1 DESCRI PTI ON POLYLACTI C ACI D AND MANUFACTURI NG PROCESS THEREOF 5 Field
of the Invention The present invention relates to polylactic acid and a
‘manuf act uri ng process thereof. The present invention also relates to a
conposition conprising polylactic acid. The present invention further
relates to a nol ded product of 10 polylé%tic acid. Description of the
Prior Art Bi odegradabl e polyners “hbﬁgcﬁfﬁTg raded under natural
environnment are attracting nuch attention and now 15 under study worl dw de
fromthe viewdoint of the protection of the global environnent.

Pol yhydr oxybut yl at e | vcaprol actone, aliphatic polyesters and polylactic
acid are known §§L¥ﬁgg%¥8dgﬁF%d%%PeM%%?§ FURING PRYCBBF yTHERE@F aci d out
of these, lactic acid or 20 lactide which is the raw nmaterial of the
polylactic acid can_ be manufactured froma natural resource, and use of
the pol i acFieldcpf Bbe dnvenhionm bi odegradabl e pol ynmer but also .as a

general - purpose p i ynder, consi.deration. Although po]ylactic
aci d has high traﬁfs%gssgernéc%eﬂ;ﬁgnv SighRéssss; £9 Eoflxi\aFFgch%%%d in
the presenceacfmeiseturdng procbes wWegeaded whihmdsdd HHvEAgi bR&1sc

envi r onnment af%er it is scra.(ﬁged= Therefore, it is aresin with a snal
load on enviTohhEht B AR t ATTgRS t heCRefPPRYL ponGt Polyparyiacaetdaciths s
about 30 170fesahient hien®sd CfuPendy PO BLS PLOPOSROPALA BEoqhe | 8 hard
to say that this nelting point is suff|C|ent?y i gh and” "the 1 nprovenent of
its heattOr esp@ivheetis aesfired. Meanwhile, it is known that polylactic acid
st ereoconpl ex polyner is formed by m xing together 2 poly-L-lactic acid
(PLLA) consisting of an L-lactic acid unit alone and poly-D-lactic acid
(PDLA) consiBgsagipfien bf aché cPrior Art

Biodegradable polymers which are degraded under
natural environment are attracting much attention and now
15 under study worldwide from the viewpoint of the protection
of the global enviromment. Polyhydroxybutylate,
polycaprolactone, aliphatic polyesters and polylactic acid
are known as the biodegradable polymers.
As for polylactic acid out of these, lactic acid or
20 lactide which is the raw material of the polylactic acid can
be manuféctured from a natural resource, and use of the
polylactic acid not only as a biodegradable polymer but also
-as a general-purpose polymer is now under consideration.
Although polylactic acid has high transparency and
25 toughness, it is readily hydrolyzed in the presence of water
and further degraded without polluting the environment after
it is scrapped. Therefore, it is a resin with a small load
on environment.
Although the melting point of polylactic acid is about
30 170°C, when it is used as a general-purpose polymer, it is
hard to say that this melting point is sufficiently high and
the improvement of its heat resistance is desired.
Meanwhile, it is known that polylactic acid

stereocomplex polymer is formed by mixing together



acid=unit alone in a solution or nolten state (refer to patent docunent 1
and non-patent document 1) It has been found 5 that this polylactic acid
st ereoconpl ex pol ymer has a higher nelting point and higher crystallinity
than PLLA and PDLA. However, in the manufacture of the polylactic acid
st ereoconpl ex pol ynmer, when the nol ecul ar® wei ghts of PLLA and PDLA are
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as it must bgokepenktNiaasel HbhoBaskatedbelimdnkoRy pf{iﬂngEe%ﬁnEouﬁ& has a
probl em wit h*gﬁr oductivity. There is also disclosed a process for
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pol ymer havi o] r oht, of about 200,.000 _and 20 conprising 70 to
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D-lactic acid_unit refer to patent docunment 2). However, the nelting
poi nt  of thﬁtgfﬁ?SBéBﬁﬁ?ceRobﬁ'lﬁ?Fac‘t’}il%na’éhﬁ Palegalar roaitght e 0f RFL25 room
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manuf acturing polylactic acid steréoco ol yner ‘having a hi _
mol ecul &0 wePghyme¥ obs g ndly |ckdtdicieati dMaadwbdlly- Debacbtein acinbIved ng an

i cal i I 9 robl.em 30 with productivity.,
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used, there is no problemwth productivity but polylactic acid
st er eoconpl XY v e & ﬁgﬁﬁeﬁﬁpfnpﬁﬁxpfﬁ% RdrnandpeDBA hebtigiched.
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15 However, as it must be kept in a solution state for a long
period of time, it has a problem with productivity.

There 1s also disclosed a process for manufacturing
a stereocomplex by melting and blending a non-crystalline
polymer having a molecular weight of about 200,000 and

20 comprising 70 to 95 mol% of an L-lactic acid unit and a
' noncrystalline polymer having a molecular weight of about
200,000 and comprising 70 to 95 mol% of a D-lactic acid unit
(refer to patent document 2). However, the melting point
of the stereocomplex polylactic acid is about 194°C, leaving
25 room for the improvement of heat resistance.

As described above, the process for manufacturing
polylactic acid stereocomplex polymer having a high
molecular weight from poly-L-lactic acid and poly-D-lactic
acid having an optical purity of almost 100 % has a problem

30 with productivity. Meanwhile, when non-crystalline
poly-L-lactic acid and non-crystalline poly-D-lactic acid
having an optical purity of about 70 to 95 mol% are used,
there is no problem with productivity but polylactic acid

stereocomplex polymer having a high melting point cannot be



her ei:-n neans an "unexam ned published Japanese patent { application"”) 5
(patent docunment 2) JP-A 2000-17163 (non-patent document 1) Macronol ecul es,
24, 5651 (1991) Sunmary of the Invention It is an object of the present
invention to provide 10 polylactic acid which contains a stereoconpl ex
crystal and has excellent noldability, éghigh nmol ecul ar wei ght, high
crystal linityy,and, aghigh nelting point as well as a manufacturing process
thereof. It is another object of the present invention to provide a
conposi ti on dpapensi dogcthent 15 pel-w astpelachd(emnd emplrded apr gducde®f the
polylactic agid. .The inventors of the present invention have found that

pol yl actic a@FHE&BnFSFHFnana UREFEBLBRYI BXPeL fEEdl JaRaNeRgVPAEERE I gh

mol ecul ar wekgPtichBtgBnefystallinity and a high nelting point can be
obt ai ned by nmeking a specific 20 crystalline polymer consisting essentially
of an L-I|%acti(Batgetdianimennd2h SBedi 8PE0cYa6al|ine pol yner consisting

essentially a- t] Ld unit existent.in a,specific ight ratio
and heating ?ﬁ8n1 ?tgﬂ§e%%%€g %Fe? i%§§¥0?ﬁgﬁcu%%sth%gprgggiaﬁﬁgg#ﬂe
present invention has been 25 acconplished based on this finding. That is,

firstly, the_above objects of the present invention are attained by

pol yl actic a§35E$5¥L3£—523e£%5i93é§%rage.nnlecular wei ght of 80,000 to

500,000 and a mel tingis paRlowfedOSE Undighttethi sl SECUNS, TAIK Or
[

nmore of 30 the total of melting peaks in‘the tenperature elev on step
when meaddur eeCbylachi ¢ fatichmibdichs contiedgscal sténedermp DSC) crySexbrdidy, t he
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crystalli ne poyyiell{nytwhamd a shigipesedind S0idto dH0vem] ea®fgan L-lactic
acid unit and g Eéeéﬁgnnll of a D-lactic acid unit and/or a cononomner
conponent urifgnu 1ng process thereof. It is another object of the
bresent invention to provide a composition comprising the
15 polylactic acid and a molded product of the polylactic acid.

_ The inventors of the present invention have found that
polylactic acid containing a stereocomplex crystal and
having a high molecular weight, high crystallinity and a high
melting point can be obtained by making a specific

20 crystalline polymer consisting essentially of an L-lactic
acid unit and a specific crystalline polymer consisting
essentially of a D-lactic acid unit coexistent in a specific
weight ratio and heating them at a temperature higher than
in the prior art. The present invention has been

25 accomplished based on this finding.

That is, firstly, the above objects of the present
invention are attained by polylactic acid having a weight
average molecular weight of 80,000 to 500,000 and a melting
peak at 195°C or higher which accounts for 80 % or more of

30 the total of melting peaks in the temperature elevation step
when measured by a differential scanning calorimeter (DSC).

Secondly, the above objects of the present invention
are attained by a process for manufacturing polylactic acid,

comprising the steps of:



other than lactic acid and has a nelting point of 140 to 180C 5 and a

wei ght average nol ecul ar wei ght of 100,000 to 500,000 and a crystalline
‘pol yner (B-1) which is conposed of 90 to 99 nols of a D-lactic acid unit
and 1 to 10 nols of an L-lactic acid unit and/or a conobnoner comnponent
unit other than lactic acid and has a mé ti ng point of 140 to 170C and a

wei ght 10 average .ar i f- 100,000 to 0.coexistent .in an
(A)/(B-1) weight rgﬁ g%ﬁ%o# 0-Bor 15 P& 9 %W&‘g‘c 1 LPyEmRaSSth
pol ymer (B) afizh tics mmoiedofoénQJO-I@cﬂD@ atﬁ)lc%L@fltaaBd 8CtHCLAGIS uni t

and 0 to 10 nP Jr -lactic acid unlt and/ or a conononer conponent
unit 15 ot hePtthad %‘E‘H% AT WHHE FRRALCTE t(TMPIITIT SIMPRIER WEIC  and

a wei ght aveseger m-ecubaf i el g 58k 1 90, rstal Iine
pol ymer (A-i) whlrch IS corr:IL)osed ofa 90};73?%ao‘%)rE 95%%1?“% Ofﬁ q)a{(’iil?lcic acid unit

and 1 to0>10 #ad|a seighp aaerage mel dcuhit mcyrdx of tOAPAOLELO cﬁﬂmmt uni t

other than |agti d s _a tlng t,of 140 to. 17
wei ght averag% a?m@%%e#lm% it yrr*erméé 210680%%'“]8‘6%%13?%%0 tlc’n an
(A-1)/(B) mgmlmfca Df 146t 98 amdaahie,amd teabi gL $ kenuatn - 245t 300C.

Thirdly, the apove .objects of the present invention 25 are attained by a
process for P& ‘E/‘P‘&%?‘Ee%(ﬁqg‘qutn‘gnhtQtéﬁeéo*é%ﬁ@ﬁ@@%staI

content of £ r iqi
solution m %g&(%@a}%%lf/%%t%%{%%%ﬂ% gijf&cqgj;oiic{/r%gr& (d;%!%lfgcﬁéefl corrposed

30 of aAlL-|a@ragadieldtwekr WB)gldtnd @ 104,400 cadiod ,Blodc koeBBktent a

DB/ LB wei ght. f /60 to. 3/97.5 and i era e nol ecul ar
wei ght of 80, l{%td}) ZP) 3@% 16) d&ﬁ%%bt A ahRr %af‘J&W each bl ock of
5to 40 and (ii) a(aoomakangua:cagxg@amm@ﬂe BOPPhYHE(R )( Bhl\ﬁh'ﬁ&hd&lp%@@ﬁosed S

of an L- IacU% acid block (LB) and a_D-lactic acid block (DB) in an LB/ DB
wei ght rati &%’ %658 %™ 97°§ and- hastAC weF HRtUnHy O st dOureR Swei ght

of 80, 000 tg¥ 3901,-98@+aRd28RA2NRE AUENd /o a comonomer component unit
15 other than lactic acid and has a melting point of 140 to 180°C
and a weight average molecular weight of 100,000 to 500,000
and a crystalline polymer (A-1) which is composed of 90 to
99 mol% of an L-lactic acid unit and 1 to 10 mol% of a D-lactic
acid unit and/or a comonomer component unit other than lactic
20 acid and has a melting point of 140 to 170°C and a weight
average molecular weight of 100,000 to 500,000 coexistent
in an (A-1)/(B) weight ratio of 10/90 to 90/10, and
heating them at 245 to 300°C.
Thirdly, the above objects of the present invention
25 are attained by a process for manufacturing polylactic acid
having a stereocomplex crystal content of 80 to 100 %,
comprising the step of:
(iii) melt mixing or solution mixing
(1) a polylactic acid block copolymer (A) which is composed
30 of an L-lactic acid block (LB) and a D-lactic acid block (DR}
in a DB/LB weight ratio of 40/60 to 3/97.5 and has a weight
average molecular weight of 80,000 to 300,000 and an average
chain length of each block of 5 to 40 and
(ii)a polylactic acid block copolymer (B) which is composed




chain | ength of each block of 5to 40. 5 In the fourth place, the above
obj ects of the present invention are attained by a nolded product of the
‘polylactic acid. Further, in the fifth pl ace, the above objects of the
present invention are attained by a conposition which 10 conprises the
polylactic acid and a filler in a weight ¥atio of 98/2 to 1/99 and a

nol ded produ t 0si Li.on. ct_of the Invention The polylactic
aci d of IOt he %%eés}é%t-ﬁi%ﬁ\%g%?gﬁ&hba ok Eﬁéﬁ aricg a_n%l’ i@ﬁ}:é? R GyRLOckx : X ent
nol dabi | ity andahilgyDesiighesistancss sGeY €bng/ 9. & hadaauf actdrding
process of the resent invention, the polylactic acid can be manufactured
easily at a P8®* 8§tm°]1?@4¥ﬁiﬁﬁ@§lgﬁtoﬁfé§hﬁir (& iERgs Hol §Pacriccanavarage a

filler of thenpigseshgtnVeRt LQRHNBS-EXCEE! 8NL2Q,bi odegradability,
mechani cal strength a%d heat resistgﬁge. $heon%Pded product of the present

i nventi orP has excefnhente flﬁiulttélgpédabi,lthg,abm@mﬁjg@itsstlalfemé prﬁEéSC rﬂ;eat f
resistance. .Brief.Description_of the Drawi ngs 2 i g. is a chart o

t he pol yl act %g{’%ﬁi&ﬁo%b o ﬁ%&alﬁd@%rﬁ)wgﬁ\%ﬁ%@g‘?? g’fatb%@’@ﬁégﬁc’fdfc t he
pol yl actic asttldobtained in Exanple 7; and Fig. 3 is a 13C NWR neasurement
chart of the polylactic 30 acid gbtained in Production Exanple 19.

Expl anati on of nuridteiien. genkheafifbhgeirra7dhe sbove mhicte pedkhe b)
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The present invention wll esc “herernunder The
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accounts for oor
Effect of the Invention
The polylactic acid of the present invention has a high
15 molecular weight, excellent moldability and high heat
resistance. According to the manufacturing process of the
present invention, the polylactic acid can be manufactured
easily at a low cost. The composition comprising polylactic
acid and a filler of the present invention has excellent
20 biodegradability, mechanical strength and heat resistance.
The molded product of the present invention has excellent

biodegradability, mechanical strength and heat resistance.

Brief Description of the Drawings
25 Fig. 1 is a DSC chart of the polylactic acid obtained
in Example 1;
Fig. 2 is a DSC chart of the polylactic acid obtained
in Example 7; and
Fig. 3 is a *’C-NMR measurement chart of the polylactic

30 acid obtained in Production Example 19.

Explanation of numerals
1 peak (a) (around 170.1-170.3 MHz)
2 peak (b) (around 170.0-169.8 MHz)



nore:of the total of nmelting peaks in the tenperature elevation step when
neasured by a differential scanning 10 calorinmeter (DSC). The wei ght

‘aver age nol ecul ar weigh of the polylactic acid of the present invention is
preferably 100,000 to 300,000. The wei ght average nol ecular weight is a
value in terns of standard pol ystyrene feasur ed by gel perneation 15
chromat ography (GPC) using chloroformas an elutant. The nelting peak at
195C or higher of the polylactic acid of the present invention accounts

for preferabBys80MMieotorDERe RBMbOAPMEheEaBEY 08 Ys0ent®hg Of the total of
nmelting peaks in the tenperature elevation step when neasured by a 20
differential scanntig E%gg%mﬁe%%vemtxmg.wq%b bl 9eaerikedcin @ttahk present
i nvention ingkydesun@elylactic acid (1) according to a first aspect and
polylactic acid (11) according to a second aspect. 25 First aspect

<pol yl actS c acid (The mhbybatyiacicid acf delife )poéseie piesenton ventd on

conprises a * tic acid unit and a D-lactic acid unit_represented by
the fol | ow %é%%ﬁfnu%‘éeraasg%a%? e%@ﬁ%ﬁ"@rﬁ@% B &0 208 toéo%og‘@-@ﬁﬁh@ wei ght
average nol emelainyepeitt of 19 PAryhaghies Fhidel cbbints P& abloy

100, 000 to 500, 000, nore preferably 100,000 to 300,000. The wei ght average

mol ecul ar welght 9% theybPtalipf1Beheing keakeaid botyseypenetweasur ed by

gel  per neatdpsh £y oag aph, ( i chl n ut ant. The
mel ti ng peak at 195C orQ%?gherno t %P%%Ir%a%t(?%ﬁ%é%?f?? %%%oulnl%% for 80

% or noiA€, praferdhtten0(BEOY.nore, nore preferably 95 %or nore of the
total of melting paakgesidhe e\ STRHA LG SLoNEERTL A 1SR WG TRag Y ed by
acid of the present invention is preferably 100,000 to
300,000. The weight average molecular weight is a value in
terms of standard polystyrene measured by gel permeation
15 chromatography (GPC) using chloroform as an elutant.
The melting peak at 195°C or higher of the polylactic
acid of the present invention accounts for preferably 920 %
or more, more preferably 95 % or more of the total of melting
peaks in the temperature elevation step when measured by a
20 differential scanning calorimeter (DSC).
The polylactic acid of the present invention includes

polylactic acid (I) according to a first aspect and

polylactic acid (II) according to a second aspect.

25 First aspect
<polylactic acid (I)>
The polylactic acid (I) of the present invention
comprises an L-lactic acid unit and a D-lactic acid unit

represented by the following formula as basic components.

v
O0—Cc—C
30 CH,

The weight average molecular weight of the polylactic



10 di-fferential scanning calorineter (DSC). The nelting point of the
polylactic acid (1) is in the range of 195 to 250C, preferably 200 to
220C. The nelting enthalpy of the polylactic acid (lI) is 20 J/g or nore,
preferably 30 J/g or nore. Preferably, the polylactic acid 15 (1) has a
nmel ting peak at 195C or higher which accolnts for 90 %or nore of the
total of the rreltl Eg geak t enper at ure eI evation step when neasured

by a differeftis A %ﬁ?lngn"eqoefroctq}@ 02 091t PREEpBF RECHRPYDS to

250 C, and aowglbbiongoenshad ay. Ofrh%0wéi§hera@@f£ge b1 1Rl %Eﬁ?htc jacid
(1) conprises (1) polylactic acid units (A) and (B-1) in an (B-1)
wei ght rati o2olaphef éﬁaﬁleﬁmsl9/f9§tﬁ6d9@ﬂ190117‘|$éy@“@m| aegistradi By( pel

PO e of by op BRSS! bBrBhegolbiyl Phrtd uink) ol o3hebiths! By o' O
consi st s of emutanlzoo rml % of an L-lactic acid unit and 0 to 10 nmol % of

a Dlactic acid u m)norrer .conmpqonent unit other_than |actic

acid. The polyl ac 8 f&%f Iﬁﬁnl:lea( T hePude’r NisEsy & FEeaRPEYIAFELC (A- 1)

and a pol yl agtig atj ddbtiundArd)- sdhe &Oh}ékacgpfeéékgbﬁg dHist o LA
consists of 90 to 99 nol|l of the L-lactic aci unit and 1 to 10 ?1 of

the D-lacti cmaéﬁdpﬁﬁf@réhaYo%t%}@r @tﬂﬁmmferthcﬁoﬁpbnénofumltbm@qpeaMn
| actic acid 4h c A- cg ts of t han 99 nol |
Eh p%éﬁ%g%hﬁrg !a? YoLt of gégn Heas%gg §¥ fore s

and 100 nDI ess |c acr and
| ess tha 1 ﬂnfﬁ&néntmelEsbanhnngacamonmhétaﬁdkDscbhe conononer conponent

uni t other than Ia@% ci.d. The @o%%tg_f:tlc acid unit (B) consists of 90 to
100 mol % of a D-|attiMdcit¥ BRih % oLy 1RG0t c A ﬁ_lléét%%tshﬁd 5

unit and/ or PafEEIPMBE cQMERITRN! peRirk 8RS 2bhan bagkic a ﬂa g
polylactic acid unit (B) incl udes” a polylaCtic acid unit

pol yl actic a@RehabPY ¢B-bhe matypatylact¢idaéit ianko l(fBglt)rcmsests of 90
to 99 mols ofedherDbipcid oRCHY ndl ! U tnlf) WRLPBO 108 !Bl ¢ acid
15 (I) has a melting peak at 195°C or higher which accounts for
90 % or more of the total of the melting peaks in the
temperature elevation step when measured by a differential
scanning calorimeter (DSC), a melting point of 195 to 250 °C,

and a melting enthalpy of 20 J/g or more.

20 The polylactic acid (I) comprises (1) polylactic acid
units (A) and (B-1) inan (A)/(B-1) weight ratio of preferably
10/90 to 20/10. The polylactic acid (I) comprises (2)
polylactic acid units (B) and (A-1) in an (A-1)/(B) weight
ratio of preferably 10/90 to 90/10.

25 - The polylacti'c acid unit (A) consists of 90 to 100 molg
of an L-lactic aeid unit and 0 to 10 mol% of a D-lactic acid
unit and/or a comonomer component unit other than lactic acid.
The polylactic acid unit (A) includes a polylactic acid unit
(A-1) and a polylactic acid unit (A-2). The polylactic acid

30 unit (A-1) consists of 90 to 99 mol% of the L-lactic acid
unit and 1 to 10 mol% of the D-lactic acid unit and/or the
comonomer component unit othexr than lactic acid. The
polylactic acid unit {A-2) consists of more than 99 mol% and

100 mol% or less of the L-lactic acid unit and 0 mol% or more



10 conononer conponent unit other than lactic acid. The polylactic acid
unit (B-2) consists of nore than 99 noles and 100 noll or |less of the
D-lactic acid unit and O noll or nore and less than 1 noll of the L-lactic
acid unit and/or the comoner conmponent unit other than lactic acid. 15
Therefore, the polylactic acid consistingof the pol yI actic aci d uni t

(A-1) and the Boéglac%bcald pit _(B-1)_in a, (A-1)/( B—l% rati o of
10/ 90 to 90/ T8 s°prefEFF n%Fn’élil‘?oﬂ i3ctifeagrd 1yny aﬂ}d g‘Fhierati 0

is nore preE@m@hbMeﬂobﬁﬂpbﬁeﬁQ/éﬁ1t29tﬂg§ eAL¥! gt gcagkdaconsi sting of
the polylactic acid wunit (A-2) and the polylactic acid unit (B-1) in a

(A-2) / (B-1) wei §h¢ natilaadficlardd wol 9AR)0cdss psios erfr 2d Hocoobimsl$ on 2)
Th A-2)/ (B |y 40 0/ 40. 25,
e ( )/ ( o%)?\?f I%tlrca%.cgd' gn fPr encPrOe;:er ?ﬁerXo]p%l g&}.cfica:ac Lﬁﬁjtd (B-2)

Furt her, the polylactic acid consrs |ng ot
and the ol yuan:tlamda/mrdammtor(o@naz) colpofiehA- Lﬂr):lt( BtRRrwiaghl abatba@fg 10/ 90

to 90/10is eferr conbi, |pn3 The (A-1)/(B-2) weight ratio is
nor e prefer Oﬂ@’%@frt(ld: 8(5’/l 'F%? inpdvees biodatlioghd careldiwnridd

bel ow. Polyk@ci)%rafa%éwia@&@@%tcﬂlﬁhhi (K08P Ny gﬁii%%éb%b?%] 599

B-1 905 [D] 599  Combiration 2- A3 09<[1] \-5100 9
Conbi nat i on BRif- {BoDh ¢epsbyogs @& 20k 9 ;BIVO of Lijhe lD-IJaaiulcr: aadidl uni t

b d uni e (B3 ST sdr By PRs e he PR L R R et o mnd iy e 7
pol yl actlioc ammbx(merscaﬂqeommmmﬂ: SEMPONERsn UThdtid 4de$e moley/l actic
aci d polylactic acid unit (B-2) consists of more than 99 mol% and
100 mol% or less of the D-lactic acid unit and 0 mol% or more
and lessg than 1 mol% of the L-lactic acid unit and/or the
commoner component unit other than lactic acid.
© 15 Therefore, the polylactic acid consisting of the

| polylactic acidunit (A-1) and the polylactic acid unit (B-1)
in a (A-1)/(B-1) weight ratio of 10/90 to 90/10 is preferred
(combination 1). The (A-1)/(B-1) weight ratio is more
preferably 40/60 to 60/40.

