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Abstract

This research aimed to study effect of heat treatment and compatibilizer on properties of
short sisal fiber/polypropylene (PP) composites. The sisal/PP composites were prepared using an
internal mixer and test specimens were molded using an injection molding machine. The fiber
contents were 10, 20, and 30 wt%. Fiber heat; treatment and adding the compatibilizer (maleic
anhydride grafted polypropylene, MAPP) were used to enhance the compatibility between the sisal
fiber and PP matrix. MAPP content was 3 phr.

Heat treatment was performed at 150 °C for 10, 15, 30, 45, 60, 90, and 120 min, 170 °C for
5, 15, 30, 45, 60, 90, and 120 min, and 200.°C for 5, 15, 30, 45, and 60 min. For the treatment at
150 and 170°C, the tensile strength of the treated fibers at different treatment times insignificant
changed whereas for the treatment at 200°C, the maximum tensile strength of the treated fiber was
obtained at 5 min treatment. Thermal stability of the heat treated fibers was better than that of
untreated fiber. Increasing treatment temperature and treatment.time showed significant increase in
degradation of the low molecular weight-composition,-wax, and some hemicellulose covering the
fiber surface. SEM micrograph showed some removal of binding materials and showed rougher
surface topology of heat treated fiber.

The decomposition temperature of cellulose and PP-of heat treated sisal/PP composites
were higher than that of untreated sisal/PP composite. However, adding MAPP did not affect the
decomposition temperature of cellulose and PP of sisal/PP composites. Increasing fiber content led
to a decrease in decomposition temperature of cellulose and an insignificant change of
decomposition temperature of PP of sisal/PP composites. Heat treatment and adding compatibilizer
did not significantly affect crystallization temperature and crystallinity of PP. With increasing fiber
content, melting temperature of PP insignificantly changed while crystallization temperature and
crystallinity of PP increased. Heat treatment and adding compatibilizer resulted in improved
resistance of water absorption of sisal/PP composites while insignificant change in HDT and
viscosity of sisal/PP composites. In addition, heat treatment and adding compatibilizer enhanced
mechanical properties of sisal/PP composites. An increase in tensile and impact strength was

observed when MAPP was added into the sisal/PP composites.
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ﬁuaﬂﬂﬁiﬁ@ﬂ!ﬁﬂmﬂ’]ﬁﬁﬂWﬁﬂm@ﬂW@aTWﬁWﬁutWMﬂlulu@qﬂ']ﬂN\‘]llllﬂ'W]’Jlﬁil@uﬁ"]iﬂﬂWaﬂ
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(1GA) Meldanizlulasnu uazdnsinslia1udon 10 esrwaFaaaouIn WUINNTAL

'
a A

] Y a 4 a 1 o a
aseliidinune MAPP aslunwedmesaon Indndawasiligugiimsidoudalsvoinoa
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U

3.1 agq
Aa ax A o a Aan o w Y
WOA ININAU (polypropylene, PP) 1n3a 700] vosusHN Inewed Insnau d1na dule
1 4 [} . g 1
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a
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v Y
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3.2.2 MIASgNNDANDSABNIWEAN
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3.2.3 msnagevannveudule
3.2.3.1 anlianana
wa [ = . . o 9 d‘ .
NINATDUTNUANITNUADLUIIAY (tensile properties) mlaalHnTo9 tensile
1 5% a o
testing machine (Lloyds 3% LR-5K) Taeldiwd 3au5a (load cell) 100 HIFH (N) AIINEIVOUNN
Aa A < Aa a ]
(gauge length) 50 YAALNAT ANuE2lumsae s Taawasaoui
3.2.3.2 audiamaennuiou
a d’ %’ o d‘ = 9 d‘ T ] (%
qmﬁ{]umﬁLaamffmﬂuazmwufmquLaﬂmmmu”lﬂm“lummmzmummﬂ

