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thermal properties and morphology of poly(l-lactide) (PLLA) films

were studied. Hence, neat PLLA films and films containing additives
(10% w/w) were prepared in dichloromethane at room temperature via solu-
tion casting. To evaluate thermal history on polymer properties, PLLA films
were annealed by different processes. In one process, designated asA, PLLA
films were heated from 20 up 140°C, then held for 1 h and cooled to room
temperature. In another process, designated as B, melted PLLA samples
which had been maintained at 200°C for 5 min were cooled with a rate of -
20°C/min to 140°C and annealed for 1 h before being cooled to room tem-
perature. In the next process designated as C, the melted PLLA samples after
5 min of staying at 200°C were being quenched to 0°C. Then the samples
were heated to 140°C followed by annealing for 1 h before being cooled to
room temperature. The crystallization and morphology properties of PLLA
films were studied using polarized optical microscopy and differential scan-
ning calorimetry. It isfound that the percentage of crystal and spherulitic for-
mation inside PLLA films were influenced by thermal history and presence
of the additives. The type of additives did not affect melting point (T,,,) of the
films annealed through different processes of A to C, while they had influ-
ence on T,,, of the films, significantly. It is to be noted that some spherulites
were formed in films during B process. During C process, however, the
nucleation rate increased due to quenching which enhanced the spherulites
formation.

T he effects of magnesium hydroxide and I-lactide dimer as additives on

() To whom correspondence should be addressed.
E-mail: h.mobedi @ippi.ac.ir



A e O glae ju (waisy — L) oLy sba alsd K ods 4154
waisY L pass g daces g y0aa

T Sosly aebls ) it 5SS (Gugs Mgl 5o dam NS L 55

VAZO-NO e Gsdis Ol ol gords 2 5y olKin 55 00l g5 - )
FOT s By gt 0 A8CE513 0150 3e ol il Y

5 oS Oalsa s (B9sHd Olsie 4 wiSY-L sans 5 asS o aadaie Sl i ol 5o
K] ua.“..: PLLA (SLAe.‘:\é 90 ")3‘ :)‘ C;a.u.l‘ 88 O PLLA ‘(..\:\:SY—L) (_;‘é (_SLAeJ:\é Gﬁum‘m
sbos 5 QLo s 60 Mo s IV 535 (S B g, 4 (S35081 (SD5- (o9 s ) sl
e sLaald T palsa s el ole S aadn )15 31 dallls [oliie 4 i pd B0 g buss
V-0 slos 5o Ve ¢ Laalid (8 sl 5 5o 038 5158 ol S iAWl )3 a9 st
mJ‘JSSJ‘ %‘ﬁw\,u\gd‘é}e”&r‘e&<u Jﬁ‘ﬁ)d&&iéﬂkﬁ&guduw‘gg‘,b&
IS5 58 T 5l g 33 3y 53 s (sLoa 5 s 5 53 il L lid o il 53 50
Gost psSasSae 5 LAlS pdn gy il S S 4 Laald ool S8 5 (Sassl palsa
53 nI PLLA (slaals 5o a0 € S 5 (S ohs dam 080 o Lt ralih .ot dalllas skl SIS slaoly
a8 alasl b PLLA (slaalid (T) o3 slos S o0 S5 (S3538) asas 5 (le S 4220l
3 Uiy PLLA slaalid 5o sud saaline olymis 4 Mo o S gad 5adS ole S oilo) 25
5958 o Slanl LA gl o S ps slada S o wil 8 5 ain ot il dlaa s 8 ilo 525
i Ladan S olasd 5 b o (Rl 381 ol yaieun e o (SSU 0 S 0 5m Jals 0 g il )3 50

