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Specification Title of the Invention Method for
produci ng polylactic acid bl ock copolynmer 5 Technica
Field The present invention relates to a nethod for
producing a polylactic acid block copolyner, and nore
specifically the present invention relates to a

met hod for producing a 10 polylactic acid bl ock

copol ymer havi ng hi gh nol ecul ar weight, and in | ower

cosbecWherein,only a stereo-conplex crystal is _
capabl e of growing, even when heat nelting process is

repeated. Background of the Invention 15 Many of

I i €S, deri etrol eum are |ight-weight,
?OSSE%gS%pE?%%?QP%%ggngi|ity and are capabl e of being

easi | y M¢grared om pandarbiyraely shape; aand bhuskhaveolymer
been mass-produced to support our life in various
fields. However, these plastics are not deconposed
easttyniared dtcdrul at e when di sposed in 20 environnent.

I n addit.,j.0 Lnci neration thereof emts | ar ge _
quantit@k% r%%%@bﬁ%af8iﬁagfe %gﬁ'ﬂé§15§g§VZF§FéEOduCl“g
gl oball vy laar bt rg.id nl consodel ghe 0N 20l Boed saepl €58A1 1y the

state resin .conpose of non- petrol eum based raw
mﬁ%ﬁ%%ﬁ? or'a %%deﬁ?g%%%TegOZ§ dSti%c tetoRposabtes @
bypal yfiacrtdoragaini smdiasopeeymst Hdi edy acthwelycuMastveabnt,
t he Lodfgﬁadabl plastics presently studied have an
af?ﬁﬁépic Ear BORyT al &SP G 7, St aremregsigaystal is
deconposed ofowd iy, co 0ot gadh 5axt @1t hey ot-heEshand.theyq.
are inferior in heat stability, and have a serious

probl em 30 of decrease in nolecul ar wei ght or hue
detaenigepahionr i tha ¥ Hing process, wherein they are

exposed to high tenperature, such as nelt spinning,
infec PR 9 ﬁ%%ﬁicﬁﬁﬁﬁquq%ﬁ@%?ﬁﬁ%?bﬁﬂ“arilléhtrh@lght,

| ick@gh, superior in durability and are capable of being easily
formedinanarbitraryshape,andthushavebeenn@ss—produced
tosupportourlifeinvariousfields. However, theseplastics
are not decomposed easily and accumulate when disposed in
environment. Inaddition,incinerationthereofemitsalarge
quantity of carbon dioxide, which has accelerated global
warming.
Inconsiderationofsuchapresentstate,aresincomposed
of a non-petroleum-based raw material, or a biodegradable
plastic decomposable by a microorganism has been studied
actively. Most of the biodegradable plastics presently
studied have an aliphatic carboxylate ester unit, and are
easily decomposed of amicroorganism. On the other hand, they
are inferior in heat stability, and have a serious problem
of decrease in molecular weight or hue deterioration in a
moldingprocess,whereintheyareexposedtohightemperature,

such asmelt spinning, injectionmolding, melt film formation



Among these, polylactic acid (hereafter may be
referred to as PLA) is a plastic superior in heat

resi stance and has good bal ance of hue and nechani cal
strength. As a nethod for 5 producing a hono-pol yner
(hereafter may be referred to as hono-PLA) of
poly-L-lactic acid (hereafter may be referred to as
PLLA) or poly-D-lactic acid (hereafter may be referred

to as -RDLA) ,.a ring-opening polymerization method
using lactide as a raw material or a direct _
pol yner Pratyomavet, h@@lﬂ)actijdehy@lr atirenftendensat keferred

of .l acti ci ener al,, rreltln oi nt
thétoa%%)vlgeiL eégr%gpeg po: 5% T ASY And %HP R e
aboveddesicgrridyed?! poleyaii Imachlamael C‘Btlr&ns_jahd t2s abethod for
ar Ther ef or.e ower heat

e o R B e e U reazagd to o
polhyest BLAT ept @semedlastby apﬂtlcyethlaayle@ﬂeef argphthat ad ered
or _po ene terephthal ate, \Y ro
hg?%%’%ﬁéiam e? Yi po%‘?‘ﬁb”f?%& W?ﬁﬁ)ef ita%"l ’gay%%Be%erred
pr oduet, PDRAY he aC&&@mg\M@@léﬁlth@omiyﬁiéb@Qth YmdrH ALt £ing
aci dCJCS used as a r the like, Therefore, it is

a present “sfated” t“i"fﬁterflﬁgt Per® AigREF Hatresirsi aRdeethod

101 sbpeqahmﬁatf& | dorareratdrermpt oo 1bichdcaabi gakt hremgh, 1n
in suchf @t i nprovenent of heat resistance of
e

pof §Tact GRS Bent uaPeEs the o achegsy L-lactic

Studi@Sadm(thbld@So*aeSdl@i&QkaeQI%kﬁ?& DPOLyt ACtd G @€Ldsaid to
hereafter be referred to as scPLA?L fornmed y
%ﬁf ﬁﬁ%BN TCact FeeaefarandhpsI RAS LaceT &easi s izsance

FbME&@ﬁpaiéU&b@h@@%@r@@ﬁéﬁl@@fy &aééﬁ%éf&éﬁ%éifﬁg¥esented
D-lactic acid are mxed in a nass ratio of 1:

LS onl?x/po%w%‘i%&fle%ﬁ@c%%wﬂ(ﬂ@ﬂwsttea@r H@ézbﬁwl%m@@ﬁé@d@te,

anﬂuiﬂaﬁ@QXHIE@%%&Md%r%ﬁ@%ﬁ@ﬁpféY§E§$l§%§9n%EQﬁﬁﬁ%c@%le
the same tinme, in articular, in a region of high

MOV ECUR & ORIEGht LD FRACEISS Brer 30hPe Hreddicktli ulit-Lt-dactic
Shﬁﬂkﬂlé9%€H%%B¥61B@Yb@gj%99f@éat%h% e%QQEGQEJjggﬁgesent

st ereo-conpl ex crystal by heat nelting process,
SUHPEea thrésEnEBNDT hbwre PR ataireed saaprobl emefuired.

20 |n3Ufo%|§Htattempt to find a breakthrough in such a state,
improvement of heat resistance of polylactic acid has been
studied. One of these studies includes a Stereo-complex
polylactic acid (hereafter may be referred to as scPLA) formed
by mixing poly-L-lactic acid and poly-D-lactic acid.

25 However, 1in the case where poly-L-lactic acid and
poly-D-lactic acid are mixed in a mass ratio of 1:1, only
a stereo-complex crystal does not always appear, and in many
cases, a homo-PLA crystal also appears at the same time, in
particular, inaregionofhighmolecularweight. Inadditioecn,

30 itisdifficult tostably formscPLAhaving 1002 rate of content
of a stereo-complex crystal by heat melting process, and such

a presence of homo-PLA raised a problem of insufficient

|
o
|



5

utilization of features of scPLA having high nelting
point. Therefore, it is strongly required to stably
produce a product having 100%rate of content of

SCPLA, w thout m xed honmo-PLA. Therefore, as an
alternative nethod for producing scPLA 5 by

m Xxi ngt heabovepol y-L-l acticacid and poly-D-lactic

acid, a nethod is proposed for producing a ponIactic
aci d .hl ; Gopolyner., [ h, mpunt, of ot
201t 009K, oROBOIUTE, Wk S8 L, SATP UYLy i oo
andﬁﬁheprbyJLfia@tronatydeandre@obwmadhynnqdwmaapabéuct

SUBLESLE AR B,ESSELION A0 L ALI0, SOURlent D00 oo
SCcPLA i§hpmeferenbﬁahhylgemeaﬁi%@nhehmeehmapﬁ$GUdnnqﬁcPLA
aniva Cafiontr o eSuros-Br Fai i feiTerderadslotict e ot
o conf i tied on & ohart ol 15 a diferential seanning
Cal8PEREETy (18er i NarerY® At Sdet D W/CH- 0615 rare and
Ofp@Q@PBHla@fuﬁ@BhAeﬁ&ﬂmb&eatahkytﬁ@&ﬁﬂ@ IML EBOUE acid and

m xed ho PLA. dd|t|on in JP-A-2003-342836, a
Rt HONBOTvEL i Hord 1% SEIGREd PnPCRoREtEon to Form a

10 corevsheat bgonj sgateddyee iber-22000P-potylacti ey this
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aci d- based pol ynmer formng a stereo-conplex, wherein a

coftpohent @ éwrﬁﬁ@réaﬂiéab%wt%%er&&t% he§vpyn @ chain

bl endi,ng: Pol y=leibiachi €s agh @l havkng an wptdcale pUEbtynits,
of from 70 to 100% ee, and poly-D-lactic acid having

an BPEF @81 Pl PE T of L Ya5ih 1702 ¢ i R0k €gpoggmers, and thus

Di schosure of chnyest irmdHewaves .nat cBhesenta &S af Ghart of
D-lactide or D-lactic acid, which is a raw materia

of 2£hé FDr EBRpONERETT Y conPy i yPSSbur AETES Vi iprREastict

buf,; @h $90% YR \WH LB d i §f@l:bLA and ehtis, 530, MARKRL without
price is higher as conpared wth L-lactide or L-lactic

ach&zeqietrif-a raw material of the L-conponent.
Therefoﬁ?addhglbﬂe!hhﬁphyQkﬁﬁg%4§@3@|th@gg%ﬁ%ggggefiber

cost of a stereo- COI’Tp eXx
is disclosed, which is a core-sheath conjugated type fiber

of polylactic acid-based polymer forming a stereo-complex,
wherein a component composing the core part is obtained by
blending poly~L~lactic acid having an optical purity of from
70 to 100% ee, and poly-D-lactic acid having an optical purity
of from 70 to 100% ee.

Disclosure of Invention

However, at present, as for D-lactide or D~lactic acid,
which is a raw material of the D-component, not only supply
source 1is limited but also turn volume is small, and thus
market price is higher as compared with L-lactide or L-lactic
acid, which is a rawmaterial of the L-component. Therefore,

itinevitably leads tohighoproductioncostof astereo-complex



- 3 polylactic acid, having a mass ratio of the
D-conmponent and the L-conponent of 1. 1, in the case
where the D conponent and the L-conponent are m xed

in the sane anbunt according to conventiona

technology. 5 In addition, in the above

JP- A- 2002- 356543, a nethod for producing a

mul ti - bl ock copol yner conposed of poly-L-lactic acid
anqu%h%cQﬁcagéig QQﬁgmeQQ&ﬁﬁﬁrgb§OQQp¥%e ﬁuééﬁogﬂé%%(and
copolyner is a st ereo- conpl ex polylactic ac

cont's RirrgTeANgn A &t éreéﬁc@ﬁptl@( C@ﬁ)@swbﬁfe@he D-component
di 1 , [ S

cvary step Tor Tl er s marbl ook namber o T he abovs "
nuHKlihmdémteep@ﬂyh@¢hn0knﬁythus has a probl em of

sbei ng nat, syit ab § Hﬂgy %obé'JpP£°9§§%'§€k543 a. method

Therefore, a net or producing a polylactic ‘acid

bldtkfcop@kywamglnalowmdastblanﬁ whgselweeghtcameoa@@ of
| ecul ar i gl al .t h than .10

006 Ningt 6 oty i PG Rohpek ePydt al e R spBoe

ofn@ﬂawrbgpceve@poMWmﬂrlma Elﬂgeaﬂd cwm@meﬂlpqmmﬂaomlareC1d

rep has n et roposed Furt he re, _as.fo

teé:ﬁmtE 68§n8escgyb% E?ﬁgihe BB e §6YS£HP’ 1573158 osed.
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L- Iactl aC|d and oly-D-lactic idis qutside a
DT Te B ST sty 7o e ST S0 (RS Fart byP o hgPROTYe,
weredprobd e thatobf ennat iven nof nat s$ et o> conpl exdustrial
which is a ster pecific bong S inhibited, it | $
di PEPEUFELPor ?}?ﬁe Prfrelt g PHH%?%PF%LJ%W a polylactic
t eﬁ’@&ﬂa]bl.ldS@k Qﬂ‘ogdm/mreesyhtl@g pekyl agt iwnh@cd dzeb@aedaverage

yner _to be equal to or her than 180C, and
15 PoubORcEL 5 gLt MOIULAY tofner i s FaRgd] S topwherein

possi bl &. s dhesef i@ et cirgsam obf ectp0f <t he g&@ﬁ@ﬂ@ even
invention to provide a nethod for producing
polPFRacEFchidd an8| 6ékst%bllc%?§d1%éffeh%%ﬁ?%ﬁgt%ﬂrgﬁas not yet
nnbggybg@dmelght and in | ower cost, wherein only a

stereo-conpl ex crystal is capable of gr owi ng
Furthermore, as for technology déscribed in the above

JP-A-2002-356543, in the case where blend ratio of
poly~L-lactic acid and poly-D-lactic acid is outside a range
of from 30/70 to 70/30 (mass ratio), there were problems that
formationofastereo-complex, whichis astereospecificbond,
is inhibited, it is difficult for crystal melting initiation
temperature of the resulting polylactic acid-based polymer
to be equal to or higher than 180°C, and response to wide
molding temperature range 1s not possible.

Therefore, it is an object of the present invention to
provide a method for producing a polylactic acid block
copolymer having high molecular weight, and in lower cost,
wherein only a stereo-complex crystal is capable of growing,

even when heat melting process is repeated.



even when heat nelting process is repeated. - 4 The
present inventors have intensively studied in

consi deration of the above conventional technol ogy,
and have found a way to attain the above objectives,
and thus have conpleted the present invention. 5 The
present inventors have astonishingly found, after

i ntensive study wi thout being restricted to

conventignal . technol ogy,. that, %@alneg§%§£ayﬁ§ studied in

equi val ent t'o that of SbPLA, y m Xxi ng
poI@OﬂﬁﬂdﬁﬂﬂteoacﬂﬂLhﬁdﬂ¥KW%@Q}WQnﬁMQ@aéC¢QFhHQdCKhG Iafrpave

a”“% %a'@« be. at %@&Qﬁ?‘ By 4glnd 8b5’£999&éé O”ar{'cg thus have
met hod' :

oun by the present T nventors, even in biased
conpmmphauwd rtati pré¢sass ratdro)icof. an L-lactic acid
suni t (L, EPO”em) a%dt%r%}klla?‘&et |G aghdpunlt (f%urhd after
conponen}5 ion."Cthe présent i nvent ors hdve
aIsomkmwn&ethaUdyhelphesenbelmqnmﬁﬁunmtﬂeﬁ capabingeofional

su ssi-ng._u of . D-Iact de, 1 ad
S0l P BBY Sar &1 GRET - CaRi 1y GHUCT AL ar Gt GRCLA
co&ﬁw@hn@d&kﬁmegiﬁ@@QU@Xmebytachbad&ﬁkﬂpom@%Dhla@@ﬁ:ac1d

consi%%Fed i npossi ble to oIv Furthernore, it ha as . .

f ouiid Ph A M Redt O M scta§n gEF‘%%‘F Y15 fifaf gFcduction

10SbRIsAhoabt &dured b@ytﬁbxmﬁ@saﬁtLJbﬁ@%t@mé a rodyn | Biased
t he same anount, can be 20 attai ned; signifjcant

r edEPPSH EOPT préfdiiet TBRSchet 1P O éubTEacihe Hnd 4nit (T

pr edugbnean) badproviaded cstablys iand ¢dngQWnPr.i cen addltlon
irrespective of variation of raw material price,

USHG FARAGE GEERTTEY SoPdol oo PG rd et e  BFssent

evenvewdendnCiost a stk uebur £, r 418 b @Qéhém(;gakyamLag&tgde,
acid or 25 L-lactide) and the D body fy D-lactic ,
15 aci@i6p é@PgétFﬂe§01V$l% Qﬁ?@%ﬁ%ﬁ§b&1@ﬁl heafGtyr eeducing

NapebYuct hen Rresent rg/@ﬂéoor&oﬁn%h@&eéowl@ctr@ hedqf ofhich
produci ng a polylactic acid block copolyne

chapacresiideged »lﬁlppﬁaf-bh%yOﬁpﬁgeopeﬁﬁﬁd\eﬁ&%ﬁeﬁtﬁaﬁ Brund

Oftﬁéka&éé@%x&@s%@n@@W&%ﬂ@ﬁhknhﬁt%aﬁﬁé€QN9%%Piﬂ thetained

presence of poly-L-lactic
by mixing an L-body and a D-body in the same amount, can be

20 attained; significant reduction of production cost 1is
resulted in; and a product can be provided stably and in low
price irrespective of variation of raw material price, by
using a large quantity of a lower price raw material, even
when cost structure of the L-body (poly-L-lactic acid or

25 L-lactide) and the D-body (poly-D-lactic acid or D-lactide)
will be inversed in the future.

Namely, the present invention relates to a method for
producing a polylactic acid block copolymer characterized
in that (i) ring-opening polymerization of D-lactide (D

30 component) is carried cout in the presence of poly-L-lactic

acid (L component), or {(iil) ring-opening polymerization of

L-lactide (L component) 1is carried out in the presence of



acid (L component), or (ii) ring-opening
pol yneri zation of L-lactide (L conponent) is carried
out in the presence of - 3 poly-Dlactic acid (D
conponent), and nass ratio of the D conponent and the
L conponent is the D conponent / the L conponent =
60/40 to 91/9, or the L conponent / the D conponent =
60/40 to 91/9. 5 In addition, the present invention
relates 4. thod, for i.ng 0 ctic acid. ,
b|é§%”§5%gﬁgﬁg§ %gé?ag?e?ﬁgggﬁgtg’c%ﬁ?a?ﬁ%%ggéiﬁj§ie§he 0
f orcamlanemitxiang 6hesél abinpananXi hy tid )D acdngestent / the L
pol i.C.aci K ol r,. which is
pof%#§§%ﬁgtach/g$g%k9€§%OP¥E§F]66P3Pﬁ%% %?thEDcomponent
ri mg-copdhi ng 20/pol yneri zation of D-lactide (D

- | act.

