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55402210 : MAJOR : POLYMER SCIENCE AND ENGINEERING

KEY WORD : COMPOSITE MATERIAL, POLYLACTIC ACID, WOVEN NATURAL FIBER

THEERAPHAT  SUPHANIL : MECHANICAL PROPERTIES OF WOVEN
NATURAL FIBER-BASED POLY (LACTIC ACID) COMPOSITES MATERIAL. THESIS
ADVISORS : ASST. PROF. CHANCHAI THONGPIN, AND ASST. PROF. NATINEE
LOPATTANANON.153 pp.

This research was aimed to prepare bio-composite material that all components were
obtained from renewable resources. The matrix was poly lactic acid and the reinforcements were
plain woven made from long natural fiber such as banana fiber, kenaf fiber and sisal fiber.
Bio-composite were fabricated by compression molding and thermal property, thermal stability,
mechanical property, morphology, water absorption and flame retardancy were characterized. It was
found that the use of natural fibers decreased thermal properties such as glass transition temperature,
crystallization temperature and melting temperature of bio-composite material. The thermal stability of
bio-composite material was less than that of poly lactic acid and their residues were not different. The
mechanical properties of poly lactic' acid and" bio-composite ‘materials were the same and they
showed brittle character. The reinforcement by-fabric-in-parallel and transverse were showed kenaf
fiber has greater strength than other fibers. The morphology of fracture surface showed that kenaf
fiber had a bigger bundle size than the other fibers. The-effect of force direction in mechanical test
showed that fiber orientation of 45 degrees reduced strength of bio-composite materials. For water
absorption, poly lactic acid had lower water absorption than that of ‘hio-composite materials. The
bio-composite materials using kenaf fiber showed high water absorption-than the other fibers. The
poly lactic acid and bio-composite were passed UL94HB and LOI standard test. The bio-composite
were low burning rate than poly lactic acid.

Department of Materials Science and Engineering Graduate School, Silpakorn University
Student's SIgNAtUre .......ccccceeeviiiiiiiiiiieeeeeeenn, Academic Year 2015
Thesis Advisors' signature 1. .........ccccccceeeeeiiiiiiiiiineeeenn. 2

2



Pafanssnilsema

a ) s o Ao & ' Yy ' = 91 4
']1/]ﬂ1uwu‘ﬁﬂﬂﬂuﬁ1ﬁ§]qaﬁﬂllﬂvlﬂﬂjﬂﬂ’nlﬂfjmwaﬂmﬂﬂ HEIYATNTITY AT,

14

[ A Y 4 Aag " ¢ o 4 o a a 4
IUNTNY Nevlu HASHFIYMTNTINIGTY AT. AJU TarwauIuun @1“’1]1581/]‘]_|§ﬂ‘]eﬂ’3‘1/181uw14ﬁ

9y Y o 2 dy Aa o a 4 a o = i
Nﬂ@ﬂiﬂﬂ"lﬂiﬂy1 FUUSHUININNITIY NITAUATICUHNANTTIVY ﬂuﬂﬂﬂ15@§3i}ﬁﬂﬂllﬂllsll

9 1 a a 14 @ g [ { 9 YA
JounniesvesInninusialiuiiossazdeadaiu fivsvensiuveunszam luanumaa
I ' ] 1
Wuednegeld e Tomail
A o J v a a a o

HI9890UUAMAINTINANINYBINIAIFIINGINITHAZIAINTTNIAY AQE
a 14 2 a v a A < Y Y
Aranssumdasuazina luladgadmnisu wrinededating iasevsudeaeoulianug

a a a @ a J
HAZUDUDUAUNIAIFIINGINITUASIAINTININE AMLAAINTSUMIdaTILazna 1ulad

Y Y 9
Y]

gaemnIsy uranerdedaading l¥Temalumadmiunsisenseil saunamsamivayu
9 A o A A A 4 an = 2 v Aa 14
NAMUAIUN 91/n3el HaYIATOINDIUATISH- VDURUAMAMNUY ReUITLAN UNINMIMAAT
o a ) o o o o [ o 4
Uszdimnin dmsumnziiaznssnsanudgannmIumMstaniagglnsel uaz
oY Y [} a o a ) [ '
asall voveuguam Insv Asgn5I% esunaialsssininin dmiuanuEIemae
HAZNITBIUIBANNAZAINNNAININTOINOHAZIAG09INT UDVO VAMIDIHTINVDIN1ATY 1
9 [ o a 1 & aw &4 &
dsumsdiueanuazarnlunisaanellssaiunulunngdin sunsennuiseiidse
4
Auysal
YOUD VAU UNUYATYUMSITed s UHNARBITz AV Sy usTuda 910
MAIPIINGIMIHAZAAINGTUTAR W1 INeIdeAaYTNI VoV UAMAY 1LY LazTiees)

1 o U 1 g
uﬂﬁﬂ‘}ﬂ1ﬂ1ﬂ'3%1’31/]8]1ﬂ']3l!,a$'Jﬁ’Jﬂiill’J’c’fﬂ1/Iﬂ1/ﬂu dgmsuadumacle anudinle any

aa
Y v
9

' A < o w A = a A1 oA dy
PIAYLVIAD uamﬂumaﬂﬁmmﬁmm I,LaSQfﬂﬂWEJuelJE]ﬂi']‘U“UE)UWiZﬂmUﬂ1 HITAT NEAUT YLD

=)

o Yo w o aw [ aw dy o < 1 yy
9 AU ngclﬂﬂ'lﬁ\‘lﬁluﬂ'li‘ﬂ'l\‘]'lui]ﬁ]Elfﬂuﬂ‘ig‘l/l\N1u'mﬁl‘Llﬁ']Liﬂﬁjaﬂﬁllﬂllﬂﬂﬁﬂﬂ



ansvey

unaagon 1y Ineg

UNANGONTHIDING Y

naanssulszna

GAESIGTRERN

MIiYNN

1 unih

I o o
anulunazanudnyvesilym

@ 4 awv
'J@li!‘].]ﬁ%ﬁ'ﬂﬂ‘ll@ﬂ\‘]1u'3ﬂﬂ

VOULIAVOIITUINY

9
TupoUMIANHUIIUITe Ao al)

sz Teminaianag lasuanauise

v
%

a A a 9
2 PNAITUASIIUITININYIUDY

7 ANOU Inaa (Composite material)

luTewanean (Bioplastic)

1dule (Fiber)

an o A a o
3 FNITAUVUUITUIVY

=\ S I awv
asnurazglnsanlyluauive

9
VUABUMITAUUUNIUIVY

2

21
23
32
34
39
39

40



a o
4 WANINAADILAZINTANANITNADDY 49
= VS 9 a 9 9 a
msany1avaveudulesssuma uazinenmau lesssua ... 49
autiavoudulesssumna 49

ﬂﬁﬁﬂ‘ﬂWLﬁafJiﬂ"I“W“I/INﬂ’Nll%jﬂuﬂl@ﬂlﬁuﬁlﬂﬁiﬁu%Waﬁ?ﬂmﬂﬁﬂ

Thermogravimetric analyze (TGA) 51
A 9 Y a
ﬁ‘iJ‘]JG]GU'OQW’Wl@i]’lﬂlﬁuslﬂﬁﬁﬁﬂ"]f'l@ 53
=2 v 9 [ a
ﬂ’lﬁﬁﬂ'ﬁ'lﬁllllﬁ‘vn\‘lﬂ'ﬂﬂiﬂuﬂlﬂﬂ?ﬁﬂ]‘lﬂiﬁ)ﬂ’ﬁ]NIWﬁﬁ 55

VN 9 [ a 9 a
fnﬁﬁﬂ'ﬂ'lﬁlI'LIGWH\‘lﬂ'NiJiE]‘L!ﬂlf]\?')ﬁ'@‘]]llli’ﬁ]ﬂ@MIWﬁ@@?ﬂLﬂﬂuﬂ

Differential scanning calorimetry (DSC) 55

= = 9 [ a Y a
ﬂﬁﬁﬂEWLt’fﬂﬂiﬂWWﬂNﬂ'ﬂlﬁﬂuﬂlﬁN’Jﬁﬁ]ulUIﬁlﬂ’E]iJI‘WfW]@]’JEJmﬂuﬂ

Thermogravimetric analysis (TGA) 58

ﬂ"l'iﬁﬂ']e!WNa“UﬁNﬁWﬂﬂﬂWﬂLﬁuiﬂ‘ﬁiiWMﬁ

AvaulATInavedIda luTenonindn 60

Nﬁ‘lJENﬂ”lil,ﬁ"%lllliwgf’f]ﬂﬁ}ﬁ/l’ﬂ‘ﬁ’JNLL’U‘UGULlTLl

averuiABnaueiee 1uTononTnda 60
1 9
HAYOINTHEFUITIA8AINONIWUTAIRIN

ApautiAIFInaTe It 1 leaey Twda 85

'
A0 L2

HAYDINANISVBITIN T TNNAD AuLATenavo s 19 lu Tosou Tndah

v

Lﬁ%i\llliﬁﬁl’lﬂﬁﬁﬂﬁﬁ’JNLL‘U’UGcijﬁﬂ1ﬂ 109
=2 ) =< %}
MIANHIANUANITAALNUN 114
E4
awiansgasuhveudulesssuma 114
A =< %} v a
auiansgasuiiveside 1uTenon Tnda 115

msfneauiansgnas iawiasgiu UL-94HB

wazlSnmeenduumgaiihldmsdeduiansaa v 117
5 aylwamsneasaazdorauonus 119
agUmanIInaaes 119
RILITLIME 122




b
U1

VITUIYATY 123
MANUIN 129
MAKLIN N TOYANTNAADININNATIAAT) 130
MARUIN ¥ M3auauITsuNa I uaulszginms 149

153




AIVYMNITN

A ]

A3 19N i

21 waaeenlszney uazauinveudulesssumasiiaaia 28
2 no

3.1 waeaaaemsvuglluanuide 44

4.1  uaesandia vazanvazveudulesssumna 50

42 uaeauda tazanyazyssmenndulesisumna 54

' a A y oy a = 3
43 ugasmguvimsnlasuaaiuzaaigun (T, gunguMsanNans (T, )

HazgUuNMIviaoNKad (T,) 57

1 a = Sol Y ! P~ A 1 .
44 weeamgamglvazgadoimin il o Jinanen uaziauinideay (Residue)

yosnodauananioda taz e lulonsninda 57
45 wmamagaduhveudulesssuma 115
46 uwansauamsgnaall uagiBinueendnudgaiild

maﬁyuéi”mfhﬁﬁ@”lﬂaﬂaﬂwﬁ@ uagneaLaAANIDYA 116
Nl HAMINAFOUNIIAR 1A 140
N2 HANINAAOUNITALEN 143
N3 HAMINAABUNIATELND 146
N4 HamInAdeUMagaTITh 147
N5 wamsnagetmsnisgnan b 148

2



ﬂ']W‘ﬁ'
2.1
2.2
23

2.4

2.5

2.6

2.7

2.8

2.9

2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25
2.26

A3TYNIN

@ ] a o I o o a
LEAANAIDINHANN UNTNINNIINNDT IUNAITAN

o 1 A o JA o 2 A
memamwammmﬁmmmﬂm@ﬂmwwmﬁﬁﬂ

HAANE AN AUSLALNTIAIG IR IVDIAIUIETUIT (Reinforcement)

TutagaeuInda

naasgluuumsvaiesdlvesdIuasuusImeluiagaon Indaunazilszion

o ¥ H v
N lusuuduledu vazuuudulesnd

o s A < I A
uaadanuey u,azmﬂﬂizﬂammmimmﬂmgmamuuaﬂgmm .......................................

o § I 4 {
LL’c’rmaﬂymzmmﬁﬂgmﬂiuﬂi%’ﬂ@ﬂ‘ﬂaﬁmﬂlﬁlﬂlﬂ%mmﬂﬂgmaiLLUUﬁﬂgLafJ’J .......

v
= =

naANENYUzIAT0IRANNgARANIA UL UL

i1 Y
HAAENHUZIATOINABA TUNTE BAUMSNABATLF WatEAn

Llﬁﬂ\iﬂﬁ%ﬂﬁ'ﬂﬂﬂ1iﬁﬂ§ﬂ

Y 4
llaﬂ\iﬂ’ljﬂﬂﬁaﬂﬂ’liﬂﬂiﬂq

UAANNIINATDUNITNIEUNDN

9
HEAAINA INNITIAAAD UTEHI NN BRIV VTN

a v 1 &J Q
ueraana lnnistanenuszudanuianelszg lulih

k4
Llﬁﬂﬁﬂﬁﬂﬁﬁﬂ@ﬂﬁuigﬁ’JNﬁuN’Jﬁ’)ﬂﬁu‘ﬁﬁflﬂﬁ

HEAAINA IAMITIAAALLULWTHIY

uaaansomun lu Tenaadnlszimnaieg

g}-/ o 4 a a a
HEAUUNDUMTTUATIZ N ALanANUDYA (Polylactic acid, PLA) ...

naaamssuuntsemnveuduloriianan

£ v 1
uﬁmimm%’"m‘wugm uazmiﬁmmzﬂusw’JNTmaqammwagTaa .........................

uaaod Iaseadvousiiag laa

a1 Iaseadvueaniiu

@ Y Y Ao o
llﬁ@\?ﬂ']Wﬁ@(’U’ﬂ\‘]"U@\jlﬁuiﬂﬂﬂl!ﬂq NNIANVYIY 500x

@ ' t4
meaﬂymzmmé]}uﬂmﬁimimm

R (R 11D T R o L LA Tl LI
) Y
HAAIANHAUZVDUATOINORUUUAUAY (LOOM) +orrreoeoeoeoeoeeeeoeoeeeeoeoeeeooeeeeoeo

LlﬁﬂiﬁjﬂﬁmgﬁWﬂﬁWlﬂ ................................................................................................

10
11
13
14
16
17
18
19
19
20
20
21
23
24
25
26
27
29
30
31
33
34



ﬂ']Wﬁ'
3.1
3.2
3.3
4.1
42
43
4.4
45

4.6
4.7
4.8

4.9

4.10

4.11
4.12
4.13
4.14

4.15

4.16

4.17

4.18

4.19

4.20

9 [
HEUMNLEASTUARUM AT UL TuaIun 1

9
Llﬁﬂ\iaﬂ‘]slﬂ!%ﬂ'lﬁﬂx‘]“lgﬂﬂﬂﬁﬂﬂﬂ'lﬁm'lllﬁmﬂ‘t’Jmﬂuﬂ UL-94HB

9 [
HEUMNLEAIT AR UM AT UL TuaIun 2

uaaanyazvoudulesssumnaludine

uaauduniiw TGA tag DTG voudulesssumna

9 a a a v W a
taaauns vl DSC m@ﬁwaallaﬂﬁﬂu@cﬁﬂﬂﬂUﬁﬂllﬂiﬂﬂE]iJIWﬁﬁ .......................

Y a a Aa o o a
Llﬁﬂ\uﬁuﬂi'lw TGA 1ag DTG m@ﬁwaallﬁﬂﬁﬂllﬁ]cﬁﬂﬂU?ﬁﬂ]‘lUI@ﬂ@MIWﬁﬁ

uerasanpazianeveudulosssumnaneluiag lulonoy Tnda

o 2 9y
L!,flgl,lj\‘lﬂﬁ'g‘ﬂ'lsl‘lv!ﬂﬁiﬂﬂﬁ@llﬂ'ﬁﬂﬂiﬂﬂ

Y ~ Y Y
LLﬁﬂ\?ﬂj’W\lﬂj’lNLﬂu-ﬂDWNlﬂiﬂﬂﬂ]@\?ﬂ’liﬂﬂiﬂ\i

uaass lugaanisaalag

1 9 [ [ Y
Llﬁ@Qﬂ’lﬂj’luﬁ'IUW']uW@ﬂ’]jﬂ@Iﬂq

gaaImudug I LS s osuann

Yy v
GUE’NGBHG]’JE’JEJN‘?IN”Iuﬂﬁ‘ﬂﬂﬁﬂﬂﬂﬁﬂﬂjﬁjﬁ

ueasanbuzian v idulosssunaneluiag luleaonTuge

nazisanszmlunsnaaaumsadee

Y = = A
LAAINTINANIMAU-AATMAITAVDIN1TANEN

e Tugaaue I8l

HEAAIAIAINAIUNUADLT I

, s d =2 A A
Llﬁﬂ\iﬂ"llﬂﬂil‘?]iu@]ﬂﬁﬂﬂﬂﬂ‘ﬂi]ﬂ‘lﬂﬂ
u,ﬁmmwﬁm;@m‘imﬂuu‘iammmmﬁ’ﬂ

Y 1 { 1
ﬂl@\ﬂﬂ!@]’J@EJNﬁN"Iuﬂ"ISTIﬂﬁB‘]Jﬂ"IiaQﬁﬂ

nerasanbuzianveadulosssumnaneluiaglulenonyTnda

wazisannsemlumsnagoumsnszunn

llﬁﬂﬂfhﬂ’ﬂlléhuﬂ1uﬂ15ﬂi$L!‘V]ﬂ

gaaImudug I luuInusesuanin

Y v
YOIFUAIDYNNRIUNTNATOUNITNIZLND

Y = [ 4
HEAINTINANUAU-ANUATIAVDINITAA 1A

1 @ [ Y
waan lugdanisan 1ag

43
48
48
50
52
56
59

60
61
63
63

64

65
66
68
68
69

70

71

71

72
74
76



NG
421

4.22

4.23
424
425
4.26

4.27

4.28

4.29

4.30

431
432
4.33

434

4.35
4.36
4.37
4.38

4.39

4.40

4.41

4.42

HEAAIMIANUAIUMUADNITAA 1A

gaaImudug I luuInusesuanin

Y i
61]’6\1%1!{5]’3@t’JN“ﬁWﬂJﬂﬁﬂﬂﬁﬂUﬂﬁﬂﬂTﬁjﬂ

EY = = A
LLZWNﬂiW‘lﬂ’Nmﬂu-ﬂﬂmﬂ3EJWU€NmiﬂQEJﬂ

e lugaauedg

1 9 1
Llﬁﬂﬂﬂ1ﬂ31hﬁ1uﬂ1u§l@L!ﬁNaQ

A A

' I I 4 =2
Llﬁ@Qﬂ’llﬂﬂilcﬁu@ﬂ’lﬁﬂﬁﬂﬂﬂﬂﬂﬂnﬂ

Q

HAAIN NN BT NUIosIANR

Y H
"lJEN“]J"LlGI’JE]EJN?IN'Iuﬂ'IiVIﬂﬁ’E]‘]Jﬂ'Iianﬂ

Llﬁﬂﬁ?hﬂ'ﬂllglj'luﬂ'luﬂ'liﬂiz!,!,‘Vlﬂ

uaaInINdaug i INe uUINUI0sLANYN

Y H
VOIFUAIDINNRIUMTNAFOUNTNTELNN

uerasansazianveadulesssumnameluiaeluTenoy Tnda

wazusanszinlumanaaeumsda I

Y Gl o Y
u,ﬁmﬂSMﬂammu—mmmmﬂ‘ummiﬂﬂim

uaa Tugaaminalag

HEAAIMIANUEIUMBADNTAA TAY

gaaImudug I luuInusostanin

Yy v
GUE’J\‘1GIf‘L!Gl’Ji’JfJN‘ﬁW”I‘LlﬂﬁVIﬂﬁﬂ‘UﬂﬁﬂﬂTi‘%}Q

Y = =2 A
LAAINTINANVIAU-AIINAS IAVOINIT AN

e Jugaaueddy

HEAAIAIANUAIUNIUADLTIA

A A

' -
uaasnulesisuanisasganyavIa

q

gaaImudaguIne luuinusosuanyin

Y v
"II’ENGI)'HGI3@81Qﬁw1uﬂ1iﬂﬂﬁﬂﬂﬂ1ia\1§@

llﬁﬂﬂfhﬂ’ﬂlléhuﬂ1uﬂ15ﬂi$L!‘V]ﬂ

gaaImudug I luuInusesuanin

Y H
VOIFUAIDINNRNIUMITNATOUMTNILUNN

Y = [ 4
HEAINTINANUAU-ANUATIAVDINITAA 1A

e

76

77
78
80
80

81

82

84

84

&5
86
88
88

&9
90
92
92
93

94

95

96
97



NG
4.43
4.44

4.45

4.46
4.47
4.48
4.49

4.50

4.51

4.52

4.53
4.54
4.55
4.56
4.57
4.58

4.59

ueaa Tugaaninn 1A

HEAAIMIANUAIUMUADNITAA 1A

gaaImudug I luuInusesuanin

Yy v
GUfJ\‘lGIfuﬂ’JfJEJ'NﬁN'luﬂﬁ‘ﬂﬂﬁf)ﬂﬂﬁﬂﬂjﬁjﬂ

Y G =2 A
LAAINTINANUIAU-ANNAITIAVDINITAYA

e Tugaaueddg

1 9 1
uﬁmmmmmumumLmﬁa

A A

' I I 4 =2
Llﬁ@\iﬂ’llﬂﬂilcﬁu@ﬂ’lﬁ@]{lﬂﬂﬂi]ﬂslﬂﬂ

q

uaaImudug Ine luisnaseeianin

Y H
6]]6\1‘]51!@]’JE]EJN?IN'IHﬂ'IiTI@ﬁE]TJﬂ'IiﬁQﬁ@

LL’ﬁ@Nﬁ1ﬂ31hﬁ}1uﬂ1uﬂ15ﬂi&'1mﬂ

uaaImudug Ine luusnusosanyn

Y '
VDIFUAIDYWNHIUNTNATDUNITNILUND

uera Tugaanana Ing

HEAAIAIANUMIUMIUADNITAA A

e Jugaauedgy

HEAAIAIANUEIUNMIBADITIA

' P-4 =2 A A
Llﬁﬂﬁﬂ”llﬂﬂil"”ﬁuﬁﬂ”lﬁﬂ\‘lﬂﬂﬂ"l;lﬂsll"lﬂ

uﬁmfhmmﬁ’mmuﬂﬁﬂimmﬂ

= g (% a = % a a a
LLﬁ@Nﬂ”liﬂﬂ‘ﬁfﬂl!"ﬁl@ﬂ’lﬁﬂhlﬁiﬂﬂ’ﬂﬂI‘WﬁmlﬁEJUW]EJ‘]Jﬂ‘]JW’(’)aLLEIﬂ@ﬂLL’EJ"Kﬂ

