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ǑɞǏ� ĝȏ  

1.1 ņǥÚǯǆ�)ĮƮñŧŐ  

� 20�Ǜ/ĔôÀƀŴĔŸ,��?Ǒ�ƁưŸɒâɜ�@,Ɓ�ǂƍËă.ƺ

ď, Ǒ�ƁưŸɒâ)�'ǇăĿǸ.ƺď���.ƯƐBȓ�,�'�!ɝ

�.+�(ə»āǇă9ɛŘŤBȢ�ɜ1930Ě�,ɂƺ�@!dJn��:b

F�� 66+*)�$!ə»āÝĺËă.ɗȚƻ+ƺď,<>9!=�@!ɝ�

ɇə»āŧŐ.ǻưȹ/�.Ȟȹĵ:°@!ÆĔĵ�= Fig. 1(a).�ƴ.ə»

āŧŐ.Ưưȹňǈ,Ǿ=@?<,ɜ1950Ě(Ěư 1.5Î�`�(�$!9

.� 2007Ě(/ 2¯ 6Î�`�,6(Ĵĺɀ�'�?(1)ɝ6!ɜ�@6(,�

$!ȼŧ).ƯưȹƆȟ(Fig. 1(b))(/ 1989Ě,Ȧȝ�ɜƫï(/ȼŧɜW~

t]N)µ, 3 ûŧŐ)�'ț.é>,+�'/+=+�ŧŐ)+$'�?ɝ

ŧŐ)�'.ĺɀƪ(/ Fig. 1(c).ŧŐ¾.Ǽ¿ĺɀƪ�=ɜn~V\]Nư

Ÿ/ǜ:ȼŧ<>9ə� 6%.ĺɀƪBǅ�ǥ�ɜ�ī9ȺĐŧŐ.�ş+*)

�'9�.ĺɀ�Ǿȡ6@?(1)ɝ�.<+ə»āŧŐ.Ĵȩ+ǩű/ 20 �Ǜ

.ǇăĿǸ.ƺď,<>+�@!9.(�?�ɜ�.×ɑ�.�Ǜ/Hd�M

�:Ʀȗ.ûȹƓȕ�ġŵ,<?ȖƜ.ŮƖ:Ʈö.ĶË9ÆȩĠƻ,ȬǷ�

!ɝ�.!8�īÞŻ.ǢƗĺɀBȭ�!ôÝɜƋŰ:ɘŐåɕ+*��ɖ.

ƯƐ,ȷû+åɕBŪ�+*��ĸ�@'�?(2)ɝ�@=BǮś,ȣĚɜņǥÚ

ǯ+ĿǸ£ǚBƽŇ�!O���PtV`��(GC):O����SV^Ebm

�PtV`��(GSC))�$!ƐÉ�ƼC,ǷA@'�?ɝCG/ǖíƮö¬Ȓ

Ď)Dv�KËă�.ȫǎ,<> 1990Ě”Pollution Prevention Act”. 
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ĺǎBýƀ)�'	�ɆÓÁ,ò&�!ǇăĿǸ.ŇČƭĳ
,ò&�ǎ#�

�=@!”Green Chemistry Institute”,<>ňȬ�@'�!ɝGSC/ 2000Ě

,	ņǥÚǯ+ǆ�3.ǇăĿǸ.ȔƩ
,ò&�!Ƃē.SV^Ebm�P

tV`��). GSCd]`��NƺșŚ,ŖŦ(ȉƯ�!9.(�?(3)ɝ1990

Ě�Ï0�=þ6$!�@=.ǃǍɂƺ.Z�Q]`)�'O���ȖƜ(·Ư

ÚǯȖƜ).ƐƱ��>ɜËǂȖƜ(�?ǂƍƲŪ.ə»āŧŐ�=ÓŐBŶƦ

ƲŪ)�?ĮƮñ.gFJsVÓŐ�=Ưư�@?gFJsVn~V\]N.

ŢÈ¿Ʊ�Ɖ8=@'�?ɝ�ī.gFJsVǻä.Ưư�ƚ(/ɜǖí( 2007

Ě,´ǹ�@!	ǖí.gFJsVHd�M�Ö1gFJp�VǻäjU|�


(/ 2004Ě.gFJp�VǻäƯưŐ 176r�aB 2010Ě,/ 1.5ɜ2020

Ě,/ 3ǉĠ,Ņû�';��)Bƽż)ŉ�'�?(4)ɝ6!ɜƂēgFJs

Vn~V\]NÐ�=.ÿȅ9.)ǷA@!óáŞ,/ 2003Ě.�ƴ.őǿ

.gFJsVn~V\]N.Ưưȹ/ 10�`�(�$!�ɜ2007Ě(/ 36�

`�)ǂƍƲŪn~V\]N.Ưưȹ)Ɔȟ�!ôÝ 1%,9ƛ!+�)/�

�Ęô/Ĵĺɀ�'�>ɜ�ī 10Ě( 3,Ņû�?)Ǿȡ6@'�?(5)ɝ 

� �.<+ðƬǿŽ.Ǯś.+�(ɜĻ�í.íĆļƶ)�'9ņǥÚǯ+

Fig. 1World Plastics Production (1) (a) World Plastics Production 1950 -2007 (b) World benchmarking 
Compound Annual Growth Rates Plastics, Steel and paper (c) passed steel production by volume (1)�

(a)� (b)� (c)�
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ǆ�BƽŇ�!ƐÉ�ňȬ�@'�>ɜ2002Ě,ɅȑƌĄ�@!gFJsV�

c]r�ǦÝļƶ(6).œǷ,<>ɜgFJsVBǦÝƻ,ŠûɈ¿Ʊ�!ņǥÚ

ǯ+ǆ�.ąƫBíǓ)�'9Ħ�Ń�Ȭ8=@'�?ɝ6!ɜ2010Ě,Ʌȑ

ƌĄ�@!gFJsVƐƱňȬòŦȃƳ(7).gFJsVƐƱĿǸ.ǃǍɂƺ.

òŦŒȻȆĄ,ò&�ɜǑèŤǇăĿǸòŦŒȻ(8)(/gFJsVn~V\]N 

.źȪŧŐ)�'.əĠ¿Ʊ+*ɜ�.ƊƱË�Ħ�Ɖ8=@'�?ɝ 

� �@=.�)�=ĮƮñŧŐ(�?gFJsVn~V\]N,%�'.ĿǸ

ɂƺ/ƫïíǓ:�ƴǿŽ(Ħ�Ø>��=@'�>ɜċŪ.Ęôƻ+ďţ)

�'9Ħ�ţ6@'�?»ȸ(�?ɝ 

� gFJsVn~V\]N/üƢƲŪ.ǻä)�' 1980Ě�,Ƃē(r�-3-

ia�LTm\��`(P(3HB))�q`�)�'.ǻäË�+�@'�!�ɜƦ

ĵɑ(.Ł>Ý��%��ƊƱƻ+ďɂ/�@6(+�@'Ū+�$!ɝ��

�ɜ1990Ě�,ġn~V\]N.ġŵĩɓ.¢Ƙ)�'Ư»Ȃĵn~V\]N

,Əƽ�Ɍ6>ɜ�.īŶƦƲŪ.gFJp�Vr�s�)�'ƏƽBƑ1ɜ

�@=.ǃǍ�ƼC,ǷA@?�)(ɜƫïÜǊȽů(ǻäË�+�@'�?ɝ

�+9.)�'/ɜ P(3HB)ɜr��-Kn�~N`�(PCL)ɜr�-L-�ȶ(PLLA)ɜ

r�`�H\��^�lZ~�`(PTT)+*��>(Fig. 2)ɜƊƱĵə»ā,Ç

=-ƦĵBǅ�'�?(9,10)(Table 1)ɝ+�(9r��ȶ(PLA)/ǖí.K�M�

ǆ� 2001Ě,Ěư 14�`�.n~�`Bǎ#��!�)�=ɜƯưRV`.

¢�,%+�>ɜ�@6(ÌƹŧŐ+*.ə©ų(.ƱȨ,Ɉ=@'�!9.

�ƊƱƱȨ3.ȯ�ɂ�@'�!(11)ɝŖŦ(9��Ëă� LACEA(Ěư 500t)ɜ  
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Fig. 2 Example of bio-based polymer (9)�

Tg Tm �� ��� ���

 [℃]  [℃]  [MPa]  [MPa] [J/m]
P(3HB) 4 180 2600 2320 12 ����! 

PCL -60 60 280 230 nb ����! PH
PLLA 58-60 170 3700 2800 29 ����(	
��)
PTT 228 2400 2400 ���EP

HDPE -120 130 900 1000 nb
LDPE -120 108 150 420 nb

PP 5 164 1400 1100 20
PET 260 2650 59

����� ����

��

Table 1 Biomass plastic properties list (9,10)�

Fig. 3 Number of works published since 1985 based on Scholars!
 Portal Search using key words “polylactide”, “poly(lactic acid)”!
, and “polylactic acid”(12)�
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`}ZǲÉȜ� Eco Plastic U’z(Ěư 1,000t)BƯư�ɜǻäËBǷ$'�?ɝ

�.<+ƭƲ�=PLA/gFJp�Vr�s�.+�(ƫïŠ9ąƱƻ+ǃ

Ǎ�ƼC,ǷA@'�>ɜ�.�)/ Fig. 3.ŎƩ.óá�ō.÷Æ�=9Ř

=�(�?(12)ɝ� ĮƮñŧŐ)�'. PLA/wes�)+?�ȶ�ŶƦƲŪ.

(C2CB�ȶƺȵ�?�),<$'Ĭ=@ɜƣÒŚ:įƯƦ.»Ȃ,<$'

ƺƯ�! CO2/ŶƦ.²ÝĺBǢ'ĮƮ�!ƟǝSFN�BźǕ�?K�q�

cz�`~�+n~V\]NŧŐ)�'Əƽ�@'�>ɜPLA.Ưư�=�S

FN�BǢ!PtK�SFN�,%�'9ǅ�@'�?(9)(Fig. 4)ɝ 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4 Circulation cycle of poly(lactic acid) (9)�
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 ����
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6!ɜÓŐ)�'ǂƍ:ǂƟ+*ËǂȖƜBƓȕ�+� PLA/Ưư.ɋ,Ɠȕ

�?Hd�M�Ɠȕȹ/ǂƍƲŪə»ā<>¢�+>(Fig. 5(a))ɜƯư, �ƺ

Ư�? CO2.ȹ9čȹ(�?(Fig. 5(b))�)�=9Ʈö�Æ.¢�n~V\]

N)9�A@'�?(13)ɝȣĚ(/ÓŐ(�?�ȶ.§Ǥ/`Gw�RT+*. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɘƱgFJsV).ǐÝBȲ�?4�ɜɐɘ.gFJsVȖƜ(�?W���

V:ɘäġŵƦ�=�ȶBĬ?ǻȪĿǸ,%�'.ɂƺ9Ȭ8=@'�?ɝ 

Fig.  5  (a)  Fossil  energy  requirement  for  some  petroleum based 
polymers  and  poly  lactide.  The  cross-hashed  part  of  the  bars 
represent the fossil energy used as chemical feedstock (the fossil 
resource to build the polymer chain). The solid part of each bar 
represents the gross fossil energy use for the fuels and operations 
supplies used to drive the production processes. (b) Contributions 
to global climate change for some petrochemical polymers and the 
two poly lactide polymers. �

(a)�

(b)�
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� ŧŐ)�'.r��ȶ.ƃÛ/ 1960Ě��= 1990Ě�,��'ɜ�ȶBw

es�)�ɜÆƈ»ȂBȘ��)�Ƨɀ�=ɜ�,ǨÝǙ:ŊņŧŐ)�'

ÌƹƱ.ŧŐ)�'ǃǍ�ǷA@'�!(14-16)ɝ1990Ě�,Ʈöåɕ.ƇȮ�ə

6?+� PLA/Ư»Ȃn~V\]N)�'ƏƽBƑ1ɜƫï/ćçɜÊǺŧ:

ǲÉȜɜɎāƀçɄª.źȪŧŐ)�'�ȳ¿Ʊ�@'�?(12)ɝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Poly-D- (lactic acid)!
PDLA�

Poly-L- (lactic acid)!
PLLA�

Poly-DL- (lactic acid)!
PDLLA�

Fig. 6 Structural formula of PDLA, PLLA, PDLLA.�

Table 2 Physical properties of PLLA, PDLLA, sc-PLA.!(18)�

�� ���� ����

 [℃]  [GPa] [%]
PLLA or PDLA 170-190 0.12-2.3 12-26

sc-PLA 220-230 0.88 30
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� gFJsVn~V\]N)�'Ż�+ƱȨ�ŤĪ�@?PLA.źȪģBFig. 

6,ǅ�ɝ�Ʒ.Ƨɀ/Ǫ>Ȥ�Ñ¡¶,L~�Ɵǝ�Ăï�?)��)(�

?ɝ�ȿ, D6!/ L£.²ăƸĵ£�Ăï�?!8ɜPLA/�.»āȿ,à

6@?Ƹĵ£.ǡ7ÝA�,<>ɜD£.�ȶ{c]`.7,<>źĺ�@!

r�-D-�ȶ(PDLA)ɜL£.�ȶ{c]`.7,<>ħĺ�@!r�-L-�ȶ

(PLLA)ɜ6! D�ȶ) L�ȶ.{c]`��ȿ¶ȳ,µĂ�!µȷÝ£)+?

r�-DL-�ȶ(PDLLA)+*�Ăï�?ɝ�ȿ�ÞǊ.²ăƸĵ£.7,<>ź

ĺ�@! PDLA: PLLA/ǣŜĵBǅ�.,ĉ�'ɜPDLLA/ɐŜĵ(�?

�)�=ɜPLA�ǅ�Ʀĵ/źĺ�@?²ăƸĵ£:�.ǡ7ÝA�,<$'

úĒ,A!?ɝ6!ī,ǟ��?V^�JR�n�]NVr��ȶ(sc-PLA)/

PDLA) PLLA.ƕÝ,<>ɜPLA.+�(Š9ə�ǭƥĵBǅ��)�ǁ=

@'�?(17)ɝTable 2, PDLLAɜPDLAɜPLLAɜsc-PLA.ÜǊƦĵBǅ�(18)ɝ

�.<, PLA/ÞǊ.ə»āɃ(9Ǫ>Ȥ�Ñ¡�,�ŏƟǝBņ%!8ɜ

�ƁźȪ:�.ī.ǡ7ÝA�,<>Ż�+ƦĵBƺƫ�?�)�=ɜņǥÚ

ǯ+gFJsVȖƜB¿Ʊ�?)�¿Ơ��,źȪ.ǲƲĠɜ�=,/Ʀĵ

.ǲƲĠ)�Ơ,��'9ɚÄƻ+ə»ā(�?ɝ  

� �@6(.<,ǻưĵ:�.Ƨɀ�=ƊƱĵ.ə»āŧŐ.�ş)+?Į

ƮñŧŐ)�'.ɏǽ�Ħ�ţ6@?r��ȶ(�?�ɜ�.ƱȨB÷:�ɜ

ƊƱƻ+ə»āŧŐ.�ş)�'Ʊ�?!8,ŝ+?ǭƥĵ:ÄăĦĠ.ß� 
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Fig. 7 (a) WAXD pattern of sc-PLA(17)�(b) Crystal Parameter sc-PLA(21)!

(c) Packing formation in sc-PLA(17)�(d) Crystal structure of sc-PLA�!
(e) Crystal structure of PDLA, PLLA, sc-PLA (21)�

(a)� (b)�

(c)� (d)�

(e)�

Homo Crystal sc Crystal

Crystal system Pseudo-
orthorhombic Triclinic

Chain conformation 103 31

a (nm) 1.066 0.916
b (nm) 0.616 0.916
c (nm) 2.888 0.870
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+*�Ɖ8=@'�?ɝ�.ŋæĽƎ)�'ɜbeN�F+*.ơƀǗā+*

).fFm�]a:±õŧ).R�rU]`,<?Ʀĵ.ß�,%�'.ǃǍ 

�ȣĚƼC,ǷA@'�?(19,20)ɝ+�(9 PLA,Ƨİƻ+ŋȗƎ)�'Əƽ�

@'�?.� 1987Ě, Ikada=,<$'óá�@!r��ȶ.V^�JR�

n�]NVË)�ĽƎ(�?(17)ɝ�@/ɜǎ£Ƹĵ.Ʉª,�?ǣŜĵ.

PDLA) PLLABƕÝ�?�)(ɜPDLA: PLLAǣŜ. XǧéŁ)/Ƹ+?

éŁhZ��Bǅ�ɜFig. 7(a).ąǧ� PLLAɣPDLA = 50ɣ50ɜ�Ơȿǧ�

PLLAɣPDLA = 75ɣ25ɜƠǧ� PLLAɣPDLA = 100ɣ0.ÃÝ(ƕÝ�@!

WAXDhZ��(�>�.ȴÝ,<>ǣŜ.ħĺhZ���øË�'�?�)

�ǁ=@'�?ɝ6!ɜ�@ @.ǣŜźȪ/ PDLA: PLLA�ħĺ�?

31Helix. homoǣŜ(homoŜ))ɜPDLA) PLLA� Fig. 7 (c) (d).<,ƾ

�,h]L�O�ɜ103 Helix.V^�JR�n�]NVǣŜ(scŜ)Bħĺ�?

(21))�9.(�?ɝ�.!8ɜ�.ǵƠ/ 230�)+>ɜPDLA: PLLA�

ħĺ�? homoǣŜ.ǵƠ)+? 170�<>9 60���.ǵƠ�ß��?ɝ6

!ɜÄăĦĠ,%�'9Ĥĥ>ĦĠ� PDLA: PLLA.Ñ£,Ɔ4V^�JR

�n�]NVË�!9.(/ 2��ß��?�)�óá�@'�?(22)ɝV^

�JR�n�]NV.�.�.¦)�'/ɜr�vZN��ȶv\�(PMMA)

.T�UJZN\]N£(s-PMMA))FYZN\]N£(i-PMMA).R�n�]

NV�ǎ£ƻ+�ȷǶŔBħĺ�?)��)�ǁ=@'�?�(23)ɜr��ȶ

.V^�JR�n�]NV(/ PDLA) PLLA��@ @ĉƤƻ+ǶŔźȪB

)>ɜh]L�OB�?�),<>ħĺ�@'�?�)�ĜȁXǧéŁ(WAXD)
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ƚĄ,<>Ř=�,+$'�?(Fig. 7)(21)ɝƦĵ.ŋȗƎ)�'.V^�JR�

n�]NVË/ǎ£Ƹĵ£(�? PDLA) PLLA.ƕÝ,<>+�@!!8ɜ

ƸǊƦȗ).R�rU]`:±õ,<?ŋȗĿǸ.ɋ,Š9åɕ)+?m��

aƦ)òŧ).ƾƝĵ.åɕ�+�)�¿Ơ��?ɝȣĚ sc-PLA.ĲƱƻ+

ǃǍ/ƼC,ǷA@'�>ɜKondo=/T�KǗā, PDLA) PLLAB��,

ǌđ��!Ǘā�= sc-PLA.be\z�m.ɂƺ(Fig. 8(a))(24):ɜFukushima

=/ sc-PLA.ǣŜËBÈƪƻ,ħĺ��?4� PDLA) PLLA.m�]NR

r�s�BÝĺ�ɜV^�JR�n�]NV.~v~ǣŜBÈƪ<�ħĺ��

?�)(ǭƥĵ.ß�,ĺÅ�'�? Fig.8(b))(25)ɝ�.<,V^�JR�n

�]NV.Ƨɀ(�?ǎ£ƻ+źȪħĺ�Úǯ)�ƠBƯ��ɜŻ�+ŧŐ

Ȇȃ�ŷȄ�@'�?ɝ 

 

 

 

 

 

 

 

 

 

 

(a)� (b)�

Fig. 8 Applied research example using the sc-PLA (a) sc-PLA nanotubes (24)!