20 The polylactic acid consisting of the polylactic acid
unit (A-2) and the polylactic acidunit (B-1) ina (A-2)/ (B-1)
weight ratio of 10/90 to 920/10 is preferred (combination 2).
The (A-2)/(B-1) weight ratio is more preferably 40/60 to
60/40.

25 Further, the polylactic acid consisting of the
polylactic acidunit (B-2) and the polylactic acidunit (A-1)
in a (A-1)/(B-2) weight ratio of 10/90 to 90/10 is preferred
(combination 3). The (A-1)/(B-2) weight ratio is more
preferably 40/60 to 60/40.

‘30 The above combinations are listed below.

“Polylactic acid unit amount (mol%)

Combination 1: A-1 90=[1.]=99

B-1 90= [D] =99
Combination 2: A-2 99 [L] =100




units is selected fromunits derived froma dicarboxylic acid, polyhydric
al cohol, hydroxycarboxylic acid and | actone having a functional group
capable of formng two or nore ester bonds, units derived from pol yesters,
pol yet hers and 10 pol ycarbonates conprising these as constituent
conponents, and mxtures thereof. Exanpl®s of the dicarboxylic acid

i nclude succinic acid, adipic acid, azelaic acid, sebacic acid,
terephthalic acid and isophthalic aci 8 1Exanpl es of tHe=g&IyRo8ric 15

al cohol i ncl udemakngRatihc 2pol yhydri c alcehol s such as 95ggﬁﬂ en 9egcoI,
propyl ene glycol, butanediol, pentanediol, hexanediol’ ©c Aﬁé iol,
gl ycerin, ‘sorbitan, neopentyl glycol, BdRet hyl ene gl yooK[D1rEatdwyl ene

gl ycol, polyethyl gn :y.cql.:an | ypropyl ene gl ycol; and aromatic
pol yhydri c 56 gl c%h%?gggécﬁhég gaggct of bisphenol with ethyl ene oxide.

Exanpl es of tlhé:hpdilexydar hoxyl iniaci d i nclude glycolic acid and
hydr oxybut yl car boxylic acid. Exanples of the |actone include glycollide,
s-caprol actone glycollide, s-caprolactone, (3-propiolactone,

6-butyrol actone, (Bs Q&s@BiNe®UANER ACh OfGmL Ph Y| Gh a8 i3 3;15511 i
5-val erol actone. The (A%ﬂ/l(B) wei ght ratio of the polylact c-%&ﬁ%F%ﬁnts
in the polyl 88ifcunki®l @&-2)i 8ndofBo21 ol Exedudedefermbt te Tndios ttol &6/ 75,

nor e preferagkytﬁgfég%%gaégigo%?%gcéfprocess for manufacturing polylactic

acid (l1)> The poly c acl n° be manufactured from crystalline
pol ynmers 5(A) and (B)e hewicmpnar tompanthe weifl iuicheserpdl Pradac L @i d
uni t representeg hy thﬁ followng formWa. HO1 Il O c-c 15 CH3 The
pol yl actic atfH-Try Ea CHES AR LE P M5 Hy adhkrag 2 dicpykeryliaadis yner
(A) and a crysighydPec PRLYIRS1 ( Iyddoxycarboxylic acid and lactone

having a functional group capable of forming two or more ester
bonds, units derived from polyesters, polyethers and

10 polycarbonates comprising these as constituent components,
and mixtures thereof.

Examples of the dicarboxylic acid include succinic
acid, adipic acid, azelaic acid, sebacic acid, terephthalic
acid and isophthalic acid. Examples of the polyhydric

15 alcohol include aliphatic polyhydric alcohols such as
ethylene glycol, propylene glycol, butanediol, pentanediol,
hexanediol, octanediol, glycerin, sorbitan, neopentyl
glycol,diethyleneglycol,triethyleneglycol,polyethylene
glycol and polypropylene glycol; and aromatic polvhydric

20 alcohols such as adduct of bisphenol with ethylene oxide.
Examples of the hydroxycarboxylic acid include glycolic acid
and hydroxybutylcarboxylic acid. Examples of the
lactone include glycollide, e-caprolactone glycollide,
g-caprolactone, B—propiolactoﬁe, d-butyrolactone, B- or

25 yfbutyrolactone, pivalolactone and &-valerolactone.

The (A)/(B) weight ratioc of the polylactic acid units
in the polylactic acid (I) is 90/10 to 10/90, preferably 75/25
to 25/75, more preferably 60/40 to 40/60.



coexistent in an (A)/(B-1) weight ratio of 10/90 to 90/10 and heating them
at 245 to 300C. 10 The polylactic acid (1) can also be manufacturing by
maki ng a crystalline polyner (B) and a crystalline polynmer (A1)

coexistent in an (A-1)/(B) weight ratio of 10/90 to 90/10 and heating them
at 245 to 300C. The crystalline polynmer t®) consists of 90 to 100 nols 15
of an L-lactic acid upit and to 10 nol | o; a Dlactic acid wunit and/or a
conmononer coﬁ%ﬁﬂ%ﬁ?suﬁ?¥ BERRT 2t hAh MAcPPEY a_FEIC aRESciyhtal |ine pol ymer
(A) has a melting Mok ntoDf1adddid GedB0G pneh NeiEY G BYerages nplgeul ar

wei ght of 100,000 to,  500,000. The crystalline polynmer (A) i1ncludes a
crystal | i ne cPVshadl{Hee HoAYMErgntA b agd) §Baltiaiaigpah fmdrqtA-2arcidhmit

crystalline LyHE = 1) i f | | the L-1actic acid
unit and 1 tchfOﬁErr%?éé%)? atccﬁgn@fgc%:te%g egsgeél:;%dgﬁﬁﬁl éengi?gﬁr’o‘f’ﬁ%gléfoo T
conponent unit fotherqthay lwctic acid. The crystalline polymer (A-1) has a
melting 25 point of |140 fo 1A0C, preferably 140 to 160C, and a wei ght

aver age nol ec l@fﬁmc 0, 000 to 500,000, preferably 100,000 to
Sta
of

200, 000. The ar i ne" pol yjmer (A-2) consists of nore than 99 noll and
100 nol |l or |egs he L-lagtic acid unit and 30 O nmol % or nore and | ess
than 1 mgl % of\ the GHj acti o’ acid unit and/or the comononer conponent unit

other than lactic ' : tallj 0 I -2)_has a nelting
poi nt of 160 to 180 Lo ktar LA SR8 R RN G e pR P n D

mol ecul ar  veightstoi1 100 QOO yne50()0CMhd B efrersalallyl iHe0 pgmiee 3801000,
nore preferably 150,000 to 250, 0/00. ég The, crystalline polyner (B) consists
of 90 to 10FHTHSTHT the 33 | GPti Bddi PRt &t ie of 16/%0 &P WRSE

L-lactic acirh uddtangd/Qent R conresggaiponent unit other than lactic
acid. The crystalline polyner (B) has a nelting point of 140 to 180C and a

wei ght &0erage moleubPglydac§hc a£1d0 (ID0c@OE Iz 360 MO Laffteidmysbsl | i ne
pol ymer (B) fNGlHeS crystalline polymer (B) and a crystalline polymer
(A-1) coexistent in an (A-1)/(B) weight ratio of 10/90 to
'90/10 and heating them at 245 to 300°C.
The crystalline polymer (A) consists of 90 to 100 mol%
15 of an L-lactic acid unit and 0 to 10 mol% of a D-lactic acid
unit and/or a comonomer component unit other than lactic acid.
The crystalline polymer (A) has a melting point of 140 to
180°C and a weight average molecular weight of 100,000 to
500,000. The crystalline polymer (2) includes a crystalline
20 polymer (A-1) and a crystalline polymer (A-2).

The crystalline polymer (A-1) consists of 90 to 99 mol%
of the L-lactic acid unit and 1 to 10 mol% of the D-lactic
acid unit and/or the comonomer component unit other than
lactic acid. The crystalline polymer (A-1) has a melting

25 point of 140 to 170°C, preferably 140 to 160°C, and a weight
average molecular‘ weight of 100,000 to 500,000, preferably
100,000 to 200,000.

The crystalline polymer (A-2) consists of more than

99 mol% and 100 mol% or less of the L-lactic acid unit and
30 0 mol% or more and less than 1 mol% of the D-lactic acid unit

and/or the comonomer component unit other than lactic acid.



a crystalline polymer (B-1) and a crystalline polymer (B-2). The _
crystalline polynmer (B-1) consists of 90 to 99 nol o of the D-lactic acid
unit and 1 to 10 nole of the L-lactic acid unit and/ or the comononer
conponent unit other than 15 lactic aci g The crystalline polymer (B-1)
has a nmelting point of 140 to 170C pref rabl y 140 to 160C and a wei ght

average nol e a& %) % 00,.000, eferably 100,000 to

200, 000. The%?:&rl'eys% 192%1%% égng}rr&% 230%3’%_5 S tn%?é’cf O(% E)g 9 %ol o
and 100 nol alé0° Ceqsree)ﬁentdtielﬁ-llwcm(1'76c?lcdamtﬁ]latw@11@htQv@ia%)eorﬁol@é&'l@fld | ess
than 1 nolt of ,t ic acid unit and/or the conononer conponent unit

ot her than |ggt1,gg%a%$&o PRE EP vy I 49 hePpsEgRRPLYEL 29, 4R te 3P 199 poi nt

of 160 to 1@Bke pkété&abhg 169,000176C28pdgapvei ght average nol ecul ar 25
wei ght of 100, 000 to 500, 000, preferably 100, 000 to 300,000, nore

preferabl¥y 150, 000Tk® 508 U0 ik podvoes, lulai qCSlSprSé:‘semfeaBlo tlumﬂoohlecavbe
crystalline o y.st i_ne B - u

ma)(;e coexi ste£t£| %B%ni%é%ﬁf%%qh&mgg d’iroatl 0 g égfe"ﬁ%tibhéof"g%%%nd

- heated at 278ctd 80O€ &odpfbirnaheorohpndher EompdhéBtlhntei ghher-athgni s nore

referably in_the range of . 60/40 to 40/60, It is preferred that the
(F:)ryst al l'i %e E%Fgﬁ‘érac(l 2) TRRETY HA L iRg ROLYRETpd \ ReF & BelfisARRintbe nade

coexi stent iBgl2s0a80(Re8)(Bnd) awﬁég?htra{réfagé h91 88412, 96 10 ange heat ed
at 245 to 300C écorrbl nati on 2) wel ght ratiro “1s

pref erad% i h0®h 09a‘ﬁ‘ge5 8. 0P 60 The BIt)fmaJH;u;naTﬁrquMeoﬁ s(Br erfrmlnﬂi‘jhsst]gﬁlt .
E)gen;(rj)e/Stgl)leéi 5 ent in angf)%%%%(?% \%&I ght rlyftta(} W%B%ggm?% ?fo and
heated at 245 to mCtgemlﬂaheqsbBymeﬂhe ~-0A- 4o Bs 23 otWeD HY 961G i S
lrr:);;aegr S];f(r)abk Etlejen eacrtaicg%cofd 1111?1/1?:0 atn%. 60{:31010Trgglgbgf\/etlfeogbllr;%tl‘:ll%ns are
acid unit and/or the comonomer component unit other than
15 lactic acid. The crystalline polymer (B-1) has a melting
point of 140 to 170°C, preferably 140 to 160°C and a weight
- average molecular weight of 100,000 to 500,000, preferably
100,000 to 200,000.
The crystalline polymer (B-2) consists of more than
‘ 20 99 mol% and 100 mol% or less of the D-lactic acid unit and
0 mol% or more and less than 1 mol% of the IL-lactic acid unit
and/or the comonomer component unit other than lactic acid.
The crystalline polymer (B-2) has a melting point of 160 to
180°C, preferably 165 to 176°C and a weight average molecular
25 weight of 100,000 to 500,000, preferably 100, 000 to 300,000,
more preferably 150,000 to 250,000.
Therefore, it is preferred that the crystalline
polymer (A-1) and the crystalline polymer (B-1) should be
made coexistent in an (A-1)/(B-1) weight ratio of 90/10 to
30 10/90 and heated at 270 to 300°C (combination 1). The
(A-1) /(B-1) weight ratio is more preferably in the range of
60/40 to 40/60.
It is preferred that the crystalline polymer (A-2) and

the crystalline polymer (B-1) should be made coexistent in



Crystal line polyner amount (nols) Conbination 1: A-1 905 [L] 599 B-1 905
[D 599 Conmbination 2: A-2 99<[L] X100 B-1 905 [D] 599 Conbination 3: A1
‘905 [L] 599 B-2 99<[D] :5100 [L]: L-lactic acid unit [D: Dlactic acid
unit As described above, a conbination of the crystalline polynmers (A-2)
and (B-2) is excluded as a conbination ot2the crystalline pol yhrrersf(A) and
(B) in the manufactuyi process 15 of the present invention. Therefore,
this conbi naﬂlo{ﬁ’l}s) }@%)udﬁgﬁ}? Fﬁélf)on‘-o%\ﬁ%%)o d€s 80V 30 BRAoRreRBRA at

conbi nat i ons248ftd heocky $tahbi A& PEhYFET S A (ﬁﬂé)(/%-ﬂhﬁeigﬁgfgﬁéi roups
of the crystalline polynmer (A) and the crystalline polynmer (B) used in the
present invehtiBAre Orafgrdelyappetheyrange ot 4860 Exadplf46. of 't he

term nal cappi ng i.ncl.ud ..ester_grou et her _.group,
ami de group and u%t anéefl’grlt)tu%.saﬁjﬁéeyécrr% %Qﬂaitng}lﬁpﬁ’%?%](ﬂ}e@?&%‘@rpcan be
manuf act &r ed (By2 hAngmd niove @njzgtablliﬁeapqaﬂ}n@@i_ ynﬁgl)za?h?m?age rm%%@d as
exenplified by the ring opening meri zation .0 actide, e
dehydration € ?F&Je%g%?l?gﬁ i |(_éei15)_2(éc?a wertphty 1&gl rEt 18A28ft@aP/dfe of
them and solagk pRased R0 MBHZab b o8- (H SRTBRATSS .C%m?ﬁiﬂtl%_/g(fs-bhe
crystalline polynmers 5 (A) and (B) are each a dicarboxylic acid,

‘pol yhydri c afetHst Fath9d{90m9€am@ﬁﬂa@latudﬁhlemmoﬁmﬂr@ a?f&mdeml.onal
group capabl e of ! t . e _est ands n ol yesters,

pol yet hers and poIT;%;Hbﬂgg’aet \é&s%’néublr?{pﬁgr)trls?nns; at%%ees@sgsefdcgﬁgﬁo"f'yent conmponent s.
10 Exanples of the dicarboxylic acid include succinic acid, adipic acid,

azelai ¢ acid, sebacic acid, éﬁ?éﬁg%{fgécbolymer amount (mol%)
Combination 1: . A-1 90= [L] =99

B-1 90= [D] =99

Combination 2: A-2 99<[L] £100

B-1 90= [D] =99

Combination 3: A-1 90=[L] =99

B-2 99<[D] =100

[L]: L-lactic acid unit

[D] : D-lactic acid unit

As described above, a combination of the crystalline
polymers (A-2) and (B-2) ig excluded as a combination of the
crystalline polymers (A) and (B) in the manufacturing process

15 of the present invention. Therefofe, this combination is
excluded in the following description of the combinations
of the crystalline polymers (A) and (B).
| The terminal groups of the crystalline polymer (A} and
the crystalline polymer (B) used in the present invention

20 may be capped by various ways. Examples of the terminal
cappinggroupincludeacetylgroup,estergroup,ethergroup,
amide group and urethane group.

The crystalline polymers (A) and (B) can be
manufactured by any known polylactic acid polymerization

25 methed, as exemplified by the ring opening polymerization



acid-and i sophthalic acid. Exanples of the polyhydric alcohol include

al i phatic polyhydric al cohols such as ethylene glycol, propylene glycol,
pent anedi ol , 15 hexanedi ol, octanediol, glycerin, sorbitan,

gl ycol, diethylene glycol, triethylene glycol, polyethylene

pol ypropyl ene gl ycol ; and arofdtic pol yhydric al cohols such as

‘but anedi ol ,
neopent vyl
gl ycol and

adduct of bigghfnol

W th et ene_oxi de. anpl e
acid include glf%%ﬁ}%%%iﬁq? gébygﬁagﬁﬁar89?%%?€$Eé?ﬁd¥gla€t&616?1
the | actone anebmbengtyesal bEdenysosapsel aakANEndl ¥60k i gRaseS- caprol act one,
(3-propiolactone, S-butyrolactone, (3- or y-butyrolactone, pival ol actone
and S-val er oPatYBRELZFR&CHei ght average nol ecul ar wei ghts of the 25

crystalline pol ymefse (@m@ﬁf&mé@coﬁﬁ%ﬁeﬂﬁ%ﬂ eheeéggﬁg&(@g%ﬂﬂem

pol ystyrene neasured by gel pernea

romat ogr usi-ng

s of _the hydroxycarboxylic

| es of

chl or of or'm a$Ahmrel (Bartre Fheha fstakbbrelpolamet spoAyhgtidiB)1aapicont ai n
a catalyst ﬂo& 0I¥n9%izailon W hig Iinitghthat do not inppair 30 the
t her mal stabﬁﬂ%@’% FRR*Yesf n?C e CATEPYS (RT3 f - HIHR num

conpound, tit&phbie CONFRIENE tWE0B] WBr< QERRUNEonaa)!, CAd S

acid or inorganic acid. A stabilizer for deactivating the catal yst may be

coexi st ent
acid salts,
and al cohol
t hensel \€s.

al um num acet

s organic

BPlYpehenfea i meol Frakpreatef comDTasingsthesel agde al i phatic 14
EqLHONRLESE é?%%gﬁgﬁtsphosphates, oxi des, hydroxides, halides

ates of tin, a num zirconiumand titanium and these

net al s

Mor e sSpevidles exianie sdiofatihexycatal arsid i ned Leke tducciniact yl at e,

al koxi de _and

| acetgnate, alunmn al koxide, _titaniu
zi rconi um ali%&(fﬁ@d%ﬁ‘?‘g ERAe B}Z‘%\Lg%"gﬁtacﬂﬁqi §eBRCL A 1Y s TS Bid i ner s
(A and (B) adid hendreiwdoiet i 19 £60€ES TxRimd1Re RIesed pdisstiien is 10/ 90
t 1s preferab 25/ 75 to 75/25, 10 nore preférably 40/60 to
60/ 40. When 3HPhRt ghichadle l iohalit ¢ el el r e gl @phaby osuch @9/ 10,

to 90/10. |

honocr yst al

15

20

25

30

|étzkﬁ/t1é1{b glycol, propylene glycol, butanediol, pentanediol,
hexanedicl, octanediol, glycerin, sorbitan, neopentyl
glycol, diethylene glycol, triethylene glycol, polyethylene
glycol and polypropylene glycol; and aromatic polyhydric
alcohols such as adduct of bisphenol with ethylene oxide.
Examples of the hydroxycarboxylic acid include glycolic acid
and hydroxybutylcarboxylic acid. Examples of the
lactone include glycollide, g-caprolactone glycollide,
g-caprolactone, P-propiolactone, d-butyrolactone, f- or
y-butyrolactone, pivalolactone and §-valerolactone.

The weight average molecular weights of the
crystalline polymers (A) and (B) are values in terms of
standard polystyrene measured by gel permeation
chromatography (GPC) using chloroform as an elutant.

The crystalline polymers (A) and (B} may contain a
catalyst for polymerization within limits that do not impair
the thermal stability of the resin. The caﬁalyst is a tin
compound, aluminum compound, titanium compound, zirconium
compound, calcium compound, organic acid or inorganic acid.
A stabilizer for deactivating the catalyst may be coexistent

at the same time. Examples of the catalyst include aliphatic



occurs first and it is difficult to formstereoconplex polylactic acid. In
the present invention, the crystalline polyners (A) 15 and (B) are nade
‘coexi stent in the above weight ratio and heated at 245 to 300C. For the
above heat treatnent, the polyners (A) and (B) are preferably m xed
together. Any mixing nethod may be enpl®yed if they are unifornly nixed

t oget her when _t he e 20 heated. For anple, after the crystalline
pol ymers (A)*&hd g?%sar‘éa’rﬁll?%ﬁt?%ge?lﬁﬁfa? St hehpFeliaheds ofXidedt vent, a

mxture is ppdabRededy KEIDAESI DhAAL]OBhoPAtEs OX LIS | S19RRMed by
renoving the solvent by heating. In this case, pref erably, the crystalline
pol yners (A)ZaAECRBIM aed df skaiiem, i an@stiaese enetrlsothentslvms. t he

resulting solutio i ot h,t crystalline palyners
(A and (B) are Qf%lgéoles\#egdﬁﬁlca soi \geff{s ao(r)l% t&nﬁ)%(ecaa{]agl i elrr.lCll"hcge sotVent is
not partibculeetyldier t@tuminuh aisswlyestondiee crybimd humes Podyiaess (A and
(B). Exanples. of the 0 spl vent _ingcl ude, chl orof orm nethylene chlori de,

di chl or oet hane AP EF RHFSFH8E AR, ZPHeRTotum (2 HFRR of ur an,
N- et hyl pyrrol i domge Naly/dinyetRybher vani deor bty robast-onene ?fd& t ne and

hexaf | uor oi sopropanol which are used alone or in conbinatio wo or
nmore. 15 EvEw vitdh (Ble Ip| Uiemtnannisgtsieing pro¢esevapdrla qurdsernteat i ng

and the abov ' ) n, be ed i e
absence of t e&és%ﬁ/%l%% iHe tggrr%reots/ét(dﬁr e%g]e('egg?lf%%a}?g%’eﬂgﬁiaegot7%ét2r%’
evapor attbon mfre hereidnesity (48640 tho taaIMENWhens thet! wedghitCubarby iki m ted
though it is _preferahly carried out,in a short period of tinme as the
crystalline Cﬁ‘gclsylrfier ?‘H}%)raé}fé? @ TP Bt wiama sy Hexkliaatdament i s
carried out ddfuss |Gt 4/ 1t teuresants iw%fnprbtééb%c%@é& line

t
polymers (A) 10 and (B) nmay be m xed together in the absence of the
sol vent. TH&lYlacHedstistni ned anounts of powders or chips of the

In the present invention, the crystalline polymers (A)
15 and (B) are made coexistent in the above weight ratioc and
heated at 245 to 300°C.

For the above heat treatment, the polymers (A) and (B)
are preferably mixed together. Any mixing method may be
employed if they are uniformly mixed together when they are

20 heated. For example, after the crystalline polymers (&) and
{B) are mixed together in the presence of a solvent, a mixture
is obtained by re-precipitation, or a mixture is obtained
by removing the solvent by heating. Inthis case, preferably,
the crystalline polymers (A) and (B) are dissolved in

25 different solvents and the resulting solutions are mixed
together, or both the crystalline polymers (A) and (B) are
dissolved in a solvent and mixed together.

The solvent is not particularly limited if it dissolves
the crystailine polymers (A) and (B). Examples of the

30 solvent include chloroform, methylene chloride,
dichloroethane, tetrachloroethane, phenol, tetrahydrofuran,
N-methylpyrrolidone, N,N-dimethylformamide, butyrolactone,
trioxane and hexafluoroisopropancl which are used alone or

in combination of two or more.



crystalline polymers (A) and (B) are m xed together and nolten, or nolten
and kneaded together to be m xed, or any one of the crystalline polyners
(A) and (B) is nolten and 15 the other crystalline polynmer is added to be
kneaded and mxed wth the nolten crystalline polyner. Therefore, the

present invention includes a process fol>manufacturing polylactic acid by

m Xxi ng together th crystalline | ymers in the presence or absence of a
sol vent 20 and heg’t"?ﬂg‘y’ﬁﬂ’énﬁ:herh%g Y%@é b ERESPRRkerst ofs GNP eRhe

crystal line bpphgaemg(&e)ldaeﬁe(@ao@éecfgétgﬂiﬁé%@iwefé mAedid géhey can
be unifornmy mxed together but preferably 3 nmor less, nore preferably 1
to 0.25 mm ©RBEPe heptafeimbbecaabzsercaiofethe Balometther Tha tsingrecTonm ex

crystal is f q S i i .. Wien_the powders oy. chips are
uni formy ni gggggF%ggfﬁg#Saﬁﬁeé‘f n%ﬁtl]% é:'r'r"lS ééﬁg%h%nt%% %?)‘?/\dse‘%ﬁgve = cﬁ'feparslc have a
di anet er Sof Breatmentbr &s achopmet ystidhralysdimepadatBsugltit is

In the manufacturing process of the present

di sad t ) . .
iIn\slgn;/?gn?geﬁg%éE?gggeaaFBlﬁ@xo‘t‘Fe”&r?ngPFFnEeﬁbPﬁn‘é?st%‘A?_%ﬁdtl(“B) is a
bat ch type reaphok1edib RS (B) 2! @) ARy USIiose GABL LHOURJY Pe

reactor, or double-screw or single-screw extfuder en they are nolten to
be mi xed toge¥rdeEment tanbhtrid@ owypEopoadéengi kéme. conti nuous powder

m xer or mll whe . rvstal Line polyners (A,and (B). .are

n xed together. %%E@%ﬁﬁ%%ss?%%%gat Oﬁiéa frrlr%nctl"l[')ysltr‘?mratr‘}ém %li’]%%’f r‘i)zﬂg 5
process10f tdued pifesenly beueitédromeahert hatthdenEertieabli fige alwms. (A)
and the crystallipe polg r (B) are made coexistent in the above wei ght
rati o and matmtaihed &Y ggt‘?’élﬁﬁéeﬁ%t%f?@%?sﬂ% R BOOC.OTTHE Ientof tdd ment

Lemperature cispd el Aiabby1 #Ord 0BPUna "L PrEMRIAN YeSfhOr 20 10
When the tenperature is 'higher than 300C, it I1s hard to uppress a

deconposi t i g+t i ¥ moliehead kneadedntogember to be mixed, or any
one of the crystalline polymers (A) and (B) is molten and

15 the other ¢rystalline polymer is added to be kneaded and mixed
with the molten crystalline polymer.

