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THANATIWAT NARAPRATEEP : EFFECT OF COMPATIBILIZERAND
SILANE COUPLING AGENTS ON PHYSICAL PROPERTIES OF
NATURAL FIBER-POLYPROPYLENE COMPOSITES. THESIS

ADVISOR : ASST. PROF. KASAMA JARUKUMJORN, Ph.D.8PP.

PP/ NATURAL FIBERS/ COMPOSITE/ MAPP/ SILANE COUPLINAGENT

In this thesis, the effects of compatibilizer asithne coupling agents on
thermal properties, rheological properties, medtaniproperties, morphological
properties, and water absorption of fibers-PP caitgs were studied. Rossells and
sisal fiber are used in this study. The fibers wanetreated with mixed solvent and
sodium hydroxide (NaOH) solution. Maleic anhydrgtafted polypropylene (MAPP),
vinyltriethoxysilane (VTES) and octadecyltrimetheigne (OTMS) were used to
improve the surface adhesion between the fibersRindThe fibers-PP composites
with 20 wt% fibers loading were prepared usingraernal mixer. The test specimens
were molded using injection molding machine.

Cleaning with mixed solvent and alkalization weable to remove low
molecular weight species, hemicellulose and lignem the rossells and sisal fibers.
This resulted in the decreasing of diameter andileestrength of the fibers. Silane
treated fibers had higher degradation temperatuae untreated fibers. Surface of
silane treated fibers was rougher than the fibeas ¢leaning with mixed solvent and
alkalization.

Compatibility of the fibers-PP composites could bnproved by adding

MAPP. MAPP contents were 1, 2, 4, 6, 8, and 10 phe adhesion between fibers



and matrix was enhanced with addition of MAPP |legdo improve the mechanical
properties. MAPP also affected on crystallizatioeamperature, crystallinity,
decomposition temperature of PP, and HDT of thepmsites. The optimum content
of MAPP for rossells-PP composites and sisal-PPposites was 2 phr.

Tensile strength and Young’s modulus of VETS tréatessells-PP composites
were higher than that of unmodified rossells-PP posites. However, adding OTMS
treated rossells into PP yielded no positive onactstrength, tensile strength and
Young’'s modulus. Water absorption of both VTES #&@MS treated rossells-PP
composites slightly decreased. In the case of ssiteeated sisal-PP composites, both
VTES and OTMS treatment did not affect on the ttedymmechanical, and rheological
properties but water absorption slightly lower thammodified composite. Treatment
times of both VTES and OTMS showed no significdfea on mechanical properties
of PP composites.

Rossells-PP composite gave lower tensile streagthYoung’s modulus than
sisal-PP composite in the case of unmodified comgmd-or the MAPP modification,

rossells-PP composite gave higher tensile streagthYoung’s modulus than sisal-PP

composite.
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CHAPTER |

INTRODUCTION

1.1 General introduction

The natural fibers reinforced thermoplastics haamed more attention because
of their good processability, high specific moduylesd ability to be recycled.
Comparing with traditional reinforcing materialg.eglass and carbon fibers, natural
fibers have many advantages such as low cost, lemsity, reduced tool wear,
biodegradability, and renewability. (Valadez-Gorzal Cervantes-Uc, Olayo, and
Herrera-Franco, 1999). In addition, natural fiberduce skin dermal and respiratory
irritation during handling compared to glass fibgksbelaiz et al., 2005). The natural
fiber-reinforced thermoplastic composites are wideted in many applications such
as automotive parts e.g. door panels in Mercedes-ghelf panel of the 2000
Chevrolet, and a part of golf cars produced in Gawyn(George, Sreekala, and
Thomas, 2001).

Jute and sisal fibers are widely used to reinfglzsstics due to high tensile
strength and stiffness (Bledzki and Gassan, 19@8jeover, they are readily available
from natural sources at a low price (Valadez-GarzalCervantes-Uc, Olayo, and
Herrera-Franco, 1999). They compose of cellulosanibellulose, lignin, pectin,
waxes, and water-soluble substances. These comigdmre physical and mechanical
properties that make them suitable to reinforcatma. Cellulose, hemicellulose, and

lignin are the basic components that involve in pigsical properties of fibers.



Hemicellulose is responsible for the biodegradatimoisture absorption, and
least thermal resistance whereas lignin couplesr fidundles together and thermally
stable (Bledzki and Gassan, 1999).

Polypropylene (PP) is one of the most popular ro@srto produce natural fibers
reinforced composites. The advantages of PP are dost, easy molding, low
processing temperature, and high heat stabilityvéder, main disadvantage of using
natural fibers to reinforce PP is their hydrophitiature that lowers the compatibility
with the hydrophobic PP. The compatibility betweetural fibers and PP matrix can
be improved by chemical modifications of the fibersaddition of compatibilizers.

Maleic anhydride grafted polypropylene (MAPP) isolim to be an effective
compatibilizer for natural fibers-PP compositesi@riz et al., 2005). MAPP is able
to compatibilize polar natural fibers and non-popelymer matrix. The chemical
(ester bond) and physical interaction can be foripettiveen hydroxyl groups of the
fibers and anhydride groups of MAPP. While PP chahMAPP diffuse into the PP
matrix, by which the physical interaction (entamgénts) is formed. Therefore, the
surface adhesion between fibers and matrix cannig@goved by use of MAPP
compatibilizer (Doan et al., 2006).

Furthermore, chemical modification of natural fberith silane coupling agents
enhances surface adhesion between fibers and habimpPP due to the reduction of
hydrophilic nature of fibers. Varma, Krishnan, afiishnamoorthy (1987) studied the
treatment of jute fibers witly-aminopropyltrimethoxy silane, which is capable of
reacting with hydroxyl groups of fibers. The resshbwed that the water uptake of the
treated fibers is reduced because of the reducfibiydrophilic nature of the fibers. In

addition, treatment of flax fibers with vinyltrinfeixysilane (VTMS) highly decreased



the polarity of the fibers and reduced the hydrbpmature of the fibers (Cantero et

al., 2003).