  (b) stereo block poly lactic acid.(25)�
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� sc-PLABźȪŧŐ)�'Ʊ�?!8,/ə»āŧŐ.¶ȳźȪ.ƭȂ�ȷ

ǽ)+?ɝ�ǳ,ŧŐ)�'ə»āBľôÝ,/Ýĺ�@!ǝŧBŧŐ3)

ÆĔ�?ıǽ��>ɜ�.ĽƎ)�'/ƝǵƦ.Ńº�:Ċºĺħɜ6!ə»

āƝƔBLxV`�ƝĀBǴƺɉÔ�?�)(ǱĺħB��?LxV`Ǝ+*

Ż�+ĽƎ��?ɝ�@=.ĽƎ,<>¥ǻ�@!ə»āŧŐ/ƝǵƙĠ:¸

ÒŚɃ+*�.ĺħũ�,<>ɜÄăƦĵ:²ăƦĵ+*�Ƹ+?ɝ�.<

,ə»ā.ƦĵBÀĭ�ɜŧŐ)�'ľ!8,/�.ȈǞBŘ=�,�?�

)/ɐę,ȷǽ)+?ɝə»āŧŐ�ĺħÆĔ.ũ�,<>Ƹ+?ƦĵBǅ�

ǽê/�.Ǽɍ+¶ȳźȪ,ƲŪ�?ɝə»ā/�%6!/Ǽō.Ǫ>Ȥ�Ñ

¡�µŢǣÝ,<>�%.»āBħĺ�ɜ1���.»āȹ(�?Ėû»ā(�

>ɜ�@=�ħĺ�?źȪ/�ǳƻ,Ɓ. 3Ǌ(Fig. 9),»ɖ�@?ɝ»āȿB 

 

 

 

 

 

 

 

 

 

 Fig. 9 Internal structure of the polymer material�
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źĺ�?wes�{c]`.Ǌɖ:ȴ¼ħģ,<?�ƁźȪɜ�@=.»āȿ

�ǿÁƻ+ȴ¼Bħĺ�?�-o�]NV:�-T�`+*.�ƁźȪɜ�=,ō

Í nmJ�[�.~v~źȪɜō�mJ�[�.ƬŜźȪ+*ə»āŧŐ�.

¶ȳźȪ/ą,úŻ+ħĹ(w�lI�U�)Bħĺ�?ɝ�@=.ǼɍúĒ,A

!?źȪ�ŧŐ)�'.ÄăĦĠ:ȧŘĵ+*,¨Ă�?!8ɜə»āŧŐ.

ƦĵBÀĭ�?!8,/�.w�lI�U�.Ȃū:ħĺƀź.ƭȂ�Ź8'

ȷǽ+Ȍɕ)+?�ɜƬŜ.ħĺƀź+*ȂŘ�@'�+�Ơ�ť",Ƅ�@

'�?ɝąɋ,ǣŜĵə»ā.źȪħĺBĕ7,ľ�ɜƦĵBß���!¦)

�'r�n�k��.ƝǵǣŜȴßË(26)� Okada=,<>óá�@'�>ɜĤ

ĥ>ĦĠB�@6(. 7. 230MPa,6(ß���ɜƆĦĠBȼȾ. 2~5

,6(ə8?�),ĺÅ�'�?ɝ�.<,ə»āBŧŐ)�'ľôÝɜ

¶ȳźȪBƭȂ��.źȪħĺBƭȂ�?�)(ɜ�.¶ȳźȪ.Àĭ�Úǯ

)+@0ĺħÆĔŚ,��?Ʀĵ.Àĭ�Úǯ)+>ɜƱȨ.Ņû:ə»āŧ

Őǲț.ƀǯB¤��)+�Ĥ�º��)�Úǯ)+?ɝƫï sc-PLA.w�l 

I�U�,%�'.ǃǍ9ƼC,ǷA@'�>ɜ�.ȍǻũ�,��'Q�ƨ

(22)ɜƬŜ(27)ɜǗāƨ(28)+*ú�.ħƨBħĺ��?�)�óá�@'�?ɝ 

� Âȥ.)�>ɜr�s�lE�u.¥ǻ/əƙ(Ɲǵ��ĺħ�?Ɲǵĺħ

)ƝƔ,ƝȂ��!ī,LxV`�?LxV`Ǝ��?ɝīǬ.ĽƎ(/Lx

V`ƝĀɜƝƔƞĠɜǴƺȩĠ+*Ż�+ũ�.ȱł,<>úĨ+w�lI�

U�Bħĺ�?�)�(�?ɝsc-PLA.ôÝ PDLA) PLLA.R�lIv�
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T|�/ sc-PLABħĺ�?ɋ,ǶŔƨB)>ɜƝƔ�(/ǒ��Ĝ�=@!~

�[uRF�ȿ)+?�)�ìŢǘĠ)»āȹ.Ʉªģ�=ǁ=@'�?(29)ɝ 

� �@,Ĳ�' sc-PLAlE�uBLxV`Ǝ(¥ǻ�?)ɜPDLA) PLLA

.ƕÝƝƔ�ɀ�ŚɃB��'ƝƔƞĠ��ŗ�?))9, PDLAȿ) PLLA

ȿ/¹ɌBȘ��ɜPDLA) PLLA.R�lIv�T|��ǶŔƨ)+>

sc-PLABħĺ�?)�źȪ.øË/ƝĀ.ĩɓBÙ�?)�ĸ�@?ɝ��

(ŦǃǍ/ƝƔ�(.ə»āȿ.�Ŧ.R�lIv�T|�)���=¥ǻ�

@!LxV`lE�u.w�lI�U�.ɄªBŘ=�)�?�)(�>ɜƝ

Ɣ�.ə»āȿ.ƨĹ�ì£ƨĹ.w�lI�U�,*.<+ĩɓB9!=

�.�)��),%�'Ř=�,�?9.(�?ɝ 

� ȣĚɜú�. sc-PLA.w�lI�U�ħĺƀź,%�'.ǃǍ�ǷA@'�

?(30-33)ɝTsuji=,<>ɜsc-PLA.ĺħũ�+*/óá�@'�>ɜPDLA)

PLLA.»āȹ(34)ɜȴÝƆ(35)ɜƕÝŚ.ƝƔƞĠ.ĩɓ(36)+*�ŕ,óá�@

'�>ɜƝĀ.¨Ăĵ,%�'9ǷA@'�?(34)�ɜ�.LxV`lE�u)

w�lI�U�.ȈǞ,%�'6(/ŷȄ�@'�+�ɝ 

� ƝƔ�.R�lIv�T|��ì£.w�lI�U�,Ö5�ĩɓBŘ=�

)�?�)(ɜV^�JR�n�]NV.źȪħĺƀźBĲƱ�! sc-PLA.ə

Ġ¿Ʊ,ĲƱ(�?)ǫ�=@?ɝ6!ɜsc-PLABŧŐ)�'Ʊ�?!8/

PLAlE�u¶ȳ, scŜBħĺ��?ıǽ��>ɜPDLA) PLLABƕÝ�

ıɔ)+?ɝscŜ.ħĺ/ PDLA) PLLA.ƕ�>��(ƕãƨĹ),¨Ă�?

�)/ćř,ĸ®(�?ɝ��(ɜ�.PDLA)PLLA.ƕÝƦ)+?mix-PLA
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,ǀƽ�ɜ�.lE�u�. PDLA) PLLA.ƕãƨĹBƱ�?ƝĀ.Ǌɖ,

<$'ėƸB��?�)(�@=.w�lI�U�,Ö5�ƕãƨĹ.ĩɓB

ŷȄ�?�)Bƽƻ)�?ɝ 

� �@6(.ƊƱƻ+ə»āŧŐ(/ɜÑ�»āȿ.ǣŜË,<>ħĺ�@?

ǣŜw�lI�U�,%�'/ŕ,ú�.ǁǾ�Ĭ=@'�>ɜə»āŧŐ.

ĺħŚ,ıɔ+ķó)�'ưŸ.ŲĞBŊ�'�?ɝƫï�@6(.ǂƍp�

V.ưŸ�=gFJp�VưŸ3.ňǈ�Ș�'�>ɜgFJp�Vr�H\

��:ɜgFJp�Vr�n�k��+*ő!+gFJBp�V)�!ưŸ.

øȰ�Ș�'�?ɝ�.+�(ƫïƏƽ�@'�? sc-PLA.w�lI�U�.

ħĺƀź,%�'Ř=�,�?�)/�@6(.ǂƍƲŪ.ƊƱĵə»ā,+

�ɜ�Ɓƻ+ə»āɃ.ƾ�¥ƱBĲƱ�!V^�JR�n�]NVË.òǄ

ķóB��?ɝŦǃǍ,<>Ĭ=@?ǁǾ/ɜr��ȶ.V^�JR�n�]

NV)�ǔë.ĲƱ,Ƶ6=�ɜƯƦƲŪƧŢ(�?L~�ȱłĵBĲƱ�

!ŧŐ.ďɂ,+�'/+=+�ȷǽ+ķó)+>ɜ�+A#�ī.ưŸ.�

)+?gFJsVBòǄ)�?ưŸ.ŲěBŊ�?9.)ǫ�=@?ɝ 

 

1.2 ŦǃǍ.ƽƻ  

� ŦǃǍ/ƊƱƻ+ËǂȖƜƲŪ.ə»āŧŐ.�ş)�'ɜņǥÚǯ+ŶƦ

ƲŪ.ȖƜBƱ�'Ưư�@?r��ȶ.ŋȗĿǸ)�'Əƽ�@?ɜr��

ȶ.V^�JR�n�]NVË.w�lI�U�ħĺ,��'ƝƔƨĹ.R�

lIv�T|��ì£ƨĹ.w�lI�U�,��?ĩɓBŘ=�)�ɜ�.
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w�lI�U�ħĺƀź�=Ʀĵ.ß�:ő!+ƀǯɂńBǷ�)(ɜĮƮ

ñǆ�.Ǆ)+?ȷǽ+òǄ_�ZB���ī.ǇăĿǸ.ƺď,Ĉ��?�

)BŠǠƻ+ƽż)Ą8?ɝǑɟǏ(/Ʊ�! PDLA) PLLA.ÝĺĽƎ)�

.Lx~NZ�X�T|�,%�'ɜǑɠǏ(/LxV`Ǝ.½ŤƅɊ)+?

ƝƔ�,��? PLLA.R�lIv�T|�ɜÖ1 PDLA) PLLA.ƕÝƝƔ

�,��?R�n�]NVË,%�'Ř=�)�ɜǑɡǏ(/ÜƝĀǊ,<>

¥ǻ�@! sc-PLA.LxV`lE�u.w�lI�U�,%�'ŷȄBǷ$

!ɝǑɢǏ(/Ƹ+?ȴÝƆ:»āȿɀ.Ƹ+?ǚ(. sc-PLA.w�lI�U

�ħĺ)�.Ʀĵ,%�'ŷȄBǷ$!ɝǑ 6Ǐ(/mix-PLAlE�u.ȧ

Řĵ)w�lI�U�.Ʉª,%�'Ř=�,�!ɝ 
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Ĉ 2 Ć� _iwĳ'�½#>eh?IiHoDgm  

2.1 Īĝ  

� �s'Ć&ô�1Īĝ4�ĩ�1ň 

nD-h?KPŊÖĜĵ�¬ĀĢŇFAhLO DL 

nL-h?KPŊÖĜĵ�¬ĀĢŇFAhLO AL 

n�¦�(
)ķŊ5jPiLKĀĢ 

nEW9Rj:oMjŊ5jPiLKĀĢ(Ď´Ŋ99.0%) 

n5GOROij (ACN)ŊíďĪĝŇļÑ�¬ĀĢ (Ď´Ŋ99.5%) 

nMOhVPlWhm (THF)ŊíďĪĝŇļÑ�¬ĀĢ (Ď´Ŋ99.5%) 

n�?ll]jb (CHL)ŊíďĪĝŇļÑ�¬ĀĢ (Ď´Ŋ99.0%) 

n�1,4-E<>Cm (DOX)ŊíďĪĝŇļÑ�¬ĀĢ (Ď´Ŋ99.5%) 

 

2.2 _iwĳ'�½  

� pęø& PLA'�½Ēİ( Fig. 1'.�&ÿ�2Ň_iwĳ(wĳ4dS`

o#�ĘÚĴĔ�-Ňwĳ'ñî{Ķ�"1Eh?KP'ĺñĴ�&.�!

¹/21(1)ň�ė'�»(Č��/Ú4Ŀ���1�#&.0ıĞ�1³ğ�»

"1�Ň�ė'¥�(ĘÚĔĴ�#%0ŇĴ��»�ıĞ�1#�Ê&Ú�

ª�ó½�!�*��+ŇÃq<oJo'Ņ�ªĶ' PLA4¹1�#��ŀ#

�21ň 

� _iwĳ'FMk<AmYkL?F4�Ģ�1&�0ŇFMk<AmYk

L?F(sc) �#�ªĶ'�«¼( Tsuji/&.0¤��2!�0(2)Ň�ªĶ�č 
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5�105�r"( sc-PLA'·½&ºģ% PDLA# PLLA'�ªĸ'Áħ�Ě¨

&Ğ32%��+Ňsc Ì'·½�¿��21ňpÆ"W6jbu'djW;l

Eo4üă'¯ĭ#�1�#�/W6jb'·½&ºģ%�ªĶ�r"1º

ģ�0Ň�ªĶ���¥�"(ŇW6jb·½�%�2�Ň�ªĶ� 2 q�

r">eFO¸&W6j·½�ýī�21#��z®.0Ň�Æ4ĤĂ,��

ēÒ 2~5qā´'�ªĶ' PDLA# PLLA'�½4ùÀ��ňPLA'�½'

�÷ìĮ4h?KP#��¥�ŇĴ�'ıĞ#�&Ú�ª�ó½�%��+Ň

Ïüă( D-h?KP*�( L-h?KP4�÷ìĮ#�Ň�2�2 PDLA #

PLLA'�½4Ğ��ň 

� PDLA# PLLA'�½¾Ń(Ajioka/'¾Ý(3)&å�!�s'.�&Ğ��ň

�Å#%1 L-h?KP(*�( D-h?KP)(Ĳĳ:Kj4ô�!�ēÌ4 3´

OH�C�HO�

CH3�

C�

O�H�

D-���

H� OH�C�O�

CH3�

C�

O�

n�

H�

O�

O�O�

O�

L-�����

�!
����

H2O�

���!

��-L-���

H2O�

	�!
����

���
�

H2O�

���
�

Fig. 1 Synthetic route of PLA. �

CH3�

H3C�

L-���
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Ğ�ċĢ��ňûĄxë���h?KP 20g4EW9Rj:oMj 0.2L&æĦ

��ħ©#�!¦�ķ(
) 0.145g4æß&��Ň130	Ň1.5mmHg'à s"

20ÊĻ�»4Ğ��ň�»đy¸Ňæß��Ķ&%1*"à ěõ4Ğ�ŇPLA

'��ªĶ½�4Ŀ���ň�'¸?ll]jb4 0.2L��ŇW6jIim@

4Ğ�ŇŉL 'cISoj&çs�1�#"æĦ�!��Ņ�ª4�Ü×&.

0����ň¹/2�_i`o(ċĢ'�+ûĄxë¸Ň�´?ll]jb&

æĦ�ŇcISoj&.0�Ü×4Ğ��ň�'¸5GOm& 1 ËÞè��Ň

<iB`o' PLA45GOm&æĦ��1�#"Ŀ��Ň�'±ā4Ĩ{´Ğ

��ňûĄxë'¸&Íđø&¹/2�_i`o'�ð( 70%"��ň 

 

2.3 _iwĳ'>eh?IiHoDgm  

2.3.1  ÓþÙ�ņâ  

� �½�� PLA'�4Ğ��+&ÓþÙ�ņ(NMR)â4Ğ��ňÈÏŁª

ĀĢŇJNM-ECX400¢Woi:§ÂÓþÙ�ņĠĕ4ô�Ň500 MHz (1H), 125 

MHz  (13C)Ň20	"â4Ğ��.CmYj'ĬĢ(�½��PDLA�)PLLA

4�2�2 10mg (1H-NMR)Ň20mg (13C-NMR) CmYjò&â0Ň°Ķ'[

mHm&æĦ���ēxë4Ğ�Ú�%$'tĎì4Ŀ����ňxë��Ī

Å& CDCl3 1ml4��Ň5mm�' NMRKfoX4ô��ň 

� Fig. 2 (I)#(II)&�½�� PDLA# PLLA ' 1H-NMR F\?Oj4ÿ�ň

1.6ppm&-CH3£Ň5.2ppm&-CH £&¯»�1D@Qj�ĥâ�2�(4)ňFig. 

2 (�) # (�) ' 13C-NMRF\?Oj&��!,18ppm&cKjêĐ, 69ppm
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&cKmêĐ, 170ppm&=j^RjêĐ'D@Qj(4) �ĥâ�2��#�/Ň

PLA'�½#ċĢ�%�2��#4ýī��ň 

 

 

 

 

 

 

 

 

 

 

 

2.3.2� Ċ´³¡�ªĶâ  

� PDLA# PLLA'�ªĶ(8[loNĊ´Ĩ4ô�ŇĊ´³¡�ªĶ(Mv)4

Û+�ňâ(æ©#�!?ll]jbŇ30	'Ð�" Fig. 3'.�&Ğ�Ň

Û+�ÔľĊ´Ã[�] (ml/g)�/ŇMark-Houwink-Sakurada 'µ(1)4ô�!

Mv4ĉ���(5)ň 

� � � � � � � � � � � [�] = 5.45 � 10-2 Mv 0.73  � � � � � � � � � (1) 

� �'ēÒŇPDLA# PLLA'Mv(Ň�2�2 3.4�104Ň3.4�104"��ň 

 

(B)�

(A)�

H� OH�C�O�

CH3�

C�

O�

n�

H�

(C)�

(B)�(A)�
H� OH�C�O�

CH3�

C�

O�

n�

H�
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H� OH�C�O�

CH3�

C�

O�

n�H�

012345678

CDCl3�
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(B)�

(B)�

(A)�PDLA�
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(A)�

H� OH�C�O�

CH3�

C�

O�

n�H�
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(C)�
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Fig.2 1H-NMR spectra of (I) PLLA and (II) PDLA, and!
13C-NMR spectra of (III) PLLA and (IV) PDLA.�

Chemical shift, ppm�

(Ⅰ) PLLA� (Ⅱ) PLLA�

(Ⅲ) PDLA� (Ⅳ) PDLA�

Chemical shift, ppm�
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2.3.3� �½_iwĳ'�¬Ď´â   

� FMk<AmYkL?F�( PDLAĸ# PLLAĸ'ą�ø&úġø%vĸ'

UL>m@&.0·½�21(6)ň�'�+ŇÕ½�1 PDLA- PLLA'�¬Ď

´(AmYkL?F�&(ł²&Ĵģ%�ª#%1ň PLA(Ĵ�Ê'Ņás"

Ņ�ªĸ�*�(Ņ�ªĻ':FMj}Â�»(7)Ň:FMj�Za5GIoj|

§ö¼(8)ŇÎć£�/'TL?T7M6m@�»(9)%$&.0hGa�4į��Ň

�¬Ď´'�s4¶�į��#�2!�1ň PDLA# PLLA'Ç�´(ÈÏ�

�ĀĢŇÇ�Ĩ P-2300 4ô�Ň�ä4QOi8bhmY(� = 589nm)Ňâ

á´ 25	Ň1.0%'æß&!Ň�İĹ 10cm&!â4Ğ��ň�'¸Ň¹/2

Fig. 3 Reduced viscosity and inherent viscosity dependent of !
concentration of PDLA .�
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�Ç�´[�]�/ŇØÇ�´4�s'µ(2)  

� � � � � � � � � � � � � � � [!]!! = !
!×!� � � � � � � � (2) 

&.0ĉ��ŇD �� 100%'#�'ØÇ�´ ([�]100=-156°)(10)#'Ø�/�

¬Ď´4ĉ���ň�'#�Ň[!]!!�ØÇ�´(deg�m2/g)Ň��Ç�´(deg)Ň!�

�İĹ(dm)Ňc�æßé´(g/dl)"1ň�'ēÒ PDLA# PLLA�2�2'�

= +151.71°Ň-150.31°"0Ň�¬Ď´( PDLAu' D-h?KP� 98.3%ŇL-

h?KP� 98.0%"0Ň�½�2� PLA'�¬Ď´(�&Ņ��"1�#

�É/�#%��ň 

� �r'�#�/Ï®ń"ô�1 PDLA# PLLA(FMk<AmYkL?F4

·½�  W6jb#%1Ð�4ã���ĪÅ'�Ģ#���#4ýī���

+Ň~¸(�'CmYj4ô�!�Ľ'®ń4Ğ�ň 
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ŦǏŤ�Ļ ĳ �-��?ţ�őúqy�ƶĴ»Ņ

(mix-PLA).W`{KR}m{^PW¯  

� Ļĳ�).Ǌ¦×R}m{^PWðþ/�@6)-Ǎ!.�»-Þ��?�

ĨŲ»«.şǈ�=ǍL]K}ú.qyLzp}ƶ*EdK}úǊ¦×-<?