SConponGQF)aé@'gﬁgmpE %enﬁgar%figggx%kgndfgg, aﬁ%%fﬁﬁﬁahod

conponen erei’n mass ratio o
t hedr monpanenta pslyhect) canponept k/cddee ynk rconrpenentized

= 60/40 to0.91/9,. .and havi a i ght . aver age . .
ol e AL AF SWR GRE 51 T7om 80, 1600 o506, 000, Ha™(FiFins
a aeoomdfﬁ&smokyu@abbciacbdib:@Q&ceogabym?meimmmﬁfbﬂSis a
a pol.ylactic aci | ock copol yner obtai ne Yy, ,
R B O ST e g By ™t tng-opening

10compargest) zhhi e Presence dof (potymEbhact) crachd ptbsence

co onegt) ,. Wherein mass ratio of the L conponent and
thét BPeonpornt' §°tHe 't COMBITET // "PRES D! cBimsoneht© ©f
= 66£40 doepodBnfld A thur thesnentt he tHe9eMmponent / the
i nvention rel ates a nethod for producing a

boly PAREPECE 0 B 6k Copth Ao ehdPaaner Pada ahy average

CORbakBiNgGr tiae gstefxr Fornnel toomi Xb BY 000080l dHd @N; MaXddlhnq
i) a first polylactic acid bl ock copolynmer, which is

15; P81 YbE Gt Heicd dakt o bIceER LeBE sl yHieCloBEat med yByctic acid
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riBgo@ﬁeﬂkﬁgmeglMﬁgéi@@@hﬂnr@ﬁgcbﬁéﬁlﬁg§mﬁ9merization of
conponent) in the presence of poly-L-lactic acid (L
cohponehtde (L\verernfniasis) Fat Pgeernce vd v lcorpdrent c acid

anQDtJB%ﬂen%gﬂponﬁngéf%_Rggsgxggﬂpgfegﬁe&Jé&“ﬁoﬂ%nt and the
conponent = 60/40 to 91/9, and having a wei ght average
D component 1s the L component / the D component = 60/40 to
91/9.

Furthermore, the present invention relates to a method
for producing apolylactic acidblock copolymer characterized
by containing the step for melt mixing or solution mixing
(i) a first polylactic acid block copolymer, which is a
polylactic acid block copolymer obtained by ring-opening
polymerization of D-lactide (D component) in the presence
of poly-L-lactic acid (L component), wherein mass ratio of
the D component and the L component is the L component / the
D component = 60/40 to 91/9, and having a weight average
molecular weight of from 80,000 to 500,000, and (ii) a second
polylactic acid block copolymer, which is a polylactic acid

block copolymer obtained by ring-opening polymerization of



30 nol ecul ar wei ght of from 80, 000 to 500, 000, and

(ii) a second polylactic acid block copol yner, which

is a polylactic acid block copol yner obtained by

ri ng-openi ng polynerization of - 6 L-lactide (L
conponent) in the presence of poly-D-lactic acid (D
conponent) , wherein mass ratio of the L conponent and
the D conponent is the D conponent / the L conponent

= qgﬁ%&ﬁﬁ%e %}égmp§n§%%9£nﬂ:EJ£§%S@&Q§OP% %eDE—lacticacid
invention relates ' to a polylactic acid b ock

copdl yrepochar actérirzed mars s hat ioass thedt compbnant and the

L-1acti id uni,t and a D-lactic.acid unit is. th
U 1SEbkEoREhE Mkt BB 1o B8 S bbb Ry 5 DF /g vo
91/9,/%r mass ratio of a D-lactic acid unit and an

ctic aci.d unit, / the

L-lacticg,10.acid, unit is the DI h
L-lacti %tégild%]&ﬁit#ert égﬂd’rteos 1 9- "R PR & P TS to @
conicantlaot ia stef edceanpbex]l gy Stalaracsett o8 8th tthat mass
100%, .Sti || re further, the present invention, .
eI"A1d2 P6 A froifed Cartiel B Kot fi Rg 1he: bigve unit is
poltyleactiecact hdiloekitlpd copal-yneticAee0d difig 068/40 to
progu tion nethod of the gresent invention, a _
polyV dcet PT "1 "B 62K ¢ GpdT yiet - havilly UBxt rigterPy ki ghctic
10T at:eidofintontente of-1a cstier gor £ oppkex wGlyst abc€ah abed unit
produced, even n conposition (mass ratio) of the

whe
L- Cotdderit ° 207 ( poF yAES It T 4 O BF EEF PATE PR Sty Btal
D-genmpepgnto {polopeD-lactic acid or D-lactide) to be
used is significantly bi ased. Therefore, in the case

wher e prPbalitti o dost-ard/ 6P Prere dilfvenénes rFglates to

pr esentabetween: the deconpenent Aanpd.ct ber ,Drcompanentyiock
in a production stage, by adoption of a production 25

15 mefRBA! BRe¥ he present invention, using a cheaper one
ina A@&&ﬁ&i%@miptmqui&ibﬁmre%%h@f%@ppé%{cﬁnmion,
provi de a product “having high function and hi gh added
vak e lvilmcéieramel §lhow canedtymarndid o peikeeemely high rate

of content of a stereo-complex crystal can be produced, even
when  composition (mass ratio) of the L-component

20 (poly-L-lactic acid or L-lactide) and a D-component

(poly-D-lactic acid or D-lactide) tobe used is significantly

biased. Therefore, in the case where production cost and/or

price difference is present between the L-component and the

D-component in a production stage, by adoption of a production

25 method of the present invention, using a cheaper one in a

largerquantity, it ispossibletoproduce andprovide aproduct

having high function and high added value, in extremely low
cost and low price.

In addition, according to a production method of the

30 present invention, it is possible to produce a polylactic

acid block copolymer having high weight average molecular

welght, where only a stereo-complex crystal can be grown,



In addition, according to a production nethod of the
30 present invention, it is possible to produce a
polylactic acid block copol yner having hi gh wei ght
average nol ecul ar weight, where only a stereo-conpl ex
crystal can be grown, - 7 even when nelting and
crystallization are repeated, which was difficult to
produce by a conventional production nethod.
Furt her uct on neth d of .the present s
|nven§igﬁ ﬁsm§5g£§$ (”jnfﬁé? |ngl%?y% aF“ﬁ%Fﬁeﬁ which
pOF%ﬁSdfﬂfﬁCdmmt®esuﬁhtagnp@byhaéhtto@£lﬂrbﬁ@@klonnephod.
copol ymer h te er ture rang i.s thus
cagablg%bf Eurnlsgin g?léfo%egi%ngh né%miopfﬁ%ent
res&hbmmgopohyleﬁpahmfa@mdcobkeeklc@@oi@yﬁﬁal ﬁgeﬁgﬁgrgglnt
thr a m Qor. vari icles can be forne
5 by Chof e T U 1 6% PR LB ORI T Aot Btk BhobRer 1 o high
Cop@thEBtObéaKBEde yanhpeaduet iusrethet10f dhefurnishing
sent . invention. In artlcular in the case wher e
thsuPsngfulﬁﬁat pfoﬁ%ﬁsa&?ﬂ% 581 801 otk ddpsl pRér1pgtac acid

pr odueki @pdmBiked Ofhetdiepr,esgpbad NWENLI O =S 4S8t &Bded
a fiber, which was conventlonally unsui tabl e as an

appl i Cat F o 0F Phof (¥t Py 181 acidding ean belappFred acid

OMAHﬁbykb@p@mymgio%ﬁﬁlﬁbQQﬁf@b@gg§&§lonQ@Q@&@%fﬂﬂ@ﬁﬁresent
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cloth i s not damaged, even by ironing at 160C or at
f UFERERT HPgher Pt Brpet@ttile (abshe aBTChers Abdi f$oH. ting

be@@ﬂ§§a@tﬂ@hﬂh@p%ﬂ%cﬂcbg @iﬁ@gtqu%l%@%Bu@pﬁéﬁrﬁ%kﬁgﬁ of
producti on net hod of t%e present invention has

b| bR gradasiri t Ve ienvi  onrvsrtal 4 5/- fr | Sty pr@IGht was
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after being disposed. Further other objectlves
fe%ﬁh?eétaﬁﬁnéﬁaﬁaﬁié$¢svﬁkﬁd’b¢éﬁh@OQHéseﬁﬂbﬁnVEnﬂdumts,

Wﬂ)écﬁﬁsé@qgeglﬁ%’tkpysrrﬁiteaghg e&,o ev%% lg? x%rllﬂkl 0£1t 160°C

bel ow and preferabl e enbodi nents exenpl
acTorpamyithg rdrigkiargssmmBys sgfu rPesdrayst 1 ®h° ©f . t e addition,

DE%M&HE% a polylactic acid block copolymer obtained by a
production method of the present invention has
biodegradability, an environmentally-friendly product can
be provided without affecting environment even after being
disposed.

Further other objectives, features and characteristics
of the present invention will be made clear by referring to
explanation below and preferable embodiments exemplified in

accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a drawing showing a DSC chart of a polylactic
acid block copolymer (sample name: PLA20) obtained in
Comparative Example 1 to be described later.

Fig. 2 is a drawing showing a DSC chart of a polylactic



Fig. 1 is a drawing show ng a DSC chart of a
polylactic 30 acid bl ock copol yner (sanple nane:
PLA20) obtained in Conparative Exanple 1 to be
described later. Fig. 2 is a drawing showi ng a DSC
chart of a polylactic - 8 acid block copol ynmer
(sanpl e nane: PLA21) obtained in Conparative Exanple
2 to be described later. Fig. 3 is a drawing show ng a

Dsgmgnﬁr$l§gk cBng ﬁ& QSaﬁ “Q QI%QK QQBQJ%negbt ined in
(sanpl e nane: PLA22 tai ne T}lto%e
descrmiched thateFxafp e %fusk@ dPaWngeshbatﬁg a DSC

chart of..a pol.yl ac C ol r (sa
name: PL/@?,)?o)bét %l#egun ILég Mﬁ’é'g gg? r%agetdegcr {r%eéflacuc
| ateerid Hiqrk Sopsl gnar awrn}glshawen@mQDSCbmjmmedofn Axanmple
pol.yl Iock copol yner (sanpl e nane:
> &25) ogtg?ﬁgﬁllﬁgE&anp j'e 3 to be described |ater.

Fl g. 6 Fsga driawk mgrash@m ﬁlgoxalr[@s@ Dh(arcthaaft af a polylactic

pol_yl.act.i c aci d bl ock ame: P
bFkiAt T BRI b T8 b aess Fraed! [oiar oo TrgimLe
7 i’sta déamm@rﬂm:wme& DSC chart of a pol yI actic
acid bI pol e name: PL alne i n
Conpar a f‘%e%Eié Iéafg’ Vﬁlé%%fal %%CdA%éﬁrér B gotgligtic
10 a db&Wbl@cﬁJWdlg,/n&rDﬁgér@ﬂai haod : @ pohyloatkii@edaci Brample
gck cop sarrpl e name: PLA27) obtained in

nﬁPe %C]‘[Jobeéje '@¢&cribed later. Fig. 9is a
dr awi ngFﬁ@OV@ ng aad%@lﬁga{ﬁovﬁfngaaﬂﬁCWc@@EitCof achdiylactic
bl ock copol ymer (sanple nane: PLA28 % obtai ned in
Exafpf &L o6t Pasd YdeScriped o wiet: PELGY) PO trdngddraidgele

showtpgpa &SC chart 16kea. pol ylactic 25 acid bl ock
copol yner (sanple nanme: PLA29) obtained in Exanple 7

15t 0 be deseri’bedl A dreringEigoving 3 PUFaM hg> SRowp hglactic
DSC-chant 00k adpRhyh@cti CGample name: PLA26) obtained in

Comparative Example 3 to be described later.
Fig. 8 is a drawing showing a DSC chart of a polylactic
acidblock copolymer (sample name: PLA27) obtained in Example
20 5 to be described later.
Fig. 9 is a drawing showing a DSC chart of a polylactic
acid block copolymer (sample name: PLA28) obtained in Example
6 to be described later.
Fig. 10 is a drawing showing a DSC chart of a polylactic
25 acidblock copolymer (sample name: PLAZ29) obtained in Example
7 to be described later.
Fig. 11 is a drawing showing a DSC chart of a polylactic
acidblock copolymer (sample name: PLA30) obtained in Example
8 to be described later.
30
Best Modes for Carrying Out the Invention

Explanationwill be given below in detail on embodiments



acid bl ock copolynmer (sanple name: PLA30) obtained in
Exanple 8 to be described |ater. 30 Best Mdes for
Carrying Qut the Invention Explanation will be given
bel ow i n detail on enbodinents - 9 of the present
invention. [ A method for producing a polylactic acid
bl ock copol yner] A nethod for producing a polylactic
acid bl ock copolynmer of the present invention is
characteri | 5 ring-opening
qgn%?%%é%%gnhg ng%a%%g%e (D conponent) is carried
ouﬂZ&n@thedpf@sernaﬁu@ﬁpgly ibe }ialotdtct caeirdd ('l conponent/ e ]
or (ii) ri [ '
componerty EER PgRt TF ! F0L Syl BpLLOR bhotyme:
poky?Ekmacpmeseatldn@@ntmnponsnt@hanﬂuiemassdratiotMﬁt (i)

onent
coﬁﬁﬁlenngp ?Hepr%%%%ﬁﬁghcnl %nﬁ43acﬁld%1&gconpopﬁ8tﬂ is
COW@&H&@Udbﬂﬂﬂ%ﬁbpDGE@M@@bfpoﬁ@#ﬂ@lh@tﬂié@ld (L component),
plana .En wi | | be iven bﬁlom;b ach of . t
t'a

const | t rf%ﬁdﬂ? BOfy-EeFagti & aC|dlaCtlde (L

polapriohaet i ci aci=d)r kol $he:ab&v@ @kbspﬁt&<ﬁfb@0yko lactic

acid PLLA or the abov ct i c aci

( PBEAY (8 %%%?%?ﬁ‘i Al 13 8%—6 ségt&)% O%nt |a€FP8088P8 and
10Unitheor, @nlpdnaeti Cs agid pudbiipdrepreserted, cbrypcsrh@t 60/40

follomﬁn%}éhenical formula (1). Chem cal for

O f& &/ BHET DT Pif THeshove TOreRicCaP ol & ( i9(t0c91/ 9.

r epxe3entsian wiasy WeeYk i 6nCos DON Hy@RECAMNOf the constituent
S-configuration based on this asymmetric carbon
pr 6¢AHéSAA S| actic acid unit, while an

R-qenfii,guratdion prow ,des,1a-b- haetis acidgh unit.

15 The above (i) poly-L-lactic acid (PLLA) cor the above
(ii) poly-D-lactic acid (PDLA) is substantially composed of
an L-lactic acid unit or a D-lactic acid unit represented
by the following chemical formula (1).

Chemical formula (1)

g
o-——ci* c
Lo/

20
In the above chemical formula (1), c’ represents an
asymmetric carbon, and an S-configuration based on this
asymmetric carbon provides an L-lactic acid unit, while an
R-configuration provides a D-lactic acid unit.
25 The above PLLA is composed of the L-lactic acid unit

in an amount of preferably from 90 to 100% by mole, more
preferably from 92 to 100% by mole, and further preferably

from 95 to 100% by mole, based on all the constituent units



25 The above PLLA is conposed of the L-lactic acid

unit in an anount of preferably from90 to 100% by

nole, nore preferably from92 to 100 by nole, and

further preferably from95 to 100 by nole, based on

all the constituent units - 10 in PLLA as 100% by

nole. The L-lactic acid unit in the above PLLA bel ow

90% bynol e may sonetines cause difficulty in raising

mel ting; pojnt ,9f .t Lnall esultjin Iyl actic_aci

bl oc IL %légpgo yprgr“ b§E$P§C| entr?/yih?g{:w %%‘fﬁg 1%’;{1b(}ve Aagove
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Acti.c acid unit of t constltuent uni t

ot herCi {an” e OL- 1A O?llgaac elfﬁl:it%l S eFeraBly™ om0k

10 dap0%rky snok e iamt ey priefter abl y from 8 to 0% by

nol e, further abl from5 to °/b | e, based
oo o1 R BLEL A Year GAR 2 5 Peit A L gokto e Ghen
MeemﬂrﬁﬁtawicimEnﬁbnStOoﬁﬁlﬂ@ﬂt dimt He 6b1|i|§t[1tdehﬁ:ﬂuﬂiﬂﬁother
ct| ac d unit, tai nable in PLLA, includes
BT R R R S S e O o o PR

cormour,]dnom bes & hafl  aebi 6 acnd Brméd he, Euk@heﬁb@eferably
above PDLA is conposed of the D-lactic acid unit

i n F&nManount’ “oPY gieter 6157 P90 16 100% by STl émlts in

1onmoreLapiLf @rabl yndieam 92 et:omd 00%Urkyh ol 65 + iand rfruidtebther
preferably from95 to 100% by nol e, based on all the
CONSENt URAtL UMY EC PRI PDUA s CPOG% ByLhBl & FFRé, includes
D'bﬁﬁﬂb%t&@@@l@mﬂiﬂ'h&5%%@ﬂﬂﬁé%tdﬂ3#ﬁé%ﬂdﬁﬂé%&@@&@ﬁ%@und
sonetinmes cause difficulty in raising 20 nelting
poioﬁfleéf“flﬁ% ¥aqialg ypaies gt ithg pék§t actic aci d bl ock

copol ynefe ssfddciehtal ¥ shighpodbe @bave PDLACRBY acid unit
contain a constituent unit other than the D-lactic
15acitd ani frowdht eht P euid loordgem 38ntouhlPP s obnerole harere
th@r§%é§§$1§:ﬁ&%ﬁ9gnt5 1@}9&%¢ﬁ5@9'yéJJ‘%“r%QeEO pé§$Q%bly
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prér@ma%ﬁ o 1B melevs hysamblce, SbhsEer mnartutpﬁet units
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of the constituent unit ot
PDLADbelow 90% bymolemay sometimes causedifficultyinraising

w

20 melting point of the finally resulting polylactic acid block
copolymer sufficiently high.

