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Abstract

Composite materials based on sisal fiber and polypropylene (PP) were prepared and
analyzed in terms of mechanical, thermal, rheological, and morphological properties. The
composites were prepared in an internal mixer, The test specimens were molded using an injection
molding machine. The effects of compatibilizer types: polypropylene grafted maleic anhydride (PP-
g-MA) and polypropylene grafted acrylic acid (PP-g-AA) and contents on the properties were
studied. In addition, the influence of fiber contents was investigated. The compatibilizers gave a
positive impact on tensile strength and flexural strength of the composites without any significant
effect on Young’s modulus, flexural modulus, and impact strength. PP-g-MA provided superior
improvement in mechanical properties compared to PP-g-AA. With increasing fiber contents,
tensile strength, flexural strength, Young’s modulus, and flexural modulus increased while impact
strength decreased. Incorporation of fiber into PP resulted in an increase in melt viscosity. The meit
viscosity was also found to increase with fiber loading. However, there was no effect of
compatibilizers on melt viscosity of the composites. DSC measurements exhibited an increase in
melting and crystallization temperature, and % crystallinity of PP with the addition of fibers.
Decomposition temperature of PP increased with adding compatibilizers. Incorporating fibers into
PP gave an increase in heat distortion temperature (HDT). Compatibilizers also improved the HDT
of the composites. Scanning electron micrographs revealed that compatibilizers enhanced surface

adhesion between the fiber surface and PP matrix and also improved the fiber dispersion.
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Q;::'ternperature T.) lag USuuman (% crystallinity, %XC)IGIU‘!‘}Imﬂuﬂ Differential Scanning
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Yocrystallinity = KHA~I_£—{- x100 (1
f
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2.16 Alansu
| MSNATDUMATIINIR (viscosity) MoRTUEOUANT znamoy Tauntes capillary
theometer (Kayeness, model D5052m) figaingil 180 sernwatFoa unzmdasudonszuin 10-
1000 ADIUIN (1/sec)
243 mwifmana
w ﬂliﬂﬂﬁﬁuﬂnuﬁlmiﬂuﬂmﬁﬂﬂﬂ (tensde properties) “nﬂﬂfﬂﬂﬂﬂﬁaﬂ Universal
f"restma Machine (Instron, model 5565) Tﬂa“lcmcﬁamﬂma (load cell) 5 A latiIAU (N) AINE1I
'-'jua_&mw (gauge length) 80 twufimns anuilumsis 10 Tadwasderad
MINATDUANLANITNUADUTIAG (flexural properties) UHY 3 20 (3 point bendmg)
_i_."h’xﬂ“h’&ﬂ‘i?)d Universal Testing Machine (Instron, model 5565) Tawe1s wmmmmamm&mﬂu
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T,(0O) T.(C) % Crystallinity
content
PP-g-MA | PP-g-AA | PP-g-MA | PP-g-AA PP-g-MA | PP-g-AA
PP 157.2 168.4 51.09
Ophr 159.1 114.1 42.04
lphr 159.0 159.8 116.4 119.9 58.73 41.62
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8phr 159.0 160.9 118.8 123.1 44.26 43.81
~ 10phr 159.0 . 1614 120.0 1231 43.68 43.12

& ax 5 a1 o o s

a1 TGA uazns ey sius TGA vewed Tnsiuuaynodmednoy Tnaniis
12y a ] o P = e & g

woz lilimsidumssisldidiuandluglil 3.53.8 nufinfidseuna 370 ssrusadon Faiiy

pungiimsieumateneanuiouveusag Tae (cellulose) [Saheb and Jog, 1999] aziinfiaas
iszanm 470 osruwaiGor fe quuglimsdouanisvemwod Tnsisu a1319 3.2 uaaai
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Fiber decomposition . PP decomposition
Compatibifizer content temperature ("C) temperature { C)
PP-g-MA PP-g-AA PP-g-MA PP-g-AA
PP - 460.1
Ophr 358.6 363.9
1phr 359.7 3723 465.4 461.7
2phr 363.7 373.9 464.2 463.8
4phr 362.7 3725 464.3 463.9
' 6phr 368.4 371.8 465.6 463.9
8phr 373.1 373.1 464.6 464.5
10phr 372.8 372.8 465.6 465.6