GK}R}m{^PW(1):ǍĭůŲ»ú. s-PMMA* i-PMMAW`{KR}m

{^PW(2),+�ř=@(�>Ǎ!@=.Ļĳ�).W`{KR}m{^PW¯

.ƴ»Ĭ:¦×ƹƺ.ñǅ-'�(/�)-Ŝţ�@(�?(3,4)Ǎ¼Ĥ- sc-PLA

.Ļĳ�).ðþ-'�(9Ì¾�@(�?(5,6)ǎ6#Ǎ�ċ) sc-PLA .Æ�

ģƭ.uzlJ|V~-'�(/ĻƇŇü�=.uzlJ|V~ðþ,+-'

�(/ġƘ(7)��@(�?�Ǎ�Ŭœ,śš/�@6)-,�@(�,�&#ǎ

Ěśš/Ļĳ�).Ǌ¦×ƹ.�Ě.R}lJt~Uw}*!��=�ƍ�@

#NvWblFzs.uzlJ|V~.ƽ�Bđ=�*�?�*)>ǍĻĳ

�.Ǌ¦×ƹ.Ňü�Æ�Ňü.uzlJ|V~-+.<�,ñǅB9#=�

.�*���*-'�(đ=�-�?9.)?ǎ�.<�,ġƘBƉ�-

#>ǍĚŤ)/ºĻÖ�). PDLA: PLLA¦×ƹ.R}lJt~Uw}:Ĵ

»ó.£ǁ-'�(đ=�-�?�*BŔœ*�?ǎ 

 

3.1 ĻÖ.ƲÛ  

� ªƩ�#<�-W`{KR}m{^PW.ðþ*!@-ñǅB¶5�ơƎÄ

.śš/ i-PMMA * s-PMMA .Ŭ-'�(�Ɖśš�,�@(�>ǍW`{

KR}m{^PWðþ/ĻÖşǍķëǍĴ»ĬǍĽë,+Ñ�.Ä×�?*



 30 

�@Ǎ!.,�)9ņ-ĻÖş/Ǉƅ,�ØúBŝ�ǍSpevacek =-<>

PMMA .W`{KR}m{^PW.þðŽ-<&(¦ǈ�#��?(3)ǎ!.

Ì¾-<@0�îR}m{^PWĻÖŹǍ	íR}m{^PWĻÖŹǍ
ǄR

}m{^PWĻÖŹ�?ǎ!�)Ěśš)/�. PMMA-'�(,�@#�

.<�,ĻÖş-<?R}m{^PWðþ.�Øú�PLA-'�(9þţ�?

*�û�@?ǎ!�) PDLA: PLLA-ĻƔúBă%ǍĻĳ�)ő,?R}l

Jt~Uw}Bðþ� ?�*:ǍHansen.ĻƔëhxt~[~(HSP).�B

µŻ-ǍPLLA . HSP � 21.73(9))&#�*�=Ǎ!@-ƨ��Bŝ�P|

|ozs(CHL)ǍEYbdbyz(ACN)*`bxic|lx}(THF),+.ĻÖ

(8))ĻƔúƛǉBƉ&#ǎTable 1 -/ǍPLLA BĻƔ�?�ş.ĻÖ. HSP

�*Ģƿūëć[�]Bŝ�ǎ  

 

 

 

 

 

 

[�] = 24 (ml/g)*��Ǌ��Bŝ�#P||ozs(CHL)/ PLLA.ƁĻÖ,

.-ß�(ǍEYbdbyz(ACN):`bxic|lx}(THF)/ŭ 5 (ml/g)*

!@<>9���Bŝ�#�*�=ǍCHL<>9ĻƔú/��*���*��

û�@?ǎ!�)Ěśš)/ĻÖ�).Ǌ¦×ƹ.R}lJt~Uw}:ĻƔ

Table 1 Solubility parameters HSP of various solvents and limiting!
viscosity numbers  [η] of PLLA.(8)�

HSP(MPa)1/2

at 25°C
PLLA 21.73 �

Acetonitril (ACN) 24.4 5.1
Chloroform (CHL) 18.9 24
Tetrahydrofuran (THF) 19.5 5.3
1,4-Dioxane (DOX) 20.5

[η](ml/g) at 25°C
(Mv = 4.2×103)
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ëhxt~[~�= ACNǍTHFǍ¶1 CHLBNvWbĻÖ*�Ļĳ�).R

}m{^PW¯:lFzs*,&#*�.uzlJ|V~2.ĻÖ�Øú-'

�(ġƘBƉ&#ǎ 1,4-VKNS}(DOX)/ 6Ť÷Ǝ,mix-PLA.NvWbl

Fzs.�þ-ō�#ǎ 

 

3.2 ļë*âƓ X ŴĆ�İ-<? mix-PLA .  

      £ǁƬë.ƚ�  

� Ļĳ�).PDLAƹ*PLLAƹ.�»Bƚ��?-#>Ǎ!.§ĘĽëǋCǌ

/Ļĳ�).Ǌ¦×ƹ¼Ï�Ąƕ�Õ8?ĽëǍCross-over Ľë (C*)<>9�

�Ľë)?÷Ǝ�?ǎ́ %ǍC < C*ǎC*.Ûź/ 2ƫ>>Ǎ!@=/(1)(2)

�=žŐĽë.�(g/L)BŨ¥�?ǎ�.*��ęťƼƦǂ RǍMHWƹ.�ę

ťƼƦǂ R0ǍÃƧ±ò RgǍŚƦǂŖ��ōÄ× AǍĂ�>Ä× ǍĢƿūëć

ǍĔƯÛćΦ=2.55�1023mol-1ǍEpMc|ć NA=6.02�1023mol-1*�?ǎ

��. /Ǎ ŇüBƊ�ǎ  

� � � � � � � � � (1) 

 

� � � � � � � � � (2) 

!�)ǍC*.ŪÅ/��.<�-,?ǎ 

 !/!!
(!!/!)!!!

< !∗ < !/!!
!!!
� � � � � � � �   (3) 

ŚƦǂŖ��ōÄ× A .ÛźǋaǐYQt}bƺǍNǐYQt}bćǌǐ 

 

€ 

α

€ 

η[ ]

€ 

Θ

€ 

Θ

€ 

MA2 = Na2 = R2
0
≡ R0

2, ∴A2 =
R0

2

M
∴A =

R0
M1/ 2

M / NA

4π 3( )Rg3
<C*

M / NA

Rg
3 <C*
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α ≡
R2

1/2

R2
0

1/2 =
R
R0

=
Rg
Rg,Θ

≅
η[ ]1/3

η[ ]Θ
1/3

�=- Ňü.ÃƧ±ò(Rg,0)/ 

 

Ă�>Ä× .Ûźǐ 

Ģƿūëć ǐ 

 

 

�@=.��=(1)*(2)ì-<?�/��.<�-ŝ�@?ǎ 

  

 

    (4) 

Ŧ 2Ť)»þ�# PDLA(Mv = 3.4�104Ǎ ÚŮë = 98.3%)* PLLA(Mv = 3.4

�104Ǎ ÚŮë = 98.0%)�ż.[�].�/Ǎ��@9 111(ml/g))&##8Ǎ 

Cross-over Ľë/1.3�10-2 (g/ml) < C* <5.6�10-2 (g/ml) ´%Ǎ1.3 wt/v% < C* 

€ 

Θ

€ 

Rg,0 ≡ Rg,Θ =
1
6
MA2

$ 

% 
& 

' 

( 
) 
1/ 2

€ 

α

€ 

η[ ]

  

€ 

η[ ] = η[ ]Θα
3 = KΘM

1/ 2α 3 =ΦA3M1/ 2α 3,

 η[ ]Θ = KΘM
1/ 2 =ΦA3M1/ 2, KΘ =ΦA3,

€ 

Rg
3 = Rg,Θ

3α 3 =
MA2

6
$ 

% 
& 

' 

( 
) 

3 / 2

α 3 =
1
63/ 2

M 3 / 2A3α 3

η[ ] =ΦA3M1/ 2α 3 =ΦA3M1/ 2 6
3 / 2Rg

3

M 3 / 2A3
= 63/ 2ΦM −1Rg

3

∴Rg
3 =

η[ ]M
63/ 2Φ

€ 

∴C* =

M
NA
4π
3
Rg

3
=

M
NA

4π
3

η[ ]M
63/ 2Φ

=
3 × 63/ 2Φ
4πNA η[ ]

=
9 6Φ
2πNA η[ ]

=
1.49
η[ ]

€ 

∴C* =

M
NA

Rg
3 =

M
NA

η[ ]M
63/ 2Φ

=
63/ 2Φ
NA η[ ]

=
6 6Φ
NA η[ ]

=
6.23
η[ ]

€ 

∴
1.49
η[ ]

< C* <
6.23
η[ ]
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< 5.6 wt/v%*,?ǎ!�)Ļĳ.§ĘĽë/Ļĳ�. PLAƹ�Ùţƹ*�(

Ā�? 1 wt/v%-(mix-PLA�ĻƔ�#Ňü). SAXS:ĖľĸÛǍ6#lF

zs.�ƍBƉ&#(9)ǎ 

� qy�ƶ.R}m{^PW/ PDLA* PLLA.¦×ƹ.�»-<> nmK~

\~*�m K~\~-'�(.�»Bº�SAXS *ļëĸÛ�=Ɵ3#ǎðþ

�@?#8ǍºĻÖ�-��?�».űēÐ¯-'�(ġƘBƉ&#ǎPDLA

* PLLA. 1 wt/v%ĻĳBŧƷĴ»�ǍĴ»ƻÕ�= 1ēƼ�*-âƓ XŴĆ

�(SAXS)ĸÛBƉ&#ǎSAXS ĸÛ/ƄÉŗ'�0æ.ǊIezO~¬ƬÂś

šħģ.ąá ŞÚśšČƙ BL-10C .ƵůÃāƗ-<>Ɖ&#ǎıćnPb

z q/Ǎq = (4π/λ)sin(θ)*�(Ûź�@Ǎ�/ XŴ.ıƺ(0.1488nm)Ǎ2�/Ć

�Ɠ)?ǎƋŸ.ģþ:Ɣĝċİ.�,+.ƜŰ/Ĉŉ (10,11)BµŁ�@#�ǎ

a~[¤ŋ-'�(/ BL-10)/ľ Ĺ,#8Wy^bƌĩ/ƉA�Ǎ�Ĩj

~s.;=�/GK}]v}g~.îëBō�(ƌĩ�#ǎƛĉ.ƪưŊ.ƌ

ĩ/qyI]{}.ĦĺŅƣ)?zq{}*.îëĬ�=Ũ¥�ǍâƓ¦Ɣ

Ž/yZ]~s.ÃƧ±ò�=Į8#ǎ��)/ǍACN * THF Ļĳ.ĸÛ.

7) CHLĻĳ/¹>ĀA,�&#�Ǎ�@/ CHL. XŴ.ƪưŊ���#8

°¦- PLA *.R}bxWb�õ=@,�*��ŋŏ�=)?ǎACN �)

.mix-PLAĻĳ. SAXSm|lDGz(Fig. 1(a))/ 2ēƼó q = 0.3nm-1�ƨ

-f}m�ƒĸ�@Ǎô�-!.îë��Đ�(�?�*�A�?ǎ�ċǍ THF

�(Fig. 1(b)))/ 4ēƼó9Ð¯/,�ǎ6#ǍACNĻĳ�. PLLA.7(Fig. 

1(c)))/f}m/ƒĸ�@,�&#ǎ�@=.�*�=�.f}m/Ļĳ�� 
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 �?¿Ęœ,ģƭ�.ðþB·Ē�?9.)>ǍPLLA . ACN Ļĳ�)/

�.f}m/ƒĸ�@,�&#�*�=Ǎ�.f}m/ PDLAƹ* PLLAƹ.

R}m{^PW¯-<>ðþ�@#�»�-ŏĜ�?*Ż�=@?ǎ 

� �=-ǍĆ�k~P� scĕ.xtxŏĜ*�Û�?*k~P�Ÿ*,? q�

)? q*Ǎ�=ģƭ.ƺ¿ĘǍd BǍì(5)�=ƏŠ9?�*�)�?ǎ                            

� � � � � � � � � � � � � � � � != 2!
!∗        (5) 

ì(5)<>ǍACN�)ðþ�@#xtx.ƺ¿Ę/ŭ 21nm.¿ĘúB9'ģƭ

Bðþ�(�>ǍűưēƼ*¢-Ć�k~P.�Ÿ/4*C+Ð¯�,�.-

ß�(!.îë��Đ�(�?�*�=ǍĻĳ�)ðþ�@#xtx/ŭ 21nm 

. d B�%''Ǎ!.ć�Î¬�(�>Ǎ!.ðþ6).ēƼ/ĻÖ.şǈ-

<>ő,?*���*�đ=�*,&#ǎ 

� SAXSĸÛ-<> nmK~\~). PDLA* PLLA.¦×ƹ¼Ï.�»Ƭë 

�ĻÖş-<>ő,?*���*�đ=�*,&##8Ǎ��)/�=-Ò�

,�m K~\~.�»-'�(ġƘBƉ&#ǎHe-Ne {~T~(�= 632.8nm)

Bō�ǍSAXSĸÛ*¼Ĥ- PDLA* PLLA.Ĵ»Ļĳ (Cp : 1 wt/v%)BMx

Wũ-ŧƷ¬�(Ĵ»�Ǎàũ�#óǍ50°C.ĭĥ�-(Ĵ»ƻÕ�= 1ēƼ

�*-He-Ne{~T~.ƪư îëBĴ»ŕó.Ļĳ.ƪư îëBËĺ*�

(ǍĴ»Ļĳ.ļëĸÛBƉ&#ǎ!.ŲĞB Fig. 2 -ŝ�#ǎACN Ļĳ*

THF Ļĳ/ 3 ēƼǍTHF Ļĳ)/ 30 ēƼó-ƪư îë.Ķã�ƥ�#�Ǎ

CHLĻĳ/ 3ĎŔó9!.ƪđú-Ð¯/,�&#ǎ�.ŲĞ/�mK~\~

.£ǁðþB·Ē�?9.)>ǍĻĳ�). sc-PLA.ðþBŝÁ�?9.)�  
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?ǎHe-Ne {~T~.ƪư .��/Ǎ!.ıƺ-èĵ�?SGX.ģƭŅ

�{~T~ B�·á� ?#8-ƥ�?ǎ�ƀœ- .ıƺ*èĵ�?ģƭ

�.SGX.ƽ�/Ǎ!.Ò���ıƺ. 1/3.��)�·á-<?ƪưŊ.�

�B��?�*�ř=@(�>Ǎıƺ� 632.8nm )? He-Ne {~T~)/

�m K~\~.ģƭ��Ļĳ�-ðþ�@?*Ǎ{~T~ ��·áBƥ��

ƪưŊ.��*�(ĖľB��?ǎSAXS -<>Ļĳ�)ðþ�@#�»�Ĵ

»ó 4 ēƼ)ŭ 21nm Bŝ�(�#�*�=Ǎ��)ƒĸ�(�?rGP|t

~bzK~\~.ģƭ�/ SAXS )ƒĸ�#ģƭ�¼Ï��Ĩ£ǁBƥ��#

9.$*Ż�=@?ǎACN Ļĳ�)/ PDLA * PLLA .¦×ƹ.�»BŝÁ

�? SAXS-<?k~P.�Đ� 2ēƼó�=Ǎ6#!.�»�.�Ĩ£ǁB

·Ē�?ĖľBŝ�6).ēƼ�Ĵ»ó 3 ēƼ)&#�*�=ǍPDLA ƹ*

Fig. 2 Time dependence of the transmittance of visible light through�
solutions of mix-PLA dissolved in ACN and in THF.�
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PLLAƹ��»�#óùƬ-�Ĩ£ǁ�ƥ�?�*�ŝ�@#ǎTHFĻĳ�)

/ŭ 30ēƼó-ƪưŊ.���ŝ�@##8ǍĻÖ.şǈ-<&(�»�.ð

þ6).ēƼ�ő,?�*�ŝ�@#ǎ�ċǍCHL)ƪưŊ.���ƒĸ�@

,�*���*�m K~\~.ģƭ�/Ĵ»ó 3 ĎƼðþ�@,�*���*

�ŝÁ�@#ǎ�@=.�*�=ǍACN�)/Ĵ»ó 2ēƼ) PDLA* PLLA

.�»�ƒĸ�@#ó. 1ēƼó-/�mK~\~.ģƭ��ðþ�@ǍnmK

~\~.�»�ðþ�@#óǍùƬ-SGX�þƺ�?*���*�đ=�*

,&#ǎ�.<�,ĻÖş.Ʊ�-<>�»Ƭë/ ACN Ļĳ�.�»ðþ/

THFĻĳ: CHLĻĳ�<>9ď��*�A�?ǎ�  

� mix-PLAĻĳ.Œļ¯.ĩ�Bđ=�-�?#8-ǍĻĳ�=ſŀ-įƾ�

#įīŅBÃ¸�#óǍŘŢ�Ń� Ǎ!@=.WAXD* DSCĸÛBƉ&#ǎ  

� êƓ X ŴÃā(WAXD)ĸÛ-/ǍĎĚÒÚŋäÚƳ¦ĝY}[~ƙŸ.

PANalyticalƍ X’Pert PRO MPDB�ō�#ǎ³¬ǃÈ¶1ǃĲ/!@"@ 45 

kV¶1 40 mA*�#ǎWNv}Wk~cB 1.5°/minǍƤğŪÅB 3�60°ǍÜ

ķ)ĸÛ�#ǎFig. 3(I) /!@"@.Ļĳ�=õ=@#įīŅ.WAXDh[~

})>Ǎ(a) mix-PLA(ACN)Ǎ(b) mix-PLA(THF)Bŝ�ǎ+%=9 scĕ-ŏ

Ĝ�? 12, 21, 24.5°-Ãāk~P(12)�ƒĸ�@#ǎ�=-ŝåƤğłƷƗ(DSC)

-<?ĸÛ-'�(9Ɖ&#ǎŝåƤğłƷĸÛ(DSC)-/YGR~G}W_z

ƍ DSC-6100 Bō�ǍĐķƬë 5°C/min ) 25~250°C .ķëŪÅ)ĸÛ�#ǎ

Fig. 3(II). DSCėŴ)/!@"@ŭ 220��ƨ- scĕ.ƇƔ-ŏĜ�?*�

@?½łk~P(12)�ƒĸ�@ǍPDLA: PLLA�²ň)ðþ�? homoŲĕ. 
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ƇƔ-ŏĜ�? 170�.½łk~P�ŜƝ�@,���=9�.ŒƂ.įīŅ

/ scĕ)?*���*�đ=�)?ǎ�.�*�= ACN: THFĻĳ�)

ƥ�#Œļ¯/ PDLA* PLLA.£ǁ-ŏĜ�?W`{KR}m{^PW¯-

<?9.)Ǎhomo .Ųĕ¯-<?9.)/,��*�đ=�*,&#ǎ6#Ǎ

CHL-'�(/ PDLA* PLLA.ĴÀ�= 3éóǍW`{KR}m{^PW

¯-��Œļ¯�ƒĸ�@#*.Ì¾�?(13)ǎ 

� ��.�*�=ǍPDLA* PLLA.Ĵ»Ļĳ.�).�»�ðþ.űưēƼ

ĸÛ)/ ACN Ļĳ� THF Ļĳ<>9ď�ǍCHL )/ 3 Ďó9£ǁBŜƝ)

�,�&#ǎSAXSĸÛ�=�.Ėľ.ƎÄ� PDLA* PLLA�¦×{nz)

�»B�?�*�ƎÄ)>Ǎ!.ðþ�!�Ļĳ�).W`{KR}m{^

PW¯-<?9.)?*ŒƂ.įīŅ.WAXD:DSCĸÛ�=ŝÁ�@#ǎ

�@=.a~[/ ACN: THFĻĳ)NvWb�#*�-/çƆ,Ļĳ�)W

`{KR}m{^PW.ðþ�,�@?.-ß�( CHL �)/Ģ8(ðþ�

Fig. 3 (I) WAXD patterns (I) and DSC curves  (II) of mix-PLA!
recovered from (a) ACN and (b) THF solution. �
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@-��*���*BŝÁ�?ǎ�.ŏĜ/ĻÖ.[�].�-<>ƞđ�@Ǎ!