The above PDLA may contain a constituent unit other than
the D-lacticacidunit. Content of the constituent unit other
than the D-lactic acid unit is preferably from 10 to 0% by

25 mole, more preferably from 8 to 0% by mole, further preferably
from 5 to 0% by mole, based on all the constituent units in
PDLA as 100% bymole. Anexample of the constituent unit other
than the L-lactic acid unit, containable in PDLA, includes
an L-lactic acid unit, a constituent unit derived from a

30 compound other than lactic acid or the like.

An example of the constituent unit derived from the

compound other than lactic acid, containable in the above



than the L-lactic acid unit, containable in PDLA,
includes an L-lactic acid unit, a constituent unit
derived froma 30 conpound other than lactic acid or

the like. An exanple of the constituent unit derived
fromthe conpound other than |lactic acid, containable

in the above - 11 PLLA or the above PDLA, preferably
includes , for exanple, a unit derived froma d
carbaxyli.c.acid,oa unit derived from, 4 polyvalent ...
alcohol? a unit %erlved'fTon1dg%yd$oQ§c§§%%xy f%n eamp
acﬁﬁpﬂét Ewniad depinvedifronray ]l ackone, ounatudtived from
dera! %{8 ?a{é’r%%?cglgéyegt%rltogéral\pajd¥9¥mamy ox arbox lic
constituent units derive roma g a
uniacider ioved ﬁnonw@exxﬁqu:dhbonateactﬁmexinaIa M@;t derlved
sho ver., t limt d t.her An exanp | e of the. above

7 di \cl:}gr ﬁoq acid %e%lenreéjgf) Y ﬁ%réstl?uoernte%al Fg,d unit
su@@rnwedabmm1a@dﬂpethaﬁjeiuﬁﬁﬂﬂéﬂﬂyedlﬂmama@olsebabbcate,
acid, .ter thalic acid or, opht c acid or the

ke ke ERRk 808 e hoVe Bor oy B ERECH conol
preferabhyexamﬁudeSE ﬁum'aemaapﬁecafwbxymlphahu@ preferably

drlc | cohol uch as ethyl ene glyco]l, propyl ene
R S By R bR AR R
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dieth¥ken§,glycol triethyl ene egcoI pol yet hyl ene

gl YEI-1Gr LpoEY priopytEte gt ydoltheorbae PPQéval%?t aptconol
ar grateeapoy yhyénide a1 ¢ehokxsushe gsarblaip_ma@hcagggyhydmc
wth ethilene oxide or the like. An exanple of the

ab8vEC Y dHoXyCat bokyATCI RET U - p%%ﬁﬂaemeyg%whd%gtarf%#lol

exg@ﬁtgmeapogl yeotd Le BG1d, Jaedrexybut yei¢easid, ofotheran,
I|ke An exanple of the above | actone preferably

i nerogestvE o%l%m%m gietpyyent i e/ cScapielagt s glycol,
gl%6@béQﬁyléhéxﬁyygo§059n§®lyﬁ% §%@d@ 2QtO0Re, or the like;

utyrol act one, ( 3- y- but yrol act one,
p|9§l%¢a%%QWﬁ¥%ﬁ'HinéwéﬁéFa®PﬁﬁéﬂoﬁUFﬁeaﬁlRéSpQ%n¢¥1added

V'ﬁ%ﬁ@f @ﬁ?fﬂﬂ@'ﬂ%f@epgkygﬁé D@MéngAH'gQgﬁpﬂE|$ff%he above
point, mass ratio of the L-lactic acid unit and
D Pafoey@lgpxylic ac1d preferably includes, for example,

glycolic acid, hydroxybutyric acid or the like. An example
of the above lactone preferably includes, for example,
glycolide, ¢—caprolactone glycolide, e-caprolactone,
B-propiolactone, &-butyrolactone, B~ or y—butyrolactone,
pivalclactone or &-valerolactone or the like.

In view of obtaining a polymer having higher melting
point, mass ratio of the L-lactic acid unit and D-lactic acid
unit in the above PLLA is preferably in a range of the L-lactic
acid unit / D-lactic acid unit = 95/5 to 100/0, and mass ratio
of the D- lactic acid unit and L- lactic acid unit in the
above PDLA is preferably in a range of the D-lactic acid unit
/ L-lactic acid unit = 95/5 to 100/0.

Weight average molecular weight of the above PLLA or
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unit in the above PLLA is preferably in a range of the
L-lactic acid unit / Dlactic acid unit = 95/5 to
100/0, and nass ratio of the D- lactic acid unit and
L- lactic acid unit in the 30 above PDLA is preferably
in arange of the D-lactic acid unit / L-lactic acid
unit = 95/5 to 100/0. Sleight average nol ecul ar wei ght
of the above PLLA or - 12 the above PDLA is

refer fr 7 0-t0,450,. 000 nor e
Sréfg}ggkivaéyg FO% 10" 200, 060" %ﬁgﬂ%éfbh?oa%%géﬁgimore
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pokystys emne veheul ¢hbev-adoptesh At hadgfori phhai Mogent
t he above PLLA or the above PDLA is not especially
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D-lactic 15 acid; a nethod for ring-opening
pofyerfZati on of L-lactide or D-lactide; or the
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pol yneri zation of L-lactide or D lactide is
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easy. 20 Purity of L-lactide or D-lactide to used
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SRS, SR 43 AL AR el i, 26 LONET, LB, o
1q@by(:ontrol of molecular weight is easy.

Purity of L-lactide or D-lactide to be used in order
to obtain the above PDLA or the above PLLA is not especially
limited, however, in view of obtaining a polymer having high
molecular weight, a free acid contained in the above L-lactide
or the above D-lactide is preferably equal to or lower than
10% by mass, more preferably equal to or lower than 1% by
mass, further preferably equal to or lower than 0.15% by mass
and particularly preferably equal to or lower than 0.05% by
mass, relative to 100% by mass of the above L-lactide or the
above D-lactide. The free acid in the above L-lactide or the
above D-lactideover 10% bymassmay sometimes inhibit progress

of a ring-opening polymerization reaction. A method for

purification of the above L-lactide or the above D-lactide



mass, further preferably equal to or Iower than 0. 15%

by mass and particularly preferably equal to or | ower
than 0.05% by nass, relative to 100% by nass of the
above L-lactide or the above D lactide. The free acid

in the above L-lactide or the 30

aboveD-| acti deoverl| Oby massmaysoneti nesi nhi bit progress

of a ring-opening polynerization reaction. A nethod

for L of ha L-lac or. the ahove _
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appropriate. The above ring-opening pol ynerization can
“be CartitedP 3Gt Sin the presence of an organic sol vent

and a pahgmebbzat i Ofg- @%r&lr}tﬁtpol%ér&h@‘d@on can be carried
pohynerlz tion catalég IS not. especia imted as
of*
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reaﬁ‘da(lrj/stand pref eagbly |imel WEes. . frakbnexagphByst ais not
ound containjng at |east one kind of an netal
ClagéVe%{%ﬂt??6ﬁ%ﬂﬁégg?ﬁdﬁﬂéﬁh§ﬁ§?Pﬁ§ of adygncing a

1osem@n@&@@§tebﬁ@eahswnr ane pearth ey ahs) utibe, fouekhmple,
periodic transition netals, alumnum germanium tin
and 4ATPADRAY. C%taalrﬁllélﬁa%ﬂeeaoﬂrt PhREe W5 Akdvan dedGhdelement

gr Qup celkerents, t HBGNas @msic@lcagtm_ 8 E@RLhYA Qb ti BRents,
like is included. As an exanple of the above rare

earthe ABEANsTestanditiy fpteFiuRt | ant haniifs icérnurrorls,

t hehikkguhs gd AEUded. + A -aR %@Mrﬁz of athg, @?Qﬁﬁ@lé he the
fourth periodic transition metals, iron, cobal

15ni gkere seaend GineaRi ahsBrnt 20 eraeilka | %aiwmdéérowswm

an o@xﬁ{@h ?k@fl stlhlec l%éﬁnerAg @B' é)z&rrﬁ:ﬁte%y‘ﬁke Ca%tv@l fgrrkgearth
the above netal elenent, a carboxylate of a netal

ex8apRiLfi etharabove, vahr altoxiade hehua, net netEluregenpld fliidg is
ab@%@iué@darﬁkoéid% aﬂ%l@ H?t@%egﬁﬁﬂﬁi'ﬁ!e?oﬂ?QMGpe9{odlc
an enol ate of a (3-di ket one
transition metals, iron, cobalt, nickel, zinc, titanium or
20 the like is included.

As an example of the polymerization catalyst containing
the above metal element, a carboxylate of a metal exemplified
above, an alcoxide of ametal exemplified above, an aryloxide
of a metal exemplified above, or an enolate of a B-diketone

25 cf ametalexemplifiedaboveorthelikeispreferablyincluded,
which may be used alone or in combination of two or more kinds.
In consideration of polymerization activity or hue, the
polymerization catalyst containing the above metal element
is preferably at least one kind selected from the group

30 consisting of tin 2-ethylhexanocate, titanium
tetraisopropoxide and aluminium triisopropoxide.

Use amount of the polymerization catalyst containin
e



25 of anetal exenplified above or the like is

preferably included, which my be used alone or in

conbi nation of two or nore kinds. In consideration of

pol ymeri zation activity or hue, the polynerization

catal yst containing the above netal elenment is
preferably at |east one kind selected fromthe group

30 consisting of tin 2-ethyl hexanoate, titanium
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state. On the other hand, the use anmount of the
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and sMaye ﬂé?%%ahﬁ%ﬁe@§@é%?%ﬂ'a%%Hké@BkQ@ tHe above metal
di spersi on degree, and could significantly increase

COFSEIAGT ofo etiel r e $@ITEi Inig M6y Mt a G sc b 1@ 0l P s by mass
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where the ring-opening polynerization is

of the reaction difficult and may sometimes increase
racemization or dispersion degree, and could significantly
increase coloring of the resulting polymer, or could limit
applications of the resulting polymer.

In the case where the ring-opening polymerization 1is
carried out in the presence of the polymerization catalyst
containing the above metal element, a polymerization
initiator may Dbe used. As an example of the above
polymerization initiator, an alcohol compound or the like
is included. The above alcohol compound is preferably one
not toinhibitpolymerizaticnof lacticacidandanon-volatile
one. As a specific example thereof, for example, decanol,
dodecanol, tetradecanol, hexadecanol, octadecanol or lauryl

alcohol or the like is included, and they may be used alone



carried out in the presence of the polynerization
catal yst 25 containing the above netal elenent, a
pol ynmeri zation initiator may be used. As an exanpl e of
the above polynerization initiator, an al coho
conmpound or the like 1is included. The above al coho
conpound is preferably one not to inhibit
polynerization of Iactic acid and a non-vol atile 30
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catalyst containing the above netal 20 elenent, is
preferably from 15 mnutes to 5 hours, and nore
pr ef er abt3C Front 30e winthesire-2rhours PoThHee aboyeion of the

reQﬁ&%QﬂL ﬂédp%dgebgm£ﬂ§eﬂ%ﬂHJ%SlQEQYaQe%jﬁ@he presence of
insufficient reaction and
the polymerization catalyst containing the above metal

element, is preferably from 15 minutes to 5 hours, and more
preferably from 30 minutes to 2 hours. The above reaction
time below 15 minutes provides an insufficient reaction and
may scmetimes not provide an objective polymer, while the
above reaction time over 5 hours may sometimes increase
coloring or dispersion degree of the resulting polymer.
Reaction temperature of the ring-openingpolymerization
of the above L-lactide or the above D-lactide, in the presence
of the polymerization catalyst containing the above metal
element, is preferably from 100 to 250°C, more preferably
from 150 to 230°C, and further preferably from 170 to 230°C.
The reaction temperature below 100°C retards progress of the

reaction, and may sometimes provide insufficient effect of



may sonetinmes not provide an objective polynmer, while
the above reaction tinme over 5 hours nmay sonetines

i ncrease 25 coloring or dispersion degree of the
resulting polyner. Reaction tenperature of

t heri ng-openi ng pol ynerization of the above L-lactide

or the above D-lactide, in the presence of the

pol ymeri zati on catal yst containing the above netal
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applications of the resulting pol yner. Reaction
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preferably carried out under atnospheric pressure.
pressure-proof production apparatus, and contribution to

reduction of production cost, the reaction is preferably
carried out under atmospheric pressure.

The ring-opening polymerization the above L-lactide or
the above D-lactide, in the presence of the polymerization
catalyst containing the above metal element, can be carried
out using a conventionally known production apparatus, for
example, a vertical type reactor equipped with a stirring
blade for high viscosity, such as a helical ribbon blade or
the like.

The above PLLA is preferably one obtained by removing
excess lactide after the ring-opening polymerization of
L-lactide. Similarly, the above PDLA is preferably one

obtained by removing excess lactide after the ring-opening



The ring-opening polynerization the above L-lactide or
the above D-lactide, in the presence of the

pol ynmeri zation catalyst containing the above netal

el ement, can be carried 25 out using a conventionally
known production apparatus, for exanple, a vertica
type reactor equipped with a stirring blade for high

viscosity, such as a helical ribbon blade or the
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operation of an apparatus difficult. On the other hand, the

20 reaction temperature over 250°C advances a depolymerization
reaction of lactide, and may sometimes increase dispersion
degree of the resulting PLLA or PDLA. In addition, the
pressure inside the system over 70 kPa may sometimes provide
insufficient removal of lactide.

25 Atmosphere in reducing pressure 1is not especially
limited, however, in view of suppressing decomposition of
residual lactide or coloring of a polymer, it is preferable
to be inert gas atmosphere such as nitrogen gas, argon gas
or the like.

30 In addition, too high residual amount of lactide in the

above PLLA or the above PDLAmay sometimes lower melting point

of the finally resulting polylactic acid block copolymer,
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addition, the pressure inside the systemover 70 kPa
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of the D-lactide in the above poly-D-lactic acid over 5% by
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20 mass may sometimes lowers melting point of the finally
resulting polylactic acid block copolymer.
(Ring-opening polymerization of D-lactide of L-lactide)

After obtaining the abovepoly-L~lacticacidor the above

poly-D-lactic acid, (i) ring-opening polymerization of

25 D-lactide in the presence of the above poly-L-lactic acid
may be carried out, or (ii) ring-opening polymerization of
L-lactide in the presence of the above poly-D-lactic acid
may be carried out. Here, explanation will be given on the
ring-opening polymerizationof the D-lactide or the L-lactide,

30 after obtaining the above poly-L-lactic acid or the above
poly-D-lactic acid.

Purity of the above D-lactide is preferably from 90 to
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finally resulting polylactic acid block copol yner.
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present invention, to be equal to or higher an SOW'I
Andeganppey bic sEher acmﬁpdfraelrﬁnst comtalnabhedirpxzyherboxylic
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Purity of the above L-lactide is preferably from 90 to

100% by mole, more preferably from 92 to 100% by mole, and
further preferably from 95 to 100% by mole, based on total
mole number of the L-lactide as 100% by mole. Content of
components other than the L-lactide is preferably from 10
to 0% bymole, more preferably from8 to 0% bymole, and further
preferably from 5 to 0% by mole. The purity of the above
L-lactide below 90% by mole may sometimes cause difficulty
in making rate of content of a stereo-complex crystal in a
polylactic acid block copolymer, produced by a production
method of the present invention, to be equal to or higher
than 80%. An example of other components containable in the
above L-lactide includes D-lactide, D-lactic acid, a

dicarboxylic acid, apolyvalent alcohol, a hydroxycarboxylic



Purity of the above L-lactide is preferably from90 to
20 100% by nole, nore preferably from92 to 100% by
nole, and further preferably from95 to 100% by nvol e,
based on total nole nunber of the L-lactide as 100%
by nole. Content of conponents other than the

L-lactide is preferably from10 to 0% by nole, nore
preferably from8 to 0% by nol e, and further ?5
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of obtalnlng a copolymer wit
Thet Bapbdyeng point and crystal meltlng enthalpy of the resulting

5

20 polymer. It should be noted, in the present invention, as
the above optical purity, value measured by a method described
in Examples to be described below, should be adopted.