9
"

100

100

101
102
104
104

105

106

107

108
110
110
111
112
112
113

115



ﬂ']W’ﬁl
f.1
.2
n.3
.4
n.5
.6
.7
.8
.9

n.10

n.12
.13
n.14
.15
N.16

n.17

a

uanans 1M DSC YBINDALANANLDEA

2

v
MonNaeY

Re
=

uaaani 1 DSC vodidanon Tnaanl

2

modound

RKe
=

uaaang 1 DSC vodidanon Tnaanl

2

] 4
Mot uUATUIT 98]

RKe
=

uaaani 1 DSC vodidanon Tnaanl

=

uaaans 1wl DSC veaTagaon Indan

RKe
Ze

o A Aquy ! % Y
Llﬁ'ﬂ\‘]ﬂﬂw DSC mamﬁ@ﬂaﬂ‘wamﬁ%wmaﬂmﬁiuﬁwm-ﬂaum

o A Aq Yy Y v
Llﬁ'ﬂ\‘lﬂﬂw DSC mamﬁ@ﬂaﬂwamﬁ%wmmma-ﬂaum

[ 4 F)
Mot uUATUITIoaI-NAY

uanani1vl TGA vednoaLanANDEA

uaaans vl TGA ﬂlﬂQLigf}uﬁlﬂﬂﬁ}’Jﬂ

waaans vl TGA maqs§uiﬂﬂaggﬁa

uaaans 1 TGA vasdulerhussuisioal

9 9

uaaans 1l TGA vesiagaon Indanldimnendas

[ a { 9
ueaans 1 TGA vosidanon Tnaanldimmetlonnd

2

] 4
MouAITUITITL

RKe
=

naans vl TGA e aiagnonindan]

RKe
Ze

naans vl TGA Yediaaney Indail

RKe
Ze

naraans 1 TGA wesIagaen lnaan’

2

Y Y
menadl-Uetn

RKe
=

naans vl TGA-veIdagnoy Indanl

' o Y
mothuss8l-na2Y

1 4 9
Methuasuisiga-einn

wih
131
131
132
132
133
133
134
135
135
136
136
137
137
138
138
139
139



1.1 anilnuazanuddyvesifym

Y o ad A 2 o v
nndyriveanislensneinssssumnannugavuludagiu Tasmwiznislds

Y

9 [ a
TlﬁWEl'lﬂfﬁ]']ﬂLLW@\‘I“NET’]?J’]?E‘IW@LLTIH%@ LGIf‘Ll ﬂiﬁﬁlﬁﬂll GBQGlGHL‘]JU'N] ﬂﬂﬁaﬂiuﬂ'ﬁwaﬁﬂﬁﬂ

a P 9 aa o w Y] o w Y KR Y
wodweildluitadsz s iuiumdesnumasluenasulngd 5918 msfnm ez
1] 1] Y ]
vl jesauifvesidaNunainumasingAuNaLnY. (Renewable resource) {NNNINUULNDH
o ~ 9 9 9 a a ] A &2 & =
Jagnuldnauny Tasmmgmslaaulosssusmalunsgsussiagaon Ingaduilunil
4

o @ 4 i 4 1 9 9 o o Y
lumswanntaaniiauladesnadlunaasnnaniims lsduledan s luvaleaiu

L)

] ° [ <
IHU ANNRUMU U 51A19D A IT0g0oda 10 Tan 1 Ganwm Tanuiluauiunianuiou
Y o A Ao
gazl¥wasnulunszuiumsmanian [1-3]
v a ) I v Ay Y o dy Aa a A =
Terqaou Inde (Composite). 1uidquani ldandaaiugiunlantiasunil
ara 4 { 1 [ g’; 1 a 3 o (% { A oA 3
nagiandNuanannuasie 2 sievullildiagnldilaseadwlnindauiadiu Tae
Y
a9 INNIIeN 1A (Phase) Uniaauaazlszinnluiio TagaonIndald [4] Taanoune
a & o o w ' 2 Ao Yq . A oo ' ' A a
galuiagdiayodnrianin 16 uEIndss 1dued NI va1e 10N LA AR
[ 1% a A d’ YA o w a
uanaenIndaqFuaoudy laglaimsiiiggnonIndauidssgnd 19a1uay
[ o’d’ ] Qy 1 o’ay [ d' a dAa o 3
TagszaennnaINKa1s Wy Fuaausaoud sudnToll uaztleiinefidludu [s]
A

[ =2

a 9 U o A a 4 . I 1
Jagaou INTallsznonaly 2 dIUKanAo 1 1UAINS (Matrix) (Huaiuisadiu
A Y v o Y ° ' o 9 v A o Y A a a
sunsaIaeny ved Tudnvig tegdiansailosnudiuniminaiuns 191nnsiay
4 v 1 A . < Y Aq ¥ <
ANMNWEIBININTNNLIAADY 2. FIULFTINTS (Reinforcement) (11 TATIa 19N 1HANULU959
1@ a X = I = [ { 1 [
undagaen Indadauinianundauss uazlia lugaange Tasmuisouislszinnvesiag
a [ [ = (% 1 =Y Y o dy = 9 J d‘
Aou TNAR 1IN NHUENITIAG oAU a1 AT NuT1ana Ao uuduleaotiioq
9 1
(Continuous fibers) tuntduloduliaeoiiios (Discontinuous fibers, whiskers) HULBYNIN
(Particles) azLUURAN (Fabric, braid) [4,6]
a I'4 . I a P ] 9 a
luTewediues (Biopolymer) 1Hunedmwesiainisatasaaislamusssuma

a s a a 1 a a a
sazenusaldnaununedwes inanant Insden'ld 1wy neduandnueda (Polylactic acid,



PLA) Piimsldaeoudraunivatemazquvglvazvasuad ligannegilszuna 170°C
o N Y ¥ v oA a a . . A Y
HAZANNIDFUATIZH 1A INATAIAUADUAAANLDTA (Lactic acid) ©30 latan laa n'ldu1a1n

Y a 1 o o @ . a
msniniaavesiagaunnmaneas wu 917 Ina  Tudilznds Feeusonanldly

[

o [ { o a a a < { a
UsLMATIUIUNN aNBUSNE1AYVDY WoALARANLDFA ﬁf) flﬂ’NJJLHN!L'NE;N Lﬁ@WﬁnﬁﬂH

9

1A TNQAAN13ABA (Tensile modulus) 1Az TURAEN15AA AN (Flexural modulus) WUAT
9 ]
gInNM Woatonau (Polyethylene) azweansonay (Polypropylene) [7-8] Al ueINea
a a I U v W = a I (% a
uandnueFau I udIuNaNAUTagEINIIRINEITNEIA Wnateiudag luTonen Tnda

¥ [ A g a g %
(Bio-composites) #4135 1¥amaTuusamiudulonnsssumadluniadonnilalums

(%

9 @ 4 a ~ A 9 Aan %,’ o I
‘VlﬂLL“VI‘L!Lﬁuiﬂﬁ’ﬂlﬂiwﬂmﬂﬂjﬁimﬂu L‘IJENmﬂm’ualﬂ‘ﬁiiMGm{ﬂllﬂf’ﬂQﬂ Wi udag

q

WUABY 1Az AT 0808 9N IWEITNIA

A = 9 9 A 3 ' A Ao W ] a A
1WoninslmdulesssumaluartaTuusandrnaluiaanoy Tnaany

g a

=

3 3 a 1A A A 1 ) A
Ny mszanuiulasaedsuandontagilsgansnngs uamsanuluiganou Inda

U o 1

9 1 Yy 9 g’/ [ A a v dyd 1 Y A = A
mumﬂfNmmmmmﬂﬂﬂﬁuclﬂﬁmmuulmmum [9] UIVYUINYUUUNISANHITNUAVD

[

a a a a = Y Y ' A A 9 9
Taq luTeneuIndaninneduananteFadsunsidrodulossneaiiownuiui Taodule
1 A A 9 dy o ~ 9 Aaa 1 @ A A a 9
aotlowuuiumilvzhmsassamdulesssumafiuanainu.s slaiasonan 1
9 1 4 N X )
Tuwlszmelng Av nd2e (Banana) 1oud 1 (Kenaf) tlaziuasuisieal (Sisal) Faaziindule
a o = 9 v a 2 .
sssumanihmsneitluudnaguuudulasiates uaziyudulonaudoyiia (Hybrid

fabric) 1aenlFua3nmlunednananuesaie]ldiaaluTenenTndaniiosdllszney

(%

g ' a A g 3 9 @
°nwmmmmmmmgﬂuﬂﬁiwuummmmu”lﬂ (Renewable resource) Tﬂma@‘lﬂaﬂaﬂw

an v 9

Y
Aal975n13u31A2835015An0AR28A2 18501 (Compression - molding) Tagaz1i1iag luTe

A A Y = a

9y a 9 a v A @
ﬂf]iJIW’(?f@W] ﬂll1ﬁﬂH1Naﬂl@ﬁ%u@tﬁu18ﬁiiﬂéﬁ1ﬁ1uﬁuPﬂ LAZNQAUDINANINNITIALTYINIUVD

@ Y

iduled Rlldednvay Inssadsdugu audaimena audaniennudou nazautianig

menmvesiag luTeneuIndanmsoula

[ d av
1.2 'Jﬂq‘]]i%ﬁﬂﬂﬂl@ﬂﬂ"ﬁ'ﬁ]ﬂ

A

v 9
12.1 owseuiagaoniae luToneu Indanlidiulszneunavuauainumas

[

a A 9 da! Y
ﬁQﬂUﬂﬁiW\?"ljuNWﬂﬂllﬂuqﬂ

= (%

122 Anwanvag Inseadndugiu uazaniazing voeidq luToaon Tnda



1.3 VO UIVAVDINHIY
1.3.1 163 0UUAUINATNTIINNOAUAAANUDTA (PLA) A18MALANITNADARIY
9
ANu3au
1.3.2 195ouAINOA0ANTZAN (Loom) 1agldatoneuuualota (Plain weave) N1l
idugu (Warp) Aotduarofhe waziduns (Weft) Aotdulesssumnanauls (ndre
9 ] <.
Jouny uazthussuisieal)
~ [ a ] a 4 a a a 9 9
1.3.3 w5oudd9 luTonon Tnda 21NURUINATNEWOALAANLDTA LAz ANOAIY
MANANMINADARIEAILS DU
wa A 2 A 1Y 9 9
1.3.4 NATOUANIAIFING (NMTAIUA N15AA A9 LAZAITATLUND) LA IATIA31

duguusnusesuaninnudas luTenon Tnda

1.4 YunaumIanivaIdalagavi

[ 9

1.4.1 AnEMONASHEZNUIBNNE IO
a o Ao A A 9 A o 79 Y
1.4.1.1 AAIIFBANINAZNIUITENEITO tier ) sz gna 1y
AUNUITEVBINY
14.1.2 fny voiavesneduananuose
1413 fAnendeyavoudulesssyma (idulandie iduledouds
I o
naziduloussnsenl)
1:4.2 09NUULITN IS HAZINWHUNIFTINY
1.4:2.1 0NV MEUMINAaBIT M T NUITY
k4 '
14222 sago Yaq el tazasen Tagndeslsd mivauise
1.4.3 @AUHUUIY
S = wa ) Y a
a1 1 AnuIaNAveIRIMeNINIdU 13 TNINA

[ Y

o ~ ) ¥y A av Ao ¥
1.4.3.1 maasondnealonnszan lasluanultolilinig19dme
g‘/ a a { 1 I
nawvudulesiamer vazuumdulonauaosyiia (Hybrid) Az ldidunaiudule
a a Y A 9
F3sumaaeariaNsaduiu T lurud
a 4 [ L4 A a
1.43.2 myngniendnyaiuazauiaveudulesssumna uazimoe
o = o 9 a 9 9 LY dy a =
Tagyhnsanwiauianeamenmueadulesssuna uazdme ldun spvagwurIMeuen &
o Yy v B i . ) 3 o B
uuveudumelufine (Fabric density) AMMHUIVEIRIND HIMITAVOIAING LAazNS

SR A . .
NAADUNIIANYA (Tensile testing)



daui 2 Anvwavesrnenndulosssumnaneauiiavesiaq luTenoy Tnda
1.4.3.3 MIWTGULAUNOALLAAANIDFA
o a a a A A 1 dy A o I
iidanaadnwoeanananuedanriumson lanuiui 60°C 1iu
d o 2 an v Y ra =
a1 2 9 Tue ¥1imsvugl Taedsmsnadanleanuseu I NNWYUIAANILMUI 0.1 cm N
a o @ . = 9 Y 1 < =
ANIZYUNYN 170°C ANVUAU 750 psi 1ABNNT IHANUTOUNDUY (pre-heat) 11111 5 WA
Y o [ = I =1 3’; 1 2 Yy Y I =
1a2MINABA (Compress) BRI 5 wh Mnuulasenalmidudraauiunal 15 un
[ o ra 4
AoUIONINUNNHW
= [ a
1.4.3.4 masowiagluTonou Tnde
mnsonuHuNodlanAnua®a tazinenndulesssumaludou

A

1 o I & 4 1 4 2’_, ) ] a A a
ﬁqmﬂﬂu 60°C 1iluian 2 G]fﬂmsﬁ@"lamm%uaaﬂ AMUUUNNUNDALAAANLLD T A

QU

U 1a o { ! [ Ia
pazdnededulaluwinunglmuden Taglanymen15219U LT UAIY (Sandwich

v 9
structure) LiMﬂ?ﬂlmuW@ﬁlmﬂ@lﬂll’ﬂ“Kﬂ??ﬂﬁﬁﬂﬂﬂﬁﬁluﬂﬁﬂ 5 %Y (ﬂ?ﬁﬂﬂiﬁéﬂ!tﬂﬂﬂ"ﬁ'ﬂﬂ
Y
%’aunummﬁ}maﬁmuuummu UagiuuvINNY, Parallel  and Cross ply) !Lgﬂﬂﬂﬂigﬂﬂ
1a 4 1 a 1Y 1 [ kS o 1a 4
LUJW?JW@Q{’JEJLLWHWEI'IﬁﬁﬂGlﬁ (PET) NUUNUIBAATU ﬁ]'lﬂuuu’l“]qfﬂ!,l,ll‘wNW%’I\?GS]IU'J'IQENSIU

A o a4 A A 3 A Y 9 1 < A y . o
Lﬂj@Qﬂ@@ﬂﬂﬁQQmwguﬂﬂﬂ 170 C !Wﬂiﬂﬂ’ﬂﬂiﬂuﬂﬂmﬂumm 5.UIN NDUUNINITNADA
=

v o . ] A o Y o o P 2 v
AwANNAY 750 psi-Oniduiaal 5w lensumvuaudaassuuiinnuiou falilHeEu
@ o i g [ ) 1 1 A A
arasneldnssauniidliuatnnnit 1 Tud pouinzuin lulonou Tndan ldoonain
1a 4
EUTEOY
143501508 Raves i nenidulosssurianeauiaves
vag luTenouTuga Tagsiimsanmauianieanusenlaelsimaiin DSC Anyuatosnn
9 9 a = v A v W a asn =
neANuFeuAIeMAta TGA Anpainimsenanyiae lulonen IndaTasiinadounisas
A v 5 Y = v Y o a =< 3 -
Ba MIAAlAY NINTzUNn ARKIANEAE IAFIATNdUTIUING N139ATUU uazuazANY
awiamsgnan lidremaiia LOT wazuasgiu UL-94HB
a 4 aw
1.4.4 5z17a00z A2 HNANTI0Y
1.4.5 agnamsive

1.4.6 5199TUKNAN5IVY

d H -y [y
1.5 dazlawiiimanazlasuainaniday

v
a aA

1.5.1 annsawsoudag luTenen TndantSuandulogeld

a A

1.5.2 ensawsondag luTeneu In@antlszansamgala



2

=).

un

%

a d' d' v
®NAIUASIIHIVSNINYIVOI

2.1 % @maﬂw%m (Composite material) [4,6,10]

9 ¥
v o w 4 ! IS)

aqaou Indamneds mahiagaaua 2 yilahlnuguauiadual uaziland

Q

=

~ ' o o Y o Y o Yy 9 1A A . 2 @
1/1Lmﬂmﬁﬂumwmmuua’mﬂw’Jﬁ@ﬂ"lﬂuiﬂﬂﬁﬂﬂmmuﬁuu YU I@ﬂﬂ\iﬂ\iﬁ'lll']ﬁﬂ

2 % 1 d’l U a é a
1eNIHNIA (Phase) mmaﬁmmazﬂizmw“lumma@maniwa@“l K ﬁ@ﬂauIWﬁmz
1 o 1 a 4 U =
U52naURE 2 AIUNANAD AIUAT N (Matrix) Uaed@IULaIULLII (Reinforcement)
1 a o

2.1.1 fUua TNy (Matrix)

I 1 A 1 Y =* J = Y Y o A Y =Y 1

Lﬂumummsmayjmmzaﬂmumimﬁumwmaﬂu ma“l,wmumimmagﬁlu
o ' A = v o A o o a & o ~ ~ 12
ALK UIAIN LAZUNITIALTIIAINIUNNINUA Tﬂﬂm‘lﬂmmnwﬂﬂzummmumgumu

< =~ v Ao 1 1 a 9 = a o ] a A

mmummama:ﬂn@aﬁ‘wmﬂmmmmmﬁq wummmmmﬂmimﬁ@ﬂaﬂwa@ Ao
FIYTNHIAVIADITVOIFYI1MALIUIN TNHINIINILIBAIVOIAIULAT VLTI
o Y v a 1 = 9 a A o FY 1Y &
wﬂmmﬂeuiwﬁﬂmmsaﬂummsmﬂﬁmwmﬂﬂlmqmwgwﬁ@uiaﬂsg‘wflﬂuszﬂuwm

1 U a a2 @ a S a
Lm8GIf’JEJTJﬂ%}Jf’)\‘lﬁ’lulﬁi3JLl,i\‘l"lﬂﬂfﬂilaﬂﬁﬂWW%WﬂﬁQLL’Jﬂﬁ)ﬂNqﬁ} Tutla umﬁiﬂ"“})’ﬁuﬂi\li%}

Do o®

IS a

[ 9 1 Aa 4 a I 9 o [ a 9 I a o
drunlaun wedwes lave nazwsidaiuan dmsunwedamosnionldilumwasnd
] [ J a o
awnsoute 1@ 2 dszian e Mos luwa1a@n (Thermoplastic) #1az1n03 10w@ (Thermoset)
J a a < a { [ 1
MoFIuNaaan (Thermoplastic) . [T #3oisyu dunaradnildnuedi
1 = waa A Yo 9 ' o = ' A Yo
unsnarelguauiiandle 185pa1uionazooudasaudinsanlaougilin naziielasy
< 3 o J a o < [
anmduazudena aegl 1314 mes Tunaradanind TnssadwTuanadluaie Igasaen ins
A 1 [ ] a J Y = a 9 A A ]
BOUADTTHINA8 TENOAIN0T UOININIIAINITDINANITHAUIHAL 1A WIotloH 1Y
o 3 o 1 o a o o @ 4 1
m3varleusIgangsaz luhaelaseasiuan s ldawnsnihnduuvaouie 141wl 18 Tae
~ o [ ~ [ 1 a [ P A o [ 14 A Aa
newtia lindeuntlas dedredenaanuainaaslunini 2.1 dmiumes luwaraaniion
I¥nueg1aunivatena 1y 1y wedteau (Polyethylene, PE) wod Iwshau (Polypropylene,

PP) woaa 163U (Polystyrene, PS) iazwod 1itianae 5@ (Polyvinylchloride, PVC) 1ifudu



H % T a o I o 14 a
ﬂTWﬁ 2.1 !Lﬁﬂ\‘]@l')ﬂleNﬁ@lﬂﬂ!“ﬂﬁﬂ"mﬁ]”lﬂmﬂiINWQTﬁGIﬂ [12]

J a . (< a A '
MOF LUFANATHAN (Thermoset plastic) [13] Wuwara@nnianununmuasng

.