1.2 Research objectives

The main objectives of this study are as follow:

() To investigate thermal properties, rheologiqaioperties, mechanical
properties, morphological properties, and wateogiigon of rossells-PP and sisal-PP
composites.

(i) To evaluate the effect of compatibilizer anithise coupling agents on the
properties of the rossells-PP and sisal-PP congsosit

(i) To compare the mechanical properties of risgeP composites and sisal-

PP composites.

1.3 Scope and limitation of the study

In this study, rossells and sisal fibers were usegtinforce polypropylene. The
effect of compatibilizer and fiber treatment withase coupling agents on thermal
properties, rheological properties, mechanical erti@s, morphological properties,
and water absorption of fibers-PP composites werdied. The fibers were cleaned
with solvent mixtures and sodium hydroxide (NaOHjuson. Maleic anhydride
grafted polypropylene (MAPP), vinyltriethoxysilaéTES) and octadecyltrimethoxy
silane (OTMS) were used to improve the surface sidhebetween fibers and matrix.
The composites with 20 wt% fibers loading were pred using an internal mixer, and
the test specimens were molded by injection moldingchine. The effects of

compatibilizer contents at 1, 2, 4, 6, 8, and 10afd silane treatment times at 3 and



24 hrs on the properties of rossells-PP and siBatdmposites were investigated. In
addition, the mechanical properties of rossellssBposites and sisal-PP composites

were compared.



CHAPTER Il

LITERATURE REVIEW

2.1 Interfacial modification of fiber and matrix

2.1.1 Fiber surface treatments
2.1.1.1 Alkalization

Several researchers investigated the effect of liz#iteon on
thermal and physical properties of natural fiberthe past decade. Bisanda (2000)
examined the effect of alkali treatment on the alstity and coherence of sisal-epoxy
composites. The sisal fiber was treated with a 0&8dium hydroxide (NaOH). The
results presented that surface adhesion betwegnasid epoxy was enhanced due to a
reduction of surface tension and an increase ofasar roughness of fibers.
Improvements in the compressive strength and wedsistance of the resulting
composites were found. The removal of intracrystaland intercrystalline lignin and
other surface waxy substances by the alkalizatinohaeced the possibility for
mechanical interlocking and chemical bonding.

Ray and Sarkar (2001) investigated the changesrrgun jute
fibers after a 5% NaOH solution treatment for digfe periods of 0, 2, 4, 6, and 8 hrs.
A 9.63% weight loss was measured during 2 hrs ef ttekatment with a drop of
hemicellulose content from 22 to 12.90%. The teyaand modulus of treated fibers
were improved by 45% and 79%, respectively, andpthieent breaking strain was

reduced by 23% after 8 hrs of the treatment. Tlstalinity of the fibers increased



only after 6 hrs of the treatment, as evident ftmx-ray diffractrograms. In addition,
FTIR spectrums presented the change of 2 hrs fibated with an increment of OH
groups.

Ray, Sarkar, and Bose (2002) examined the impagutbehavior
of vinylester matrix composites reinforced with neatted and alkali treated jute fibers.
Longer time of alkali treatment increased the aWisity and gave better fiber
dispersion due to the removal of hemicellulose. &Halization at 4 hrs was the
optimum treated time to improve the interfacial #ioig and fiber strength. The
flexural strength of alkali treated jute fiber comsgies was higher than the untreated
jute fiber composites. This might be caused thalalkeated jute fiber was more
surface area to adhere polymer matrix due to th#isg of microfibrillar as evident
from SEM micrographs.

Ray, Sarkar, Basak, and Rana (2002) treated jber fivith 5%
NaOH for 2, 4, 6, and 8 hrs. The results of theramalysis showed that the moisture
desorption was observed at a lower temperaturdencase of all treated fibers. It
might be a result of fiber fineness, which providedre surface area for moisture
evaporation. The moisture loss of alkali treated fiber for 6 and 8 hrs decreased due
to the increase of crystallinity of fibers. The qamt degradation of hemicellulose
decreased considerably in all the treated fibelngs Was a fact that the hemicellulose
content was reduced by the alkalization. The deawmitipn temperature fon-
cellulose of all treated fibers changed from 362.88 384°C, and the residual char
formation increased to a significant extent. Iniadd, the enthalpy ofi-cellulose

degradation slightly decreased due to the losewfitellulose.



Mwaikambo and Ansell (2002) studied thermal resista
crystallinity index, and surface morphology of waied and alkali treated natural
fibers. The concentration of NaOH solution affecten thermal resistance of the
fibers. DSC results showed a rapid degradation efiulose between 0.8 and 8%
NaOH, beyond these the degradation was found t@ li#e. There was insignificant
drop in the crystallinity index of hemp fiber whiesal, jute, and kapok fibers slightly
increased in crystallinity index at the NaOH concaton of 0.8-30%. SEM
micrograph of all untreated fibers showed a redyivamooth surface whereas, all
alkali treated fibers showed uneven surfaces dubddoss of low molecular weight
species and hemicellulose.

Sydenstricker, Mochnaz, and Amico (2003) studied thermal
properties of NaOH treated sisal fibers. Lignin teot and density of fibers were
reduced with NaOH treatment. In addition, NaOH tiremnt affected on a significant
reduction in moisture absorption of sisal fiber. A @ermograms showed the NaOH
treated fiber became more thermally resistant tharuntreated fiber.

Razera and Frollini (2004) investigated the effedt NaOH
treatment on the physical properties of jute-phien@sin composites. Jute fiber was
treated with a 5% NaOH solution. The tensile stiienignpact strength, and elongation
at break of NaOH treated fiber composites werehilgbest while the water uptake
was the lowest. SEM micrograph of the impact frecgurface revealed that the alkali
treated fibers embedded with the matrix greaten thareated fibers. Furthermore, the
pull-out mechanism could be observed in the casaurdfeated jute fiber. The

improvement of surface adhesion between jute filzgrd phenolic resin might be



caused from the NaOH treatment contributed theticawmf hydroxymethyl and
hydroxyl groups of phenolic resin and jute fibeespectively.
2.1.1.2 Silanization

Varma, Krishnan, and Krishnamoorthy (1987) studredtreatment
of jute fibers withy-aminopropyltrimethoxy silane. The moisture uptakéhe silane-
treated fibers reduced approximately by 30-40%. e&rease of weight loss in the
region 50-150°C of the treated fibers indicated th& treatment had imparted the
moisture repellency from the fibers. Silane-tregigd fibers showed an increase in
the residual weight, perhaps because silicon nesietiere incorporated on the fibers.