.��Ǌ�*���*/ĻÖ¦×*ĻƔ�(�?Ǌ¦×ƹ*.ƑÀú�î�Ɓ

ĻÖ)>Ǎ�ċ!.����Í»/ƢĻÖ*���*Bŝ�(�?ǎ6#Ǎ

ACNǍCHLǍTHF. HSP.�*�»�.ðþ-/Ŗƽ/,�ǎ�,A%Ǎ�

�.�*�=mix-PLAĻĳ�-��?�»�.ðþ/ǍHSP.�)/,�[�]

.�B·Ē�? PDLA* PLLA.Ǌ¦×ƹ*ĻÖ¦×*.Ŗ��ō.Ʊ�-ñ

ǅB9#=�@?*ŝÁ�@#ǎ 

� ��.ŲĞ�=ų»œ-¨Ċ�?-mix-PLAĻĳ�).�»-��ģƭðþ

.ƎÄ/Ĩ.<�-�û�@?ǎ�,A%ǍFroly-Huggins ŋƠ-�A@#ÿ

İ-,=�Ǎsc-PLA .ģƭðþ�Ļĳ�). PDLA * PLLA ¦×ƹƼ.Ŗ�

�ōIezO~)? E1ǍPLLA ¦×ƹ*ĻÖ¦×Ƽ.Ŗ��ō)? E2Ǎ

PDLA ¦×ƹ*ĻÖ¦×Ƽ.Ŗ��ō)? E3Ǎðþ�@# sc ŲĕĠ×�.

PDLA*PLLA¦×ƹƼ.Ŗ��ōIezO~E4.gx}W-<&(þ>ţ'

*���*)?ǎ��)ǍE2 = E3*,> E4/ĻÖ.şǈ*/Ŀƽ�)?

*�Û�?./Óï)?ǎ!.ŲĞ*�(uzlJ|V~-��?ĻÖĞ

/ E1* E2.gx}W-<>9#=�@?*���*�ŋƔ�@?ǎE1* E2

.Òâƽ��= sc-PLA .ðþ/ Category-I * Category-�-¦ǈ�@?ǎ

Category-I/ E1 > E2.ƽ�->¡ĽëǆÊ)R}m{^PW¯-���»

�ƥ?ǎPDLA* PLLAƹƼ.£ǁ/çƆŇü)Õ6>Ǎ9*.R}lJt~

Uw}�ƈčŇ-,?.*45¼ē-£ǁ�ƥ?#8Ǎsc ¯.9**,?¦×

ƹ.h^N}Q-Ī7�Ō�(�6�Ǎ�=-!@ſ���ƹ.Ʈ®Běŷ�
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?ǀÝ*,>Ɛ©œ, scĕ.ðþBÔ�(�?ǎ6#Ǎ�.Ƭë/çƆĻĳ�

.R}lJt~Uw}-î�ñǅ�@?�*9ņöœ)?ǎßŁœ-

Category-�/ E1 < E2.ƽ�->Ǎscĕ/ô�-ðþ�@?ǎ!@-<>

ACN: THF�)/ùƬ,£ǁ-<>ðþ�@?ǎCHL�)/�@.ã,�Ɛ

©œ,uzlJ|V~Bðþ�?�*��û�@?ǎ 

 

3.3� ĚŤ.ŲƖ  

� PDLA* PLLA.Ĵ»Ļĳ/!.ĻÖ*Ǌ¦×ƹ*.Ŗ��ō*ǍǊ¦×ƹ

*ĻÖ¦×*.Ŗ��ō-<&(uzlJ|V~-��?ĻÖĞ/ǍE1 *

E2 .gx}W-<>9#=�@ǍE1 * E2 .Òâƽ��= sc-PLA .ðþ/

Category-I* Category-�-¦ǈ�@?ǎCategory-I/ E1 > E2.ƽ�)ǍACN

* THFĻÖ.NvWb.Í»)>ǍçƆĻĳ�)R}m{^PW¯�ùƬ-

ƥ?ǎßŁœ- Category-�/ E1 < E2.ƽ�)ǍCHLĻĳ.NvWb.Í»

)>R}m{^PW¯�Ŷý-ƥ?�*�ŝÁ�@#ǎ  
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Ƈ 4 Ɔ� mix-PLA lH|t-v|lL~Y�ćę,�
�@śì½ł�I. q{-D-�ǐ(PDLA))q{-L- 
�ǐ(PLLA)-ƈǒǓŕÍŢ,%�'  
� mix-PLAlH|tD�Ʃ�@,!?ǯq{�ǐ-Za}MU�n}`RZ

¿. PDLA) PLLA�Îƈ-³íǓ(@áÍǯ�-ŕÍŌ� 1:1-)�,ĸ

:U�n}`RZƒĴDćę�@(1)�)�>ǯë9,Ũĕů+ľ�(@ 1:1-

ŕÍŌ-v|lL~Y�ćę,%�'ŃƶDƥ$!ǰ 

� ĻŹƃ(�,Ê?ě�ǭ³í-ńǉ. Fig. 1,Ž�ǰzuzƒĴDćę�@

ƒĴĒǭ³í-«Ǐńǉ.ǯƒĴǏ)g|R-Gv|lFZ(ńę�A'�?ǯ

D -WI[Dğ%ƒĴǏ(ƒĴí)-«Ǐ.zuz-ƒĴǏ)]I_J��+*

-z�^tUI|,=?ćę�A'�?�-Ôĺů+ńǉ,=?ćę�A'�

@ǰ�-Ôĺ-Ǘ��ǗÔĺ(d)(?ǯ�-�#-ƒĴǏ-Æ7DzuzĴ(L)

)Õ1ǯ��-=�+«Ǐńǉ,%�'mix-PLAlH|t-v|lL~Y��

śì,*-=�,ĈǤ�A@�,%�'ŃƶDƥ�ǰ 

 

4.1    ǖǗŌ�ƈ��áÍ  

4.1.1� lH|t-�Ʃ  

� mix-PLAlH|t-�Ʃ.ǯ2Ɔ(Íę�! PDLA(Mv = 3.4�104ǯ¨ðƎ

Ă = 98.3%))PLLA(Mv = 3.4�104ǯ̈ ðƎĂ = 98.0%)DŪ�ǯPDLA)PLLA

-ŕÍlH|t(mix-PLA)-PwZcĳ-ŝĂ.śŔ�(-Śó)ÎŅ,ýƣ

śŔŤė(@ 1wt/v%,ƼƩ�@ǰ CHL) THFśì-áÍ. 20�(ǯACN

-áÍ. 40�( PLADśƲ��!ǰPDLA- 1ǮśŔ) PLLA- 1ǮśŔDƈ

ǓŕÍ�'ǯ2 ĳǙĥĞĉXw�},ûǘ�ǯ20�(ǡƙ�!ǰČ>A!
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mix-PLAlH|t.ǯPDLA; PLLA- homoĴ-ƤŞ(170�)(2)=?:ǭ�ǯ

sc-PLA- scĴ-ƤŞ(210-230�) (2)=?:��řĂ(@ 180�( 2ĳǙš±

ŨDƥ$!ǰPwZcśì)�' ACNǯCHLǯÉ0 THFDŪ�'�Ʃ�!l

H|tD�A Amix-PLA(ACN)ǯmix-PLA(CHL)ǯÉ0mix-PLA(THF))ž

�@ǰ 

� 6!ǯŌǁ-!9, PLLA: ACNǯCHLǯÉ0 THFśìDŪ�'lH|t

D�Ʃ�ǯPLLA -OzZǀſřĂ��( homo Ĵ-ƤŞ��-řĂ(@

160�( 2 ĳǙš±ŨDƥ�ǯ�A A-PwZclH|tD PLLA(ACN)ǯ

PLLA(CHL)ǯÉ0 PLLA(THF))ž�@ǰ 

� Ƈ 3Ɔ( 1wt/v%- PDLA) PLLA-ƈǓŕÍśŔ. ACN; THF�(. 3

6!. 30 ĳǙ(U�n}`RZ¿Dƿ��-,ø�ǯCHL �(.�A>-]

ItZT�|(.U�n}`RZ¿Dƿ��+��)�ı>�)+$'�@ǰ

�-š±Ũ-Ĺ½ĒDƼ3@!9, mix-PLA(ACN)ǯmix-PLA(THF)ǯ

mix-PLA(CHL)-lH|t,%�' 5�/min( DSCŚóDƥ�ǯš±Ũ¸ĉ(

- DSCĶƖDŌǁ�!ǰ�- DSCĶƖD Fig. 1,Ž�ǯ210~235�-Òšk

�R. scĴ-ƤƲ,ūĿ�@:-(ǯ185~205�,ưŚ�A@Òšk�R.Ħ

�ů+ scĴ” quasi -sc-PLA (q-sc-PLA)”-ƤƲ,��Òšk�R(?ƺƐ.

ĉ,Ʒ�ǰmix-PLAlH|t�-ƒĴ-ǒǓ³Ŧ(Wcr).Ą(1),=?Ɖ²�!ǰ 

                   !!"(%) = ∆!
∆!!°

!×!100      (1) 

��(ǯ�H� DSCĶƖ-Òšk�R-ǣƂ,=?Ŏ9>A!ƤƲK�]|k 

�(ǯ�Hm°. 100%ƒĴ-ƤƲK�]|k�(?ǯscĴ-�Hm° 155mJ/mg(3) 
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DŪ�ǯq-scĴ,%�':ÎŅ-¢DŪ�!ǰscĴ)- q-scĴ-ÌǒǓ³Ŧ

(Wcr(sc)))(Wcr(q-sc))-ÍƵ¢.mix-PLA(ACN)ǯmix-PLA(THF)ǯÉ0

mix-PLA(CHL),%�'ǯš±Ũ¸��A A 40.6ǯ41.4ǯ39.8Ǯ($!:

-�ǯš±Ũĉ(.ǯ�A A 45.5ǯ43.2ǯ62.7%)�İ�!ǰ6!ǯ 

mix-PLA(ACN))mix-PLA(THF).š±Ũ�@�),=? q-sc-PLA-Òšk

�R�ưŚ�A@=�,+$!ǰ 

 

Fig.1  Annealing  effect  on  the  DSC curves  of  mix-PLA 
films prepared with different cast-solvents.�
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� ���ǯ�Ămix-PLAlH|t.�-š±ŨDË�@)ǯ�-v|lL~Y

�.ñó)+?ǯDSCŚó-Ǚ,Ë�@ķ+@š±Ũ,ø�'ǔĖ)+@=�

,ĐCA@ǰÄ#ǯmix-PLA(ACN)- DSCĶƖ,��'ǯWcr (sc) + Wcr (q-sc)

-Ö.ǯ5�/min-áÍ,Ō3' 2�/min-áÍ-ĭ. 4%��â¼�+�ǰ 

� �ĭǯq{r��=?ǭ�řĂ(š±Ũ�A@)ǯ�-v|lL~Y�.Ǐ

³ů,Żã�A@ǰ��/ǯPDLA� 20%wt-ǒǓ³Ŧ(@mix-PLA(ACN)

lH|tD 200�( 2ĳǙš±Ũ�ǯĊ®�!:--Wcr (sc) + Wcr (q-sc)-Ö

Fig.  2 DSC curves of  mix-PLA(ACN) cast  films  at 
different heating rate.�
��
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. 180�(š±Ũ�A!áÍ=?: 150%:â¼�@ǰ6!ǯ200�( 2ĳǙš

±ŨDƥ$!ĉ,Ŕ�ƄƏ(-196�)(đ®�A@)ǯ�-Ö. 158%"�â¼�

@ǰš±Ũĉ,ǜ®�!lH|t�,. homoĴ-ƤƲk�R.ưŚ�A+�

�ǯŔ�ƄƏDŪ�'đ®��!:-(.�-k�R.ŧA@ǰ��-ƒłǯ

200�-š±Ũ(.ǭř-!9 sc-PLA-§-ńǉDƕğ(�+�)���)�

Ž�A@ǰ  

� ĻŹƃ(. DSC(š±ŨDƥ$!mix-PLAlH|t�-ƒĴ-ǒǓ³ŦD

Ɖ²�'�@�ǯƨƙ-ÇŨ�İřĳ,ǅ¼-š±Ũ½ł�@�).Ðó(

�+�ǰ��(mix-PLAlH|t-İřǈĂ�îĒ�>Śóĳ,��@rR~

ńǉ-å¿-ĂÍ�,%�'ŃƶDƥ$!ǰ��)�' Fig. 2,

mix-PLA(ACN) lH|tDİřǈĂ 2É0 5 °C/min(ŚóDƥ$!DSCĶƖ

-ƒłDŽ�ǰWcr (sc))Wcr (q-sc)-ÍƵ¢DİřǈĂ�),Ɖ²�!ƒłǯ

5°C/min (. 48.8%(?ǯ�A=?:ǗĳǙš±Ũn~\Z,�>�A@

2°C/min(Śó�!)�BǯWcr (sc))Wcr (q-sc)-ÍƵ¢. 50.8%)+?ƍ 4%

���İ�+�$!ǰ 

� Ň,ǯ�>,ǭ�řĂ(š±ŨDƥ�ǯv|lL~Y�Då¿áÍ,%�'

PDLA) PLLA- 1:4-ŕÍŌ(�Ʃ�!mix-PLA(ACN)lH|tD 200°C(

2ĳǙš±ŨDƥ�ǯWcr(sc)ǯWcr(homo)ǯWcr(q-sc)-ÍƵ¢�>ŃƶDƥ$!ǰ

�-ƒł 180°C( 2ĳǙš±Ũ�!:=?:ƒĴ-»Í� 150%â¼�ǯ200�

(.śì-ĈǤDË�!v|lL~Y��œé�'�6��)�Ž×�A@ǰ

�A>-�)�> 200�(-š±Ũ.rR~ńǉDŻã�'�6�ǰÄ#ǯś
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ì-ĈǤDË�!v|lL~Y�.ŝĂ½ł,=$'��A'�@�ǯ180�(

2ĳǙš±ŨDƥ��)(�-ĈǤDñ©,Ê?ǜ�@ǰ�-!9ǯscĴ-ò

ƒDűů,ǪũDƥ�ǯ�%�-v|lL~Y�DŻã�+�řĂ)���)

(©'-mix-PLAlH|t. 180�( 2ĳǙš±ŨDƥ$!ǰ 

 

4.1.2� v|lL~Y�Ʋŀ  

� Fig. 3 , š ± Ũ ĉ - (a) mix-PLA(CHL), (b) mix-PLA(ACN) ǯ (c) 

mix-PLA(THF)-ŴDŽ�ǰmix-PLA(ACN)) mix-PLA(THF)��ǆı(ǯ

mix-PLA(CHL).ǆı)���).�űŵŠ(?ǯ�>, mix-PLA(THF)�

Ɯ�ź�'�@�)�C�@ǰ+�ǯš±Ũ-¸ĉ(�-æư,å¿.Ƭ>A

+�$!(4)ǰ�-=�,æư�Ŭ+@)���).«Ǐ-v|lL~Y�:Ŭ+

@)���)��ĕ�A@ǰ 

� �A A-PwZclH|t,Ñ6A@ƒĴƌDı>�,�@!9,WAXD

ŚóDƥ$!ǰFig. 4 , mix-PLA lH|t-Øĝh]��DŽ�!ǰ (a) 

mix-PLA(CHL), (b) mix-PLA(ACN), (c) mix-PLA(THF)ǯÉ0(d)PLLA(CHL)

(@ǰmix-PLA lH|t,ưŚ�A@Øĝk�R. sc-PLA ƒĴ-(110)ǯ

(300)/(030)ǯ(220)ǣ,ūĿ�@ 12, 21, 24°(?(5)PLLA ƒĴ,ūĿ�@ 17, 

19°-Ǖ�Øĝk�R.ưŚ�A+�$!ǰ 

� ƒĴ-WI[ D)Øĝk�R-Â¢þ(�)-ǚ�.Ž�XJz�-Ą(2)(� 

�>Aǯ 

 D = K ⋅ λ
β ⋅cosθ( )

(2) 
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��( K.XJz�óĩǯ�. XƖ-őǗǯ�.ƒĴ-è��,=@ØĝƖ-  

ā�?ǯ�.ØĝƱ(@ǰK �óĩ(ǯÎŅ-ƨƙ(ŚóDƥ$!!9�-

¢.Î�:-)�A/ǯ mix-PLA(ACN)) mix-PLA(THF)lH|t,Ñ6A@ sc

ĴūĿ- 21°-Øĝk�R-Â¢þ� mix-PLA(CHL)=?:ā�ǯD�ù���

). mix-PLA(ACN)) mix-PLA(THF)lH|t�,. mix-PLA(CHL)=?:�A

! scĴ�ćę�A'�@�)��ĕ�@ǰ�>,�-k�Rþ-śì�îĒ.

30-35°-ƊÛ,ưŚ�A@k�R-å¿,ųǚ�7>A!�)�>

mix-PLA(ACN)) mix-PLA(THF). mix-PLA(CHL)�- sc Ĵ=?:�A'�

@�)�Ž×�A@ǰ  

� �Ł>. PLLA-Gv|lFZlH|tD-25~25�(śìƢō,ĵ>�ǯ6

!.ŒŜ��@�)(śì³í)-U�n}`RZƒĴDćę�@�)DàÓ

�'�@(6)ǰ�ĭǯĻŹƃ(Ū�!mix-PLA�ƩĭŐǯ�+C# PDLA) PLLA

DƈǓŕÍ�!ýƣśŔDPwZc� 20�(ǡƙ�ǯČ>A!lH|t.