= a Aan Al YA o
HJaﬂuuﬂﬁﬂmﬂﬂﬂqmﬁ{]ﬂuaguﬂﬂuﬂgﬂiﬂ’]lﬂllllﬂﬂ Mﬂ?]llﬂ\jgﬂﬁa\jNTuﬂjgﬁJQUﬂWﬁVHQﬂfnu

Y = v A ¥ a A I o a <3 1 a J o A ]

Founsoussnuiionsuned Wedndiaesianauvann-lunaseudidnuas luawise
{ ' 4 : 1 o a ' a a <

nlasuniasgilswen lale nanudoudsaninmes waraan uan liguugiigaunulan

=\

a 9 o a dytu A v 3 1
winanmsuaniaz nilaaie hl mosTuwanmadniiinazll Twanaszdon Tesnwilusiaum
[ YY) 1 = = ~ 1 Ag = o Y v (]
tunuudy Jusstamigase warg Tuanaindaissin 1aila ldawasainvasuman

1 3 a a 3 I o 1 [ ' H
Tnai'ld msyuginand@naiailldiluglansusaisg Taemsiineglugveanarnianm

A o A A 1a Y 3’, s 1 Y 9 A
wiladiansalualuamnunvseud iud 18 1imiussurggnin Taomslanuiounioe
a aan o a 4 T o 1 1 o [ J v 1
malgnseuaiivldinansisenaenuszriedis Iavi 1iudedanggling 1318 dudedi

a [ P ~ 4 A Aa [ 9 [] 1 = a 1
pagnuNNuaadluNINg 2.2 mos luanaraannieunulsegaunsvatelvialeyia 1su

a . a a Jd A 1A @
ISBUDNONT (Epoxy  resins) WORAE3INU (Polyurethane) azWodtodinosyiia lududa

(Unsaturated Polyester) Fludu



d' o 1 a o ZA o 4
MNN 2.2 uﬁmmamqwammmwmmmﬂmaﬂmw [14]

2.1.2 @a3 U39 (Reinforcement)

(%

& 1 Ao Y AA < Yo = < o ~
Wudrunimhiiea g ldnoiggaeuinda Jasna ldnazlinaw

v .

< s 1 o A T a Jd v [ a A
LLUNELTN uazuﬂﬂu@aﬁmqmmﬂ’nmummﬂm L‘JJuﬁ’]ui‘]_l!L‘J\?Wﬁﬂﬂ]ﬁ]\i’]ﬁ@ﬂ@ﬂi?ﬂﬁ@]ﬂ
9
oo a a A ' a b Y ]
?f\?N11‘!3J1i]'lﬂL3J§I§ﬂG]?) ‘JJii$Z’f‘1ﬂﬁﬂTW"]JENET’ZI‘L!l,?fﬁ11&!5\11!‘L!‘U‘L!@Qﬂ‘].l"l]u1ﬂtlﬁ$§ﬂi1\1"u®\1f’f1i
a 3 U o W Aq ¥ A A o 1 9 1 Il 9
mmumﬂumummg ﬁ]iﬂiﬂflﬁiﬂ!tiﬂ@ﬁ]ﬂ\lﬁﬂ‘ﬂmz Llﬁa‘igﬂiNl’lﬂT‘iﬂWﬂulﬁJ YU AU mu“la

<3 A9 g ) o A [ = ~Aa 91 [ =
symava@an tagiurududu ausunaaslunwh 2.3 dan@uuswnioudaulvgjoz il
Y < S ' 4 Yy & o ' PN
anvaziludule (Fiber) Jasormilindulognaeiiios wsaduloaunld drearudulenien
[ a 1 Y 4 a
1¥1uiagaon Inda yuadulonda (Glass fiber) sdulon15uol (Carbon fiber) 1duloazs1iia
a < { o I J
(Aramid fiber) azidulosssva (Natural fiber) Wudu Taganmdulonaziinnlsiluaiu
a [ a =S wa o dy =3 = (2 ,ﬂ a Y ~
wSuussludaqaen Indandsliguaniaasil Ao dauiauazandmugnufrvoudulen
o A @ = I 1 Aa = [
aduaue Ja Tugaagd Ianmndaisegeuaz bisansdoaa i 11 luszvinanszuaums

4
Yzl



Continuous Fibers Discontinuous Fibers, Whiskers

MU 2.3 LAAIENHUUAZ DT IAR GIAIVOIFIUITUITI (Reinforcement) TuTdanoy Tnaa

[6]

anuenvoudulelumnasuisiiaaaoy Inda danaden15nTz91902909
Y a ] oA A& ) A 2 \ v
AR tazauaseaundalnduly aanaeennusnrveudulamurvuazaanali
a o o 1 I 1 1% {
vsnadarsduleianuaurazanmaisaaaad i iduleiviintluausunsan
1 ] a o 1 a Y o % 1 a 4 9 I v 21./ 2K 9
AEIUVINAUATNFIAsRIUN WA TUATIsHIIBuaIAguazidu e 1aa aaiudadeq
° Yy =< U A o 9 A A <] @ a
mldlnsgamigscnunainagrazdulen ioiiuanuudiussvesdaaaon Inaa
= o 1 a s 9) =< g v o W o A [
mMIgamziuszrINwas nsuazianlesuiiuiliesdisglumsmvuagaiauinvesidanon
a [ 1 = R a d‘ 1 [ zg [y}
Tnda Tasiaquaaziszinnaziing In vaganuemisalumssanaiuanarenu Juednu

o ) a Ja o v
’dﬂ‘]elil@“llE)\‘llﬁﬂiflllﬁ&%@iﬂ“]ﬁ/lunﬂi%
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2.1.4 n3zUIUMINan Tagaou Inda [6]
Aa [ A Ao a d 3 a 4 3’, 9 a
ﬂigﬂﬁuﬂ'ﬁWﬂ@]?ﬁﬂﬂﬁ]ﬂi?‘lﬁ@‘ﬂnLiJG]iﬂ%Lﬂ‘Ll‘W@ﬂLll@iuu ﬁnﬂiﬂ‘l"]ﬂ‘ﬂﬂuﬂ
g ~ Y o 4 a A 14 a Y [ ) [
ﬂﬁ%'ﬂjuﬂTiﬂJugﬂﬂi%ﬂﬂL%@iINWﬂTﬁ@ﬂ ‘Viﬁ@t‘ﬂ@ﬁilll“ﬂ@]‘WﬂWﬁ@ﬂhlﬂl,"]fuﬂu qa1rsy
d‘a 9 da! o a ] dy (G .
ﬂﬁ%‘U'Jl!ﬂ'lTVluﬂui%iuﬂWﬁﬂlugﬂﬂﬁﬂﬂﬂuIWﬁﬁ LYY ﬂﬁgﬂ'JUﬂ']ﬁsllugﬂll‘]JU@ﬂﬁﬂ (Extrusion)
Y
ﬂi%ﬂ?l&ﬂ?i%ﬂWﬁWﬁﬁﬂ (Injection molding) LLa%ﬂﬁ%‘U’JUﬂ'ﬁﬂﬂ@ﬂﬁugﬂWﬁWﬁ@]ﬂ
<
(Compression molding) Audu
2 o o ,
2.14.1 ﬂigﬂﬁuﬂ1§ﬂlu§ﬂllﬂﬂf’)ﬂﬁﬂ (Extrusion)
< a A A Aa N A .
LﬂuﬂﬁgU?HﬂWﬁWﬁ@WﬁWﬁﬂﬂ'ﬂﬁWN?ﬁﬂWa@]llﬂﬂﬂlu’f)\i (Continuous

v
% A v

a [ a I ] a 1

prOCCSS) ﬂluﬂiiﬂﬂ‘!NTﬂ mmzﬂ‘umiwama@ﬂuaﬂummﬂmﬁuﬂn LU QQ‘W’Gﬂﬁﬂﬂ Nno

I 9 o a a 1 Y @ A < 4 [ [
ﬁ'TfJ]l‘V\l L‘]Juﬁu Llagﬂﬂﬁ'?iﬂﬁﬂWaﬂWﬁTﬁﬂﬂlLWHUTﬂl’lﬂL%uﬂu Lﬂﬁﬂﬁl@ﬂ‘l’lglﬂﬂﬁﬁ?ﬂ?ﬁﬂL!“]J\‘lul,ﬂ
g a o v A < s A
nJu 3 ‘D"Llﬂﬁ'lil’dﬂ‘]&lﬂ!%ﬂl@\iﬁﬂgﬂ'lﬂiuﬂi%ﬂ@ﬂﬁa'f)ﬂ"lﬂllﬂ Lﬂﬁ’tNLﬂﬂﬂglﬂ@ﬁllﬂﬂﬁﬂglﬂﬂ’l

o § 4 <3 4 [

(Single Screw Extruder) AR IUNINT 2.5 Lﬂ%uaﬂmgmamuuaﬂg@ (Twin Screw

Extruder) uazgﬂf}au%ﬂmgmaﬁ'uuuwawﬁ ng (Multi Screw Extruder)
' T
MR EB)(S)HIC©A)
{
—n /

— ]

a o s A g @ 4
NN 2.5 UTANANH U ng’E']Qﬂﬂi%ﬂ@ﬂﬂlﬂﬂlﬂiﬂﬂl@ﬂﬂgm@illﬂﬂﬁﬂgmt’n:

A 4 9 A a A 2 A 1 9| A A
M A0 mmm"l%lﬂw R A9 INYINATOU D AD LUII F 7D muﬂau B A9 nTEUONYIAON S A1

@ ~ ] @ o
ang H Ao arliaudou C Ao Niaodu A Ao @aulas (Adapter) T fio 13018 (Die) [6]



11

) [ : < {
dmSuasoudnngesuuuangiaed nolunsyuennaouas
Y o IS ' [ Y A o A A
ﬁﬂllnﬁﬂllflﬂulﬂ@'lllaﬂymglﬂu 3 FIUMUANHUSUYDIANIUASHUIN ﬂ\‘]uﬁﬂ\iiuﬂWWVI 2.6 19
[ Y| A = ~ = k) 1 A dy
dautlou (Feed zone) HIDIVNANFANVINNFALASHUYUIAANUNINVDITOIANFAIN TIUY

o Y A v A o A <3 a U Y o Y < a 1
ﬂWﬁuTﬂﬁaﬂﬂ@a’lla‘(’NIJJﬂWa’lﬁ@lﬂ%Wﬂﬁﬂuﬂ@uaﬂiuﬂﬁ%ﬂﬂﬂﬁa@u Vl'lﬁlﬁluﬂwa'lﬁﬁﬂfgu

v =

(Preheat) AZISUINANTHANVDINAFANDUI TR UL M INaadn T §id1unasnda diu

q

o

NaouoA (Compression  zone) NaNHMULVYBITRIANIABEUAVALNDY IFINALTIAUNY

U

= a

a a v ti’ = [ 1 dy Y [
Waaan 1NANIuA vaonwmad uaznaunuuiiemelny Tuaiuiezlgungilnameany
gargiivasuralvesnadan uagludiugaiie Ao drudana1danvaoy (Metering zone)

v 1 Y

anpauzuesangziisesanguauiganaziivinannunievessosangnsi naraanludiuil
= oA 2 | A a v ' CA A

YNHADONIHAIVUNNANANNAUNFITY HasHawiUlBRINUBE ANy Ial NoUNITYN

I3 1 @ [ a <} @ {
a1(’5maaﬂmﬂﬂszuaﬂwaaumummﬂﬂmmﬂuwma@mmmmﬂymzﬁﬁmms

’F @ | D
N e —— e
i \V \V i N \V \V \\.r \v \—v \1>-..

.
S il

M N y 2 v
MNA 2.6 L!ﬁﬂ\‘lﬁﬂ'ﬂﬂ!gﬂlﬂﬂﬁﬂgﬂ?ﬂiuﬂigﬂﬂﬂﬁﬁﬂwﬂﬂﬁLﬂ%ﬂﬂ!i’]ﬂﬂglﬂﬂglmﬂﬁﬂglaﬂ’l:

S fio @auilou (Feed zone) T A® @IUNADUOA (Compression zone) LAY M Ad FIUAINAIEAN

a0 (Metering zone) [6]



12

2.1.4.2 NFZUIUMINANAIFAN (Injection Molding)
< a a Ada o I &2 A .
Wunszuraumswaanarganilanyuzduuyunineiilies (Semi
. A a Y 1 < o £ A ' ' v A
Continuous) wamwsawa@llﬂamqmmsa L‘Vilﬂ%ﬂﬂ%uﬂTu%ﬂﬂluWﬂlliJﬁlﬁﬂluiﬂﬂuﬂ llgTJ‘VIiQ
@ { a a ' 1a g a @ J
quUING u,axuﬂﬁieﬂgMﬁLﬂﬂMﬂwamﬂﬂwaaumaagﬂam%quuwuweguuwammm
[ ] ] 9 % 9 9 o Eal I Y A g’/ [ ~
ATDYWIFU LUNIUT DIY ﬂ']iJ‘l]‘]J’QTJﬂﬁﬂ!ﬁN‘] AUAY TTUADUNTEUIUNMTAILTAIUNING 2.7

A a = [ 9 Y o A Y 9 o Y
o Wiﬂﬁ@lﬂﬂ%gﬂlﬂafJ'Jﬁ'ﬂgWHuﬁ'\iulﬂéll'N‘Vi“LHfNﬂﬁﬁﬂﬂﬂg‘ﬂ‘ﬂﬂﬂWﬁiﬁﬂ??Nﬁ@‘u ‘VI']GI,‘H'

[ a

9 v
NANTANHADUALAY (Plastication stage) mﬂuumﬁmﬁﬂgﬂzﬂuaﬂwmﬁﬂﬂﬁﬁaaummamﬁw

a 4 4 a < @ <Y 1a 4 @ o L
FUNWUN (Injection) Lﬁawmﬁﬂﬂwumamammm LL?JW‘JJW%]%GUﬂU@@ﬂVlWiﬁ}GﬁUQWUWQﬂ

Q

4 a o { @ 1 I a 4
90N (Demolding) i3 oaanaraann2 1y lgludaguiuansonualaiiu 3 atia fo 1nTos

b))

ANTgARA13G T IuU (Horizontal “Injection. Molding Machine) Aduaadlunini 2.7
A A da = o Y < b ¢ ! . A a

I mawwmmwm“lmmm (Vertical Injection Molding- Machine) LLaZIAIDINALU VYU
(Rotary Table Machine)

=

A A _Aa = Y 3 A A~ (Y
mimmmwymmwmiuumuau Lﬂﬂlﬂiﬁ]x‘lﬂﬂﬂhﬂﬁ’ﬂﬁ@]’ﬁ]@ﬂ

Y
U v

[ o 9 [l 9 1a cfg}}
ﬁﬂgagiuuu’mau ‘VHGLWiE]fJ“lJ5$ﬂ’E]‘]J58’VI’J'NLUWW@QLLNWNW%Qﬁ@Q%ﬂ@Qﬂ'lﬂﬂllllfl!'ﬁ'lﬂ %\1
o £ Ay v a A ] o 9 ! A a P
’?Hll1§ﬂﬂu%u31uﬂqﬂﬂ1ﬂﬂ1§ﬂﬂwﬁ'l’ﬁﬁﬂslﬂﬂqﬂa\ﬂuﬂ']"]ﬂl%5@\1§1Jﬂ'lua']\uﬂﬁﬁ)\iﬂﬂulﬂ
dy = La I3 o Y [ A =~ a A ) o
qEAIn Lm%u'f)ﬂﬂ'lﬂuﬂ'liﬂﬁ]ﬂlﬂﬁElulﬂJWiJWﬂﬁnJ'lﬁﬂ‘ﬂWhlﬂ\‘iﬁlﬂ’)'llﬂ‘if]\iﬂﬂ%uﬂﬂu a1usy
A A As =) @ g‘/ =\ 1 9 ra o 9 ] g‘.:
Lﬂi@\‘]ﬂ@‘VliJﬂ;ﬂﬂ@')'lﬂ@l'ﬂuuu’)ﬁﬂhiﬂﬂﬂigﬂlJiZTT'J'NL“LI'I"U@QLUJWiJW’J'l\‘]@]’)f]gcluuuﬁ‘i'lﬂ@\i
@ = o Yo dy ) @ = Y A a a @ Jd a 1