: 1 =y = 4 = =, = o a
M350 3.3 uaasmguugiimsiiadervoiwed InsAauuazwediwesnouIndn
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. < ' = =y dy @ et 1A ; A £ @ @ ' =
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Madadyaiinndumsiudelindumsdisldid msdiniuvessgamgimsiiadion
- = o =y d‘!. = L] 1 o 9 r:'l. [ =2
voawanmainou Indnidolms ldmswlhididu ernlounsinoslfulanistada

3 1 = el 3
FEH1Mea InsHauuazidule
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PP-g-MA Ua¥ PP-g-AA A149

Compatibilizer content HDT (O)
PP-g-MA PP-g-AA
PP 84.3£2.52
Ophr 134.7%1.53
Iphr 134.7£1.15 135.7£1.26
2phr 136.3£2.52 139.21.44
4phr 137.342.52 : 140.50.50
6phr 136.741.53 140.5£1.32
8phr 136.3+1.04 139.340.76
" 10phr 137.841.04 139.841.97

3.1.2 gHUAMNATSUAINEN
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I=1 :!.'cu = i a eyed = o a Aa 13
ANUHUANIDATURDUN ¥oIWod InsHauazwodwosnon Indndiiuas s

m3ld PP-g-MA 11ag PP-g-AA uaasfaglil 3.9 nas 3.10 Ad iy manuniiavosweiues
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3

a o o N e AU & o (4 :’ ar
WindnAuved IwsWau AuSua prgMa 2 nlosidudTastiwmdn [Schemenauer, Osswald,

Sanadi, and Caulfield, 2000]
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v 1
20 wWesiud Tamimiin flSmamsiolfdifusin PP-g-MA sz PP-g-AA

A1
MFI (g/10min)
Compatibilizer content
PP-g-MA PP-g-AA

PP 4.22+0.040 3.05+0.009
Ophr 2.22+0.018 1.42:4+0.016
1phr 2.21+0.011 1.27+0.040
2phr 1.934+0.029 1.29+0.032
4phr 1.88+0.027 1.34£0.057
6phr 1.83+0.010 1.4040.020
8phr 1.74+0.038 1.40+£0.023
10phr 1.7240.031 1.54+0.007
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1 1 =3 . = 8 o de ret 1
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._: o ol a Y t 1 9 3 ar g
transfer) MIAMT N Tlduduleriansse 199170 Bedenberg 1182 Gatenholm  WuA13@31
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“Infrared Spectroscopy ag Electron Spectroscopy for Chemical Analysis (ESCA) dWanfSuuiiouy
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_f;ﬁ"dmtﬁy wly [Hedenberg and Gatenholm, 1995]

1 i 1 2 S ] [ ar o - =
_ mi ldiduledawademsiuiuvesnwondavesiafueaned InsAaulszine 2
.:..-:' A ] ar ) P L = 2ol d'{ = [} [} @ Y o g
Miipsnafwegdaveadulelngandmed Tnsidu uazidielinns ldensse g duns

) [ o w o = =N g = [ ot
TUA PP-g-MA 1az PP-g-AA Alueqamussdenvesnodmeineu ndmiuda lualfoundas



17

1 .. o 4 l:i ‘é bt .
svniiod1Ay Awanaluglf 3.12 uagmaed 3.5 SeaoandeefunansfAny1yo [Felix and

Gatenholm, 1991, Rana et al., 1998]

o PP.g-MA
C— PP-g-AA

T T TTTTTY

LU I S e

Tensile strength (MPa)

o
o
T

PP Ophr Iphr 2phr 4phr 6phr 8phr 10phr

Sam ples

a 1 = = o = t o = et s 3 [
s anunudeussrsvesnedweinonndnsennawed Inawaudmdulotu

4 & o o" ny I [} 8 8 as =
Asuieel 20 ledirud lasimiln NUFummsselvdiduaiia PP-g-MA uaz