180�( 2ĳǙš±Ũ�@ǯ)��ôǬľ�).è��Ŭ+$'�@-(ǯPDLA

; PLLA )śì)-U�n}`RZ-ćę.Ŋ*şƮ(�@ƀĂ(@ǰċ$

'ǯFig. 4-ƪþ; 30-35°-ƊÛk�R-å¿�śì)-U�n}`RZ-Ġ

¾).ƚ�>A+�ǰ 

� mix-PLA lH|t-š³ŀD DSC Śó,=?ƥ�ǯ�-ƤƲĠ¾;šǓ�

> mix-PLA lH|t-«Ǐńǉ-Ƹ�Dƥ$!ǰFig. 5 , mix-PLA(ACN)ǯ

mix-PLA(THF)ǯmix-PLA(CHL)ǯÉ0 PLLA(CHL)- DSCĶƖDŽ�ǰśì

-ƁǨ,ǚC>�©'-mix-PLAlH|t, scĴ-ƤƲ,ūĿ�@)�A@ 
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ÒšĠ¾� 210-230�(2),ưŚ�Aǯhomo ƒĴ-ƤƲ,ūĿ�@ 155-175�-

ƊÛ,. PDLA; PLLAƒĴ-Òšk�R.ưŚ�A+�$!ǰ���ǯ�-

ƤƲĶƖ-h]��.Ū�@śìƁ,=$'Ŭ+?ǯmix-PLA(ACN))

mix-PLA(THF)-Òšk�R-k�R�ƙ(Tm). 220�ǯmix-PLA(CHL)- Tm 

. 230�) 10�4*ǭř£,Xlc�'�@�)�ı>�)+$!ǰFig. 4-

WAXD-ƒł=?ǯ�A>,Ñ6A'�@ƒĴ� scĴ-7)���)ƚĘ�@

)ǯ�-ƤƲĠ¾-üŬ.mix-PLAlH|t�-Ŭ+@ scĴ-v|lL~Y 

5 10 15 20 25 30 35 40
2θ [degree]
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Fig.  4  WAXD  patterns  of  (a)  mix-PLA(CHL),  (b)  mix-
PLA(ACN),  (c)  mix-PLA(THF)  and  (d)  PLLA(CHL) cast 
films prepared with different cast-solvents.�
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�,ǚ��'�@)ƚ�>A@ǰ 

� =�Ŷ>A'�@=�,ǯL-zuzÆDğ%ƒĴ)ǯ�-ƤŞ Tm(L)-ǚ�

. Gibbs-ThomsonĄ(3),=$'��>A@(7)ǰ 

 

�-)�ǯTm°.ĀƦƤŞǯ�Hm°.Ã��Ƃ!?-ƤƲšǯ�e. L-Æ7 

Tm(L) = Tm
° ( 1− 2σ e

ΔHm
ο ⋅L

) (3) 

Fig.  5  DSC  curves  of  (a)  mix-PLA(CHL),  (b)  mix-
PLA(ACN), (c) mix-PLA(THF) and (d) PLLA(CHL) cast 
films prepared with different cast-solvents.�
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Dğ%ƒĴƧǣ�>³íǖ�ºǟ�@ƝūKe|Q�(@ǰ�e)�Hm°. L

, � î � + � ) � ó � @ ) ǯ mix-PLA(ACN) ; mix-PLA(THF) )

mix-PLA(CHL),��@zuzÆ7.Ŭ+@�)�ƚ�>A@ǰ�>,ǯ

mix-PLA(ACN); mix-PLA(THF). 2%-Òšk�RDŽ�)���)�>ǯ

lH|t«,. 2ƁǨ-zuz-Æ�D:% scĴ�ŕÜ�'�@�)��ĕ�

A@ǰ 

Fig.6 DSC curves of (a) PLLA(CHL)�(b) PLLA(ACN)and 
(c) PLLA(THF) films.�
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� �>,�-ƒĴ-ćęǓ)śì-ǚ��mix-PLA,ţĹ-:-(@�DŃ 

ƶ�@!9,ǯŌǁ)�'Ìśì(�Ʃ�A! PLLA -PwZclH|t-

DSCŚó-ƒłD Fig. 6,Ž�!ǰmix-PLAlH|t).Ŭ+?ǯPwZcś

ì-ƁǨ,ǚC>�ƤƲk�R-řĂ. PLLA(CHL)ǯPLLA(ACN)ǯ

PLLA(THF)-©'-lH|t� homoƒĴ-ƤƲ,ūĿ�@ 170�(2),ƤƲk

�RDŽ�!ǰÌ PLLAlH|t�- homoƒĴ-ǒǓ³ŦDĄ(1)�>ǯhomo

ƒĴ-�Hm (@ 92mJ/mg(3)DŪ�ǯƉ²Dƥ$!ƒłǯ�-ƒł

PLLA(CHL)ǯPLLA(ACN)ǯÉ0 PLLA(THF),%�'�A A 80.3ǯ78.6ǯ

É0 87.3%($!ǰPLLA -7�>ćę�A@ homo ƒĴ-ǒǓ³Ŧ-śì

Ɓ-Ǎ�,=@å¿-ƊÛ. 8.7%($!ǰ�A,ø�'ǯmix-PLAlH|t

�- scĴ-ǒǓ³Ŧ.ǯmix-PLA(CHL)ǯmix-PLA(ACN)ǯÉ0mix-PLA(THF)

lH|t(ǯ62.0ǯ43.2ǯÉ0 43.0%(?�-å¿-ƊÛ. 19.0%)ǯPLLA

-å¿-ƊÛ=?: 2¡��-üD��!ǰ�-�)�>ǯmix-PLAlH|t

�- scĴ-ćę.ǯPwZcśì-ĈǤDË�@)���)�C�@ǰ 

� mix-PLAlH|t-v|lL~Y�,��@śì½ł)�'ƤŞ-ĩ:ţĎ

ů+Ġ¾)�'ưŚ�A!!9ǯ�-ƺƐDŃƶ�!ǰFig. 5- PDLA) PLLA

-ƈǒǓŕÍŢ-mix-PLA lH|t- DSCĶƖ-ƒł�>ǯ230ǯ220ǯ195�

,ưŚ�A@ sc Ĵ-ƤƲ,ūĿ�@Òšk�RD�A A Peak�ǯ	ǯ
)

ž�@ǰ(b) mix-PLA(ACN))(c) mix-PLA(THF)(. Peak II ) Peak III�ư

Ś�A!-,ø�'ǯ(a) mix-PLA(CHL)(. Peak I -7�ưŚ�A@ǰ�-

=�+ıż+ DSCĶƖ-Ǎ�,:ǚC>�ǯFig. 4-WAXD-Øĝh]�� 
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(.©'-mix-PLAlH|t. sc-PLAūĿ- 12, 21, 24°,-7Ǖ�Øĝk�

RDŽ�!ǰ�A<� Peak III. I) II)Ǩ�(.@��A!ƒĴ()�

ĕ�A@ǰÄ#ǯ�A.”disorder-“6!.ǯ”modified-sc-PLA”)ž�3�(

@�ǯ��(.ƋÃ, mod-sc-PLA )ž�@�),�!ǰ¸Ǆ�!=�,ǯL

-zuzÆDğ%ƒĴ)ǯ�-ƤŞ Tm(L)-ǚ�. Gibbs-ThomsonĄ(3),=$

'��>Aǯq-sc-PLA -Òšk�R-¢(@ 195�D Tm(L2))�ǯsc-PLA

-Òšk�R-¢(@ 210�235�D Tm(L1))�@)ǯĄ(3)�> L2. L1=

?:ŷ�)���)��ĕ�A@ǰ 

� �ƞů,zuz-Æ�D %!9,.�-Æ�,ųĆ�@³íǖ-Ǘ��ď

ƫ)+?ǯPDLA; PLLA�Á³,��³íǓDŪ�@�)(mix-PLA(CHL)

-zuzÆDŷ��@�)�(�@ǰPDLA) PLLA-M{Vr�DŪ�ǯP

wZcśì)�' CHLDŪ�'�Ʃ�A!mix-PLA(CHL)Oligomer. q-sc-PLA

)ÎŅ-Ġ¾DŽ�)ƚ�>A@ǰPDLA) PLLA=?:��³íǓDĹ�@

PDLA(II)) PLLA(II)-Íę.įà(4))Î�ĚŐDġŪ�ǯD6!. LzR_d

-�C?, D6!. L-�ǐDŪ�!ǰPDLA (II)) PLLA (II)-ĀÝ³íǓ.I

M�¿ħĤrc{`RZ¹, 2,5-Yid~PXñēǫǐDŪ�! Voyager-DE 

PRO ,=@rc{`RZħĤIM�¿ -ǩƥĳǙÞƾǓZpRc|

(TOF-MASS)-Śó�> 1.6�103 ) 1.1�103 )Ŏ9>A!ǰPDLA(II), 

PLLA(II)-¨ðƎĂ. D-zR_d� 64.6%ǯL-zR_d� 66.3%($!ǰFig. 

7-(d).PDLA(II))PLLA(II)-ƈǒǓŕÍŢDPwZcśì)�'CHLDŪ

�'�Ʃ�A!lH|tD 180�( 2 ĳǙš±Ũ�!lH|t
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(mix-PLA(CHL)Oligomer)- DSC ĶƖDŽ�'�@ǰmix-PLA(CHL)Oligomer.ś

ì)�' CHLDŪ�!,:ǚC>�ǯ230�, Peak I.ưŚ�A�ǯ195�,

Peak III-7DŽ�!!9ǯǗ�zuzƒĴ.ćę�A�ŷ�zuzÆ7- sc

ĴDćę�!�)�Ž×�A@ǰ�-�)�>ǯmix-PLA(CHL)Oligomer lH|

t. Peak II; Peak I- sc-PLA(.+� Peak III DŽ� q-sc-PLADÑE(

�@�)�ı>�)+$!ǰ�>, Fig. 8(d)-WAXDh]��. sc-PLA)Î

Ņ-ØĝDŽ�!�)�> q-sc-PLA. L2-Æ7Dğ% sc-PLA-zuz)�

��)�¬żƻ�A!ǰ Furuhashi >. q-sc-PLA D�A! sc-PLA )Ž×�

'�!(8)ǰsc-PLA�>�Ʃ�A@Ǐ³ů,�ƭ·+mix-PLA(CHL)Oligomer-l

H|t. Fig. 9(b),Ž�A@=�,ŮƠ($!� 

 

 

 

 

 

 

 

)�>mix-PLAlH|t-ǆıĒ.Ļƾů,lH|t�- sc-PLAǯq-sc-PLAǯ

É0 PDLA) PLLA�>+@ homoƒĴ-v|lL~Y�,=$'ŏ6@)ƒ

ƽ&�>A@ǰ�-ƍ 195�,ưŚ�A@ q-sc-PLA-ƤƲ,��Òšk�R.

š±ŨDƥ��)(mix-PLA(ACN))mix-PLA(THF)lH|t,ưŚ�A@=

Fig.9 Appearance of (a) mix-PLA(CHL) and (b) mix-
PLA(THF)oligomer films. �
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�,+@�ǯš±ŨDĮ��¸,.ưŚ�A+�$!ǰ�A.čƐ+ŋîŉ7

�š±Ũ,=$'ƒĴ¿�!!9)ģŚ�A@ǰ6!ǯ�- q-sc-PLA-îÜ�

lH|t-�ǆıĒ-ƫÙ(@�*��-żƻ-!9ǯq-sc-PLADÑ6+�

mix-PLA(CHL)lH|t) q-sc-PLA DÑ8 mix-PLA(ACN)lH|tD

q-sc-PLA-ƤŞ��(@ 200�( 2ĳǙš±ŨDƥ�ǯlH|t-æưDŌ

ǁ�!ǰ�A>-lH|t-æưD Fig. 10,Ž�ǰ�A>-lH|t-æư.

�ǆı(?ǯDSC �>�A>-lH|t�,. q-sc-PLA .ưŚ�A+��

)�>ǯ q-sc-PLA-îÜ�lH|t-ǆıĒ-ŲĢ-ƫÙ(.+�ǯq-sc-PLA

Dćę�@ņń�ǆıĒ-ƫÙ(.+��)���)��ĕ�A@ǰ  

 

 

 

 

 

 

 

 

� mix-PLA(ACN);mix-PLA(THF)+*� scĴ) q-sc-PLA)�� 2%-Æ7

Dğ%zuz�lH|t«,ćę�A@)���).ǯmix-PLA(CHL)lH|

t-«Ǐ=?:ǯv|lL~Y�-ñóĒ���)���)��ĕ�A@ǰ�

-Ƹ�Dƥ�!9ǯ�A A�ǢĀƦŤė,��@ǌŘů+v|lL~Y�(

Fig. 10 Appearance of (a) mix-PLA(CHL) and (b) mix-
PLA(ACN) films heat-treated at 200°C for 2hrs. �

(a)� (b)�
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@)�@)ǯPwZcĉ-lH|tD 140, 180, 6!. 220�(ǯ2ĳǙš±

Ũ�!áÍǯ´ĺ-v|lL~Y���ñó+:-�=?ęǗ�@)�ĕ�A

@ǰFig. 11.(a) mix-PLA(CHL)ǯ(b) mix-PLA(ACN)ǯ(c) mix-PLA(THF)lH

|t-š±ŨřĂµ- SAXS ĶƖDŽ�ǰ©'- SAXS ĶƖ( 0.2-0.8nm-1-

ƊÛ,m~�d+k�R�ưŚ�Aǯ�-k�R)Ž� q�ƙ(q*).š±ŨřĂ

� 140ǯ180ǯ220�2-�İ,ċ�ǯmix-PLA(CHL)(.ǯq*=0.45ǯ0.35ǯ0.325 

nm-1 2ǯmix-PLA(ACN)(. 0.70�0.60ǯ0.425nm-1 2ǯmix-PLA(THF)(.

0.65�0.60ǯ0.25 nm-12)ù��+$!ǰç�-Źƃ�> sc-PLA-Ĩ�k�R

.zuzƒĴ(@)�ó�A'�@(9)ǰ�A<� q*�>Ą(4)DŪ�'zuz

ńǉ-ǗÔĺ dDŎ9ǯ 

                        d = 2π / q*� � � � � �  � � � � � (4) 

d-¢)š±ŨřĂ)-ǚ�D Fig. 11 (d),Ž�ǰ�A>-b�]=?©'-W

�n|(zuzƒĴ.š±ŨřĂ-�İ)ª,ęǗ�@�ǯmix-PLA(THF)D

220�(š±Ũ�!áÍ-å¿Ǔ�ĸ:è���)�>ǯÑ6A@v|lL~Y

��mix-PLA(ACN);mix-PLA(CHL),Ō3ǯPDLA) PLLA�Àµ+�ò©

,ŕÖ�!ĸ:ĀƦ+Ťė�>ǟA!�ñó+Ťė,@)���)�Ž×�

A@ǰ 

� mix-PLA-v|lL~Y�-ĀƦŤė,%�'ƚ÷�@!9,.�C<@l

H|t�,Ñ6A@ PDLA ǖ) PLLA ǖ-ŕÖŤė)DƚĘ�@ďƫ�@ǰ

śŔ�(- PDLA; PLLA-³íǖ-U�lLu�Xy��lH|t)+$!

)�-v|lL~Y�,ĈǤD:!>�-+>/ǯśŔ�(S~jx�|ńǉ
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Dćę�@ mix-PLA(THF).ĀƦŤė�>ǟA!v|lL~Y�Dćę�@!

9ǯPDLA) PLLA-ŕÖ����)��ĕ�A@ǰ���ǯ180�ǯ2ĳǙ(

š±Ũ�!�A>-lH|t(. PDLA) PLLA-³íǖŕÖŤėDƸ��@

�).ÚǠ(@ǰPDLAǖ) PLLAǖ�=�ŕÖ�A!lH|tD scĴ-Ƥ

Ş��(śƤ��!ĉ,®Å��@)ǯƤŞ-ǭ� scĴ� homoĴ=?:ǭř

(®ƒĴ¿Dƿ��ǯ�A,=? PDLAǖ) PLLAǖ-ĽƗ�ą�+?ǯƝū

ĂDé$! PLAǖ. homoĴDćę�@�)�(��,�-®ƒĴ¿Ġ¾.ư

Ś�A+�+@ǰ�ĭǯPDLAǖ) PLLAǖ-ŕÖ�Ɵê(+�áÍ. scĴ�

Á³,ćę�A+�³ǯscĴ-ćęĉ: PLAǖ-ƝūĂ�ǭ�³ homoĴ�ć

ę�A;���)��ĕ�A@ǰ�-!9śƤĉ- homo Ĵ-®ƒĴ¿-Ġ¾

DưŚ�@�)( mix-PLA lH|t�-ĀƦŤėDƸ�(�@)ƚ�>A@ǰ

��(ǯmix-PLA lH|tD sc-PLA -ƤŞ=?:ǭ� 240�,ĵ�>�!ĉ

-v|lL~Y�-¬ćęDƸ��@�)(ĀƦŤė,%�'Ƹ��@�)�

(�@)ƚ�>A@ǰƹĬDõř�> 240�6( 5�/min (�İ��ǯÄă,

¬Ăõř6( 5�/min(®Å�@ǰFig. 12-DSCĶƖ.�-®ÅǌƀDŽ�ǰ

mix-PLA(ACN))mix-PLA(THF). 180-210) 120-150�,m~�d+ŭšk

�R�ưŚ�Aǯsc-PLA ƒĴ) PDLA ; PLLA -ƒĴ¿�ưŚ�A!�ǯ

mix-PLA(CHL). sc-PLA ,ūĿ�@ŭšk�R-7ưŚ�A!ǰ

mix-PLA(CHL), scĴūĿ-®ƒĴ¿Ġ¾-7�ưŚ�A!)���).«Ǐ

- PDLAǖ) PLLAǖ-ŕÖ�Ɵê,+�A'�@!9)ƚ�>A@ǰø�'

mix-PLA(ACN))mix-PLA(THF)(. homoĴ-®ƒĴ¿Ġ¾�ưŚ�A!� 
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)�>ǯlH|t«Ǐ- PDLAǖ) PLLAǖ-ŕÖ��Á³(@�),=?

ćę�A! PDLA; PLLAÎä-duI�«Ǐ( PDLA; PLLA�ƒĴ¿�

@�)( homoĴDćę�!)ƚ�>A@ǰ�-�)�>ǯCategory-II(�Ʃ

�A!mix-PLA(CHL)lH|t�-PDLAǖ)PLLAǖ-ŕÖ.Ɵê(@!

9ǯ�-v|lL~Y�.ñó)+@ǰø�'ǯýƣśŔ�( scĴDćę�@ 

 

Fig.11  Heat  treatment  temperature  dependence  of  SAXS 
curves of (a) mix-PLA(CHL)�(b) mix-PLA(ACN) and (c) 
mix-PLA(THF) films ,and (d) long spacing.�

(a)�
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Category-I(ćę�A!mix-PLA(ACN))mix-PLA(THF)lH|t�-PDLA

ǖ) PLLAǖ-ŕÖ.�Ý�(@�)�>ǯmix-PLA(CHL)lH|t=?:

v|lL~Y�-ñóĒ.��+@)���)�ı>�)+$!ǰ 

� �>,ǯDSCŚóĳ,ƤƲ-¬ćęDƘ?ǃ��),=?v|lL~Y�-ñ

óĒ-ƺƐDŃƶ�!ǰřĂn~Szt. 25��> 250�6( 5�/min(İř

��ǯscĴDò©,ƤƲ��!ĉ, 250��> 25�6( 5�/min(Ǜř��!ǰ

Fig. 12 DSC curves in the cooling process of sc-PLA cast films �
prepared with different cast-solvents (a) mix-PLA (CHL),!
(b) mix-PLA(ACN) and (c) mix-PLA(THF).�
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�-ƥƀD 4 ĂÔØ��!ǰFig. 13 (a)PLLA(ACN)ǯ (b)PLLA(CHL)ǯ

(c)PLLA(THF)- DSC ĶƖ-ƒłDŽ� PLLA ƒĴ-ƤƲĠ¾.ƍ 170�,

homoƒĴ-ƤƲ,ūĿ�@Òšk�R-7�ưŚ�A@�ǯ�-ǣƂ.ÔØĩ

,Ō��'ŗú¤Ï,@�)�C�@ǰ�A.PLLA-homoƒĴ-śƤĉǯ

®Åĳ,��' homo ƒĴ-¬ćę��Á³+66�ǖ-ǋ¾Ē�¯ƒ�A!

!9)ƚ�>A@ǰmix-PLA lH|t-áÍǯ (d)mix-PLA(ACN)ǯ

(e)mix-PLA(THF)ǯ (f)mix-PLA(CHL)- DSCĶƖ-ƒł�>ǯmix-PLA(ACN)

) mix-PLA(THF). 2 Ôű, 170��ǂ, homo ƒĴǯ6!ǯ220��ǂ, sc

ƒĴ-ƤƲ,ūĿ�@Òšk�R��A AưŚ�AǯÔØĩ�â�@,ċ�

¸ƛ�ŗú�@-,ø�'ĉƛ- scĴ-ǣƂ�â¼�@¤Ï�C�@ǰ�A>

-�)D=?ıż,�@!9, Fig. 14,Śó-ÔØĩ(Run))ưŚ�A@ƒĴ

-ǒǓ³Ŧ,%�'n~`c�!ƒłDŽ�ǰFig. 14(c)- PLLA(.ÔØĩ,

��ǯĊ�, homoĴ-ǒǓ³Ŧ.���'<��)�=�C�@ǰø�' Fig. 

14 (a)-mix-PLA(.mix-PLA(CHL)� PLLA)ÎŅ,ÔØĩ,�� scĴ-

ǒǓ³Ŧ�ŗú�@�)�C�@ǰø�'ǯmix-PLA(ACN)) mix-PLA(THF)

(. 2Ôű�Ǜ(. scĴ-ǒǓ³Ŧ.â¼�@�)�C�@ǰ�-�).śƤ

DƘ?ǃ��),=? PDLA) PLLA-³íǖ-ŕÖ�Ǌƥ�ǯscĴDćę�

@�)-(�@Ǧß�â¼�@�)( scĴ-ćę��Ǌ�A!!9)ƚ�>A

@ǰ�-=�+Ġ¾�>ƚ÷�@) mix-PLA(ACN)) mix-PLA(THF).

mix-PLA(CHL)=?:ǯv|lL~Y�-ñóĒ����)-ƫÙ.lH|t

�,Ñ6A@ PDLA) PLLA-³íǖ-ŕÖŤė��Ý�+�),ūĿ�@) 



 64 

 

  

Fi
g.

13
 D

SC
 c

ur
ve

s 
in

 th
e 

he
at

in
g 

pr
oc

es
s 

of
 (a

) 
PL

LA
(A

C
N

)�
(b

) 
PL

LA
(T

H
F)

 a
nd

 (c
) 

PL
LA

(C
H

L)
 ,(

d)
 

m
ix

-P
LA

(A
C

N
)�

(e
) m

ix
-P

LA
(T

H
F)

 a
nd

 (f
) m

ix
-P

LA
(C

H
L)

 fi
lm

s.�



 65 

 

 

 

 

 

 

���)�ı>�)+$!ǰFig. 14(b) -ƒł�>ǯhomoĴ�ƤƲDƘ?ǃ�

':ćę�AƔ�@�)�>ǯśƤ-7(�-³íǖ-ŕÖŤėDÝ�,�@

�)�ÚǠ(@�)DŽ�'�?ǯśƤęć,=? PDLA) PLLA-ŕÖD

ƥ$!áÍ(:�ƛDƟê,ŕÖ��@�).Ǡ��ǯë9-ŕÍ-ĚŐ�ǒ

ƫ(@)���)DŽ×�'�@ǰ 

� śŔ�,��@ïƅǭ³í-³íǖ-U�lLu�Xy�Dı>�,�@!