The ring-opening polymerization of the above D-lactide
or the ring-opening polymerization of the above L-lactide

25 may be carried out by a method similar to a method explained
in the paragraph of poly-L-lactic acid or poly-D-lactic acid.
Namely, kindorpurityof arawmaterial lactide tobe subjected
to the ring-opening polymerization, kind or use amount of
various additives such as a polymerization catalyst, a

30 polymerization initiator or the like, reaction conditions
(temperature, time, pressure, atmosphere or the like), a

reaction apparatus, removal of excess lactide after
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may not be adde The addi ti on anount of actl
L-bPaktilteldatitchacid, may be determined so that mass ratlo of

20 an L-lactic acid unit and a D-lactic acid unit (the L-lactic
acidunit / the D-lacticacidunit), ormass ratioof aD-lactic
acid unit and an L-lactic acid unit (the D-lactic acid unit
/ the L-lactic acid unit) in the finally resulting polylactic
acid block copolymer, to be described below, is within a range

25 to be described below. Therefore, 1in the case where
ring-opening polymerization of D-lactide (D component) is
carriedout inthepresenceofpoly~L-lacticacid (L component),
mass ratio of the D component and the L component is the D
component / the L component = 60/40 to 91/9, or the L component

30 / the D component = 60/40 to 91/9, and the D component / the
L component = 60/40 to 91/9 is preferable. In view of

increasing crystal melting enthalpy and enhancing heat
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desgcri el o efore i n the
rlng%gggglgdmﬁﬁﬁ§nef?z AT ilon B Cflg%m?kfg%%%%ﬁgh/)the
IS1¥Qmmpdﬂamtouﬂlyh9tb@lﬁ@esgﬂtﬁeDkom@byehtVaﬂkiD&Gmﬂonent

5(L conponent )glqnass rati o, of th onent _and the

L conpohén e DY EdrpoHeRt beﬁé“ e ShponeRer="aving

60/h4th%D 1811 Q;ulodr ke ghtGoapomerbmd@nknt h)e t[BeCQnE&ﬂﬁdﬂrﬁent

= 6044 %o é/g and the D gongonent / th

conpbhent = 60/40"t &"Gr §-FEp %%%raﬁpeth?ﬁRV¥bWW8Fe mass

|neaea5|@g1ﬁﬂy$tabmﬁeh&hﬂngDEMQ|Dyc@ﬂQn&ﬂhaﬁ%lgg/beﬁtthe
resi stance, of the finally resulting polylactic

acPdC?WQﬁﬂ5””t6b6pﬁnﬁrCOWQOW%?HJréFe?%le?t tifeds in some

10 ratheeof t4 herabowe ol pocompenentaand dihe kabeyel bher having
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conmponent is the D conponent / the L conponent =
71,‘%6 £ PG ort PhEE 4 KORPIReRE I7 e lr Ebnpbnenthisyher

fAA2%B 40 QB9 cangdy ige viiew;ef,1ebtai Hing -aspal ygeﬂroduce
haV|n hi gher nol ecul ar wei ght, the D conponent t he

L 28RpIhentsc2c¥T 2ok PrloTEsg er@gm@ﬁ@rrattﬂletmmpomt

t hen Gase Lwher i MBsS ckatid b hhes QactquQPWe @%r&ﬁ!ﬁjent
L conmponent is 91/9 < the D conponent / th
c oRPORBALL CPRP R hés didf PPcuF e PrF smips et /c‘él?,@é qanponent

produce oa p@l yd @qtflch@%dfﬁ %%pg%ehxwf '%iﬂ‘é' BQ:on{p%tn%nt

of content of a stereo-conplex crystal equa
hi ghery "R Hast80% 2@l Pt iy alseidet f iaoyl ttha éorr-eamponent

Ca@g?@l;}—qj—ﬁ %qli% tekics! BglLyllad%ttllae§Cc! bglbqgléeaopaq{%gﬁus when

havi ng hi gher neltlng poi nt . addition, int
mh@m%xhﬁs§f®a@m@e@Etwh@nDﬂﬁbﬁpunmnnmiﬁ am@tﬂheLuomponent

C%@QQ?Q&, iisc 14[9{/%% éltfpfcxﬁthgp&g}%wga/sey}% Is‘tgkgfm%q:% uce

a high value added product in low cost.

In addition, in the case where ring-opening
polymerization of L-lactide (L component) is carried out in
the presence of poly-D-lactic acid (D component), mass ratio
of the D component and the L component is the D component
/ the L component = 60/40 to 91/9, or the L component / the
Dcomponent =60/40to0 91/9, andthe L component / the Dcomponent
=60/40 to 91/9 is preferable. In view of increasing crystal
melting enthalpy and enhancing heat resistance of the finally
resulting polylactic acid block copolymer, it is preferable
that mass ratio of the above L component and the above D

component is the D component / the L component = 71/29 to

|
N
w
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< 60/40, it is difficult for conposition of the D
conponent (poly-D-lactic acid or D-lactide) and the L
conmponent (poly-L-lactic acid or L-lactide) to be

bi ased, and thus when price difference between the D
conmponent and the L conponent 20 is large, it may be
difficult in sonme cases to stably produce a high

val ue added product in low cost. In addition, in the

ca e + POl [ of _L-] €q1
(e dmponent)” Lo EaP e BLr T TR Bledench AT oo1/2,
pokymtﬂba@t¢@<a%K@t@@neoqpmneﬁnW@rnh331m@ﬂuaﬁ25‘mblehelar
D nen nd t 0 | 0 t

the L component S G8TH0 6 6570”57 HRE L conmonant s °1/
thes mocenpnﬂéﬂtmikﬁO/AHOtm®<9&k9whand mimsLmﬁnnpomenhe L

/ t = 60/40 to,.91/9 f bl
5Vi§%%8gngggpggg the D ngne%tlf n9i;9<£%1er%aﬁgmpogent /

I Ncreasi ng crys g ‘ent
enhaﬁdbn@mheaéntesnsmam¢35@ffffmufﬂmahhymﬁeasesukipﬂgduce

polLyl a ic aci d bl oc op refera
thatpof L o S eSO Rt TP h e i T ahG TnG CREGOE °f
D acenpoaentomsl dhe)secanpenent fo tdhe Hierpengnt 8¢, and

71/.29 t 3 91/ or the L conmponent / the D
con%oneﬁt %%f?%ﬁf 0191787 GhifT n ViFEWIBF 0Bt B hy HFtic

10a polynebchavippgyhkgharimghegubamelWehghbinthe 1naddition,
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opent / the D conponent = 71/29 to 91/9 is nore
prgB E%%I%asﬁ %Fﬁ@ fasé ﬁﬁE?% tasd' at F6MBPIERE §0% the L

COﬂDﬁp@ﬂén@méZKU%OD:Gﬁﬁﬂpﬁ@ﬂéoﬂéﬂglk%eq)ﬁbﬁ bnent < 60/40,
co onent / _the D conponent, it may be difficult in

65§e§lﬁgl§P68uc%lfacﬁﬁwVPéEEPE i d theock component

coppd;yﬁem Thai ing a@w of contentideff astefeocai S ent
rystal equal to or her than 800% and it may be

C
di PPUr- %@ﬁn%%%@é T Preaice acpolyprdetdrd gous when

achei bl ack reopaky s Ravi g hi ghesodelt LRg t@lQal Btconﬁﬂ)nent
addition, in the case where nmass ratio of the

cohDOREAE ard "PHE L d1Ebhpohent FanA0rE0S<LT ﬁéably produce

Coﬁnﬂﬂﬁﬂhmﬁxkh%d@ego onent 5 6Q/AQostlt s difficult
for conposition of e L conmponent (poly-L-lactic
acid orAthqS@éﬁrGe?fa%w@Oth@eDIé@hp@hémactlon is preferably

inert gas atmosphere such as nitrogen gas, argon gas or the
like, inviewof suppressingcoloringof theresultingpolymer.

By adoption of a method as above, a polylactic acidblock
copolymer having high molecular weight, and only a
stereo-complex crystal 1is capable of growing, even when
melting and crystallization are repeated, can be obtained.

A polylactic acid block copolymer obtained by the above
production method of the present invention has weight average
molecular weight (Mw) of preferably from 80,000 to 500,000,
more preferably from 100,000 to 400,000, and further
preferably from 100,000 to 300,000. The weight average
molecularweight withinthe above range iscapableof providing

a polylactic acid block copolymer superior in mechanical
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15 (poly-D-lactic acid or D-lactide) to be biased, and
thus when price difference between the L conponent
and the D conponent is large, it may be difficult in
sonme cases to stably produce a high value added
product in | ow cost. Atnosphere of a polynerization
reaction is preferably 20 inert gas atnosphere such
as nitrogen gas, argon gas or the |like, in view of

SUQQFQ§§hﬂ9a%8|8%EQQbPI g%e resul ting polymer. By

adoption of a ne ove, a polylactic acid block
copol yneér phbyviag i ghiaddlleck erpweinght pbaadnehby Ehe above

St i méﬂélc%”%' %t%ro%s%athé ?ﬁ?@ﬁﬂ%%t%@%é‘%r ggg[‘melung

|ng and Ccrys i zation are repea
be;nbha1n@dlchﬁuﬁmwgd@nn@tJammdebtemMen@mukynEHS1ng step,
obtaln d b he aboveT:H{oducpgon met h

od o
preéén% |nvenIV%% has” wei'ght aver age” gra ecl %Psed O%tthe
( Mt)ergfe rpret eradil 9 g o 80, 06032 @ c509) TID,O,andmilfee quenching
preferabl fro 00, 00Q, t.0, 400,000, and. further 3
P St ErabI T F T o 100000t 3007000, et A GHE aveFABBLn
nolequl-ancwelghtcw bhknethel ahove reange i sreapable oto°c,
providing _a palylactic aci L ock copal yner sy eri.or
P e LS Brdifanat S gyt oLy from
poloyloaeti esaecd bl ock copol ynmer obtai ned by the above
productlon net hod of the present invention has cgﬁstal

mel ti ng IPEGtE O TG S 8T 6656F VRS T h St RESPenpEr s ureystal

r aics AgpSTEIctS PYct Areeod ik NMRpoiepeti bboni oid d pragr afdve
onposed of the tenperature raising step from30 to

25@€Od5ﬁ81?%é“%§fé?ftrﬂfnéhesf’é%s??%nﬁ@%ltﬂ@%oés pRegerably

di fefrerens icdl 186anRicng ek OFrdmL kY ohDSCx o, 1 Py efeablytner
in a range. of from 190 to 250C,” nore preferably from

1057E6°250LY arid™f (Pt herl (e eFaBF§e ¥R, 1012009t 8nthalpy

25Q<§Hm£m c%dg%tt'eg?@o Fahg1 of cq%t;smtofos; 3151 8Fe9- GRIRI 18Xk
crystal of a polylactic acid bl ock copolyner obtained

by cPReldabevect grsdweeisent neb hort oint e igiegerears at from
'nY@Utﬁ6”?50b%,p[§f§¥é%gﬂébly equal to or higher than 10 J/qg,

more preferably equal to or higher than 20 J/g and further
preferably equal to or higher than 30 J/g. 1In the case where
crystal melting point of a stereo-complex crystal is still
within the above range, even after repeating a program as
above three times, it means that only a stereo-complex crystal
grows, even when melting and crystallization are repeated.
In the case where the crystal melting point, which is observed
during temperature raising process, in repeated process of
aprogramof theabovemeltingandcrystallizationthree times,
is below 190°C, performance as a polylactic acid block
copolymer, which forms a stereo-complex, may be reduced in
some cases. On the other hand, the crystal meltingpoint over
250°C reduces molecular weight by thermal decomposition of

apolylactic acidblock copolymer in molding process and thus
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from80 to 100% nore preferably from90 to 100% and

further 15 preferably from95 to 100% Furthernore,

nelting enthal py (AHms) of a stereo-conplex crystal

of a polylactic acid block copolyner of the present

i nvention, which appears at from 190 to 250C, is

preferably equal to or higher than 10 J/g, nore

preferably equal to or higher than 20 J/ g and further

Zorﬁﬂﬁtg%gpl%5§QH@F1EqT ﬁmﬁu%g%r %h thg%fUL csln‘th%hould

case ere crysta poi n a steréo-conpl é

crysiaktﬁg,sunlthevwiéﬁanulumvabavenvamgeraewenfabheEnt of
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thgﬁeﬁ% v a s%%%%éxgghpﬁéfxgﬁysteﬁa u%%ﬁé?u%§ﬁ§ﬂ%WH%WethOd

nmelddspg idnd ¢nystahbilzat i on aeeckspeabed 125etn theuld be

casg mhere the crystal nelting point, which is

observed” ‘during tenperature raising process, in

repeateﬁopracpssyhiﬁnaemmg@a%ueﬁkthep@b@Mﬁ:nek&bmgeanﬁy a
zatlon hree IS bel pw 190C,

pe ﬁggﬁﬁﬁﬁgn al®h 88I§1 éﬂﬁ% BEF BT otk Eoptl ynt , exhibit
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On the ot her hand, the crystal ne
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g rocess and thus 25 may sonetines inpair
oA SRR s Eailt agﬁomahlfbetfr?ota@@ve. Fange.

the pre§%@bohﬁ%ﬁﬁkﬁ9ﬂ®f&ﬁme@é%éﬁtQQ@&&%&O@ES&i%@lylactlc
above stereo cogg;ex crysta val ue cal cul at ed
mefRod P lpsdcrPBety e ERARPFEST e B H%%“cmaﬁédréltaﬂt%iaf the

Sh@UthbﬁcaéladﬁﬂﬁﬁgndEQk B-potyl @cth g acid; blioek, 1 acric
copol% obt ai ned by a production nethod of the

> prese tur‘rlﬁvént;h%rP as téhpBite uskiper POr 4 heat 91/9, or mass

resh 81 @NCe t niet DL§a@E§éQ£§Qi%nlﬁagnaaﬁ%EQI1%9@£@n£c1éﬁunlt
t he above stereo-conplex crystal, nelting point of the

101 abdve Dstleérédccappl exnicr ystak, L ahet iniet tticdg enthat pﬁﬂﬂlo
of 1t he ,abgye ster ee- CONPLex o%r¥3£ r &Y &d tllglxncfh&:al is

above range. A second aspect e prese i nvention
i steepol § I tactlit®s -

Mass ratio of the L-lactic acid unit and the D- lactic
acid unit in the above polylactic acid block copolymer is
the L-lactic acid unit / the D- lactic acid unit = 60/40 to
91/9, or the D-lactic acid unit / the L- lactic acid unit
= 60/40 to 91/9, and preferably the L-lactic acid unit / the
D- lactic acid unit = 71/29 to 91/9, or the D-lactic acid
unit / the L- lactic acid unit = 71/29 to 91/9, and more
preferably the L-lactic acid unit / the D- lactic acid unit
= 71/29 to 85/15, or the D-lactic acid unit / the L- lactic
acid unit = 71/29 to 85/15. 1In the case where mass ratio of
the L-lactic acid unit and the D- lactic acid unit is 91/9
< the L-lactic acid unit / the D- lactic acid unit or, 91/9

< the D-lactic acid unit / the L- lactic acid unit, it may



acid bl ock copol ynmer characterized in that mass ratio

of the L-lactic acid unit and the D-lactic acid unit

is the L-lactic 15 acid unit / the D-lactic acid unit

= 60/40 to 91/9, or nmss ratio of the D-lactic acid

unit and the L-lactic acid unit 1is the D-lactic acid

unit / the L-lactic acid unit = 60/40 to 91/9, and

rate of content of a stereo-conplex crystal is from

dé&%e]tqu%) S5 L@ 10 Orfecl:tps% Lr<£ tlo% a‘%'n@e%@l tof the

Iact “acid dnit 1N the above polylactlc

acwﬂxhkmtkom@@ekynESLaéthneetetebtlmge@lyﬂannﬂcﬁctmelock
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Iac A aci n|t = 71/ 29 t or the D-lactic_a
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Iact| acid unit . = 71/29 to [15, or the D-| acti
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|ntkh@eéaSEhMMEtemmaﬁénﬂahHOtmi[BGomﬁmhénﬂaetl£r@£Jdt may

uni t and the D- | ac acid unit is 91/9
L- [P&EF &msé.ae%ﬂn C; %te?%t |t8cFF%bJa¥:|Fd“1ﬂﬁCte 8r high/galue

10< theeB- bastih€t ath d.dnidost .the L- lactic acid unit, it

may - 26 sometines significantly reduce rate of
cont ent TBf2 e L CtefeB2t oMt eb GFystat ofh qpelymer having
re&dbhlB@t@0$ﬂ|@Kﬂﬂéhta%ﬁdabgeékeo{éﬂﬁﬁbé%ekrygﬁaﬁh@lso can
other hand, in the case where 40/60 < the L-lactic
acPd ghFeired hy PelfaRtFENAGd SahrE LN gy of two kinds
bee@myﬁad;ltflfcl s&d bﬁ@Ek%ﬁ&%‘m@r@%Maﬂﬂ%@j by GOPPOMENt i o

oly-L-lactic acid or L-lactide) and the D conponent
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t heeef ok eféﬂ@eBrBBhgﬁn&“ £f eeegtectp@t yeen theelk copolymer,
co onent and the D conponen large, it may

?F%%elblemebﬁdutwmﬂrtlrt% el e pprivdudes & Hiighing or

VagH@ut%&ﬁﬁggfggQEquggfifEdﬁ%ﬁ§¥5§t1&JEfH%hédﬁ%bp@ﬁymer,
pol yl actic acid bl ock copol ymer® havi ng
that is a polylactic acid block copolymer obtained by

ring-opening polymerization of D-lactide (D component) in
the presence of poly-L-lactic acid (L component), wherein
mass ratio of the above D component and the above L component
is the D component / the L component = 60/40 to 91/9, and
(i1) a second polylactic acid block copolymer, that is a
polylactic acid block copolymer obtained by ring-opening
polymerization of L-lactide (L component) in the presence
of poly-D-lactic acid (D component), wherein mass ratio of
the L component and the D component is the L component / the
D component = 60/40 to 91/9.