PP-g-AA 1139
2500.0
2000.0 |

=
[~%
Z
= 1500.0 W
= i
=]
[~ L
g [
£1000.0 [
& I
= L
(=]
- [
500.0 |
0.0 L

PP Ophr lphr  2phr  4phr  6phr 8phr 10phr

Samples

:; a v - o =) ] = o ar i '
s weadwvesdidueanedwesneulndnsznitanedInsiauduidulon
o < o o ny PR P ] Y YV oar ~
ATUITIA 20 Lﬂﬂ?i“ﬂi&ﬁiﬂﬂﬂ"muﬂ Wﬂiﬂ’lmﬂ'ﬁ‘})”lfﬂﬂﬂﬂﬂu‘ﬂuﬂ PP-g-MA oy

PP-g-AA A9



18
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AAY AINNUNUABUS INTEUNAIZaAad tHosnnn s dulons I inaRuNve 9 stress
= L% 1 A . A =
concentration ¥4 1¥wasnudosnlumsiSumsin (cracking) [Sanadi et al., 1995] tazininy
1 U o o 1 T = 3 f n:i lcg o <3 [} o
a1 Thdidusinnunuaousenszunnesimasudensiuas JWAUAUUSINaa s B0 14
o u’: = or ‘ﬁl { ¢§ ot
|WhAuiensdl PP-g-MA  uaz PP-g-AA deuaaslugdf 3.13 uaza1s1ed 3.5 Feaoandoady
A15ANY1YD9 Mohd Ishak uaznaz Tunsdlmsdnunms e poly (propylene-ethylene-acrylic acid)
- 3 Y 1 a =, = v a
(PPEAA) Tuwafimesaoy Indnszniwededdusiaanunuunivgetudulonhdu [Mohd
3 3 [ 14
Ishak et al., 1998 ] U8n91AH Yang uazase wuluiledsuam s lddhdududy aaany
[ a o = ] = = a
nHABLIINIEUNAYRINDRIUD AN InANTTr Nawed InsHauTumunavanauanies taz
1 e 9 ar [ 30 | 1 t 1 A‘! =l 1 3 ¥ 9 ar £ o
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Anfdumes e udfana1sdufues diHananIaAIBIAIATTINUABITINTEUNN [Yang

et al., 2007]
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PP-g-AA 71199

. 1 o ar Qs Y o = 1 =
AN 3.6 ATINNUABUSIARA LazLaRdavDIMIARYeIWEATABY INANSEH DS Tng-
Yo o ' o & o o :} a TS 1 o
wautudulothussussal 20 nlesifudlnstimin FuSamsdreldisnsy

TA PP-g-MA 1a% PP-g-AA f14¢]

Flexural strength (MPa) Flexural modulus (MPa)
Compatibilizer content
PP-g-MA PP-g-AA PP-g-MA PP-g-AA
PP 46.40+1.53 1689.45+23.40

Ophr 60.4740.33 3321.28£106.17
iphr 63.3220.32 | 60.59£1.05 3513.20+77.53 3424.90+41.64
2phr 64.050.64 62.14=1.61 3535.65+73.46 3503.68+68.47
4phr 67.34+0.40 63.37£1.24 3695.32+47.28 3498.07+£54.31
6phr 67.630.70 | 64.9241.51 | 3712.60+101.37 | 3627.70+60.05
8phr 68.35:40.64 64.51%1.55 3610.17+£79.90 3512.39431.56
10phr 68.36+0.43 64.57+1.64 3504.36+83.77 3436.92+66.16




22

3.14 an¥asNNFug N
o o a = o = o 4
HANNNSNATOUANYUE NN duTIUINIIvoIWB RN Tnoy Tudnuandeg Ui
e d%‘ = ) o = ] = o a 97 1
3.16 (a)-(g) 317 3.16 (a) uarmeUAIvOBADADY Tndnszniawed InsHdusmdulothy
o 4 5 128 = & ] 1 ' a o
aswswal wuhwuiveudulslifinefwesed uazlivesivssnhudulanazwning as