Therefore, the present invention includes a process
for manufacturing polylactic acid by mixing together the
crystalline peclymers in the presence or absence of a solvent

20 and heating them.

The sizes of the powders or chips of the crystalline
polymers (A) and (B) are not particularly limited if they
can be uniformly mixed together but preferably 3 mm or less,
more preferably 1 to 0.25 mm. When they are molten and mixed

25 together, a stereocomplex crystal is formed regardless of
their sizes. When the powders or chips are uniformly mixed
together and simply molten and the powders or chips have a
diameter of 3 mm or more, a homocrystal also separates out
disadvantageously.

30 : In the manufacturing process of the present invention,
a mixer used to mix the crystalline polymers (a) and (B) is
a batch type reactor equipped with an agitation element,
continuous type reactor, or double-screw or single-screw

extruder when they are molten to be mixed together, or tumbler



is not particularly limted but preferably 0.2 to 60 mnutes, preferably 1
to 20 mnutes. The heat treatnent is carried out in an inert atnosphere at

‘normal pressure or reduced 15 pressure. As for the apparatus and net hod

used for the heat treatnment, an apparatus and nethod in which heating can
be carried out by adjusting the atnosphéfe may be used. For exanple, a
batch type reactor, &ontinuous t¥£e_reactor, 20 doubl e-screw or

si ngl e- scr ewF¥RE rBABFST pPEEET or CPRBINTOBE PPYBT REFEHPY i B1LkeWeD carry

out the heatpihgatsedt vhel&ryoPitiNge SSCAMCASPECIAdD (H) IS-aioRigect of
the present 1nvention according to the second aspect to provide polylactic

acid which cbagatrhsr-a stereoconpl ex crystal and has excellent noldability,

a high nolecular ' ' Cky | Lini and a hi,gh neltin aint as

well as a nanufacfﬂ%%%%&%ﬁg%%gglt%%%%o%%e?%éepﬁveﬁ?g?%a§WQﬁfﬁék¢%W%%ent

i nventi o hapeotesmdi hale poéybactivact tbn hewnrgtAabi e Mahyedarineei ght ,
a high content_of a ,steregconplex crystal and, a high nelting point can be
obt ai ned by RRIY™SH xihy ¥rs q%t?%ﬁ?ﬁ@%?ﬁ@eap%%%%?¥iEB)p%W%I $c acid

bl ock copol yessx{ ) ecONsh SthGESSENLE Y Ade 1872 thal Bl {Ce@cid segnent
and a specific polylactic acid block copolyner (B) consisting essentially

of a DI acticemperhtwegmdn245 Tre3 ppéSent Thaheatti bredtisebie drerpesripites hed

based on thj i nei T inventionds lLyl.acti.c id_having a
mel ting peatiéétgjllgglﬁ orliﬁizgﬂgrtpé/\hél fc[ﬂ e Ut g:@é@@@ﬁ%’@?a% riﬁ?r%%c?f LJt]he
total ofionelwhery feakiseipetdeutenperiaigier €hayaidee stap whamreassred by
a differential scanning calorineter (DSC), which includes polylactic acid

(11) 10 conpB¥RFTI® 15°6OPBPHT BePTCreRT o B ocKhEohBRYy iere oMt tillg of an
L-lactic acigs bbeGhanta D10¢t g casi shyblock 308108y Ngo @it caLer age
chain | ength of each block of° 5 to 40, (3
preferably 1 to 20 minutes. The heat treatment is carried
out in an inert atmosphere at normal pressure or reduced
15 pressure.

As for the apparatus and method used for the heat
treatment, an apparatus and method in which heating can be
carried out by adjusting the atmosphere may be used. For
example, a batch type reactor, continuous type reactor,

20 ‘double-screw or single-screw extruder, press or flow tube

type extruder is used to carry out the heat treatment while

molding.

Second aspect

25 It is an object of the present invention according to
the second aspect to provide polylactic acid which contains
a stereocomplex crystal and has excellent moldability, a high
molecular weight, high crystallinity and a highmelting point
as well as a manufacturing process thereof. The inventors

30 of the present invention have found that polylactic acid

* having a high molecular weight, a high content of a

stereocomplex crystal and a high melting point can be
obtained by melt mixing or solution mixing a specific

polylactic acid block copolymer (A) consisting essentially




a weight ratio of the D-lactic acid unit (conmponent D) to the L-lactic
acid unit (conponent L) of 20/80 to 80/20, (4) 15 a wei ght average

‘nmol ecul ar wei ght of 80,000 to 300,000, and (5) a stereoconplex crystal

content of 80 to 100 % The polylactic acid bl ock copolyner is a bl ock
copolynmer of an L-lactic acid block and &7D-1actic acid block. The
L-lactic acid_block and the D-lactic acid block have an 20 L-lactic acid
unit or D-|aBfidndei tPEniE FEt Sasmaat 1S ReSPRELEORI POLYbrtia acidasic
units, respegtjiuel ' : inAl . t he

L-l actic aci %ig}égcél?pog&ﬁ%%gs Bcl&ggtﬁgﬁélgng%%%%ﬁggW? %eé{]go ;glgg:g? i%élaé:i d

bl ock 25 copepwent.arehsd presédt pneéstabhyhd® Heen3cciiphished avetaie
chain lengths are.smaller_than 5, crystallinity greatly |owers and
sufficientlyoﬂigﬁlﬁggﬁngéggstance and dynanic ~strength cannot be obt ai ned.
When t he maver age chiaé npleaghihisindégrl a3k 9eE HOP1 40 id Nec 54 ehep ex

crystallization rate 30 | owers disadvant ageously. The weight raitio of the

L-Tactic aciBelhing(Rembotlent?51d ay highere wbikchcareosnta Gart8¢ cormonent

D) represent Yot f cont aj k ic.acid (I1)
is 20/80 toﬁglé?Z%F E?%?E?Eﬁ%ﬁ%%?t?%g?@%%%g %ﬁr@%rﬁ?@%ﬁ%ﬁﬁ(y 60 to
60/ 40. When ¢hevabboe shepowhsnwiehsuréedi byrandef féréheipol ytaghisgaci d
(I'1) having a_high | ti int.is obtained. ‘he_ weight ratio becones
farther amayc?r%ﬁjrm%g‘?go?g%(ﬁ r YHSER ’r?ﬁi‘?ge%fpﬁgii‘ﬁ?’y‘l’a&’r@ tiy

st er eocampl exoppbyaBof $1) @?bﬂ?ﬁia&‘&ﬁ%- adie mc&h&oga%ﬁgﬁ BB 3l wei ght
of the polylactic 10 acid (Il)_ is 80,000 to 300, 000, preferably 9(?‘, 000
to 250, 000,°f @8rk-pret&f astid 1bochead @ IECIC avhé b lidak aptldwtiag

wei ght is | ow) ayarolded, product, havi ig, N ah S1E end, GOt o 40, (3)

- a weight ratio of the D-lactic acid unit {component D) to
the L-lactic acid unit (component L) of 20/80 to 80/20, (4)
15 a weight average molecular weight of 80,000 to 300,000, and
(5) a stereocomplex crystal content of 80 to 100 %.
The polylactic acid block copolymer is a block
copolymer of an L-lactic acid block and a D-lactic acid block.
The L-lactic acid block and the D-lactic acid block have an
20 L-lactic acid unit or D-lactic acid unit represented by the

following formula as basic units, respectively.

H O

|
o~ C—=C

CH,

The average chain lengths of the L-lactic acid block
and the D-lactic acid block of the polylactic acid block
25 copolymer are 5 to 40, preferably 10 to 30. When the average
chain lengths are smaller than 5, crystallinity greatly
lowers and sufficiently high heat resistance and dynamic
strength cannot be obtained. When the average chain lengths
are larger than 40, the stereocomplex crystallization rate
30 lowers disadvantageously.

The weight ratio of the L-lactic acid unit (component



be obtai ned and when the nol ecul ar weight is high, noldability greatly
deteriorates di sadvantageously. The 15 nol ecul ar wei ght distribution

‘(MM M) is preferably in the range of 1.5 to 3.0. The polylactic acid (1)

has a stereoconplex crystal content of 80 to 100 % preferably 90 to 100
s. The polylactic acid (I1) has a neltingdpeak at 200C 20 or hi gher which
accounts for referabI% 80s or nore, npre preferably 90 % or nore, nost

]j

preferably 98 of®nbhe Bfladel C taftd ‘\Bﬁ%quww N rrarie SesrRst ME?)SC)
I ti t Holl L i rifmt ar, .
el evation stepe Whshye RAMIE J0% 13 S ghe%gg#o;gggagggt%@z@o@ 9

The polylactic acid (I1) has a nelting point preferably
200 to 220C.20h0 pod A0t ,c paeifgrablly 2643 5atoel [ 2%), entdwmlgmefefra2Qyd/ g or
nore, preferabl 0 or re. Preferably, .the polylactic acid (Il) has
a nelting p‘g@a&g%?“?gﬁ%lgr‘ h ﬁ}&rt%iaﬁ?"a@céy&&ﬁtos_lﬁo‘fl l%td?l’?rﬁra@%r' t he
total of smelthag@pakect v taeid epey aﬁwm%l £Viat §10 St @ ohen f@asur ed
by the differentjal _scanning calorineter (DSC) a nelting point of 200 to

250C and a rRPEIHERNt AR fyicofeighit) et mecomernagsihpraemay daiom (11)
may contain S I f %Jﬁ ohpnoyer 91?,?@999”5 r than the
L-lactic aciéd@/uégéi't %e a 1—f%lel a}gtclgfg act d um t repr e‘%’c;a{r]\c?ed by the above
formula. TheEerararprex qomponentis sirgpatiosd boxyd i ¢ aci d, pol yhydric

al cohol , hydroxycarboxylic. acid or |actone havin ctional, group
capabl e of form ngrhtwéﬁgﬁﬁo?‘éej@@%rm@rﬁfdgar B’eég}"gc%&gﬂ'f%ﬁ’oﬁréﬂ@%&&f:uri ng
pol yl actibc agtili (Irlr) >isTBe, pobyt@gbio 0aei, dokd far L350y 0@ , FanUf detsur iphe , by
(iit1) melt mxing or solution mxing (i) a polylactic acid bl ock

copol yner (AP HRIRGTRP 6f Je{}PrLQCIIQa(ﬁg? CZ!%&QPQ}I o¥kepLBjeamgleguaab- | actic
e o sosr ST 3, PBU RN Saee e 0L0) phy USRS
| engt h of edsh dittecined and when the molecular weight is high,
moldability greatly deteriorates disadvantageously. The
15 molecular weight distribution (Mw/Mn) is preferably in the
range of 1.5 to 3.0.
The polylactic acid (II) has a stereocomplex crystél
content. of 80 to 100 %, preferably 90 to 100 %.
The polylactic acid (II) has a melting peak at 200°C
20 or higher which accounts for preferably 80 % or more, more
preferably 20 % or more, most preferably 95 % or more of the
total of melting peaks in the temperature elevation step when
measured by a differential scanning calorimeter (DSC).
The polylactic acid (II) has a melting point of 200
25 to 250°C, preferably 200 to 220°C. The polylactic acid (II)
' ‘has a melting enthalpy of 20 J/g or more, preferably 30 J/g
or more. Preferably, the polylactic acid (IT) has a melting
peak at 200°C or higher which accounts for 90 % or more of
the total of melting peaks in the temperature elevation step
30 when measured by the differential scanning calorimeter (DSC),
a melting point of 200 to 250°C and a melting enthalpy of
20 J/g or more.
The polylactic acid (ITI) may contain 10 wt% or less

of the comonomer component other than the L-lactic acid unit



of 5.to0 40 and (ii) a polylactic acid block copolyner (B) consisting of an
L-lactic acid block (LB) and a D-lactic acid 15 block (DB) in an LB/ DB
‘wei ght ratio of 40/60 to 3/97.5 and having a wei ght average nol ecul ar
wei ght of 80, 000 to 300, 000 and an average chain | ength of each bl ock of
5 to 40. (polylactic acid block copol yml,*?s (A) and (B)) 20 The DB/ LB

wei ght ratio e D5l 1.C kd hlock (DB) _tq.the L-lactic.acid block
(LB) of the %%{iy#ﬂellac%:) P%agglﬁg %?Jg%l%mlctoﬁgp %ﬁﬁ%n?ﬁa l.i’%%ﬁj@/ %@O'{’% Eoig .
preferably 3Bh65 damdai@er compenphel esably c3hbékyle 54854, mstyHyEfier abl y

15/85 to 5/95, VWhen (DB/ LBQ <3/ 97, the stereoconplex crystal formation
rate 25 may FORRROY SBYGEAFEGREDSYY L I vRA1d0PB0lact Ry UBIVing02 40, the

mol ecul ar wegghtt pbnd Doy RALY Laphbs eask ¢ Hnfidly EQBgché’ WRfre DECOMBR W and

polylactic acid stereoconpl'ex polyner having exc ent heat resistance and
a high mdl ecul ar weight nay not be obtained di sadvant ageously. 30 The

LB/ DB wei ght I fothe L-lactic acid block (LB) 1 D-lactic acid
bl ock (DB) o?lg’ra‘f’]%g%%ﬁ/?%c ?%%%?%um%kPOi%§%$§+@rafﬁ§ k@f’@/ 60 to 3/97.5,
preferably 35/ 65 tTheoh@iylameie ptedermab ¥adlle haho faclorifmshy prigfigr abl y

15/85 to 5/95._ Wen (LB/DB) < (3/97), .the ster eoconfl ex crystal formation
20 rate may"fbWSLERERRFAFCIGEIRER FixhRen (2d/ sed Yiapipey acid®iesk t he

ol ecul ar wek i1 fhet NGy PRLKEAGkfoAGE Ldlingla o CoPALYREE) Becorms) Loy and

polylactic acid stereoconpl ex polymer having excellent heat resistance and
a high A8l ecultarla8tdei gietidnhyonst (DR) ot & PedLei sadyhnt egebusify 40T6@ wei ght

| | i gh f &h | vl acti i d _bl.ock |y, d
(B are bot Lo Bho C8'Sd6 160 & Ul i35t a0 Sz G
preferably 100,000 Ho0302000008nd The SRded ahawel U8hgehsdf iddHH &N ochdv M)

is 10 pref erablcﬁy inthe range of 1.5 to 3.0. The average chain | engths of
the L-lacti ®hd Fddftendand ihé BAlydactisciedlsl ddecs comelysieyl 480 c aci d

bl ock  copolyumey S Alg 88k B)- 138 1902 L 03 Hhod¥ ¢1.8Y 2y a19- 19-830- acia
15 Dblock (DB) in an LB/DB weight ratio of 40/60 to 3/97.5 and
having a weight average molecular weight of 80,000 to 300,000

and an average chain length of each block of 5 to 40.

(polylactic acid block copolymers {(A) and (B))

20 The DB/LB weight ratio of the D-lactic acid block (DB)
to the L-lactic acid block (LB) of the polylactic acid block
copolymer (A) is 40/60 to 3/97.5, preferably 35/65 to 5/95,
more preferably 30/70 to 5/95, most preferably 15/85 to 5/95.
When (DB/LB) < 3/97, the stereocomplex crystal formation rate

25 may lower disadvantageously. When 40/60 < (DB/LB) < 60/40,
the molecular weight of the polylactic acid block copolymer
becomes low, and polylactic acid stereocomplex polymer
having excellent heat resistance and a high molecular weight
may not be obtained disadvantageously.

30 The LB/DB weight ratio of the L-lactic acid block (LB)
to the D-lactic acid block (DB) of the polylactic acid block
copolymer (B) i1s 40/60 to 3/97.5, preferably 35/65 to 5/95,
more preferably 30/70 to 5/95, most preferably 15/85 to 5/95.
When (LB/DB) < (3/97), the stereocomplex crystal formation



When:t he average chain lengths are smaller than 5, 15 crystallinity greatly
| owers and sufficiently high heat resistance and dynam c strength cannot
“be obtained for use and when the average chain lengths are | arger than 40,
the stereoconplex crystallization rate |owers disadvantageously. 20 Both
of the polylactic acid block copolyners ¥A) and (B) have a nelting peak at
200C or higher and a nelting peak at 180C or | ower when neasured by a

di ff erenti al T3eAPRHgLO¥RT of i padeantameyushind fhemdd/iaty pddiB/BB)260C or

hi gher acco f r 0 t . Of 25
rrelgti ng peakgwéi'%'eq{v\%?gﬁf%gﬂ%r(]:)‘?e%%ép%gyﬂg%tﬁl}é%%ch?o%%%o%ic: %/krrer (A
to the polyl eepéLymer dodst@oks cpo) yamsd mcﬁhylacmefaam:ablsfteﬂél?d%lnﬂl%ﬁ_(l)_IhQO,
nore preferably 75/25 to 25/75,. nos referably 60/40 to 40 ) e
term ﬁal gr o%%zmﬁr %‘ﬁglf}gﬁ?f%%ﬁe&lﬁt‘iaagmeo%k&%f‘?ﬁ@rEl@Af“O fEFYBF may be
capped by vakéDist Wesks notEXsebiesa Hed Nei dLdvaMad g&ApPINg group incl ude

acetyl group, ester grQUE, et her group, am do group and urethane group.
The expressi on "neilt® WEkPRE avREAES PRaeCcuBarpet \ohiet o Phe padivd asitdek

conol yrer s (491809 (LBt PP (0Shlct B8 pdinl B810Bb £ 30l oEe! ti no

t enper at ure maybe any t ature at yl"actic acid’'block
copol yners (pefawbl{lB) dela0buto 2 Qrefer abdne prefmperlatwred®ndoOwas

ossi bl e at | C he lten mixture i.s.not .solidified so as to,suppress a
gecorrposi ti ’e(gbc 'ioﬁrgguf"loﬁrﬁc PE HEIhy. d'?ﬂﬁgffé Gid O (MW?EIﬁ‘ér i8ne of the

nel tingipoi e drddis, pol WaCtisnAcisk bl otk o cpppl yners (A) and (B) is
taken as the lower limt and the 10 polylactic acid block copolyners (A)
and (B) are prefer§ ¢versPeerhatnal ergpbs 2 firtdis0clamrie medidebabrl 30C,

particul ar Yol hel dhlnackd d QAL el d Rk 1A} ¢ lddTd piRl e
Specifically, they are nelt m xed together a
copolymers (A) and (B) are 50 to 40, preferably 10 to 30.
When the average chain lengths are smaller than 5, '

15 crystallinity greatly lowers and sufficiently high heat
resistance and aynamic strength cénnot be obtained for use
and when the average chain lengths are larger than 40, the
stereocomplex crystallization rate lowers
disadvantageously.

20 - Both of the polylactic acid block copolymefs (A) and
(B} have a melting peak at 200°C or higher and a melting peak
at 180°C or lower when measured by a differential scanning
calorimeter (DSC), and the melting peak at 200°C or higher
accounts for preferably 10 to 50 % of the total of all the

25 melting peaks.

The weight ratio of the polylactic acid block copolymer
(A) to the polylactic acid block copolymer (B) is preferably
90/10 to 10/90, more preferably 75/25 to 25/75, most
preferably 60/40 to 40/60.

30 The terminal groups of the polylactic acid block
copolymers (A) and (B) may be capped by various ways.
Examples of the terminal capping group include acetyl group,
ester group, ether group, amido group and urethane group.

The expression “melt mixing” méans that the polylactic



150 to 220C. 15 The atnosphere for nelt mxing is not particularly

limted, and nelt m xing may be carried out at normal pressure or reduced
~“pressure. In the case of normal pressure, it is preferably carried out in
a streamof an inert gas such as nitrogen or argon. To renbve a nononer
formed by 20 deconposition at the tine o2lnelting, it is preferably

carried out under reduced pressure. The order of injecting the polylactic
acid bl ock ©opolphers FORTEYR) (Ahtdnd hPlaphs dtved drogaiitenidi kg i s
not limted. dheLgforsrethe two conponents may be 25 injected into a m xer
at the same tinme, or the polylactic acid block copolynmer (A) is nolten and
t hen the pol yl act iZhe meld ibboodknmopl ynemnayBle anyitrgmgetred wredaiwteawi t h

the nolten lylactjc acid bl capol A). These copponents y be
in the for m%lf?e ap% ?Fl%r%%ﬁ?gbkjo?&geﬁk%lﬁyﬁs n{;gbl @?53@#% g 1{;& |,
m xer, sisnglpreseabDy &otbhee BEE @M X4 I LEkeTas Qo datshe typevEss etheapabl e

of heating is used to heat and knead these conponents. The expression
"sol ution nmiTPhe®R MEEREUFRatsS thet $olidhkied RidP btockRRPPYMErs (A) and

(B) are di ss@lysflbddicidh arSQLyeot and; 'pﬁ%ﬂgﬁ%@éig&ﬁe&%%é e ;sol vent

is renoved. The solvent is not particu i ssol'ves the
pol yl acti ¢ deighdt ovk cbHpdieymelsifd)pant{ Bf thépaiplestis afid hdosdd vent

i ncl ude chl or of met hyl ene, chl,or.i d di chl oroet hane, tetrachl oroethane,
phenol , tetr% %ﬁiﬁ?ﬁ%ﬂ¢% ﬁFﬁ%ﬁE?lﬁfr?éF?&oﬁ@,tRf %W%%t%ﬁ?%% t%@,

but yr ol act orpolyud@@ra@iamlb@xaéé%@mhé@@rmaaﬁa () &R elfefdbakone or
in conbination of two or nore. 10 The anmount of the solvent is preferably

such that i t("OEurds & HMRHER TRl S drfouritort RIREYIAI BT Caci d bl ock
coPOLVIeT s SARLLBLPTAES 1 20 ok Ol enafnfer bl | o 10
- limit value. Specifically, they are melt mixed together at
150 to 220°C.

15 The atmosphere for melt mixing is not particularly
limited, and melt mixing may be carried out at normal pressure
or reduced pressure.  In the case of normal pressure, it is

- preferably carried out in a stream of an inert gas such as
nitrogen or argon. To remove a menomer formed by '

20 decomposition at the time of melting, it 1s preferably
carried out under reduced pressure.