.JJ.«.'BGA

h.mobedi@ippi.ac.ir




S5V -Lj0sd 9 3059350 0340 = )9lm0 3 (355Y- L)Ly 6l lad S sshs SIS,

il 255 o a5 L e GRS sy o s 53 st
035 (2ol 5 s e o3 HY ke 0Lsl S 2als s« !
A 5 e le 000 0 Dl 358 SRalS sl s s e 5 ek
Sldlas 5 42 5 L IN] 302 o (6 2l K g COS ST 2S5 o e
e 3 03l b PLLA oy 55 4l 3 J 55 0 3ol ol plo
ol S sh 55 el J51 218 S L e 5 4S50
JBL PLLA Gleaysl b G sl e (b Ss (55
a5 s 2o opl 51 KLIS el s IS 5 ol S 1> e
23Sl G P ol Gileang s St lE gl ol S
Sk ool Gl S amil s Sl Gy ol
ECHNICIC INE IV . 3 VNS IR EPWEIETE
ASYL jes 5 0enS 5 5en o st S35y slae J5PLLA (sl oL
sk ol 55 e S Sllas Tl 5 i o b o S5
s el 3 I sl

=3

3lgo
53 YY-¥dL/g sls 65, S L Resomer 210 (1sY - L) L

Boehringer UJLJT CS e 3 SN L e 5 YOC WAJJJS
SIS 351 3 mn sl g s 5 S g 5ked o 5o oL (61 =
Lo 4 Merck

b oluws
ol g miele 5SS @ PLLA sbaols oL S ol
> Polymer Laboratory =5 ,& L. DSC-PL J.s (DSC)
3 10N asle § e LYOCC B Y les 63 sl
et Jenapol Jis (55 5 o s 5 Sn ol8aws o oy 2 055 %5
on Sl oWl 28 cxle Carl Zeiss Jena oS

i S S el s K2

b m9s

PLLA ol 4gi

oo N sl sl s pal PLLA glani ag sk o
)Jm.k.;);ﬁe\SgﬂS)J IR AP I JM?J.?;JL;;;,JLB
g sl ol gl o A e e gles 53 Ol JS (63 I

-

A0
el L 0o 4y PLLA {45y - L) L L (S - L e L
& e Gl el el g A Sl e L S
ol SGG ols e oy ol il
DL 3 G sl s 5 o 55 51 EU Y e U3 5 o
Ll 23S il el 5 Sl gols cghuans mlio 53
IS 53 4 (SN ) e D-0T ol 428 5513 Sl 53550
2ol LI (SSY L esl) iyl s s Ly D (655 555
LPlass o 0w 6 shanss ol aS Cl L IS o5l 51 (5oL
(S el L3y SIS T 1815 3 53 eyl (IS Oy 55 3
48 Sl (g2 5 oS 522 5 55 25 26 e 58] s G|
Mol g packossl pos sl (o oy 55 Jol>

S ] S Ty 55 i 53 o S il S s
TN ol g e S e B2y 35 6 she sl s el Lot

S ol e (K sk e bs e Ve (3L 50l
Ikada 5 Tsuji [AVY] sl sl y Ol & PLLA ulis IS5
Aoy il cos PLLA b S 5 SOl ol cbilesls OLES
Sl 2o S Dlas b o 05 45 5,8 e 1B Sk
Ly s 5 Suysk s S 50158 0K 5 Baratian [)Y]
D] il o 28l PLLA s 0S¥ - Dl il 531 L s S
Oy Sl b Sl ce e cisls 0Lis O 5 Miyata
3> ;3 Schmidt 5 Kolstad [\0] &b o 2033l PLLA  J S50
4 |, PLLA/PDLA i .Shas 5 S 3 sl ey
O,an 5 Zhai [P AV] s S asllas PLLA 5515 4men Lol s Ol i
oSS g3 lams 3 PLLA _Kiysly oo cilesls 0L
DANMT AL o Sl

S B RS gl Gos Bl A gl 0558
S5 inn s JT g5 3l s 5358t e oslinl szl
0 3 g 55518 5 e 3 s IS 03805050 ) s oo
sk A5 n 659 IS5 2 IS O il b J S 5 6 2l
e 25 sy L3l OLES O an 5 Zhang . dias oi5 55 1) ek
Mg(OH)p &2 on oo (535 3 s slme )3 (WSS 1SY) s
IV ]l o 28 2T BW 5, ZnCO5 5 CaCO3 Mg(CO3)
o 0313 L OLlSan 5 (530 Lo 5 00t ool iy ol 5
Lo o S 5 058 (65U Camle (2iils Lo 4 S5m0 st
22 VIS s sulda s 5 4 sl 51 o 55 Ly, PLLA s 50
Lol S (sl o Olsie 4 WY L s S0 ey
ol SR agrs b Gag ol 2y S 4 PLLA o 50