Herrera-Franco and Aguilar-Vega (1997) studied tiechanical
properties of silane-treated henequen fiber-LDPipmmsites. The modified fiber with
a vinyltris (2-methoxy-ethoxy) silane was carriatt m a 1 wt% carbon tetrachloride
at 70°C with dicumyl peroxide as the catalyst. SEMrograph of the failure surface
of the composite revealed that silane-treated dibvegre still coated with the matrix.
The use of silane coupling agent resulted in a Ismatement in the mechanical
properties of the composites, which was attributedn improvement in the surface
adhesion between fibers and the matrix. In additgkane coupling agent could be
used to improve a fiber dispersion of the composite

Valadez-Gonzalez, Cervantes-Uc, Olayo, and Heiffeaaco
(1999) modified short henequen fibers with a 0.5%wivdicumyl peroxide and 1%
wt/wt vinyltris (2-methoxy-ethoxy) silane couplimgent. The fibers were immersed in
silane solution for 1 hr. Its deposition mechan@mthe fiber surface and the influence
of this chemical treatment on the mechanical prigegeof the HDPE composites were

investigated. FTIR spectra of silane treated filvevealed the absorption bands at 700,



1030, 1145 and 1187 émwhich were assigned to -Si-O-Si- bond. The shensidat
965 and 1200 crhindicated the characteristic of the -Si-O-C- btimat came from the
reaction of silane and the henequen fibers. Therptien bands at 860 and 930 ¢m
corresponding to the -Si-OH bond revealed the piasef residual hydrolyzed silane.
The partial removal of lignin and other alkali dallr compounds from the fiber
surface by the alkali treatment increased the @hisor of the silane coupling agent.
The tensile strength of modified composite was éighan the unmodified composite.
The interaction between the fiber and the matris wahanced when the fiber surface
was modified with the silane coupling agent. Theenaction between silane-treated
fibers and polymer matrix seem to be stronger tinan of the untreated fibers. The
fracture surface of modified composite revealedhb@iber and matrix failed
simultaneously. The fiber pulled out was not obsdrv

Singh, Gupta, Verma, and Tyagi (2000) treated dibals withy-
methacryloxypropyltrimethoxysilane (silane A-174pupling agent. An irregular
physisorption/chemisorption of coupling agent rextlithe hydrophilicity of the fibers.
The water absorption of treated fibers had beenced significantly similar to the
polar component of surface free energy. When tdeatisal fiber was used as
reinforcement in an unsaturated polyester resirrirpahe composites absorbed less
moisture than those prepared from untreated fib€emsile strength and flexural
strength improved about 15-33% and 21-29%, respaygti Surface modification of
the fiber enhanced surface adhesion because iinwalved in chemisorbed layers on

the fiber surface and chemical bond formation whih unsaturated polyester resin.
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2.1.1.3 Treatment with maleated polypropylene

Gassan and Bledzeki (1997) studied the effectiveenésnaleated
polypropylene (MAPP) as a coupling agent in theJaP composites. The fibers were
first dewaxed in an alcohol solution for 24 hrsrémove the weaving size (potato
starch and waxes). The MAPP treatment was carmugdnothe toluene solution with
different MAPP contents at 100°C for 5 and 10 riiime effectiveness of the treatment
depended on concentration and treatment time. Thet moticeable increase in
performance was obtained with a 5 min applicatibthe MAPP in a toluene solution
of 0.1 wt%. Flexural strength of MAPP treated j&e-composites was higher than
that of unmodified fibers composites. Flexural sgyth and modulus of MAPP treated
jute-PP composites were increased by 40% and 9¥pectively. The cyclic-dynamic
values indicated that the coupling agent reducedtbgress of damage. The dynamic
strength of MAPP modified fiber composites was edisby about 40%. SEM
micrograph of composites demonstrated that fibdt-qui was reduced after the
modification of fibers with MAPP. The improvementfiber-matrix adhesion was due
to the chemical bonds between fiber and matrixsTdaused an increase in stress
transfer from matrix to fibers.

Cantero, Arbelaiz, Ponte, and Mondragon (2003) istudhe
treatment of flax fiber with MAPP. A 5 and 10 wt%ARP were dissolved in boiling
xylene. The fiber was soaked in the solution aateorof 1:25 (wt/v) for 5 or 6 min.
The test specimens containing 30 wt% flax fiber he@&n formed by twin-screw
extrusion and injection molding. FTIR spectrum oARP treated fiber revealed the
formation of new ester groups (1800 and 1600‘cimetween hydroxyl groups of

cellulose and MAPP. The MAPP treatments of flaxefitseem to be effective



11

treatment to improve the compatibility between ffdoer and PP matrix. The MAPP

treatment reduced a polar component and surfacegyerd the fiber. Thus, the

wettability of flax fiber with PP matrix could benproved by the action of MAPP

treatment due to the reduction of polar componedtsarface energy of the fiber.
2.1.1.4 Acetylation

Rana, Basak, Mitra, Lawther, and Banajee (1997istuthermal
properties and surface morphology of acetylated jiliers. The derivative thermo
gravimetric analysis (DTGA) curves of acetylatedejdibers presented that the
shoulder of hemicellulose decomposition was missing weight loss at the major
degradation step (373°C) increased. The main degsitign temperature increased
from 363.0 to 373.0°C, which indicated that therrted stability of the acetylated jute
fibers was higher than untreated fibers. DSC thgmanos of acetylated jute fibers
showed that the moisture content at the first pgak very low (1.6%) and the main
decomposition peak was shifted to a higher valu®.@C). This revealed that the
thermal stability of the acetylated jute fibers wimsproved. SEM micrographs
presented that the acetylation could be reducedyéips between the fibrils of the
fiber. These might be due to the reaction of thetydgroup and hydroxyl groups of
the fiber.