The order of injecting the polylactic acid block
copolymers (A) and (B) into the apparatus for melt mixing
is not limited. Therefore, the two components may be

25 injected into a mixer at the same time, or the polylactic
acid block copolymer (A) is molten and then the polylactic
acid block copolymer (B) is injected and mixed with the molten
polylactic acid block copolymer (A). These components may
be in the form of a poﬁder, granule or pellet. For mixing,

30 a mill rQll, mixer, single-screw or double-screw extruder
or batch type vessel capable of heating is used to heat and
knead these components. |

The expression “sclution mixing” means that the

polylactic acid block copolymers (A) and (B) are dissolved




of the solvent. 15 The polylactic acid block copolynmers (A) and (B) may be
dissolved in different solvents and then m xed together, or one of them
‘may be dissolved in a solvent and the other nmay be added to and m xed with
the resulting solution. The renoval of the solvent nay be carried out by
heating, vacuum 20 distillation, extrac®fon or a combination thereof. The

pol ylactic acid (Ili ob%ainsd LN the 8rocess of. the Eresent i nvention has
a st er eoconptBx2cPystaRtcahtefit %8s ta8e 81 08nY, tREBf ERELFYLEEME 01200 % and
a wei ght averagevedDl ecul ar wei ght of 80, 000 to 300, 000, nore preferably
90,000 25 to 250, 000, nost preferably 100,000 to 200, 000. The polylactic

acid (11) may contBip sgddienitves notgepn et foripddméssidnf atrdsigvlsiech as an

anti oxi dant, 1, QR4 i JiZ€4,s t ilizer i -fungus agent,
dye, lubricant, %ﬁj I e%ﬁﬁg agézecﬁ%,logga‘gtw%g%‘%,@go@darafin(t:i Z]g} fil Xea%‘pg'resg
i nor gani & fi¢f ethahschvestusedltder ehhbosEermhemethal 86& et hBbiLdgy operti es

f in. nuf acture of polylacgtic acid bl ock copolyner (A The
Bol sl ;gts : c a‘g:fr‘r‘ghg?%%?t%%]ﬂ%r fpﬁéyafiﬁamh%q'hﬁhﬂgdBr‘-’c%'é’s?é'lyg*r)o%ﬁﬁ’éfaﬁ?resent
i nvention Calm-rb@tlg’??%{ﬂﬁbngn@y NTRN 114 i D 1OF OFm Pl 4K | B P 1S tone,

pol y-L-lactic aci LA) having a weight "average nol ecul ar wei ght of
5,000 to 20, P0r¥ERe apdlhiepdlaariad sepirerEPRIAFbAan ageaused ghtoray @rage

nol ecul ar 5 i . 000t 0 in a PDLA/ PLLAwei ght ratio of 40/60
to 3/97.5, s%\‘[?i d y%%é%%lg %x%‘rgeo%nd&?%'rt her solid-phase polynerizing

it. Thelpol y-L-| acllie aacichtand the polyeht| fgtpee BsidbTanudte thyit hesi zed
by the livi n?cl?ste Wi eﬁ\}gol merization of 10 |lactide which is a cyclic

di mer of | actiTd dﬁ'( PLacghafrues10F 48h€ 4Bl 1390C adrellogkIp- A
1-225622), tdspolmied [ANGaPelsNhbUyd®ri zad i oM ngr,g@c%mvgeil i de in
the presence of a specific stereoselective polynerizatio catal yst (refer
to JP-A 20016l Ly At Ptraasiyhemedatitohased on 100 parts by weight

of the solvent.

15 The polylactic acid block copolymers (A) and (B) may
be dissolved in different solvents and then mixed together,
or one of them may be dissolved in a solvent and the other
may be added to and mixed with the resulting solution. The
removal of the solvent may be carried out by heating, vacuum

20 distillation, extraction or a combination thereof.

The polylactic acid (II) obtained in the process of
the present invention has a stereocomplex crystal content
of 80 to 100 %, preferably 90 to 100 % and a weight average
_molecular weight of 80,000 to 300,000, more preferably 20,000

25 to 250,000, most preferably 100,000 to 200,000.

The polylactic acid (II) may contain additives
required for processing a resin such as an antioxidant,
optical stabilizer, catalyst stabilizer, anti-fungus agent,
dye, lubricant, nucleating agent, plasticizer, organic

30 filler or inorganic filler which is used to reinforce the

characteristic properties of a resin.

(manufacture of polylactic acid block copolymer (A))
The polylactic acid block copolymer (A) used in the



15 of- lactic acid or the ring opening polynerization of |lactide. The

wei ght average nol ecul ar wei ghts of the poly-L-lactic acid and .

‘poly-D-lactic acid are preferably 5,000 to 10,000. The PDLA/ PLLA wei ght

ratio of the poly-D-lactic acid (PDLA) to the poly-L-lactic acid (PLLA) is

40/60 to 3/97.5. 20 It is preferably 3585 to 5/95, nore preferably 30/70
15/85 ta 5/95., The e "mel t. m xing" neans

to 5/95, nost prefer , ressi on

that the poP§9E?F30?€?£§CPHe%%t tll’i’é’eﬁmjﬁrt}cﬁﬁﬁg? @apGtacIE e Redre koget her
ina nolten GiRifAg @b sOIRIA mIkiind0pbeReLakute cNRYi§e(Bya ) IRANA] ure at
which the poly-L-lactic acid and the poly-D-lactic acid nelt but

preferably a2t¥fpehhtayerage |voleculwssidlghhtofnh 0@ Heo IfblIG&h Wittt ure is

not solidifi Oona ; i L] e ' uring el t
Txing.  Therer of oD FRECAS A YEota) HREOTRON edBt R5bLa0e MILHTIH ¢ ne
pol y-D-1 &ctieeight @fi §, 0akdm 28, obhe ﬂmmﬂﬁi/{ﬁmz}aﬁdighe rzaliyr beWGS%Cam d
and the poly:D ic aci.d are preferablLy nolten_at a_ tenperature '

nor e prefera%?yig%%é:’paf’rq]ijt?ﬁllfg’ﬂnﬁ t%?e?‘é%ﬁﬁﬁ 3t I BGRS ThiSgHed THEPS he
~lower limt yalyger24ingpeeifically, they are nelt m xed t oget her at 150 to
200C. The atnosphere for nelt mxing is not particularly limted, and nelt
m xing may be car rikR bedyy -&t lastinl apidsand éheppolgdicddcpiessui@.cam t he

case of nor r bty b i i stre of an
et “gas sugh SpiStifed oy b PLEMHAGBRLAL Yo en (o RS
deconpodit i ohaat iddhevtticte iof aredstalnig; dimdrs gff efsertakd )aciQBL(Ma&d:ﬁ;ﬁwlldunder
reduced pressure. The e ession "solution mxing" neans that the

pol y- L- | gct i@%i dlgjn'd %ﬁ”%ﬁﬁ y&@?%)c't i €= ot%r‘gp”cﬁ‘ ssot4RRF2 ) n ®'%ol vent
and m xed togetder rand sHER: PSPtz AS orf BFOMEEN 8280k MENM ;t%leenot

particularly limted if 1t dissolves the poly-L-lactic acid and
pol y- D- | act IRFEREREE Bdarplsrecific stereoselective polymerization

catalyst (refer to JP-A 2003-64174), the melt polymerization

15 of lactic acid or the ring opening polymerization of lactide.
The weight average molecular weights of the poly-L-lactic
acid and poly-D-lactic acid are preferably 5,000 to 10,000.

The PDLA/PLLA weight ratio of the poly-D-lactic acid
(PDLA) to the poly-L-lactic acid (PLLA) is 40/60 to 3/97.5.

20 It ispreferably 35/65to5/95, more preferably 30/70 to 5/95,
most preferably 15/85 to 5/95.

The expression “"melt mixing” means that the
poly-L-~lactic acid and the poly-D-lactic acid are mixed
together in a molten state.

25 The melt mixing temperature may be any temperature at
which the poly-L-lactic acid and the poly-D-lactic acid melt
but preferably a temperature as low as possible at which the
molten mixture is not solidified so éts to suppress a
decomposition reaction during melt mixing. Therefore, the

30 melting point of the poly-L-lactic acid or the poly-D-lactic
-acid is taken as the lower limit and the poly-L-lactic acid
and the poly-D-lactic acid are preferably molten at a
temperature 50°C, more preferably 30°C, particularly

preferably 10 to 20°C higher than the lower limit value.




15 of- the solvent include chloroform nethylene chloride, dichloroethane,
t etrachl or oet hane, phenol, tetrahydrofuran, N-nethyl pyrrolidone,

‘N, N- di et hyl f or mam de, butyrol actone, trioxane and hexaf | uoroi sopropanol
whi ch are used alone or in conbination of two or nore. 20 The anount of
the solvent is preferably such that it Z2#fsures that the total anount of

the poly-L-lacti¢c_acid and the poly-D-lactic acid becomes 1 to 30 parts by
vei ght,  prePBFabFyCa1LE: 1paree Belientked jerertr B601pArER® A0 Wi ght
of the solvent. 25mlhe; palysis i i d and; the; - ' j.d may
be dissolved in different s%l#ev%%gsé]gn@&itﬁen m%(%dl%)gljé%E %eérl?g%@l%%i of them
may be di ssolieited, ansbhebhmixndgtimy behsarr iy obe sddedmbd rardsdneed Wit h

the resultin ion. The _renoyal, of the sal vent be carried ,out by
heating. 30 %’?tsl'ﬁe)éré{%ee%?&’leys-sﬁl-lﬁleact B BRF £ai E‘Oﬁg'ﬁg?é?ﬁﬁ’ﬁ%' Heild are
melt mxed oprebépabOy daxelkd egel Hel a bRech@sYit LAJindt Xt £ dixiseld di fied

by cooling to, carry out solid-phase polynerization. The solid-phase
pol ynmeri zat i DhEFRIEHeCL cAFIPRd TRt TANYS ehpEiwnate fgmed & or hi gher than

the glass 28%jeds _éi&p&tm@a@tﬂrﬁe(J@m%%ﬁq@m;i@g%g&@%féml r |owver,

- preferably Tg or "higher and a tenperature r particularly
preferably Tepioridd ghet wnden teanperdtpress®oOL | ower than Tm Tg and Tm can

be measured by DSG,. 5 The sol. d-phase .polynerizatjon is preferably carried
out under reduced%&eeses?{ﬁree,sﬁ‘]bqn efé%ﬂ‘}tgl,o%.wltw 204 “HiterdtSably 0.1 to

2 hPa. Sbncepdhe polaetid actidcansithapdlyi-e 1pI-Dabagtd e aGisdAkRqg

chem cally bonded together by an ester reaction or dehydration

condensat i on-t a9 BEIMHAYG dnirtegh\LoFeidirte rrd dHem the t3ml e dati ng of
the reaction.cpfigfy . they are polynmerized under reduced pressure, this

by- produced water can be renoved to the outside of the reaction system and
reaction equili briTina sahveet disi fieegatrt i calpallyntiniioed df st déssvherst he

pressure ex%%eedSogg-EE%actic acid and the poly-D-lactic acid. Examples

15 of the solvent include chloroform, methylene chloride,
dichloroethane, tetrachloroethane, phenol, tetrahydrofuran,
N-methylpyrrolidone, N,N-dimethylformamide, butyrolacfzone ,
trioxane and hexafluoroisopropanol which are used alone or
in combination of two or more.

20 The amount of the solvent is preferably such that it
ensures that the total amount of the poly-L-lactic acid and
the poly-D-lactic acid becomes 1 to 30 parts by weight,
preferably 1 to 10 parts by weight based on 100 parts by weight
of the solvent. |

25 The poly-L-lactic acid and the poly-D-lactic acid may
be dissolved in different solvents and then mixed together,
or one of them may be dissolved in a solvent and the other
may be added to and mixed with the resulting solution. The
removal of the solvent may be carried out by heating.

30 After the poly-L-lactic acid and the poly-D-lactic
_a.cid are melt mixed or solution mixed together, the resulting
mixture is solidified by cooling to carry out sclid-phase
polymerization. The solid-phase polymerization may be

-carried out at a temperature equal to or higher than the glass



15 this dehydration beconmes insufficient and when the pressure falls bel ow
0.01 hPa, a further dehydration effect is not obtained. The solid-phase
‘pol yneri zation may also be carried out in an inert gas atnosphere such as
nitrogen. The solid-phase polynerization tine is at least 5 hours, 20
preferably 5 to 50 hours. The solid- phas%—”pol ynmerization tenperature is

preferably raised s t he degree of ?%nrrerl zation inpcreases. The
sol i d- phase g5ﬁ9ﬁé 28t 5w (897 &nd g lidmg Rt @k | \Fm)i artesd it a

concentrati opredei-gh1{aY b@ruﬁ 1eP £0A1 £al orflbd £Lc @F e I 4B LY, &ﬁeﬁea{aﬁf] may
25 al so be used. Prefera Igy er the solid-phase pol ynerization e
IS

term nal grod®.iBAEEppetRY farakhie Tchermaligbeabahdty tenfoadsfoy med

pol yner, andcfupt h taly react ed_ nono renoved by
re- preC|p|tatpo% Egﬁe%ng%%g @+u?%go ylgg i ¢ ea%?%s%¥%%ﬁb¥a%§?yner (B))

The pol ylsactic aCI'ﬂqdalmlqcrqﬂﬁswrpbl@ﬁ)ard&ladi@n HB Ntf SEd HHISTh e Wl dg m xi ng
or mxing in the resenc&vof a solvent y-L-lactic acid (PLLA) having a

wei ght aver agBt 28R9%p| LEATard viRY §REUEE SE@BO‘%{‘%‘T‘E@EOO@ W t PP peP yRPR) actic

acid (PDLA) phavépghay Wi Ohic 3verpage geheeu oht 2P, 000
in a PLLA PI:{A wei gh?yr atio oof 40/ 60 to 3/ 9{%1%5 ﬁ\5:1sol I d%%/i?ln(g%e resul ting

m xture and Be¢irplrdsel B e prddi Qrﬁgihﬂmld'&ﬂelxp(bioyﬂd&dt togathdrbbpcin

copol yner (B)g C e sa thod

above- descri e%gflpr}o%eti ac{ %g\a%é%&%F copo THET g)?@é%thlnder%éLs\/\el ght
rati o ofLot hdoqu:yerﬂmtmrau@n@cwﬂt]anﬂlet beopebmaglcamthé egdékidhe paley actic
aci d bl ock @Em ynmers (A) and (B) nmay 10 _contain a catalyst for

pol ymer i zat i on® THt Y W‘?’é“fef%turb%ern’é? %%Pr%%nf%r%m stability of a
resin. The cgfahySducd® watdh &ﬁmmdem&yé@ww@mm% t'xl{‘
a stabilizer for

conmpound, organic acid or inorganic acid. Further
deact i vat i ng-earet ke \ﬁéfﬁtam@n@erc@@kmneaquaiilbheumm thamshifted to

a polymerization side. When the pressure exceeds 20 hPa,

15 this dehydration becomes insufficient and when the pressure
falls below 0.01 hPa, a further dehydration effect is not
obtained. The solid-phase polymerization may also be
carried out in an inert gas atmosphere such as nitrogen. The
solid-phase polymerization time is at least 5 hours,

20 - preferably 5 to 50 hours. The solid-phase polymerization
temperature is preferably raised as the degree of
polymerization increases. The solid-phase polymerization
apparatus 1s not particularly limited but a concentration
drier may be used. A conical drier or drum type heater may

25 also be used.

Preferably, after the solid-phase polymerization, the
terminal group is capped to improve the thermal stability
of the formed polymer, and further the catalyst and an
unreacted monomer are removed by re-precipitation.

30 |
(manufacture of polylactic acid block copolymer (B))

The polylactic acid block copolymer (B} can be
manufactured by melt mixing or mixing in the presence of a

solvent poly-L-lactic acid (PLLA) having a weight average



15 <econposition> The present invention includes a conposition which
contains polylactic acid and a filler in a weight ratio of 98/2 to 1/99.
‘The polylactic acid includes polylactic acid 20 (I) and polylactic acid
(1) . The filer is preferably an inorganic filler or organic filler.
Exanpl es of the inorganic filler include2glass fiber, graphite fiber,
carbon fi ber, ggtal fiber, potassium titanate whisker, alum num borate

whi sker, magh@sTariPEIREBY WHi SkBPC &% 120 GP-DhHiER PRl kT lagkic @stishi t e,
sepiolite, [ : lLe hte i vm S fLber, idlica-
alunina f bef,pﬁ%jr e iabza%?glsli&l?%%%Qigt%rﬁhdée@{llabl:?{el%%gr bR 009 ,éogl ass
fl ake, non-eXpane? bie i BLl.APAbA| veichtetatidodf, 4046, tcl 2Y97 s ca,

sericite, be Lt e, . kaolin, 30 nesi um car bonat e, barium sul f at e,
nagnesiun1su$%g¥%%gyﬁﬁ i %n¥%§%¥€g?%emlﬁﬁﬁﬁ%s? B L, PP ot al ci t e,
nmagnesi um hyols Dxhete: z Dy@psitm amthed Psignidea i P s Rl tdwpangay gghil | er

I ncl ude natural fibers para-aram de fiber, polyazole fiber, polyacrylate,

27  pol yoxybedR BECmaRi R GHISEEPY %@F@W@T@%WS %@@WWSW@ ofse
whi sker. Th i | - e.. . o]
| sker. T eﬁ@l)%lééﬂé dEYa Q?lc‘;élpr&ﬁfoelr}r@é? dar egfcer'bgtgfyo% HH w&liﬁtt

these fillers, Tibrous inorganic fi s are prefer and s fiber
is particul ardtyiprdf sheaool The- bspett acitd andf thaepdlifimrldst pr efeddabl y 5

The term * aspect T4 eovaigeda TRLE bPBEL EaoSiiel nS rd | lomavor T o
fiber byot hedhiame er cataihecfiberpdiimdia 0 icasqiehia fikiessdd ker and a

val ue obtained by dividing _the Ien%th.in the | ong-period direction by the
t hi ckness i Mo% HER3Ade the sheamer| aFabibéty Thea fesinc Mikulcasadlsthe

filler is prifefably RuyfRme M dddia, ™ake SPASHMAL 2
t hernopl astic resin
organic acid or inorganic acid. Further, a stabilizer for
deactivating the solvent may be coexistent at the same time.
15
<composition>

The present invention includes a compesition which
contains polylactic acid and a filler in a weight ratio of
98/2 to 1/99. The polylactic acid includes polylactic acid

20 (I) and polylactic acid (II). The filer is preferably an
inorganic filler or organic filler.

Examplesg of the inorganic filler include glagss fiber,
graphite fiber, carbon fiber, metal fiber, potassium
titanate whisker, aluminum borate whisker, magnesium-based

25 -whisker, silicon-based whisker, wollastonite, sepiolite,
xonotlite, ellestadite, gypsum fiber, silica fiber,
silica-alumina fiber, zirconia fiber, siliconnitride fiber,
boron fiber, glass flake, non-expansible mica, graphite,
metal foil, talc, clay, mica, sericite, bentonite, kaolin,

30 magnesium carbonate, barium sulfate, magnesium sulfate,
aluminum hydroxide, magnesium oxide, hydrotalcite,
magnesium hydroxide, gypsum and dawsonite.

Examples of the organic filler include natural fibers,

para-aramide fiber, polyazole fiber, polyacrylate,



15 or thernosetting resin or bundled, treated with a coupling agent such
as am nosi |l ane or epoxysilane, or nodified wiwth an organic substance. The
“above fillers may be used alone or in conbination of two or nore. The
natural fiber preferably has a single-fiber 20 strength of preferably 200
MPa or nore, nore preferably 300 MPa or2fore. Wen the natural fiber has
t he above str th it has_satisfactory nechanical properties as a
conposi te nﬁgggi)}é bgﬁaoécn%f:aédmﬂjr%]aﬁjét B ‘?@’%@(%’F]P‘é}ﬁf i kRl Fhi sh
can be obt ai petllasotbewnimpua . of the filler is reduced. 25 The natural
fiber has a fiber dianeter of 0.1 gmto 1 mm_preferably 1 to 500 m The
aspect ratio (I engtheseifddeean may henéihnour allandlday orpragdieblikes0 or
more. Wi But Rirsc £880%: 110G d oAl 0 A hBeLHiR e S XS £ 4,qQ8] her
wel | and a nol ded product having excelTlent 8y5| ca properties can be
obt ai ned %y andpoladsngibdheiasparticalaolyisrabeergdef erably 100 to 500,

t f bly 1 to 300. t ho any, natural fiber nmay be
gg\s}anfggeg{él yyus(e)ﬂ“? %Slptecgﬁét}? @?FHE ¢Eitf e+ o LB SpeEimausy
vegetabl e fibee Spsaiftdrasl kerplor RaFRQOpatt BXu1880P, pROBL- PP A ot ton

28 maybe advantageously used. Particularly wood pul’p obtained fromwaste
material s, pBPH® obtBIhEETR GERREdt B2 bhperd sahta lieteb s o dbpati viddmok enaf

are extrerel yngrefersed, pecane. , thew ave a4 qadl gnenvisongent and
ﬁ% ity. e aturalcgfa?‘b

hi gh regeneration abi ercan be nanutacture eby any
‘met hod 1i0f i¢as¢ opinantilstowngiil oam drel maivelaienedtatisid tHbld vidnages.

Ex I f th t hod.i i) fibril].ation by chemcal, pulping, (ii)
fi gm th ?ontlb§ 5 5#‘2@#3?]??43‘)%%%@4}&8%%‘{ BYi FRattirkre g ity
mechani cal filkgidded ion. a ThemsLrdaces 9ir I henpatzal ifd hyauTay e wad fied.

The -strength of the interface between the fiber and the resin is
i ncreased orfiheemurnRrefsrallprt RbIgr ingHeved by the nodification of

the surface of thepatiiralef LR 1l QIRYL Yrith a thermoplastic resin

15 or thermosetting resin or bundled, treated with a coupling
agent such as aminosilane or epoxysilane, or modified with
an organic substance. The above fillers may be used alone
or in combination of two or more.

The natural fiber preferably has a single-fiber

20 strength of preferably 200 MPa or more, more preferably 300
MPa or more. When the natural fiber has the above strength,
it has satisfactory mechanical properties as a composite
material and a molded product having excellent surface finish
can be obtained as the amount of the filler is reduced.

25 The natural fiber has a fiber diameter of 0.1 um to
1 mm, preferably 1 to 500 um. The aspect ratio (length =+
diameter) of the natural fiber is preferably 50 or more.
Within this range, the resin and the fiber can be mixed
together well and a molded product having excellent physical

30 properties can be obtained by compounding. The aspect ratio |
is more preferably 100 to 500, most preferably 100 to 300.

Although any natural fiber may be advantageously used
if it satisfies the above conditions, especially vegetable

fibers such as kenaf, bamboo, flax, hemp, wood pulp and cotton




15 the surface of the natural fiber, a nmethod of chemcally introducing a
functional group, a nethod of nechanically roughening or snpothing the
‘surface, or a nethod of reacting a surface nodifier by a nechanica
stimulus may be enployed. The natural fiber may be a single fiber or an
assenbly of 20 fibers. The weight ratio28f the polylactic acid to the
natural fiber in the conposition is 98/2 to 1/99. It is preferably 85/15
to 40/ 60, noFeYpHefevVaBLageonsdy urssh/ 58artheudsnpysiaddnuipokicritmdh at

I ddi.t i : L er | asticizer,
ant: oxi dant  Fony FaSrIchaperiate” bREpaBERbLN Shon BEEF P PeR i
stabilizer, fibersarbtaimé@aSmmiensf anti ekatrenedgentefeftadmbdeiaraant,

foam ng agent, filler, anti-fungus/anti-nould agent, nucleating agent, and
30 col gr a%t FReY vy -adg‘i@aihd{fﬁ?gr%he%%rmnﬁmtng?é ot 1HISHRHAGIN to the
obj ect ofs th@bp;[@\g?nt I nvention. At |east one other thernoplastic resin,
thernosetting resin or soft thernoplastic resin may be further added to

t he conposition wite Matyak Hdepregudieimanuinathsrasbjhac tarpd megthache

resent inventi:an. r@g_s' ' [ nt .invention,is
Ironamuf act uredf%;}%{éhggﬂglaﬁgiw ngéﬁﬁgggé,ﬁ%]g?grelg%rﬁrﬁ g_a”c( F}llkﬁgl?ﬁa\ﬂ%%ﬁ
pol yl acti ¢ akanpbesuift éhebyehkadi g anik (ﬁ)afatgﬂal(a_tﬁ_i))haﬁy icmew&llhd‘aq[] my
m xed with and dj spersed jinto,the polylactic acid. (ij), One in which a
pol yl actic &t Jfl"r‘$m fjsl)f o#ﬂ%rdllgatﬁ?rbrl%\‘f i(iﬁPRﬁlFHarf‘EUr At b &P 185 V& r anged
on the fiol M £ o B1 PO ¥h aghd C( ) dnddhdhi Saf Of Ml PILtfiga natural 10 fibers.