zlv WA gsé-)5T$b°)lﬂlﬂ“f’l~’Mdhﬂlt)ﬂ*&},’,ﬁﬁ,f’k‘uﬂu’}e-"Qk4]-_*6



LC Y ——
MC —~ __
NC —
LB | ——
[ =
) A~~~
al N
> . 230 3 5
z
1 1 1 1 1
. O Voo O Yoo Yo T
CO) Les
== PLLA 6[.&?.\2.'9 b S Jsl 5 53DSC Calles ) -
R Gl s

w358 hals W o s e IS 5 osk 8
Sosh (5 S 5 JSES Al o RS e ek e e 050
Lglﬁu:j)M‘J@jkwlﬁ.wlwbd&bﬁqég)bp
,;6,%.&5@(,,@66,jzp.me>u;~1PLLAu§;i,jgdjxs
b S 51 3VCC gles ps e S Calises Lol

el () slee e PLLA (slanls Sujsk do s
1 dsloes DSC oalSles 3l kel s 4 LD

%c(%) =100(AHy )/ 95 (")

w0 by 040 /g ks .ooel PLLA 33 Jl AH O 3 oS
I ol (LN PLLA oo g3 JWl
S 23 DSC calSles IS s bileddesls GLASY 5) sla IS

N
. N ~
LB .
=y MB ~—— ==
\\'1\ N ~~/
3 0ot
,é\ Ii/?/\ \r—’—'— Al
g NA
. ~/ 2R Al 5 e
M Ve
N
1 1 1 1 1
O+ Voo O+ Yoo YO Yo
CC) Les
2= PLLA sl sl S £3° 593 DSC c:Kles_ ¥ I

(el sl

Y=L pess 9 SaanS9) 300 @3 ke s yglxe 9 (3w - L)k sl elad i ssls U3y

e 209 - o8 Aeon Vo palie Jagl sl sla ki sel
Gob s s s 331 Y L L L 4S5
ol 5333 s 0TI b desls o3l 5 Jiie (6 3 (gt
.wﬁjlﬁh?uébbj;WQB-fﬁ);Y\‘hawpLaVJ:Sa
Slapkd s Vvt pm Colss ghyls sdel s 4 L;La(,.k:.fa
L sM N e a SV - L s Mg(OH), (65l alls (s oul

.JJV\,ZL;)LK(}U

103 S Al 4

b S 155 gle S il Lol 5 55 could 45 PLLA (glaols
)fjf\‘f'c’cu.la.:mélﬁ))‘Y'OC/mll’lC,J«J.wahr.LaﬁJ\.LJ“\J&
LSLAJU&TJ‘&.J:\M il a SV CC bes ;3 Vh e as
j¢J§V"0CUh@ndb:j‘\"OC/minuﬁL{u&ézg .,\,4*\‘)3
VWY+°C sles Y+ °C/min ce s b clas oyl 3 Sl omin ;|
9 <=J§T~°C/min g;.o)wb.\"'oc b loses glos 3l Lav.l:ézci,\'..l\}
L s w0 °C 6b>b¢9ﬁ4{‘u>wlﬁé}l>¢<j Omin ;|

o g @us
A s & PLLA e plico s la oy (Soosh oo

PLLA .35 gloss Coenl Of C3S Ol 55 Mgy 5 s e o

Sl I8 a5 sk slasl J&s 5 cl oshians S ek
ol I LYYl es 3,18 VYFA g/em™ VYA s 5 4 PLLA

I sl & gas| 1N0 (ol g0l | 4gad :
0031 Loyl
ASY-L S 5odep e )l
L M N[ s i Al b3l e
LA MA NA il b
LB MB NB o Al
LC MC NC e