RINNUVLUHIVDIYARA ‘1/]']11’1ﬁﬂ‘]elm$LL'1J’U‘Ll!‘ﬁll1$ﬁ1ﬂiﬂﬂ'liﬂﬂ1j3JLWE]Wﬁ@Naﬁﬂmeﬂ%uﬂﬁ'l\?‘]
Y Y Ay 3 o L w 4 A A A A
LYY @'lllvl,GUﬂ'N ATUUA ﬂ'lllﬂ‘imﬁl Lﬂwm L!ﬁ$’ﬁ'Wi‘i‘ULﬂi@\iﬂﬂ!LUUWMU%%Nﬂ!ﬂﬂﬂLLﬁVHH?ﬂﬂ

o a ' 29 o A a o @
ﬂ11ﬁWﬁ1ﬁﬂﬂWﬁ@NlﬁﬂQﬂjﬂlaﬂ’J Lmi]%iJL‘]J'IaWLaENWﬁ'I’ﬁ@Iﬂﬂﬁ@ﬂﬁa1ﬂ°§ﬂlﬂh1$ﬁ1ﬁ‘iﬂﬂ1§
a a Ay vy y Y] ol A A 1 Ay
Nﬁ@lWﬁ1’LW]ﬂ1/lG]’E]\1Elf])’lf]ﬁ'IGI,Hﬂ1iGIfViﬂ??ﬂi@ﬂl!ﬁ$ﬂ1§ﬁﬁmﬂuu1u RTDINAULVUHHYUUDIVNLUN

ra 9 = A
LLMWNWﬂlﬂMTﬂﬂQ 2 i0 3 YA



13

cooling heating screw — granules

&
\. Ea plasticizing

injection, cooling

mould
B with after-pressure

(LLLLTTTD

3 W\ W\
—

melt

Q.
=l
<
®

(LELLEOTTITD

B demoulding

(LILLOTTTD

MW 2.7 UAAENYUZIAT0IRANNIYARA21902 TUI LB (Horizontal Injection Molding

a 4 2 a2

Y
Machine) W%}auﬂumzuaum’mwﬁugﬂm 3 YUNDU AD YUNITHADUNATAN (Plastication
gJ/ a 1 1 Aa d g’/ Qy ra 4
stage) ﬂJuﬂ’lﬁﬁﬂWﬂTﬁ@lﬂL%’]quﬂJWﬂJW (Injection) Iag "Uuﬂ’]iﬂﬁﬂGHUQTU?J@ﬂQWﬂ!LNWMW
(Demolding) [16]

[

2.1.4.3 N3¥DIUNTTNABAUFIWAIAAN (Compression Molding)

(2

I an ,3 AL Aa ~ ]
AuIBmsvugdwaaaniianyuzuiung (Batch) Unszuauns
o 9 d' == ] (=] =3 a A =
Fudou insoilolisinlige luliemmasnnszuaumsnanuniiounszuiunisng
a Y v 9 A 3 1 a (%] a a
wardan ewsnlgnudaulegmudludnmasunsddudegaonInae vazamsonaalu
= [ a’, ~ 1 =1 a 9 dyd [ o =3 Y 9 v
Psumasasaigannmsianatadan a nszuaumstiiivannmsiiaude Idanuiouny
Y 1
WAAANIUBOUAIAIHI DM AOUINAI INUUIINMINADARIBNTIAUguio Idnaradnlva

a g 1A dA o ¥ A4 2 2 o Y do 1A o
mmﬂugﬂgmummmwuw ATHUA iﬂﬂuuLll’E]Gb'u\‘ﬂulL"lle]’JlLﬁ’Jﬂ‘l/ﬂﬂﬁ@’E]f)ﬂﬁﬂﬂlliJWiJW

Y
S 1 =3

A Aq ¥ I 4 1 = = a
‘wmfmﬂ%iﬂumzmumiumummﬂumaﬂmqﬂmmum WU MaIuY Wuean gLy

A Y o o Y] s a £
luﬂ\jﬁl’]ﬂLW§’]$ﬁ']u']jﬂﬁaamagﬁ’]ﬂhlﬂﬂ ﬁ”l‘Vii‘Umiclﬂfm’e)ﬂuwa”lﬁ@]ﬂiuﬂi SUIUNTUITADY

e

@

B ! P A ¥ 1A & o = 2 Yy Ay
15]513a13J"Iﬂﬂ’J"IWIf’JiI?JLG]WILl!f’]Qﬁ]]ﬂ@]ﬂ\?ﬁ@ﬁ]uu‘MWNWlﬂu@]’JaQﬂﬂﬂzﬂaﬂ%uﬂ"lu]lﬂ LW@‘]J@QﬂLl

a dy Qy dl Y 1 1 9 4 Qy ra Y
ﬂ”IS'lJﬂL‘]JEJ’J"lJi’NGIfHQ"IH‘VIENll‘JJﬂQE‘]J meshmaﬂmwmmmﬂamumuaaﬂmmmwuwﬂl@



14

o A A Y o q YY1 A ¥ Y v 1a g o w A o Ja
wiilensguda Mt lidenar lumamuanudouldnuuinmien dmsunaasmain
E Yy dy 1 9y Y 1 a 1A 3 Y

amnsotugy Iddienszuaumsil wu dou 91u 2o uduna1adn wazuRudoailudu
A o AqQ Y v 49! a =
w3eInasan 14 lunszuiumsnasatuglwaraan diulsznou
@ A @ ~ A 1 S o o = ] & A ~
HANVOUATOIAITAITUAIND 2.8 AD LHUIMANDATINIUTDIYA FIHUWINEWTDIAAURN
2 [ v a [ { o a a (=Y 4 4
Yuasldonurunilaazgnaaaanui 13 Mldauwnsodlenazdawinuild gUnssildni

9 o A . = o =] "y
39U T2UUVUADDU (Hydraulic) LL@%EJW?JQTJﬂiﬂ!ﬁﬁ@tﬂui’)uﬂgﬂ’)ﬂ

5w

!

/
!

ARG

I

|
n
©

D U

v ] Y
MNA 2.8 L!ﬁﬂ\‘lﬁﬂ'klﬂ!gLﬂ%ﬂ\iﬂﬂﬂﬂnluﬂigﬂ’J‘Hﬂﬁﬂﬂ’Oﬂ%ugﬂWfﬂﬁﬁﬂ:

[
=1

A ' g a A Ay YA ' < R oA A o A
P’ Ao Llwulﬁaﬂ‘ﬂmﬁﬂuﬂqﬂ P A9 UNHUIANNDNIANLUN Uas C AB JSUVVUAADU [6]

U

[

o [ (% d%‘ a. a9 9 1 d' dy
dmsunssuaumsnasadugimaaniide lauFounanszuiumsouail
A A E=! gJ/ o "o Y
1) 1950940 tazgUninilainign na lnduasunis e lududou
I Y v a J a g’; d a 4 a
2) 811150 1% AN UNO AN THAINHAIIFHANS 1ND3F TUNAITAN UAZINDS HFANAIAAN
1 a e v o &
3) annsnlgaasuusanthudulosn i ouuuvasuidluidumld
a 4 J = 1 a v A (5 1 d 5 A = ~
4) 1wasng uazaluasuitse1unan1s 9938962 11 (Orientation) 111999108013 Tralies
3 Y (=) A a é’
anios tag lulusuRewmnavulunszuns
2 AN Y = A a 2 9
5) FUNUN IFNANTZUIUMTUAYINADINAT U DY
6) liinasoeen (Weld lines) a2 I0891%1 (Scars) (M OUATLUIUMIRANAAAN
Yy 9 (% da! a
ToA0IVDINTLUIUMNTOAVUF WA EAN
< [ 3’, [ a 1 A A 9 = wa A 1 [
1) nszvaumsiunuung daiuiaanen Indalunsazyaiwson ldoalauianuanaieny
2) 528LA1ADTOUMINAA (Cycle time) 1IUIUNIINTTUIUMTOU

' 2 2 Aa o 9 <3 y £ Y
3) Uh]ﬁ'lll1iﬂmugﬂ%u31uﬂﬂﬂ31ucﬁﬂcﬂﬂu VYUIAaNn LLaZLmU‘ljimuﬁmulﬂ



15

I A Aa a 1 1 . 9 1 A A A
4) Wumadani Tomanayeadnanielu (Void) launniumaiindu AUWAUDINIINNIG
a oA YN 1 U R = ' 9 AN 1 & =R
Tvaveunasndnernnisnizare 1 luna1ae mazinisunsanuiounlunananielu

1a & A a 9 o Ay a
LLll‘Wll‘WLu'ENﬁ]’lﬂ‘Viunﬂu]lﬂ ﬂTﬁi‘VinaT Lmzuiﬂﬂﬂaﬂmuaﬂmu]lﬂ

=

Y a <3 ) g}/ a 1 Y 1 a A
5) mslFanuaiuussvuamn (dulodu we) wznamssaungu ldieniunatiaduniing
Tusaudeulunszuiums

1 Y 9
6) AoaliMIAAAIY (Flash) NAATUNNATY

2.1.5 MynaauauAFInaueIagney Inda [6,10,17,18]
A A I g}/ { 4 [ A Y]
msnadeuantamnaluminageUuNugIuiions v IaauiavesTaglu
[ o Y] 1 a 4 o 1 a <
M35uusanszinludnyazae husadSuaume lfaunsaiian 1l ldnasananundans
[ Qd:{a 9 va A [ [ a 9 1
o179 Iaedsntouldlunsnagovauimznanuiaaaonlnga ldunnisnagou
AMIAIEA (Tensile testing) MINATBUNIAR 1A (Flexural testing) LASNITNATOUNITNISUND
. ) Y
(Impact testing) 11/uau
2.1.5.1 M3NATOUMIALEA (Tensile testing)
2 9 = o = g
A UMINAFBUANNAINITA MM IATUNIULTIAV0ITH9 BT U
9 Y
mMInageuaNlANINNaNugIl lasnisnaaeurzlnussluuuuduasanuFua10819 1y
a [ 9 dl o 9 a = g Qy (2 d' é Ady
nanaaseanudnesir lmnansaasvulusuauasnaasluninm 29 sanisnageuil
AN150TAAINUIVONDINBAVY A VOITAE 1HU AIANAIMNIUADITIAY (Tensile
strength) A1N158AA 29019 (Elongation at break) #a3 AN 1UQaaUDIGY (Young’s Modulus)

Fludu



16
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AMUMUADNTAA TAY (Flexural strength) 1azar Jugaamsna 1ag (Flexural modulus) 111dn
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Load
Compressive forces Neutral axis

‘\-.,_“ -~

| AN ]

Tensile forces
a v Y @ ) A4 a X a X a
MNN 2.10 ﬂTi‘ﬂﬂﬁE)’Uﬂ'liﬂﬂIﬂ\i: L ANLLIANA DA (Compresswe forces) NMNAVUUITIUNURNA
9 =S A . A = 49! a dy a_ 9y 1 o & % 1 A Y
ATUUU UAZUIIAIYA (Tensile  forces) MAAUUUTLAAUNUFIATUA ﬂiJ“]fu@l'JﬂfJ'l\iLllﬂclﬁlLiﬂ

VULNATOUMIAA TRV 3 9A(3 point bending) [6]

2.1:5.3:MINAa U INISLND (Impact testing)
dy I @ 1 [ [ A A
ﬂﬁ‘ﬂﬂﬁﬁ)ﬂu!,ﬂ‘L!ﬂﬁ’JﬂﬂTWaN1uGIJ’OQ’J€‘T@ﬂE]3JIWﬁGW1?HZJﬁﬂ

A A 2 9 £ =5 v o v Ay
{g]ﬂﬂﬁ‘umﬂﬂﬁﬂigl!,ﬂﬂ’ﬂi’ﬂﬂﬁﬁ“l]@\igﬂ&i]iJﬂ1ﬂi@]ﬂ’ﬂﬂﬁ’3§x‘liﬂﬂﬂ’)ﬁﬂ1ﬂ Lm%ﬂTﬂWLﬂﬁWﬂ%

3 ] ) ‘ S v X

VONDIANANUAIUNIMDOIAA0Y ] 1gAGUNEINANTNITABLIUNA RO DIAD FId 11150

9

'
A 1

o o % % a &l H
MmnmanNa N URNIagaen I anganaun o N (Impact strength, kJ/m

q

2 [

) dmsugiuny

a

MINATOUNINTLUNNABUTIAAYDNATY (Fixed beam impact) Taoaw1nsgiuntionlsluns

v
=

Y ] v
nagaunuuil aaaasluninne il ldusnisnageuuuy legea (1zod) NiaanannadoUe

L) U

v KR ] o @ A = I
an 1Jﬂﬂi’)Qiul!uq@miuaﬂymgﬂl@ﬁﬂTHﬂu (Cantilever) HaZNITNAADUUUY¥5Y (Charpy)

[

A 1 VoA = [
ﬁﬂ‘l’lgﬂﬂﬂﬁi’)ﬂﬂ%’l"l\?ﬂgﬂulmuiﬂﬂulﬂﬂﬂ”lii]‘UfJﬂ (Supported beam)
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Pendulum

[ '._/\I |
Ly

/7 ase
— v >
! J_% O
\0.25-3mm, !

\_ Radius / — Impact
Specimen QﬁE—ZmA_

(@) —

MNN 2.11 PMTNATOUNTNTLUND (a) HEAYANHAUZUDUATBINATOUNITATLUND (b) LLEA
2 o ] o o - 2 o ]
A5INFUAIDE TN T UNITNATOUMNTNILUNDUUVHIEY (o) HAAINITIATUIIUAIDE

dmSumsnageumsnszimnuuy lowen [18]

2.1.6 na lnmsgadanisludaanon Twaa [19]

K Y
autaFenanazdauiannienneiagnenlngaty uldvuegianuy

a [

< J a @ a J 1 LT, { ' 1
Llfll\?l,l,ixi"ll@\‘]ﬁ’)ﬂlﬁ'illlli\?ﬂULllGliﬂ“]ﬂWEN@Eﬂ\?Laﬂ’J melﬁ%uﬂ‘ﬂﬂ1§§@ﬁﬂ uﬁmzmwmu
v

a o a s Y ] o . a [ 1 A [ a d v I v A
LA TULIINULIUATNEA LB UDU ﬁﬂﬂﬁgﬂ@mxﬂawﬁaummuiﬁﬂummﬂ%umﬂuﬁi}i}ﬂﬂ

(3

dragednilumsfuaguanifvedidaael TNd e #3cu1s0uina lnn1sdada
9

v a [ 1 Yo A
ﬂ1811&ﬂl@\1'§ﬁﬂﬂ@ll1“l/‘lﬁﬁﬁ1llﬁﬂ‘lelﬂ!%@]N”]Vlﬂ@Nu

2.1.6.1M3saRAFINA (Mechanical'Bonding)

a

I a A a § A ' a X
LﬂuﬂWigﬂﬁﬂﬂLﬂﬂinﬂﬁuW’J‘ﬂNﬂﬁ?ﬂ%?%i%ﬂl@\iﬁﬁulﬁiﬂuiﬁ G‘]:N
a oA 1 Q g}/ a | a . @ J
mmﬂmﬁﬂssmaé’ame‘ummasmzsmmzmmm%mﬁmwma (Interlocking) NUHIU
=y d%‘ < = ~ dydy [ &’ a 1
LI TULIIVY IﬂEJﬂ’J"IllLL“]J\1LliQ%@Qﬂ?iﬂﬂlﬁuﬂlllﬁﬂu““u@Qﬂﬂﬂ??ﬂ%?ﬂli%ﬂl@ﬂwuﬂlﬁlu

AT Aauaadlunng 2.12
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v ¥
PMWA 2.12 Lm’ﬂQﬂahlﬂﬂ15§ﬂ@ﬂﬂu5$‘ﬂ]1ﬂﬁuN’JLL‘IJTJL“]NﬂfI [19]

2.1.6.2 m’iﬁﬂaﬂgﬁflﬂizﬁﬂ%ﬁ\h (Electrostatic Bonding)

]
a a

< 2 A o 2 4 a X A a 4 [
HUMSIARANUNINATUTIAT1I IAUNATUIHDIVINIUAT NS LazdIu
a =1 d' 1 [} ) 9 Aa = 1 d‘ 1 [ g (% d‘
L’L’filllli\“liJ‘]Ji$i].‘l/]LWIﬂ@lNﬂu‘l/]'lsh/ilﬂ@l,!j\?ﬂ\‘I@ﬂ5$W?TQﬂigi}ﬂL!ﬁﬂQTQﬂuﬂlu @QLLET@QGLHE’I'IWTI
< =K a dydg! . 1 dy a ] 1
2.13 ﬂ'NiJLL"lJ\?LLiQ"U?J\?fﬂiﬂﬂ@ﬂllﬂﬂuﬂlUﬂﬂﬂ%3J'lm‘]J§$i]6UENLma$WHN’J HAZITSYISUNITHIN
dy a a‘/ Y Y dy a A dy l 1 a a KX a a F)
NUHNINNTDIADIUDYNIN 'H'IﬂWHW'HJﬂ'IT]JuL“JJﬂu%$ﬁiwa@ﬂﬂ5$ﬁﬂ‘ﬁﬂ?‘WﬂWﬁﬂﬂﬁﬂ@]ﬂﬂ]ﬂ

Uszqlalih

XOAONANAN A CNAAN N MNAN

A

NI 2

FT77 77 FT 777777 77

M 2.13 uanana InmsBaaanysen i selse p1dh [19]

=R A

2.1.6:3 M3IARANIILAL-(Chemical Bonding)
I = A Aa l%’ [ d o &’ a 1 = o
Huassaaannauud N HUTINFUDUNUHIVOITIWATUUTINY

a a o J @ 3 @ { @ < a
mmﬂ«ﬁzﬂﬂwuﬁzmﬁswmﬁﬂu?ﬁu autaadluning 2.14 Tﬂﬂi%ﬂllﬂ??ﬂl!ﬂlﬁllﬁﬁﬂl@ﬂﬂ?iﬁﬂﬂﬂ

[

22 A 9 ° o Aa X 9 I R A X
HUYUNUBUAVUDINUTS LUASITUIUVDINUDTENINAUU Iﬂﬂ@’mﬂlﬁﬁﬁ'ﬁ“ﬁﬁﬂﬂﬂﬁﬂ (Couphng agent)

o

1 Y
NuzNANUSZAUEIUETULT LLﬂSL3J@]iﬂ“gﬁi1%&ﬂﬂﬂﬁ§ﬂ@]ﬂ%1%ﬂﬁi$ﬂ’ﬂdﬂu%u



pr s

\R \R\R \R\Rv \IR \la \'R\ia\l

VVVVVVY\

AT e eTrTar

d’ 2K A o 1 d a 9 v =
MNN 2.14 LAAINANITIAAANUTEHITNWURNIAWWUTLLAN [19]

2.1.6.4 MIIAAALUUNNIAIY (Interdiffusion Bonding)
I R a Aa g A~ 1 a I’ 1
Wumstafaninauuol M uNsved Tuanane A IeHINa 03
dy a a g o Y ] a -4 1 a @ a d a d' o [ 49! [
WuAANaIUI 1 a8 Tsnoamos 1N dI AU VINATAFINANTIASINUAUUY ALEAY
P~ <3 =K a 22X o A 1 I
TunIni 2.15 ANUUASIUBINITTARALLVTIVUALANINBANEGY (Flexibility) ANA 115D 11

' ' . oy 4 Y L 1 a J
MIAADUNUNTHIU LA TZAUM TN LN UVDIA 18 T¥ N ALIDS

NANAN e LN

/?/////////%%%%@%@iﬁ/

MNN 2.15 400300 10ASIAAAUUULINTHIY [19]

o [ o a a o cgl A 9 Aaa ] Y
’dﬂ’iﬁ‘]J’Jﬁﬁ]ﬂi’)llTW?{@GI,“IJQTL!’J"UEJULM’EN%Wﬂlﬁumlﬂ‘ﬁiiu‘;]fW]ﬂthulﬂPH‘IJ

@ A o a I a a I Y]
nszuaumMsliuljeiidendl(Treated) i ldna Inmsaaanfunuumssaaasainaiiuvdan

[

Rt < o A o 2 < U a @
LWI‘VI\Tﬁﬂ'JTJJLLalNL!ﬁQGIJ'E)\T'JETSE]ﬂ'ETJJTWET@]ﬂﬁﬁuﬂﬂﬂ'J']l]LL"lI\H!ﬁQﬁ'J‘L!LﬁﬁiJL!ﬁQ HAZITAUUDINIT