This operation is repeated to obtain a lamnate which is then heated at a
t enper at ur e hi gherThe gagxfage aelthengapoial Hibehaspobylmeditieti d The be

conpounded. éﬂ.f.é.r}g@eof %H@iﬁ&&%ayéea%ét%eae% dclrIel 15 tain%i e tesin
is increased or the durability is preferably improved by the
- modification of the surface of the natural fiber. To modify
15 the surface of the natural fiber, a method of chemically
introducing a functional group, a method of mechanically
roughening or smoothing the surface, or a method of reacting
a surface modifiex by a mechanical stimulus may be employed.
The natural fiber may be a single fiber or an assembly of
20 fibers.
| The weight ratio of the polylactic acid to the natural
fiber in the composition is 98/2 to 1/99. It is preferably
85/15 to 40/60, more preferably 70/30 to 50/50.
The composition may contain at least one additive other
25 than the above fillers, such as a plasticizer, antioxidant,
optical stabilizer, ultraviolet light absorber, thermal
stabilizer, 1ubricaﬁt, release agent, antistatic agent,
flame retardant, foaming agent, filler,
anti—fungus/anti—mould agent, nucleating agent, and
30 rcolorant including dye and pigment within limits not
prejudicial to the object of the present invention.
At least one other thermoplastic resin, thermosetting
resin oxr soft thermoplastic resin may be further added to

the composition within limits not prejudicial to the object



15 adhered to a preforned natural fiber and heated at a tenperature higher
than the nelting point of the polylactic acid to be conpounded. (iv) One
‘in which polylactic acid is made fibrous, and yarn is forned fromthis
fibrous polylactic acid and a 20 natural fiber, forned into a
predet erm ned shape and heated at a tenpegature higher than the gl ass
transition tenperature of the polylactic acid to be conpounded. Since the
t hus obtalne@fbtbﬁegraﬁabtel@@ﬁpbsanon of 25 the present invention shows

sufficiently high ?ﬂée€8$§§§{@Eoﬁh %'§§%|céﬁc%%vgﬁ€5%$§ﬁ£atural fiber

do not give any |oad € énvironnen ously used as
various nol deanpfadtetsd by thepfeiesabhy meeHofloyr Bbruskamigle menbers and

construction terials which uire 30 strength, fittings and tenporary
constructlon(ﬂgterl & lnTﬁE‘H? AeyLaghbre Tmpsielben o paat bre et

i nventiom has a heatngefips ety § SRRE RIS, hkT) upjup%@&%ﬁ%e\fs%%f)c or

| ower, nore preferably 200C or |ower, nost preferably 17 | ower. The
conp05|t|on of the pﬁ@@eﬁha pedyticet icancid .30 used for varlous

application PY] poseg,as gp %ﬁ_ produ Y@%F ch asﬁ; g %Fﬁgg SEF$ égghgﬁ?

product> 5 I njection nol produc usi &

nol ded products, bl giuralides @f(lfhmixsal fFibets sheelrraiRuyan: haliilgs,
fibers, cloth, conposites th other naterials, agricultural nmaterials,

fishing materials, 2COn8tPALYTIACLAPHGifidsr ifgrRPeRi @b Lhes p@tvgrdr y,
nedi cal 130 5Upp|'esf&%@r%the@hﬂ@'@ﬁ@r&ﬁf@Hcié fﬁgeQEeQbﬁé'&ﬁgaiﬁdQLthe

polylactic acid of the present invention. can carrie ut by a
comonly used net hodamihétsd»iflyi@ltmsctla@n édlealt@dl ade pahyéeaatice adigheid ) and

polylectic oo (11 LogfornEXiOP e 5560 3 R patytebaboim ayaiel 1 ne
compounded .
(iii) One in which polylactic acid fine particles are
15 adhered to a preformed natural fiber and heated at
a temperature higher than the melting point of the
polylactic acid to be compounded.
(iv) One in which polylactic acid is made fibrous, and yarn
is formed from this fibrous polylactic acid and a
20 natural fiber, formed into a predetermined shape and
heated at a temperature higher than the glass
transition temperature of the polylactic acid to be
compounded.
Since the thus obtained biodegradable composition of
25 the present invention shows sufficiently high strength and
the polylactic acid and the natural fiber do not give any
load to the environment, it can be advantageously used as
various molded products. It is preferably used for
structural members and construction materials which require
30 strength, fittings and temporary construction materials.
The biodegradable composition of the present invention has
a heat deformation temperature (HDT) of preferably 240°C or
lower, more preferably 200°C or lower, most preferably 170°C

or lower. The composition of the present invention can be



90/10 in a solvent is cast, the solvent is evaporated to form a filmlike
product which is then heated at 270 to 300Cto forma film 20 Exanples
“The foll ow ng exanples are provided for the purpose of further
illustrating the present invention but are in no way to be taken as
limting. values in the exanples were oBPained by the follow ng nethods.

25 (1) reduc i Lty: 0. of_.a_pol yner was dissolved.in_ 10 of
tetrachloroeﬁ%gﬁéﬁgﬁgﬁ%io%ggiﬁ%gcﬁ%ﬁ%ﬁﬁ%gé?i?sF@Imﬁé%%%PgopPgtFéﬂﬁggd
viscosity (nhégyhaet85&nd(@ateei ght average nol ecul ar wei ght (Mw): The
wei ght average nol ecul ar weight of a polynmer was obtained by GPC (col um
30 tenperature of 40C, chlorofornm through conparison with a polystyrene

st andard sanphg1aégd) nebystallization point, nmelting point, nelting enthal py
and percent age of rre_?ti ng peak at 195C or higher: The crystallization
point (T&), melti nfrpthior Teldeddpreftehnyg, Ikt mimsilval pyldadiyrodkrcsyeasur ed

by DSC in a pitr sphes e, at te rrature el evati rat e  of

200 min. T Ber el BRIeT ot St o oG BLaR o 198 Br T hr HReS

cal cul at ed fnomvever! fabgi Eeaks H5es at c 196K, ofolp G8EFes 5w Hih G- heAPer at ur e)
rature) based on the

and a neltin tg%eak area at 140 to 180C(I,owter’rB§S . €

fol | owi ng ex‘gﬁl 1dhS g3 Gl Highermiterials a10Esingipgierrigd05 or

hi gher + Al49-4 9 48090 ; j (A [Gen : | ] ak at
105C or hi gher R85 oo™ %?‘S‘hﬁ‘??ﬁlnﬁf%ﬁ%p‘%é&ﬁ?r%ﬁ SPLGuety tﬁ‘!é&ﬁe"%ello A140
to 180: 1Rel t3uiep ek avkatarrinol ded B0 ddies et bert dgea {A&d adf ram mélet | ng

peak at 205 i ghe calculated froma nelting peak .area at 205C or
hi gher  (hi gﬁ&%%%?%é u‘e}éle\acf a%% t%%e???%%mbeﬂv%ﬁrejaoﬁt %Eg N &GE B ow
t enper at ur e)chmstsl @ut bg & addnavdrlgy ¥ E S04 . 15T @ 01 Jbghe i@ =

A205 or higher/_ (A205 or_ higher + A140 to 180) X 100 R205 or hi gher:
percent age ofR5EI48s RPPERACEC AHE of higerpolylactic acid (II).

For example, after a solution containing crystalline

15 polymers (A) and (B) in an (A)/(B) weight ratio of 10/90 to
90/10 in a solvent is cast, the solvent is evaporated to form

a film—like product which is then heated at 270 to 300°C to

form a f£ilm.

20 Examples
The following examples are provided for the purpose
of further illustrating the present invention but are in no
way to be taken as limiting. Values in the examples were
obtained by the following methods.

25 (1) reduced viscosity: 0.12 g of a polymer was dissolved in
10 ml of tetrachloroethane/phenocl (volume ratio of 1/1) to
measure its reduced viscosity (ml/g) at 35°C.

(2) weight average molecular weight (Mw): The weight average
molecular weight of a polymer was obtained by GPC (column

30 temperature of 40°C, chloroform} through comparison with a
polystyrene standard sample.

(3) crystallization point, melting point, melting enthalpy
and percentage of melting peak at 195°C or higher: The

crystallization point (Tc), melting point (Tm) and melting



A205-or higher: nelting peak area at 205C or higher A140 to 180: nelting
peak area at 140 to 180C (4) Biodegradability test: The bi odegradability of
‘a 20 bi odegradabl e conposition was evaluated by using a | aboratory-scale
conposting device. The degradation of the conposition in the conposting
devi ce was observed with the eye to jud@é the existence of degradability.
A specific procedure will be described herei nbelow. 25 About 1 to 1.5 kg
of waste veg@PEEPéPwa%XAEH‘éle‘ﬁEJE%“@.aﬁ@rel@gbﬁfD%m@snwﬁag@niaﬁsmcewfeﬁ@n p of

Mat sushita Ehechr tem@érkeurelbdeyadfdn0-0¢8 kg 9h°6phinl ose particles
having pores (Bio Ball of Matsushita Electric Wrks, Ltd.) as vegetable

sources in a conpdde Pergerdess (Fvofiaemetting peadéral 1k G oddyi gigo:
stirred for ' Y. r d nual | nce week, a

ol ded pr oduttoor LT EHEL bt MRt BRAR AR B Lo on kY

obt ai ned &compbs¢h haemperat wed pramdrd ertl tiely peakoabBaaapHiob o S dPB. 5 and
an inside tenperature of 45 to 55C, and the fil mwas sanpled after a

predet er ni nedt9¥ CHEPFHICEEL i RRSedneR the SRLbeWHRY ( HEPEEPERE pr oduct was
obvi ously de fteogr 3Gy days, of Qstin [ as . Jju
y ﬁﬁm%%zngsﬁlexg (51 3G days, of ,9QEpa lﬁ%lﬁ: %’h%aﬁ j,ydaed a5

degradabl e. (5) ef ormation tenperature ( eat def ormati on
t enper at ur e Wees cobtakrie PaBCai@dreidfodedidaid Pedk af 1195 K Pr9higher

(Production anple 1: i | o 48. 75 .g.0of L-lactide (of
Musashi no Ka%xgﬁdrkﬁ?@ué%g%% %}E_aﬁi Iﬁ%%&@f) 55 % g?l%ﬂeiracti de (of
Musashi n® Kalakuy. :kenkmelsimgCaoeald takda war e sadded tam °a@ f | ask, the inside of
the systemwas substituted by nitrogen, and 0. 05 Jg{ of stearyl al cohol and

25 ng of tin octylH%ePEECENEaLEl V&t Qlet & dddW PEB tHe 20PaSkOT Hig@Sry out
pol ymeri zat i gals aba NG HLL f2-dapur %ei%ih% g%gg‘#/?eg%ﬂ%s%:o The pltai ned

polymer Al had a reduced viscosity of I. g) and a wei ght average
mol ecul ar  weliHt tfpERBRDOG) I3l reheltdgngobask(Inavals 1EBGEO 1189 °C

(low temperature) based on the following expression.

15  Rz2o5 or higher (%) = Baos or higher/ (B20s or bigher + Bi1ao to 180) X 100
R205 or nigher: Ppercentage of melting peak at 205°C or higher
A20s or higher: Melting peak area at 205°C or higher
Brso to 180: Melting peak area at 140 to 180°C
{4) Biodegradability test: The biodegradability of a

20 Dbiocdegradable composition was evaluated by using a
laboratory-scale composting device. The degradation of the
composition in the composting device was observed with the
eye to judge the existence of degradability. A specific
procedure will be described hereinbelow.

25 About 1 to 1.5 kg of waste vegetable was added to 1.72
kg of porous wood chips (Bio Chip of Matsushita Electric Works,
Ltd.) and 0.075 kg of cellulose particles having pores (Bio
Ball of Matsushita Electric Works, Ltd.) as vegetable sources
in a compositing vessel (volume of 11 liters)} every day,

30 stirred for 2 minutes every 3 hours and spaded manually once
a week, a molded product of a biodegradable composition was
injected into the obtained compost having a water content
of 50 to 60 %, a pH of 7.5 to 8.5 and an inside temperature

of 45 to 55°C, and the film was sampled after a predetermined



crystallization point (Tc) was 117C. 20 (Production Exanple 2: production
of polynmer A2) The polyner Al obtained in Production Exanple 1 was cleaned
‘'with a 7s acetone solution of 5N hydrochloric acid to renove the catal yst
so as to obtain polymer A2. The obtained polynmer A2 had a reduced
viscosity of 1.47 (n1/g) 25 and a wei ght3@&verage nol ecul ar wei ght of

100, 000. It OI nt was 159C. Its crystallization point (Tc)
was 120C. (SF‘iP%’ah‘B% ‘a‘ﬁpl éﬂ@ N Jrhsd RAERsh t&tﬂyw )Prmi%% grast

pol ymer Al O@E@idﬂﬁgly”dgé&%@éé@”a}?%@ﬂpﬁ@ &aywaéfde byefnd N B g Of

pyridi ne and 200 of chloroform and of acetl ¢ anhydride was added
to the resul]lﬂ@J@Eds@rsu@ﬁ@ﬁa@le@omterrperature After 5 hours of agitation,

ref |ux by i hour 3 the terminal
of the polyrrgbfl)t s%g% ? %E‘f%’?%orgg‘%e“ﬁ% r%% g&ﬁggt ai dthp?(?%yrrer A3 had a
reduced i so@esfcbmna)ﬁldn&@zn@éiﬁaghreasmﬂs@bmu@@dBy%ll‘ﬁigt&eﬁ@b@ i faRigght of
110,000. Its, nelti n%%zl nt (Tm wasl57C. Its crystallization point (To) 5
was 121C. (P‘r%d{f'tl:sfl npl e 4: production of polyner Bl) The procedure of
Production Exanple 1 was repeated except that 1.25 g of L-lactide (of

- Musashi no Kagaku 10 Kenkyusho Co., Ltd.) and 48.75 g of D-lactide (of
Musashi no Kekity Usrmics |, 1 Ltpirgduet Eonsel] palypreduce) pol ymer Bl

K
The pol yner Bi Vi 18GQsi f 1] aver age
nol ecul ar wei ght %faa %g%uoé%d 95 % ((g%”f %%Jisr?ts ﬂﬁkﬂ@??‘ﬁ%é%h
crystal Lozatdmn, geidt) (dhed WaEs @&ﬂaiaadﬂwluc@ﬁ i ® Kigaupduction

of polymer B2) The procedure of Productjon Exanple 2 was_repeated except
that the pol WL usdtF 40 MRy eIt e ddask ibe dnsics Rfpol yner

B2 The obtaimiedyBekyeds Bariad chrketby ol cRRAR! b¥a%. b 404 Heklk,3nd 2
° ‘ alcohol and 25 mg of tin octylate as a catalyst were added

to the flask to carry out polymerization at 190°C for 2 hours
15 to produce polymer Al. The obtained polymer Al had a reduced

viscosity of 1.48 (ml/g) and a Weight average molecular

weight of 110,000. Its melting point (Tm) was 158°C. Its

crystallization point (Tc) was 117°C.

20 (Production Example 2: production of polymer A2)

The polymer Al obtained in Production Example 1 was
cleaned with a 7 % acetone solution of 5N hydrochloric acid
to remove the catalyst so as to obtain pelymer A2. The
obtained polymer A2 had a reduced viscosity of 1.47 (ml/g)

25 and a weight average molecular weight of 100,000. Its
melting peint (Tm) was 159°C. Itscrystallizationpoint (Tc)
was 120°C.

. (Production Example 3: production of polymer A3)

30 10 g of polymer Al obtained in Production Example 1
was dissolved in 5 ml of pyridine and 200 ml of chloroform,
and 9 ml of acetic anhydride was added to the resulting
solution at room temperature. After 5 hours of agitation,

reflux by heating was carried out for 1 hour to acetylate



nmol ecul ar wei ght of 120,000. Its nelting point (Tn) was 156C. Its
crystallization point (Tc) was 120C. 25 (Production Exanple 6: production
‘of polymer B3) The procedure of Production Exanple 3 was repeated except
that the polynmer Bl used to acetylate the termnal of the polyner so as to
obtai n pol yner B3. The obtained polyner3B3 had a reduced viscosity of 2.06

(mM/g) and a,weight 30 average no| ecul ar wei ght of 140,000. Its nelting
point (Tm WAS tg%'&nﬂ é’chgétEﬁ’JrYTQ%‘f ihaspb? MPYERE) PReg™MEFok3 . The

(Production Exagphed poyRedcld ol Pelniel éﬂcéziég gfﬁ.ée!@?fque (of
Musashi no Kagaku Kenkyusho 34 Co., Ltd.) and 2.50 g of D-Tactide (of
Musashi no Kagl®kua WehthtshveTage nmobdedulwr ewaiged ¢ 210} agk, ties i nside of

added ot et SERS B L FORLYBS T (e | Fat G et weic PoPosP Rl to

produce ol ywes 241°Fhe obtained polymer A4 had a reduced viscosity of
2.07 (mM/g) and a weight average nol ecul ar wei ght of 140,000. Its nelting
point (Tm was 148C. Its crystallization point (Tc) was 131C 10

(Product] on_Feasmhe fonPrQSS1L 0F. ofr HhoERIn B} JURRELCBE © of

Production Exanple 7 was repeated ‘except that 2. actide (of
Musashi no Kagaku TRenkyusteouges ol tREgdwridi oty . Bstaupled D-vwaas tiegee J(tofd

Musashi no . WEer e us t o produc | ymer B4. 15
The obt ai ned po m@%uﬁ% gé)r%%tﬁcﬁejjoaﬁjs%%sr?§q\6?s %45“? n%‘%q“}land a
wei ght aver agenkphsiodlcy. weicgh) &hd 14, DOQ olft 5- 1 48t L 889( PO Mis asFhoNas

148C. Its crystallization_ point (Tc was 133C. 20 <Exanple 1> A5 %
chl or of or m SAIMRKFORHETIFEDEPy et A ) Hfdeaused i Brefvem relyie®Rlof t he

pol ymer Bl weie Jixatht BLUNES a ivkdhdal ivﬁs@os]iftgytocf GAldy @l aghg i1 m

formation, and the ™ cast filmwas heated in a nitrogen atnosphére to

evapor at e 25 o¥eligtdf evigrafogr medechdatreweight 0028040 at0G. r attes o 120645 n,
point (Tm) was 155°C. Its crystallization point (Tc) was

15 121°C.

(Production Example 5: production of polymer B2)
The procedure of Production Example 2 was repeated
except that the polymer Bl was used to remove catalyst so
20 as to obtain polymer B2. The obtained polymer B2 had a
reduced viscosity of 1.76 (ml/g) and a weight average
molecular weight of 120,000. Its melting point (Tm) was
156°C. Its crystallization point (Tc) was 120°C.

25 (Production Example 6: production of polymer B3)
The procedure of Production Example 3 was repeated
- eXcept that the polymer Bl used to acetylate the terminal
of the polymer so as to obtain polymer B3. The obtained
polymer B3 had a reduced viscosity of 2.06 (ml/g) and a weight
30 -average molecular weight of 140,000. Its melting point (Tm)
was 158°C. Its crystallization -point (Tc) was 122°C.

(Production Example 7: production of polymer A4)
47.50 g of L-lactide (of Musashino XKagaku Kenkyvusho




mai ntai ned at that tenperature for 3 mnutes and quenched wth |iquid
nitrogen to obtain a film The obtained film had a wei ght average

‘mol ecul ar wei ght of 140,000. This film was nmeasured by DSC. As a result, a
melting peak was observed 30 at a nel tiNgg poi nt of 202C in the DSC chart
and the nelting enthalpy of the film 433 J/g. No nelting peak was
observed at.140 t0.180 C., and the centa ( 5 orhigher)_ of the
melting peak at 19% o?n(?iighrg? %%P%Of%gtg‘ﬁ% E%’gé‘ﬂ‘ﬁ?ﬁ@h‘??&?ﬁ%f‘ht of
the film waskddi@usHbi So DSG.eday twdSe SHRYEH idb R G13kk 32 he<BXaRlL 2> The
procedure of Exanple 1 was repeated except that a 5 % chl orof orm sol ution
of the pol ynehe BRI V35 S okoterdn b Bhixedem oind RS ped yort B were

used. The obiaipedidiidn aden 61Ol ALRIAS BDLECULAT AL ARG (0f chad, 000, A

melting peak was observed at a nelting point o art and
the nmeltBng &ntha0 Py Obr thehdutsn vap A dde. pdhend ¥ . orhlei ghenines 99. 99

0. The crystallizati i_nt s 108C. 10 <Exampl e 3>, Pol yner A2 and

pol ymer B2 WY %ggr}ﬁ%ﬁ’g ??‘i@%%ﬂlﬁcoﬁ&?@’o&%?'f:7lfm1c’ﬁ§é) F‘\F/?Qi YJ&edLhthe
system was sathstddalited cbylafi & Dgen orango! beof | asks Was-haatyssh wp (rq)280C to
melt blend 15 together these polyners at280C for 3 mi nuteS.” The obtai ned

resin had a W#&§ g8 dver d§6 Relvetailad zadiigm pefint1dTe00wand 133 "Ceduced
viscosity of 1.46 m /g which were al nost the same as the nol ecul ar wei ghts
and reduced viscosities of the polyner A2 and the polyner B2. This resin
was neadlr ed(BsoREDSE Bsanp e sl tyradurdd fomgpheak ywass @ager ved at a

nmelting point of 207C .in the DS hart and the nelting enthal py of. the
resin was 40 J/g. e rﬁeéﬁ% \%&?%&WE@W@%F" 851 §6EAE he

percent age (df¥ptorcritgherdo of o MRltddia Reafor MuskIRC Y Migiher was 100 1.
The crystallization point was 25 112C. <Exanple 4>
" Kenkyusho Co., Ltd.} and 47.50 g of D-lactide (of Musashino
Kagaku Kenkyusho Co., Ltd.) were used to produce polymer B4.
15 The obtained polymer B4 had a reduced viscosity of 1.95 (ml/g)
and a welght average molecular weight of 110,000. Its
‘meltingpoint (Tm) was 148°C. Itscrystallizationpoint (Tc)

was 133°C.

20 <Example 1>
A 5 % chloroform solution of the polymer Al and a 5 %
chloroform solution of the polymer Bl were mixed together
in a ratio of 1:1 to carry out cast film formation, and the
cast film was heated in a nitrogen atmosphere to evaporate
25 chloroform, further heated up to 280°C at a rate of 20°C/min,
maintained at that temperature for 3 minutes and quenched

- with liquid nitrogen to obtain a film. The obtained film -

had a weight average molecular weight of 140,000. This film
was measured by DSC. As a result, amelting peak was observed
30 at a melting point of 202°C in the DSC chart and the melting
enthalpy of the filmwas 33 J/g. Nomelting peak was observed
at 140 to 180°C, and the percentage (Rissornhigrer) Of the melting
peak at 195°C or higher was 100 %. The crystallization point
of the film was 117°C. This DSC chart is shown in Fig. 1.



The procedure of Exanple 3 was repeated except that polyner A and pol yner
B were used. The obtained resin had 30 a weight average nol ecul ar wei ght

‘of 120,000 and a reduced viscosity of 1.60 m /g which were al nost the sane

as the nolecular weights and reduced viscosities of the polymer A3 and
the polymer B3. This resin was neasured By DSC. As a result, a melting
peak was observed at a nelting point of 36 202C in the DSC chart and the
melting enthal py of the resin was 39 J/g. The percentage (R195 or hi gher)
of a nel ting<peakpiat2495C or higher was 99.99 % The crystallization point
was 110C. 5 <Exanple 5> The procedure of Exanple 1 was repeated except that
10 wt % of | acti de HeRleeree=duse kb be il sutTepeafed sccepd! ywhert A2 and
a 5 %chlorofer |yt . hol .= 1he obtained film
had a wei gh %%e%ngggo%lfg% Ega?iﬁﬁ ﬁ%%e ﬁééﬁﬁﬁsﬁgﬁél ?r‘igcq’bleoa C'af\/\Q/arsf][1
observed st sohetiongf phienpobim@0 22 werkthes®SC chay bbtantetkhe: D®ldddg
enthal py of_the filmwas 24 J/g. .The gercenta e (Rigs or higher) of a

mel ting peak?®&FE1EE TGFGF G B HIBE OFnE2@r 98 al 14 PELFSRI PERK0I nt
was 107C. <E¥a8pbes&2vEd 0atofa and ringi soBierochig o Lhemolpgrer-id@and 5
g of a 3 mmdianeter chip of the polyner B2 were added to 20 a test tube
and nol ten a@An2gohe. mqhiplpdhtenbledlnyl onthe ofilibn was 4ruehlhed Thie Ribd qui d
ni trogen i medi at el T, tain r ' ight .avera ecul ar
el ghtof 105, B0 YAE ni 5 Ao peat S THBed G A A A Ak Cor 206
in thelbDSC chart, and the nelting enthal py of the polynmer was 25 26 J/g.
The percent a%q? { R]fs orhigher) of a nelting peak at 195 C or higher was 91
s. The crystatfi %t o poi nt was 113C. <Conparative Exanple 1> After cast

filmformtion, thepmMGedr andf B13MRKER2 were added to a flask in a

ratio of 1:1, the insidée of the system was substituted by

. nitrogen, and the flask was heated up to 280°C to melt blend

15 togethexr these polymers at 280°C for 3 minutes. The obtained
resin had a weight average molecular weight of 110,000 and
a reduced viscosity of 1.46 ml/g which.were almost the same
as the molecular weights and reduced viscosities of the
polymer A2 and the polymer B2. This resin was measured by

20 DSC. As a result, a melting peak was observed at a melting
point of 207°C in the DSC chart and the melting enthalpy of
the resin was 40 J/g. No melting peak was observed at 140
to 180°C and the percentage (Riss or higher) Of a melting peak
at 195°C or higher was 100 $. The crystallization point was

25 112°C.