WAR (53 )3T D 0 plahs ogus 9 issass Sl ¢ poaly S I59iS5 9 ol (R34 - poke dlzo &A



S5V -Lj0sd 9 3059350 0340 = )9lm0 3 (355Y- L)Ly 6l lad S sshs SIS,

(XY"&Lug)f)J)JJ.‘)‘LS_}L?_}ué)l?PLLAéUN&)f@;&MJJ_{:AﬂJM-VL}QZ

Z-‘\ WAL (632 )3T D o jloubs oga 9 iy Jluw ¢ poaly (5 39)9iS5 9 pole (A9 3 - oole almo



Y=L pess 9 SaanS9) 300 @3 ke s yglxe 9 (3w - L)k sl elad i ssls U3y

00335 (S sk o s Sl 31 DGl pla3 5 Al b el

5 oAl PLLA sla o (6555 g 55y 5o sl & I3
O R 3 e Gl S el el eals OIS G555 (g5l
dited U as Lola PLLA (sla oL cdias o 0L slss
ez S 5o sk 15 )
sbhamsS sk (Al o S0 15T
YO Wz 58 51 0 3131 UKo 0 (153 Y
33 i) 351 g 5 133 655 Al 3 a1 s L o ailin
wurl?éwmk}i.bmuj}’\bﬂ‘MJ@OLLJ(N;)JJI;QM
ol slaise 53 s pall Gladisel s ba S A,
s iS jasie oS plas )3 pd) BB gl oo edalie o8l
e sl S b ol s 4 e 55k A8
o 3l N5 O35 e s L leds abll s IS00
P Sosh e SO S 4 b e Wl o ol coslinal s e
p g s 53 L glo s S Al Sl s b e 5o D s
el e 315 OLES O a1 Jasl 31 g Lo oy B po sl
Oloy e oo S Tl 15 55 e 5 0l o33 Il Lo b el 3 ol o
P sl Ll 1) g S Al 5 0ad gk sl Y
Sosk a3 151 ks b bhagm S A, Lok
sl 5 oAl lawise s il slias b i s ane S
(e gl B (Sl 5o e S 1S e s S5
Aol asd e adalin S baane S pled falS L S5 oin
4 sboles 3L OT 3 63 3 5 Sdas e s 40 Ll 5 o
ﬁﬁi'll)&‘jwﬁ@)}jélw‘d})L;aJLEJﬂCMH.,\.AT@\JA)J
Irsavl sl

8253 po i i il o s o 0L (A ) eslas
Ol A 53 5 el anes SRl gl A Al Sl e SLSU
L3 03520l 55 L n ool 03 358 ealie o 58 S
b oo S b 55 plad (O () s il b eSS (sl p5Y

PLLA (sl b (oS53 59k oo o
oy sl (S5 5h ol s (SN D D) L &Sl s 5
St paneal s lap Sl 8 b 4 s 0T S5k
sskie 4 ey ol Sl il Gla el ST 5 ey sslST s 0l
Lol oy 0T (S sh a3 I 58 5 (Ko sk o 2l
o s dglie 5 2 255 (512 DSC Calles 3l ymass ool s
&l p el o oslinad 05050 3 50 Jail 2 55 PLLA oy (S5 5k
VeemI Y0 5 5 sl a3l S aSTy So eate ISl 3l shae ol

WAR (53 )3T D 0 plahs ogus 9 issass Sl ¢ poaly S I59iS5 9 ol (R34 - poke dlzo

S el sl a3l 0LES pasle S 555 sl y3 a3l sl 5 alls
Syd o g PLLA o Cpd 4 We- W2°C el ps SL S
ok ) (S s LEAC 5 3 pd S et sl 3 1S
ol b s s esdalive 1S5 pl s IYFl ol 0 (55 5k ISCE
e:bé\é@\gj:,b@ﬁ&@\ﬁd;@m,@&lﬂcjgmﬂ
Aol s LaV.L:é <93 gl G353 Cff‘ r.xp)'l S s e
eJu“JCjnbj44.&lb}&ﬂM‘})‘&guﬁﬁL;‘ﬁ‘u‘.w‘&bjﬂ
.QMJmlif;lgjhéu;ﬁgsj)ﬂijjo\s.sjjda