Mwaikambo and Ansell (1999) studied the effect dfemical
treatments on the physical and thermal propertidgemp, sisal, jute, and kapok. The
natural fibers had been treated with various cotmagans of NaOH solution with the
objectives of removing surface impurities and depwlg fine structure. The same
fibers were also acetylated with and without am @aitalyst to graft acetyl groups onto

the cellulose structure in order to reduce the dyhilic tendency of the fibers and
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enhance weather resistance. After alkali treatm#d, surface topography of the
natural fibers was clean and rough except kapoérdibX-ray diffraction presented
that the crystallinity index of the fibers slighilycreased at low NaOH concentration.
However, at high NaOH concentrations the crysti#éjlimdex of fiber was lower than
that of low NaOH concentration. DSC thermogramghef fibers also indicated that
the reduction in the crystallinity index was optred at elevated temperatures with the
increase of NaOH concentration and grafting percglikalization and acetylation had
successfully modified the structure of the natditadrs and improved the performance
of natural fiber composites by promoting betteefibo resin bonding.

Albano, Gonzalez, Ichazo, and Kaiser (1999) stuthedeffect of
acetylation on thermal degradation of sisal fib€he shoulder of hemicellulose
decomposition of acetylated sisal fiber was missamgl weight loss at the major
degradation step (385°C) increased. This might niieanthe acetylation increased the
thermal stability of fiber. The residue left at 4270f acetylated sisal fiber was less
than the untreated sisal fiber due to the lossotdtile products that did not contribute
to char formation. The higher thermal stabilityamletylated sisal fiber than untreated
fiber might be attributed to the substitution of Qjitoups, which brought about
restrictions in the segmental mobility, therebyr@asing the stiffness of the cellulose
backbone.

Ichazo, Albano, and Gonzalez (2000) studied théueémice of
acetylation on the surface morphology of sisal-Ritnmosites. The microfibers
forming of acetylated sisal fibers could be se@an. This treatment affected on the
wettability property and the fibrillation. The ingwement in the wettability property

and enhancement in aspect ratio offered better-fitarix interface adhesion and an
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increase in mechanical properties. Furthermore trfement produced a number of
small voids on the sisal surface that promoted muaical interlocking between the
fiber and matrix.

2.1.1.5 Functionalization with maleic anhydride rmnomer

Cantero, Arbelaiz, Ponte, and Mondragon (2003) stigated the
effect of fiber treatment with maleic anhydride (MAn the properties of flax fiber
reinforced polypropylene composite. The fiber waterfied during 25 hrs with MA
dissolved in boiling acetone. The test specimensatoing 30 wt% flax fiber had been
formed by twin screw extrusion and injection molgliThe spectrums zone between
1800 and 1600 cthof FTIR analysis related to the formation of nestee groups
between hydroxyl groups of cellulose and MA. MAatreent led to more intense peak
at about 1735 cih associated with carbonyl (C=0) stretching of ycgtoups of
hemicellulose due to the esterification reaction.

Arbelaize, Fernandez, Ramos, and Mondragon (20Q@)esl the
effect of MA treatment on the thermal stability ftdx fiber. Flax fiber was treated
with 10 wt% MA for 25 hrs. MA was dissolved in boi acetone at temperature of
50+5°C. The result of thermogravimetric analysi&A)) indicated that the treated flax
fiber became more hydrophobic after the treatmilisture content of MA treated
flax fiber was lower than that of the untreatecfib

2.1.1.6 Functionalization with other monomers opolymers

Escamilla et al. (1999) investigated the properiéscellulose
fibers and polymethyl methacrylate (PMMA) or polyyacrylate (PBA) grafted
cellulose fibers. The results showed that the mubddecweight of grafted cellulose

fibers decreased while the crystallinity increasedh an increment of initiator
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(cericammonium nitrate) concentration. The amorghaone of the fibers was
exposed to the oxidation by the initiator. Therefaihe elastic modulus and tensile
strength were reduced at a high initiator concéiomaDuring the grafting process, the
degradation of cellulose was partially inhibitedheT effect of initiator on the
mechanical properties was less affected in thetegtatellulose fiber. Mechanical
properties of PMMA- or PBA-grafted cellulose fibgere lower than that of ungrafted
cellulose fiber. The reduction of the elastic madubf grafted fiber was independent
of the amount of grafted PMMA or PBA, but the témstrength decreased with the
PBA content on the PBA-grafted fiber. The mechdnicaperties of PMMA-grafted
cellulose fiber were superior to PBA-grafted celké fiber when they were used to
reinforced plasticized PVC composites.

Saha, Das, Basak, and Mitra (2000) improved mechéani
properties and dimensional stability of jute-basg@wmlyester composite by
cyanoethylation process. An acrylonitrile monomeaswused to react with the
hydroxyl groups of fiber constituents. IR resultosled that the extent of
cyanoethylation increased with an increase of daetron time. Water absorption and
thickness swelling of composites were much redudée mechanical properties of
the modified fiber composites improved remarkahlg do better bonding at the fiber-
matrix interface. This effect was more pronouncedhwa higher degree of
cyanoethylation. The fractured surface of cyandathy jute composite showed the
excellent retention of resin on broken fiber endslevthe unmodified jute composite
revealed a clean fiber and holes of fibers in tlagrix

Mishra, Misra, Tripathy, Nayak, and Mohanty (20Giydied the

graft copolymerization of acrylonitrile (AN) on amécally modified sisal fibers using
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a combination of sodium periodate (NaJ@nd copper sulfate (CuQQas initiators.
The effect of reaction medium, variation of timedaemperature, concentration of
CuSQ, NalOy and AN, and the liquor ratio on the percentaggraft yield had been
investigated. [I@] = 0.008 mol.L* and [C:&'] = 0.002 mol.I* produced an optimum
grafting for use of 0.1 g chemically modified sif@ler and 1 ml AN at 60°C. At low
percent grafting (5% grafting), the fiber gave thest tensile strength and modulus.
The AN-grafted sisal fibers were expected to aatampatible reinforcing fibers with
several hydrophobic resin systems both thermopkatd thermosetting.