AN AUTZHNUNAT AT OV A IS UUTIASITFUN U
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2.2 TuTewana@n (Bioplastic) [20]
a =< a J a A Ao 4 o a =
ll‘lJI?]Wﬁ?ﬁﬁf‘l RUTNYIWDAUNBTFUANUINTIUATIZHUIINIAYAVUIATININ
Y
] @ o @ a a Cal
(Biobased materials) 141 siud11z1as doo 417Tna uil o195550A HazFogaunida1e
I 9 = a 4 c’a’/ o 9 a s a a = 9 c’a’/ 9
wWuau “HQVL‘UI@W@ﬁLlIﬂiu‘Llfﬂlﬂiﬂu'lll'lcl"lfﬂﬂllﬂllef)ﬁmﬂiﬂWﬁﬁﬂ?ﬂﬂi@]ilﬁﬂﬂ.’lﬂﬂ\‘lalu@?u
< { 1w a { ]
ANULAINTI 1agliNuNuMaIIngAUNAUNY (Renewable resource) Na1M15N1 IR0
a 1 ] 9 a I () 4 s &
]l‘]JIE]Wﬁ']ﬁﬁﬂﬁ'Juiﬂﬂﬁ'liﬂiﬂElf)ﬂﬁﬁ']ﬂ]lﬂﬁ'm‘ﬁﬁill‘]ﬂﬁﬂﬁ'lﬂlﬂuﬂ']c]fﬂ'ﬁﬂﬂullﬂﬂﬂﬂllcﬁﬂ Y
! y Y
iy wagdue uanadl luTenaa@nuwtiaeives uawisadesaasldausssuniaue

T dauaaamsswunvesluTonaradnly 12.16 f19819v949 1 Towaradnniion ey

Yartiunamisoaatsda laansisus

aa adA v A » a = J
NWOAUINAUFAGLUN (Polyb L a 7 ﬂa”lﬁlﬂiﬂﬂ%l,!’ﬁlﬁﬂ'liulﬂ@]ﬁ
(Polyhydroxyalkanoates, PH

plastic) Audu

Bioa;e

: - Bioplasti
Bioplastics ik
e.g. PLA, PHA,

e.g. biobased PE, PBS, Starch blends

PET, PA, PTT

Non

.............................................. B' d d bl
biodegradable : iodegradable

Conventional Bioplastics

plastics
e.g. PBAT, PCL

e.g. PE, PP, PET

Fossil-based
ﬂ]‘i"lﬁ 2.16 Llﬁf’Nﬂ'l‘i‘ﬁ"luuﬂ.l‘iJTf’Jwa'lﬁaﬂﬂiglﬂﬂﬁiN‘] [20]
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2.2.1 UszianvedluTewaradn [21]
a Ayy v a = 1 9 a
TuTonwana@ndi lduaniagauuiadinimuazamnsndesdats ldmusssuana
[ A é’ v =R [ Y I 1 (XY dy
laanuiiengerunnluilagiiu dsensoutsesn laitu 3 nqulvaasil

(% a

a A k) = A
D luTewara@nii lan1nuia®inIn W301AUNINNSINEAT (Agro-polymers)
[ I
Tagnsa uiieeen oty
a I'4 . 9 1 Y
ngawaau«mm"liﬂ (Polysaccharides) Taun uile (Starch) mmgiaﬁ (Cellulose)
o 1 ] o
asznalUsau uaz lusiu 18un nquau (Gluten) MNDaD3 18 115AW (Whey protein)
asznaou 1AL 819535031A (Natural rubber, Polyisoprene)
A A k) a dy a A Jd I ] a
2) thI?J‘INaMW]ﬂ‘VIUlWMﬂﬂiziJ’JutﬂiWﬁﬂTﬂfJWﬂﬂﬁu‘VIiEJ H1A-57 19U Wod la
AsNTBAN1 1UeA (Polyhydroxyalkanoate, PHA) bafu (Chitin)
a A 9 [ d Y = 1 a a a
3) luTenaaanh IAanmMsduATIZHAIINTZUIUMTLAN LFY NOAUAAANLDTA
a 4 4 14
(Polylactic acid, PLA) WoaDAIHND3I 10'1ua (Polyester amide) e
2.2.2 woauananesa (Polylactic acid, PLA) [1,23,24]
a a a I A Ao [ ] o
noauananuagalilu luTewaradannidneainlunisnaunuuazuvavuny
a a a L @ 1 a aa a ax d‘ =\
Wa1aﬁﬂg%qum%ﬂiuﬁﬂﬂuu U WOR INTHNAY (PP) woaenaumisiniaa (PET) 111099103
auiamanaf Indiesnu TaeamisosuilssanialaaasnsildsulnssadaTuana
~ = va 3’/ . # ~ Y o dy A Y
Ay le Hauf@n15v219nY (Barter /| properties) UA1N dT ot nuLilotde 1aa
ra a 1 a 1 L4
(Biocompatibility) TaiTuny (Non-toxic) uazamh‘aaatJamtJ"lﬁ’mmi‘m%maﬂnﬁumm
H 9 Y
mﬂiﬁ’ﬁnnz°nnmm%uqauazqmwgmwmzﬁu TuTuaeuvsenIsensaaiy
1 [ Y Y Y
NOALANANUBTAAILAAG 1HATINN 2,17 H412 VUABUKAN O VULTNMITEOUTABILINATU

aan a A o 14 a a a o
Tasdfnserlalasladd (Hydrolysis) ANuszIo@inosyosnoaananuodasiilg

'
a a

' a s % 2 1 1
grolgnoaiuosauag Llagﬂlu@]?JMWIiJLaf!aﬂﬁﬂLl,ﬁﬂ@]ﬂ'ﬂll@]ﬂ@@ﬂhﬁﬂﬂﬁ?ﬂi“]ﬂl@ﬁ
a a a 1 1 9 a A Jd o [ [ a v A yJ Aa
W@ﬁllﬁﬂ@lﬂllf’)“ﬁﬂ%ggﬂﬂﬂﬂﬁﬁTﬂﬁﬂqﬂﬂ’Jﬂﬂqﬁuﬂiﬂ ﬁTﬁiU’J@IQﬂUWﬁﬂVIi%Nﬁﬁ

]
3 a =

a a a 4 1 9 A Aa Y I J o
NOAUAAANUDEAUUUIIINUHANIADAUNALNU 1/]hlﬂ1]'l’i]']ﬂWGﬁﬂﬂllﬂﬁlﬂu@\iﬂﬂigﬂﬂﬂﬁﬁﬂ

q

' v o v 9 = a A 9 A A g 9 a I
LU NuﬁTﬂSWaQ EUTJIWQ Iﬂﬂﬂﬂigﬂ'JUﬂTiWa@LiiJ@uﬁ]']ﬂﬂ?'iﬂﬂﬁiﬂill‘w&]fuuclﬁﬁ‘a‘ilﬂﬂﬂlﬂu

a =

g o i { I ¥ o @ . g
udls miusihimsgesuilen 1@ dnaredluimandanir lwin (Fermentation) @e9aunsd

a

4 a I a g}/ o a { o £
e ldinailunsauandn (Lactic Acid) 3niuhimsuennsauaaani laumdiildusqns
o 1 [ 4 4 { I A
i ldrunszurumsduasizimaniiionlaou Tassadaldidluaslny a5 Tassadana

A < = VoA o . o g . < 9
AN ﬂ]&lmglﬂujﬁllﬁauﬁfJﬂfJ']‘Vlllaﬂ]llﬂﬂ (Lactide) Ha391NUUUUNNAULAINIUNTSUIUNT

a A A s (A 9 Y I a 4 S A
‘VINLﬂlILW@Lﬂﬂ]QELW?HﬂJ@QLLﬁﬂ]lTlﬂL‘]Jafluiﬂiﬁﬁi"lﬁclﬂﬂaiﬂlﬂu W@amasmamaﬂ”l‘nwu
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] g I a a a o 1 . ] a a
e lgeIuaunareuneduananueda A9 INH 2.17 $IA1081IU0E18 IsnoaLanan
a I A Ao o a a a Y @ 9y A o
woFaIztluFINMruaguaulaveIneauananLeda THzanAums lsnunmnua Ty
dal a a a g’/ o J Y a dal 4 a ] ]
msvugnweduandnuedariuamisaii ldaaremaiiansyugmes luwaradnna i iu
Y
NT2UIUMSIUTUIVVOATA (Extrusion) NIZUIUNITAANWAIAAN (Injection  Molding)
Y
[ a W oa Jd
NTZUIUNMINABATUFUNAIAAN (Compression Molding) n3zUIUMTINAEN (Blown film

I
extrusion) wudu

Photosynthesis Fermentation

2 /\ |

,\ om ';‘i!":’ (Lac“c Acld)

C |:v: + H: (0] % HO A T’-.;,r_u
£ OH

Dehydration
Aerobic Bacteria

O

HCaA
Y O
i Ring Opening o _L_
j * _ Hydrolytic -_ Polymerization I CH,
HO~ ‘*T'-'f' Degradation (Lactide)
(Lactic Acid) o+ V
Oor
Enzymatic
Breakdown

PINA 217 HaadIUADUNITAUATIL WO ALAAARIDFA (Polylactic " acid, PLA) A7

ATLUIUMINND (Fermentation) 319 1NA LAZUAAINTLUIUMNIEDIAAIANTITNIA [24]

2.3 1aule (Fiber) [25,26,27]
9 = [ A g’/ A a a A a Jd 9
idule vunede Tagriemslag NINAANNTITUA LazINAIANYBITITIG
2y , ro a ¢ v ¢ &
Yu duleamlnginiuamswodwessaulszneudresigaisvounas lalaswuiludiu
1 So’ o [ 1 1
Tvgy TimiinTuanageuin vaziduledelidadIuvein1ue19A0AIWHUIGININ
(High ratio of length to thickness) litioand1 100 1111 TaginAnisazuenduleoonainiag
Uszinmdn Tagguindnbuzanudakgy ANUazven 1azoNI1dINTZHINANVGINVYUIA

Y o
nuIea
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2.3.1 Usznnvoudule
Y 1 9 1 1 o A 9
Wuleansouna lanaredsznn inuusmuuvassuiaveuduloazainnso

] I [l a { 4 1 [
wiuduleoenilugestlszanlug Ao idulosssumnd vazdulonuyudadaiiu dweaalu

~
1NN 2.18
Fibres
Naturalfibres Man made-fibres
Plant-based Animal-based Mineral
(cellulose or lignocellulose) (Protein) |
1 l Asbestos
Fibrous
| l I l l I | l brucite
Wood Cane&: Stalk Leaf Bast Seed Fruit Wool/hair Silk Wollastonite
grass 5
| re | | = | I | | e
fibers . \ .
Hard Wheat Sisal I Cotton Coir Lamb’s Tussah
weed I Maize Abaca Flax Kapok wool ) silk
;Sv(:)l:d Bamboo Barley Henequen Hemp Milkweed Goathair g{u‘:lb ary
Bagasse Rye Pineapple jyte  Ricehusk Q,::g;) X Spider silk
Esparto Oat g Ramie Cashinere
Sabei Rice }]{m'akeke Kenaf Yak
Phraginites a Horsehair
Communis Feather
Canary Down
grass
Elaphant
grass

MW 2.18 naasmssuundssnnveaudu lesiaaee [26]

23.11 L?T'uslﬂﬁuumfﬁ%ﬁu (Manmade-fibers)

a A Jd A a

Sy = 7o o s A
Wudulenuyudduns 1ERILINAITOUNI HI0E1T0HUNT S 1D
a o A 4 % @ °
Tanaunudulesssura Taena ldududulofuyudadeiuindanuainauovoudule
A 1 1 9 a o [] 9 ~ s 9 ds! [ 9 4
pazauiauedgInIndulesssuna dregrudulenuysdainuu sy iduleaisveu
9 aa a . 9y Y 3 9
Tuaeu (Nylon) wwuleazasan 1seou (Rayon) 92310A (Aramids) w@ulound Wuau
2.3.1.2 18uloB5509@ (Natural fibers)
a g [ a CA o o
wdulesssumaiuiagdunidndinny awrsonu ldnalda
a 9 a ] I Y ' o A 9 [ dy
s35umd dulesssunaniseamiiu 3 Uszan laauumasduiiavouduloasil
‘ < & . &
1) @ulenIduanite (Plant-based) (Huduloiugiunny lanal

i 1dulethe (Cotton) tduleaiiu (Flax) tdulethussuisieal (Sisal) iduledouda (Kenaf).
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o

< =t J [ 13
nazidulonde (Banana) T udu idulomariiniiesnlsznoundnainInaiilusag Tae
(Cellulose)

{ o !
2) iduleNnlRandad (Animal-based) 191 yuung yuunz uaz Tnw

=

< Y X Y v 1 dyw v 3 a a 1
Wudu suaulenndaivartiinizlialsznouranilunsaezi Tusiinaiae
3) 1idulonlAnnussig Mineral) lutlogiiuhildasuanuiionlu
P} A ~ ' o R Y v
mslFaiiesnininansznuasgunin ngnldnvauaumsnulvuazmsnuaiuiou
@ ] { ' ' a . <
aregrudulonlainuisin 1w idulofiu (Asbestos) Wollastonite 1T udu
2.3.2 Taseadavoudulesssumna (Natural fibers) [1,25,27,28]
a a o g { < J o
idulesssumaninisnnaiadauduleniimag Tamiuesddsznounan
E4
uazuenaniidalsznou ldesiiyag lad - (Hemicellulose) tazaniiu (Lignin) 11130
¢ v Ay , 1 Ay g o U 2 o A
pensznoumaril laninnndIua 199 Uesnes milwas d1au 11 Ha Fedadiuvesasmail
1 [ a A oA ax a 9 a
wuananu luauriiavesie unaesnu tagnsg Uit msnandulesssuma
2.32.1 wagiaa (Cellulose)
~ J v a A 14
waglaaleinlsenousignan 3./ iia Ao ATV 44.4%
=S 9 1 dy I g
laTasau 6.2% uazoon®ion49.4% 1ulaseadwnsaiugimiuiaanglae (CH,0,)
o [ - Aan .. . g
Numnneenuwiluengeaneiiuse lnaladanuyuium (1,4-beta-D-glycosidic linkages) A4
A 9 ~ o Y Y as
HARIN 1NN 2.19 npaved lasiaimaunivessaglad i ldmulosssumaiany
< A ~ ~ % [T~ 1 I =~ ~ A 1 o Y
uysIguiieannm s TanaisesdnTnutlume gt ussdisungniyeuaenualy
@ [ a a o
Wuse lalasiou naglszauyoeniinanefuwes (Degree of polymeérization, DP) gau1n
o q. 9 a = = = ¥ & oy
Uszunm 10,000 v g Tealauilunangs awisegadudiaganusn laaanHaves
] a Ao 9 A ¥ Yy A Y v o
vy leasonda (-oH) Nl masgaitld SesweamisadumuaihazaewdvoInan

sam lailld uaansamnatfnsoneendmdn laluusnaniuse Inalngan (c-0-c) hld

[ I 2
ae T Tuanaviaasnaradluiiga

d‘ Y &’ = % 1
NN 2.19 LLﬁﬂQIﬂiQﬁﬁNWU@TH LlagﬂTiﬂﬂLﬂTgﬂui81431\31%!,?1?]‘?1"1]6\1!,“]1@1@‘1?15 [1]
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2.3.2.2 1@ditwag Jae (Hemicellulose)
a I 14 R A 1 4 a
wwiarag Taa WumsTulamsalszianviishiBoninamos lswod
4 4 (] (] %’ a ]
uran lsa (Heteropolysaccharide) Mlszaeumeniiegesnninaiaraleyiia 15y ﬂgiﬂﬁ
I 1
(Glucose) Muan INe (Galactose) b laa (xylose) taz 82351 1Ua (Arabose) UAYN aeTavag
a = y = [ a a J A = v A @
wirag laalyuaduuniszatvedanisinaneamesiiedl)szuna 50-300 IN139AI3 89609

o

voseno o Tuanah lidluszidion ey Tnssada Tuenantidnvazflundu dwaaslugl

=1

o Y Aa =) I o A = < £
N 2.20 ‘nﬂﬁLam%agTaﬁumwmﬂuaﬁmgm (Amorphous) g mmmﬂmaqaummgﬂum

o

Y dy YA o Y a % o (% 4
ﬁ'x‘]‘l’l'liﬁﬁ"lil'liﬂﬂﬂﬂﬁ'm%u"lﬂﬂ m‘lmamwagiaﬁﬁmh*aazma"iumvnazmmmﬁaam"lau

Q

uaznalfnaenlalas laga (Hydrolysis) nugsazatensa ldde

T

COOH

MW 2.20 11dasdI08 1 Insead1avo daliaag laa [28]

2.3.2.3 antu (Lignin)

anfiuduastsyneunoamesni Inseadaansasiunadiu
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(Cinamic acid) c']é%qﬂmﬁ%gmﬂéEjuu,ﬂadeuuaaﬂaaa’c‘fﬁl’q 3 ge'l Anfiulianuiuedugiu
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OH OCH3

OH

AN 2.21 taaddros1InTIas9vosaniiu [28]

VN ) 9) a

2.3.3 guamia laena lvesdu lesssuana [1,29]
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M13199 2.1 uaagesmlszney uazautiaveudulesssumnasiianiae [1,29,30]

1l - - Tensile Young’s Elongation
o i5aq laa andiu T
wiiarauly wag laa strength ~ Modulus  at break
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2.3.4 1duleiloudq (Kenaf fiber) [1,27,31]
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MU 2.22 taasnnaauiveadu ledeonda nmdeues 500x [27]

2.3.5 1idulethusss el (Sisal fiber) [1,27:32]
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MW 2.23 ANz veIdUINUAT T 0a] (Sisal plant) [1]
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2.3.6 /d@ulenade (Banana fiber) [1,27,34]
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2.4 MINAAFNHNY [6,25,35]
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Warp

Warp I I
| |

I Weft [Fill]

FIVE-HARNESS SATIN WEAVE

PLAIN BALANCED WEAVE Weftt [Fill]
Weft face shown
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A o & ] @ I A 1 1 a a a
IATDINADA mﬂﬁmﬂummgﬂunm 15 UIN NDULNSUNUNDALAAANLDEADDN

(=Y ¢ = 9 ds! dy A
MnuNAu 9 lduaasaniigmsyugiit 1 luased 3.1
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G % a

3.2.3.4 masonidag luToaon Tnda

mmseuuRuneaLanAnueda tazfmenimdulesssumaludou
A a o I o A ' X Z o 1 a A
Mgl 60°C Wuna 2 ¥ Twaie laanudusen niuihukuneduanan

a Y 9 9 ' 1A 4 ~ A A o
noda uazdinededulaluninunglamaoy Taslidnyaznisnay
A A 1 a a a 1% [
UAURIY (Sandwich structure) [FTUINUHUNOAUANANLBTAINAGUNUAINOIY
9 9

a3y 5 3u (Mrualigduuumsnedeunuvesdimeinwuuvuiu uazuu

o Y A A Y ] a
YINNUY, Parallel and Cross ply) uaradsenuuinunalendunaraanld (PET)

@ ' < g o ra 4 o A% a
NUUNUIVIANY U mmuuwmmwuﬁ%’nﬁ’mnmﬂlmﬂ%mﬂaﬂﬁmamwﬂma

a QU U

9 [

L:' o a‘ Y Y [ I~{ =3 g}/ o Y
N 170 C L‘W@iﬁﬂj’]ﬂﬁ’f)uﬂ@ulﬂumﬁq 5 UINAINUUNINITNADAAIYAITNA