Shasle S 5ss cpess 53 Ve WC am b s 5l S S
Ol 5 el b Kool & by (Y S8 DSC otlSibes
sl 031 BLEI O (65 sk ooy oasle S 595 a3 53 s o
2 o o dalis LS 5 5em o 5te (5l (sla sad 2 3L S5

0oy SalS ok 03 0 IS o ke y3 Sl l cdny o i 4
el.<:w4.>&La;uigﬁdblfw\m)s;éﬂéwﬁbd.)wi‘_g)).l.g
ezl 65k sl IS8 A sl 31 0Ly DSC

OLEY st 53 baphd (So) sl do s dmlons 0 Lo o S
(133 A Al 3 e Sl ol sl el sl ool
Ol ol ol csls el Slaphd & Cud (6 S ;Sﬁ’)j'l‘
55 5 ke LSS G (5255805 55 55 (S ek e s s
A oo LS 6 e sk S I

52353 Gl slad sad 53 (S sk o ss il 3l il a3 )
4 S pallst gl s sl g LB ASY L ey a
05 sd g edalie Sopsh Rl S35l g5l gl
1 LS S5k (sl oS Joily (5ol

ol s sl (Suosk Ao s o gladnl b s
ol 53 Sl s a il el (Sla ki pel 3l jmi Sss
o Sl Sl 3 55,8 e IS Olde I 1 sy sl
pc.uibéﬁuv.i:é4535,;..\;;“@6»@@1)3&)@PLLA
LaS ol a5l Age il g ol don b 15 o ol 2L

PLLA lals Sujsb oo Y s

I sl & gas| 1N0 (ol g0l | 4gad :
0031 Loyl
ASY-L S 5odep e )l
FYA VA YUA | glss il b5l i
OVIA W ¥4 il b
DYV N 05 o Al
OVIA o9/ oV £l




S5V -Lj0sd 9 3059350 0340 = )9lm0 3 (355Y- L)Ly 6l lad S sshs SIS,

AHy 5 asie 0Ly b o 53 (Susk o8 Jl Jluie AHp
IAXA] el Jals Sy sk It
ol 0l 0315 OLES (65 sk s o arulons (s v 31 plad ¥ K s
PLLA (slaa sl gl o150l 4 () sk e o a0 S5
LKis s e b s o LS USY UL (g5l 5 LRl
23 dle gl 5 Vb el glaodd js g5k Jlle
sl 5 alls PLLA la o (Sossh oo -0 IS
sdalive . Lledd auslas (LB yNB slaa sal) o Al b o uSY L
5 5000min Ol 5l sh LSCENB (sla ks (5l 5 0
Slp SNk s 45 ol doeS UL e a3l Promin 0L G
Wl 2l & el 51 i O Al b s S L (g5l gla ki gad
Ol JolS (Sassh 4 Odems sl LB sl s ol
EE Ll el S e (b Rl slapdd 4 i | g Sl S
Jolss oS 1 ajls cilles LS DL ljazes iE 4 by
Ls oo s o ol il (6 30lsS e 3 1y (Sussk yazs
Loy 5025 (32 0 JSC2) 1 a8 53 La g (sl ins gn 0L
Mélﬁau;‘éﬂwﬁsﬁwgt}gg@.m\@@wloujﬁ

VY
K CIAF
-3
il
Y N
3
1 1 1 1
[N of oF OA i< Y
(min) O
()
VAl
, JA F
B
EERAl
3
1 1 1 1
oy of g OA I Y
(min) Ole
(»)

(W) LS 0L

AH
A

T

(min) Obs

{00) 655k e 5o s 0 e 51 Sl ¥ S

2 o eslaul (g sh o analos (6l u_ml.»;)j; RSHIEE

555 2 Ol )y ISE 4 IS dslee
o= )
AH,
Y
kA F
B
G f R
3
1 1 1 1
oy (A1) [\Y% [A5) 2\ 7Y
(min) O
()
\'AS
. A B
=N
8 DARS
3
1 1 1 1
oy of N4 OA I Y
(min) Ole
@