2.1.2 Addition of compatibilizer

Rana et al. (1998) studied the effect of MAPP a®mapatibilizer on the
mechanical properties of jute-PP composites. Tlapsincrease in the mechanical
properties and decrease in water absorption valfies addition of the compatibilizer
were found. It might be attributed to linkage betwehe hydrophilic groups of jute
and anhydride groups of the compatibilizer. At 6@owof fiber loading, MAPP
improved the flexural strength as high as 100%siterstrength 120%, and impact
strength (unnotched) 175%. The Iimprovement wasinatla even with 1%
compatibilizer only.

Rana, Mitra, and Banerjee (1999) studied the effe#ictMAPP as a
compatibilizer on the improvement in the molecufderaction between jute and PP.
The dynamic properties of different weight fracsoof jute fiber indicated a possible
improvement in the molecular interactions with gnesence of the compatibilizer. The
reduction of modulus retention term with the weidhdction of jute fiber also

indicated the effect of compatibilizer.
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Joseph, Rabello, Mattoso, Joseph, and Thomas (260&)Jied the
environmental degradation behaviour of short daleomposites. MAPP was used as
a compatibilizer. Water absorption of modified 5iBR composites was reduced
compared with the untreated sisal-PP composite tdudne improvement in fiber-
matrix adhesion. The compatibilizer built up cheamhibonds and hydrogen bonds,
which reduced the moisture-caused fiber-matrix debw. The reduction of
hydrophilic nature of sisal fiber resulted in aosty interfacial adhesion between fibers
and PP matrix.

Doan, Gao, and Madar (2006) studied the mechapiedbrmances and
environmental aging resistance of natural fibenfaeced polypropylene composites.
The addition of 2 wt% MAPP significantly improvelet adhesion strength with jute
fibers and affected the mechanical properties ofimsites. Tensile strength of fiber
actually increased with jute fiber cross-sectio@ada at a constant gauge length, and
associated with its perfect circle shape. An inseeaf the tensile strength of the jute-
PP composites in humidity aging conditions wasikatted to the improvement in

interfacial adhesion strength.

2.2 The study of composite properties

2.2.1 Thermal properties
Ichazo, Albano, Gonzalez, Perera, and Candal (20@&ystigated thermal
properties of modified wood flour (WF) reinforcedlypropylene composite. The WF
was treated with 18 wt% NaOH solution and thentéavith 1 wt% vinyltris (2-
methoxy-ethoxy) (VTES) silane. In addition, MAPP smased as a compatibilizer to

improve the thermal properties of composites. Thestallization temperature {r
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increased about 7°C when the untreated WF was aadd&®P. While, T increased
about 13°C both VTES treated WF-PP composites aABMMcompatibilized WF-PP
composites. The increasing of dicated that the processing of these composites
need less molding time and energy than virgin REesit had a short time for cooling.
Melting temperature () practically did not change neither with the amditof WF

nor with the different treatment.

Joseph et al. (2003) studied the thermal behawbsisal-PP composites
by thermogravimetric analysis. MAPP was used a®rapatibilizer. The extent of
degradation of MAPP modified sisal-PP compositea given temperature was less
than that of unmodified sisal-PP composite. Therowpment in the fiber matrix
adhesion could be attributed to the esterificatieaction between cellulose fiber
hydroxyl groups and anhydride functionality of MAPIFhe incorporation of sisal fiber
in PP caused an apparent increase in the crystatiz temperature ¢J and
percentage of crystallinity. The MAPP modified §B® composites showed superior
percentage of crystallinity compared with the unified composite.

Qiu, Endo, and Hirotsu (2006) studied the effectMAPP on thermal
properties of fibrous cellulose reinforced polypylgme composite. The fibrous
cellulose was prepared by the manufacturer of nptidhich consisted of 99% alpha
cellulose and numerous hydroxyl groups. The conm@®swith a 30 wt% fibrous
cellulose were prepared by internal mixer at theperature of 190°C, rotor speed of
55 rpm for 20 min. The addition of cellulose reedltin a remarkable increase in
crystallization temperature {fand onset temperatureq(ds) of PP matrix. This was
attributed to the cellulose fibers acted as anciefiit nucleating agent for the

crystallization of PP. When MAPP was used as a aififizer, the nucleation rate of
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the composite was increased. This was indicatébagsinteraction between cellulose

fibers and the PP matrix, which compatibilized bpaRP. Thus, the nucleating activity

of cellulose fibers for PP was improved. Howevkg improvement in nucleating rate

induced by MAPP was maintained constantly after MAPached to a critical amount.
2.2.2 Rheological properties

George, Janardhan, Anand, Bhagawan, and Thoma$)(kd%died the
melt rheological behaviour of short pineapple fibeginforced low density
polyethylene composite. The fibers were first ®edatvith alkalization, and then
treated with vinyltris (2-methoxy-ethoxy) silaneh& composites were prepared by
solution mixing technique. The measurement of rbgichl behaviour was carried out
using capillary rheometer at different plunger sjseélhe viscosity of the composite
was increased with the chemical treatment. Silegetrhent enhanced adhesion at the
polymer-fiber interface. This was attributed to tileaction between —QRyroups of
silane and —OH groups of fiber. The resulting oH-@roup or —OR group provided a
link to cellulose through their —OH groups by tlenfation of hydrogen bonds. The
long hydrophobic polymer chain of polymerized sdarould adhere to PE due to van
der Waal's type adhesive forces. Therefore, theesidh between polymer and fiber
was enhanced and affected on the increasing ofisbesity.