L a g ~ A o YA o v £ v
750 psi @ﬂlﬂulﬂﬁ? 5 UM Lll@ﬂﬁ‘]_lﬂ’]ﬁuﬂ!ka')ﬂﬂﬁgﬂﬂﬂ']ﬂ?'liliau V]Qul'ﬂﬁlﬂu
@ Y Y PR 1 o 1 1 A A
ﬂ'Ja\1ﬂ']fﬂﬁLLﬁQﬂu@N‘ﬂ!ﬂuﬂﬂ’]uTﬂﬂfn 1 G]f’JIiN ﬂQULLﬂglLNuUlUTﬂﬂﬂNIWﬁ@VI

. P v Y £ H
Taoenanuiiui B lduaasannznisiuglil i3 luasei 3.1

= 2 Ao
719197 3.1 meﬁmazmsmugﬂ‘lmma%

Y Y Y
YUNDUNITNADA VUADUNADA TunUAAUNYI]
(Pre heat) (Compress) (Cooling)
9
annzmsugil
1987 ANUAY 1981 AN 1nal AUAY
(min) (psi) (min) (psi) (min) (psi)
UHUNDALAAANLLDEA 5 - 5 750 15 -

uu 1y Tonou Tnaa 5 - 5 750 > 60 750




45

3235 msAnwavesdmenndulesssumaneauiinuesia
TuTonou Inae
o = A 9 9 a = ~
Mmmsaneavianeanuioulasldmaiin DSC AnyuadesaIn
9 £ a = A A v Y a an
nuanuoudremaiin TGA Anauiamenanuida lulenonIndalaeds
= A v Sy = = 3 = wa
NATOUNITAIIA NMITAA TAY NTNTZUNN ANYINTAATFUU LagAnIANIANS
a 9 a = 9 Y o A
anaa ldremaiia LOT tazunsg v UL-94HB &9 ldasdunurimsautiuaiu
Ieluarun 2 13unnn 3.3
3.2.3/5.1. MIANEIANITANIIANNSOUA1Y Differential
Scanning Calorimetry (DSC)
Y v
MINAFTDVLIZNINTIAANUUANA1UDINAINUN 1o
Tiiiverhmsiiygungiiiie e TN uA191999 #291A3 04 Differential - Scanning

a

Calorimetry (DSC), 49913 1N Meiiler, model DSC3 Taeldgmugilunisnadoy
1 ] o 1 o A o < 9 9 o . ¥ @
a8 1u19a9620-180°C  NoAs T IumMsIiANuIou 3°C/min  WHINYDY
Y v '
Funuinagevogniszuia 3-5 me ldnsnaae1fi83211 Heat-Cool-Reheat
[ < & < v o
moldussoimeung lulasey Feg laveyanaomilunsmuaasnnudunius
sEIInadun e () fuguvgl (o)
3.2.3/5.2 MIANHAADITNINNIIAINNS0UAE Thermal
GravimetricAnalyze (TGA)
3\ y 1 d' d'
NsNaae UL IziINISIavna0a19Nlasunilag
liliiiovhms 1AauTou A281A799. Thermal Gravimetric ‘Analyzer (TGA) U914
Y
VSN Mettler, model TGA2 Taeldgangilunisnaaeveglusinua
o A o <3 Y Y o . 901 o 2 ~ 1A
50-600°C NoA3 52 1UNFINAWTOU 10°C/min WIHTNVRIFUNIUNNATDUOYN
[}
U538 3-5 mg 1¥MINATRUAITZVY Temperature Scan MelAUITNMALAY
= vy o < v o ' P-4
TuTasou Fez lddoyandomilunsuansnnuduiusszuinulesidud
¥ o ~ @ @ Aa o
wrinvesasiaaisas 11 (%Weight loss) nugairigil (C)
= A =K A . .
3.2.3.5.3 MIANYITNUANITANEA (Tensile testing)

2
luanuiseiildnsnadouaiuiasgIu ASTM D 638

Y
[ (Z ] 3

[ Y
nuruaI06193d9 TuTonou TndalaeliisaAensiNons1 2 mm/min Uy
#10819119 A18IATEY Universal testing Machine VY9IUTHN Instron Engineering

Corporation, model 5969 J1T£HI19MTA4AT09921INTIALAZTUNNALTIAIN
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= A o 2 o \ y & < v o &

nlasu ldanszezmstadvesrudlroiaudinaonilunimuaainnudunus
Y

FEUAINANVAULAZANUIATIA W DUNIATUIUATIANUATUNIUADLUTIA
(Tensile strength), ANTIAR B 9AVU1A (Elongation at break) LLﬂ%ﬁ1IN@5ﬁﬂJ@Q
(Y] d' = 1 o [y 1 Qy [ 1 d‘ YA Qy
63 (Young’s Modulus) 1A14A38AA199) d 131315199093 ud108190 1900 U
@ [] [ 4
#10813931N390UVA8A (Dog bone)

3.2.3.5.4 MIAnMIauiamIaa Iag (Flexural testing)

4
Aauv A

Tunuateit 1¥mInaaeuaIuuIATFIL ASTM D 790
(3 point bending) #8173 04 Universal testing Machine U®IUTHN Instron
Engineering Corporation, model 5969 TaslusenanaNNons1 1.36 mm/min U
v 1
FUAIDENVUTIUTON (support span) HndolFoaa1n TuseninamsnamIodzi
o =1 1 =) A A o 2 o ] Y 1<
msdauaztiunnnsananast ldaisseemstadivesruaiegnaaInaen
& o Yoot & ! ) a P ¥ . '
Wuns MuaaInNMUFUN LTI HINATTUAUUAZANMATIN WTOUNIAIUIVA
ANATUNIUADNITAA 1AT (Flexural strength) tazA1lugaan15an1na (Flexural
d' =1 1 o [ U ay % ] d' YA ay % [
modulus)  NANWAIEAAE] AN 3VTU 519893 U 108190 15AD FUAIDEI
JUNTIMHAENWRIN (Rectangular)
3.2:3.5.5 MANIAIANIINFUND (Impact testing)
9
luasiveii ldmanadouanmnigiu ASTM D 256
(Izod mode) Fra3ed Impact tester YOIUITHN Zwick, model B5102.202 QﬂGjIZJ
¥ | L}
via 47 TagiuRnutian1unie AU RIVeIFUNUNOUNITNAT DY LA
v 9
wasunih Ifinasosuan luniaega-@- 91000 1WIU1IAT Impact
2 é o ' v ! dy d‘ o 3 '
strength (J/m’) BIAILIUNIINAINAINUADNUNVDTBIAN F1MTUF1519v04
Qy o ] d‘ YA Qy o 1 d' = d'd
FUAIDHIIIN 1FAD-FUAI0EJUNTITHAIUYURIANNI0BUINATINA N
32356 msanpianbae Inseadadugiuine
(Scanning Electron Microscope, SEM)
=2 o 9 [ a vy Y J
Anpanya 1ATIa I NdUgIUINGIAIINADIgANTIA
ad a o LY o w '
B1anATOU VB3N Hitachi, model TM3030 Tagfuiinanalemasvens 50 1
o [ a &’ Aa

Y ' o a o 2 o 1 {
GlﬁnlG]’Jﬂﬂixiﬂiﬂ"lilﬂﬁﬂﬂghﬂiﬁﬁgLLWE’I@]@]UN ﬁmsumnmwumm@wumamﬁ

j’ a a o Qy U 1 { 1 a
ﬁﬂ’hl"lﬁ’f) WUAIUTNUITOUUANH NV FUAIDENNHIUMINATOUITING
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3.2.3.5.7 ManEIeuAMIgaFuth (Water absorption)

°lmm'ﬁﬁ’aﬁi%’mimﬁammmmgm ASTM D 570
fuFuaudetmeduaniniede uaziaqluTeaouInda Wuszoznar 30 fu
Tasneunsnadevaziimseudeduiiguygi 60 C Huszezna 1 3u e la
asueenudFaiminuiivesiedraudazaia vimiuiinisugsdeds
aﬂmfmé’aﬁwmﬁaﬁ'ﬂfmﬂ’ﬂﬁaaénwﬁamﬂﬁwmicﬁ'mfmaﬂmﬂﬁmﬂ 1 YUY
AsuIMNA TMIFIIAMIAINIIATIIh (%) vesdiedudazaiialdan
aumsy

y B—-A
msgaaui; K = —R 100

{ 1 ﬁol 90’ 73 % 90’ -7 Q' U A
Taefl K = Amsgeaui (%) A = iminudenaten (g) B = Wimiinouaii
uha (g)

= o a
3.2.3.5.8 nsAnEIANAnITgnAa N
Y
Tuud9usinIInaaen UL-94HB  (Underwriters
Laboratories 94 Horizontal) @16%103 §114 ASTMD3801 taznaaounifiuim
pongumaaniliasaediunanisaa il (Limiting Oxygen Index, LOI) A
Y
Y193 g% ASTM D2863 AUFUITUGI0IVINDAUAAANUDTA
)
nazian luTenon Inda Tagn1snadon UL-94HB  9241N15A3gANAT0UAT
A A o R A Y o 1 g}; J
ueaslunIng 3.2 enadouiziiuinnafiw liiaregialunuiuen asua

2 9 =2 2 A o o Y o o [
srezianAuauDadnga wieaunsenaar llauudrhundnunonsinis
awll Tagansowdalszianvesszaunmsanln s aua1sagh 3.2 dwmsums

a a o A o 4 @ 1 a a o o
nadourfinasonguumgand limsdledianamsan li azyhinisils
Ysuadadiuvedeangiaunululasiu aunsensiegnansognan lvlld
wasnniudadnlvesn TasaziiuiinlSuimeendiou (%) idngandredisly

. 2o g Y
TumsaalW'la drusugdsnvessudednldlumsnagounsaesil Ao Fu

o A A
G]’J@EJNE‘]JTI‘NﬁmaEmmeﬂ



1.0 3.0" 1.0"
(25.4 mm) (76.2 mm) (25.4 mm)

A S EE——_—.
| [

Wire Gauze s
. 3/8°
Approx. 45 (9.5 mm)

Specimen A .

MW 3.2 uaasanyuzmsadganadeun e il Ingmaiin UL-94HB

UAUNDALANANLD TR snonmdulasisuana
v Y )
MINABARILANNT DU
e 1 Tonou Tnda
va a e y A 4
MINATDURNVALYING NINATDUTNUANWNAINIBY MInaaslauinouy
Y
LRRPERG #DSC " msgadui
=5aalfa "TGA ®SEM

" O15NTSUND " UL94HB & LOI

" P "
MR 3.3 uHUMNLEAITUABUMSANHUOIUIve TuaIun 2
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\1WHQﬂﬂULﬂuﬂWiﬁﬂHWﬁNU@ﬂ'NG]ﬂlﬂﬂ?ﬁﬂul‘ﬂiﬂﬂﬂlliwﬁﬂWfJaLlﬁﬂﬂﬂLl@“]ﬂﬂ

A 9

(PLA) 15 uusadreiuiimenndulesssumnanuuaisda (Plain weave) N dulesssuma
HUVANFIA tasuuunauiy Tagazmmsanuianaveudulesssuma sudmenindule

53309A luduauianienenin uazde luTenon Inda ludwanianisnnudou auiia

[

] ] Y H
Fana wagauiaou dniuwaaanneatanansegan ldlunuideiiinnuruiniuegh

9
aAav A

Y adq ¥ I Y I Y a [ a y

1.24g/em’ 1@ ulosssumnan lgnoduiud o iteiidlndulesssumannuvawaai
Y o a Yy 19 9 Y

asam lulszmea’lng'la s1mau 3 wile 1aun idulendas (Banana) Jouna (Kenaf) tay

Yuas s 180l (Sisal)

4.1 msanmanaveuaulysssnma uazdnenmaulasssuwa
4. 1.1 aninvaaaulasssura
va 9 A 9 g}/ A a
nansnaasUaraveudulesssuman l¥lumsnaasanaaviia
: , / .
Taun dusethe idulendasdulalonir wazidulothuasmusioal uaas 13 luarsnan 4.1
T W 9 ad o = = T Y 1 A 1 9 ~
wunanvazyeudulesssumanmhnaandanvaziitesnlailu 2 nqu A ngudulen
= a ~ 1 Y] 1 A g 1
inmstanae laundumesthe nazidulodousa fundudulendindunseldundulondae
1 4 ad v 1 [ =
waztdulethuasuisieal TaeFvoudulesssumnlanyazuanaany a0 duaerelidun
as %I %I 1 (] E=
idulendendinamany duledeudaidiaason tazduledhuasuisnealudrasauia
(% < 9 ~ 1% 9 ad 2 Y] @
gaazriu 1da1nnIng 4.1 Tasvunatazansazyaddulosssuraiuiusgnuvatodade

u

Y 1 dy A v A a 3 I Y ) @ ]
vl,ﬂl,!ﬂ WU‘VILW']ZﬂQﬂ AN UTWY uazmﬂuﬂmimummgﬂu@u [27] @I UANUHUIUUUDY

E]

[

Y ad Y A (4 a A 1 o v Y
Lﬁuiﬂ‘ﬁiill“mﬁlll,l,u’ﬂulllﬂEJ’Jﬂ“]J\ﬂu’Ji]EJfJuLG]fuﬂu [26,27,29] Tﬂﬂmmwumuummmuiﬂ

v
aa v

A1 A d' < Ly Yy 9 . s 9 v
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yiriavoauduly

5ﬂ‘]&lﬂ!$1ﬂi\‘]ﬁ%’l\1ﬂ1ﬂuﬁ)ﬂ

ANUHUWUY (g/em’)

udethe
dulendae
iduletloudn

idulothuasunsoal

iduledailunden (Twisted fiber)
9 ra S .

idulelidamnaen (Untwisted fiber)
iduledailunden (Twisted fiber)

idulelidainden (Untwisted fiber)

0.953

0.826

1.260

1.086

4 o P a D) v Y a v v
ﬂ]Wﬁ 4.1 l,l,’(?fﬂQaﬂﬂmgﬂﬂﬂlﬁuﬁlﬂﬁﬁiﬂ"ﬁ'lﬁGI,HW'WI'E]: mwamuiwumﬁm mmﬁuimma

[ 1, J 1
@) vazimordulenay nnduledoudrdudulothuasunseal (@19)
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=2 S v v ay
4.1.2 MIANHUADYININNINANINIOU ﬂl@ﬂlﬁuﬂlﬂﬁ‘éiu‘]ﬂﬂﬂ’aﬂ
main Thermogravimetric analyze (TGA)

HamInagoUEdeIMNNIANNTauvoudulesisumaaimailn

=

v Y Y ]
TGA taadlFlun i 42 wurndulesssumanaausial Ny IUAD UM T A 1oAIN

9 4 v
ﬂéﬁ‘t’lﬂﬁ\iﬂl& IﬂﬂﬂlutliﬂlﬂﬂEﬂ']ﬂﬂ']'iigmﬂﬂﬂﬂsllﬂ\iﬂ’J']iJ%uﬂWﬂiul%u1ﬂ‘ﬁiiN‘]ﬂ@]“ﬁ%”N’t’Jﬂ!1/?5]

Q U

f=9)

9 v

50-150°C  duf@esvzinamsaalsdrveselisag laa nuwuse Inalalyd (Glycosidic
linkage) Voawag laanyagumngil 250-370°C Msaareadvesusaniyag lae (O-Cellulose)
v v Y

N 19NN 340-370°C [55,56] agmsaagaIuedaniiu (Lignin) NYIQUUYNAIUA 200-

500°C  [57,58] wuoasimseatedagegaveudnleondan iduledoutiuazidulothu

a

A5 I001 agigaungil 330.70°C 361.28°C Hiay-360.21°C awaey naaaliiiuiudulondae

q U

A Ao A A AR

H F. x 4
tanuadesnanudouidigalioesunmdulosiadoundnsr luauitell duug

A 9 9 A A a A = =~ o A Q‘o = 1 9
mmmmmﬁu“lmaaﬂuﬂimmaﬂuumumiﬁmﬂqumw@,um ludsunaunninaule

Aa a 4 o [ 4 [l . Y 1
5ITNMATIADU dmSuAENMaag (Residue) 30 aidulondae iduledondn uazidulorhu

a

d A = = v o a A~
ATUITIYU HAIDEN 23.43% 10.96% e 20.30% A14a1a1 FIFUWUTN VYT vesantiuni

'
a 1 =

! 9y a 9y Y a Y ' 4
ogludulosssumnd Taordulondrelantitoguiniga 5o aeo idulethusasusien

u

waztduledouda
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Banana fiber
Kenaf fiber
isal fiber

50 160 270 380 490 600
Temperature (°C)

[

Banamafibe

=-===Kenaf fibe

/]

50 160 270 380 490 600
Temperature (°C)

MW 4.2 aaaduniin TGA (u) uag DTG (a'N) voudulesssumna
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UA Y v a
4.1.3 anviavesnneanndulasssuina
A F) 9y adq Y
wamsnadouaulavedtnenau lesssusanlylunisnaasy
: - . v 2 . - .
Taun dmedulesia@en fudmordulenuunay SIUNITUNIHUATIUIUNNFUA AULETA
Tuasad 4.2 nundmenimsladuledoudrrzianuruiunnnimesiadun lutidu
Todoumoegiszinamilanian msgnmslfidulodeudintidnvae dandeaniu et
I 1 1 H Y] 1 a a 4
noiludvuiavesngudulodondin: liwdsumlasnmin avandulosssumnariaou
Aq ¥ a ' Y Y Y a Y Yy A 9 o q ¥
nlgnmsvounguuondulelnivinalndimeanuvesdound e lvusinalunisnessvinld
] ~ a ] < 3 YA o d A Y Y =R A
nquidulegniiu naglvwevesnguidulodnasidunaliiiiohumedluiududtadinnu
{ ] H v 1 H %’ @ { 1
winndesnnimnlsduledouda vazdaganalirmnen1iduledoudatiiminnuinniii
. )
non luidulelsuidndae
o v o Y Y 9 . . ! LY
FusuuInveudumelurne (Fabric density) Wuluuuiane

Ao Y Y Y I A o ' Yy v
ummaummLﬁumﬂvlwagmmu“lumgﬂuuu (HDIWINNITNIHUATS YIS HINUDIUTUAY

=D

Y Ay ] = d' 9. ' 9 1 o

thendooruilund nazazavvesinizan TunszuIumIned 1 ua lunuIdenauIuYea
U 1 @ 1 1 U J

nguduleaziinnuuanansny msgNoguidulendis wazidulethuasuisies ludne

a a o Y ' Y < ' {
annmsnoumeiie Tnvuualndinesnuiduleleudy uaduledouduiunquidulend

]
=1

A 1 ) ) Y Ao Ly ) 1Al
msdiamnaguniy Taswnndnenudulsdouniiauunamanlelurmmnesgnilszuim 10-
' : v A Ay 1a Y Y o vy ) 1
13 ngu/2em ua lumnagiasui uddulodoudaziisnaungudulsludmosgni sz
16-18 NQN/2cm
A ~ < 9 Y =2 A
o115 8NN A WUTILTIVBIRIND AENITNATBUNITASEA
. ' a 9 Y 1 4 < [
(Tensile test) W1 Tupnadulesiamen dnadulediuasunsigal 1A2I00AUTINIM
Y o w 4 {9 1 I A
norduleondre vazfmodulolousmuaidutiesninmsmduleThuasuealilS
A I = a A A I o ° 1 9 A A
vouwag laanianuilundngs uasliwitsag lagnuanuiluedugiudininaulesiinon
. @ Aa o ~ 1 1 E=)
FIA0ANADINUNANUITIVD Mei-po Ho tazany [26] Anuindulethuasuisieaiinng
< ~ 1 U 4 a A g
udanssnninnIndulendre vaziduledonna ilosunindsuimveusagTaainilu
s Y A ' o o o 9 Y} =) 9
panlsznoulwdulenuanarenu vazdmsuludmedulonuunay wuNuu Tuw
] =) v 9 Y a A 1 A Y 1 4 Y =\ < "9
wumenuinedu lertiamed nane M uATHITI88I-NA8 UANVLVALTINIANIA
v £y Y] ' o Y o o v A a
nonale-Ueauni uazmmeluasuisiea-loudimuaiay  owiloan1vnkavedlsuw
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° Y 9y 9 =
ﬁ]?ﬂ?ﬂﬂl@ﬂ!ﬁﬂﬂ?ﬂiﬂﬂﬁﬂ@tﬂﬁﬂ

- v ANUHUINBIN  WMTnveain (Fabric/density, per 2 cm) Tensile strength Modulus Elongation at break
FUAVDININD P 4 , — —{
Nnoay (mm) nomaY (g/m’) UUINGYU BUIAYNS (MPa) (GPa) (%)
(Fuaethe)- —dulesssuma)
fnordule
v 0.885 219.30 9 16 33.88 1.83 21.54
nNaY
fnordule
v 1.537 375.30 9 10 25.61 0.74 28.96
oun?
fneordule
, . 0.643 226.80 9 18 58.03 1.37 56.86
thuasuseal
dnardule
, v v 0.734 239.90 9 17 49.39 1.75 16.98
11uAsUIT1981-NANY
9 9
mnerdule
, . v 1.420 441.60 9 12 27.06 0.67 20.05
1uAsuIsI9a-Uoun?
fnordule
1.316 531.00 9 13 29.77 0.71 19.48

k) Y
nane-1lounn
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=X wUA v % a
4.2 msanmantamnndouvesiaglulenonlndn
= v Y % a 14 a
421 msanmiantamenlindouvesiaglulensulndnaraimaiin
Differential Scanning Calorimetry (DSC)
namsnageuauiannuouvesneduananueda uaziaq luTonoy Tnda
F) a A Y 9 g}/ A 1 a a a A
aremaiia DSC uaagldlunwd 4.3 lumsldnnuiounssh 2 nudmeduandnuedaiin
a ~ Y Y A o a = ?-: 1A o
gangiimsnlasuaniugaaisunlegi (T) 51.82°C gavgiimsanwand (T,) ogi 108°C

uazguuQinisnasumalegn  154.78°C &l 1ndiAeenua1uITe90d Intan  SMLA.