Furthermore, the present invention provides a method
for producing a polylactic acid ©block copolymer,

characterized by containing the step for melt mixing or



high rate of content of a stereo-conplex crystal also
can be obtained by nelt m xing or solution mxing of
two kinds of polylactic acid block copolyners
obt ai ned by a production 15 nmethod as above. Nanely,
the present invention provides a nethod for producing
a polylactic acid bl ock copolyner, characterized by
containing the step for nelt mxing or solution

aorlgit fon(m) gﬁéf@i Q%l ¥|6?Ctol%/lggj*d Qc?&%%%gggloégg§/Mer,

that is a aC|d copol yner ~obtai ne

20 ghiang- n$ea|rquyﬂa¢MEC|zankbrbkﬁcK}temmlyhﬁr(Ebotained, by
co onent)n n &rese ce of p8I¥ tlgctbc acid th) ™
corporfenty lmﬁe? A st F AL i°6 of “The' Above BIPONEIE) L

comm@n@mbsandetne @bnwefuacmﬁpoeemﬂ (1 Scdn@nBnt ), wherein
co onent_ |/ t

= 60/40 to 91/
RS arr ot JPoits OHRP . BPBER Congrymic *Phat | sofbokent
pohwlaablc acmﬁo&émmk/aﬂﬂﬂkwﬁempsbé@tnedxbwo to 91/9, and

rin peni n ol ymeri zati on of tld
rﬁ%&ﬁeﬁt)ﬁegﬁngh@b%%%%% 2 pbb1 C|088%V1885C| b is @
com@n@abilc wbet ebNoMBSSopdt e 0fobtzR@cl 89MPOAgAbpening
and the D conponent is the L conponent /| the D
coﬁﬁéﬁ@ﬁ?lzaﬁb?ﬁ0°§dfﬁfW§ld§0 Eurther Hote, 1Phéh5r@§%n?nce

101 nys@npbpp Provd es a@l@ewngmg&ren@r QAUEE NG B mass ratio of
| actic acid block co characteri zed by

coﬁ%é. RiGRGECRE NSt & fide ﬁecrqmnﬁrsanﬁgl%rthe D PRSI dnthe

m xi pgm@bnéh) @ £d a8 PRployl/actic acid bl ock copol yner,
that is a golylactlc acid bl ock copol yner obtai ned by

ri ng- opBHP nY ot Y 2 &S Bhv ot PBLPACE bee fRPEBMTAEnt 11T

i nanghgh@r%%es&ﬂcutg%lrymlix1ﬁ t' c acid (L conponent),
wherein 5 mass ratio of the above L conponent and the

15 aboVel b #oapohent is the L conponent / the D

Conpone’f]}ge abQJQ/ geﬁ@ I‘%_:I?!l% @Bd n(eltlh)odafég%@gng the first
pol yl actic acid bl ock cop& mer, that is a polylactic

cpélblmkl@ommowﬁérocébt:apnéﬂmw Frichghepenrnagd polylactic
pol yneri zatl OJBFSHJ];)me'ra%' de, (L. copponent) in the

presence 10 of D-l'actic acid (D conponent) ,
wher ei NMemEssng aEerMture may be any level as long as the above

20 first polylactic acid block copolymer and the second
polylactic acid block copolymer can melt, however, it is
preferably as low as possible in a degree that amoltenmixture
doesnot solidify, tosuppress adecompositionreactionduring
melt mixing. Therefore, melting is preferably carried out

25 in a temperature range between lower limit temperature, which
is set as higher temperature between melting points of the
above first polylactic acid block copolymer and the above
second polylactic acid block copolymer, and upper limit
temperature, which is set to be preferably higher than the

30 lower limit temperature by 50°C, more preferably by 30°C and
particularly preferably by from 10 to 20°C. Further

specifically, melt mixing is preferably carried out at 150



the D conponent and the L conponent is the D conponent
/ the L conponent = 60/40 to 91/9. Explanation wll
be gi ven bel ow on the above nelt nmixing and the above
solution mxing. 15 (Melt m xing) The above nelt
mxing is a nethod for mxing the first polylactic
aci d bl ock copol yner and the second polylactic acid
bl ock copolynmer in a nelt state. Melting tenperature
y b ,an | evel as long as the above 20 first.
p0|§120tlg acid bl ock copol yner and the second
pol yl achigoaphérbl ockneqapaliyimy camdreldspdrawever lintted,

preferably as |ow as possible in a degree that a
TOPPET RETESIdBBE SROE 10PN JOT Tl SUpNPELE Ao roduced

degerpesiti ond eastd-or deidighaln®tds i nglokhenefierien of
neltln% is preferably carried out 25 in a tenperature
raﬁ&@r ef@Benvfowe? THMit9%elsératdre? @RFcRT F8esetke 1s

aSpBb@B@ébi@anﬁ@EQ@Etﬂﬁ{m@%”r@@é&é@Qm@ﬂbﬁé§gﬁ§mﬁﬁ%lng by
above first polylactic acid bl ock copolynmer and the

ab8¢& Mg bt Hor i AT F €L Hed df Bl oedd kbpot et S Papgerable.

upper | bRit lrt BREEAt @he\wo% f§r§tebotl?lggtlc acid block
preferably gﬁer than the 30 lower Iim erature

by c50€L yHe¥ en @ﬁ@b@mﬂﬁw@a@wwﬁmth@wwmlymer

lOpr@ﬁ@B@@Jypﬁ%&ﬁ&ﬂﬁbgqh%Qt%ggin%%ﬁ&h§{x1§f§ghﬂhpég aclally
mxing is preferably carried out at™ 15

22®Uﬂlm@%sﬁl@ér%xwplmel t heriakiong flsr?ribpoésiae@tw leyid block
l'gbﬁggymeﬁgngEXaQ%v%QQQ%n@Q%ﬂ%Q%@EEb%%fgbfggﬁ%%polymer

pressure and reduced pressure. he case of normal
préssdr%SlﬁPémﬁ@@WMﬁky'@hagﬁes:Mﬁérﬁhgagiaﬂﬁ&haagaratusf or

ni EEQQBBvQ@%coﬁ‘ﬁ%%y%ét% 2L phike c!o%ol%gfc%@@e ehdfleq

addition, to renove a nononmer generati
15de@@@p@gﬁﬂﬁﬁﬁxﬁUM$h@ﬂﬂﬁkbﬁNQMNMEﬂum%@ppﬁEQSQtECﬁsldblOCk

<§ é%e% CB% %Q&%(%r 548 ogactkp%fapﬁ)¥ rosntents ma ake

$¢$ I C aci copol ynmer "and ove “Setdhd
O$WYaﬂﬁp@wdﬂm1il&kocgr£mukﬂjﬂﬁﬂécn:pellet like shape or the
like. As an example of the apparatus, which can be used in
melt mixing, for example, a mill roll, a mixer, a single or

20 twin screw extruder, or a batch type container which can be
heated, or the like is included.

Mixing time in melt mixing is preferably from 1 to 60
minutes, and more preferably from 1 to 10 minutes.
(Solution mixing)

25 The above solution mixing is a method for dissolving
the above first polylactic acid block copolymer and the above
second polylactic acid block copolymer into a solvent and
mixing thereof, and subsequently removing the solvent.

The solvent used in this case is not especially limited

30 as long as one capableof dissolving the above first polylactic
acid block copolymer and the above second polylactic acid

plock copolymer. As a specific example, for example,



10 into an apparatus or the like in nelt mxing is not
especially limted. For exanple, the above first
pol yl actic acid bl ock copolyner and the above second
pol yl actic acid bl ock copolynmer nmay be sinultaneously
charged into the m xi ng apparatus; or the above
second polylactic acid block copolyner may be charged
15 and m xed after nmelting the above first polylactic
aCId‘PL8§KHm10p0|¥n%rvW%QetheSg ¢ase3 eachﬁgg igg%ethane,
conponents mey t ake an of powder - flie granul e-type
or peldstrllddketshape or theioHadqi As an exampleydofofuran,
éggﬁﬁﬁgﬂ{%&ﬁ%]PWQdPPecgnnPgéggghyiLorr§%fdé@§%%¥%oﬂg%[one,
scremuexﬁmuderhexmfkudnﬂxﬂmgr¢penomn®anﬂ@ylmhechsoamlmaed
heate " is includ time in

R PEC B Br R T G 141G 6T = i el i B more
pre&ekahly fron11 to 10 m nutes. (Solution mxing) 25
The above sol utio xing is a nethod for dissolvjng
t he abo&?“ﬁ??§tCﬁglg%%cﬁ'8V50|§Fﬁﬁ c@oi reQhy Plock
t he-ahavae rsecomnd pebyd aetbed g@ﬂgllQ&@gga@@@@hwﬁrcoip@ugmer
a sol vent and n1X|n%tthereof and subsequent |

r endV i RG HE 6 PVENE =t THe F88F Vit Sfs 4° °h ]?Wkéoéa%fée pgove

1onotriespegbal i yct imdad b30cascd g s aRe caPal£ 0kecond
dissolvin% the above first polylactic acid block
a

copvllyertandathe Rissire ceBEOHEC Pt 3 &dtthé nagithnHl dkLrom
copokymen. pAst & @f%&k&iCn%&@”@&@fei@ﬁl§X@ﬂﬁlq,toZQO parts
chl orof orm methyl ene chl ori de, dichl oroethane
teﬁ%héﬁﬁévoé?h%ﬁéVep%%h%ﬂ)Fﬁgﬁﬁaﬁydméﬁﬁr%ﬁ the solvent.
N'WEthyM@%EBQhﬁﬂpﬂgch%ﬂ¥é®lH@EQMJ&P&@%&Qf%% the above first
butyrol actone, 'trioxane or hexafluor0|sogropanol or

15¢ h@olliykacrci melidebl o8k ae@PrRegers ol vent emg@P e usegond
al%@@y@%cpycgk%ﬁ%ﬂo%%Qm%%l%%@?ea%%qg§thé%%4&gﬁt(gnam§x1ng
above 'first polylactic aci copol ymer and
abéwerseéondr pdlbpradt Feodel o Istiddle rcopel yheihe above first

polylactic acid block copolymer and the above second

U’\

polylactic acid block copolymer in the solvent, by adding

20 the other to mix. Removal of the solvent used in a solution
may be carried out by heating, removal under reduced pressure,
extraction, or combination thereof.

Mixing temperature in solutionmixing is preferably from
10 to 110°C, and more preferably from 10 to 30°C. In addition

25 mixing time 1is preferably from 1 to 60 minutes, and more
preferably from 1 to 10 minutes.

Mixing ratio of the above first polylactic acid block
copolymer and the above secondpolylacticacidblock copolymer
is preferably the first polylactic acid block copolymer /

30 the above second polylactic acid block copolymer = 90/10 to
10/90, more preferably the first polylactic acid block

copolymer / the above second polylactic acid block copolymer



in the solution is set so that either one or both of

t he above 10 first polylactic acid block copol yner and

t he above second polylactic acid block copol yner are

within a range of from 1 to 30 parts by nass, nore

preferably from1l to 10 parts by nmass, relative to

100 parts by mass of the solvent. M xing nay be

carried out by dissolving the above first

polvhagth ¢ asi f bl gk £oRALYNEL. And J tﬂ}et?aegovssfg%enq ctic

pol yl acti ¢ aci'd Bl ock ‘copolyner each

anck avidxip hgck tbepémﬁer or tlaé eepvmm@lmﬂ gl eiddierc omed oflock

the ab que firs | a aci d bl ock copol ymer and

t he 5%09% seco%g/g ?yl%%%@% acid bl ock copol yrmer in

t he solwanhddbylamdnngtﬁa theveotterstt polryXacRemmavdld dflock

the sol.vent use be carried out b

SRS T SRS T O G Rt e R L SLEE

orc@@ﬁbUb@éto@dtmenenﬁouwlxeaglm£npﬁkahmgemhp Isoluftdaan 1t

m xi ng i r ef er abl 10 to 110C, an -

ot S Gt T S0 55 BOG O 14 L T O 95 ikt g Pt £

I s or ef eyabliycftiemak io 60K RYHESymaAdcABI Be improved by
preferably from1l to 10 mnutes. Mxing ratio of the

ab&\?EJFFFngp%IfﬁaéEétHV@ %%lf”a“lﬂ]oéﬁ(:hc%%é’i GRErOAhd AhEP . ©OF

10aboversecondrpabybacthe ackd bhoeckec@polyaBrici Scid block
preferably the first polylactic acid _block copol yner /

30 “PRE L HBBY & SR CGHE Tporyt Hdt - HcHd gl %%@(llcrkﬁpég?%rto-seal

90/1Q d0-miHY190, A sanheprgherabkych her didista 1psd ¥l 86 b foup,
acid block copolyner / the above second pol ylactic

acPd BFBEK! cCOPOIgME ©St30 JEOTB/ 2B 135 1P5] PSOURndan amide

fugther, preferallonategtbhstoPalny agkicisacidh RlRCk as an
copolyner / the above Second golylactlc aci d bl ock

L5 copspyree of 6014y e46L60INRh efll tTDmIcas t her apoverLe,

f'%ﬁtaIEBHQtQQ;b§C§Q&g QJQQKboé&fMH&@ ¥BRbo@Rd the, above: ne
second pol yl'actic acid bl ock copol ymer, one subjected

t 0COBPPOLS, taT WAl nseab gy Cfea sl x Y tcompgund or the

pr@%g%apgeuggﬁﬂg§g hydrol ysis resistance or nelt
stability
Rate of content of a stereo-complex crystal of the

20 polylactic acid block copolymer, obtained by melt mixing or
solution mixing of two kinds of polylactic acid block
copolymers as above, is from 80 to 100%, more preferably from
90 to 100% and further preferably from 95 to 100%.

Into a polylactic acid block copolymer of the present

25 invention, usual additives, for example, a plasticizer, an
antioxidant, a light stabilizer, an ultraviolet absorber,
aheat stabilizer, alubricant, amoldreleasingagent, various
fillers, an antistatic agent, a flame retardant, a foaming
agent, a packing material, an antibacterial and antifungal

30 agent, a nucleus formation agent, a dye, a colorant including
a pigment or the like may be added as desired within a range

not to impair objectives of the present invention.



of a polylactic acid block copolymer can be inproved

by subjecting a reactive term nal such as a carboxyl
group, or 10 hydroxyl group or the like in the

pol yl actic acid block copolyner to a reaction with a
term nal sealing agent to seal the termnal. As an
exanpl e of such a term nal sealing group, an acetyl
group, an ester group, an ether group, an am de

group, er 11y e p h [ iacl.yded .
an 15 cxarol’d GF ‘the Sbove”f6rm nal SGal: ng agent . *Ter="
exawwbetloamfaﬂb@h@ﬂdcdaBC@h@mveatcan@bdwknbdeW@LnodSucn
conpo n 0 L | pe nd

o T BT L A0 R 2 o P P L BT TR roam
conbént nof @re$£mmmiknmphgx oryst@humffdrie ng20r the like.

5po&gla9%;c % ?dbégggcggﬁpkﬁ? qfeé%%&aaﬂ§g?g I?iﬁaatmolded
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n xing o

acadtbbbekonaepohy@em B&S)V&Qm/l@laltﬁlﬁ:rmdgﬁld@ 40084 ymer .
ref erab om 90.to 10096 nd f rth er

o BF P RRT SR s s TO0BET I 1 o pOIYPACEP PRl 2bove
bImskdﬁo@ohyﬂﬁbdpffbheep5ﬁ§ﬁax £ 2bm i nyvesdd ongistial cloth,
addi tives, r .exanpl.e, | asticizer
ot POAT Bk LT I CEABHPR S A ot o 1 Fiviogrigp material,
absoshefigmageheal, stabl bhzefieedidddid cantt ramildhmaterial,
releaslng ent, various_ fillers antistatic
ageht T A ‘grn@eijé?%ﬂr GHRPLigSt Gdnth Ctralg%frﬁlecérﬁﬁéﬁiﬁr%arts
maber i, 1 ane ad iibagt.gehal and antifungal 30 agent, a
nucl eus formati on agent, a dye, a colorant including
a pignent or the like may be added as desired within a
rangenpnod to inpair objectives of the present
invention. - 31 A polylactic acid bl ock copol yner of
t he preSEhtPrSéntPBANERN" BE- InplPFe§*By24ned sPecifically

coayﬁaﬁlﬁm@hlxe%QQ@HC@BEBO@XgﬁgmeSaShb@begklomhe present
nmol di ng, extrusion nolding, bl ow nol di ng, foam

ot Rl Hef. L P 58Ut @ T BF g MLSEAVERATAST -or i g oot ot e noted

l'%@%sé&éﬁ@ﬂ% 09 Qﬁbr@c@%@?gglgfxkﬁ%@@ra§?nkhe like in
invention is a nolded article containing the above

pﬁm%ql@%@<@n@|%km€@m}|m@pd Comparative Examples were

carried out by the following methods.
(1) Optical purity of lactide

Based on 0.1 g of a sample, 100 mL of distilled water
and 1.2 mL of 1N NaOH aqueous solution were added and stirred
under heating at 95°C. This solution was injected into high
performance liquid chromatograph (HPLC), and optical purity
was calculated by peak areas derived from L-lactic acid (an
L-lactic acid unit) and D-lactic acid (a D-lactic acidunit),
detected by UV light (a wavelength of 254 nm). Measurement
conditions are as shown in Table 1, and a calculation method
for optical purity of lactide is as shown by the following

numerical equation 1.