9, PLLA-Ìśì,��@ýƣśŔ- SAXSŚóDƥ�ǯ�- Kratky plot

-ŃƶDƥ$!ǰFig. 15. PLLA-śŔ(Cp: 1 wt/v%)- Kratky plot(@ǰ

�A A (a)ACNǯ(b)THFśŔ,%�'-ƒłDŽ�ǰ+�ǯCHL. XƖ-

ǆǌŦ���ǯƟê+ SNŌ�Č>A+�$!ǰ(a)ACNśŔ. q-â¼,��

ÃƼ, I(q)q2.â¼�ǯ(b)THFśŔ. 0.2�> 1.0nm-1,��'f�n�ưŚ

�A!!9ǯ�-�). nmM�^�(-�Í�ćę�A!�)DŽ�'�@ǰ

�A>- Kratky plot-ţĎů+Ġ¾�>ǯśŔ�-ǭ³í. ACN�(.ss

[ǖǯTHF �(.S~jx�|UI|-ćė(@)ƲǑ(�@(10)ǰċ$'ǯ

PDLA) PLLA�śŔ�(�Í,=?Za}MU�n}`RZćę�@)�,ǯ 

Fig. 14 Crystal content of mix-PLA films dependence of melt repeat (a) sc crystal, 
(b) homo crystal, (c) homo crystal in PLLAfilms.�
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ACN �(.z�^tUI|-�0�$!ǖÎä�ǯTHF �(.S~jx�|

ǖ��Í�@)Ž×�A@ǰ�-áÍǯS~jx�|ǖ=?:�0�?ǖ-ĭ

�ǯsc Ĵ- Helix ńǉ-:-)+@o{N|_J��2-ſƥ�Ǌƥ�;��

)ƴ��).öĲ,ĕ¥(�@ǰ�-Ŭ+@U�lLu�Xy�.mix-PLAl

H|t-v|lL~Y�,ĈǤD��'�?ǯFig. 12(mix-PLA(THF)�®Å

ĳ, homo Ĵ-®ƒĴ¿�ĸ:ǧơ,ưŚ�A!-.ǯŕÍ¸,ćę�A!Î

Ɓ- PDLA6!. PLLA-S~jx�|Ťė-°Ǟ� mix-PLAlH|t«,

ŋî�A!!9)Ž×�A@ǰ6!ǯFig. 14(b),��'ǯ�-ÎƁ-ƅ�ŬĒ

PLA,�?°ǞduI�.mix-PLA(ACN),��'. 3Ă-śƤDƥ$!áÍ

,:ưŚ�A@�)�>ǯ�-ų³ǟńǉDÝ�+ĀƦŤė2)ǎſ��@-

.Ǡ��)�A@ǰ�-�)�>ǯśŔ�(- PDLAǖ) PLLAǖ-�ÍŅĄ

.mix-PLA-PwZclH|t-v|lL~Y�,ą�ĈǤDÉ5�)���

)�ı>�)+$!ǰ 

(a)� (b)�

Fig. 15 Kratky plot for PLLA dissolved in (a) ACN and (b) THF.�
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4.2� ǖǗŌ�Ŭ+@áÍ  

� ôŪů,mix-PLADŪ�@áÍǯPDLA) PLLA-ŕÍŌ(2);ǖǗŌ�Ŭ+

@T�Z,��@ŢĒ;�-v|lL~Y�,%�'ı>�,�@�)(ǯ�

A6(àÓ�'�!śì½łD=?ĹŰ+Ĕà)�@�)�(�@ǰ�>,ǯ

Č>A!lH|t-ǆıļĬ)�'-ŪǇûǘDűů,ŢĒƸ�Dƥ$!(3)ǰ�

�(ĻƆ(.Ņ�+ǒǓŌ(XD);ǖǗŌ(mix-PLAD�Ʃ�ǯśì�v|lL

~Y�2��@ĈǤ)�-ćę,%�'ı>�,�!ǰ 

� Ƈ 2 Ɔ(Ǆ3!=�,Za}MU�n}`RZ-ćę,.³íǓ:ǒƫ+Ù

í)+?ǯTsuji>,=?U�n}`RZćę-³íǓ�îĒ.àÓ�A'�@

(11)ǰ��(. CHLDŪ�!PwZcŐ,=?Ŭ+@³íǓŌ,=@ sc-PLA-

ćę,%�'-7Ńƶ�A'�?ǯPDLA) PLLA-ŕÍĳ,�ĭ-³íǖ�

ŷ�áÍ(.ǯǭ�³íǓ)-Ƒ7ÍC�=?:U�n}`RZDćę�;�

��)�ı>�)�A'�@(1)ǰ���+�>�-śì�îĒ,%�'.Ńƶ�

A'+�ǰ PDLA) PLLA.�-³íŌ,=?�ÍǈĂ�Ŭ+@!9ǯ��,

śì-ƁǨ,=@�ÍŅĄ-Ǎ��ĈǤD��@�)(ǯŬ+@v|lL~Y

�D��@)�Ƭ�A@ǰ 

 

4.2.1� lH|t-�Ʃ  

� PLLA-³íǓD�ó)�'ǖǗŌ-Ŭ+@ PDLADǒǓŌ( 1:1)+@=

� ACNǯTHFǯCHLD�A AŪ�' Cp = 1.0 wt/v %-śŔDƼƩ�ǯPw

ZclH|tD�Ʃ�!ǰmix-PLAlH|t. 180�( 2ĳǙš±Ũ�ǯ�-
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v|lL~Y�D DSC,=?ı>�,�!ǰ�Ʃ�! mix-PLAlH|t-W

�n|-�ƯD Table 4,Ž�ǰ 

 

 

 

 

 

4.2.2  v|lL~Y�Ʋŀ  

� Wcrsc- PDLA-³íǓ�îĒ-DSCĶƖD Fig. 16 (A) mix-PLA(ACN)ǯ(B) 

mix-PLA(THF)ǯÉ0(C) mix-PLA(CHL),Ž�ǰ©'-mix-PLAlH|t,

��' homo ƒĴ-ƤƲ)�A@ 170°C ,.Òšk�R.ưŚ�A�ǯ200�

��, sc-ƤƲ,ūĿ�@Òšk�R�ưŚ�A!ǰ6!ǯACN) THFDŪ

�'�Ʃ�A!lH|t,.*-³íǓŌ-Ƒ7ÍC�,: 195�, q-sc-PLA

-ƤƲ,ūĿ�@Òšk�R�ưŚ�A!ǰ³íǓ 0.1�104-M{Vr�DŪ

�!:-(.*-lH|t: Tm. 200���-¢DŽ�!�ǯ�A. sc Ĵ-

zuzDćę�@ PDLA-�ǖ�ŷ�!9Á³+zuzÆDćę(�+�!9

,zuzĴ�Ÿň�AǯGibbs-Thomson Ą=?ǯTm ���ưŚ�A!!9(

@ǰ³íǓ� 1.6�104��-ǭ³íǖ(.Á³+zuzÆDćę�@!9 Tm

� sc-PLA-ƤŞ)�A@ 220-230�-¢DŽ�!ǰ�-ƒł. Tsuji>-àÓ

�'�@ PDLA ) PLLA -³íǓ� 5 ���)+@)ǯPDLA ) PLLA -Ģ

Ƴ�Ɵê,Ǌƥ�+��)�> 

Table  4  Information  of  PLLA(Mv=3.0×104)  and  different  molecule 
weight PDLA mixture for mix-PLA films.�

mix-PLA(Ⅰ) mix-PLA(Ⅱ) mix-PLA(Ⅲ) mix-PLA(Ⅳ) mix-PLA(Ⅴ)
Mv×10-4 3.0 Oligomer 1.6 3.0 5.0 7.1

�������� 98.1 60 97.6 98.0 97.0 99.0
mix-PLA(Ⅰ) mix-PLA(	) mix-PLA(
) mix-PLA(�) mix-PLA(�)

PLLA
PDLA

Sample name

*�

��Mw = 1.6×103 by TOF-MAS�



 69 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sc Ĵ-ćę�Ĝ¶�A@(1))��àÓ�>:ħğ�A@ǰ���ǯM{Vr�

)-Ƒ7ÍC�(. DSC-ƤƲĠ¾.mix-PLA(ACN)- scĴ-ǒǓ³Ŧ�ƍ

73%-ǭ� scĴ-ćęDŽ�!ǰ�A.�³í)-Ƒ7ÍC�,=?�Í��

;���))ǯACN śŔ�(.�Í��Ǌ�A;��)�� 2 %-Ũū�>ǯ

śì-ĈǤDË�ĸ: scĴDćę�!)ƚ�>A@ǰø�'ǯśŔ�(�ÍD

Fig. 16 DSC curves of (A) mix-PLA(ACN), (B) mix-PLA(THF)�
and (C) mic-PLA(CHL) films. (D) sc crystal weight�
fraction dependence of mixture PDLA molecular weight. �

(c)�
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(A) ACN� (B) THF�

(C) CHL� (D)�

�
 E

nd
ot

he
rm
�

�
 E

nd
ot

he
rm
�

�
 E

nd
ot

he
rm
�

W
cr
�



 70 

ƿ��+�mix-PLA(CHL)(.Wcr = 15%)ĸ:��¢DŽ�!ǰśìƁ)Wcr

,%�'ĪŨ�!:-D Fig. 16(D),Ž�ǰmix-PAL(CHL)(.³íǓ�Îƈ)

+@ 3.0�104-Ƒ7ÍC�(Wcr = 60Ǯ)��ǭ�¢DŽ�ǯ��DǥŞ)�

'øž+ćęĠ¾�ưŚ�A!ǰ�-�)�> mix-PLA(CHL).³íǓ�Îƈ

+:-Îä(-U�n}`RZ¿�¦�,ƥCA@)���)�ı>�)+$

!ǰ 

� Ŭ+@ǖǗŌ,=?ćę�A! scĴ-zuzÆ)śì-ĈǤ,%�'ı>�

,�@!9,ǯ�A>-lH|t- SAXS ŚóDƥ$!ǰČ>A!Ĩ�n~l

FI|(Fig. 17),ưŚ�A!ƒĴǙ-ÿŖ,ūĿ�@Ĩ�k�R-�ƙ(@

q*�>Ą (4)DŪ�'ǗÔĺDƉ²�ǯ�-ƒłD Fig. 18 (a),Ž�ǰ

mix-PLA(ACN))mix-PLA(THF)-ǗÔĺ.ǯPDLA-Mv� 5�104��(.

ƍ 10nm(?ǯ�-�îĒ.4)E*żƻ�A+�$!ǰ�ĭmix-PLA(CHL)

(. 15~18nm2)�-³íǓ-â¼,��ęǗ�'�@�)�C�@ǰ�-=

�+ 2ƌƓ,³Ǩ�AǯCategory-I(ćę�A@¸ƛ(.ǯǗÔĺ� PDLA)

PLLA-ǖǗŌ,.6?ĈǤ�A+�)���)ǯ6!ǯCategory-II,=?

ćę�A@mix-PLA(CHL)(.PDLA-ǖǗ�è��+@�)(ǗÔĺ�Ǘ�

+@�)�Ž�A!ǰ�+C#ýƣśŔ�(đǈ,�ÍDćę��!áÍǯć

ę�A@ scĴ-ǗÔĺ,.³íǓ-ĈǤ.6?+�)���)�ı>�)+

$!ǰ 
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4.3 ĻƆ-ƒƴ  

� mix-PLA-PwZcśì)�' ACNǯCHLǯTHFDŪ�' PDLA) PLLA

-ƈǓŕÍśŔD�A A�Ʃ�!)�Bǯ mix-PLAlH|t-æư.ơ��

śì,�î�@�)�ı>�,+$!ǰ©'- mix-PLA lH|t�,. sc Ĵ

-7�ćę�A'�!�ǯ�-�AǯƤŞǯÉ0ƒĴ¿Ă,ǧơ+�îĒDŽ

�)���)�ı>�)+$!ǰ�-ūĿ.v|lL~Y�-ćę�A@ŝĂ

Fig. 18 Long spacing in mix-PLA films dependence of 
mixture PDLA molecular weight.�
��
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,?ǯýƣśŔ�(ćę�A@ Category-I(.đǈ+³íǖ-�Í,=?ć

ę�A@!9�A-è��v|lL~Y�D��@ǰø�' mix-PLA(CHL)(

.ŝÆŤė(Ċ�,ćę�A@ Category-II (.�A-ú+�v|lL~Y�

Dćę�ǯ�-ƒł�Ŭ+@zuzÆD��ǯƤƲĠ¾,ĈǤD��@�)�

ı>�,+$!ǰ�>,ǯv|lL~Y�Dćę�@ǝ-ŝĂ-ĈǤ.

Category-I-)�(.ŕÍ�@PDLA)PLLA-³íǓ-ĈǤ�ǗÔĺ,6

?ĈǤ��ǯCategory-II,��'ćę�@áÍ(.�A>-ĈǤDË�@)�

��)Dı>�,�!ǰ 

  



 74 

Èƚīť  

(1) Tsuji ., Hyon S. H., Ikada Y., 

   Macromolecules, 24, 5651-5656 (1991). 

(2) Ikada Y., Jamshidi K., Tsuji H., Hyon S. H.  

   Macromolecules, 20, 906-908 (1987). 

(3) Sawai D., Tsugane Y., Tamada M., Kanamoto T., Sungil M.,  

   Hyonwaxs S.H., J. Polym. Sci. Polym. Phys. Ed. 45,  

   2632-2639 (2007). 

(4) Koide Y., Ikake H., Muroga Y., Shimizu S.,  

   Polym. J. 45, 645-650 (2013). 

(5) Okihara T., Tsuji M., Kawaguchi A.,  

   Katayama K., Tsuji H., Hyon S. H., Ikada Y., 

   J. Macromol. Sci. Phys. 30(1-2), 119-40 (1991). 

(6) Marubayashi H., Asai S., Sumita M.,  

   Macromolecules, 45, 1384-1397 (2012). 

(7) Wunderlich. B., Macromolecular Physics, Vol. 3, Academic Press (1980). 

(8) Furuhashi Y., Kimura Y., Yoshie N., Yamane H.  

   Polymer, 47, 5965-5972 (2006). 

(9) Ling C, Eamor M. W., Macromol. Chem. Phys., 212, 125-133 (2011). 

(10) Muroga Y., Iida S., Shimizu S., Ikake H., Kurita K.  

� � Biophys. Chem. 110, 49-58 (2004). 



 75 

(11) Tsuji H., Ikada Y., Macromolecules, 26, 6918-6926 (1993) 

  



 76 

 



 77 

ÞĘÝ� mix-PLA J9RM&ORJ=SAU�¦%  

� � � ��4Å�s¸�II. Ï$4Á}¾& PDLA #  

      PLLA &Á}Ç% �!  

5.1   Ćć¾�ß���}  

� Þ 4Ý"'ĖPDLA# PLLA&Ćć¾�ß��Ė� �&Á}¾�Ė1ę1"


4mix-PLAJ9RM&ORJ=SAU�¦%��4Å�s¸7 3Û&>PB

FÅ�7Í�!�}% �!ú��ėµÝ"'Ė2Û&LO& PDLA# PLLA

&Ćć¾�ß���Ė�&Á}q}7�u����}&ORJ=SAU�¦%

 �!¹÷�4ė 

 

5.1.1� J9RM&cò  

� +�ĖjĄą%��4 PDLA&q}(Ąą¾:XD)7Ė�(1)&1�%�é�4ė 

 

 

mix-PLAJ9RM& XD' 0.0�2 0.5&á�"cò��ėPDLA# PLLA�

Í�� PDLA# PLLA&Mv'Ė3.4�104# 3.4�104"Ė�5�5&i�ã

�' 98.3%# 98.0%#~Ú�
��&"ĖXD# 1-XD'ÒñÐ$ĉf#_��

54�.ĖXD� 0.0Ė0.1Ė0.2Ė0.3Ė0.4y( 0.5& 6ÛĒ&mix-PLAJ9R

M7cò��ė 

� >PBFJ9RM&cò'Þ 4 Ý#~»&§Đ"ð�ĖJ9RM&ÆnÌ'

180�" 2±ĈÆnÌ7ð��ė 

XD =
PDLA(Weight)

PDLA(Weight)+PLLA(Weight) (1) 
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5.1.2 ORJ=SAUõ·   

� Fig.1'Ėmix-PLA (CHL)&J9RM&mÓ"
4ėXD����$4% 5

!ĖYĀ°�2Ā°)#�u�ĖJ9RM&lă&ORJ=SAU�ĖXD%�

��u�!�4#���#7Ø��!�4ėV®Ėmix-PLA (ACN)#mix-PLA 

(THF)J9RM"'Ėj!& XD%��!YĀ°"
��ėÞ 4Ý& XD=0.5&

mix-PLA>PBFJ9RM"/ĖÍ�4Å�%13Ā°¢%�Ï�,25�� 

(1) Ė XD � Ï $ � ! / ~ » & � # � ô Ä � 5 � ė

 

Fig. 2'Ėmix-PLA(CHL)& UV-VIS&å¸"
4ėĀāË/ĖXD� 0.0�2

0.5 %W¯�4%��ē�$��ėV®Ėmix-PLA(ACN)# mix-PLA(THF)&

J9RM'í�ĖÖ«���. UV-VISÄ�'Y{ì"
��ė 

� mix-PLA J9RMlă&ORJ=SAU7øe�4�.ĖFig. 3 %

(a)mix-PLA(ACN)Ė(b)mix-PLA(THF)y((c)mix-PLA(CHL)& DSC ³ç7Ø

�ėâ 170�C]ÿ&á�%ôÄ�54 PDLA0 PLLA& homoå²&ïõ%

`��ÆIU?(2)#�54 Peak IĖ+�â 220�C-230�C]ÿ%ôÄ�54  

Fig. 1 Transparency of films of mix-PLA(CHL) prepared at (a) XD=0.0 
(b) XD=0.1 (c) XD=0.5, where XD is weight-fraction of PDLA.�
��
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 sc-PLAå²&ïõ%`��Æ©t& Peak	"
3Ėmix-PLA(CHL)& Peak

	'mix-PLA(ACN)#mix-PLA(THF)&â 220�C13/��ē�â 230�C

7Ø��ėj!&@TKR"ĖXD&W¯%`� Peak I&IU?ĎÜ�Â��Ė

Peak II&IU?ĎÜ'�r��ė mix-PLA(ACN)#mix-PLA(THF)"'�2

%â 192�C ]ÿ%Þ 3&IU?(Peak III)�XDh�ē�$4#ôÄ�541 

  

Fig. 2 UV-VIS spectra of films of mix-PLA(CHL) prepared at XD�
shown in the figure. Dotted curve is for the reference film�
prepared at XD=0.0, where XD is weight-fraction of PDLA.�
��
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�%$4�Ėmix-PLA(CHL)"'ôÄ�5$���ė�&È¡7Ã�á�¨�

�4�#%13°×%Ø��/&� Fig. 3(a�)�2Ĕc�ĕ#$4ė 

� Fig. 4 % XD� 0.0 �2 0.5 &(a) mix-PLA(ACN), (b) mix-PLA(THF)Ė(c) 

mix-PLA(CHL)>PBFJ9RM& SAXS ³ç7Ø�ėQNQ&ć�´(d)'

I(q)� q& SAXS³çZ& Hump&¼ý&aè q*�2�(2)  

� � � � � � � � d =2�/ q*          (2) 

13ºà�54ėEUC&ÞV&È¡' PLLA&ć�´� XD=0.0# 0.1%ôÄ

�5$�#���#"
4ė�&ÌÎ#�!' PDLA0 PLLA&ć�´&o�

� sc ²%¾*!���#�ê254ėÞ\&È¡' mix-PLA(ACN)#

mix-PLA(THF)& SAXS³ç%' Peak II%Î¶�4 L1# Peak III%Î¶�

4 L2#��\Û&QNQw&£�7�8"�4�ĖXD=0.3�2 0.5"' q*�

0.6nm-1]ÿ%&,HTK�ôÄ�5�ė�5'Ė sc-PLA&å²&ĄąoË�

40~60%"
3Ėmod-sc-PLA & 5%13/�gÐ%����.#ê254ė

�&å¸ĖFig. 4& SAXS³çZ&HTK' sc-PLA&QNQ&ć�´%14/

&#ê25Ėmix-PLA(ACN)Ėmix-PLA(THF)Ėmix-PLA(CHL)& d' q*�

2�(2)13 10.5 nm, 10.5 nm, 21.0 nm#¿.254ė 

� mix-PLAJ9RM&|å²¦o&ĄąoË(Wcr)%ÔÑ�Ėsc²Ė homo²Ė

0 mod-sc-PLA&�527�5�5Wcr1ĖWcr2#Ù�4ė1�Õ25!�41

�%Ėå²ïõ%`��Æ©t&<TCRIU(�He)13�(3)�2 Wcr 7¿.