L a

Tawakkal tagamE [52] AnUNweduananLaTays gnsliagurginslasuaniuzadie

L U

[

Y A a ? A a { o
ufaf 61.7°C gangiimsanwanshin 107.8°C nazgmnginisHasumadi 152.5°C awdiau

o Y] a a a 1Y a a 1 a { 9
disuneduananuesaluidgluTeaouIndannsie Iaiguvgimsnlasuaniuzadie

a =*

Y %7/ a v H ") '
UNI QUUHUNITANHANET LIS UVNNINITHADILYIAY G?iﬂ!tﬁmwall’i)slu@1i1ﬂﬁ 43 100
a a a a £ g A 9 a @ a A
woaananuegaUs gns Hunaiounindulesssumaneluiaaly Tonoy Tnda Nane

9 a a a a =2 %7/ Y 9 Y g = 9 [ ~
GlﬂW@aLlﬁﬂﬁﬂu@cﬁﬂﬁ'lN'ﬁﬂLﬂﬂwaﬂclf'lellmgblfl/iﬂﬂ'lﬂiauhlﬂ\ﬂﬂ"“u mi%wawmmaﬂm Iag
v Y A a A 2 ' a a a a
danaliSu1asddse (Free volume) 1NNV ag Ty TuanavesnoduananueZaaiu1somna

9 Y1 4%1 = a’dy 9 o Ao A (] Aa o
ﬂ’liﬂlﬂﬂhlﬂ\ﬂﬂellu C]Nﬂi’lﬂgﬂ’limuﬁ'ﬁ]ﬂﬂﬁﬂﬂﬂﬂ\ﬂujﬁ]ﬂﬂu LYY Gl,u\ﬂu'ﬁ]ﬂeua\i Rahman (0
Y @

Az [51] Mnunagaugimatlasnanmgadisunivesiaawoananantodainaudule

'
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N\
\a) N
N
- —
______ - — = - =~ /
ﬁ/( N — aS pad
5 / =~ =
E = N
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(%
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Sample T, (0) T, (0 T_1(°C) T 2(°C)
PLA 51.82 108.07 146.02 154.78
Banana composite 42.96 85.37 132.10 143.54
Kenaf composite 52.89 99.74 145.20 154.56
Sisal composite 4191 87.72 130.44 142.27
Sisal-Banana composite 42.00 87.02 134.99 145.97
Sisal-Kenaf composite 4211 80.41 129.94 141.73
Banana-Kenaf composite 4111 82.52 133.34 144.12

$ U a %’ w = 1 9 4 1 .
M3190 4.4 naaamguugivarzgudodiin il e Suuaieng tasidiNmiesy (Residue)

YoInoaLanAnLeTaLaz Iaa 1 Tonen Tnana

Residue
Sample HE T,q, (O Ty, (O T, (°C)

(%)
PLA 334.50 351.17 360.00 367.17 5.34
Banana composite 282.17 317.00 331.00 34117 5.40
Kenaf composite 274.50 337.50 349.67 358.83 8.57
Sisal composite 281.00 330.33 346.00 356.00 5.31
Sisal-Banana composite 298.67 333.17 346.67 356.00 6.49
Sisal-Kenaf composite 286.50 330.50 345.33 355.00 4.46

Banana-Kenaf composite 288.17 334.50 346.17 355.00 9.29
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Banana bundle

NL x50 2 mm NL x50 2mm

Sisal bundle

NL x50 2mm NL x50 2mm
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Banana bundle
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Endset 13351 °C
leftdrea  65.29%
R'ghtAlaa 34.71%
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86.79m]

v nommalized 12.40 Jg*-1

g Onset 103.12°C
Peak 97.39°C
Endset 79.80°C
Left Area  73.62%
Right Area ~ 26.38.%

Ta13i8s omp

0.2 | BS comp, 7.0000 mg
wig"-1
Integral 105,82 mJ
nomalized 15.12 g1
137578 Glass Transition Onset 80.84°C Integral 242.15 mJ
2'1"::,"&]5%;;;“"\“ Onset  39.57°C Peak 87.02°C normalized 34,59 Jg-1
S comp, 7 9 Midpoint 42,00 °C Endset 93.85°C Onset
Left frea 50.01% Peak
Right Arza  49.99 % Endset
Left Area
Integral -15.74 m) Right Area
nommalized -2.25 Jg*-1
i Onset 130,67 °C
Peak 134.99°C
Endset 137,55 °C
LeftArea  60.97%
Right Area  30.03%
TR e e e e e o e e e ) e A L B e I e e e e e
20 30 40 50 60 70 80 90 100 110 120 130 140 \ r 150 160 170 C
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Integral 92.74m)
nommalized 14.05 Jg"-1
Onset 99.60 °C
Peak 59,99 °C
Endset 74.95°C
Left Area 61.10 %
Right Area 38,90 %

0.2

Bmp.
Wi <1 KE comp., 6.6000 mg
e Integral  -188.10mJ
Integral  S53.11m) nomalized 28,50 Jg" -1
Glass Transition nomalized  8.05 Jg”~-1 Onset 126,89 °C
e el spine 5K Onset  42.87°C Onset 74.56 C Peak 141.73°C
spline spline spline 1&S[KS comp. fyemi 4570 o peak 8041°C Endset 148,10 °C
s comp., 6.6000 mg dpoln Endset 80,90 °C hiwnl jé‘iéj";ﬂ_l Left frea  72.38%
] leftArea  S5.72% et eyt Right Area ~ 27.62%
Right Area 4428 % Peak 1994 °C
Endset 134.54 °C
Left Area 43.92 %
l‘(\ghtmaa 56.08 %
e L St MR
20 30 40 50 50 70 100 110 120 130 140 150 160 170 c
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Tomp.
K comp., 7.4000 mg

Right Area

10743 m)
14,52 g* 1
10146 °C
9344 °C
76.84°C
65.71%
4.20%

02
WgA-1
- Integral 50.51m)
pline 1&]5[BK comp. Glass Transiti normalized 10,88 Jg"-1
BiCcomp., 74000mG  Opeer 36 .32°C Onset 77.45°C
Midpoint 41.11°C :E:k . :;:i Zg Tntegral 7.11m3 Integral 223.25m)
e P nommalized 0.96 Jg~-1 normalzed 30,17 JgA-1
Left frza o R.0L Onset 128.53 °C Onset 13315 °C
Right Area 40,39 % Pesk 13334 °C Feak 144,12 °C
Enciset 136,67 °C Endset 149.80 °C
J leftdres  58.31% Left Area
Right Area 4169 % Right Ares
e B L e e S L L B e B T B aNLA | o wo B e A Y
20 30 40 0 50 70 80 20 100 110 120 130 140 150 160 170 ¢
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Aexo
%
. |
100 Step -96.25 %
18]2(PLApure 4,28 mg
- Sample Weight Residue 5.34%
PLApure, 4.4440 mg 0.24 mg
80 Onset 346.80 °C
Iflect P 364.80°C
] Endset 374.05°C
Midpoint 360.36 °C
<o Angle Midpaint  360.27 °C
40
204
J \ .
o
T T T T T T T T T T !
50 100 150 200 250 300 350 400 450 500 550 °c
1°c |
0.004—+ £ ¥
1 vagerpiapure Tntegral -25.59 mgs°CA-1
| PLApUre, 4.4440 mg normalized -5.76 s°CA-1
] Onset 337.73 °C
i Peak 364.63 °C
Endset 379.48 °C
-0.01-
-0.02-
-0.03
T T T T T T T T T T d
50 100 150 200 250 300 350 400 4s0 500 550 °c
Lab: METTLER STAR® SW 13.00
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%
1004
Step -60.67 %
2.41mg
< 18J1[banana._fiber re .
Sample Weight \ Residue 539;3;:
g0 benana_fiber_re, 3.9765 mg \ Oneet Sor e
Inflect. Pt 33138°C
] Endset 347.20 °C
Midpoint 32373°C

Angle Midpoint  321.42 °C

204

T T T T T
50 100 150 200 250 300 350 400 450 500 550 °c

1/°c ]

0.000
1W

-0.0024 7 Integral 0.36 mgs°CA-1
normalized -91.21e-03 s°C"-1

Integral -14.13 mgs"C*-1
normalized -3.55 s°C"-1

1 Onset 5350 °C
oonad  Pedk 78.48 °C Onset 293.88 °C
Endset 103.49 °C Peak 330.70°C
1 Tntegral .17 mgseCr-L Endset 349.467C
-0.006-] normalized 43.366-03 5°C" -1
Onset 25512 °C
f Peak 27538°C
Endset 299.20 °C
0,008
-0.010-|
0012
T T T . T T . T T . )
s0 100 150 200 250 300 350 400 450 500 550 oc
Lab: METTLER STAR® SW 13.00
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%
100 4
Step -64.43 %
. -1.17 mg
18]2[kenaf fiber_re Residue 10.96 %
o Somele Weight 0.30 mg
kenaf fiber re, 1.8097 mg Onset 331.26 °C
1 Inflect. PL. 361.62 °C
Endset 37820 °C
Midpoint 35157 °C
60 Angle Midpoint  354.83 °C
40|
20
04
T T T T T T T T T T d
50 100 150 200 250 300 350 400 450 500 550 °c
1/°c
0,000+ .
g wmwuw' i
0.0024  ?Integral  45.09e-03 mgs°CA-1 /
normalized -24.92e-03 s°C"-1 H Integral 4.55 mgs°CA-1
Onset 56.34 °C . 4 nomalized -3.62 s°C*-1
00044  Ppeak 75,07 °C Ttegral . 017 mgs"C7-1 Onset 329.34°C
Endset 105.22°C romalzed 920 fa et Peak 361,28 °C
-0,006— Peak 288.24 °C Endset 383.23°C
Endset 308.72 °C
-0.008-|
-0.010
-0.012
-0.014
R e e L s e e e T A e e L e e e |
50 100 150 200 250 300 350 400 450 500 550 °c
Lab: METTLER STAR® SW 13.00
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Aexo
%
1004
Step £5.11 %
1 18J2fsisal_fiber re .99 mg
Sample Weight Residue 20,30 %
0 sisal_fiber re, 1.5178 mg 0.3t mg
Onset 329.71°C
Inflect. Pt 361,56 °C
q Endset 373.19°C
Midpoint 351,67 °C
60 Angle Midpoint 349,88 °C
a0
20
———— T T T T T
50 100 150 200 250 300 350 400 450 500 550 °C
iec
P — : :
. [ T T
1 ?Integral  -0.32 mgs"CA-1 / Integral 5.93 mgs°CA-1
] normalized 0.21 $°€A-1 nomalized -3.915°C/-1
Onset 58.41°C Onset 329.81°C
7 Peak 71.26 °C Peak 360.21 °C
-0.005-{ Endset 115.14 °C Integral +0.28 mgs°C-1 Endset 380.80 °C
] normalized 018 s°CA-1
nset 265.55 °C
1 Peak 289.73°C
] Endset 312,48 °C
-0,010-]
0.015-]
T T T T T T T T T T d
s0 100 150 200 250 300 350 400 450 500 550 °c
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Aexo
%
100
b Step 89.05 %
] 6.83 mg
1&)2[Banana comp ReSkhie ::T rg
80 Sample Weight 41 mg.
Banana comp, 7.6739 mg Onset 31438 °C
Inflect. PL. 339.03 °C
J Endset 349.53 °C
Midpoint 33119 °C
60 Angle Midpoint  331.61 °C
40
204
o]
T T T T T T T T T T !
50 100 150 200 250 300 350 400 450 500 550 °c
e
[X . I
b 13 1
] vi&)2(Banana comp V
- Banana comp, 7.6739 mg Integral 40.50 mgs°C~ -1
o005 rormalized 5,28 s°CA-1
e Onset 300.77 °C
] peak 338.69 °C
4 Endset 354,70 °C
-0.010
0015
0,020
0,025
T T T T T T T T T T T 1
50 100 150 200 250 300 350 400 450 500 550 °c
Lab: METTLER STAR® SW 13.00
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Aexo
%
1004
| '&J2[Kenaf comp Step -81.4416 %
Sample Weight -5,1090 mg
Kenaf comp, 6.2733 mg Residue 85713 %
80+ 0.5377 mg
Onset 336.31°C
1 Inflect. Pt. 353.99 °C
Endset. 365.04 °C
60 Midpoint 349.99 °C
Angle Midpoint 35047 °C
404
204
o
—— T — — T ———— T ,
50 100 150 200 250 300 350 400 450 500 550 °c
1f°c
0.000 . 4
7
\l&J2 Kenaf comp ' P
Kenaf comp, 6.2733 mg / Integral -30.01 mgs°CA-1
0008 normalized .78 £°C*-1
’ Onset 327.52°C
Peak 353.82°C
Endset 371.38°C
-0.010
0.015
-0.020
0.025
-0.030 T T T T T T T T T T T 1
50 100 150 200 250 300 350 400 450 500 550 °c
Lab: METTLER STAR® SW 13.00
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Aexo
%
1004 .
Step -89.52 %
1 mJz[sisal comp 481 mg
Sample Weight Residue 531%
g0 Sisal comp, 5.3737 mg 0.29mg
Onset 329.75 °C
] Inflect. P 353.82°C
Endset 364.13 °C
Midpaint 34630 °C
60 Angle Midpoint 346,32 °C
40
20
o
T T T T T T T T T T !
50 100 150 200 250 300 350 400 450 500 550 C
1/°¢
0.0004— ' 3
71 v&)2[sisal comp
- Sisal comp, 5.3737 mg
1 Integral -28.45 mgs°C-1
-0.0054 nomalized -5.29 s?C~-1
] Onset 320,53 °C
] Peak 353.66 °C
1 Endset 370.00 °C
-0.010
0015
0,020
0.025]
] T T T T T T T T T T 1
50 100 150 200 250 300 350 400 450 500 550 C
Lab: METTLER STAR® SW 13.00
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Aexo
%
1 »
18.2[BS comp Step -91.1384 %
- sample Weight '7‘523";"9
BS comp, 8.2549 mg Residue 6.4892 %
04 0.5357 mg
Onset 33035 °C
Tnflect: Pt 353.51°C
1 Endset 363.29°C
Midpoint 346.37 °C
€0 Angle Midpoirt 346.24 °C
40
20
o
——— — — —— T \
50 100 150 200 250 300 350 400 450 500 550 “c
1/°c 4
0.0004— 3 Vi 3
1 \18J2[BS comp
- BS comp, 8.2549 mg Integral .79 mgs°CA-1
1 normalized -5.4357C-1
00057 Onset 32130 °C
] Pesk 353,00 °C
4 Endset 368.92 °C
0.010
0015
-0.020]
0025 \ﬂ
7 T T T T T T T T T T 1
50 100 150 200 250 300 50 400 450 500 550 °c
Lab: METTLER STAR® SW 13.00
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Aexo
%
1004 Step -90.54 %
1&]2(KS comp -6.26 mg
- Sample Weight Residue 4.46 %
KS comp, 6.9109 mg 0.31 mg
80 Onset 329,57 °C
Inflect. Pt. 35293 °C
1 Endset 363.35 °C
Mldpnm[ 345.83°C
60 Angle Midpoint  345.93 °C
40
204
04
T T T T T T T T T T J
50 100 150 200 250 300 350 400 450 500 550 °c
1/°c
0.000 4 1
\18J2[KS comp U Integral -37.30 mgs°CA-1
KS comp, 6.9109 mg nomalized -5.40 5°C"-1
y Onset 320.36 °C
0.005 Peak 352.76 °C
Endset 369.11 °C
-0.010
0015
-0.020
0.025
} T T T T T T T T T T !
50 100 150 200 250 300 350 400 450 500 550 °c
Lab: METTLER STAR® SW 13.00
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Aexo
%
1004
Step -85.0278 %
4 '&]2[BK comp -5.6678 mg
Sample Weight Residue 9.2863 %
80| BK comp, 66659 mg 0.6190 mg
Onset 331.97 °C
Inflect. Pt. 350.79 °C
1 Endset 360.76 °C
Midpoint 345.97 °C
60 Angle Midpoint 346,03 °C
40+
20
04
—— T T T T —— — T T v T ]
50 100 150 200 250 300 350 400 450 500 550 °C
1/°C
0.000 - 1
a8 comp P e sssnerens
BK comp, 66659 mg ;‘ nomalized -5.02 s°C*-1
-0.005 Cnset 323.08°C
Peak 350.46 °C
Endset 366.22 °C
-0.010
-0.015
-0.020
-0.025
-0.030
T T T T T —————— T T
50 100 150 200 250 300 350 400 450 500 550 °C
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Flexural strength