<Example 4>
The procedure of Example 3 was repeated except that
polymer A and polymer B were used. The obtained resin had
30 a weight average molecular weight of 120,000 and a reduced
viscosity of 1.60 ml/g which were almost the same as the
molecular weights and reduced viscosities of the polymer A3
and the polymer B3. This resin was measured by DSC. As a

. result, a melting peak was observed at a melting point of



30 1-was repeated except that the cast filmwas heated at 240C. The
obtained filmhad a weight average nol ecul ar wei ght of 140,000. Ml ting
‘peaks were observed at nelting points of 161C and 206C in the DSC chart.
The 8195 or higher was 51 % 37 <Conparative Exanple 2> The procedure of
Exanple 1 was repeated except that poly3é-lactic acid (PLLA) and

poly-D-lactic_agid (PDLA) shown bel ow were used to obtain a film The
" obtained filfP%s fad ﬁgés%]%ocfbayr’bs'@d Bhg rekting eRihalny péakke wasdn

observed aty tiyng. pa ndpa _neltin - 8195
or hi gher wasai(r)@% J%LL?h%S%%c%i%lgg%f qllff *acti heg{:ﬁg‘ﬁtl%n?{e,l%.q% r?;@glgg{ of
D-lactic acttl 196 1C ardicdew iveso 9ot Yook . 2. Tiie nd7ys t alel et Bvemgait 10
nmol ecul ar We‘%&%jt %go 50,000, nelting point (Tm of 166 C, «crystallization
point (Tc) o 245 A 99.3 nole of Dlactic acid unit, 0.7 noll of

L-lactic5 acid unit, reduced viscosity of 2.80 m /g, weight average
nol ecul ar Wei%?é of 260,000, nelting point (Tnm) of 168C, 15
crystal | i zat ToRMRAt2T Te) of 122C 38 UNor-1 HONH (g HNNNNNmM

a uUrioriri H (])I'I'i(])e giﬂoodaéd&'l%é:ﬁ rﬂ)&ﬁn{ﬂl)e \_A{ima%% J%Re:’drt'f’l(t?(el}&elﬂ?: lLpgkn F m

axammma O 3r1 Hr-I X XX X X X X H
Ori [r N[M¥ws gf trcriNekaddad!| o W N focBlardfor® swliht Do ol the

polymexr A2 and a 5 % chloroform solution of the polymer B2
10 was used. The obtained film had a weigh average molecular
weight of 110,000. A melting peak was observed at a melting
point of 202°C in the DSC chart, and the melting enthalpy
of the film was 24 J/g. The percentage (R1is5 or nigher) OFf a
melting peak at 195°Cor higher was 90 %. The crystallization

15 point was 107°C.

<Example 6>
5 g of a 3 mm-diameter chip of the polymer A2 and 5
g of a 3 mm-diameter chip of the polymer B2 were added to
20 a test tube andmolten at 280°C. The obtained molten product
was quenched with liquid nitrogen immediately. The obtained
polymer had a weight avefage molecular weight of 100,000.
A melting peak was ocbserved at asmelting point of 206°C in
the DSC chart, and the melting enthalpy of the polymer was
25 26J/g. The percentage (Rissornigher) Of a melting peak at 195°C

or higher was 91 %. The crystallization point was 113°C.

<Comparative Example 1>
After cast film formation, the procedure of Example
30 1 was repeated except that the cast film was heated at 240°C.
The obtained film had a weight average molecular weight of
140,000. Melting peaks were observed at melting points of

161°C and 206°C in the DSC chart. The Riss or nigher Was 51 %.
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<Comparative Example 2>

The procedure of Example 1 was repeated except that
poly-L-lactic acid (PLLA) and poly-D-lactic acid (PDLA)
shown below were used to obtain a film. The obtained film
was measured by DSC. As aresult, melting peaks were cbserved
at a melting point of 173°C and a melting peak of 220°C. The
Ri195 or higher Was 40 %.
PLLA: 99.5 mol% of L-lactic acid unit, 0.5 mol% of D-lactic
acid unit, reduced viscosity of 2.70 ml/g, weight average
molecular weight of 250,000, melting point (Tm) of 166 °C,
crystallization point (Tc) of 125°C
PDLA: 99.3 mol% of D-lactic acid unit, 0.7 mol% of L-lactic
acid unit, reduced viscosity of 2.80 ml/g, weight average
molecular weight of 260,000, melting point (Tm) of 168°C,
crystallization point (Tec) of 122°C
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‘W40 (Production Exanple 9: production of polyner B5) 1.25 g of L-lactide
(of Musashi no Kagaku Kenkyusho Co., 34td.) and 48.75 g of D-|actide (of

Musashi no Kagaku Kenkyusho Co_ . 1td ) were added to a flask, the inside of
the system 5 wgs substi tutied by nitirggen, .and 25 nmg of tin octylate as a
catal yst were adct(écLE)’t 0 the feasko garfy dut po mer|i zgti om fat 1900C for
2 hours so as tlo produce pol yner "B5. “The Sbthi ne pal ymnet B5 lhad a reduced
viscosity of 2.26 (nl/fg) and a[weight_~—average nol ecylrar Weight of 190, 000.
Its nelting poi|nt E’T\, ¥ was 156C. | I&ds|crystallizatijon point [(Tc) was
117C. (ProductinEinﬁBear’rﬁe 18: | pidducski on dof| pol yyrer By 1. 25 |g of
L-1 actide (of Miusashi no KagaRu|Kenklyu8h¢ Co.|, Ltd.)| and|{48.75 g of
D-lactide (of Nusashino Kagaku|Kenkyusho 15 Co., Lfid.) Were Jadded to a
flask, the insilde.ok the system was substituted by nijtrogena and 0.05 g of
stearyl al coholl Fand 255 of {i g octl atet gs a atallyst wekk |added to the
flask to carry ot %o ynerfi zatjon at 190C tagr 2 hourg sB |a& tlo produce a
pol ymer. This pol yner|was [cl eaped with a 20 [7 o acetgneospl utijon of 5N
hydrochloric a¢id to fenove the © o
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catalyst so as to obtain polynmer BE. The obtained polyner B6 had a reduced
viscosity of 2.71 (m/g) and a wei ght average nvolecul ar wei ght of 200, 000.
“Its nelting point (T was 159C. Its crystallization point (Tc) was 132C.
25 (Production Exanple 11: production of polynmer AS) 50 g of L-lactide (of
Musashi no Kagaku Kenkyusho Co., Ltd.) wh® added to a flask, the inside of
the systemwas substituted by nitrogen, and 0.1 g of stearyl al cohol and

30 25 f I k t
my o EP%@&&H&&%}@%@I&%ﬁo%rchﬁ\?EPoﬁdrgPd%é%gﬁce poI ask to carry

out polynerization at 190C for 2 S SO as ymer AS. The
obt ai ned pol yrrer AS Zfag of bedacéddevﬁcsﬁ:lﬂssayhmﬁoXa%IﬁnKégkyaﬂhloatowel ght

L e Corystal Traal BN Hh A Y HEP e To5ci ot MlRab okt e eho

producti on octopplmr AR a9ed eb h- Fasbkderkofi MisdsimaHeheriseah
Laboratory, Ltd.) was added to a flask, the inside of the systém was

subst it uPed ¥ rﬁ‘%k?"d'i;’é?iit%doio riltgj-’Qﬁe%:t edrd) |2 5 s I téﬁdoclﬂyl@ﬁ'eoﬁstl n
octylate as 2.gaLalust el sdagg pro tﬂ%sfkl eﬁé%ax&%@%&@\slgwe LY TBL zation

at 190C for 2 hours so as ymer mer was cl eaned
witha?70 Eatcéﬂﬁn@fsmzlthcmrrsnsoﬁm txygblr@dlmlcerpazlm:dBEo rmmmttahaed

catal yst so to 0 6., The had reduced
viscosity of E%ﬂba}d 5#%9% @’ﬁ?cg\?é r‘r%ﬁ /eﬁ) ﬁ@ég?.f”edﬂ%*z'oo 000.
Its melting apﬁé:ﬂstge( hel evas akSwd 7@E Jft $96! y6s al Imt@mwelag éfﬁlﬂﬁr qirmyas
~ 139C. gProductl on Exanple 13: production of poI nmer

L-1acti 48 (daMiSEIE no I‘%&g&%&(sﬂ(@ﬁ@}&§ﬁé0ﬂw0ml’ét dTy) aWG5112§
D-l actide (of Misashino Kagaku 20 Kenkyusho Co., Ltd.) were added to a
flask, the inside of the systemwas substituted by nitrogen, and 0.1 g of
stearyl al cGrstduntd c2b Bxgpngfle i1 ogindditer iam T gcdlypsir we)e added to the

flask to carry OUtl B_%l é(m%ri. th | Ondgt(olfgl\?usasthno Qaga]?:u Kenkyusho Co.

Ltd.) and 48.75 g of D-lactide (of Musashino Kagaku Kenkyusho
15 Co., Ltd.) were added to a flask, the inside of the system
was substituted by nitrogen, and 0.65 g of stearyl alcohol
and 25 mg of tin octylate as a catalyst were added to the
flask to carry out polymerization at 190°C for 2 hours so
as to produce a polymer. This polymer was cleaned with a
20 7 % acetone solution of 5N hydrochloric acid to remove the
catalyst so as to obtain polymer B6. The obtained polymer
Bé had a reduced viscosity of 2.71 (ml/g) and a weight average
molecular weight of 200,000. Its melting point (Tm) was
159°C. 1Its crystallization point (Tc) was 132°C.
25
{(Production Example 11: production of polymer AS)
50 g of L-lactide (of Musashino Kagaku Kenkyusho Co.,
Ltd.) was added to a flask, the inside of the system was
substituted by nitrogen, and 0.1 g of stearyl alcohol and
30 25 mg of tin octylate as a catalyst were added to the flask
to carry out polymerization at 120°C for 2 hours so as to
produce polymer A5. The obtained polymer A5 had a reduced

viscosity of 2.92 (ml/g) and a weight average molecular



so as to produce polyner Di. The obtained polynmer D1 had 25 a reduced
viscosity of 2.48 (m/g) and a wei ght average nvolecular weight of 170, 000.
I'ts melting point (Tn) was 158C. Its crystallization point (Tc) was 117C.
(Production Exanple 14: production of polynmer C) 30 50 g of D-lactide (of
Musashi no Kagaku Kenkyusho Co., Ltd.) was added to a flask, the inside of
the systemwas substituted by nitrogen, and 0.1 g of stearyl al cohol and
25 ng of ting,Qs t al I 0 S 2- t rry
out polymrig‘g%%{%%a%? %%@?g'r ;%E}%tgo%gg%an pro u%%ga&gl %tca?'

pol ymer was creahatilizshian7péintcéTohewssl mzzbﬂ.of 5N hydr ochl oric aci d to
renove the catalyst so as to obtain polynmer Cl. The obtai ned polyner 5 C
had a reduced viscosity of 2.80 (m/g) and a weight average nol ecul ar

wei ght of 220p008uct iénMBkihpUe POR Nt ptddhc¥@Sn 3P8Fo1{hercayptallization
point (Tc) was 122C. <Example 7> 10 A 5 % chl orof orm sol uti on of the

pol yner and a 5 %9 & érdpsitadsol(afi Bnsashine Peryherl Ashasratanvked

t oget her rat o a ut S r cast
filmwas heatg% Pn‘h%s n%ctié%%e%(ga%rr%g ]gfe % %r\}%i%g]a{)g Qﬁ% %?S‘?%??nwg%]urt her
heat ed up t 0sZ8OCi attad riay en Df r@@&h m amd 16k. mmﬂlm:@tl tdlatoHEmeaidat ur e

for 3 mnutes_and nched UId nitrogen to |naf|I The
obt ai ned fil %uﬁéingﬁ?té{y@%ﬁg%s | Weeg Rt aﬁﬁe?il@@ e ﬂfﬁ]% film
was measur edtcs)yc Botltiz@r i ol dt Nth PRAkF ey qhsery et als a4l ting

point of 211C in the 20 SC chart and the nelting enthal py of the filmwas
51 J/g. 10No PARPIRGR) PHERRIVBET obSBrivee PItyMEAD WoE 18G@Neshdvithe a fericent age

(R20S 1 hi g@ééwﬁeas@f&ﬂgg@f%%%%gé&ﬁ f&gﬂ?{ Om%%%?cg\lreg?t%é_.'eZS

crystallization point was SRS
<Exanpl e 8> catalyst so as to obtain polymer A6. The obtained polymer

A6 had a reduced viscosity of 2.65 (ml/g) and a weight average
molecular weight of 200,000. Its melting point (Tm) was
15 176°C. Its crystallization point (Te) was 139°C.

{Production Example 13: production of polymer D1)
48.75 g of L-lactide (of Musashino Kagaku Kenkyusho
Co., Ltd.) and 1.25 g of D-lactide {of Musashino Kagaku
20 Kenkyusho Co., Ltd.) were added to a flask, the inside of
the system was substituted by nitrogen, and 0.1 g of stearyl
alcohol and 25 mg of tin octylate as a catalyst were added
 to the flask to carry out polymerization at 190°C for 2 hours
SO as to produce polymer D1. The obtained polymer D1 had
25 a reduced viscosity of 2.48 (ml/g) and a weight average
molecular weight of 170,000. Its melting point (Tm) was
158°C. Its crystallization point (Tc) was 117°C.

(Production Example 14: production of polymer C1)

30 50 g of D-lactide (of Musashino Kagaku Kenkyusho Co.,
Ltd.) was added to a flask, the inside of the system was
substituted by nitrogen, and 0.1 g of stearyl alcohol and
25 mg of tin octylate as a catalyst were added to the flask



The pol yner BE and the polynmer A6 were added to a flask in a ratio of 1:
1, and the inside of the systemwas substituted by nitrogen, and the flask
‘was heated up to 260 Cto nelt 30 blend together these polyners at 260C for
3 mnutes. The obtained resin had a wei ght average nol ecul ar wei ght of
160, 000 and a reduced viscosity of 2.65 42/g. This resin was neasured by
DSC. As a result, a nelting 43 peak was observed at a nelting point of 209

C'in the DSGghattry &Sipd j hg: ent hal ' :
Al t hough a nelti njff:jypeak %vas S |%%$%&gb{%r€%%0%tfﬁoi tq?)é%%ﬁj t%ﬁse‘yOg
percent age (Feoduce &ipbkyyeonf e tdolgmeeakvest @@t whitgher 75 wwas 93 %

The crystalljzation pojnt.was .. <Ex | e, 9> Th rocedure of Exanple 8
was re)[;eat eoéég%%%? %)%ja?tl%%a?{l%\/@%d%%&?nf%ﬁl%u?ch‘? g%o@mﬁﬁeﬁ%e obt ai ned
resin had a ewighfstves age tlopedliar pononght cof 10 QR0 And R JAdMEd

viscosity of 2.42 m/g. This resin was neasured by DSC. As a'reSult, a
nel ting peakchiedohseE day 1 aceRl tY £d Pod At(mdf/ Aoand a viei glet PSETEYEr t |

and the neltj | Y t i iy Ahas s l:tj.n 5 ak was
observed at ﬁ%%%o@% dtt e %ﬁ’c@nﬁgﬁ%@%t&%h%é g((r)rfnj’aw%%l ting
peak at 205Q.&@%° i glidrs waysteQ 1%=zaTHen pojisttal (Ticdatia@n 1pai’at. was 107C.
<Exanpl e 10> 20 The polynmer C and the polyner DI were added to a flask in
aratio of 1:1, the inside of the systemwas substituted by nitrogen, and
the flask was:hegiled up to 260C to nelt blend together these polyners at
260C for 3 minutes. The obtained resin had a weight average nol ecular 25
wei ght &Ff 150, 000 fafRd®achbatederts| s tgn oif rigspeilyger Bhiand &sicn Swas

reasur od by BEGr ity st JE RIS AGR RS, 9h5ET KATA! (AEbL NG

point of 211C in the DSC chart, aln ting ent y O € TESin was
31 J/g. A nsint engatpeakfwasl ray elayrgbsetvedsat £1%0 forr:30Cn arctd bae
percentage cast film was heated in a nitrogen atmosphere to evaporate
chloroform, further heated up to 280°C at a rate of 20°C/min,
15 maintained at that temperature for 3 minutes and quenched
with liquid nitrogen to obtain a film.
The obtained film had a weight average molecular weight
of 190,000. This film was measured by DSC. As a result, a
melting peak was observed at a melting point of 211°C in the
20 DSC chart, and the melting enthalpy of the film was 51 J/g.
No melting peak was observed at 140 to 180°C, and the
percentage (Raos or higher} Of @ melting peak at 205°C or higher
was 100 %. The crystallization point was 99°C. This DSC
chart is shown in Fig. 2.
25
<Example 8>
The polymer B6 and the polymer A6 were added to a flask
inaratioof 1:1, and the inside of the systemwas substituted
by nitrogen, and the flask was heated up to 260 °C to melt
30 Dblend together these polymers at 260°C for 3 minutes.
The obtained resin had a weight average molecular
weight of 160,000 and a reduced viscosity of 2.65 ml/g.

This resin was measured by DSC. As a result, amelting



30 (R205 or higher) of a nelting peak at 205C or higher was 97 % The
crystallization point was 114C. <Conparative Exanple 3> 44 After cast film
formation, the procedure of Exanple 1 was repeated except that heating was
carried out at 240C. The obtained film had a wei ght average nol ecul ar

wei ght of 190, 000. A peak derived from4#3honocrystal and a peak 5 derived
froma stereoconplex crystal were observed in the DSC chart. The R205 or

hi gher was 399 waEsB3EALEY & tEXARDLE ndPpdie: B&W{f enQAhdHarRlie: ik Was
carried out, except that 10 poly-L-Tactic acid (PLLA) and poly-D-lactic

acid (PDLA) aB@dwre s ldhinsecatisdpyt of obitairesin Wam 3Zhé/ @bt Alidwbudd m  was

of 173 C A Tebbere methnal G A B TR Yo o L g

L-lactic acipien@éﬁta@eS(mg S Qbn) | AT tai melﬁlﬁglpbamlatb 2088uced Migieasity of
2.70 n1/ avera nol eCLiI ar wej ght of 250,000, nelting point (Tm
of 166G, cr%gaﬁsl sat i p‘f'diyrﬁt ﬂcﬁzaﬁl%ﬁzé@mw%d% ol % of D-lactic
acid unit, 0.7 mol % of L-lactic acid unit, reduced viscosity of 2.80 m/g,
wei ght average 20 nol ecul ar wei ght of 260,000, melting point (Tm of 168C,
crystal lizatsramplato¥Tc) of 122C. 45 NNNMNN HMNrnrl N u Hri

22 g H 0H0U0t8 B‘f‘l—geo I};:OOC% lﬁ)e Oé'qilxu mPle l\é was:[ (?Cepeatel(_:{ excep.t 1:ih¢51|1_:| Hmm

heating was carried out at 280°C.
i0 The obtained resin had a weight average molecular
weight of 160,000 and a reduced viscosity of 2.42 ml/g.
This resin was measured by DSC. As a result, a melting
peak was observed at amelting point of 209°C in the DSC chart,
and the melting enthalpy of the resin was 38 J/g. Nomelting
15 peak was observed at 140 to 180°C and the percentage (Rjgs
or higher) Of & melting peak at 205°C or higher was 100 %. The

crystallization point was 107°C.

<Example 10>
20 The polymer Cl and the polymer D1 were added to a flask
in a ratio of 1:1, the inside of the system was substituted
by nitrogen, and the flask was heated up to 260°C to melt
blend together these polymers at 260°C for 3 minutes.
The obtained resin had a weight average molecular
25 weight of 150,000 and a reduced viscosity of 2.35 ml/g.
This resin was measured by DSC. As a result, amelting
peak was observed at a melting point of 211°C in the DSC chart,
and the melting enthalpy of the resin was 31 J/g. A melting
peak was rarely observed at 140 to 180°C, and the percentage
30 (R205 or higher) Of @ melting peak at 205°C or higher was 97 %.
The crystallization point was 114°C.

<Comparative Example 3>




HHHHri HXXXXXX d 0d OL- N HNri NHN 4J ul t) tori NLn
co0 00aNNMEtON U NNNNNN mHvHrt o5> 4~Jolo (dr0 O i
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to LOtori ri 44 0.1 WFCFCQU OO0O'1 NOmMH OOHOTr1O0O0r

L aOHO
I 4] 4 O0JJ 04 043 041 O Or-f4Ori Ui-1 Ori u~i url Qaaa
a eOro0rdOrt vort Ordoraoraord F4x ~4 x ~4 x }4 x }4 x

a
34 P4 wawaWw e WIdbilm formation, the procedure of Example
1 was repeated except that heating was carried out at 240°C.
The obtained film had a weight average molecular weight
of 190,000. A peak derived from a homocrystal and a peak
5 derived from a stereocomplex crystal were observed in the

DSC chart. The Razos or higher Was 39 %.

<Comparative Example 4>
The procedure of Example 1 was carried out except that
10 poly-L-lactic acid (PLLA) and poly-D-lactic acid (PDLA)
shown below were used to obtain a film. The obtained film
was measured by BSC. As a result, melting peaks were observed
‘at melting points of 173°C and 220°C.  The Raps or nigher WAS 40 .
PLLA: 99.5 mol% of L-lactic acid unit, 0.5 mol% of D-lactic
15 acid unit, reduced viscosity of 2.70 ml/g, weight average
molecular weight of 250,000, melting point (Tm) of 166°C,
“erystallization point (Tc) of 125°C
PDLA: 99.3 mol% of D-lactic acid unit, 0.7 mol% of L-lactic
acid unit, reduced viscosity of 2.80 ml/g, weight average
20 molecular weight of 260,000, melting point (Tm) of 168°C,

crystallization point (Tc) of 122°C.
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(Production Bfanpl e 15: production of polymer A7)

48. 75 parts by |wei ght
Ltd.) and 1.25 |pakts by e
Kenkyusho Co., |Ltd.Y¥

was substi t ut ed
X 10-3 part by

flask to carry |qgt Zpgl

pol ymer A7. The

and a wei ght average

Table 4

of L}l actlide [(of Misashi no|Kagaku Kenkyusho Co.,
i ghit |ofo OF 1 3cti ¢ | 55(0f Misashi no Kagaku
ver e jadded to |a Polfymerfi zer,| the inside of the system
by——mirtrogem, 4965 part by —weight of stearyl al cohol and 25
weigght of tig octyljate as a [catalyst were added to the
yierji zat il org at 290CH or 2 hours 10 so as to pr oduce
obtsai hed pol yner A7 had; a rleduced viscosity of 1.48 (m/g)
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nmol ecul ar wei ght of 110,000. Its nelting point (Tn) was 158C. Its
crystallization point (Tc) was 117C. 15 (Production Exanple 16: production
‘of polymer B7) The procedure of Production Exanple 15 was repeated except
that 1.25 parts by weight of L-lactide (of Miusashino Kagaku Kenkyusho Co.,
Ltd.) and 48.75 parts by weight of D |a¢%ide (of Misashi no Kagaku
Kenkyusho Co., Ltd.) were used 20 to produce polynmer Bl. The obtai ned

pol ymer B7 had a reduced viscosity of 1.69 (m/g) and a wei ght average

nmol ecul ar ight of 140,000. Its nmelting point (Tm) was 155C. Its
crystallizat KBﬁO‘é’éFmOJ(lTEacama%e 1323 €. ppodwuekagp| ef melmh@rpbwrrer A7 and the

I ST S0 M A i A B

system was substi andt
melt bl end Keg]ejrhshot(tms,e Ipniy)rrmmi at. 238parter bg wehgthesof “ﬂl&a’iﬁmm ai ned

resin ha ht average_nol ecul ar. weight _of 110, 000 and. a reduced
Vi scosi t% of \(\Bkg%uﬁ’?‘?]@l i ERIJER eK%fP]ﬁBé?gotq:l% saded as Ware mstdedita anei ghts

and reduceddywya@éﬁt@ﬁ @lfletﬂ@sp@éngrtﬁg 8pee b RO YiBE L Blar dQi S, r esin

was neasured 48 Dby DSC As a result, a nelt] ng peak was observed at a
mel ting p0|mtm9%7®|@n5tm@rt)3ﬁy d!ﬁalrght anld steaywl tdlnplant kald RS of the

40,43, | K 140, t o 180C
per cont age. (H 0o 3r Rpis st 68 Fiftedd B e ad s o468t 8 Migheartisk 100

% The crystmltlhzaaflaskpm nhrxmﬂb&yrr&r@&ftﬁdﬂﬁaatnt%mdofceﬁlmm
di ssol vg[d in 50 m_of Clgl oroformtozgrepare a resin solution. A 12 mm X

120 mm 1Pwei §ht2HFt3 BEOPIER PWEeTtA but TR aiaed pnlomess&7ohafy 10
m) of a kenafrddbesa (Fidesstipqmter o 2P0/ maﬁab@rwe%ﬁ@rw&& e 300

MPa), inmmersed in the above resin solution and dried ter drying, the
pi ece was heiplegpiebxedreighyodf 110 dGi n I& snwieddd ngr ettt (The ebsai ned

ol ded produgds had 1 Y h1160G 1k 1R hudgry Qs dbiodey adabl e

15 (Production Example 16: production of polymer B7)

The procedure of Production Example 15 was repeated
except that 1.25 parts by weight of L-lactide (of Musashino
Kagaku Kenkyusho Co., Ltd.) and 48.75 parts by weight of
D-lactide (of Musashino Kagaku Kenkyusho Co., Ltd.) were used

20 toproduce polymer Bl. The obtained polymer B7 had a reduced
viscosity of 1.69 (ml/g) and a weight average molecular
weight of 140,000. Its melting point (Tm) was 155°C. Its

crystallization point (T¢) was 121°C.