�ė 

       �             � � � Wcr = ΔHe / ΔHm°           (3) 
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�Hm°'C:D;UT7�-č²GN:T7�+$�Ì¤å²&ïõ<TCR

IU"ĖPDLA 0 PLLA �2$4 homo å²' 94mJ/mg(3)Ėsc-PLA '

155mJ/mg(3)"
4ėmod-sc-PLA &�Hm°'QNQ&w,%d��$�#_�

�!Ėsc-PLA #~�h7ªÍ��ėFig. 5(a), (b), (c) &ČĖûĖæ&|ç'

mix-PLA (ACN), mix-PLA (THF), mix-PLA (CHL)& homo²Ėsc²Ėmod-sc

²"
4ė�5' Wcr &Å�d�7°×%Ø�!�3Ėmix-PLA(ACN)#

mix-PLA(THF)&�}ĖXD&W¯%`�Wcr2'½Þ%Â��ĖXD=0.5"' 0%

#$��ė�2% Wcr1# Wcr3' XD=0.5 &#�% 40~50%# 5~7%7Ø��ė

Fig.  4 SAXS curves of (a)  mix-PLA(ACN), (b) mix-PLA(THF) and (c) mix-
PLA(CHL) films prepared at  different XD, where XD is weight-fraction of PDLA.�
��
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�52&J9RMlă%'PDLA0PLLA&homoå²&GN:T(Domain-A)Ė

sc-PLA &å²&GN:T (Domain-B)Ėmod-sc-PLA &å²&GN:T

(Domain-C)� XD &jđ�%6��!k��!�4ėmix-PLA(CHL)&�}"

' XD&W¯%`�Wcr2�Â��Ėâ 0.2" 0%#$3Ė���2Wcr1��¦�

5�.ĖXD =0.5"'â 65%#$4ė�5' Domain-A#�B� 0.2"��k�

"�$�#���#7Ø�ė�&å¸'b� XD"' PDLAĆ# PLLAĆ'Å

�o�#��$É¥7#3ĖXD� 0.27ü$�ċ3 Domain-B'�¦�5$

�ėFig. 5'|Å�Û%13cò�5�>PBFJ9RM&Wcr& XDd�¢7

Ø�/&"
4ė 
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5.2 µÝ&åö  

� J9RMcò±& PLLA# PDLA&Á}¾ XD�u��ĖJ9RMZ%�+

54ORJ=SAU&Ă�7¹÷��ė�&å¸ DSCÄ��2Ė

mix-PLA(ACN)#mix-PLA(THF)"'ĖXD� 0.1�2 0.4&á�"Ėsc²#

homoå²�Á��ĖXD� 0.5+"W¯�4#k%ĖWcr1'�r�4ėV®Ė

CHL&�}%'å²&k��ó25�ĖXD� 0.2^X"'Ėhomoå²&,Ė

0.3^W"' sc²&,��¦�4�#�°2�#$��ė�2%Ė�52&ù

& SAXSÄ��2Ėmix-PLA(ACN)#mix-PLA(THF)"' XD� 0.1^W"Ė

mix-PLA(CHL)"' XD� 0.3^W"Ėsc²%14ć�´�ôÄ�5��Ė�&

ć�'Ėp\ë'Ėmix-PLA(CHL)&voÚ�����.Ėsc²'Ė���[

5�å²"
��ė+�ĖWcr1#Wcr2& XDd�¢7Ì¤Ð$å²u#¾þ�Ė

mix-PLA(ACN)#mix-PLA(THF)J9RM&ORJ=SAU&�¦'�îÅÀ

Z"�¦�5� ä$[5� sc²�Ėå²¦ć7Ċ��4�Ėmix-PLA(CHL)

"'�&1�$�ď7z�$��.Ė13ē�Wcr17Ø�#���#7°2�

%��ė 
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ŊƝŉ� PDLA % PLLA )ŋƈƉĦ²į�8�ť��  
� � � mix-PLA dArl)żăí%�)  
� � � nrdFtPv)Ǝ�  
� Ƙ�ÊČÿ)żăČÿ%�#)ĸŽ*�åƛŀ	Ý� #��5)%ì=;

:Ɯĵ¾wŜĿ'Ƙ�Ê)żăČÿ%�#*iqmTJqrƆmTJqsv[

(PMMA)6iqHvh^v[(PC)'&ńĠĎ)Ƙ�ÊČÿ6aBGjQfpQ

VWJ%�#) PLLA �wƅĸ�8;#�:Ɯ PLLA (ŕćđ >ħ£�#

PLLA ) homo ŕć)éœ¥(79żă¥�:Á²ƛ�)śĮí��y�:%

��¹Ɩ�Ĝ�;#�:Ɯ 

� �ŉ1$$Ż.�IoQ[ġ(79�ť�;� mix-PLA(CHL))dArl*

ŕćđ )ħ£6ß��Ķ'&>ţ='�#5ƛ60%�x)ŕć)ƈƉ�Ĵ>

ņ�ƛżă'dArl%' �Ɯ 

� mix-PLA dArl)żăí)ŧ»%�#ř8;:5)*�( sc ć)Ɖ6

ŕćƕÀ)�Ù$
:Ɯ�)&�8�%���%>ă8�(�:�4(*´1

;:ŕć)ƈƉ�Ĵ�/0ŋ��żă-zżă)Ļ':Ĕū%': mix-PLA d

Arl>�ť�:ëŧ�
:Ɯ��$ċŉ$*ƛżă' mix-PLA(CHL)dAr

l%³ŋ) sc ć)ƈƉ�Ĵ>5! mix-PLA dArl>�ť�ƛ�;8)ĝŹ

�8żăí%�)nrdFtPv)Ǝ�(!�#ēů>ţ �Ɯ(1) 

 

�  
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6.1� dArl)�ť  

ĸ�� PDLA, PLLA)Mv*�( 3.4�104$
9ƛPDLA~) D�)¡

²* 98.3%ƛPLLA~) L�)¡²* 98.0%$
:Ɯ�;�;)īÉ$�ť�

;�IoQ[dArl>�ymix-PLA(DOX)ƛmix-PLA(CHL)%·-Ɯmix-PLA

dArl)Į�Ķ*Ŋ 4ƛ5ŉ%³Ė( 180�$ 2Ćƍţ �ƜĝŹűÿ%�#ƛ

mix-PLA )�ť(ĸ�� PLLA ©�%ƛD-�Ɔ% L-�Ɔ)�ƈ²�$
:i

q-DL-�Ɔ(PDLLA) (Mw = 10.0�104ƛSigma-Aldrich)>ĸ�ƛ CHL>ĸ�

#IoQ[dArl%��Ɯç8;� PLLAdArl* homoŕć)Ţĭ$


: 170��y%': 160$ 2ĆƍĮ�Ķ>ţ�ƛPDLLAdArl* Tg�x%

': 60�$ 2ĆƍĮ�Ķ>ţ�IoQ[Ć(ķ��ĜĺĚ2'&>¯9Ə��Ɯ

�yƛ�;8> PLLA(CHL)% PDLLA(CHL)%·-Ɯ�8(ƛĝŹűÿ%�#ƛ

ØŴ)ğĸƘ�Ê$
: PC% PMMA)dArl>ĸ�ƛ�;8>Į�Ķ��

(�)11ĸ��Ɯ 

 

6.2 żăí)Ű�  

� � Fig. 1((a) mix-PLA(CHL)%(b) mix-PLA(DOX))IoQ[dArl)Å

ū>ņ�Ɯmix-PLA(DOX)dArl*ƛĽŝzżă$
:)(Ò�#ƛ

mix-PLA(CHL)dArl*żă$
:Ɯ   

� DOX>ĸ��Á²*Ľŝ)dArl>ãð��ƜPDLA% PLLA) 1wt/v%

) DOXīĥ) 50�$)Ĉĭ)ĆƍŔƃ>ĪÍ��%�<ƛő 2Ɓƍ$ He-Ne

svNv)żƃĴ*ĨÕ���%�8 ACN6 THF%³Ė)ėĕ(79zżă 
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%' ��%�ņ¸�;:Ɯ�)�%�8ƛmix-PLA(DOX)dArl5Úšī

ĥ~)QYsGLufsWJQ¥$
:Category�I$)ãð$
:�%�ņ�

;(1)ƛ �) mix-PLA dArl)żăí*�ƅ)nrdFtPv)�;(Ÿ»

�#�:%ņ¸�;:Ɯ 

� mix-PLA(DOX)dArl(Ü¿«2ƞ0.07�0.05mm)%mix-PLA(CHL)dAr

l(Ü¿«2ƞ0.10�0.05mm))ŒÅ°Ū�)żƃĴ> UV-VIS(7 #ĪÍ�

�ƜŒÅ°Ū���Þ(UV-VIS)ĪÍ*ƛāċ��Ňť V-670ŒÅŪźŷÅ��

�ÞŮ>ĸ�ƛQIouQcv\> 500nm/minƛÎĩ$ĪÍ>ţ�űÿ)«2

(!�#ũĒ¥>��ƜĝŹűÿ%�# PLLA(CHL)dArl(Ü¿«2: 0.10

�0.05mm)% PDLLAƙCHLƚdArl(Ü¿«2ƞ0.10�0.05mm)>ĸ��Ɯ

űÿ)«2(!�#ũĒ¥�#Ťĵ���;8)űÿ) UV-VIS QgJ[r>

Fig. 2 (ņ�Ɯ 380-800nm )ĢƋƕÀ(��#ƛPDLLAƙCHLƚ%

mix-PLA(CHL) dArl*ƛ�;�; 95%�xƛ85%�x)żƃĴ>ņ�)(

Ò�ƛmix-PLA(DOX) * 0%)żƃĴƛPLLA(CHL)*ĢƋ(�Ë�#ƛ20 �

8 50%)żƃĴ>ņ��ƜwŜĿ(Ƙ�ÊČÿ)żăí*�)ĢƋňÞ)ĕſ 

Fig. 1 Appearance of (a) mix-PLA(CHL) and (b) mix-PLA(DOX) films.�
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��ãð�;:%ƛ�)ƅ�$)�®Ó(79żăí>ĨÕ��:�%�Ń8

;#�:Ɯ�)�4�)ŕĐ*±űÿ~(Ë¾�:ŕć6nrdFtPv�Æ

��Ļ':�%��î�;:Ɯ 

 

 

 

Fig. 2 UV-VIS spectra of mix-PLA(CHL), mix-PLA(DOX), �
PLLA(CHL) and PDLLA(CHL) films.�
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6.3� nrdFtPvŬď  

� mix-PLA)]_mvTvQKvr)ĕſ>Ų.:�4(WAXDĪÍ>ţ�ƛ

Fig. 3(*(a) PDLLA(CHL)ƛ(b) PLLA(CHL)ƛ(c) mix-PLA(DOX)ƛ(d) 

mix-PLA(CHL))dArl)WAXDbTvu>ņ�ƜPDLLA(CHL)dArl

$*Ɠćıï>®ą�#etv\'`tv)2ūĪ�;ƛPLLA(CHL)dArl

$* 17, 19, 22.5°( homoŕć(ĹĎ�:ºôcvJ(2)�ūĪ�;:Ɯ�;(Ò 

  

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3 WAXD pattern of (a) PDLLA(CHL), (b) PLLA(CHL), �
(c) mix-PLA(DOX) and (d) mix-PLA(CHL) films.�
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�ƛmix-PLA(DOX) dArl%mix-PLA(CHL) dArl$*ƛ&�8(5 12, 

21, 24°( sc-PLA)ŕćĹĎ)ºôcvJ(2)�ūĪ�;ƛhomoŕć(ĹĎ�:

ºôcvJ*ūĪ�;'� �Ɯscć³Ä)ĝŹ%�#* mix-PLA(DOX) )

WAXD)cvJ)¨�Û*ƛmix-PLA(CHL))�;(ĝ.#ă8�(Ý��%�

İê%�#÷�8;:Ɯŕć)MBR D%ºôcvJ)¨�Û(�))Ǝ�*ƛO

Dpv)à%�)ŕĐ79ƛmix-PLA(DOX))ŕć*Ŋ 4ŉ$ă8�(��7�

( mix-PLA(CHL) (´1;: scć* 14nm$
 ��ƛ³Ė)òġ>ĸ�#�

)Ţĭ)�Ř�8ƛŕć)«2>ō���%�<ƛ4.3nm%Ô���>ņ��Ɯ

ŕćMBR�Ô��(5Ǝ=8�zżă%���%*ƛ�)Ő)nrdFtP

v$*ŕć)Ɖ6MBR795�)�;�żăí(äƔ>{:%���%>

úö�:5)$
:Ɯ 

� Fig. 4*ƛ(a) PDLLA(CHL)ƛ(b) PLLA(CHL)ƛ(c)mix-PLA(DOX)ƛ(d) 

mix-PLA(CHL))dArl) DSCĉŖ$
:ƜPDLLAdArl*Ɠćí)�

4ŕćŢŬ(��µĮcvJ*ūĪ�;�ƛPLLAdArl$*ő 170�(

homoŕć)ŢŬ(��µĮcvJ(2)�ūĪ�;�Ɯmix-PLA(DOX)%

mix-PLA(CHL)$* 220�Ɵ230�)Ŏ¼(��# scć)ŢŬ(��µĮcv

J)2�ūĪ�;:%��İê�Ũ8;:Ɯmix-PLA(CHL) ) DSCĉŖ(* 

190, 220, 230�) 3Ōñ(µĮcvJ�ūĪ�;:�ƛ�)űÿ)WAXD (Fig. 

3)(* scćĹĎ)ºôcvJ)2�ĵ=;:�%�8ƛ�;8) 3Ōñ)ŢŬ

cvJ*ƛscć(ĹĎ�:5)%ř8;:Ɯ�)Ŧü)µĮcvJ*Ļ':

pmp«>ö! sc-ć(ĹĎ�:Ɯ 
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� Ę(ƛFig. 4) DSCZvT�8ŕćŢŬ(��µĮ÷¤)EuTrcv(�

He)79à(1)�8Wcr>Ğ4�Ɯ 

       �             � � � Wcr = ΔHe / ΔHm°           (1) 

�Hm°*Ɠć\mBu>´1'�Ķîŕć)ŢŬEuTrcv$ƛscć*

155mJ/mg(3)$
:Ɯmix-PLA(DOX)%mix-PLA(CHL)(´1;: scć)ƈƉ

�Ĵ*�;�; 61.7ƛ62.0%%'9ƛě&³ňÞ$
:�%�ă8�%' �Ɯ

Fig. 4 DSC curves of (a) PDLLA(CHL), (b) PLLA(CHL), �
(c) mix-PLA(DOX) and (d) mix-PLA(CHL) films.�
��



 94 

�;*mix-PLA(ACN)6mix-PLA(THF))ŕć¥Þ795Ƙ�ƛ 

mix-PLA(CHL)(ŋ���$
:Ɯ�;* DOX~$)LufsWJQ¥�

ACN6 THF%*Ļ'9ƛīÉ�şļ�: 48Ćƍ795Ƌ� 2Ɓƍ%��TB

lQKvr$LufsWJQ¥>Ÿ���%�8 Category-I)�ƒ> ACN6

THF795ĝŹĿŸ���%'�ƛŕĐãð�;�ƑÏį)ãð�ÕƉ%'9

scć*mix-PLA(CHL)})Ƙ��>ņ��%ř8;:Ɯ���'�8

Category-I(79ãð�;� scć)İƋ%�;: 220�(Tm� ūĪ�;��

%�8ƛ�)pmpĕſ*mix-PLA(CHL)(ĝ.#š��;�ĕſ>%:%�

î�;:Ɯ 

� scć)ƈƉ�Ĵ�/0ŋ��mix-PLA(CHL)%mix-PLA(DOX))nrdFt

Pv)¶Ċí6�;(!�#ēů>ţ��4ƛSAXSĪÍ>ţ�pmp)Ƌ¶

Ċ(d)(!�#Ų.�ƜFig.5(|Ś) q=0.2~2.0 nm-1)Ŏ¼(��: SAXSĉ

Ŗ>ņ�Ɯmix-PLA(CHL)$*ƛq=0.37nm-1�ź(`uf�ūĪ�;ƛ�)c

vJ�Ř(q*)�8 d=2�/q*)Ǝ�à>� #Ű���Ƌ¶Ċ d* 17.0 nm%'

:)(Ò�ƛmix-PLA(DOX)$*ăł'û�cvJ�ūĪ�;'�Ɯ�;*

mix-PLA(CHL)�mix-PLA(DOX)79¶Ċí)Ƙ�pmpĕſ>ãð�#�:

)(Ò�#mix-PLA(DOX)dArl*¶Ċí)���;�pmpĕſ>ãð�

#�:%ŬƇ$�:ƜFig. 4) DSC)ŕĐ�8zżă'mix-PLA(DOX)dAr 

l*żă'mix-PLA(CHL)dArl%³Ė) scć)ƈƉ�Ĵ)�>ņ���ƛ

SAXS)ŕĐ�8mix-PLA(DOX)dArl~)ŕćnrdFtPv*

mix-PLA(CHL)dArl795¶Ċí����%�ņ�;�Ɯ 
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��$ģŁ�;:�%*żăí(Ÿ»�:°Ū�)ĢƋňÞ)üľ nmGvU

v)ĕſ�ƛSAXS$ūĪ�#�:§ü nmGvUv)ĕſ)¶Ċí%Ǝƀ�

#�:%��ĭ$
:Ɯ�;*mix-PLA(CHL)dArl)ƐÖĕſ)ãð�h

[l@Wfà(æ	(ãð���4ƛ§ü nm�8üľ nmGvUv)ĕſ)

¶Ċí>{ƛŕĐĿ(żăí>ņ��%ř8;:Ɯ  

� �)7�(Ę(dArl)éœĕſ%śĮí>Ű��:.�¤ĿŏâíĪÍ

>ţ �Ɯ¤Ŀŏâí(DVA)ĪÍ(*ƛSBLvBuQXrť DMS-6100 >�

ĸ�ƛĂĩžÞ 5°C/min$ 25Ɵ250°C)ĩÞŎ¼$¶Ģü 10 Hz(#ĪÍ>ţ  

Fig. 5 SAXS curves of mix-PLA(CHL) and mix-PLA(DOX) films.�
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 �ƜFig. 6*ƛPDLLA(CHL)ƛPLLA(CHL)ƛmix-PLA(CHL), mix-PLA(DOX)

dArl)ŕĐ>ņ�ƜƓćŶiqjv$
: PDLLA(CHL)*ő 35�$ƛ

PLLA) homoŕć>´3 PLLA(CHL)*ő 150�$Ĥ¤�È4:)(Ò�ƛsc

ć>´3mix-PLA(DOX)%mix-PLA(CHL)*ƛ�(ő 200�$Ĥ¤�È4ƛĤ

¤ƌÈĩÞ(!�#*|Ś$Ƅ��Ũ8;'�Ɯ���ƛ25�(��:

mix-PLA(CHL)dArl% mix-PLA(DOX)dArl )ŵŠâíĴ E’*ƛ�;

Fig.%6 Dynamic viscoelasticity of PDLLA(CHL), PLLA(CHL), �
mix-PLA(DOX) and mix-PLA(CHL) films.�
��
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�;ő 3.3, 0.8GPa%'9ƛmix-PLA(DOX)dArl)Ā��� E’>ņ��Ɯ

1�ƛ�Ɗ)kJtepCuƂ¤>®ą�:ùÇęø tan�)cvJ�Ř*

mix-PLA(DOX)dArl* mix-PLA(CHL)dArl795 6.6�Ƙĩ�(Od

[�#�:Ɯ�)�%* sc)ŕć\mBu��Ɗ)čŗ>Ÿ��ŧ»%�Í�

;+ mix-PLA(DOX))nrdFtPv*79�;#�:�%�8ƛ�)ĕſ)