Flexural Modulus

Flexure extension

(MPa) (MPa) at break (mm)
Sample
Avg. SD. Avg. SD. Avg. SD.
PLA 70.644 4.97 2,336.90 158.04 6.889 0.77
Banana
49.671 9.61 4,150.96 508.79 6.851 1.02
composite
Kenaf
86.922 3.36 6,844.19 344.18 3.504 0.17
composite
Sisal
76.769 7.48 4,276.44 141.16 8.844 0.55
composite
Parallel
Sisal-
Banana 52.242 8.87 3,843.44 180.17 5917 0.68
composite
Sisal-
Kenaf 88.758 8.46 6,454.38 243.48 5.217 0.69
composite
Banana-
Kenaf 68.343 5.17 4,988.48 508.71 4.545 0.25

composite
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Flexural strength

Flexural Modulus

Flexure extension

(MPa) at break (mm)
Sample
Avg. SD. Avg. SD. Avg. SD.
Banana
54.732 3.93 2,800.96 132.16 7.425 1.98
composite
Kenaf
74.781 5.81 2,955.48 98.16 6.797 0.42
composite
Sisal
59.488 3.92 2,633.54 115.98 12.668 1.38
composite
Transverse
0 degree Sisal-
Banana 49:940 456 2,839.00 189.75 8.014 1.79
composite
Sisal-
Kenaf 66.968 5.57 3,402.16 66.16 6.452 0.4
composite
Banana-
Kenaf 66.401 2.56 3,153.39 79.94 6.210 0.23

composite
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Flexural strength

Flexural Modulus

Flexure extension

(MPa) (MPa) at break (mm)
Sample
Avg. SD. Avg. SD. Avg. SD.
Banana
37.945 7.1 2,248.43 105.78 10.12904 1.47
composite
Kenaf
45:095 3.33 2,055.74 82.21 12.61164 1.68
composite
Sisal
24950 8.75 2,203.18 73:54 18.8979 3.77
composite
Transverse
90 degree Sisal-
Banana 19.470 1.65 2,147.19 166.84 12.3946 1.5
composite
Sisal-
Kenaf 24.503 1.5 3,140.46 149.83 6.93002 0.92
composite
Banana-
Kenaf 33.309 1.05 3,563.93 164.33 8.44902 0.83

composite
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Young’s Modulus Elongation
Tensile strength (MPa)
(MPa) at break (%)
Sample
Avg. SD. Avg. SD. Avg. SD.
PLA 34.466 1.93 1,144.64 34.437 4.014 0.48
Banana
33.889 7.04 2,876.95 192.385 2.384 0.70
composite
Kenaf
73.227 5.23 2,396.62 108.245 3.692 0.18
composite
Sisal
46.943 2.56 2,945.93 70.323 3.370 0.34
composite
Parallel
Sisal-
Banana 35.214 1.24 2,936:25 55.038 2.573 0.38
composite
Sisal-
Kenaf 73.327 6.94 3,099.63 423.943 2.943 0.22
composite
Banana-
Kenaf 53.130 6.10 3,225.07 181.039 2.532 0.23

composite
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Young’s Modulus Elongation
Tensile strength (MPa)
(MPa) at break (%)
Sample
Avg. SD. Avg. SD. Avg. SD.
Banana
16.87 2.71 1,137.13 62.88 1.717 0.27
composite
Kenaf
35.864 6.26 928.69 43.01 5.018 0.94
composite
Sisal
21.204 3.31 1,107.27 31.43 4.059 0.73
composite
Transverse
0 degree Sisal-
Banana 19.017 1.48 1,850.51 69.23 1.854 0.35
composite
Sisal-
Kenaf 24.822 4.03 2,507:19 18421 1.729 0.21
composite
Banana-
Kenaf 34,514 2.52 2,469.31 106.22 1.931 0.24

composite
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Young’s Modulus Elongation
Tensile strength (MPa)
(MPa) at break (%)
Sample
Avg. SD. Avg. SD. Avg. SD.
Banana
20.728 579 1,054.59 50.85 2.344 0.72
composite
Kenaf
20.762 2.17 763.78 20.82 4222 0.67
composite
Sisal
12.459 3.05 1,156.33 19.95 1.557 0.32
composite
Transverse
90 degree Sisal-
Banana 16.824 1.48 1,573.68 44.15 1.548 0.44
composite
Sisal-
Kenaf 17.233 5.89 1,707.69 75.24 1.879 0.32
composite
Banana-
Kenaf 19.347 3.16 1,957.60 45.36 1.619 0.23

composite
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Impact strength (KJ/m’)

Sample
test direction

Avg. SD.

PLA 3.774 0.54

Banana composite 5.67 1.6

Kenaf composite 12.46 1.2

Sisal composite 14.70 1.8

Parallel

Sisal-Banana composite 9.87 1.8

Sisal-Kenaf composite 43.53 11.5

Banana-Kenaf composite 15.04 3.2

Banana composite 12.242 3.23

Kenaf composite 16.090 2.47

Transverse Sisal composite 20.462 4.33
0 degree Sisal-Banana composite 7:309 1.68
Sisal-Kenaf composite 10.131 1.23

Banana-Kenaf composite 9.199 1.28
Banana composite 9.296 2.86
Kenaf composite 13:854 3.64
Transverse Sisal.composite 18.480 4.29
90 degree Sisal-Banana composite 8.982 2.17
Sisal-Kenaf composite 12.532 2.11
Banana-Kenaf composite 10.482 2.79
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PLA Banana composite Kenaf composite Sisal composite

b Avg. SD. Avg. SD. Avg. SD. Avg. SD.
1 0.8258 0.3731 8.4035 0.9353 18.6734  2.2175  8.9322 0.5916
2 0.9907 0.1266 8.8906 0.5776  20.6556  2.6112  8.7829 1.3337
3 0.9260 0.2031 8.6497 0.7384  20.8254  2.2875  9.1891 2.1248
4 0.9256 0.1338 8.8752 0.7017 20.8313  1.6038  7.9175 2.8803
5 0.9142 0.1844 8.4735 1:6695 21.0012  1.7166  7.9299 3.1517
7 0.8970 0.2117 8.5104 1.2941 214345 23293 7.4084 2.6990
14 0.9657 0.2116 9.2528 1:0372 22.7192 22355 84321 1.9494
18 0.9657 0.2116 9.2528 1.0372 227192 22355  8.4321 1.9494
21 1.2450 0.2708 9.5265 1.6269 23.6884  2.0632  8.3434 2.5999
25 1.1484 0.2823 9.7749 1.2443 23.9022 © 2.1060  8.9805 2.3410
28 0.9259 0.2914 8.6726 0.9447 22:8940° 1.8902  8.0827 2.6938
30 0.9443 0.3447 8.8899 1.1749 23.0627 | 12:5674  7.4763 3.1976
Sisal-Banana composite Sisal-Kenaf composite Banana-Kenaf composite

by Avg. SD. Avg. SD. Avg. SD.

1 7.5599 0.8091 8.9131 1.6204 9.4756 1.2967

2 8.3432 0.7248 9.3804 1.4435 10:7127 1.1100

3 8.3904 0.9147 9.8302 1.4916 10.7055 1.4009

4 8.7382 1.0244 10.2489 123889 10.8572 1.5454

5 8.8104 0.8832 9.9419 1.0878 11.2088 1.6808

7 8.8724 1.1479 10.2735 2.3045 11.3306 1.3748

14 9.7815 1.1284 11.1760 1.6615 12.7593 1.7659

18 9.7815 1.1284 11.1760 1.6615 12.7593 1.7659

21 9.4053 1.3791 11.1403 1.6397 12.8892 2.4496

25 9.5744 1.0933 11.2156 1.5882 13.5608 2.1309

28 9.0753 1.2456 10.8114 1.9215 12.7380 2.1696

30 8.9466 0.8717 11.1445 1.1454 12.5720 2.1907
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Average burning rate LOI

Sample Time (Sec)
(mm/min) (%)
PLA 288 293 272 282 278 21.23 20
Banana
270 292 278 281 272 21.54 20
composite
Kenaf
310 312 308 306 306 19.46 20
composite
Sisal
328 335 329 328 322 18.27 20
composite
Sisal-Banana
277 268 275 273 278 21.88 20
composite
Sisal-Kenaf
320 326 321 328 321 18.56 20
composite
Banana-Kenaf
290 268 286 292 290 21.04 20

composite
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Introduction

As a result of the increasi i the
environmental sustainability and the growmg global waste problem
concern has there been concerned. This has also led to a significant
direction for natural fiber reinforced composite: “Green
composite”, which is a new biodegradabl, posi posed of
a biodegradable matrix and fibrous biomass [1-4]. Green
composites made from bio-resource are expected to be
envnmnmenm)ly mend]y and can process competitive mechanlcal

d to | fiber d

min. Finally, the specimens were cooled slowly to room
temperature over half an hour in the mold under compression. In
this experiment, four different types of sample set were prepared:
pure PLA, banana/PLA mmpo\llc kenaf/PLA composite and

sisal/PLA composite. The prep ¢ were cut into
ASTM-sized specimens for characterization by using laser cutter.
PLA sheet
warp direction
Woea faba wefl direction

Figure 1 Layering pattern of PLA sheet and Fabric.

Characterization and Testing

1.Polylactic acid (PI_A)Sheel: Tensile testing was carried out
on an Instron universal testing machine (model 5969) according to
the ASTM D638-09, at temperature 25°C, humidity 50%, a gauge
length of 33 mm and crosshead speed of 2 mm/min. At least five
specimens were tested to obtain average tensile properties.

2. Woven fabric: Tensile tested according to ASTM D5035-08
on lnslmn universal testing machine (model 5969). Fabric

prop P i posites [5-
9].

‘When biopolymers from natural cellulose, starch, biological
reaction, and so on, are disposed of into landfill, they can be
decomposed by microorganisms into water and carbon dioxide [10-
13]. Among biodegradable polymers, polylactic acid (PLA) has a
special interest as a matrix in natural fiber composites for many
reasons. Firstly, PLA is a versatile thermoplastic produced from
lactic acid monomer coming mainly from the fermentation of corn,
potato, sugar beet, and sugar cane. Secondly, the commercially
attractive features of PLA includes its degradability in a short
period of time (0.5-2 years) in contrast to conventional plastics like
PS, PE, etc., which need 500-1000 years [12]. Thirdly, PLA has
good mechanical properties that are similar to those of polystyrene
[13]. At last, PLA can be melt-processed with standard processing
equipment at temperatures below those at which natural fibers start
to degrade [14].

Natural fibers are biodegradable and renewable material
procured from natural resources which have several advantages
such as low cost, easily available, light weight, low density, good
thermal insulation properties, acceptable specific strength and
modulus [7-8, 15]. Various studies have been made on mechanical
analysis of green composite like sisal fiber-reinforced polylactic
acid [1], jute fiber-reinforced polylactic acid [3], coir fiber-
reinforced polylactic acid [4] and etc.

In this research, we are ing the devel and

d by the reveled strip method (50 mm x 150 mm)
were ch1raclenzed in both warp and weft directions. Tensile tests
were performed at temperature 25°C, humidity 50%. a gauge length
of 75 mm and crosshead speed of 300 mm/min. At least ﬁve
specimens were tested to obtain average tensile properties.

3. Woven conpmile Tensile properties of composite

i were cl ized in 1 with ASTM D3039.
Tenslle tests were carried out using an Instron universal testing
machine (model 5969). The machine was operated at temperature
25°C, humidity 50%, a gauge length of 100 mm and crosshead
speed of 2 mm/min. Five specimens were tested to obtain average
tensile pmpcmcs

Mor

The tensile fractured surface of tested composite specimens
were observed by using Hitachi Table Top Microscope SEM,
model TM3030. Prior to analysis, the specimens were coated with a
thin layer of platinum to get good conductivity, using a Quorum
sputter coater (model SC7620).

Results and Discussion

Tensile properties: Fabrics tensile properties such as tensile
strength, elongation at break and Young’s modulus in both warp
and weft directions are summarized in Table 1. It was found that the
tensile strength in warp and weft directionsis different. The woven
fabrics have higher tensile strength in weft direction (fiber side), as

mechanical characterization of composite material manufactured
from woven fabric and polylactic acid (PLA.). The influence of
three woven fabric type (banana, kenaf and sisal) was investigated
by tensile technique according to the ASTM standard.

Experimental

Materials:A  commercial grade of polylactic  acid
(PLA4043D)was purchased from BC polymers marketing Co.,Ltd.,
Thailand. Sisal fiber was purchased from Hubkapong cooperative,
Phetchaburi, Thailand. Banana fiber, kenaf fiber and cotton thread
were purchased from Narapimon rice mill, Nonthaburi, Thailand.
The plain wovenfabrics were manufactured with a loom by using
cotton thread in warp direction and natural fiber in weft direction.

Preparation of composite: Prior to preparing the composite
specimens, PLA pellets and woven fabric were dried at 60°C for |
h. The PLA pellets were converted into a sheet approximately 0.7
mm in thickness using a hot press at 170°C with a pressured of 500
psi. To produce the woven/PLA composites, the layers of fabrics
arranged at transverse direction and PLA sheets were piled up
alternate layers shown schematically in Figurel. Then the mold was
pre heated at 170°C for 5 min. Subsequently, the stacks were
compressed with a pressure of 750 psi at the same temperature for 5

pared to warp direction (cotton thread side). This could be
attributed to the difference of strength of the fiber in both directions
including the number of fiber in each warp line is less dense than
weft direction. In contrast, the percentage of elongation of the
fabric was similar in both directions.Hence, the strength of these
woven fabrics is very much dependent upon weft direction. They
cnuld be used in the r»prescmnuvc of effect of natural fiber type on

fabric in Jami; composites with the ad of
low cost, biodegradable, acceptable strength and modulus[6-7].
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Table 1.Tensile properties of woven fabrics.
Mechanical properties

9 Tensile i Young’s
Sample strength aft’r:ii“(zz) modulus
(MPa) (GPa)
Banana
fabric 1.52 +0.03 19.71 £5.23 0.041£0.03
warp side
(cotton)
weft side 33-88+8.66 21.54 £2.63 1.830.18
(banana)
Kenaf fabric
warp side 1.63 +0.04 25.82 £9.47 0.052 +£0.03
(cotton)
weft side 2561 +4.44 28.96 £5.55 0.74 £0.10
(kenaf)
Sisal fabric
warp side 1:4620.01 33.05£5.71 0.048 £0.01
(cotton)
WFﬁ side 58,03 +8.68 56.86 £9.95 1.370.18
(sisal)

Table 2 summarizes their tensile properties values of pure
PLA and composites. The tensile strength of PLA is 34.46 MPa and
elongation at break is 4.01%. The PLA presents low elongation
until rupture showing brittle behavior. The similar results of PLA
have been also previously reported in the literature [12-13]. Tensile
strength of the composite (80 wt.% of PLA loading) is influenced
by the strength and modulus of fibers [7, 15]. It was found that the
composites from sisal/PLA shows the highest tensile strength 41.83
MPa compared to kenaf/PLA is 35.86 MPa and banana/PLA is
16.87 MPa consecutively. This is because sisal fiber possesses
higher strength than banana and kenaf fibers [6-9]. The Young’s
modulus of laminated composites was also showed the same trend,
i.e. banana/PLA composite shows highest modulus compared with
sisal/PLA and kenaf/PLA composites.

Table 2Tensile properties of pure PLA and woven fabric laminated
composites.

Mechanical properties

e oar e ()
Figure 2. Scanning electron micrograph (2000x).of tensile lmclurc
sample of(a) Banana/PLA posite, (b) Sisal/PLA c

(¢) Kenaf/PLA composite and(d) adhesion of Kenz\t/PLA
composite.

Morphological analysis:SEM was used to study the tensile
fractured surface sample of PLA and woven fiber/PLA laminated
composites. The fabric-PLA matrix adhesion in the woven
composites can be further understood by examining the micrograph
of the fractured surfaces of the specimens. Figure 2 (a) and (b)
show the SEM micrographs of tensile-fractured surfax.e of banana
fiber/PLA andsisal fiber/PLA lami 1 c Fib trix
debonding, matrix crack and fiber pull out is more evident in
banana/PLA and sisal/PLA composites, compared to kenaf/PLA
laminated composite. Fracture of fiber with little or no pull out of
kenaf is visible from the Figure2 (c). It exhibits that kenaf fibers are
well bonded to PLA matrix. Moreover, fiber surfaces and the PLA
matrix, shown in the Figure 2 (d), are not clean. This indicated good
adhesion between the kenaf fibers and the PLA matrix.
Nonetheless, the hanical were not high compared to
the other two fibers, which due to the characteristic property of
kenaf itself.

In this work, woven fabric and PLA resin were used to
fabncale fully biodegradable, an attractive combination of
and physical properties together ~with their

Tensile g Young’s
Sample Elongation at
:ﬁ;{i‘h break (%) '(T(I}D}i:’)lus Conclusions
Pure PLA 34.46 +1.93 4.01+0.48 1.14 +0.03
_Banana/PLA  16.87 +2.70 1.71+0.26 1.13+0.06 1
_Kenaf/PLA _ 35.8646.25 5.01£0.94 0.92+0.04 nvi 1 friendly ch
_Sisal/PLA 41.83+0.79 5.76+0.90 1.10£0.06

matrix

The fabric characterization showed that the plain woven fabric
presented higher tensile strength in the weft direction, as compared
to the warp direction. This could be attributed to the difference of
strength of the fiber in both directions including the number of fiber
in each warp line is less dense than weft direction. Hence, the
strength of these woven fabrics was very much dependent upon
weft direction. In terms of hanical properties of woven fabric
laminated composite, the sisal/PLA composite presented good
tensile strength than banana/PLA and kenaf/PLA composites. This
was because sisal fiber possessed higher strength than banana and
kenaf fibers. The Young’s dulus of I; was
also showed the same trend, i.e. banana fiber laminated composite
showed highest modulus comparing with sisal and kenaf fibers
laminated composites.
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Introduction

Poly(lactic acid), PLA, is one of the most promising
biodegradable polymers due to its specific characters such as
biocompatibility, high stiffness and strength as well as
processability on standard plastic equipment. In recent years, PLA
becomes commercialized and utilized in various applications such
as food packaging film, containers for short shelf-life products, and
drinking cups. A variety of PLA application area has been
dramatically developed. However, PLA has its own drawback, i.c..
brittleness due to its high glass transition temperature and slow
crystallization rate. In order to achieve the application of semi-
durable or durable products, many research groups have paid

ion on property imp: by using different types of
additives, mixed additives as well as various ratios of blended
additives [1-3].

In order to improve crystallization rate of polymer, nucleating
agent is the preferable additive. Nanoclay such as montmorillonite,
kaolinite, and saponite is known as one of the most effective

cleating agents which imp thermal stability of polymers [4-
6]. For exdmple, addition of bentonite increases transition
temperature in PLA [5]. Moreover, mechanical strength of PLA has
been improved when including organo-modified clay 3-10% which
might be due to the dispersion of silicate layer in polymer matrix
resulting in either intercalated or exfoliated nanocomposite [6].
However, an increase in clay content in the composite causes a
decrease in tensile strength [7-9].

Microcrystalline cellulose has been reported to be one of the
cffective reinforcement fillers in many kinds of polymcr [10-12].

However, the cellulose has weak patibility with hydrophobi
polymer. In order to enhance the dlsperslon 'md stress lmnsfer to
the matrix, either physical difi or 1 di

has been commonly applied. Silane coupling agent is one example
used for promoting interfacial adhesion between the fillers and the
polymer matrix. Many reports showed that mechanical and physical
properties of the ites have been enh 1 after silane
modification of the l'llers[l? 14].

This work aims to investigate the effect of the modll'ed
cellulose and the clay in PLA ite on thermal p
through compounding process.

Experimental

Materials. PLA 3052D was purchased from NatureWork
LLC, USA. Prior to compounding, the PLA pellets were dried at
60°C overnight. Cloisite 30B (organo-modified clay) was used as
received from BYK Additives & Instruments, Germany.
Microcrystalline cellulose and silane coupling agent were the
products from Sigma-Aldrich Co. LLC. Microcrystalline cellulose
was chemically modified with the silane coupling agent before
using.

Compounding and Specimen Preparation. Compounding
of PLA with various contents of modified cellulose and clay were
carried out (Table 1) by using a twin-screw extruder (Prism TSE 16
TC, Thermo Electron Corporation, UK) at a It of 160-
170°C and the screw speed of 10 rpm. The extrudate was cooled by
water and cut into pellet.

Thermal property measurement. Degradation behavior of
PLA compound was observed by using thermogravimetric analyzer
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