a

a o 1 {
LL‘]JiTINﬂ’JHJ%}@ugﬂ’JmiRWIﬂfl thermogravimetric analyzer (Perkin Elmer U TGA7) ﬁqmm_]u
1 = = [ Y 9 = 1 = Y
Y119 30 09600 ®IFSAITE 0AT1AT 1MANIOUAD 10 amaaun nelaaniig
TuTasau
3.2.3.3 auliaMadyg1uInen
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anBUEN Ay IUING U INLAL taznnaausveudulon luruuaz iy
msaaulsneanuiougninyi Iagld1n5 99 scanning electron microscope (JEOL 31 JSM6400)
{ a adg 4 H 1 o
71 10 nlavanasouTag (kev) Insmdounsdnminemii lusnm
wa a d a
3.2.4 MINATDVANTAVBIND ADSABNI AN
3.2.4.1 auiANanINI0U
a 4 a L 1
Qmwguﬂmﬁanﬁmﬂgmmiwﬂﬂﬂ thermograyimetric analyzer (TA §4 SDT
d' a 1 = = [ Y 9 A 1 =1
2960) NQUUHNILHUIN 30 DI 700 DIFUTAFYA 993INITIHA1INIOUAD 20 DIAIANOUIN
meldannz luTasau
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garninMsvasumal gunginmsanwan uazilestsuannuilunanilag
] P Y
Glclﬂfjl,ﬂ%m differential scanning calorimeter (Perkin Elmer §1 DSC-7) G']i);\‘lﬂ‘i $ﬂ’é)‘1Jfglj’JEJ 3 YUADU AD
Y 9 g’z A & = =~ 9 @ Y 9 1 =~
M3 IHANVTOUATINNTG 910 30 DI 180 DIRUBAFIFAIYOATING 1HANTOU 10 DIAADUIN
v £ gy a A o v o Y 2 oquda o ~
udMald 5 WA MeaUANNNTITINIANLS o ndIIMTuI B I IEuaInd VLN 30 03m
a Y o ' a3 9 9 9 ¥ A = ~
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o 1 s 3 4 I
Meoasimilianudou 10 amasuni Iaenaasumeldaninglulaswu weosiFudnnuiiy
NANATLIUINANNT

% crystallinity = (AH__ /AH_’w)x 100 (3.1)

sample

Tas AH

a A %’ o % ]
AH " 19 heat of fusion YDIWOA INTWAY 1Az w AOUMINUBIAIDE1 (g)

1 Y v
flo heat of fusion YBIAIBEI (Yadonsy, I/g) N ldnnmslinnuiounivides

sample
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gU¥nIN31UA9e (heat distortion temperature, HDT) naaoulagly HDT
testing machine (Atlas 1 HDV 1) ne1@1159 0.455 wnnziania (MPa) 1oas1ms 14anudou
2 94AADUIN
3.2.4.2 anlanmana
wa 1 =2 . . o Y A .
MINATDUANUANITNUADLLIIAN (tensile properties) M 1ae 1415049 universal
1 &Y a a @
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pendulum impact tester (Atlas 314 BPI) Tagl¥imign (load) 2.7 92 (J)
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1 { a adg 4
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Y Y
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b 1
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U
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%’ . a J a o le
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¥ A A -4 A X ¥ o ' VY Y,
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AUAUNT
Water absorption (%) = [(w—w,)/w,] x 100 (3.2)
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Treatment Tensile strength Young's modulus Elongation at

conditions (MPa) (GPa) break (%)

Untreated 329.54+90.46 21.36+6.20 3.18+0.98
150°C 10 min 336.27+61.95 21.60+4.83 2.76+0.90
150°C 15 min 332.25+86.74 24.62+5.69 2.45+0.60
150°C 30 min 361.14+52.79 25.80+6.48 2.59+0.74
150°C 45 min 342.36+74.72 20.48+3.69 3.19+0.88
150°C 60 min 335.09+96.28 23.11£7.31 2.72+1.37
150°C 90 min 322.08+81.57 24.34+7.85 3.51+1.54
150°C 120 min 302.49£79.56 20.62+7.07 2.65+0.95
170°C 5 min 364.59+76.83 23.86+6.69 2.76+0.62
170°C 15 min 353.91+69.99 23.33+8.14 3.29+1.41
170°C 30 min 378.98+86.37 24.37+6.99 2.98+1.21
170°C 45 min 365.86£71.89 24.71+£8.03 3.24+0.95
170°C 60 min 361.62+69.51 23.60+4.70 3.52£1.09
170°C 90 min 363.20+65.51 24,13+45.82 3.09+0.86
170°C 120 min 373.38+76.83 24.15£7.90 3.73+1.00
200°C 5 min 348.33+68.37 24.29+8.92 3.62+0.86
200°C 15 min 325.10+£84.43 20.00-£7.63 3.05+0.95
200°C 30 min 304.90+60.72 19.52+6.10 3.01+0.69
200°C 45 min 312.90+61.00 1631353 3.08+1.10
200°C 60 min 304.53+83:59 18.50+5.16 3.49+0.85
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Final
Conditions Onset (°C) | Peak (°C) | Weight loss (%6) Onset (°C) Peak (°C) Peak (°C) | Weight (%)
Untreated 43 79 9 160 304 361 22
150°C 30 min 45 81 8 165 306 368 19
170°C 30 min 46 82 7 167 307 371 18
200°C 5 min 45 80 8 164 307 372 18
200°C 30 min 46 81 7 171 307 367 19