-4
TdmshwltidduiuinodemsdivlyainisBafaseniadulofuwed Ins Ay funnan

3
L]

] | 1 w = o = o : - = ) 1
seshesznnudulofuumindanas uazinefmeunsdufnagifuAsveuduly ud
dwiuravesiauazdTinaas s ldddudemalfulgsnnuddu 18ve audulsuazum

ind Lieunsedunannuuandiaidongl SEM




23

(g-1) (g-2)

s 316 dnvaznmeduguinovemeiwesnon Indnssuimed Insiausudulothy
AsuswalRUFinamsteldiddusiie PPaMA (av 1) uas PP-g-AA (8% 2)

(2) 0 phr, (b) 1 phr, (c) 2 phr, (d) 4 phr, (¢) 6 phr, {f) 8 phr, (g) 10 phr A195] s
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Compatibilizer T (0 T, (C) % Crystallinity

content 10WL% | 20Wt% | 30wWt% | 10wt% | 20wt% | 30wi% | 10wt% | 20wt% { 30wt%

PP 157.7 108.7 42.03

Ophr 1590 | 159.1 | 1597 | 1151 } 1141 | 115.1 ; 47.34 | 42.04 | 37.52
Ephr 159.7 | 159.0 | 1602 | 1173 | 1174 | 1183 { 4745 | 5873 | 37.78
3phr 1567 1 159.1 ¢ 1607 | 117.8 | 1183 | 1189 | 47.39 | 53.58 | 39.82

Sphr 159.7 | 1602 | 160.7 | 117.8 | 1189 | 1189 | 48.23 | 49.29 | 38.80
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16wt% 20wt% 30wt%

PP 84.3+2.52
Ophr 115.2+3.62 134.7+1.53 138.2+1.76
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3phr 130.542.29 136.7£1.53 143.520.50
Sphr 129.243.25 138.0+1.80 143.840.76

3.2.2 guiamanszuaingn

= 1w e o o o cdat e 9/
A1T¥N 3.10 Llﬂ@ﬂ'ﬂ'ﬁﬂ“ﬁuﬂ'ﬁk!ﬁﬂ“uaﬁwaailfﬂﬁﬂEUJTWﬁﬂﬂuﬂiu’]mlﬁuiﬂuagﬁ'ﬁ

F Y o ar T al 1 d’l = ) .:'.
‘lf’lﬂiﬁ&“'lﬂﬂuﬂ'l\‘lﬂu MHADTIVADINLN maﬂimmmuiamn

E4
o

= =)
U mwums‘lwmzaﬂm



29

= 24 a:’n g by 1 3 8 ar (] 1 d‘. 1w A
nieANUHiamuay saveslsnaasteldiddu ludwanonsdasulasveesigyiingg

TvavesnodwainoyTnan

5 w4 = - = L4 = 1 = F=y s
M990 3.10 A¥in1s Inavoaned TusAau uazwodiwosnou Tndnszuitawed Ins A usy

' Sad ] w4
WulethussinsweelidTinaudulouas arssaeTidhdusaeg

Compatibilizer MFI (g/10min)
Enineent 10wit% 20wt% 30wt%
PP 4,22+0.040
Ophr 3.56+0.058 2.2240.018 1.40+0.033
1phr 3.31+0.025 2.2120.011 1.25+0.045
3phr 3.3120.042 1.90£0.081 1.21+0.034
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Flexural strength (MPa)
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Compatibilizer Flexural strength (MPa) Flexural modulus (MPa)
content | 1owt% | 20wt% | 30wt% | 10we% 20wt% 30wt%
PP 46.40£1.53 1689.45423.40

Ophr 50.55+0.58|54.54+0.49]55.18+1.30(1757.01£59.75| 2357.06+£75.71 [3420.24+152 81

Lphr 54.86:0.35/59.95+0.80164.90£1.16{1986.97+61.14{2725.244+132.9314130.48+136.55

3phr 57.65+1.2262.71+1.1169.36+1.31j2042.57+83.51] 2836.71+£61.21 | 4176.45+81.81

Sphr 58.88+0.76/63.91+0.84]71.23+0.83]2139.71445.00} 2844.85+68.54 {3986.05+114.77
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