As an exanple of the nolded article obtained by the
above nolding nethod, for exanple, film sheet,
fiber, cloth, nonwoven fabric, agricultural material,
gardening material, 10 fishing material, civil

engi neering and construction material, stationery,
nmedi cal supplies, or electric/electronics parts or
the like is included. Exanples 15 The present

i nventi;qQ 1WII be expl ai ned specifically below wth
reference to Exanpl es, however, the present invention
showrg :n6t-be manmf@mku$mwénobhhmaShoqur@e not ed
TeARULANBOL S 0b_ ChArAGh M SU e vRLuER Rlathe ke i
Pr oducti on Exanpl es anp nparative
ExawehesCWEFeAZ@an@faamukmnmnbﬁhuhedtol$Qmwng met hods.
( ) ot i.cal gurltg I ctlde Ba ed_on
°s to”stu

cordiag @ mﬂ eractu €}§/%¥umﬁgﬁﬁ Corp.

Na@H1a@ne0ﬂ@MBntMUuonAmeDeoaﬁdedkan@reﬁlbyeﬁnmuﬁﬂehemlcal
heatin 5C.. This solution was injected into high
ZS%BQQ%SFﬁa %EV}?%Ufgxghronatograph (HPLC), and

optEileak npusd Iyentnas ﬁﬁbmuhﬁkﬁdmbyo@&ﬁkoﬁhﬁﬁ&xﬁ@@kvedlfate
fromL-lactic acid ctic acid unit

D- Maéfre=aehd “Ieghﬁdl(a%? M 8 id ﬁﬁP??US So&é%téé)fle‘af By TPt e

10||gﬂt (@nwaviekeagbh af 2254 /) was MpasyeamBMder conditions
conditions are as shown in Table 1, and a cal cul ation
mehod 30 SFor Bt Tl parf i1y Cof o1 St de T 82 58l SHbvh Oby? >
t henf ahhosi ngow Ny iGalanequati gy dolverd? of Tabl &1k hin.
Punp: LG 6A manufactured by Shimadzu Corp. Detector
SPD- 6AV manuf actured by Shinmadzu Corp. Oven: CTO 6A
mangf.act ys £6h, byy Shi madzu Corp. 5 Recording apparat us:
CR- 5A manuf actured by Shi madzu Corp. Col umm:

15 sSUNreRF RAR L G000 enuf act ur ed by Sumi ka Cheni cal
Anal ysis Service, Ltd.

Q.

Optical purity of lactide (% ee) =
|(peak area of L-lactic acid unit) - (peak area of D-lactic
acid unit)!/](peak area of L-lactic acid unit) + (peak area

20 of D-lactic acid unit] | x 100

(2) Weight average molecular weight (Mw)
Mw was measured using gel permeation chromatography
(GPC) and converted to polystyrene. Measurement conditions

25 are as a shown in Table 2.

(Table 2)
Detector: RID-10A (a differential refractometer)
manufactured by Shimadzu Corp.
30 Pump: LC-6A manufactured by Shimadzu Corp.
Oven: CTO-6A manufactured by Shimadzu Corp.

Recording apparatus: CR-7A manufactured by Shimadzu Corp.



El uting solvent: 1 mmol aqueous sol ution of copper

sul fate Measurenent nethod: 20 pL of an aqueous

solution of a sanple 10 in a concentration of 20

ng/ mL was charged, under conditions of an oven

tenperature of 40C, a detector wavel ength of 254 nm

and a flowrate of an eluting solvent of 1.0 m/mn.

(Expression 1) 15 Nunerical equation 1 Optical purity

Of\hﬁ%%h%%l%%)ﬁg %aKm%!%%mo%ok kﬁﬁﬁh %%bg Qb}gd by
area of D-factic unit) pea area

of ?.éulrra@tzucca@pd unit) + (peak area 20 of D-lactic

acid . unit]l 1 [ I ht

(Mh)olmnmla agg;gﬁé%ﬁs’x\? gl%&e\i% %%%XPD ?&H&@Jod’}@]ﬁ

chr omat ogr ammygelGGQ@))Handaodﬁ\Sﬁqu@ddtcwlpmny@ﬂy @lnleof which

T R OB S5 o BT RI S P e
r efmact egeter yen trantt aetdficeth by oShhigdzpe £orpuard® liquid

Punp: LG 6A nmanuf act ed b Shj mad
CTO 64 menti et ured by %I%%Lgm %ycgzglgfﬁﬂd%ﬁemcal Co.,

appacatus: CR-7A manuf actur ed by Shimadzu Corp. - 33
Mwv cal cul ati on ramfor CR- 77 ufactu .
by oGRS G ool TeKGeTEI000NKE L = ZarBiS) in 2
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guard col urm HXL, all of which 5 manufactured b
To$éh ladrp.r 3 ierehEsRheet e 4 TParares. ElGt FgProtorm was

SokﬁgﬁbedCQE@@QE@E@EQE@ESQHQQDQﬁkﬁDEQ@@@ﬁMLhﬁMbQ40 C, and
chr omat ogr aphy manuf actured by Junsei Chem c
Lt d. YL vBasatenehtahetiiddn926°pr et af sbl %t@%ﬂ%}f a

SaWB|GCthg@ A0 concent ratieRoAEn 2021/ My dingselkved
in a mxed sol vent
In the column “Charge mass ratio (L component / D
component)” in Table 6, charge mass ratio of polylactic acid
obtained in advance and lactide to be added afterward was
listed.
(4) Mass ratio of an L component and a D component in a polymer
Based on 0.1 g of a sample, 5 mL of a 5N NaOH aqueous
solution and 2.5 mL of isopropancl were added, and after
hydrolysis while stirring by heating at 30°C, the solution
was neutralized with 1 M sulfuric acid. The resulting
neutralized solution (1 mL) was diluted 25 times to adjust
concentration thereof. This diluted solution was injected
into high performance liquid chromatograph (HPLC), and mass
ratio was calculated by peak areas derived from L-lactic acid
(the L-lactic acid unit) and D-lactic acid (the D-lactic acid
unit), detected by UV light (a wavelength of 254 nm).
Measurement conditions are as shown in Table 1.
(5) Content of lactide in a polymer

Content (unit: % by mass) of lactide in a polymer was
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of 1,1,1, 3,3, 3-hexafl uoro-2-propanol and chl orof orm

was charged, under conditions of an oven tenperature

of 40C, and a flowrate of an eluting solvent of 1.0
m/mn. (3) Charge ratio of an L conponent and a D
conponent 15 In the colum "Charge mass ratio (L
conponent / D conponent) " in Table 6, charge mass

ratio of polylactic acid obtained in advance and
Iaq&&gglg% geigd%edagtkggﬁaﬁg Wa%w l&%ggdra&ﬁgt%%%%it*ons
ratio of an d%np%nent an “agf?%thdnenF in a polyner
20 Based eno@nlig okbassanple, 5 nL of a 5N NaCH

aqueous solution and 2.5 nL of isopropanol were

added, and after hydrolysis while stirring by heating

at 30Ciethe solution was neutralized with 1 M

sul furic acid, Thg resul%in ‘neg}raglze sq%ution (1

L) ReES SdiPat 867 255 t Tt 10 ¥ 25 EBRERNtYEt i on

t heveeefctoFhi s1di | uted solution was injected into high
performance |iquid chromatograph (HPLC), and nass
raﬁbﬁ“ﬁﬁ@“cBFEgFéf%d By ek areas derived from

L- 786t isGeaclide: (bhhextsl actic acid unit) and D-lactic
acid (the D-lactic acid wunit), detected by UV |ight
(a WaVEPeAYER bFM2EY2 i) 30 ‘Ve&asur enent conditions are

as hewdokrntdabbeadure { HooGent ent of lactide in a
pol ymer Content (unit: | by mass) of lactide in a

pollyertwas tsarefpasiied ¥sicng a gas chromat ogr aph.

Nb@@g&@g@ngagpngéiigps are as shown in Table 3.
(Tabl e 3) Apgaratus: GC- 14B manuf actured by Shi madzu

Coffgrripet eet of :OFI B 44ydrdgen/Piessure: 60 kPa Air

Pr eSSURA: 0 ;!&F’e%a%d%gmwgmg FEIPE! & Hhena 170C (:d0istered

Det ect or tenperature: 200C
trademark) TPA 60-80 mesh, and Tenax (registered trademark)
TA 60-80 mesh, in a volume ratio of 1:1, was filled into a
glass column having an inner diameter of 2.6 mm and a length
of 1.5 m.
Recorder: CR-7A manufactured by Shimadzu Corp.
Quantitative determination method: Based on 1lg of a polymer
sample, 0.58 g of triethylene glycol was added, and they were
dissolved into 25 mL of chloroform, which solution was then
injected in an amount of 1 plL for measurement.
(6) Thermal characteristics

A differential scanning calorimeter (DSC-60

manufactured by Shimadzu Corp.) was used. Tenmg of a sample
was put in an aluminum pan to measure crystal melting heat
(AHms) and crystal melting point (Tm) under nitrogen gas flow
in 50 mL/min, by a method described in Table 4 below. Melt
enthalpy of each crystal was calculated by area of region

surrounded by a crystal melt peak appeared in a DSC chart

and a base line.



Injection tenperature: 200C Carrier gas: helium
Carrier gas flowrate: 50 nL/mn Columm: One prepared
by m xi ng FAL- MLOoShi malite (registered 15 tradenark)
TPA 60-80 nesh, and Tenax (registered trademark) TA
60-80 nesh, in a volume ratio of 1:1, was filled into
a glass colum having an inner dianeter of 2.6 nm and
a length of 1.5 m Recorder: CR 7A manufactured by
Shi madzu Corp. 20 Quantitative determ nati on method:
Based on 1g of a polynmer sanple, 0.58 g of
triebbybene gl ycol was added, and they were dissolved

into f chlo of orm tion was then . .
| 119,22, 9L ShLSLororm. v ¢h S9l.iti on wee. ISl i
Thabﬂaboﬁham@mﬁ&ki3@P08u25n@uﬂhfﬁ6éenhf%érS@ﬁMﬂnﬂg 250°C.
calorl ter (DSC- 60 manufactur by Shi madzu Corp. )
“was usggpe?gntﬂﬁ AFOE shplodd %Eg ﬁfe?ntﬁﬁa%lunlnum
pan to neasure crystal neltlng heat (OHrs) and

under nitrogen gas flow in

It
Clry??L/ ﬁ?rﬁrg ;" ‘E’g?%todﬁdéséﬁeﬁéa FRTTRBT &4 et ow.

Mel t 30R§BéhQHPYC@ﬁt§ﬁ§h<ﬁTY§tth%@% cahgutat ed By al was
area_of region surrounded Y a crystal nelt eak ,
apﬁéé?ééaFﬁdaﬁﬁECheﬁﬁrFryéhﬁ é“ﬁéé@glP%%t U“@®> tHabtet 9

104) at@)rJRai 56 tenper@t Hne Fiamo300ke1 2806 isRaa At of heat

10C /mn. (b) Cool down to 30C using dry ice, after
r edbRPAgapBoEr ingatdyr ordpddic 1He abvier e ka‘thE}S‘( pyalysis,

thﬁ@@n%'”@ﬁe (Fh1Ralengf coptentaof agsiergp- compl gXerein
stal Rate of content of a stereo conpl ex crystal

wagonear eyt at e dne ¥ o hdiartor i) neft AngORRatT (s Hhyized

apg@@pw&lé%&td fbrl%@klég LOydPGya AN (St er go- cmﬂ £%/q,
crystal nelting heat FF appearing at from 190

15 258 %m%ﬁemwmyle@seraﬁﬁwsmgltmg hoh e (med) of a 1003
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crystallized polylactic acid block copolymer was set to be

-142 J/g.

(Expression 2)

Numerical equation 2

Rateofcontentofastereo—complexcrystal(%)z[(AHmS/AHmS%

/ { (AHmh/AHMKh®) + (AHms/AHms®) }] x 100

[ Manufacturing examples of homo-PLA]
(Production Example 1)

Into a reactor equipped with a stirring apparatus, 100
parts by mass of L-lactide (a polymerization grade having
an optical purity of 100% ee, manufactured by Musashino
Chemical Laboratory, Ltd.), and 5 parts by mass of lauryl
alcohol, as a polymerization initiator, were charged, and

purging with nitrogen was carried out three times, followed



using the follow ng nunerical equation 2, wherein
hono-crystal nelting heat (AHTh) of a 100%
crystallized polylactic acid block copolynmer was set
to be -203.4 J/g, 15 and stereo-conpl ex crystal

mel ting heat (LHnms) of a 100% crystallized polylactic
acid bl ock copol yner was set to be -142 J/g.
(Expression 2) 20 Nunerical equation 2 Rate of content

Hos/ LHs) [ y
ﬁﬁh?ﬂ_gnﬁgg (sh %—P 86%2§afwarl$uf 23?8 uri{"ﬁg“rl
exéwpk@slbéxaou®t§ié¢ égﬁpmﬂnizaﬂuéyaapheyéﬁ kntoemary out
reactor equi pped Wi t h t|rr| aratus,, 100
y ‘mass ‘6 t??gg##@gr@ g ynerlz g?%ﬁg Faggrhévlplng for

an3opbueal purity of 100% ee, nanufactured by
NUsashl 30 Che cal Laborat or Ltd.), and
by maos of ST aGPOT S QA TbHS) e MBIy T JaprHEr Liat Lon
[ nmbaatmbn,we&eaehabgqﬁxxanﬁ;waungﬂﬂg1wmthfﬂmﬁﬁﬁgeﬁeactor
was carried out three tines, follo by

mel
208> SH07 1] D COT8 part By Paes” GTiAT L ke Headeion

2- @&byhhexanm@he1ﬁﬂ§p@a@@iyﬂﬁ£kéa&t@@n@@bahysh%mi@rushed
carry out rlnnggenln gnerlzatlon of L-lactide

un&éij §F?F9?ﬂg téehéﬁf‘g o5 AFEErCEONpl et i O of Tt el g

1011 BgpopeRiNg ol ¥UBHEZBLH AL reBACEHOMe &I @AGELEAssing at

roduct was taken out fromthe reactor as a nelt

st af e’ and" toolled t §5pr epar eS & platle-Hidkd dre et 6?11“0‘7@(1 to

producy péﬂyﬂ1r156%19|éﬁf34 bgﬁpigaﬁ%kpnPQA@§PCtDM@§nd mass
crushed, and charged into the reactor equipped with
t he2 6t 3% ige16- appatatassid and tsubf ddtedtlecrédueet unit

pr@§&9&?r@%ﬁ@%§§tnﬁhéﬁ0 w2 QG uRdered. 33ckBareAbd: results
excess L-lactide was renoved to yield poly-L-lactic
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L- i@@ib9HQQEQM?HHéqu§%éﬁ@ag&&@ﬁit?aﬂab@nQ@hEcﬂfL lactide

in the resultant PLA10 was 0.8% by mass.

(Production Example 2)

Similar operation as in Production Example 1 was carried
out except that D-~lactide (having an optical purity of 99.8%
ee, manufactured by Musashino Chemical Laboratory, Ltd.) was
used instead of L-lactide, to yield PLA1l. Mw and mass ratio
of the L-lactic acid unit and the D-lactic acid unit of the
resultant PLAll weremeasured. Measurement resultsare shown
in Table 5. The resultant PLA1l was composed of 99.9% by mole
of the D-lactic acid unit, and content of D-lactide in the

resultant PLAll was 0.5% by mass.