�;��Ɗ)epCuƂ¤>čŗ���4%ř8;:Ɯ1�ƛmix-PLA(CHL)

dArl~(*mix-PLA(DOX)(795¶Ċí(�;:Ñ' scć>ãð�#�

9ƛá½' scć)nrdFtPv>ãð�#�:�%�8 E’)�*Â£��%

�;:Ɯ  

� �x)ŕĐƛmix-PLA(CHL)% mix-PLA(DOX)dArl~(Ë¾�: sc ć)

Wcr*³ňÞ$
:�ƛ�;8)ŕć)MBR (D)%pmp)Ü¿)«2 (L)*ƛ

�Ś)Ā�åŚ795Æ���%ƛ,ƛpmp)�:Ƌ¶Ċ(d))¶Ċí5�

Ś)Ā�åŚ795Ƙ�ƛDMA ĪÍ79 sc ć�79éœ(ãð�#�:%�

��%�ă8�%' �Ɯ�;79ƛ�;8) mix-PLA IoQ[dArl)ż

ăí*ƛscć)ŕć¥Þ$*'�ƛ�) D6 L6 d)Æ��%�)�Ù(®ą

�;:×ŪĿ'ĕſ(�Ë�ƛ�;8)�;�Æ��':/&dArl)żă

í*�y�:%ŕų"�8;:Ɯ  

� Ę(ØŴ)żăČÿ$
: PC% PMMA%)įí�)ĝŹ>ţ �ƜFig. 7

*ƛmix-PLA(CHL) dArl)żăí>ƛğĸżăČÿ$
: PMMA (Ü¿«2  

=  mm) % PC (Ü¿«2 =  mm))żăí% UV-VISQgJ

[r>� #ĝŹ��5)$
:Ɯ°Ū�ƕÀ(��:żƃĴ*ƛ�;�;ƛ

  

€ 

0.1± 0.05   

€ 

0.1± 0.05
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92ƛ90ƛ90%$ƛ mix-PLA(CHL)dArl)żăí*ƛPMMA6 PCdArl(

¦ý�:5)$
:Ɯ Fig. 8*ƛ3Ś)¤Ŀŏâí÷¤>ĝŹ��5)$
:�ƛ

Ĥ¤�È4:ĩÞ*ƛ�;�;ő 120, 140, 200�$ƛmix-PLA(CHL) dAr 

l* PC6 PMMA�x)Ƙ�śĮí>ņ�Ɯª�ƛmix-PLA(CHL)dArl*ƛ

Ƙ�śĮí%żăí>��ö!Ƙ�ÊČÿ$
:�%�ă8�%' �ƜPET

'&)żăČÿ%�#ĸ�8;:Čÿ)żă¥*đČ)ħ£6ß��Ķ(79

�ƅ)jJtĕſ)ðƋ>ó�ƛ1�*ŅÃ�:�%(79żăí>ĳç�#

�:Ɯ���wĀ$�;*¢ÌáÞ6śĮí)�y>õ��Ķ$
:�ƛ

mix-PLA(CHL)*ŕćđ 6ß��Ķ>ţ=�%5 PDLA% PLLA)�²>�è

���%$ƛ¶Ċí(�;:éœ'nrdFtPv>ÐĄ(ãð��ƛ�)ŕ

ĐśĮí>ù'��%'�Ƙ�°Ū�)żƃĴ>ņ��%�$�:�%��ă

��Ɯ 
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6.4 ċŉ)ŕŭ  

� żă'mix-PLA(CHL)dArl%zżă'mix-PLA(DOX)dArl*�( sc

ć)2>ãð�ƛ´1;:ŕć)Ɖ5³ŋ$
 �Ɯ���ƛSAXS ĪÍ)ŕ

Đ�8ƛmix-PLA(CHL)dArl(*ƗŞ'û�cvJ�ūĪ�;ƛŕć)¶

Ċí�ņ¸�;:)(Ò�ƛmix-PLA(DOX)$*ûĬ'ftd?Br�ç8;ƛ

�;�nrdFtPv>ãð�#�:�%�ņ¸�;�Ɯ�)�%�8

mix-PLAdArl)żăí*´1;: scŕć)Ɖ$*'�ƛŕć)MBR ƛ

pmp)Ü¿)«2ƛ,ƛpmp)�:Ƌ¶Ċ)�Ù(®ą�;:×ŪĿ'

ĕſ(�Ë�:�%�ă8�%' �Ɯ�8(ƛ�)żă' mix-PLA(CHL)d

Arl*ğĸĿ'Ƙ�Ê)żăČÿ$
:PMMA6PC}2)żƃĴ>ņ��

%�ă8�%' �Ɯ 
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àĒß  äõ  

� £-0�äõ3`Y�Û�č 

àĎß�!ÅÂ\��/ÞdÓ§KR^ýÃ�Ë(mix-PLA) @ET8<V

JTD:@t����-	���č 

1) SAXSÄ� ä¹	- mix-PLA(ACN)ÅÂ\�!Ã�¢ 2¯Ă¢	- nm

8WCW nćd
�¨�0/
 THF �!� ¯Ă@;WS� b�!

ñÄ�0�	��č 

2) HeNe TW>W ±ÈÄ� ä¹	- mix-PLA(ACN)ÅÂ\�!Ã�¢ 3

¯Ă¢	-ČTHF\�!30¯Ă¢	-�m8WCW nćd
�¨�0Č

nm 8WCW nćd
�¨�0�¢Č� nć«
w���m &�¨Ā

�/�����
-	����č 

3) ÕÆ ½d��/Á¿Ë3�|�DSCÄ��WAXDÄ�3ì����1

sc-PLA �Ò¸�/ëÈ��©HBWV
ñÄ�0��)Č� ÕÆt!

PDLA� PLLA <VJTD:@t�,/nć�,/* ������


-	����č 

4) ÅÂ\� <VJTD:@t3÷��¯Ă�
Å��,.Ó�/��	-

mix-PLAI5SM OSI7U?W3�¨�/¾ą(Category)�ü�
�

.Č�êÅÂ\	-mÅÂÇ����¨�/ Category-I�ÇxÇ����

¨�/ Category-II
���ČACN� THF
qæČ¢æ
 CHL�ì20

/��
Û��0�č 
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àďß� PDLA� PLLA áþÿÃ�ËI5SM OSI7U?W�¨# Å

�s¹����-	���č 

 1) PDLA� PLLA Ã�Ë 9P@FI5SM��/mix-PLAI5SM!� 

�  á o�ÿ�Ã�À ��ČÑ��Å�Ü(ACNČTHFČCHL)�¦���  

   ù§+é��f�§
Úô�0�č 

 2) mix-PLA ëÈ!Ñ�/Å�Ü�,. ACN� THF�!ã 220����� 

    ��� CHL�!ã 230�� 10�ċ�i3Û��
Č�0!�¨�0� sc 

�  ° QNQx
Ó�/�)�ëÈ�ü�3Z����
-	����č 

   ���� ,��Å�s¹! PLLAvd I5SM�!ñÄ�0�Č 

   mix-PLAI5SM�Ì¤Ö�j���/��
Û�0�č 

 3) 190��ñÄ�0� q-sc°!QNQx Ø� sc°��.Č� ��
 

    mix-PLAI5SM ù§��4-	  Ĉ3z%���/��
Û�� 

    0�č 

5) mix-PLA  OSI7U?W ��§! mix-PLA(CHL)
²*ċ�Č

mix-PLA(ACN)+mix-PLA(THF)!�0,.*c���§3ª���


-	����č 

6) OSI7U?W ��§+ëÈ!�¨�0� Process �,.� ü�
Ô

Î����
Û��0�č 

7) o�ÿÀ3�t��� mix-PLA  OSI7U?W�Z�/Å�s¹!

Category-I ��¨�/èr ċ�Å�3Ñ�/�c�o�ÿ3�(â�ċ

�ä° þÿoÍ3Û�ČCategory-II��¨�/Å�3Ñ����!áÿ
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 o�ÿ�,.�¨�0�â�²*ċ�ä° þÿoÍ3Û���
-

	����č 

 

àĐß�!Ó�/Ã�À PDLA� PLLA Ã�ËI5SM OSI7U?W

�¨# Å�s¹����-	���č 

1) mix-PLA��&0/ PDLA� PLLA Ã�À(XD)3�t����� ä°

�¨! ACN+ THF�!m� XD ĉ�� homoČq-scČsc°
Ã��/

OSI7U?W3�¨�/ ���ČCHL3Ñ��* �! q-sc°!�¨

��� XD=0.2 ĉ�3�� homo°� sc° ��ĉ�
up�0/č 

2) mix-PLAI5SM\ sc° þÿoÍ! CHL3Ñ�����!ã 60%�

²*ċ�i3Û�ČACN+ THF�!ã 40%�c�i3Û��č 

3) mix-PLAI5SM\ sc°�¨!� OSI7U?W �¨3Ą��/Ć

�Ë ³É�,.Čä° þÿoÍ+OSI7U?W ]0��
Ï�Č�

 Ć�Ë ½d!�êÅÂ¯��¨�� sc °��/�����
-	�

���č 

 

àđß�! PDLA� PLLA áþÿÃ�Ë	-eí�� mix-PLAI5SM 

ù§�� OSI7U?W ăg����-	���č 

1) µ�Ċ·a mix-PLA I5SM�!Å���� CHL 3Ñ��eí�/�

85%`X ċ�}ðl ùûÍ3Û�ù§�k0/I5SM
£-0/č 

2) mix-PLAI5SM ù§!�&0/ scä° ÿ�!��Čä° =6A Č
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QNQ �� x'Čz"ČQNQ e/Ā�´ o��{®�0/�ðÖ

�»ú�f��/��
-	����č  

3) Å�s¹3¦Ñ�£-0�ù� mix-PLA(CHL)I5SM!�ö ù¶

¬��/ PC + PMMA [' }ðl ùûÍ3Û���Č,.ċ�çÊ§

3Û���
-	����č 

 

� `X,.µÙÝ�ø$�mix-PLAI5SM OSI7U?W�¨�z%�9

P@FÅ�  Ĉ!Čmix-PLAI5SM ¶¬Ë§3�~�/OSI7U?W

�¨¼» ÌĀ���þî�×ï��.Č_¢G68L@y¬��	-¨��

0/9QS§3¦Ñ��@ET8<VJTD:@â ċ��¶¬óò�*¦Ñ


}è��/�å�-0/č� ,��µÙÝ�£-0�×ï!_¢�-�/

Ô�
´¡�0/G68L@Ðº# ¶¬āÔ+óò�¥��Z��/* �

Úh�/č 

  



 107 

 



 107 

º¼�Ã  
 
Ô�  
(1) Yuichiro Koide, Hiroki Ikake, Yoshio Muroga and Shigeru Shimizu, Effect of the  
   cast-solvent on the morphology of cast films formed with a mixture of stereoisomeric  
   poly(lactic acids), Polymer J. 45, 645-650 (2013). 
 
(2) Yuichiro Koide, Hiroki Ikake, Yoshio Muroga and Shigeru Shimizu, Relationship  
   Between Transparence and Morphology of Poly-D-lactic acid and Poly-D-lactic acid  
   Mixture Cast Films, KOBUNSHI RONBUNSHU, In press. 
 

oG·Í  
(1) qRL=ß, �Ë�¢Æ, >ãÁm, F�§Û, ¬ Ä, pÙaj, �µOj 
/5Câ/ 5�)�,5$'+�61No¸�Ú 
¾ 58bíSm~�hGó»�cçGÖf(»�{)ó2009~ 5� 29� 

 

(2) qRL=ßókÈÉ�óF�§Ûó¬ ÄópÙajó�µOj 
/5 DL Câ/ 5�)�,5$'No¸�Ú 

� � ¾ 58bíSmÒÔG�±�hoïî�3:*"(±�{)ó2009~ 9� 17� 
 

(3) kÈÉ�óqRL=ßóF�§ÛópÙajó�µOjó¬ Ä 
Ü��/5(DL-Câ)/ 5�)�,5$'+�61ÓÎ 
¾ 53b´yoàoÌÕ¯Gó��ho(YEµX)ó2009~ 11� 28� 

 

(4) kÈÉ�óqRL=ßóF�§ÛópÙajó�µOjó¬ Ä 
/5(DL-Câ)/ 5�)�,5$'+�61ÓÎ
²� 
¾ 59bíSm~�hGó* +���¦(�¦{)ó2010~ 5� 27� 

 

(5) qRL=ßókÈÉ�óF�§ÛópÙajó¬ Ä 
/5Câ"%7��:-7$�"��
vg 
¾ 59bíSm~�hGó* +���¦(�¦{)ó2010~ 5� 28� 

 

(6) qR L=ßókÈ É�óF� §ÛópÙ ajó¬  Ä 
/5Câ"%7��:-7$�"26+�8!<�Z���3"&®l�ê 
¾ 59bíSmÒÔGóW¨ho(�|{)ó2010~ 9� 15� 

 
 



 108 

(7) @ãð=óqRL=ßóF�§ÛópÙ ajó¬  Ä 
í��³��^�	"%7��:-7$�"/5Câ/ 5�)�,5$'Ó
Î” ¾ 54b´yoàoÌÕ¯Gó��ho(YEµX)ó2010~ 11� 27� 

 

(8) qR L=ßókÈ É�óF� §ÛópÙ ajó¬  Ä 
No����^�	/5Câ�ÝT� 
¾ 19b��+�<41�][rcçGÖf(][r{)ó2010~ 12� 3� 

 

(9) qR L=ßókÈ É�óF� §ÛópÙ ajó¬  Ä 
®©@/5Câ"%7��:-7$�"Qé�Ý�Z��®lV� 
¾ 60bíSm~�hGóhæcçGÖf(hæ{)ó2011~ 5� 25� 

 

(10) qR L=ßókÈ É�óF� §ÛópÙ ajó¬  Ä 
®©@/5Câ"%7��:-7$�"í��ÝT� 

   ¾ 60bíSmÒÔGótsho¤u�3:*"(ts{)ó2011~ 9� 29� 
 

(11) qR L=ßókÈ É�óF� §ÛópÙ ajó¬  Ä 
� � No����^�	/5Câ"%7��:-7$�"ÓÎ
²� 
� � ¾ 20b/50<��+�<41ó#9<.<6Çd(¡�wX)ó 
� � 2011~ 11� 25� 
 

(11) qRL=ß, Êu¹?, F�§Û, pÙaj, �µOj, ¬ Ä 
 “XÂqÐ�B���/5Câ"%7��:-7$�"26+�8!<” 
 ¾ 61bíSmoG~�hG, * +���¦ñ�¦{ÏXòó2012~ 5� 30� 

 

(12) Êu¹?, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
 “/5Câ"%7��:-7$�"�Ývg�Z��®lV�” 
 ¾ 61bíSmoG~�hG, * +���¦ñ�¦{ÏXòó2012~ 5� 31� 

 

(13) h°èØ, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
    “/5Câ"%7��:-7$�"/ 5�)�,5$'+�61IÎ” 

 ¾ 61bíSmoG~�hG, * +���¦ñ�¦{ÏXòó2012~ 5� 31� 
 
 
 



 109 

(14) Êu¹?, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
    ®©@"%7��:-7$�"�Ý����/5Câ NaOH«U��� 
    U SÑó][ry�hoñ][r{òó2012~ 9� 19� 
 

(15) qR L=ß, Êu ¹?, F� §Û,pÙ aj, �µ Oj, ¬  Ä 
    “/5Câ"%7��:-7$�"�_�+�61��
 
    �26+�8!<” ¾ 61bíSmoGÒÔG, ][ry�hoñ][r{òó 
    2012~ 9� 19� 
 

(16) h°èØ, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
    /5Câ"%7��:-7$�"/ 5�)�,5$'+�61ÓÎ
²� 
    ¾ 61bíSmoGÒÔG, ][ry�hoñ][r{òó2012~ 9� 19� 
 

(17) qR L=ß, Êu ¹?, F� §Û, pÙ aj, �µ Oj, ¬  Ä 
    “No����^�	/5Câ"%7��:-7$�"�Ý
²�” 
    ¾ 21b/50<��+�<41, WAxcçGÖfñWAx{qKX¥ãòó 
    2012~ 11� 2� 
 

(18) h°èØ, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
    “3�M($&9<��Ý����/5Câ"%7��:-7$�"/ 5�)� 
    ,5$'+�61IÎ” ¾ 21b/50<��+�<41, WAxcçGÖf 
   ñWAx{qKX¥ãòó 2012~ 11� 2� 
 

(19) Þs�}óh°èØóqRL=ßóF�§Ûóíµ�mópÙajó�µOjó 
� � ¬ Ä “/5Câ"%7��:-7$�"/ 5�)�,5$'+�61ÓÎ 
    
²�” ¾ 55b´yoàoÌÕ¯Gó��ho(YEµX)ó2012~ 11� 28� 
 

(20) qR L=ß, Êu ¹?, F� §Û, pÙ aj, �µ Oj, ¬  Ä 
    “/5-L-Câ
/5-D-Câª\²+�6126+�8!<�Z�� 
     �3"&®l�ê” ¾ 62bíSmoG~�hG, c½DácçGë 
     (Dá{zDX)ó2013~ 5� 29� 
 
 
 
 



 110 

(21) Êu¹?, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
    “"%7��:-7$�"�Ý����/5Câ�6�5U SÑ���� 
    �Jn�” ¾ 62bíSmoG~�hG, c½DácçGëñDá{zDXòó 
� � 2013~ 5� 29� 
 

(22) h°èØ, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
    “/5Câ"%7��:-7$�"/ 5�)�,5$'+�61ÓÎ
 
    �¿�Ý” ¾ 62bíSmoG~�hG, c½DácçGëñDá{zDXòó 
� � 2013~ 5� 31� 
 
(23) Yuichiro Koide 
   “Effect of Cast-solvent on Morphology of The Component Stereo Complex Crystal  
� � Cast-film Formed with a Mixture of Stereoisomeric Poly(lactic acid)s” 
� � CST International Symposium 2013, Nihon University (Chiyodaku) 
� � 23, August, 2013 
 

(24) Êu¹?, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
� � “HFIP���/5Câ"%7��:-7$�"À�vg
� 
� �  �6�5U SÑ��ê” ¾ 62bíSmÒÔG, ä£hoÐå�3:*" 
� �  (ä£{)ó2013~ 9� 11� 
 

 (25) h°èØ, qRL=ß, F�§Û, pÙaj, �µOj, ¬ Ä 
� �  “/5Câ"%7��:-7$�"/ 5�)�,5$'+�61 
� �   26+�8!<” ¾ 62bíSmÒÔG, ä£hoÐå�3:*" 
� �  (ä£{)ó2013~ 9� 11� 
 

(26) qR L=ß, Êu ¹?, F� §Û, pÙ aj, �µ Oj, ¬  Ä 
� � “½H¶�/5Câª\²26+�8!<�Z���3"&®l�ê” 
� � ¾ 62bíSmÒÔG, ä£hoÐå�3:*"(ä£{)ó2013~ 9� 11� 
 

(27) h° èØ, Pµ �i, qR L=ß, `µ ìÅ, F� §Û, íµ �m 
� � pÙ aj, �µOj, ¬ Ä 
� � “3�M($&9<��Ý����/5Câ"%7��:-7$�"/ 5� 
    )�,5$'+�61IÎ(II)” ¾ 22b/50<��+�<41 
� � #9<.<6Çd(¡�wX)ó2013~ 11� 29� 



 111 

(28) qR L=ßópÙ ajóF� §Û 
    “½H¶�/5Câª\²��IÎ�	+�6126+�8!<��3" 
�   &®lV�” ¾ 5b��ho N.º¼-8!��& :/!�1 
� � ��ho�àÕe({;×), 2013~ 12� 21�� �  
  
  



 112 

 



 113 

nt  
� Nbe��������{f4D%��GE�	��
IN

27Y;7vXrA[d7dGE�VSg;7+1�U�?c]


����|�{lHOkq��
IN27Y;7vXrA[d

7dGE�W-6@;7+1����P\"3;7+1{IN27

Y;7vXrA[d�=be/�8p03;7+1�U�Cn]


����|'��
�Nbe�u�����{f4L_��(j

�q��
IN27Y;7vXrA[d9 m<�!FTs;7

+1����IN27aM27vZ.�Xrd7d#GE�z\J

5;7+1�U�Cn�B�i
��| 

� K>�be��*&�y��
2Wxo	�{h:`�	��

������z$5;7be8�27wZ{)QZ�^R�,�?

c�]
����| 


