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Kittisak Jantanasakulwong 2008: Crystallization Behavior of Poly Lactic Acid.
Master of Science (Packaging Technology), Major Ficld: Packaging Technology,
Department of Packaging Technology. Thesis Advisor: Assistant Professor

Pinya Silayoi, Ph.D. 102 pages.

The aim of this study is to characterize the crystallization behavior of biodegradable
poly lactic acid. Thermal properties of the pellets such as the glass transition, the crystallization
and the melting temperatures were 64, 123 and 167 °C respectively. Plates with the thickness of
3 mm were fabricated using a hot press. Those pellets were heated and melted at 220 °C, pressed
for 3 min at 30 Kgf. and quenched for 10 min in cooling water. Annealing was performed to
control the crystallinity of the prepared poly lactic acid samples. Poly lactic acid samples were
annealed under several conditions to obtain different microstructures with varying spherulite
size and density. Crystallinities of fabricated poly lactic acid specimens were determined by
differential scanning calorimetry analysis. The lowest crystallinity is about 2 % for the
quenched sample, and crystallinity of the annealed samples increases with increase of annealing
time. The highest crystallinity is about 55% for the 130 °C 10 days sample. Then their
crystalline size, density and free volume were investigated. The results showed that the density
of PLA increases with increasing crystallinity. On the other hand, the free volume tends to
decrease with increasing crystallinity. The spherulite growth behaviors of the PLA specimens
having different annealing time and temperature were also observed by polarized optical
microscopy. The selected annealing temperatures were 100, 110, 120, 130 and 140 °C and the
holding times were 0.5, 1, 3, 8 and 24 hours. The microscopic results exhibited that under
different annealing time and temperature; the density and size of spherulites increase with
increasing annealing temperature. However, this size of spherulites will increase in a certain
time until their completion of expansion. For the investigation of effect of pressure applied

during annealing process, it caused a reduction of spherulite size.
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%miwmqmummNaﬂagiugﬂmmmm a1y W’e)auaﬂ@ﬂua%ﬂ"lmqmwgwqqmw

@
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W luasg (Lorenzo, 2004)

NNTNAADIVDY Yasuniwa ef al. (2006) WU TATaa519v03nanlunoduanan
a d' d‘ o 1 [ 1 d‘ a o' A 1 1 d’
negavzi)aou liierhmstudedanguvgl AmTegeningauwenmsn)asuulas

(discretely changed, Tb) (A1 6) fiof 113 ersaFed ommMsUudleandIn 113
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DeUUUSITONG (x-ray diffraction) 80131013101 I¢1 (growth rate) Tusiagoagunufaziny
1 [ = [ a d' 1 [ 1 S d‘

HANANNY TABHANUUBIAT 851M3AD T 1nnd uuudavh uaszimsnlasugduny

[~ Y { o Y a 1 g [ [l
v waniludavhiga Tb (113 esrusadon) ldoasimaan Taudailu 2 529 ameaa

v IUNMIUY (AN 6)

£ U



15

(a) |
8 »!
£
L ®
i
3 ;o
c ? [ o
- | - LN
E. / /. -
E 4 T3 \
= - ’ |.* %
S / i .
o 4 £ . A
= ;] R
- - ® ! '
E ; | ®
« Th ¥
J, | i
- Fi Y
| | w_
0 =4 i
| i | i | | I | i |
a0 100 120 140 160
Te (°C)

d‘ a a = =) = % (% a a a a
MUAN 6 JUNHUNMTNAKNAN wieuneuny 9asimsau Ialuy neauandnuesa

301: Yasuniwa er al. (2006)

PSanamnanilundn (degree of crystallinity)

A o 1 a =< a Jd o 1 = 1 = = 1
Aodadruveslsinamanlunetmesaloa1e FeezuuIaemsiSeumeuse g

w3a (we) uazd3uns (ec) msmuiundsunaanudunan ansouiwen a2 du

@

Y
Aodauves wan uaz admgIu Taesaesdussduiusnunaauiduosneames szAUMS

v

a a 4 qg./’ o o v
LﬂﬂNgﬂﬂlﬂ\ﬁ/\lﬂmllBS‘VNET?NLHJUil%flﬂ’.l”mﬁllwu‘ﬁﬂu (Kimura and Horikoshi, 2005) A9&yN13

2

=).