(Production Example 3)
Similar operation as in Production Example 1 was carried

out except that amount of lauryl alcohol was changed to 1



of the resultant PLA1O were neasured. Measurenent
results 15 are shown in Table 5. The resultant PLA10
was conposed of 100% bynole of the L-lactic acid
unit, and content of L-lactide in the resultant PLA10
was 0.8% by mass. (Production Exanple 2) 20 Sim |l ar
operation as in Production Exanple 1 was carried out
except that D-lactide (having an optical purity of

LaboratOfﬁasgqufﬁgiyggglpy NMSQ%@IHQ @@%»o<m LHQL Tactlc
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of t actic u d t ent of
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(Preduct BenbEkxanpse 3) Simlar operation as in
Production Exanple 1 was carried out except that
anount of |auryl al cohol was changed to 1 - 37 part

by (massuteiyhetbdaRbAl2) Mv and mass ratio of the
id unit and the D-lactic acid unit of the

L-lactic,
resulta %mbﬁ%&?pe\}'\éFéﬁ%é@u]rrearoﬂ}é%%h%%ﬁ‘E‘P]r%QJTatSsC%% gted

10shewh dirckabkrab.p-Thetikesuldag BhA WS genposed 9. se
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Production Exanple 3 was carried 10 out except that
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was used instead of L-lactide, to yield PLA13. Mwv and
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Measur enent results are shown 15 in Table 5.

r e5ef ¢t PLAYS nvag scOnposed 81599, 9% by nol e

(Production Example 5)

20 Similar operationas in Production Example 1 was carried
out except that amount of lauryl alcohol was changed to 0.7
part bymass, toyield PLA14. Mwandmassratioof thelL-lactic
acid unit and the D-lactic acid unit of the resultant PLAl4
weremeasured. Measurement resultsareshowninTable5. The

25 resultant PLAl4 was composed of 100% by mole of the L-lactic
acid unit, and content of L-lactide in the resultant PLAl4

was 1.1% by mass.

{(Production Example 6)
30 Similar operationas in Production Example 5 was carried
out except that D-lactide (having an optical purity of 99.8%

ee, manufactured by Musashino Chemical Laboratory, Ltd.) was

I
)
<0

)



of the D-lactic acid unit, and content of D-lactide in
the resultant PLA13 was 0. 7% by mass. (Production
Exanple 5) 20 Simlar operation as in Production

Exanple 1 was carried out except that anount of

| auryl al cohol was changed to 0.7 part bymass, to

yield PLA14. Mv and nass ratio of the L-lactic acid

unit and the D-lactic acid unit of the resultant PLA14
wer e red ur t result I sho in Tabl e

S S Pt ant PLATA "whe SComozed of 100y nore ™
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usetsinsteadroflb-lacti ke Hyompisel.d PLALS. My and mass
ratio of the L-lactic acid unit and the D-lactic acid
unit of the resultant PLA15 were neasured.

Measui-anent ohesuhtSiare shown in Table 5. The
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th@agegugiw PLAL6 was 0.6% by mass. (Production
Exanpl e

(Production Example 8)

Into a reactor equipped with a stirring apparatus, 100
parts by mass of D-lactide (an optical purity of 90.5% ee,
manufactured by Musashino Chemical Laboratory, Ltd.), and
lpartbymassof lauryl alcohol, asapolymerizationinitiator,
were charged, and purging with nitrogen was carried out three
times, followed by melting at 190°C and adding 0.010 part
bymassof tinZ2-ethylhexanoate, asapolymerizationcatalyst,
to carry out ring-opening polymerization of D-lactide under
stirring for 3 hours.

After completion of the ring-opening polymerization
reaction, a reaction product was taken out from the reactor
as a melt state and cooled to prepare a plate-like reaction
product. Then, the plate-like reaction product was crushed,

and charged into the reactor esquipped with the stirring



Into a reactor equipped with a stirring apparatus, 100

20 parts by nmass of D-lactide (an optical purity of

90. 5% ee, manufactured by Miusashi no Cheni ca

Laboratory, Ltd.), and 1 part bymass of |auryl

al cohol, as a polynerization initiator, were charged,

and purging with nitrogen was carried out three

times, followed by nelting at 190C and addi ng 0. 010

part mass . of .tin hyl hexanoate, _as_a
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pr 6C&SsiRyt atan9 56€ ahRbert L33 %P4 e ﬂdj§&€€§§lta“t PLALY
D- lvaet bdeswas mesmved to yield to yield PLAL7. Mv and
mass ratio of the L-lactic acid wunit and the D lactic
acid unit of the resultant PLA17 were 5 neasured.

10 Measurenent of estdsi arg shown in Table 5. The
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resul tant PLA17 was conposed of 90.3% by nole of the
D-lacti Entact deanfer omid PE6At ehth 6f SBLFabty derprathe, 100

resdbtant, RIAL o e Was1 D 028Dy MBss« 1 491 (Roducticody g ee,
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carry out ring-opening p I zati on of | act
undglerrring for 3 hours.

After completion of the ring-opening polymerization
reaction, a reaction product was taken out from the reactor
as a melt state and cooled to prepare a plate-like reaction
product. Measurement resultsof theresultant PLAl18 are shown
in Table 5. In addition, the resultant PLAL18 was composed
of 99.7% by mole of the D-lactic acid unit, and content of

D-lactide in the resultant PLAl8 was 4.8% by mass.
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irring for 3 hours. 20 After conpletion of the
ng- openi ng pol yneri zation reaction, a reaction

product was taken out fromthe reactor as a nelt

st

ate and cooled to prepare a plate-like reaction

product. Measurenent results of the resultant PLA18
are shown in Table 5. In addition, the resultant
PLA18 was conposed 25 of 99.7% by nole of the Dlactic
aC|df§%r1|t,5)land content of D-lactide in the resultant
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three tinmes, followed by adding 0.16 part by nass

[ Production of a polylactic acid block copolymer]
(Comparative Exanple 1)

Into a reactor equipped with a stirrer, 100 parts by
mass of PLAlO (poly-L-lactic acid; L component), obtained
in Production Example 1, and 1570 parts by mass of D-lactide
(D component), the same one used in Production Example 2,
were charged (namely, charge mass ratio of the L component
and the D component is 6:94), and purging with nitrogen was
carried out three times, followed by adding 0.16 part by mass
of tin 2-ethylhexanoate, as a polymerization catalyst, to
carry out ring-opening polymerization of D-lactide at 190°C
for 3 hours toyieldapolylactic acidblock copolymer (sample
name: PLA20). PLA20 was obtained by dissolving the polymer
into 1000 parts by mass of chloroform, relative to 100 parts
by mass of the polymer, and then precipitating into 6000 parts
by mass of methanol, relative to 100 parts by mass of the
polymer. The precipitated polymer was subjected to
solid-liquidseparation, anddrying tobeused formeasurement.

Mass ratio of the L component and the D component in charging
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of tin 2-ethyl hexanoate, as a pol ynerization catal yst,
to carry out ring-opening polynerization of D Ilactide
at 190C 15 for 3 hours to yield a polylactic acid
bl ock copol ynmer (sanple nane: PLA20). PLA20 was
obt ai ned by dissolving the polynmer into 1000 parts by
mass of chloroform relative to 100 parts by nass of
the pol ynmer, and then precipitating into 6000 parts
a el ative 1.0 100 parts by mass of ., _
%§p0§yg§{Q!ﬁ%§1§ec?%|té1eé)pol}ﬁer ma§¥su Jecpgd the
toD solpdréniquird PS.EpAar at o, dﬁy$t@ﬂymﬁgtimgQENUSEdLm) and
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maSsbiat ¢ carof ﬁdmaeL7conpon£mhta@d t heDs®d coImpoRENPLAND is
PLA% AHns,. . crystal nelting point (Tn) and rate of
con of the stereo- conpl ex crystal are shown in
Table 6 and Table 7. In addition, a DSC chart of PLA20

5 shown.in Fig. 1. Con'parative Exanple 2) Into a
reég?gPaE%B}$%§§%%3¥?ggstirrer, 100 parts by mass of
PLA1l (pety-dD-dcacttios é@hﬂpp&HC@ﬂﬂﬂﬂﬁﬁﬁhmr@QIahﬂ@dpaﬁik by
in Production Exanmple 2, and 1570 parts by nass of
L- F‘aéfi%é (LLAlcloﬁﬁBﬁé’npfla%bcsaa%‘éj'or?ecﬁg‘éanﬁﬁt , ebtained

Pr oductdder tExanpt &ndie 2yesrey changed {Naalyss ehar geactide
nass rati o of the L conmponent and the D conponent is

941 8) SO Pt gi AGewWPERS nPR? dbEt wls Predreredn ogample 1,
t hrege tdHmsed Ohhowed, by addi REsQ. 16 Pards BYeNMBSSHdRdnent

of tin 2- ethylhexanoate as a polynerization catalyst,
t 02" E My DothmRIHG topEn? hif JpolyRePT 2@t F o i6h Ditaedseaas

at 490G 4 Hat 3 QUF snd o Yb@hgwédﬁ’ﬂzl é{cli@'ﬁjigj 6. @@'pgarb&l ]Qyifnass

copol ynmer (sanple nane: was obt ai ned
by~ ditsidbl4vich§ vi- e poPyher asi it @oi(y@l@rba@tsmbwmws«s@f, to

Chéé)ffr%f eLM rlrrfgL ple\ﬁqn(gopé-pﬁnmrztascl%g Qy Lmi%%tqfdet%@ 1380°C

pol yner, precipitating into 6000 parts
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DQh¥ﬂ§rPLZB§ pr%%M@ut9&§Qﬂﬁ%h%%%rb&@ﬁf%%QM§nggM£%olymer
into 1000 parts by mass of chloroform, relative to 100 parts
by mass of the polymer, and then precipitating into 6000 parts
by mass of methanol, relative to 100 parts by mass of the
polymer. The precipitated polymer was subjected to
solid-liquidseparation, anddrying tobe used for measurement .
Mass ratio of the L component and the D component in charging
of PLA21, Mw of PLA21, mass ratio of the L component and the
D component in PLA21, AHms, crystal melting point (Tm) and
rate of content of the stereo-complex crystal are shown in
Table 6 and Table 7. In addition, a DSC chart of PLA21 is

shown in Fig. 2.

(Example 1)

Into a reactor equipped with a stirrer, 100 parts by



solid-liquid separation, and drying to be used for
nmeasurenent. Mass ratio of the L conponent and the D
conmponent in charging 25 of PLA21, Mw of PLA21, nmss
ratio of the L conmponent and the D conponent in
PLA21, AHms, crystal nelting point (Tn) and rate of
content of the stereo-conplex crystal are shown in
Table 6 and Table 7. In addition, a DSC chart of PLA21

is__shown Lp,F 5g 0 I ) in tor -
equﬁ%%e§@V[t ! %}¥§?Jg%gg%pag & 5éﬁé}ne%%9 ooFaln d
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Tabl e 6 and Tab I'n addition, a DSC chart of PLA22

|Sof§$kﬂ%2,|ﬁwpﬁ§PL322 mass ratio of the L component and the
D component in PLA22, AHms, crystal melting point (Tm) and
rate of content of the stereo-complex crystal are shown in

20 Table 6 and Table 7. In addition, a DSC chart of PLAZZ2 is

shown in Fig. 3.

(Example 2)
Into a reactor equipped with a stirrer, 100 parts by
25 mass of PLAl4 (poly-D-lactic acid; D component), obtained
in Production Example 4, and 400 parts by mass of L-lactide
{L component), the same one used in Production Example 1,
were charged (namely, charge mass ratio of the L component
and the D component is 80:20), and purging with nitrogen was
30 carried out three times, followed by adding 0.04 part by mass
of tin Z-ethylhexanoate, as a polymerization catalyst, to

carry out ring-opening polymerization of D-lactide at 190°C



(Exanmple 2) Into a reactor equipped with a stirrer,
100 parts by 25 mass of PLA14 (poly-D-lactic acid; D
conmponent), obtained in Production Exanple 4, and 400
parts by nmass of L-lactide (L conponent), the sane
one used in Production Exanple 1, were charged
(nanely, charge mass ratio of the L conponent and the
D conponent is 80:20) , and purging with nitrogen was
ggé:oq:rb%/ Ibr%glérg uctoo%y%r‘ IP(% at [og_fyﬁi?lc%gi%;agc\ggc{j%?g%%gg%)ggyr%)é LQA( sample
polnamer:i 2at? dn. catlabystas todtacakrdyoputi ssbngiopertiangol ymer
pol. ri ion of Dlactide at 190C 43 . far 3 h S
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nane. nd4A238)th PbAP3navgsaobt-akned day pdicasahyiimg ot $1800 parts
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polsﬁﬁéfi.‘l?ﬂlél%rséi?iaﬁ??é?%daBSIdﬂféPg\kﬁsb%%T%E?%@eﬁﬁureme“t :
solMia@s! Ui dosepas atd iphorndnd GLyithg b eobgodssd frokharging
nmeasurenent. Mass ratio of the L conponent and the D
cofponent i HYcRardifitg - BRSPLASEC My 'dfe PLAZRCRlEs @and the

101 abi Bo@botder Lircomponeninand el B conponent it NTm) and
PLA23, OHms, crystal nelting point (Tn) and rate of ,
CORBERAtCBICYHE St Bfebb? oSSR CPYEL 8K &fessHowrei Ahown in
Tabkg16 @nthdlabla o771 naddidii-onn , a3 096 chant. of PLAZ3 s
is shown in Fig. 4. 15 (Exanple é) Into a reactor
eqgalpped i tH9a Stirrer, 100 parts by nass of PLAl4
(poly-L-lactic acid; L conponent), obtained in
Production Exanple 5, and 186 parts by nass of

15 D I(agdmelee §)D conponent), the same one used in
Pr oduct § I , : ed . (; Iy,
oS TarTo of The L conponent and L he B commsnenr e Y
35m85) of diidhigurigiony —w i Achi ¢ rogeh wasompanrened, owttained

t hfl’?e}?rtcjdﬁ%%iofno}i!(gﬁ{\gpe @{ Qg&“ 5 %‘aggspk%; tmat%)é ABSS_1actide

(D component), the same one used in Production Example 2,

20 were charged (namely, charge mass ratio of the L component
and the D component is 35:65), and purging with nitrogen was
carried out three times, followed by adding 0.02 part by mass

of tin 2-ethylhexanocate, as a polymerization catalyst, to
carry out ring-opening polymerization of L-lactide at 190°C

25 for 3 hours to yieldapolylacticacidblock copolymer (sample
name: PLAZ4). PLA24 was obtained by dissolving the polymer
into 1000 parts by mass of chloroform, relative to 100 parts

by mass of the polymer, and then precipitating into 6000 parts

by mass of methanol, relative to 100 parts by mass of the

30 polymer. The precipitated polymer was subjected to
solid-liquidseparation, anddrying tobe used formeasurement.

Mass ratio of the L component and the D component in charging



of tin 2-ethyl hexanoate, as a pol ynerization catal yst,
to carry out ring-opening polynerization of L-lactide

at 190C 25 for 3 hours to yield a polylactic acid

bl ock copol yner (sanple nane: PLA24) . PLA24 was
obt ai ned by dissolving the polynmer into 1000 parts by
mass of chloroform relative to 100 parts by nass of

t he polyner and then precipitating into 6000 parts

by S5 than elative to 1QQ arts by mass of
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PLA2A 1 emassnratiiol ©f7 .t henlaconpongnta and thert Dt pra24 is
conponent PLA24, LHms, crystal nelting point (Tm

C?ﬁiéno%lgon ent of the stereo-conplex crystal are

shown in Table 6 and Table 7. In addition, a DSC

chart of PLA24 is 5 shown in Fig. 5. (Exanple 4) Into

a r'éaé{'Br-eqdi pped with a stirrer, 100 parts by mass
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10 in Production Exanple 6, and 186 parts by mass of
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of tin thexanoate as a polynerization catalyst
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into 1000 parts by mass of chloroform, relative to 100 parts

&)
Q

20 by mass of the polymer, and then precipitating into 6000 parts
by mass of methanol, relative to 100 parts by mass of the
polymer. The precipitated polymer was subjected to
solid-liquidseparation, anddrying tobe used for measurement.
Mass ratio of the L component and the D component in charging

25 of PLA25, Mw of PLA25, mass ratio of the L component and the
D component in PLAZ5, AHms, crystal melting point (Tm) and
rate of content of the stereo-complex crystal are shown in

Table © and Table 7. 1In addition, a DSC chart of PLA2S5 is

~

shown in Fig. 6.
30
(Comparative Example 3)

Into a reactor equipped with a stirrer, 100 parts by



solid-liquid separation, and drying to be used
fornmeasurenent. Mass ratio of the L conponent and the
D conponent in charging 25 of PLA25, Mwv of PLA25, nass
ratio of the L conmponent and the D conponent in
PLA25, LHms, crystal nelting point (Tn) and rate of
content of the stereo-conplex crystal are shown in
Table 6 and Table 7. In addition, a DSC chart of PLA25
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Table 6 and Table 7. In addition, a DSC chart of PL 6

|Sof§ﬂ6@ﬁ,|%wpﬂbPL$26 mass ratio of the L component and the
D component in PLAZ6, AHms, crystal melting point (Tm) and
rate of content of the stereo-complex crystal are shown in

Table 6 and Table 7. 1In addition, a DSC chart of PLA26 is

shown in Fig. 7.