38

(Y] d' a d 1 A a d a \
4.2 waveamsdSudasvdumesianeantfniameninveanedmesnonInaNszriIg
Y \ d a Aan
wnlethuasuiseaiazneal wsnau
4.2.1 audianannuien
a as a 4 a 1 9 1
15191 TGA 1tag DTGA voaned Insnauuazwoawesnoy Inansevinadulodu
o a A 1 [ { a 4 1
AsUITIEAILEzNea Ingiay NimsdSunlasudumesauazlSnaveuduleaa q uanaly
A a A a Aad a 4 a
51N 4.13-4.15  gamgiinis@onaalsveano@ Insiavtazisag ladvednoawoinon Inan
neraalumsan 43 waglasiF@ovaarsiigungiilszina 360 osruaFod nagwod INTNay
A A a = a Y 1 Jd 9 a a
iWovaaengangidszanm 464 ssrnadad ma@uduloThusasuinesidn ) luwed Insw

'
a A

1 o a a 3 1 a 4
dudwwarhldguuginmsi@enaaisvoanod Insiiavanauanios ws1z11gunginsidon
9 Y U 7o J a Aan
aaen1annusouveudu lorhuasuisgeidinvenea Insnay
a d‘ 9 ] r'd a 4 a
gaginmsdenaalsvedsag lagveadulethuasusealveaneamosnon Inan
[ 9 1 P @ 9 Aa as A ds! 3 9 A
sz nadulerhusasusieaindunsaaulsinannuse LAz nea INSNaLNLYUIAN paLiD
=1 [ a 4 a 1 9 1 P (BN} [ a
nFeueunuvsaneamesaou Inanszvnnuduledhuasuisean idumsaauilsuazwoa
as dyd% [ a AAa 9 o Y
INIWAY NI1ZNITHADDNVDIVA (Wax) HAZUNdIUVuaiiag TaanAIveoudu o In
= 1 Y Y d‘ 1 1% 9 1 9 d' [ (%
anuadesaonNuiouvoudulenimmadautdlsniinwiougainindulen likumsan
{ a o [ 9 1 P
uils munesuieudrluinde 4.4 masauliniannudeimduled uasuisieain 150 170 uag
[N 1 v o w 1 a 4 a 4
200 eeruaaIFed hidewase 9 liediayaegMuYlM s TonddvouYag ladvoInoaAloS
a ] ] J a Aas dy [}
aouInanszvnudulothuasunsisaiuazwoa INsHAY. “UNINUATZUIUMTAAL TN

A o 9 v !

anwdou hidwwaodiiiediaysoguugimsidondalsveaned Insnau

3 Y 1 a

MAPP danataniiosaeguiginisidondalsvouyag laauagwod InsWau Lei 1oy
a 14 a J a a 1
AME (2007) INTONNOIUOITADN INANTENININODDNTAUANINHUIMUUGA (high  density
[ a a Y a
polyethylene, HDPE) numnd lfauuazidulomnudos Tagldneaensaunimaresunadnueu'le
4 I 1 o 1 a ]
1a56 (maleic anhydride grafted polyethylene, MAPE) iHua15928 1419104 wumsauansse
] (B 1 v o w 1 4 a a 1 1 <
Iddhmu ludaraedsiiisdyaoms@euaatovesnedonsauaNuruILiuge 01915
1 1 a 4
M4 Aratjo, Waldman 1@ De Paoli (2008) 31891UNANMEDETADANNS DUVDINDALDS
a 1 a ad 1 9 o I Aa a
Ao Indnserianodteniauanunuiugaaziauloduilzsai@n (curaua fiber) NTMIAY
:, U a 14 a 14 A A = a ] Y Y o U 2K A
MAPE findvesneameswedmweiney Inani luiimsauaisyie I idnnumsiz 1imsiaaa
AAa 4 dtg =3 ~ o Y a A ~ a :)
nowmesaavn Juntenihldinanmadoudaisigumrgiaia
o [ a 14 a A 49! =y 9 1 o
dmiuneawoeinou Indgnynizuy munuIuveslsunaveuduleduasusoal
1 1 =) d’ 1 [ P=} 1 d' 1] =
dananoMIanavoIguu)iimsdouaaisvouyag lad ua lulinasomsilasuuasedied

v [

WedAyvoguunimaF@ouaaIvueIned Inswau

o



39

:; a A a Aan Aa 4 a 1 9 [ 4 a A AA [ = a 4 ~
M13190 4.3 Qmﬁﬂ”Nﬂ1§tﬁ'ﬂﬂﬁﬁ?8ﬂ]@iW@ﬁIWi‘Wﬁ‘mmz‘wﬂﬁLlIE]iﬂ’E)llI‘WE‘T‘I/Iig‘i’i’JNL’c’fusl,flﬂTuﬁiu1518mllﬁ$‘1/‘|’0@T‘Wi‘Wau‘l/]iJﬂﬁﬂﬂJLﬂaEJuﬂuLVI@iLW’d‘VI