. 25 <Example 11>
The polymer A7 and the polymer B7 were added to a flask
in a ratioc of 1:1, the inside of the system was substituted
by nitrogen, and the flask was heated up to 280°C to melt
blend together these polymers at 280°C for 3 minutes. The
30 obtained resin had a weight average molecular weight of
110,000 and a reduced viscosity of 1.46 ml/g which were almost
the same as the molecular weights and reduced viscosities

of the polymer A7 and the polymer B7. This resin was measured




15 <kxanpl e 12> The pol yner A7 and the polynmer B7 were added to a flask in
aratio of 1:1, the inside of the systemwas substituted by nitrogen, and
“the flask was heated up to 280C to nelt 20 blend together these polyners at
280C for 3 mnutes. The obtained resin had a wei ght average nol ecul ar

wei ght of 110, 000 and a reduced viscos¢d8y of 1. 46 m /g which were al nost
the sane as the nol ecul ar wei ghts and reduced viscosities of the pol yrrer

A7 and the pohweel. Bs oThksul 85 1dmbas iHEIMEIdagSolive Rk /ésa?ng&%iglgirt and

nel ting peak was observed at a nelting “point of 20/C in
t he nelting ewitial @f 2@1° ¢ hen ridsd DSBS/ @nd\lcthmlntalrtgr#%ant\luépgbser ved

at 140 to- n er cent (Rigs ar of a ltin eak at
195 C or hi g%ge)ﬁl\l/\%s]gﬁ%w)p ‘g&c“f&‘t aﬁ f‘fﬁit \ﬁg‘é f% g of
the obtai nedi4®sic a8 di s9@l vaed perEQnﬁhg@f (ngglog Q;hglr)mdmapm@g@agga resin
solution_ A 12 nm x_ 120 mm_(weight of 3 g %I ece was cut out froma mat

(t hi ckneSs cﬁeéﬂ'@atlbga%ﬁ ogt hagReh e s ?—B@r"(fl Bér CEy ahl bz L om@odntf | ber
strength of 300 MPe immersed in the above resin solution and dried.
After drying, the piece was heat pressed at 200C to obtain a nol ded
product. The obt aihed afpltded ghrtedoned Ixaﬁi'il a3 sHOL safo11688C.in bowad pddged as

bi odegr adabl e 13> 35 arts of a of t pol ymer

A7, 35 parts%ﬂbO Ef&ﬂlﬁt BETRH aofre[ %OIB? ﬁ‘ngz 61mp§rH§°b§P%| ght
10 of a kena(fwe:ﬁmupe:cf f3i lggr pﬁfabaewadl@ﬂ@t@ntofr&ﬁ)% Matf | (R dkeR@thcef 5 mMm
fiber strength of 300 MPa) were m xed together. This m xture was injected

into anlPnj et ign Ml di epnvelc Hi e r hidfditey tdhireaee teanpelr Q0 asetftiibay zones
of a mel tingdiAdelor WaicCRpYS! e; ﬁﬁéré@ﬁZﬂQQh@%%%xPé“}g%%CsB&%‘lbﬂe

injection 15 port™ side (PS-20 sma | -sized 1 njection nolding machi ne of
Ni ssei Jushiarkbdydedo. ,Aftel Priydnge ting @dtdcenwasllted preased at 170°C

to obtain a molded product. The obtained molded product had
an HDT of 160°C. It was judged as biodegradable.
15
<Example 12>
The polymer A7 and the polymer B7 were added to a flask
in a ratio of 1:1, the inside of the system was substituted
by nitrogen, and the flask was heated up to 280°C to melt
20 Dblend togethér these polymers at 280°C for 3 minutes. The
obtained resin had a weight average molecular weight of
110,000 and a reduced viscosity of 1.46 ml/g which were almost
the same as the molecular weights and reduced viscosities ’
of the polymer A7 and the polymer B7. This resin was measured
25 by DSC. As aresult, amelting peak was observed at a melting
poiht of 207°C in the DSC chart, and the melting enthalpy
of the resin was 40 J/g. No melting peak was observed.at
140 to 180°C, and the percentage (Riss or higher) Of @ melting
peak at 195°C or higher was 100 %¥. The crystallization point
30 was 112°C.
3 g of the obtained resin was dissolved in 50 ml of
chloroform to prepare a resin solution. A 12 mm X 120 mm

(weight of 3 g) piece was cut out from a mat (thickness of




nol d-tenperature of 90C so as to obtain a nolded product. The obtained

ol ded product had an HDT of 170C. It was judged as bi odegradable. 20
‘<Conparative Exanple 5> 3 g of PLLA synthesized from500 parts by wei ght of
L-lactide in accordance with Production Exanple 15 was dissolved in 50 mi
of chloroformto prepare a resin solutioh? 25 A 12 mm x 120 nm (wei ght of 3
g) piece was cut out froma mat (thickness of 10 nm of a kenaf fiber

(fiber dianejgr fo£0 b r of , '%Ese-' t he
above resin sorlnﬂ%)i %ﬁ gn %%lfegib%}f‘tg?%%i%b‘%?%%%@g%fec%b S hegjfﬁ%)r essed
at 200C to odtaeRIEh ol P pPeductimmErsedbiai hbd aldoverotelsih maddudtorhad an

HDT of 90C. ' i £s tai ned by the follow thod i
exanpl es bel S0 S0 e SBEChERAIE Rt % HEEAT Y PR TOAGEF Caver age
50 ol ecul atowsitghin &MY1ddepeodrice .MeaRerdist dihgbhopaeaBatb®ict had

chr omat ogr aph ]éGPC in ternms of standard. pol ystyrene. GPC neasurenent

i nstrunents %‘geH § PH11o%sC- 5 et drdarD A Kiiqdegrastabdie r ef r act onet er
of Shimadzu Corporation Punp: LC- 9A of Shinmadzu Corporation Col um:
TSKgel1G3000HXL, TSKgelX4000HXL, TSKgel GGO00OHXL and TSKguar dcokumHXL-L of
Tosoh Cor poreE¥amplere3xonnected in 10 series, or TSKgel G2000HXL, -

TSKgelG3000HXL and, T rdcokumbX] - L re G ected in ries. Chloroform
was used as an el fjijtSaﬁ gg%&]}f ngnﬂgto% %ﬁb@roafgﬁg po?f%% an?é’affltgw rate
of 1. 0 m /by wedrchtlBfl a afhip sifecheepol Pyt gy andoBoeps Fas ivp wefightng/ n

(chloroformcontaining 1 15 of hexafl uoroi sopropanol) was injected. (2)
Measur edBnt of s eaned diduer off Pexc iIdipgeer fvi2dd®: HBURKERSARX- 500

of N ppon BlHé‘rﬁ‘g‘tﬁ@fys&ﬂﬁ}j-fiberstrengthof300MPa)weremixedtogether.
This mixture was injected into an injection molding machine
having three temperature setting zones of a melting cylinder
which were set to 200°C, 230°C and 265°C from the injection
15 port side (PS-20 small-sized injection molding machine of
Nissei Jushi Kogyo Co., Ltd.) to be injection molded at a
mold temperature of 90°C so as to obtain a molded product.
The cobtained molded product had an HDT of 170°C. It was
judged as biodegradable.
20
<Comparative Example 5>
3 g of PLLA synthesized from 500 parts by weight of
L-lactide in accordance with Production Example 15 was
dissolved in 50 ml of chloroform to prepare a resin solution.
25 A 12 mm X 120 mm (weight of 3 g) piece was cut out from a
mat (thickness of 10 mm) of a kenaf fiber (fiber diameter
of 200 pm, fiber strength of 300 MPa),.immersed_in the above
resin solution and dried. After drying, the piece was heat
pressed at 200°C to obtain a molded product. The obtained
30 molded product had an HDT of 90°C.
Physical properties were obtained by the following
method in examples below.

(1) Weight average moleculax weight (Mw) and number average




sanple: 50 ng/ 0.7 m neasurenent solvent: 10 % HFI P contai ni ng deuterated
20 chloroforminternal standard: tetranethylsilane (TM5) 1 % (v/v)

‘measur enent tenperature: 27C (300 K) neasurenent frequency: 125 Mz It was
found by 13C-NVMR neasurenent that out of carbon 25 peaks attributed to
carbonyl carbon (C=0), peak (a) (around 5070.1 to 170.3 MHz) was attri buted
to a honosequence (LLLLLL or DDDDDD) and peak (b) (around 170.0 to 169.8
MHz) was athbibstesdrtPedghacemh chain (LLLDDD. . . ) , and the average
chain length was calculatéd fromthe integral value of these 30 peaks in
accordance with tHehdss [Wssiengeaspressbyngel perimeagial otalare tafgyegdly (a)/

i nt | val 3), Ther mal ties The PSC 60 diff tial
canni ng cal 77 bt BF TECTr 05 13 C RN Ro LT BT He on s FRERE AEor

measur enent , il Mgnait @ specisefoaswdeated from roomtenperature to 250C
at a tenperature elevation rate of 10C mn in a nitrogen_atnosphere, left
to be codl edP¥ 5 Dp RPutR A EhEe Frvak vyl (e Droct dppt o 2 ShEmydFat ur e

el evation rag@~-,-40L4m n. The honocrystal nelting tenperature (Tnh),
honocrystal nelting heat (A Hvh), stereoconplex crystal nelting

t enper at ur e ¥amis) TPrPA soersovonidexCarystatiomrel ting heat (A Hs) were

measur ed by t he fid.st i.ng. o Lzat] tenmperature (.Tc)
was obt ai ne (%/u efIlsSéé(')enlgﬁg]c%rabﬁ%q‘hg;ggg?iégb@éhﬁége%%]g%#%%%ﬁ%tégﬁl at 200
C or hi gher 182AtnicdigheiiL-The peseantagpoteti6h wer@lddidieak iat 200C
or higher was calculated froma neltin Fé‘g;ak area at 200C or higher 15

(hi gh t éAperSRTHSS. S S 1FHRP Bedk RUCAUPH BBE (| ow tenperature

based on t heprddd O Q- GXREESSH, Qb8 200, A - ph . &= A200 or higher/
(A200 or hi ghelggh Al140 to 180) X 1r0 0 mooc%cghmﬁ{ghgeé}p:lepse'r centage of nelting

peak at 200Chrodvnighar was used as an elutant and flown at a temperature

of 40°C and a £low rate of 1.0 ml/min, and 10 pl of a specimen
having a concentration of 1 mg/ml (chloroform containing 1 %
15 of hexafluoroisopropanocl) was injected.
{2) Measurement of average chain length of block
13CNMR device: BURKER ARX-500 of Nippon Burker Co., Ltd.
sample: 50 mg/0.7 ml
measurement solvent: 10 % HFIP containing deuterated
20 chloroform
internal standard: tetramethylsilane (TMS) 1 % (v/v)
measurement temperature: 27°C (300 K)
measurement frequency: 125 MHz
It was found by '*C-NMR measurement that out of carbon
25 peaks attributed to carbonyl carbon (C=0), peak (a) (around
170.1 to 170.3 MHz) was attributed to a homosequence (LLLLLL
or DDDDDD) and peak (b) (around 170.0 to 169.8 MHz) was
attributed to a racemic chain (LLLDDD. . .), and the average
chain length was calculated from the integral value of these
30 peaks in accordance with the following expression.
v = integral value of peak (a)/ integral value of peak (b)
(3} Thermal properties

The DSC-60 differential scanning calorimeter DSC of



A200- or higher: nelting peak area at 200C or higher 20 A140 to 180: nelting
peak area at 140 to 180C (5) Total crystallinity (xc(total)) The
‘crystallinity was obtained as follows. The crystallinity was cal cul at ed
fromthe honocrystal nelting heat (A Hnhh) and the stereoconpl ex crystal
meting 25 heat (AHms) actually obtai nedby DSC based on the foll ow ng
expressi on when the honocrystal nelting heat (AHM™MO of 100 O crystallized

pol yl actic aghtmi@su - E83pdrdt do@Nfat hesest er eoconpl ex crystal melting heat
(AHBO of 100 crystallized polylactic acid was -142 J/g. 30 xc (total)

(s) = 100 x (AHTH/ZHEROISREVIETST), 10679 Stie petioomibharx wesybeat ¢d Fadmon rat e

(xc(SC)) Fur , t,. of st.ereqc st-al...was _ cal cul at ed
based on theiéfslgrfll %‘%/\nrhﬁ%fg%fé;s%(?ozn%% aEtiCa ?Eéiﬁjel(%%ug%@(} ' ﬁ%/at/? Hs O)
/(A Hh/ A HbhQo KT ANGL ik BnsGrdgef Atrdxpleate pWeftty t 6%e T opt ifeal
purity S 85) ai ned from%t}? ratio of 5 l-lactjc acid and D-lactic acid
constitutin é)orpjg/glﬁt?%c?? RF A ot V< PR i 2 i BB L HIE SM sodi um
hydr oxi de angly &£t {tn Ofa S OPF OPATO@)miNer errdarhdl-k %10 tIRECi Men to
carry out hydrolysis while they were stirred under heating at 40C, and the

reacti on 10 toipeiamyes (Tl r didomecwétdl ndd sihd drext acAdmhThe

concentratio i d | [ Ng: e _neutralized solution 25
times. The dée]ifec ?%%@Z% %)%sé%io;ﬁ éﬂ%ergq[qeaﬁ?%a%a%liﬁ% glﬁlr?jg%[}af%(gti c acid
were measur estaddonlea\urgistiall adl ati hgmeay i NYHAsYarelrendrdfeddd Nm by
HPLC, li and the optical purity (%9 was calcul ated fromthe wei ght

percent ade [T1E (hT 5t SCHECOT acT e HiF T WA Yht O S BRAGATT BFC0 %) of
D-lactic acighgasid indd ngy amol d@asid Gaghfingol ymer based on the

fol |l owi ng ex&r)elsasi on. . D '
ercentage of melting peak at 200°C or higher (Raogor higher)
The percentage (%) of a melting peak at 200°C or higher
- was calculated from a melting peak area at 200°C or higher
15 {high temperature) and a melting peak area at 140 to 180°C
(low temperature based on the following expression.
R200 or higher (%) = B200 or higher/ (A200 or higher + A140 to 180) X 100
R200 or higher: Percentage of melting peak at 200°C or higher
A200 or higher: Melting peak area at 200°C or higher
20 Aj40 to 1s0: Melting peak area at 140 to 180°C
(5) Total crystallinity (yc(total))
The crystallinity was obtained as follows.
The crystallinity was calculated from the homocrystal
melting heat (AHmh) and the stereocomplex crystal meting
25 heat (AHms) actually obtained by DSC based on the following
expression when the homocrystal melting heat ( AHmhO) of 100 %
crystallized polylactic acid was -203.4 J/g and the
stereocomplex crystal melting heat (AHms0) of 100 %
crystallized polylactic acid was -142 J/g.
30 yc (total) (%) = 100 x (AHmh/AHmhO+AHms/AHms0)
(6) Stereocomplex crystallization rate (yc(SC))}
Further, the content of the stereocomplex crystal was

calculated based on the following expression.



The LG 6A punp of Shinmadzu Corporation, the SPD-6AV 20 DV detector of

Shi madzu Corporation and the SUM CH RAL QOA-5000 col um of Sum ka Bunseki
‘Center Co., Ltd. were used as HPLC equi pnent, and a 1 mM aqueous sol ution
of copper sulfate was used as an elutant to neasure at a flowrate of 1.0
mM/mn and 40C. 25 Optical purity (%9 = 380 x [L]/([L] + [D) (or 100 x
[D/([L] + [DI) (Production Exanple 17) preparation of poly-L-lactic acid

1 kg of an aguegd | uti gp gontal ning 90 wt% of 30 L-lactic acid (of
Musashi no agaﬁu ﬁenﬁyus Ltd.) was stirred at 150C and 4, 000 Pa

for 6 hours Eéédimlmimm@t) /vCeﬁthh/éd{rﬂsO{Amlst/aiHmambl igoner. 0.2 g of
st annous chl d f pstoluenesul fonic acid were added to this
ol i goner 53 ??5 ﬁ%ﬁ?g ‘lenra?F |% at 180 C and 1,300 Pa for 6 hours. After

cool i ng, the obt aiTied spﬂ:i@hm:giwnehé colobiahéd Pebily-the agit Lo asf d having
a wei ght averai;e mpl ecu] ar weight of 7, 800 and,a Tmof 153 C._ It had an
optical purityldfFteg acH an‘%D('ﬂ’FlSG&é’t PSth‘i%ﬁbt‘i‘B}n%m dtilertoc

poly-D-lactig-2881 gha I?glprﬁcggélgfcogcfaoductl on Exanple 17 was repeated by
usi ng an aqueous sol ution containing 90 w-06 of D-lactic acid (of

Musashi no Kagaku l@mﬂy@ihéMCEDdllmdiﬁdltcmxdﬂ ami 205pmlyobﬂmcqaaamld

havi ng a wei V. ar__wei.ght nd.a Tmof 154 C
had an optica plejélrdl%[E%g%1“3 rrjg a(lgpg&&& |noFl° é’ufgl?y%lf%];)%?ﬁl i"rﬁ(ﬁ
pol yl acti ¢ achely bheek stﬂp@édﬂtﬁ‘[dd&s Héa 80h@ a@lf 4dvec padng leHeadtdaetaed
obt ai ned |n Producti on nple 17 and 20 g of the poly-D-lactic acid
obt ai ned® n Sﬂ%ﬁ%ﬁ?l%ﬁﬂ%ﬁ@ﬁ@%ﬁ’@% gelﬂl FoYEeREY 3wl hedthed at

nor mal  pr es Sube &0 Pt {bRWEs adtu Y6 oppral iedidhal 4 St Lagperat ure of
the resin during mxing was gradually ral sed 20 omt ting points of

"t he pol ymer sieibgrahiegedverad utuginf 6nt ymes x e dF e dbt@@.twlm ge@blayfé:a(sl_dfacti c

acid bl end the L-lactic acid and D-lactic acid were measured with

ultraviolet radiation having a wavelength of 254 nm by HPLC,
15 and the optical purity (%) was calculated from the weight
percentage [L] (%) of L-lactic acid and the weight percentage
[D] (%)} of D-lactic acid constituting a polylactic acid
polymer based on the following expression.
The LC-6A pump of Shimadzu Corporation, the SPD-6AV
20 UV detector of Shimadzu Corporation‘ and the SUMICHIRAL
OA-5000 column of Sumika Bunseki Center Co. , Ltd. were used
as HPLC equipment, and a 1 mM aqueous solution of copper
sulfate was usedras an elutant to measure at a flow rate of
1.0 ml/min and 40°C.
25 Optical purity (%) = 100 x [L]1/([L] + [DI])
' {or 100 x [D]/([L] + [DI])

(Production Example 17) preparation of poly-L-lactic acid
1 kg of an agqueous solution containing 90 wt% of
30 L-lactic acid (of Musashino Kagaku Kenkyusho Co., Ltd.) was
stirred at 150°C and 4,000 Pa for 6 hours to distill out water
so as to obtain an oligomer. 0.2 g of stannous chloride and

0.2 g of p-toluenesulfonic acid were added to this oligomer



Exanpl e

was solidified by cooling and ground to obtain a particulate blend. This

product was gradual |y heated at 140C under reduced pressure (0.5 mHg) for
10 hours, at 150C for 10 25 hours and further at 160C for 10 hours (30

hours in total) to carry out solid-phase polynerization so as to obtain a
pol yl actic acid stereobl ock copol yner A3 The wei ght average nol ecul ar
wei ght (Mw), pol ydi spersi on degree (Mv M) and average chain length v of

this polyl actdameddi gbbjmeki A0 ieapoh¥aeE AR et 80 BABYF @hédRE NWR ey
measurenent chart is shown in Fig. 3). These results are shown in Table 5.

(Product i on E@kbre. 20)e pplpairgd opobid poty | seeyrd ded dittatk 54 copol ymer

B8 The proc _of (P I S ed - b sing .80,g of
t he pol 5 D,?g%]%fcﬂajé%jgo %ac%l(r?;g%% r%&%&%ﬂa@%%ﬁ%l%oﬁ%ggﬁ%r ?%18%& t he
pol y- L- I act i of acisd oaicgerBdoi . 53 Rr oducthah abhxarmleallgutrotohiffbn. a5 .

polylactic acid stereoblock copolynmer B8. The properties of this copolyner
were evaluated in the same manner as in Production Exanpl e 19. The

results are 51!5@%&&35@@}@1“%31@-@E()Prgﬁ‘gﬁéﬂﬁld%(%ﬁ)lgﬁlélb—F?Lra%ﬁﬁrcagcq'a of

pol yl actic acid bl ock copol'ymer A9 Thé procedure of Production Exanple 19
was repeated excédpie HRACBInE 1of Anddncidicn Fxampdley 13- Wact irepaeitédner e

m xed toget i rat i 0; btain a polylactic aci_d, bl ock
copol ymer A9. 'H%r%r gglelﬁ%lugéu%’f S%EFéggﬁp%??ﬁ%}nP%rge{?e“\r/tﬂ l?]aqsgdiiaﬁttlﬁe same
manner as i mdxddiet iMedstam Kaddku Temkasid Ta@re shown tid dahlie 5.

(Production aml e 22), preparati pn of palylactic acid block 20 copolyner
B9 The EPOCégqy}ﬁgq%Telﬁfi éﬂlalnhﬁawaewgeg s2Y@FRAE Pl astlept weﬁgpg .
pol y- D-1 actigr 8¢bdoand Ramok1lsactd C @Eirﬁd/\@ﬁ%ptmaéqdp%gﬂﬁvr%%rgé paratio

of 90:10 to obtain a polylactic acid block copol yner he properties of
this copolymer 25 were evaluated in the same manner as in Production

(Production Example 19) preparation of polylactic acid block
copolymer A8
15 80 g of the poly-L-lactic acid obtained in Production
Example 17 and 20 g of the poly-D-lactic acid obtained in
Production Example 18 were mixed together and heated at
normal pressure for 5 minutes. It was confirmed that the
temperature of the resin during mixing was gradually raised
20 from the melting points of the polymers and they were
| uniformly mixed at 175°C. This poly-D/L-lactic acid blend
was solidified by 'cooling and ground to obtain a particulate
blend. This product was gradually heated at 140°C under
reduced pressure (0.5 mmHg) for 10 hours, at 150°C for 10
25 hours and further at 160°C for 10 hours (30 hours in total)
to carry out solid-phase polymerization so as to obtain a
polylactic acid stereoblock copolymer A8. The weight
average molecular weight (Mw), polydispersion degree (Mw/Mn)
and average chain length v of this polylactic acid block
30 copolymer A8 were measured ('’C-NMR measurement chart is

shown in Fig. 3). These results are shown in Table 5.