We = @cpc/ p AUNITN 2

a 3 = o Y as 1 dy v A d Aa =
Usuaanuduwan ﬁ'ﬁﬂﬁﬂ’)ﬂtlﬂ‘ﬂaﬁl’)‘ﬁ LHU NITRAYAUVUIITLDNY, anliles wizea
a a @ 1 a 4
AUNUTINADTINAT (differential scanning calorimetry), N1TIAANUHUUUY LAY V\I‘]iwﬂi

o o = 1as [ Sov A Y 1 1 o 1 =
LLﬂiuﬁW@iNﬁlﬂﬂIﬂﬁﬁIﬂﬂ LL@I’J‘EﬂWiﬁING]ﬂENiJGUfJ‘UﬂWﬁ@\iGluﬁ’Juéll’E]\‘]ﬂWiiﬂlluﬂ FIUWNAN
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(Kimura and Horikoshi, 2005)
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HUUANYITU ﬁﬂﬁﬂuﬂl@QWﬁﬂllag aﬁm@;m%ﬂewﬁjwqa @ﬂﬂzﬁﬂwaﬂawaauaﬂ@ﬂuaw
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31 Yasuniwa et al. (2006)
a = =S .
NITVIUMINAUIAAYT (nucleation process)

v v 1 1 F4
lunszurumsanman dausnndeananou As HuAdeanivIAINgA FeTunou

S I I

A a 4 A (=) ~ ~ < a = A A 1 a
UINNNDALNDITUDULYIAND ﬂ"lumzmsm Lﬂa&lu”lﬂu,ﬂummaaa NEIUVISIVIY 138N NITLNA
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mmaaﬁﬂgugu (primary nucleation) {AYINIINITNAANUNUILIVIVUITUNWUHNINITID 2

E2
a a
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dy a ~ v a A = a a . . [ [ A A 9
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spectroscopy)
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@mmﬂumswmumm"lamuazﬂ”lﬂmmazwammmzumwmmnmqnu AT NN 3

d' T W = [ g’ a [ oy d A 9 1
f11319N 3 mmﬂmwumu%ﬂam LzazeaﬂmtﬂumaﬂUiiﬂﬂmmWauﬂ‘nmn@mmmaz

¥Ua

21113 LAy Waw AMUKUN 9N IMIFUATY 9N IMIFUATY
(ulasmas)  loth (nSude p9NFIIUY
mImasaedy)  (@MNARTUALAS
AT NINATADTU)
Anwa'lil - 80-180 9000 - 20000
N3 - 7.5-75 12.5-225
VUNTLA - <0.5 <1.0
9IMITUNA - <0.5 <1.0
iioaa - <6 <20.0
DIMNTLFLA - <55 <164
Qﬁﬂ’t)ia' N (retort pouch) - <0.01 <0.06
woa Inswau (PP) 40 1.47 2627
wod Insnau 20 5.24 2795
woatoNau (PE) 20 22.24 7443
luaeu (Nylon) 70 - 63
wodtonawmsHnan (PET) 12 32.58 138

1301: Perchonok (2003)
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anulsauas (transparency)

=3 a 4 ] = a dl o Y a o’d‘
Hanveaneawesva Ingazianuamsalumsnszimaaangain i wedwesn
Y ] % = a = A g ] a o Y
lagianmuiiy winwanluwedwesivuiaiianas sgaeaamanszimauaa m1d
a o’d‘ Y 1 d' t:' dg’ d'i A d' 9 1 = dﬁ (%
weawesn lalinnuldswasimuuniu Taamsesdionldmainiuldswasne nsedia
1 o 3 <
ammsganaunasluszauneuiuldvutganit I Teida (UV-visible spactrophotometer)
amnsanezianianu s wdwesiag 99z 3I00NMIdoINIUYDILTI NGB VDS
S J ad £ a =2 v o Jd ' a A =<
Wesuauisn (Beer-Lambert) $99511889 ANNFuiussenIlSinauaingngady tay

5ITUHAVDINTATUVOITAY AITUNTT 12 (Tinoco et al., 1995)
log (1,/) = log (1/T) = A = EcL qumsn 12

1o 1, AOWHINTUVDILEUTUAY 7 ADWAINUVDIUAINADIATU T AOAINITHOIRTUVDILET A

v
=

= 1 Y] = 4 =< A Y 9 Y]
ABAINITYATULLA € ﬂﬂiumi (molar) VDINITAAFULLA ¢ ADANVNUYUVDILLTINAATY

uag L ﬁﬂﬂ31uﬁu1m@\1ﬁ3@f}1ﬂ
1 1 T 9 d'
ﬂ’lﬂ’)’lllI‘IJﬁquﬁ\‘]‘ﬂggﬂWWﬂ'lﬂ'JﬂﬁiJﬂ'ﬁﬂ 13
Transparency = (log T,,,)/L auMan 13