Nair, Kumar, Thomas, Schit, and Ramamurthy (200@)disd the
rheological behaviour of short sisal fiber reinfedcpolystyrene (PS) composites as a
function of fiber loading, fiber length, shear raed@d temperature. The viscosity of the
composite increased with the addition of fibers. itnrease in the viscosity was
sharper at 30% fiber loading. Generally, the viggad PS decreased with increasing

of temperature. However, the viscosity of sisal-E#8nposites increased with the
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increasing of temperature. This might be due toctienge of interaction between the
fibers and polymer molecules at a higher tempegatitelt flow index of the sisal
filed PS composite at a given temperature was tothan that of pure PS. This
suggested that degree of pseudoplasticity of tmeposite was higher than pure PS.
The die swell ratio was decreased rapidly at 10%érfloading, followed by a leveling
off at higher fiber loading. The uniform extrudat@as observed at lower than 10%
fiber loading but the maximum distortion and nonfermity of the extrudate was
observed at 10% fiber loading.

Fung, Li, and Tjong (2002) studied the effect of RFA on the rheological
properties of sisal fiber reinforced polypropylec@mposites. The MAPP modified
sisal fiber-PP composites had lower melt viscositien the unmodified sisal fiber-PP
composite as indicated by torque-rheometer measmsmThis was attributed to the
improvement in fiber-matrix interfacial bonding i¥een sisal fibers and matrix.

2.2.3 Mechanical properties

Mishra, Naik, and Patil (2000) studied the use arfidna, hemp, and sisal
fibers as fillers in phenol-formaldehyde (novolaeyin. The surface of these fibers
was treated with MA. The modulus of the untreatbdrfcomposites increased with an
increase in the fiber content until 45% beyond ttasitent, the modulus slightly
decreased. For MA treated fiber composites, modwias increased with an increase
of fiber content until 50%. The tensile strengtinpact strength and hardness of MA
treated fiber composites were also higher thandhantreated fiber composites. The
increase in mechanical properties of MA-treate@rBbcomposites was caused from
the enhancement of interfacial adhesion betweesr fiand matrix due to the

esterification of MA and fibers surface.
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Cantero, Arbelaiz, Ponte, and Mondragon (2003)teckdlax fiber with
MA, MAPP and vinyltris (2-methoxy-ethoxy) silane TMIO). MAPP treatement was
the only treatment that led to improve the strengthcomposites. MA treatment
produced the highest modulus values. This factccbalrelated to the variations on the
OH absorption bands in this treatment. A higheergith of MAPP treated fiber
composites was possibly related to a better fibatrsn interphase. This might be
attributed to the surface energy of PP chains ef MAPP was similar to the PP
matrix, helping to achieve a better wetting betwéeers and PP matrix. VTMO
treatment produced a slight improvement in theutek strength. The decreasing in
polarity due to VTMO treated fiber allowed a bett@iscible between cellulose and PP
matrix, thereby led to a strong interphase thahdhantreated fiber composites.
Arbelaiz et al. (2005) studied the effect of twoffeient MAPP

compatibilizers, Epolene E43 and G3003 on the m@chhproperties of flax fiber-PP
composites. Epolene E43 had a low molecular weaght acid number of 45. On the
other hand, Epolene G3003 had a higher moleculaghivbut acid number lower than
Epolene E43. Tensile strength and Young's moduleiewnvestigated as a function of
the amount of compatibilizers. Both the tensileersgith and Young's modulus
increased with an increase of MAPP contents urdikimum compatibilizer content.
The maximum improvement in the tensile strengthH48 and G3003 were 42% and
58%, respectively. After adding only 1 wt% of thengatibilizers, the composites
strength of both types of MAPP clearly increaselde Thaximum tensile strength for
both MAPP modified composites was found at 5 andvi%. The tensile strength of
MAPP modified composites seemed to be more effectivan the unmodified

composites due to a better stress transfer froomgteix to the fiber. Modulus values
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slightly increased when MAPP was added. Nevertkelas a high compatibilizer
content (20 wt%) the modulus showed a small drdge impact strength decreased
drastically when the flax fiber was added for batimodified and MAPP-modified
composites. When the fiber content was increasedregions of stress concentrations
that required less energy to initiate cracking weneated. A reduction of the impact
strength was observed at 20 wt% MAPP, which coelattributed to the migration of
a compatibilizer from the fibers to the matrix. $hcaused a self-entanglement
between the compatibilizer chains rather than wighmatrix affected in the slippage.
2.2.4 Morphological properties

Karnani, Krishnan, and Narayan (1997) investigatédthe effect of
modification of PP matrix by reacting with MA onethmorphology of kenaf-PP
composites. SEM micrograph of uncompatibilized cosife revealed some fiber pull-
out. The improvement in bonding between fiber arel matrix of the compatibilized
composite was clearly seen. A few amount of polynesidue remained on the fiber
surface.

Ichazo, Albano, Gonzalez, Perera, and Candal (2@®49stigated the
fracture surfaces of modified wood flour (WF) ra@rded polypropylene composite
using a scanning electron microscope (SEM). WF tnested with 18 wt% solution of
sodium hydroxide and with 1 wt% vinyltris (2-metlyegthoxy) silane. MAPP was
also used as a compatibilizer. A better polyméesfiadhesion was found in modified
WF composites due to an increase in the thicknéssterface between WF and
polymer matrix.

Hristov, Lach, and Grellmann, (2004) studied thepact fracture of

polypropylene (PP)-wood fiber composites modifiathWMAPP. The fracture surface
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of unmodified PP-wood fiber composite was mainharetterized by fiber pull-out,
with smooth and clean matrix surface inside theaiaing holes. This was indicated
poor adhesion between fibers and the matrix. WheAPR!l was added to the
unmodified composite, the interfacial adhesion waticeably improved. The fiber
had been covered with a thin layer of the matriwpted the fiber surface to the
matrix.

Bos, Mussig, and van den Oever (2006) studieduhfase morphology of
flax fiber-PP composites. In case of unmodifiec ffdoer-PP composites, the fibers
were clearly loosed in the sockets whereas thaseirorphology of MAPP-modified
composites presented fully coated with the PP matius, it was concluded that the
compatibilizer could be used to improve surfaceesdn between fiber and PP.

