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ABSTRACT

In this research, the role of vetiver fiber on crystallization behavior of vetiver
fiber-PLA composite was evaluated. The thermal properties of neat PLA and vetiver
fiber-PLA composites were investigated by using a Differential Scanning Calorimeter
(DSC). The nucleating effect of vetiver fiber and talc on the crystallization of PLA
composites was comparatively studied. Crystallization rate of PLA was increased with
increasing vetiver fiber contents. Among that of neat PLA and vetiver fiber-PLA
composites, crystallization rate of talc-PLA composites was the highest. Additionally,
the equilibrium melting temperatures of vetiver fiber-PLA and talc-PLA composites
were lower than that of neat PLA. An increase in vetiver fiber content in the PLA

composites led to a decrease in equilibrium melting temperatures of the composites.

In addition, the crystallization peak of talc-PLA composites was observed at the
cooling rate of 5°C/min. Upon the second heating scan, re-crystallization peak of talc-
PLA composites did not take place with the heating rate of 5°C/min. This might be
the indication of complete crystallization of talc-PLA composites during the cooling
process. In contrast, the crystallization peak of PLA from vetiver fiber-PLA composites
was not observed upon cooling. Even though, the cooling rate was lower down to
1°C/min. During the second heating scan, re-crystallization peak of the vetiver fiber-
PLA composites was observed. However, the re-crystallization peak of vetiver fiber-
PLA composites was not observed when the heating rate was higher than 10°C/min.
The crystallinity of PLA composites increased with the inclusion of vetiver fiber. This

indicated that vetiver fiber acted as a nucleating agent of PLA composites.

Additionally, the spherulitic srowth rate of neat PLA and PLA composites was
investigated. The transcrystallization (TC) was observed at the vetiver fiber and talc
surface. The growth rate of neat PLA was higher than that of PLA in the bulk of the
vetiver fiber-PLA composites. While the growth rate of PLA in the bulk of talc-PLA
composites was noticeably higher than that of vetiver fiber-PLA composites and neat
PLA. Moreover, it was observed that the growth rate at TC region of talc-PLA

composites was higher than that of vetiver fiber-PLA composites. In addition, the



growth rate of PLA crystallized in the bulk of the composites was faster than that
crystallized at TC region. In addition, it was discovered that the growth rate of both
neat PLA and PLA composites as function of temperature was illustrated by a bell-
shaped curve, and were able to be fitted by Hoffman-Lauritzen growth equation. The

maximum growth rate of neat PLA and PLA composites was approximately at 135°C.
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2.3.1 Jaquazasiall
woAuanANUWadA LNTA 40420 1AUSEN Nature Works, LLC. wajueln
(Vetiveria Zizanioides) ienguszanas 6-8 ifou. leidalensenled (NaOH) insn
UURN1S 91nUTEN Italmar (Thailand) Co., Ltd. vian insm 86255 mmmai\gmmaﬁla
Uszanas 45 Talasins 8% Fluka.
2.3.2  mswseaiaulevguin
dulevanudneenlalng raanudlfazoiaudrhluisduis anndu th
Turomgudnluuadersesunuarsou Wilnnuen 2 faduns ¥iludedeisnaduds
hleulugeuigumnsl 100 esrealdos Wuar 1 Au dudulonghudndlaunyinig
Usuugilnaudluansazarslaienlansenled udu 4 wWesidudlaewiaseusuins Wuna
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sesmiadea (unan 24 alug
233  nawseunsulwanszudteawaduanfinuadauazidulevguiniazaauln-
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ANTNLLA (glass transition temperature ; Tg) Qm‘w{]ﬁmwaau (melting temperature ;
T auunnin1siianan (crystallization temperature ; T.) aqmmﬁmswaauﬁamwau@a
(equilibrium melting temperature ; 7ﬂm) WAZBIAINISNANAN (degree of crystallinity ;
%X Tneldindesivhlosuidon aunuis upaediing vise Alead (Differential Scanning

Calorimeter ; DSC)



1
a =

235  Msiianangamaiiagi (Isothermal crystallization)
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23.6 msdandnfinamafildnsdi (Non-isothermal crystallization)
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JUN 2.2 Tumpun1snsviamaiananigamgilinafiai T, = 25 asmwaidea, T, = 180
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[ '
v A

WA 2 : AanIlin T, = 180 asruwadua Wuan 5 uiil

J o a =~ = a =~ %

Ui 3 : anguuuniian 180 s wAldd unfigauuunil 25 eerwaLiean e
[ [ Y @ IS 1 a O dyd Y [ Y < .
gnsmeiieuas 10 ssmwal@easouyt Tuilisenittunisinliduas (Cooling scan)

J o b % Y = o N a =

Tui 4 Ivanuseuiudied1ednass laeiiingungiann 25 s walded
UMl 180 asrwaldea MedniN1slviauseu 10 ssmwalduanaun? Tuilisendn
JUNSTIAANSDUASINEDY (Second heating scan)

INUUIIMRUNTURGUANINLNT, 2N IN1TVABY QUUATNISIAAKEN
uazesAnNITiaKanYsInedLanfinieda  Asulnansznitanedlanfintodauaziduleng