1 1 a d LY~ F 1 1 ~ A
mmmT“lJimmﬂlmﬂauﬁ]xgmmﬂui@ﬂazﬁummﬁﬁmmummuﬁwmmmaﬂau

600 U1 1UAT (Tinoco et al., 1995)
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gunsamazizms

ginseal

Wod(la)anAnueFa uIaluana 1 x 10° 51 PLA H-100 Y94U3HN Shimadzu

seme qiju

2. A

Anolios (chloroform)

< A A
3. Qﬂnsmuazmﬁmm

2.1

2.2

23

24

2.5

2.6

2.7

2.8

ra e 4 @ l a A a
winuAn 1F lumsiugivundledianun 3 Tadwas vune 1 x 10 uAas
] I @ 1a s A dg’
I T TR IR TIREAVRA T
1 oad
urulay luaou (Nylon) 11 60 lulasins
?q Y Y Y J Y] [
AgUnaain 15 11N 1HANNAUIZHINNTUUAI0E19
Y a dy
ANIVANYUNYULAZANINAFY
A a = a Aa s A
n3oIANINBITUIBBAAUAUUIAADTINAT JU SIT exstar 600 Uszmady1|u
A4 £ v D,
1A399YUFUAI8ANTOU (Hot press)

ndvsganssmisialduasInarlsd 31 Olympus BH2 Uszimeaajiju
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2.9 1A709 InFasouneuiidnduladl Indmiln Tnsaladl u MCM-41 404 Zeolite

Usemaqiju
2.10 é’ﬂuﬁa@&in (annealing box)
2.11 195093AANUHULILYU 31 Accupyc 1330 ¥99 Micromeritics 15z madj1)u

2.12 m%‘mwauwmaﬁﬂmm?auqq (mini max blending)

2.13 1N509NAABUIITIAN (tensile tester) 314 UT-2080 ¥4 U-CAN DYNATEX 15ind

TanTu

4 [ 1w 1 %) a v
2.14 1A5043ARBATINTTURUYBINTBONFIAY (oxygen permeation analyzer) 74

OXTRAN® 2/21 Y94 MOCON seimaanigomsn

1 v
2.15 115093AM10ATINTFUNIUUD 19111 (Water vapor permeation analyzer) 51 L80-

5000 Y99 LYSSY Useimnd aanmwosaus
A s 2 o A ° "] A
2.16 1ATOIFNINIIN NeAtion 4 AWMU 1 BX300 U949 Shimadzu Ysemadiju

2.17 193893AANHIN (digimatic thickness gage) 'a':u ID-C112BS 994 Mitutoyo Corp.

semaqiju

A o A o =] Yy = Y 3 ..
2.18 msm’mmmi@ﬂﬂauuﬁﬂuizﬂuummullmumqamﬂﬂma@ (UV-visible

spactrophotometer) 34 GENESYS 10 Series 484 Thermo Spectronic 1/3Zneansgoimsm
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Time(min) Int %Cry 1-v/v, -In(1-v/v,) In(-In(1-v/v )
2 0.69 1.84 0.97 0.03 -3.36
5 1.61 4.96 0.91 0.10 -2.34
6 1.79 6.10 0.89 0.12 -2.12
7 1.95 6.69 0.88 0.13 -2.02
8 2.08 10.32 0.81 0.21 -1.55
9 2.20 13.24 0.75 0.28 -1.27

9.5 2.25 18.10 0.66 0.41 -0.90
10 2.30 29.20 0.46 0.78 -0.25
20 3.00 41.18 0.24 1.44 0.36
30 3.40 43.60 0.19 1.65 0.50
60 4.09 44.45 0.18 1.73 0.55
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VUIAVOINAN (uliJIﬂiHJﬂi)
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5LETNAMTUY vaveanan (lulaswag)
10 U7 22
30 WM 84
60 117 212
342709 383
8 #1719 392
48 279 385

d‘ a a 9 ] 4 1 a 3 = A [ o
MIWUINT V4 USuasoase HAgIFUNIUAUINAN aolsuaanuunaninuanaeny

USmaaruilundn YTunsoasy . .
) . URUgUEna (W Tumag)
(F0802) @nUAAu Tumag)
0 0.093244 0.281345
10 0.090163 0.278213
18 0.090254 0.278296
29 0.088180 0.276143
41 0.084124 0271841
45 0.081556 0.269033
50 0.082116 0.269651

55 0.082223 0.269773
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