(Production Example 20) preparation of polylactic acid block



20. The results are shown in Table 5. <Exanple 14> 0.5 g of the polylactic
acid bl ock copolyner AS and 30 0. 5 g of the polylactic acid bl ock

“copol ymer B8 were dissolved in a mixed solvent of 9 ml of chloroformand 1
m of HFIP (1,1,1,3,3,3-hexafluoroi sopropanol) (total anmount of 20 ml)

and nmi xed together in an L/D ratio of 506460. After 20 minutes 55 of mxing
and agitation, the obtained solution was poured into a glass Petri dish

and left to é&ﬁ@ggﬂérrggmtenperature and normal pressure for 15 hours.
Thereafter, 1t-was continuously dried in a vacuum oven at room tenperature

for 5 2 hours, at B povcilmorirst acbdtct8m fxanplwurs wasThepeated
crystallizatjon te atu Tc).,. honpcrystal . |ting tenmperature (Tmh),
st er eoconpl €% mgggqeé ﬁ‘e‘?f ?‘H‘% P‘%%ﬁ%%‘ﬁ%%ﬁlﬂé: F?ﬁﬁlg‘r’&’ YREHOMEHHY heat
(M Hrh) and Es4@pEOCOITARX 26 VSt ¢l thdng, heats {0 i) Ploghe b ginred 10

polylactic acid stereoconpl ex polyner were neasured. These results are

‘shown i nSTabPECdcirien Bxpaedeabe tCREDD 6t amqhiekdct it aaideitenapieak at
200C hi i.ni : t . t of
stereocompl SRy Eher B4 Whdnerrdt Al AEORAREINAT. o, 1

of the pol ylecdlwaed dibl dok saopolnarmererAS@anch Praghaftidre peimglactiocc acid
bl ock copol yper B8 re dissal ved .in%{? m _of chloroform and 1 to 2 drops
of acetic anhydrfT&-20° &T® %?J‘i’fé‘?j Hhd™3?1%r2d for 1 hour to cap the
termnals of the copolyners. Thereafter, 2 m of HFIP was added to

conpl etel y di ssolve these copolymers, and they were re-precipitated in 200
M of méfhandtrodihi@nExpmpdedil hpgeparnsd onThie podelecsdstdeidirdlogkdr i ed

in a vacuum%%h 25 tenperature for 2 hours, at 60C for 2 hours and
at 80C for 6 oﬁ?fggg]g of the polylactic acid bl ock copolynmer AS and

The procedure of Production Example 19 was repeated
except that poly-L-lactic acid and poly-D-lactic acid were
mixed together in a ratio of 90:10 to obtain a polylactic

15 acid block copolymer A2. The properties of this copolymer
were evaluated in the same manner as in Production Example

19. The results are shown in Table 5.

(Production Example 22) preparation of polylactic acid block

20 copolymer B9
The procedure of Production Example 20 was repeated
except that poly-D-lactic acid and poly-L-lactic acid were
mixed together in a ratio of 90:10 to obﬁain a polylactic
acid block copolymer BS. The properties of this copolymer
25 weré evaluated in the same manner as in Production Example

20. The results are shown in Table 5.

<Example 14>
0.5 g of the polylactic acid block copolymer A8 and
30 0.5gof thepolylactic acidblock copolymer B8 were dissolved
in a mixed solvent of 9 ml of chloroform and 1 ml of HFIP
(1,1,1,3,3,3-hexafluoroisopropanol) (total amount of 20 ml)
and mixed together inan L/D ratioc of 50/50. After 20 minutes



0.5 g of the polylactic acid block copolyner B8 after termnal capping and
purification were dissolved in a mxed solvent 30 of 9 m of chloroformand
‘1 m of HFIP (total ampunt of 20 nl) and mixed together in an L/D ratio of
50/50. After 20 mnutes of mxing and agitation, the obtained solution was
poured into a glass Petri dish and |l eft & stand at room 56 tenperature

and normal pressure for 15 hours. Thereafter, it was continuously dried in

a vacuum ovepfahikoaf 48APLGRELH €onf Ofhe A SnedtsSOE K WadPUE-aNd at
80C for 6 hours. The properties of this polylactic acid stereoconplex 5

pol ymer wer elebalaugtlags Fethb dabeandnifht &6 $Ek @&tpreons emprregainesul ts
are shown in b < 16> T dur. | e, 14 was repeated
<8 cfay EIaETLEe 65518 RRAEES A Lo AL S Cas 7

except that po I'c acrd copol e polylactic
acid bl ock copotynmeouBdywirbedriixed tagethesvem at tabmnot&hpebdi &be tfpwbt ai n
pol ylacti c acid stereoconplex_polyner. The _properiies of this polylactic
acid st eﬁeoc%n%?%?spoﬂ}ngg gwggﬁ év}é?‘ﬂnﬁ?eﬂn@naF h&0 saneChahnBPUBS- i n Exanpl e
14. These 15 resuths @FPs&PMEd th bl dnSer SRBEPFe L7 s Rrocedur e of
Exanpl e 15 was repeated ‘except that the polylactic acid block copolynmer B9

and the pol yrétEirg pemperatidreckTubbol Fhereagomelex ngxestabgeeherngn a
ratio of 50:50 to obtain,polylactic acid stereocoml ex pol r. The
properties OEET%?Eag?E?eég%ﬁ%i Z]S%OIB%??Y%E? Cm%ﬁFHl%%at e\géﬁﬁg})e@q%n t he
sane manner @erdofumpbeL dibysTdAESR IESY heatarl(\ BROWof tHaI Lneb

<Exanpl e 18> The po] yl act.ic acid bl ock copal yner B9 and the _polylactic
acid bl i@k & %/%%‘Fi/%@% graHaedonBl ey §Wege BRd PR 50 BESS he

i nsi de of t heeSYBt eramassMbstint 4ed 3@ . byrRé tyoBemeddie X} Ur ¢, yas heat ed
to 175 to 220C and nelt

of a melting peak at 200°C or higher, total crystallinity

{xc (total)) and the content of stereocomplex crystal

(xc(sC)) are shown in Table 6.
15
<Example 15>
1 g of the polylactic acid block copolymer A8 and 1
g of the polylactic acid block copolymer B8 were dissolved
in 18 ml of chloroform, and 1 to 2 drops of acetic anhydride
20 were added and stirred for 1 hour to cap the terminals of
the copolymers. Thereafter, 2 ml of HFIP was added to
completely dissolve these copolymers, and they were
re-precipitated in 200 ml of methanol, suction filtered and
dried. They were continuously dried in a vacuum oven at room
25 temperature for 2 hours, at 60°C for 2 hours and at 80°C for
6 hours.
0.5 g of the polylactic acid block copolymer A8 and
0.5 gof the polylactic acid block copolymer B8 after terminal
.capping and purification were dissolved in a mixed solvent
30 of 9 ml of chloroform and 1 ml of HFIP (total amount of 20
ml) and mixed together in an L/D ratio of %0/50. After 20
minutes of mixing and agitation, the obtained solution was

poured into a glass Petri dish and left to stand at room



bl ended together at 220C for 3 mnutes. The properties of the obtained
copol ynmer were evaluated in the sane nanner as in Exanple 15. These
‘results are shown in Table 6. 57 <Conparative Exanpl e 6> The procedure of
Exanpl e 14 was repeated except that the follow ng poly-L-lactic acid
(PLLA) and poly-D-lactic 5 acid (PDLA) @ére used and m xed together in a
ratio of 50:50 to obtain a film The properties of this fiImvvere eval uat ed

in the same ﬁamp@&aaarbnaﬁamrﬁ‘al% Jdese rsul fsshaﬁﬁssh dedabl e 6.
PLLA: wei ght average nol ecul ar weight of 110,000, 10 poly |sperS| on degree

(Mw Mn)  of Zlﬁﬁﬂambntmguwshy drimad iofa st@a@l@wen Fiergletn barapegrE-ums ecul ar

i ght of 10 lLydi nt
(T of 1660005 <balBs orF VEb ek ohaf e B8uka 1h8laf € Gl %
repeat ed except th'nhe Pedyektiactdfc taaqisdpbﬁyh:é):taada@DﬂyS&ﬁ@ﬁéérﬁpP@xd

(PDLA) in Conparative Exanple 6 were used and m xed together in a ratio 20
of 50:50 %0 BBLYPRTIVETE rﬁvaﬁﬁ@t;ﬁ%a@r thessape (Pney &% wWor BXaBRAE ikt ed in

t he same nan S hese |ts are shown in Table 6. 58
the same ?ﬁ%s%réﬁu@éé”ﬁ!r@ &ﬁowﬁ?ﬁ’réﬁ?@% U o MLAN N B MN

OmIDNt lo~, MCo M
<Example 16>
The procedure of Example 14 was repeated except that
10 the polylactic acid block copolymer A9 and the polylactic
acid block copolymer B9 were mixed together in a ratio of
50:50 to obtain polylactic acid stereocomplex polymer. The
properties of this polylactic acid stereocomplex polymer
were evaluated in the same manner as in Example 14. These

15 results are shown in Table 6.

<Example 17>
The procedure of Example 15 was repeated except that
the polylactic acid block copolymer B9 and the polylactid
20 acid block copolymer A9 were mixed together in a ratio of
50:50 to obtain polylactic acid stereocomplex polymer. The
'properties of this stereocomplex polylactic acid were
evaluated in the same manner as in Example 15. These results
are shown in Table 6. '
25
<Examplie 18>
The polylactic acid block copolymer B9 and the
polylactic acid block copolymer A9 were added to a flask in
a ratio of 50:50, the inside of the system wasg substituted
30 Dby nitrogen, the mixture was heated to 175 to 220°C and melt
blended together at 220°C for 3 minutes. The properties of
the obtained copolymer were evaluated in the same‘manner as

in Example 15. These results are shown in Table 6.
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<Comparative Example 6>
The procedure of Example 14 was repeated except that
the following poly-L-lactic acid (PLLA) and poly-D-lactic
5 acid (PDLA) were used and mixed together in a ratio of 50:50
to obtaina film. The properties of this film were evaluated
in the same manner as in Example 14. These results are shown
in Table 6.
PLLA: weight average molecular weight of 110,000,
10 polydispersion degree (Mw/Mn) of 2.66, melting point (Tm)
of 165°C
PDLA: weight average molecular weight of 100,000,
polydispersion degree (Mw/Mn) of 2.49, melting point (Tm)
of 166°C
15
<Comparative Example 7>
The procedure of Example 15 was repeated except that
poly-L-lactic acid (PLLA) and poly-D-lactic acid (PDLA) in
Comparative Example 6 were used and mixed together in a ratio
20 of 50:50 to obtain a film. The properties of this film were
evaluated in the same manner as in Example 15. These results

are shown in Table 6.
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resi stance and heat stability as well as excellent 5 transparency, safety
and bi odegradability. Therefore, the polylactic acid is expected to be
“used for foods, packages and engineering purposes such as autonobiles and
home electric appliances. 61 Cains 1. Polylactic acid having a wei ght
average nol ecul ar wei ght of 80,000 to 5009000 and a nelting peak at 195C or
5 higher whigch_accounts_for, 80 % or nore of the total of nelting peaks in
t he t'errperatfl?‘é' USFEVAL i BrPetRb Whén measured by a differential scanni ng
cal ori met er (DSC) A&oJ&%@QWfﬁé%ﬁe@&hg iaetdidng Eﬁeféaig?%m)Mae
conprises (1) olylactic acid unit (A) conposed of 90 I %of an
L-lactic am]@lolm achie arid hevimg exeklaebt| mechanieel csmmgm,d/lmata

conobnoner i t tlanlgp acid and a ctic acid unit
(B-1) COWOS%%Q%?P%I@&'%()&@@ Al tf if}[éYac?l ko gjtlads um%mja to 10 nol %
of an L-BactiradSpacéncyida fang/ andabmcaegeaeabmmmppnthmﬁoﬁhmd han

lactic acid i é /(B-1), weight ratio of 10/90 to 90/10, or (2) a

pol yl actic a‘&‘?ﬁyﬁ?ﬁ %@c%ﬁﬁo§§ﬁe€Fe§0tPob§0@S%Iﬁﬂ%ff% dsp. pRckegesc d
unit and O tHndOemdl Jadfi @ drut@sd [ fed SOIONQRET
conmponent unit otrglge)ir t ha I?gf]actl o a%]&dég%kg é2@0 éawi'ool y jgtlctfac acid unit (A1)
conposed of ®Pe¢rdY ampbiagicesan L-lactic acid unit and 1 to 10 nmoli of a
D-lactic acid wunit and/or a conobnoner component unit other than lactic
acid in an (A-1)/(B) weight ratio of 10/90 to 90/10. 25 3. The polylactic
acid according to claim2 which conprises the polylactic acid unit (A-1)
and the polylactic acid unit (B-i) inan (A-1)/(B-1) weight ratio of 10/90
to 90/10. 30 4. The polylactic acid according to claim2 which conprises
a polylactic acid unit (A-2) conposed of nore than 99 nol % and 100 nol % or
| ess of an L-lactic acid unit and O nol%or nore and | ess than 1 nol % of a
D-lactic acid unit




and/or a conononer conponent unit other than lactic acid and 62 the
polylactic acid unit (B-1) in an (A-2) / (B-1) weight ratio of 10/90 to
'90/10. 5. The polylactic acid according to claim2 which 5 conprises a
polylactic acid unit (B-2) conposed of nore than 99 nol % and 100 nol e or
less of a D-lactic acid unit and O nollédbr nore and less than 1 noll of an
L-lactic acid unit and/or a conononer conponent unit other than lactic
acid and the polylactic acid unit (ACIRIME an (A-1) / (B-2) weight ratio
10 of 10/90 to 90/10. 6. A process for manufacturing polylactic acid,
conprising the steps of: (1) making a crystalline polyner (A) which is
conposed 151lof 9(0PoLylOO-Iwldcid lawvind actwelgici durrdgambledwldd nol e

of a D-lactic_acjid unpi r 0 omer, co ent unit other, than

|l actic acid Tﬁ%ﬁgﬂ?‘lgsog %@fﬁ%%%’l@t%@ 49 f"orqgg 1R9 BREK 2 et té KFer age
nol ecul ars weh ghkhe PvhliQh 8880tALEGL0E80 3 3RtnEr& ¥Stiad IHJ¥ 1P Wl 50 i)
which is conposed of 90 to 20 99 noll of a D-lactic acid unit and 1 to 10

nmol % of an PER5Rtie theitenparatan® eleyatdmpnshep Coaponemtured tbyother

than lactic dﬁffgréggi 95%?a€%%5%B%a?ﬁiﬁﬁig%ﬁéﬁgbéP-17OC and a wei ght

aver age nol ecul ar wer ght coéxistent in an (A)/(B-1)
wei ght ratio of 10/90 to 90/10, or 25 (2) naking a crystalline polynmer (B)

which is conposed _,of 90 to 100 noll. of a D-lactic acid unit .and 0 to 10
ml % of an t:lactit® fc‘%ﬂ”[ﬁﬁ LGRS A e c“g]rﬁquwe]m i ot her

than | agi ¢ @sish Bk hes) & %lgillégztﬂ@ abiaf uA40 (8) 188nfos@db @ Jeicght
aver age nol ecul ar _wei ght of 100, 000 to 500,000 30 and a crystalline polyner
(A-i) which 10 BeAgceands- Bortls agddmnit anddhte-Y%mel & afca®daictiand 1 to
Ran 1, 4521 YL L 300 By GRTIGYTE S RORI kLt
aver age nol exzddirangeiagipoleflat®lco0aeitiouse, (BO1 L oexisbead &3 90 to 99
mol% of a D-lactic acid unit and 1 to 10 mol% of an L-lactic
15 acidunit and/or a comonomer component unit other than lactic
acid in an (A)/(B-1) weight ratio of 10/90 to 90/10, or (2)
a polylactic acid unit (B) composed of 90 to 100 mol% of a
D-lactic acid unit and 0 to 10 mol% of an L-lactic acid unit
and/or a comonomer component unit other than lactic. acid and
20 a polylactic acid unit (A-1) composed of 90 to 99 mol% of
an L-lactic acid unit and 1 to 10 mol% of a D-lactic acid
unit and/or a comonomer component unit other than lactic acid

in an (A-1)/(B) weight ratio of 10/90 to 90/10.

25 3. The polylactic acid according to claim 2 which
comprises the polylactic acld unit (A-1) and the polylactic
acid unit (B-1) in an (A-1)/(B-1) weight ratio of 10/90 to
90/10.

30 4. The polylactic acid according to claim 2 which
comprises a polylactic acid unit (A-2) composed of more than
99 mol% and 100 mol% or less of an L-lactiec acid unit and
0 mol% or more and less than 1 mol% of a D-lactic acid unit

and/or a comonomer component unit other than lactic acid and




inan (A-1)/(B) weight ratio of 10/90 to 90/10, and heating themat 245 to
300C. 7. The process according to claim6, wherein the 5 crystalline

“pol yner (A-1) and the crystalline polynmer (B-1) are nmade coexistent in an
(A-1)/(B-1) weight ratio of 90/10 to 10/90 and heated at 270 to 300C. 8.
The process according to claim6, wherei2a crystalline 10 polyner (A-2)
whi ch is conposed of nmore than 99 noll and 100 nol %or |ess of an
L-lactic acrghﬁmquéﬁ@@%Fl%Wl%?elhﬁdl apelds AMaB-1L)nveigbt @B actic

acid unit angfofyaqes0PQNeHR {y Cconmponent unit other than lactic acid and has
a nelting polnt Og? 2{6% ?gr?l%bc and a wei ght average nol ecul ar wei ght of 15

100, 000 to 500, 000 and the crystalline polyner (B-1) are nmade coexi stent
inan (A-2)/(B-1) ight, ratio of 10/90 to 90/10 and heated at 245 to
300C. 9. Theéproceq\g@e g%%]o‘éjg"i‘%tgl‘i&%]t i"’lﬁcé?r‘%ﬁ'@eti% st AT 20

pol ymer (EB- 2yompi thed 2 £8MHPOS0H106fa M intifkans99) Minpd 1@0noAOItGh0r - | ess

of a D-lactic acid unit and a noll or nore and Iless than 1 noll of an

L-1actic aci¥° uiPt® &t 900 nedifordmesscofipanentacinie attéruntamndadtic
acid and ha i i f t C wej . aver: | ecul ar
wei ght of ng%)%?é%drg&tég%,le%go%g%ﬁl ? héggf y(g?g‘?rﬁilhei%c}}lycfrear&?giﬁ%are
made coexi samdfor @ anmbBetet (dnd)oneiighhnitadtbepftHEG 98 ct a9 1D anagnd
heated at 245 to 300C. _10. Th rrocess. according to claim®6, wherein the 30
crystalline Wﬁik’ga&Fécnﬁl%ﬁu‘?ﬁge Ii"ejr) i ?lﬁéAﬁrlégé#E@)o‘f’el%EéﬁGéoof a

sol vent 1and deat@tso Ids ddergrocess according to claim6, wherein the

crystalline polyners are in the formof a powder or chip. 64 12. The
polylactic acid according to claim1l which is conposed of (1) a polylactic

e b Ll R E R L e LA

(3) a weightonpatiwimgf tthe ddd@ctaft: acid unit (conponent D) to
(1) making a crystalline polymer (A} which is composed
15 of 90 to 100 mol% of an L-lactic acid unit and 0 to 10 mol%
of a D-lactic acid unit and/or a comonomer component unit
other than lactic acid and has a melting point of 140 to 180°C
and a weight average molecular weight of 100,000 to 500,000
and a crystalline polymer (B-1) which 1s composed of 90 to
20 99mol% of aD-lacticacidunit and 1l to 10 mol% of an L-lactic
acid unit and/or a comonomer component unit other than lactic
acid and has a melting point of 140 to 170°C and a weight
average molecular weight of 100,000 to 500,000 coexistent

in an (A)/(B-1) weight ratio of 10/90 to 90/10, or
25 (2) making a crystalline polymer (B) which is composed
of 90 to 100 mol% of a D-lactic acid unit and 0 to 10 mol%
of an L-lactic acid unit and/or a comonomer component unit
other than lactic acid and has a melting point of 140 to 180°C
and a weight average molecular weight of 100,000 to 500,000
30 and a crystalline polymer (A-1) which is composed of 90 to
99 mol% of an L-lactic acid unit and 1 to 10 mol% of a D-lactic
‘acid unit and/or a comonomer component unit other than lactic
acid and has a melting point of 140 to 170°C and a weight

average molecular weight of 100,000 to 500,000 coexistent



the L-lactic acid unit (conponent L) of 20/80 to 80/20, (4) a weight
average nol ecul ar wei ght of 80,000 to 300,000 and (5) a stereoconpl ex
“crystal content of 80 to 100 % 10 13. A process for manufacturing
polylactic acid having a stereoconplex crystal content of 80 to 100 %
conprising the step of: (iii) nelt mxi®g or solution mxing 15 (i) a
polyl actic ac¢id block copolyner (A which is conposed of an L-lactic acid
bl ock (LB) ak8 %nDLF‘aH/éBécW91ﬁhBCKaKLDB)Of| HOA9PBLEBOMELBht andti o of 40/ 60

to 3/97.5 and has g @Meéggf C §-wei ght of 80, 000 to 300, 000
and an aver age chaln ﬂﬁ eac%gn+§c§6§f 5 to 40 and 20 (ii) a

pol yl actic acid bIock copolyner (B) which is conposed of an L-lactic acid
bl ock (LB) QQEactic acid bl oc dé dﬁp an LB/ DB me|§ rati o of
40/60 to 3/9 5 ant h & 2CHRT Rt COHH TEOI G WRFHAT 0380, 000 to
300, 000 sandcayisBNET 266 péhiaidy [(@nathaed ﬁ?é:&r%%lil%e%é% @r134. The
process according to claim13, conprising the Step acturlng t he

pol yl actic a@F% ﬂlﬂ%@q%wtﬁ%r ipMn b= Inel (B xivieg obrt satdei of 9A/ g

pol y-L-1actig,agh P. n igh age nol ecul ar wei ght of
5,000 to 20,000 bfob ) O?Qe e 2298 Q0 TOEA) having a wei ght aver age

nol ecul ar melght of 5, 000 to 20,000 in a PDLA/PLLA wei ght ratio of 40/60

to 3/97.5, lidif t he m xture and further | i d- phase pol rizing
0,65 15, e  prHtBToaREB I QG FAIGhA 6 IS TP e oo

manuf actgr i rlgom@e:podmdzacwmcﬁcm & é‘cPBQ' MOBE €1Bn @Y mBBALadA Xighg oOr
solution mxin pol{ L-lactic acid (PLLA) ~having a wei ght average
5

mol ecul ar wet S@Oth%HZDJGUUHE’ﬂPﬂﬁ-pﬂl? D £ mod Saet dnqRDiaAX havi ng
LI SHSLEE oL SOkt YELDS, e D00, A0 CHRa1 ) ) CULERRS ver o
component unit other than lactic acid and has a melt:Lng point
of 160 to 180°C and a weight average molecular weight of
15 100,000 to 500,000 and the crystalline polymer (B-1) are made
coexistent in an (A-2)/(B-1) weight ratio of 10/90 to 20/10

and heated at 245 to 300°C.

9. The process according to claim 6, wherein a crystalline

20 polymer (B-2) which is composed of more than 99 mol% and 100
mol% or less of a D-lactic aecid unit and 0 mol% or more and
less than 1 mol% of an L-lactic acid unit and/or 4 comonomer
component unit other than lactic acid and has a melting point
of 160 to 180°C and a weight average molecular weight of

25 100,000 to 500,000 and the crystalline polymer (A-~1) are made
coexistent in an (A-1)/(B-2) weight ratio of 10/90 to 90/10
and heated at 245 to 300°C.

10. The process according to claim 6, wherein the
30 crystalline polymers are mixed together in the presence or

absence of a solvent and heated.

11. The process according to claim 6, wherein the

crystalline polymers are in the form of a powder or chip.



sol i d- phase polynerizing it. 10 16. A conposition conprising the polylactic
acid of claim 1 and a filler in a weight ratio of 98/2 to 1/99. 17. The
‘conposition according to claim 16, wherein the filler is a natural fiber.
15 18. A nol ded product of the polylactic acid of claim1. 19. A nvol ded
product of the conposition of claim16. 64

12. The polylactic acid according to claim 1 which is
composed of (1) a polylactic acid block copolymer consisting
of an L-lactic acid block and a D-lactic acid block and has
5 {2) an average chain length of each block of 5 to 40, (3)

a welght ratio of the D-lactiec acid unit (component D) to
the L-lactic acid unit (component L) of 20/80 to 80/20, (4)
a welght average molecular weight of 80,000 to 300,000 and
(5) a stereocomplex crystal content of 80 to 100 %.

10 |
13. A process for manufacturing polylactic acid having a
stereocomplex crystal content of 80 to 100 %, comprising the
step of: |

(iii) melt mixing or solution mixing

15 (1) a polylactic acid block copolymer (A) which is composed
of an L-lactic acid block (LB) and a D-lactic acid block (DB)
in a DB/LB weight ratio of 40/60 to 3/97.5 and has a weight
average molecular weight of 80,000 to 300,000 and an average
chain length of each block of 5 to 40 and

20 (ii) a polylactic acid block copolymer (B) which is composed
of an L-lactic acid block (LB) and a D-lactic acid block (DB)
in an LB/DB weight ratio of 40/60 to 3/97.5 and has a weight
average molecular weight of 80,000 to 300,000 and an average
chain length of each block of 5 to 40.

25
14, The process according to claim 13, comprising the step
of manufacturing the polylactic acid block copolymer (A} by
melt mixing or solution mixing poly-L-lactic acid (PLLA)
having a weight average molecular weight of 5,000 to 20,000

30 with poly-D-lactic acid (PDLA) having a weight average
molecular weight of 5,000 to 20,000 in a PDLA/PLLA weight
ratio of 40/60 to 3/97.5, solidifying the mixture and further
solid-phase polymerizing it. |



10

15

65

15. The process according to claim 13, comprising the step
of manufacturing the polylactic acid block copolymer (B) by
melt mixing or solution mixing poly-lL-lactic acid (PLLA)
having a weight average molecular weight of 5,000 to 20,000
with poly-D-lactic acid (PDLA) having a weight average
molecular weight of 5,000 to 20,000 in a PLLA/PDLA weight
ratio of 40/60 to 3/97.5, solidifying the mixture and further

solid-phase polymerizing it.

16. A composition comprising the polylactic acid of claim

1l and a filler in a weight ratio of 98/2 to 1/99.

17. The composition according to claim 16, wherein the

filler is a natural fiber.
18. A molded product of the polylactic acid of claim 1.

19. A molded product of the composition of claim 16.