Qiu, Endo, and Hirotsu (2006) studied the effect MAPP on the
morphological properties of fibrous cellulose rentied polypropylene composite
using a scanning electron microscope (SEM). Thepasmes with a 30 wt% cellulose
content were prepared by internal mixer at the tnaipre of 190°C, rotor speed of 55
rom for 20 min. The fracture surface of PP-cellele®dmposite clearly showed that
there were large gaps and voids between PP matakdscellulose fibers. This
indicated the interfacial adhesion between celkilmsd PP matrix was very poor. The
fracture surfaces of MAPP compatibilized compositegealed a strong interfacial
adhesion between MAPP and cellulose fibers. Sitieecellulose fibers were tightly
connected with the matrix and they were broken@madfn up.

2.2.5 Water absorption
Joseph, Rabello, Mattoso, Joseph, and Thomas (200dkd the effect of

MAPP on the water absorption of sisal-PP compasi®2-sisal composites were
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prepared by the melt mixing (Haake Rheocord) atpemature of 170°C and rotor
speed of 50 rpm for 10 min. The treated sisal-RRposite with 20 wt% fiber loading
showed a decreased water absorption compared teated sisal-PP composite. The
reduction of water absorption was caused from therovement in fiber-matrix
adhesion. The coupling agent built up chemical Boadd hydrogen bonds that
reduced the water uptake caused from fiber-magbodding. This in turn reduced the
extent of water absorption. The enhanced bondinglAPP treated fiber composite
was attributed to the esterification reaction betwsisal fiber hydroxyl groups and
anhydride part of MAPP, which caused a reductionnirfacial tension and an
increase in interfacial adhesion between PP antitée
Thwe and Liao (2003) studied moisture absorptionbamboo fiber

reinforced polypropylene composite (BFRP). MAPP weed as compatibilizer.
BFRP was prepared by melt mixing using torque rhetemat 190°C and a rotor speed
of 40 rpm for 8-10 min. BFRP samples were immelisedater at 25°C for up to 6
months and at 70°C for up to 3 months. Mass chafighe samples was recorded
using as electronic balance at regular time intervBhe moisture absorption level
(about 1.2%) for BFRP samples was higher than ohaPP samples. PP samples
showed little moisture uptake after aging in wdter6 months at 25°C. Use of PP-
MAPP matrix further reduced water uptake for BFRRis reduction was attributed to
the improvement of interfacial adhesion that redueeater accumulation in the
interfacial voids and prevented water from enterihng bamboo fiber. A saturated
moisture level at 75°C had not been attained aetiteof the 3 months aging period.
Sorption rate during the initial stage was sigmifity higher compared to those aged

at 25°C. Moisture contents of about 3.6% were $&eBFRP samples after 3 months.
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Arbelaiz et al. (2005) studied the effect of suefamodification on water
absorption of short flax fiber bundle-polypropylec@mposites. Two different MAPP
compatibilizers, Epolene E43 and G3003 were usaduestigate the effect of fiber
surface modification. Epolene E43 had a low molaculeight and acid number of 45.
On the other hand, Epolene G3003 had a higher mlaleweight but acid number
lower than Epolene E43. The composites were mixsidgumelt mixer (Haake
Rheomix 600) at 180°C, rotor speed of 40 rpm andngitime of 5 min. A 30 wt%
fiber bundle was used to compare the effect of arthaand type of MAPP coupling
agent. Five composite samples were immersed iillelistvater at room temperature
for 7 months to study water absorption. The compeswith Epolene E43 presented a
lower water uptake than G3003 modified compositesesEpolene E43 had a higher
acid number than Epolene G3003. Use of MAPP skgtgtiuced equilibrium water
uptake of the composites. The decrease of watekaphight be attributed to some of
fiber hydrophilic —OH groups reacted with MA to forester linkages.

Yang, Kim, Park, Lee, and Hwang (2006) studiedkimgss swelling and
water absorption of rice-husk flour (RHF) and wdtmir (WF) reinforced polyolefin
(polypropylene, high-density polyethylene, low-déns polyethylene). MAPP
(Epolene G-3003TM) and MAPE (maleated polyethyleRelybond-3009TM) were
used as compatibilizers. The amount of compat#ailizas 3 wt%. The matrices were
blended with various loading of RHF and WF usindaboratory-size twin screw
extruder. The thickness swelling and water absompof the composites increased
with increasing filler loading. The increase in emtbsorption was attributed to an
increase in the number of micro voids caused byldlhger amount of poor bonded

area between the hydrophilic filler and the hydph matrix polymer. Water was
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easily absorbed by the voids. The PP composit® att3 RHF and 3 wt% MAPP
exhibited significantly less thickness swellingriithe PP-RHF composite, because the
MAPP chemically bonded with the -OH groups in tihgndcellulosic filler. This
limited the water absorption. The composite comgnVIAPP and MAPE showed
lower thickness swelling and water absorption thizat of the composites without
MAPP and MAPE. The strong interfacial bonding betwehe filler and polymer
matrices caused by the compatibilizers limited thekness swelling and water

absorption of the composites.



CHAPTER Il

EXPERIMENTAL

3.1 Materials

A commercial grade of isotactic polypropylene (P89 J) was supplied by Thai
Polypropylene Co., Ltd. Maleic anhydride graftedypeopylene (MAPP, Fusabofid
P MZ 109D, DuPont, MFI 120 g¢g/10 min) was used asampatibilizer, and
vinyltriethoxysilane (VTES, Aldrich) and octadecymethoxysilane (OTMS, Aldrich)
as coupling agents. The chemical structures oheaileoupling agents are shown in
Figure 3.1. Rossells fibers (Hibiscus sabdariff@revobtained from NEP Realty and
Industry Public Company Limited. Sisal fibers (Agasisalana) were purchased from
Sisal-Handicraft OTOP Group, Tambon Ban Kao, Amphan Khun Thod, Nakhon

Ratchasima, Thailand.