.J.“JS‘Y—LLSJBJUAGPLLALSLAVL;}QLU'@Méjjlfgﬁ@xﬁ_o‘}@

& AR (63 - )3T D o losb cpgan 9 iy Jlw  rosls 5 35)9iS5 9 pgle (A9 S - oole alzo



Aol oy o deld o 5 e ey o il 8 s o5k sla
0Lt gl S 1 3VC (glas 53 e S s s IS
2t 5 SV L (5l gl sed (sl (S sk o ss s e
O Al s laam Sl LSCEs ol 4Bl 2l 5 4S5 0n
23 Rk D e o o oDl 0352 0031 il 13 il ) x
wlj‘éb—e#‘wJQ@u.CMN‘MJ&SY_Ld‘}b-LAW
03 S Jes azaa Jole Olge 4 Ll o LSV L jaus aS
BT RN EIGINEAPRL-| P WP VRN WL PR N (e S J-

21 LSV L s a4 Sl (5 568 gl aten

&l

1. Lunt J, Large-scale Production, Properties and Commercial
Applications of Polylactic Acid Polymers, Polym. Degard. Stab.,
59, 145-152, 1998.

2. Gupta B., Revagade N., and Hilborn J., Poly(lactic acid) Fiber:
An Overview, Prog. Polym. ci., 32, 455-482, 2007.

3. AurasR., Harte B., and Selke S., An Overview of Polylactides as
Packaging Materials, Macromol. Biosci., 4, 835-864, 2004.

4.Lim L.T., Auras R., and Rubino M., Processing Technologies for
Poly(lactic acid), Prog. Polym. Sci., 33, 820-852, 2008.

5. Zhai W., KoY., ZhuW., Wong A.P, and Ark C.B., A Study of the
Crystallization, Melting, and Foaming Behaviors of Polylactic
Acid in Compressed CO,, Int. J. Mol. Si., 10, 5381-5397, 2009.

6.JaZ., Zhang K., Tan J, Han C., Dong L., and Yang Y., Crystal-
lization Behavior and Mechanical Properties of Crosslinked
Plasticized Poly(L-lactic acid), J. Appl. Polym. Sci., 111, 1530-
1539, 2009.

7. Mobedi H., Nekoomanesh M., Orafaei H., and Mivehchi H.,
Studying the Degradation of Poly(L-lactide) in Presence of
Magnesium Hydroxide, Iran. Polym. J., 15, 31-39, 2006.

8. Nielsen L.E., and Landel R.F., Mechanical Properties of Poly-
mers and Composites, Marcel Dekker, New York, Chap. 5, 1994.

9. Mijovic J. and Sy JW., Molecular Dynamics during Crystalliza-
tion of Poly(L-lactic acid) as Studied by Broad-band Dielectric
Relaxation Spectroscopy, Macromolecules, 35, 6370-6376,
2002.

10. Di Lorenzo M..L., Determination of Spherulite Growth Rates of
Poly(L-lactic acid) Using Combined Isothermal and Non-
isothermal Procedures, Polymer, 42, 9441-9446, 2001.

11. Sarasua J.R., Prudhomme R.E., Wisniewski M., Borgne A.L.,

Su5Y-Lj03 9 305348 o sk ay9lme 3 (355Y- L)Ly sl lad K sshs JUS)

oo L 4 el S5 OLLE el ol Lo o 02 (65 dud
s S 5odes e (6ol el gl 5l 5 S el
wlewﬁju&ﬁw|

S g5 ol

53 PLLA (gl ot oy p SV L jans 5 4S5 5en oo e
3 R R S-S T I VPR v JUS [ SO DR QU1 C Y G O

and Spassky N., Crystallization and Melting Behavior of Poly-
lactides, Macromolecules, 31, 3895-3905, 1998.

12. UrayamaH., Kanamori T., FukushimaK., and KimuraY., Con-
trolled Crystal Nucleation in the Melt-crystallization of Poly(L-
lactide) and Poly(L-lactide)/(D-lactide) Stereocomplex, Poly-
mer, 44, 5635-5641, 2003.

13. Tsuji H. and Ikada Y., Properties and Morphologies of Poly(L-
lactide): 1. Annealing Condition Effects on Properties and Mor-
phologies of Poly(L-lactide), Polymer, 14, 2709-2716, 1995.