[ 3

L NLAEADUINANTEMININOARANANLOAALAZIAN



DIANNSNANANM IRNENNSHB MU

NXo = *100 (2.1)
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2.4.1 MsifiananNgmMaliai (Isothermal crystallization)
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M13197 2.1 guniinsvasuRanTian1izauna Yee weakanfanwedn Aeulndnszninanes
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2.4.2 mnﬁwwﬁnﬁqmwgﬁlsjmﬁ (Non-isothermal crystallization)
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dlesssurdanunsanienhlidandnitvesdulesssunald Feniinsiandnuuuns
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Usuugilneudluansasanelafioulansonled wWudu 4 wWesidudlaamiadeusuing Wuan
2 s flgaunndl 40 esmwaldea medndiuvendulovgusndeansazanelufelens
onlud 1Hu 1:25 Tnsanadeyiinns Mniutludseiudihlveulugeufigumad 100
psrwadea Wunan 24 Halu
3.3.3 naswnseuAanlndnsznitanadnananuadauaziduleveuilnuas
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3.3.4 NISLAIYUAIBENY

a 1

LR UTNALUN9INDRLANANLEAR ABUINANTEMINaNBARANANLEAALALLIAULY

s )

veudnuazrelndnseninmeduaninuedauaziad  wisuldlaenisldiadenndn 1
gaumgdl 180 asmwaldua Mg iiniealdazilunsraeusnmmaiulnvewdnvemed
uanfnuednuaznoduanin wodnroulnan
3.3.5 ansInsiulavaIngn
snsnsaulavewdn (G) amadalagld wiuanuiou (Linkam TH600)
meldieses Inanlsii lavi eerlfirea Tulasalay Mdeudedundorinle avdulinnudoudu
AIBENIMNUNNNVDITT gaumnll 220  eamLwalTed MednIINIsliaIuseau 20 aam)

a

= ! = £ vl = < = (% g
walgyaneunil asrnuseuliigamall 220 esrnwa@ea At 5 Wil ndRINU an
aauniiaslufiaaumgiinisiiandnsneg aednsinisinliiiuas 50 esrwaduadoud

3 v v A = a d‘ (% a = a a a =%
Mnduinsalvewdniudsuwdaciuniuat dnsnisidvlavewmdniigumgiinisiiangn

A199) wlaanAMutuTeInTINALELTUSTEIa lunsiARKEN (crystallization time)

fusellvesndn (spherulite radius) dasnsiivlavendniilaannisnaassazilluldiu

& a 5
AUNTVDITDNWLUU-ADI LYY

G(T) =G, ex Lex M ¥, (3.1)
— P R 1) | TP R enT |

e G (T) Ao onsMsRulaUINan
G, f® pre-exponential factor containing quantities no strongly dependent
on temperature.
U feo wdailddmsunsedouiivesansldveanedweslunedwesaey
R Ao Amsivesine
K

= i = a =
A ATANYVINTITLNANAN.

(%]

T. 10 T = T, - 30 (K).
£ owmldan £ = 2T AT + T,

A a

T, PR uuQiinsviaeuNanian1rauna

AT wlgan T, -T.
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3.4 NANISNADILAZIATIZWNANISNARDY
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lonaunuazpeulndnseninmeduaninuodniasiannauwandlugui 3suae 3.6 Auadu
NTIMNANFUINUFTE N8 UNISAPNANAUAIILAINVRINAN LU UTANAANENLUUNIIUA
Jadalawtuvesnoulndnsenitmedianfnuedalazidulovaudnuazasulndnseniname
duanfnuadnuaziianauandlugun 3.7 uag 3.8 au a1y
N = J = J d' LY =~ a 1Y I [ dy
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(M) 121 10 W19 (V) 1721 30 U1N

(M) 1721 40 1N (@) 1721 50 U1N

a

JUN 3.1 nednvesneduaninuadafigumngiinisiianan 130° eALvaldyd M 1Ian
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(M) 1121 10 U1N (V) 1121 30 WN

(A) 1381 40 WA (9) 1981 50 W

JUN 3.2 amednvesreulnansevinaneduansinuedauazidulevieuanseninnisia wan

MgaunNinTSIAAKEN 130° Bermaalded o LaANeA1ai
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(M) 1721 40 W9 (@) 1121 50 U1N

JUN 3.3 nmndnvesreulndnseninneduanfinuednuazyianseninanisiin wind

gunnINSIARNEN 130° asANaaEd 1 LIAUANANTY
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Wuaunisves seniuuu-aesiau (Hoffman-Lauritzen equation) Fslddmsud1uinumsnsn

nswvlavemdntudaduazusnanisifandniuunsiuasadalawdy 31ngun 3.14 das
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wazidulenguinuazpoulnansznIenedanAnuadalazyian

ﬁ’qatirlq Kg (Kz) Go (pm/min)
Neat PLA 2.60x10° 1.45x10"
Vetiver fiber-PLA 2.18x10° 1.02x10"
Talc-PLA 1.52x10" 0.68x10"
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wanAnuedn Aeulndnseninaneduanfinuedauazidulonguiniaznoulngy

SERININDARANANLDFALAT IS

£y 2

M15197 3.2 A1 K, ke G, Tuusnamsiinndniuunsiueiadalawdy vaaneduanfnuadn

AoulndAnszuinsweduaninuedanazidulenguinuazaoulndyn sEninaned

LanAnLLedAkazian
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Y] ' 2 .

f79819 K, (K) Go (um/min)
Vetiver fiber-PLA 1.97x10" 0.39x10"
Talc-PLA 1.94x10" 0.53x10"
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& Bulk: Neat PLA
A Bulk: Vetiver fiber- PLA
@ Bulk: Talc-PLA
ATC: Vetiver fiber-PLA
\ .
\\\ O TC: Talc-PLA
\
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Yeanoduaninuedn snsn1sidulnvesndnlutanvesneulndnsenitaneduaninuedn
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wiulavesndnludaduazUshnanisiiandniuunsiuasadaladuresneulndnsenitamed
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