Pnaveuduleaia o

Cellulose decomposition temperature (°C) PP decomposition temperature (°C)
Materials Fiber content Fiber content
10 wt% 20 wt% ‘ 30 wt%o 10 wt% 20 wt% ‘ 30 wt%
PP - 464.12
PP+UT 363.16 361.97 359.98 462.12 462.15 461.27

PP+HT 150°C 365.86 362.71 360.65 462.41 462.20 462.34
PP+HT 170°C 366.48 364.48 362.29 462.40 462.33 462.40
PP+HT 200°C 364.22 362.06 360:82 462.32 462.17 461.90
PP+UT+MAPP 365.23 362.96 361.56 464.59 463.96 462.63
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:; a a = S < 4 < = a A a 4 a 1 9 [ 4
M1 19N 4.4 UNHUNITHADULYIAI QUHHUNITANNAN Llﬁglﬂﬂilcﬁu@ﬂfﬂi\llﬂuNﬁﬂ"ll?]Q‘WE]aI‘Wi‘Wﬁullﬁg‘l/‘lﬂamﬂiﬂﬂllI‘Wﬁ‘ﬂi%ﬂ')'l\“l!ﬁﬂiﬂﬂ'lﬂﬁiﬂ?i'lﬂm

uazwed Insnaunimsdfunlasusumesilanisumavouduloda o

Tm (°C) Tc (°C) Crystallinity (%)
Materials Fiber content Fiber content Fiber content
10 wt% 20 wt% 30 wt% 10 wt% 20 wt% 30 wt% 10 wt% 20 wt% 30 wt%
PP 158.0 109.5 50.95
PP+UT 157.0 157.5 157.5 111.0 112.5 113.0 36.85 38.79 40.70
PP+HT 150°C 157.0 157.5 157.0 2.0 113.0 113.5 38.15 40.41 43.30
PP+HT 170°C 157.5 158.5 158.0 113.0 113.0 113.5 38.30 39.56 42.17
PP+HT 200°C 158.0 159.0 158.0 112.0 113.0 113.5 36.76 39.63 41.14
PP+UT+MAPP 158.5 159.0 158.5 111.5 112.0 113.5 37.24 39.22 42 .98




45

66
64 -
— PP
62 - SRRRRLEERS PP+UT -
—————— PP+HT150°C A
= 60 - ——— PP+HT170°C i
% — — — = PP+HT200°C : ‘__l
E 53 ———-—  PP+UT+MAPP S
g . N
(@]
=
=
[0}
T

80 100 120 140 160 180

Teémperature (°C)

(@)
55
SR S N A
% 45 -
Q :
E .:. . .
s 40 4 PP A BN
T PP+UT ars .’I,r’
—————— PP+HT150°C \ A/
D — PP+HTI70°C  \ A\
— — — - PP+HT200°C \ /
——————— PP+UT+MAPP Vv
30 T T T T ' ' ' ! ' ' I
80 90 100 110 120 130 140

Temperature (°C)
(b)

51 4.16 nsnlDSC veewod Insiauuazwedmeiaou Indnszninudulethuasuisieal
a a { ) { a { <
tazwoa Inswaunumsdsuasudumoesma nSuandule 10 wlesiFudlae

?,' ) 1 I
111N (a) M3 lianudeu uag (b) Myvasiduy



46

66
64 -
—_ PP
______ PP+HT150°C
—~ 60 4 . — PP+HTI170°C
% — — — - PP+HT200°C
RS N I —— PP+UT-+MAPP
2
o .
= 56 A \
= il
q) 1
= S =
=== W= —
57 /’ \ “TE= =
_____________________ \
50 S
48 - : - : ' - ' ' '
80 100 120 140 160 180
Temperature (°C)
(a)
54
524
R e e S
484 A Wosm T TTTTTT
= 46 A /
g 44
z
= 42 -
= —_— PP
E 40 4 PP+UT
5| —————- PP+HT150°C
— PP+HT170°C
36 {4 — — — - PP+HT200°C
—— . —.—  PP+UT+MAPP
34 -
32 T T T T T T ' ! ) ! )
80 90 100 110 120 130 140