14. Baratian S, Hall E.S,, Lin J.S., Xu R., and Runt J., Crystalliza-
tion and Solid-state Structure of Random Polylactide Copoly-
mers: Poly(L-lactide-co-D-lactide)s, Macromolecules, 34, 4857-
4864, 2001.

15. Miyata T. and Masuko T., Morphology of Poly(L-lactide) Solu-
tion-grown Crystals, Polymer, 38, 4003-4009, 1997.

16. Kolstad JJ., Crystalization Kinetics of Poly(L-lactide-co-
meso-lactide), J. Appl. Polym. Sci., 62,1079-1091, 1996.

17. Schmidt S.C. and Hillmyer M.A., Polylactide Stereocomplex
Crystallites as Nucleating Agents for Isotactic Polylactide, J.
Polym. Sci., Part B, Polym. Phys., 39, 300-313, 2001.

18. Zhai W.T., Yu J., MaW.M., and He J.S., Cosolvent Effect of
Water in Supercritical Carbon Dioxide Facilitating Induced
Crystallization of Polycarbonate, Polym. Eng. Sci., 47, 1338-
1343, 2007.

19. Zhai W.T,, Yu J, MaW.M., and He J.S,, Influence of Long-
chain Branching on the Crystallization and Melting of Polycar-
bonates in Supercritical CO,, Macromolecules, 40, 73-80, 2007.

20.Zhang Y., Zale S, Sawyer L., and Bernstein H., Effects of Metal
Salts on Poly(dl-lactide-co-glycolide) Polymer Hydrolysis, J.

WAR 53~ )3T D o losb pgan 9 iy Jw rosls 55509485 9 pgle (Aird9 S - oole alxo Z‘Y



S5V -Lj0sd 9 3059350 0340 = )9lm0 3 (355Y- L)Ly 6l lad S sshs SIS,

Biomed. Mater. Sci., 34, 531-538, 1997.

21. Mobedi H. and Mashak A., Nekoomanesh M. and Orafael H.,
Influence of the L-Lactide on the In Vitro Degradation of
Poly(L-Lactide) Films, Submitted , Iran, Polym. J., 2010.

22. Wise D.L., Encyclopedic Handbook of Biomaterials and Bio-
engineering, Part A: Materials, 2, Marcel Dekker, 1055-1089,
1989.

23.L00J.S.C., Oai C.P, and Boey F.Y.C., Degradation of Poly(lac-
tide-co-glycolide) (PLGA) and Poly(l-lactide) (PLLA) by Elec-
tron Beam Radiation, Biomaterials, 26, 1359-1367, 2005.

24. Lopez-Rodriguez N., Lopez-ArraizaA., Meaurio E., and Sara-
suaJ.R., Crystallization, Morphology, and Mechanical Behavior
of Polylactide/Poly(y-caprolactone) Blends, Polym. Eng. ci.,
46, 1299-1308, 2006.

25. Tsuji H. and Ikada Y., Properties and Morphology of Poly(L-
lactide). I1. Hydrolysisin Alkaline Solution, J. Polym. Sci., Part
A, Polym. Chem., 36, 59-66, 1998.

26. Cook M. and Harper J.F., The Influence of Magnesium Hydrox-
ide Morphology on the Crystallinity and Properties of Filled
Polypropylene, Advan. Polym. Tech., 17, 53-62, 1998.

27. Chen X., Yu J, and Guo S, Structure and Properties of
Polypropylene Composites Filled with Magnesium Hydroxide,
J. Appl. Polym. Sci., 102, 4943-4951, 2006.

28. Ma'lek J., Kinetic Analysis of Crystallization Processes in
Amorphous Materials, Thermochimica Acta, 355, 239-253,
2000.

29. Miyataa T. and Masuko T., Crystallization Behaviour of Poly(L-
lactide), Polymer, 39, 5515-5521, 1998.

i“u WA gsé.)Sr‘bo)l.ubxf,m,Inhnﬂdh»()aﬁl.hs)“,l,iﬁ,f,k¢unhn,}av-‘,d.: alzo