Example 5

Into a reactor equipped with a stirrer, 100 parts by
mass of PLAl6 (poly-D-lactic acid; D component), obtained
in Production Example 7, and 400 parts by mass of L-lactide
(having an optical purity of 99.8% ee, manufactured by
Musashino Chemical Laboratory, Ltd.), were charged (namely,
charge mass ratio of the L component and the D component is
80:20), and purgingwith nitrogen was carried cut three times,
followed by adding 0.04 part by mass of tin 2-ethylhexanoate,

as a polymerization catalyst, to carry out ring-opening



Exanple 5 Into a reactor equipped with a stirrer, 100
parts by 25 mass of PLA16 (poly-D-lactic acid; D
conmponent), obtained in Production Exanple 7, and 400
parts by mass of L-lactide (having an optical purity

of 99.8% ee, manufactured by Misashino Chem cal
Laboratory, Ltd.), were charged (nanely, charge mass
ratio of the L conponent and the D conponent is 30
80::20) meand .pYLgi i {1 rage carr out . ..

t hree tmlernasa 59 89 dﬂk}y{']a(%:fd%Q @8%3 (g?té ghyourras “of eld
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to re [ ymerizati
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(poly-D-lactic acid; D conponent), obtained in
Production Exanple 8, and 400 parts by nass of
15 L - P5¥8 e © (L conponent), the sanme one used in

Production Exaspkect, eggla\@é@ Mtalr QethPE‘QP' ym&%&% by
mass ratio of the L onent and the D conponent
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(L component), the same one used in Production Example 1,
20 were charged (namely, charge mass ratio of the L component
and the D component is 80:20), and purging with nitrogen was
carried out three times, followed by adding 0.04 part by mass
of tin Z-ethylhexanocate, as a polymerization catalyst, to
carry out ring-opening polymerization of D-lactide at 190°C
25 for 3 hours toyield apolylactic acidblock copolymer (sample
name: PLAZ8). PLA28 was obtained by dissolving the polymer
into 1000 parts by mass of chloroform, relative to 100 parts
by mass of the polymer, and then precipitating into 6000 parts
by mass of methanol, relative to 100 parts by mass of the
30 polymer. The precipitated polymer was subjected to
solid-liquidseparation, anddrying tobeused for measurement.

Mass ratio of the L component and the D component in charging



of tin 2-ethyl hexanoate, as a pol ynerization catal yst,

to carry out ring-opening polynerization of D Ilactide

at 190C 25 for 3 hours to yield a polylactic acid

bl ock copol ynmer (sanple nane: PLA28). PLA28 was

obt ai ned by dissolving the polynmer into 1000 parts by
mass of chloroform relative to 100 parts by nass of

the polyner, and then precipitating into 6000 parts
byoqassApé qﬁﬁg§n£ﬂA9§eL@LEVE¥13>%9Q49§Lt§o$%% agg the
the 30 pol yner. The prlecipitated pol yner was su Jected
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5PL@%§WHAgEB¥h%yy$FaI melting point (Tm and rate of

cont ent st ereo-conpl ex crystal are shown in

Table 6 and Table 7. In addition, a DSC chart of PLA28
isExgmé own in Fig. 9. Exanple 7 Into a reactor

equi pp d"with a stirrer, 100 parts by nmass of PLALS

(pol y- Ezme@taCr&Hnuwr qumpp@mewﬁah btrairred, 100ifarts by

Product i d 400 parts by
571 O 0 RoMSodnt) 1<Fho" SHris ‘ofe CGRBRNFRL) - obtained
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of t|n oCij%;Ahexanoate as a polynerization catalyst
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atcéﬂﬁféd bat hheut snd®, Ybel 8wBEAL%aPLAZY . WaSart by mass
obtalned by di ssolving the polynmer into 1000 parts by
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be used
to 100 parts by mass of the polymer, and then precipitating

20 into 6000 parts by mass of methanol, relative to 100 parts
bymassof thepolymer. Theprecipitatedpolymerwassubjected
to solid-liquid separation, and drying to be used for
measurement. Massratiocof thel component andthe Dcomponent
incharging of PLA29, Mw of PLA29, mass ratio of the L component

25 and the D component in PLA29, AHms, crystal melting point
(Tm) and rate of content of the stereo-complex crystal are
shown in Table 6 and Table 7. In addition, a DSC chart of
PLA29 is shown in Fig. 10.

30 Example 8
Into a reactor equipped with a stirrer, 100 parts by

mass of PLAZ2 obtained in Example 1, and 100 parts by mass



measurenent. Mass ratio of the L conponent and the D
conponent in charging of PLA29, Mwv of PLA29, nass

ratio of the L conmponent 25 and the D conponent in

PLA29, nHms, crystal nelting point (Tm and rate of
content of the stereo-conplex crystal are shown in

Table 6 and Table 7. In addition, a DSC chart of

PLA29 is shown in Fig. 10. 30 Exanple 8 Into a reactor
equip stirrer Q0 parts b f PLA22 .
ob#ﬁlgggygkﬂ)alp ol e 1 =“&h 9?6% ﬁértay%f ﬁ%g&g o R Y i
PLAZ23 robtai ned ¢$miﬁenndua theeetch@$geﬁofmukqmnuy ﬁgating
W th . nitrogen wa arried ut three tines

by eatt bt O e PP e Bt 87 S Tende Bk R of
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ggﬁn nd t he i onent in 5 PLA30
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In ?dd%} a DSC chart of PLA30 is shown in rig

C%féﬁpe %)D§5ﬁﬁF§ﬁCﬁ§r5éAﬁ%s%SNﬂ?ﬂﬁé§“réﬂﬂo .

|n D nane ratio polyner (L conponent/ (L conponent/

cconponent) D conponent) Com Expl.| PLA20 6/94

154,000 5.9/94.1 Com Expl.2 PLA21 94/6 160, 000

93.5/6.5 Exanple 1 PLA22 80/20 141,000 78.3/21.7

Exanpl e 2 PLA23 20/80 143,000 19.1/80.9 Exanple 3

PLA24 35/65 166,000 33.9/66.1 Exanple 4 PLA25 65/ 35

159, 000 64.9/35.1 Com Expl.3 PLA26 50/50 144, 000

53.3/46.7 Exanmple 5 PLA27 80/20 256,000 20.5/79.5

Exanpl e 6 PLA28 80/20 159, 000 80.1/19.9



Exanpl e 7 PLA29 80/20 149,000 77.9/22.1 Exanple 8
PLA30 50/50 142,000 48.7/51.3 (Note) Com Expl.=
Conparative Exanple - 50 Table 7 Sanple DSC nHns Rate
of content Crystal nanme (J/g) of nelting

stereo-conpl ex point crystal (o) (C PLA20 1st. tine
3.5 13 193.1 2nd. tine 3.1 10 192.0 3rd. tinme 2.8 9
187.5 PLA21 1st. tine 1.7 6 189.6 2nd. tine 1.7 6
1881’_8@b1§$rd tlms 1 5 4 188.3 PLA22 1st. tine 44.2 100

51002091 2r A time-38 9 100

Z1TTU. LI II J
238 5 PLA23 1st~ IT.‘EI"]I'@ 3@@2“1@0‘“@@%.% Pd. tMﬁ§S38@ﬂlO
100 207.1 3rd. tame 31.2 180i205.5 PLA24 1s5t. pbDener
40.4 100 212.4 2nd. timec&dhHR0 212.0 3r Ebﬂﬁonent/
38.2 100 211.2 PLA25 J.% 'cotmip%%egg‘)s 100 208| A nent
tiMEe 37910012083 —3rd—t 1 re—38-2-1060-208 1 ﬁhﬂ\@‘?
1¢£°M i PR L ?N‘\291 8  Pdd?4 tine BB/ P000 209.96%4.1
3ndomt.i Aer362 2 P0B2207.9 PRAZ?E 1st.| ¥daw027. 4 BOA5/6.5
208E3amgnd. 1t i mer27231100 2072 141,000 78.3/21.7
Example 2 PLAZ3 20/80 143,000 19.1/80.9
Example 3 PLA24 35/65 166,000 33.9/66.1
Example 4 PLAZ5 65/35 159,000 64.9/35.1
Com. Expl.3 PLAZ6 50/50 144,000 53.3/46.7
Example 5 PLA27 80/20 256,000 20.5/79.5
Example 6 PLAZ28 80/20 159,000 80.1/19.9
Example 7 PLAZ29 80/20 149,000 77.9/22.1
Example 8 PLA30 50/50 142,000 48.7/51.3
(Note) Com. Expl.= Comparative Example




3rd. tine 27.1 100 207.7 PLA28 1st. tinme 38.9 100
195.3 2nd. tine 38.8 100 193.8 3rd. tinme 37.2 100
192.2 PLA29 1st. tinme 35.0 100 204.1 2nd. tine 33.3
100 203.7 3rd. tinme 32.1 100 202.6 PLA30 1st. tine
38.9 100 212.4 2nd. tine 38.6 100 211.9 3rd. tine
36.5 100 208.8 The first tinme, the second tine and the
third time of the DSC columm in the above Table 7
repggﬁeph repeated operatlon 5 nunber fron1(a) to (b)
d

ST rnrthe ove 7 A raterof
ccntgﬁgig? a ste?%%-co g crysiﬁ?teéhd: S%ﬂt i'{izil
nel ti ng point represent obt ai ned” ach -+ng
operation at the first tine, thesgeﬁ%ﬁmf%gﬁif “and PRERt
t hi+e-time—As s clearfromthelalidVé tablle! 6 and (°C)
Tabl €770t wast - flodid that:> accprding tv a produc%?%n1
net hod of the’pfesem | 5 itventipn, a pdlylactiic aé?d-©
blLock rnpnlvn%?dhévmﬁ@ rate- %f content 8f a 187.5
st er €32€dnpl lekser yistl | of 100% can be obtai ned,| evéh. 6
when charge [r&td o tf(imesls rati®) of the Léconponent 188.8
(poly-L-lactjitracitdrer| L-1lactide) and the D conponehd.3
(pol yiBZPact i tstacitdmer! D- Kacki de) to bélbsed i 210.0
signi ficantly2rkD. biiased. @1 .the other haond, inja 209.1
pol yl acti ¢ acigl bltaek | copel yner| of Comparative 208.5
ExanplLe2: and Gonpakat|i vesExanplle 2, wherein nmassyos.s
rati o of theg dncompenent andst hel D compoment iln &p7.1
pol ymer is qui.si.deiaecrlange;of the presemg inventiaoms.s
rat epghogontend: ok ia.§tereg-gonplex cryggal wag 515 4
significantlly b reduged. 34nyaddition, ;@ polylactig, g
acid bl ock cngly@eﬁe of §@nparat|ve E%@yple 3, 211.2

erer o guss 1 gt 05 gL Tam i conpgnent 101' a D 508 .5
conponent |r;ﬁxpokxﬂgr |s3§b@ut 53.47,l S rate 0508.3

3rd. time 38.2 100 , 208.1
PLA26 1st. time 41.1 100 211.8
2nd. time 38.2 100 209.6
3rd. time 36.2 100 207.9
PLA27 lst. time 27.4 100 208.3
2nd. time 27.3 100 207.7
3rd. time 27.1 100 207.7
PLA28S 1st. time 38.9 100 195.3
2nd. time 38.8 100 193.8
3rd. time 37.2 100 192.2
PLA29 lst. time 35.0 100 204.1
2nd. time 33.3 100 203.7
3rd. time 32.1 100 202.6
PLA30 1st. time 38.9 100 212.4
2nd. time 38.6 100 211.9
3rd. time 36.5 100 208.8

The first time, the second time and the third time of
the DSCcolumnin the above Table 7 represent repeatedoperation
5 number from (a) to (b) described in the above Table 4, and

AHms, rate of content of a stereo-complex crystal, andcrystal



content of a stereo-conplex crystal of 100% and high
crystal nelting point. However, reduction effect of
production cost 20 of a polylactic acid bl ock
copolynmer is said | ow, because of high content of the
D conmponent in a polyner. It should be noted that the
present application is based on Japanese Patent
Application hb 2006- 356241 filed on Decenber 28,
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The producti on nethod according to claim
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ri ng-openi ng pol ynerization of D-lactide (the

compohett)vies dar Prédisat ai rridfe Pr éseneecpEnt D vention,
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of said D conponent 20 and said L conponent is the

conpdirertt- / Theddl Elotfponemt !y =2 BG0/48°1 @ DB, C@powme)r of
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conmponent) is carried out I n the presence of
po¢gd[3¢Da§pm@onent in a polymer is about 53:47, has rate of

content of a stereo-complex crystal of 100%, and high crystal
melting point. However, reduction effect of production cost
of a polylactic acid block copolymer is said low, because
of high content of the D component in a polymer.

It should be noted that the present application is based
on Japanese Patent Application No. 2006-356241 filed on
December 28, 2006, whose disclosed content is incorporated

by reference in its entirety.



acid (the D conponent), and mass ratio of said L

conponent 25 and said D conponent is the L conponent /

the D conponent = 60/40 to 91/9. 4. The production

nmet hod according to claim2, characterized in that

(i) ring-opening polynerization of D-lactide (the D

30 conponent) is carried out in the presence of
poly-L-lactic acid (the L conponent), and mass ratio

of ~said.D conponent and said L conponent is the D
conmponent / the L conponent 53 = 71/29 to 91/9, or

(i i) riﬁqmab@drﬁgfpob@wmﬁmqaﬂ*ﬁnd@ﬁtbdamnﬂmﬁpikheohlymer
co i ed out in the resence
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(1) ring-opening polymerization of D-lactide (the D
component) is carried out in the presence of poly-L-lactic
acid (the L component), and mass ratio of said D component
and said L component is the D component / the L component
= 60/40 to 91/9, or

(1i) ring-opening polymerization of L-lactide (the L
component) is carried out in the presence of poly-D-lactic
acid (the D component), and mass ratio of said L component
and said D component is the L component / the D component
= 60/40 to 91/9.
4. The production method according to claim 2,
characterized in that

(1) ring-opening polymerization of D-lactide ({(the D
component) is carried out in the presence of poly-L-lactic
acid {the L component), and mass ratio of said D component

and said L component is the D component / the L component



characterized in that nmass ratio of said D conponent

and said L conponent in said first polylactic acid

bl ock copolymer 25 is the D conponent / the L

conmponent = 71/29 to 91/9, and mass ratio of said L
conmponent and said D conponent in said second

pol yl actic acid bl ock copolyner is the L conponent /

the D conponent = 71/29 to 91/9. 7. A nethod for
produci ng, a pehykactic acid bl ock copolymer 30
characteri zed by ¢onprising the step for nelt mxing

or sol utiiion ramgirngeofngigolafdristtpohybacttta@acidk (the L
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/ the D component = 71/29 to 91/9.
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9. The production method according to any one of claims
20 1 to 8, characterized in that mass ratio of an L-lactic acid
unit and a D-lactic acid unit in said poly-L-lactic acid is
the L-lactic acid unit / the D-lactic acid unit = 95/5 to
100/0, and mass ratio of a D-lactic acid unit and an L-lactic
acid unit in said poly-D-lactic acid is the D-lactic acid
25 unit / the L-lactic acid unit = 95/5 to 100/0.
10. The production method according to any one of claims
1 to 9, characterized in that optical purity of said D~lactide
or said L lactide is in a range of from 90 to 100% ee.
11. The production method according to any one of claims
30 1 to 10, characterized in that said poly-L-lactic acid 1is

one obtained by ring-opening polymerization of L-lactide,

and said poly-D-lactic acid is one obtained by ring-opening



of said poly-D-lactic acid. 15. A polylactic acid

bl ock copol yner characterized in that mnmass ratio of
the L-lactic acid unit and the D-lactic acid wunit is
the L-lactic acid unit / the D-lactic acid unit = 25
60/40 to 91/9, or nmass ratio of the D-lactic acid unit
and the L-lactic acid unit is the D-lactic acid unit
/| the L-lactic acid unit = 60/40 to 91/9, and rate of

content of.a . stereo-cqonplex crystal is from80 to

100% 16. The po ffact?ggggﬁ bl ock copol yner
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the polylactic acid block copolyner according to any
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in a reaction system, before carrying out ring-opening
15 polymerization of D-lactide in the presence of said
poly-L-lactic acid, is from 0 to 5% by mass, relative to mass
of said poly-L-lactic acid, and residual amount of D-lactide
in the reaction system, before carrying out ring-opening
polymerization of L-lactide in the presence of said
20 poly-D-lactic acid, is from O to 5% by mass, relative to mass
of said poly-D-lactic acid.
15. Apolylactic acidblock copolymer characterized in that
mass ratio of the L-lactic acid unit and the D-lactic acid
unit is the L-lactic acid unit / the D-lactic acid unit =
25 60/40 to 91/9, or mass ratio of the D-lactic acid unit and
the L-lacticacidunit is the D-lacticacidunit / the L-lactic
acid unit = 60/40 to 91/9, and rate of content of a
stereo-complex crystal is from 80 to 100%.
16. The polylactic acid block copolymer according to claim
30 15, characterized in that mass ratio of the L-lactic acid
unit and the D-lactic acid unit is the L-lactic acid unit

/ the D-lactic acid unit = 71/29 to 91/9, or the D-lactic
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acid unit / the L-lactic acid unit = 71/29 to 91/9.

17. The polylactic acid block copolymer according to claim
150r 16, characterizedinthat weight averagemolecularweight
(Mw) is from 80,000 to 500,000.

18. The polylactic acid block copolymer according to any
one of claims 15 to 17, characterized in that crystal melting
point, which is observed in the temperature raising step,
by three times repetition of a program consisting of the
temperature raising step from 30 to 250°C, and the gquenching
step from 250 to 30°C, inadifferential scanning calorimetry,
is in a range of from 190 to 250°C.

19. A molded article containing the polylactic acid block

copolymer according to any one of claims 15 to 18.