Temperature (°C)
(b)

s 4.17 nsnlDSC veewed Insiauuazwedmeiaou Indnszninudulethuasuisieal
a a { o { a 4 <
uazwod Insiaunimsdiunlasudumesla nSuandule 20 wesidudiag

¥ @ v ¥ v a
UIMUD (a) M35 1anuseu uag (b) MIviaoLgu



47

66
64 -
— PP
—————— PP+HT150°C
—~ 60 - R PP+HT170°C
% — — — - PP+HT200°C
= 584 @ — = —— PP+UT+MAPP
=
=]
= 56 -
©
L
T 54
S2 A L
50 4 I
48 T T T T — T . . .
80 100 120 140 160 180
Temperature ("C)
(a)
52
50 -;m:._—_-%___..,_h_,____ A, s S e ™ i R, 753
- — e // - _:___E
48 o / —_——— ]
oY
46 A
Z
=
o .
= 42 - o I
S PP+UT /L
T 40 o |
—————— PP+HT150°C i
38 4 — — —  PP+HTI70°C \f |
— — — - PP+HT200°C Y
36 4 ———— PP+UT+MAPP \:
-/
34 T T T T T T T T T T T
80 90 100 110 120 130 140

Temperature (°C)
(b)
51t 418 31l DSC voamedIwsauazwoAmeSAeN Indnsznadulothursinsed
wazwed Insiaufimsvundsudumesvania q fSinandule 30 neiFudla

g o 1 <
11N (2) m3lianudeu uag (b) Myvasiduy



48

M13197 4.5 1AAIQAHYIUN3 A0 (heat distortion temperature, HDT) Y9N0 INsHaY
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HDT (°C)
Materials Fiber content
10 wt% 20 wt% 30 wt%
PP 82.2+1.0
PP+UT 114.2+0.3 123.5+0.7 133.5+0.7
PP+HT 150°C 113.5+0.7 122.0+0.7 135.0+0.7
PP+HT 170°C 114.0+0.7 123:7£0.3 134.0+1.4
PP+HT 200°C 112.7£1.0 124.7+0.3 134.7+0.3
PP+UT+MAPP 114.5+0.3 124.5+0.7 134.5+0.7
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:; 1 1 = [ v J S < 4 A a Aan a 4 a 1 9 1 4 a Aan
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Tensile strength (MPa) Young’s modulus (GPa) Elongation at break (%0)
Materials Fiber content Fiber content Fiber content
10Wt% | 20wt% | 30wt% | 10wi% | 20wt% | 30wt% | 10 wt% 20Wt% | 30 wt%
PP NB 0.51+0.01 NB

PP+UT 22.62+1.09 | 24444049 | 25.23+0.45 0.70+0.02 0.87+0.03 | 0.91+0.03 12.50+1.39 10.48+0.81 6.85+0.65
PP+HT 150°C 24.48+0.46 | 25.14+045 | 26.54+0.64 | 0.72+0.03 0.85+0.04 | 1.05%0.12 14.87+1.70 12.11+0.76 8.72+0.59
PP+HT 170°C 24.71+£0.59 | 25.51+0.83 | 26.61+£0.68 0.74+0.02 0.93+0.03. | 1.06+0.08 15.82+1.91 12.10+0.89 8.24+1.33
PP+HT 200°C 23.67+1.13 | 24.43+0.52 | 25.67£0.77 0.71£0.02 0.87+0.04 | 0.92+0.03 13.98+1.71 12.46+1.22 8.80+1.12
PP+UT+MAPP 26.99+0.40 | 27.48+0.33 | 28.00+0.50 /| < 0.73%0.01 0.91+£0.03 |~ 1.30+0.12 16.60£2.19 12.17+0.58 8.82+0.57

Note: NB = not broken
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Impact strength (kJ/m?)

Materials Fiber content
10 wt% 20 wt% 30 wt%

PP 79.924+4.25
PP+UT 16.83+2.50 15.63+2.90 13.62+1.60
PP+HT 150°C 19.57+£2.13 17.08+2.72 14.64+0.80
PP+HT 170°C 20.38+2.02 19.10£1.91 16.02+1.93
PP+HT 200°C 17.524+1.77 17.03+1.60 16.37+3.62
PP+UT+MAPP 21.07+2.48 19.27+2.84 14.98+1.34
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