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Crystal Structure and Nucleation Process of Polylactide

Worasak Phetwarotai'” and Neeranuch Phusunti?

ABSTRACT

The usage of biodegradable polymers for replacing petroleum-based plastics is one of
the alternative ways to reduce the accumulation of plastic wastes that causes environmental
pollutions. Polylactide (PLA) is one of the most outstanding biodegradable polymers because of
high mechanical properties, easy processability, transparency, and biodegradability in a few
weeks. On the other hand, the disadvantages of PLA are brittleness, low crystallinity, and slow
crystallization rate that limit some applications, such as automotive and packaging. Hence,
understanding about crystal structure and nucleation process is particularly crucial to control and
design the proper PLA’s crystallinity for each specific application. In addition, the study about
crystallization behavior leads to the development in terms of degradation rate, heat resistance,
transparency, mechanical strength, and barrier properties of PLA. This article explains and
reviews the basic knowledge and current researches on PLA crystallization. The objective of this
article is to clearly understand the effects of molecular chain, crystal structure, thermal transition,
nucleation process, and nucleating agent on the crystallization behaviors of PLA. These different

factors can be applied for improving the PLA properties and for supporting widespread applications.

Keywords: Biodegradable plastic, Crystal structure, Nucleation process, Nucleating agent,

Polylactide
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conformation) YeIWANUUY o/ NUANNANEATIAVHTAUVY o UARNAUATINNITIAITEFIVDY
1815Y0IHANUVY o/ BYuVUHAINLasHNuiuTosn MY o MUITBaNUElRIIuIINED
sy o Wi IAAYUNMAIMIIAANAN (crystallization temperature : T.) ¢1n71 100 846N
= d‘ 1 = 1 a = = 91:’/ =3
IsaFy  YUNFRMIANHANIEHINgamM)R 100 83 120 esdsaide  aglvineguuunanuuy
o uag o TAuMelulanaweduaning [13, 14] wdnuuy o MIH wifvIeAy (barrier
. o o 16 ¥ A v . X

properties) 1azNaad ¥edd Qanay udlimstadl al 39Ma (elongation at break) sUnUIaY
= % =

MyuAUHAnUUY o [15]



13 winemn 9§ ue i 32 atfui 1 (2559) 265

Eling uazaniz [16] la@nsndnuuy B saufndunnmtadandnuuy o meldgamgi
A o 1 < A . A ' =< A o A v
N auazdns meeda (draw ratio) N1 4 13U nszvIumMIiEal wlenaenimal vier ule
d‘ a ¥ = o Y a .
1N wazmengumgi 9 [16, 17] Tass Suwdnuuy B migamglinisvaeniad (melting
s ' == S Y 1 =2 &
temperature : Ty,) MANIANATALUY o Yszinal 10 esdsaide 1 aliiiiud nanuuy B Hu
A A v e A ] = ) Y av
U AYTMNNNANNTOU (thermal stability) NNANKHANUDY o [17] AD18AAINVNUIIYYDI
. . d' 1 =< g.ll =\ v o A o/ 1 I =
Puiggali uazaaiz [18] fineamd wdnuvy B wu Hlase SrumsdaGesdnuy wuaziundn
uuulaslauea (trigonal crystal) umdnuuy y dunenuuazinelay Cartier nazaaiz [19]
dava s da o g o dy  w @ ¥ I P d 2 a
salFisonnannimneduiundnndenduiutug vy wdnuuy y BuAenamsindning
A X a =2 A d o 1y . Aa ] v v & O v A o
wulavunuiiveandniiudisesdy (crystalline substrate) NiisnneuudiFonduguiniFed
wazifvladeg null Wiemsanudnnamaidulavesndnsounonulll (epitaxial crystallization)
dyq-l = =2 A = 1 = [~} o 4! a =
wennniifaiizluvundndnszian Send  w3leaemnand (stereocomplex) FAGINMIH
wea-uanlng uaz -uanlndlulasa Srluanavesmeduaning sdnwulae Tkada nazams [20]
1 = a <} s a 3 (% =2 1
HamInaaeugUuuuadnuuy wsleaeninandvemmeduanindlssnevlidiendnnn 114
909 PLLA uag PDLA uonnifanuiganasuialvedndnuuy 3loaonmanduuia 9
\ =3 d‘ a IR = % g.ll S K dw
ANHANUUDIAYY (homocrystal) YOINBALANINADY 50 BeAIEIFY  AaUUMIAKEALULNDNN

[V
o/

FrgnANNAUMUdegurgiinazanNdmumudennniouvesd qld  MlmsinTuYeq
=

anaeNImaINHeINNAMIENdInuaNNToun wnalumslivasundniidnyazmia
Besinsounuidusug nEsuifeuiundnnly

I |4 =S W a d' [
Ase Snmdnnugamgimsilasuigmea
Qamgimsilasy muzadeni
a A [ k% o < ad
gaunNMsIasy sugAmesuny (glass transition temperature, Ty) Wugamgin
IneIesAUMIUBAANN 1NTalumMIiadeulmlaues 1wlEwedines (polymer chain mobility)
Faiiumm 1Agyegndsiemsisiiugngamgimianwanveanaduaning mnzmsiadenln
voe 10lglahensesnis WnadensiniFesdives wlsluagaienedndundn HaTeniend
J 1 A H o/ 1 = s A X 1 < A H o/ a ¢ A X
Hagiar T, A0 umtinluiana @1 T, Hwnliuiinguedunaii wetmiinveawedmedminiu
80 &4 100 kg/mol widnunandiil a1 T, Humlindeutnas mashvinluanalagiia
A g s 1 o/ 1 A 1 A g = < ) [ 1 g d
milulelsmesnuandniu 1wy iy 2w d-uanlnd lunsdl 1018 Wlngiiu wea-uanlng
G o o/ Q' dy 1 Pl = v 4 1 Q' =
wagielumenduiu maminuvuiee wwaldan T, dwnlinaaadld Tasimwnzedwdaiing
pg19itiy AgdomInasuuasgaimgimvasnman (T,,) esmninalagasdeomsiiandn
KXo 1 a s g A = o Aa ] 1 1 v
vennnidnaizpliuves 1wlsweduanlndithidnviiiihieniinades T, 1u las fn
- (Ao 2 - 5 y Y X 4 - -
woduanlnandiguvuie wiegdidn T, Amahgluuul uas Meililesnamsivinesd s¢
(free volume) 1 anh Fudumasmmamsiingias 1elsiinuliuadoulmldhend sndied
1BU NUABYN Pitet uazamiz [9] wuh woduanlnaniinsuanas w19 uIA (hyperbranched
PLA) i1 T, ana 10 essdsaids  lagmaihlanedmelsistuveuaninduazlnagaea



266 SWU Sci. J. Vol. 32 No. 1 (2016)

9AAdeIINNITBYEY Zhao wazamy [21] Nenuiwednanlndniizsauuuan 32 vy
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laheniesn Yinamdnmnanieves waznanivnalvgviedn don wwalasassdes T,
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wea-uanng egrannanliiredu iminlaganiudaniiluilis dgiinansznudea T, 081
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naneglugniiming wldiimsnendnmaiidunuy o wag o Wiy nIdingamgimsiAnnaneg
Tugad 9 ((nnnd 120 ssdusaie ) JUuuukdniiisauduuy o Mmuiia T, iesdiafien
) k4 Q' 4 a A 'Y =KX o d‘ 1 1 4 Q'I =)
nsdilan Suluanawsuivivesweduanindiinaadeadeiunnanlldeunthlu T, ude
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