presence
of the purified first polylactic acid; and
(4) obtaining a purified second polylactic acid by
removing the lactide from the second polylactic acid in a

molten state under reduced pregsure.

2. The method according to c¢laim 1, wherein (i) the first
lactide is L-lactide and the second lactide is D-lactide,
or (1i) the first lactide is D-lactide and the second lactide

is L-lactide.

3. The method according to claim 1, wherein the lactide
content of the purified first polylactic acid is 0 wt% or

more and less than 1 wt%.

4. The method according to claim 1, wherein the first
lactide and the second lactide have an optical purity of 98

mol% or more.

5. The method acceording to c¢laim 1, wherein the lactide
content of the purified second polylactic acid is 0 wt% or

more and less than 1.5 wt%.
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lactide is L-lactide and the second lactide is D-lactide, 20 or (ii) the first
lactide is D-lactide and the second lactide is L-lactide. 3. The method
according to claim 1, wherein the lactide content of the purified first
polylactic acid is 0 wt% or 25 more and £ess than 1 wt%. 4. The method
according to claim 1, wherein the first lacfide and the second lactide have

angoptical pHEtek98,dNI% OFdNerE- 80 3 Themethqd,acearding o removal
claim 1, wherein the lactide content of the purified second polylactic acid

is Bfidtor #ereSnd e EEeha R obs \ethel 8 C BT ThEeHod aecsRImpIR L uTe
claifh b.auhereinthe remevdl ofdhe factide in theystepa2} is earried jopt at

a temperature of 150 to 250C and a pressure of 0.133 to 66.5 kPa. 5 7.

The method according to claim 1, wherein the removal of the lactide in

the step (41 cagtacbautatoa temperaturec D180 10 2PREranth apressuitoval
ongl%%to 66. kga. 8. Tlﬂe methoi%fcordin%go clajm 1, wherein the
ouPtied 10 firet pafyIahc ieid HeR 4 Weibft SeFage nblE dlaP wERE bR T UTe
10800t 3@0,060.°% Hreimethad:aecardingfto clainsl, nsheeirsthepa .
purified second polylactic acid has a weight average molecular weight 15
of 150,00 to 300,000. 10. The method according to claim 1, wherein the
putified s&tondpolytattccacid hasa Steredeamplex siystad tontért whBALied
% £ mare, 204, diemethadacgordipg g, oy L 4Beri 108 PEede s gne
second polylactic acid has a crystal melting point of 1

of 100,000 to 300,000.

9. The method according to claim 1, wherein the purified
second polylactic acid has a weight average molecular weight

of 15¢,00 to 300,000.

10. The method according to c¢laim 1, wherein the purified
second polylactic acid has a stereocomplex crystal content

of 80 % or more.

11. The method according to claim 1, wherein the purified
second pelylactic acid has a crystal melting point of 130
to 250°C which is cbserved in a temperature elevation process
even when a program composed of a temperature elevation

process from 20 to 250°C and a cooling process from 250 to

20°C is repeated 3 times in DSC.

12. A polylactic acid comprising a segment composed of an
L-lactic acid unit and a segment composed of a D-lactic acid
unit, and having a weight average molecular weight of 150,000
to 300,000 and a crystal melting point of 190 to 250°C which
is observed in a temperature elevation process even when a
program composed of a temperature elevation process from 20

Lo 250°C and a cooling process from 250 to 20°C is repeated



to 250C which is observed in a temperature elevation process even when

a program composed of a temperature elevation 25 process from 20 to

250C and a cooling process from 250 to 20C is repeated 3 times in DSC.

12. A polylactic acid comprising a segmgnt composed of an L-lactic acid

unit and a segment composed of a D-lactic acid 30 unit, and having a

weight.avaerage nusglecular weight of 150, 000 to 300,000 and a crystal

melting point of 190 to 250C which is observed in a temperature elevation

process even when a program composed of a temperature elevation

prodess friohe2@ddZbOCtand acciobliag poackissdram 25040202 isvhich has

rege thi?;d% times in DS 1% The palylactic acid accardin v&? claim 12,

wr%c %as a acti%% C%Iﬁtger?(t:fof W% o?rr%c{f}g%%dalrelgs ?heasnslgc . 1%%“ )

The polylactic acid according to claim 12 which has a stereocomplex

chistal contgat BAQ h.eemorachy ARAIRA AGCROLIE APYIGIY nas
a steréocomplex crystal content of 8C % or more.

15. A molded article of the polylactic acid of claim 12.