(|3C2H5 (l)CHg
HoC=CH— |S1— OGHs5 CigH37— |S1— OoCH
OCoHsg OCHg
Vinyltriethoxysilane Octadecyltrimethoxgme

Figure 3.1 Chemical structure of vinyltriethoxysilane and algayltrimethoxysilane
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3.2 Experimental

3.2.1 Fiber preparation
3.2.1.1 Fiber cleaning

Rossells fibers were cut into an approximate tlera§ 20 cm then
soaked in water at a liquor ratio of 15:1 for a ke&fter that, the fibers were washed
with water in order to remove small barks and ditte fibers were dried in an oven at
60°C overnight, and then the fibers were cardedefmarate as fiber filaments. Sisal
fibers were used as received. They were dried imvaan at 60°C overnight. These
fibers were called “nonpretreated fibers (NP)”.

The nonpretreated rossells and sisal fibers ware into an
approximate length of 2 mm. The short fibers wesiéeld with methanol and benzene
mixture (1:1) for 3 hrs to eliminate waxes and lowlecular weight species, and then
dried in an oven at 60°C overnight. After that, fheers were cleaned with 2 wt%
sodium hydroxide (NaOH) solution for 2 hrs to elmaie hemicelluloses. The fibers
were washed with water several times and driechimaen at 60°C overnight. These
fibers were called “cleaned fibers (CL)".

3.2.1.2 Preparation of silane-treated fibers

The CL fibers were immersed in 2 wt% VTES solntand 2 wt%
OTMS solution at a liquor ratio of 15:1 for 3 hrsda24 hrs. The 2 wt% VTES solution
was prepared by dissolving VTES in distilled watera case of OTMS solution, 2
wt% of OTMS was dissolved in ethanol and distiNeater mixture (90:10 wt/wt). The
pH of the solution was adjusted to 3.5 with acati. The VTES treated fibers were
washed with distilled water several times. For @EMS treated fibers, they were

washed with ethanol. The fibers were then driegnmoven at 60°C overnight.
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3.2.2 Preparation of composites
The PP composites were prepared using an intemaer (Hakke
Rheomix 3000P) at 170°C with a rotor speed of 0. rpirst, PP was added into the
mixing chamber for 5 min, after that the CL or séatreated fibers were added. The
total mixing time was 13 min. In a case of MAPP ified composites, PP and MAPP
were firstly mixed for 5 min, and then the CL fibewere added. The total time of
blending was 13 min as well. The composition ansigietion of materials used in

this study is shown in Table 3.1.

Table 3.1The composition for preparing PP composites.

PP | Cleaned fiber| VTES treated | OTMS treated| MAPP

Designation

(Wt%) (Wt%) fiber (wt%) fiber (wt%) (phr)
PP 100 - - - -
Unmodified 80 20 - - -
VTES_3hr 80 - 20 - -
VTES_24hr 80 - 20 - -
OTMS_3hr 80 - - 20 -
OTMS_24hr 80 - - 20 -
MAPP_1phr| 80 20 - - 1
MAPP_2phr 80 20 - - 2
MAPP_4phr 80 20 - - 4
MAPP_6phr 80 20 - - 6
MAPP_8phr 80 20 - - 8
MAPP_10pht 80 20 - - 10
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The test specimens were molded by a Chuan Lilnfeation molding
machine (model CLF 80T) with melting temperaturel@6°C, mold temperature at
25°C, injection speed of 46 mm/sec, screw speedBdfrpm, and holding pressure of
1,400 kg/cr.

3.2.3 Fiber characterization
3.2.3.1 Measurement of fiber dimension
The average lengths and diameters of NP and 6érdi were
measured based on 100 samples using the Nikonizmlaptical microscope (model
Eclipes E600 POL).
3.2.3.2 Thermal properties
Thermal analysis of the fibers was determinedhgisihe TA
thermogravimetric analyzer (TGA, model SDT 2960:A and DTGA curves of
fibers were obtained by heating the samples undetr@gen atmosphere at a heating
rate of 20°C/min.

3.2.3.3 Mechanical properties

Tensile properties of NP, CL, and silane-tredtledrs were tested
according to ASTM D3822 using the Instron univetsating machine (UTM, model
5569) with a load cell of 10 N, a crosshead spde@l®mm/min, and a gauge length
of 5 cm. The length of specimens was about 20 cm.

3.2.3.4 Morphological properties

Surface morphology of fibers were investigated gisanscanning
electron microscope (SEM, model JSM6400) at 10 Kehe samples were coated with

gold before investigation.
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3.2.4 Composite characterization
3.2.4.1 Thermal properties

The thermal degradation of PP and PP composies determined
using TGA. The melting temperature {J] crystallization temperature {I and
crystallinity were investigated using Perkin Elndéfferential scanning calorimeter
(DSC, model DSC-7). TGA and DTGA curves of PP cosijgs were obtained by
heating samples under nitrogen atmosphere at anbeerdte of 20°C/min. DSC
thermograms of PP and PP composites were obtam#dede steps under a nitrogen
atmosphere. The first heating scan was performeleaying a sample from 25°C to
180°C at a heating rate of 10°C/min. Then the samy@s annealed for 5 min to
remove the thermal history. After that, the coglgcan was begun by cooling the
sample to 25°C at a cooling rate of 10°C/min. Bnahe second heating scan was
performed by heating the sample from 25°C to 188°@ heating rate of 10°C/min.

The crystallinity of the PP composites was caladdiy the following equation:

WhereAHsampleiS the heat of fusion of sample (J/g) obtaineanfro
the second heating scakH° is the heat of fusion of pure crystalline PP équ&09
J/g (Arbelaiz, Fernandez, Ramos, and Mondragong2@0is mass fraction of the PP
in the composite.

Heat distortion temperature (HDT) of PP and PP ausitps were
tested following ASTM D648 using a HDT testing miameh (model HDV 1) at a

heating rate of 2°C/min at 455 kPa.
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3.2.4.2 Rheological properties

Melt flow index (MFI) of the PP and PP compositesre obtained
using the Kayeness melt flow indexer (model 4004)80°C and a load of 2.16 kg.
Viscosity at various shear rates (shear rate rah@ek)00 &) was obtained using the
Kayeness capillary rheometer (model D5052m) at@80°

3.2.4.3 Mechanical properties

Tensile properties of PP and PP composites wested by
following ASTM D638 using the Instron universal tieg machine (UTM, model
5565) with a load cell of 5 kN, a crosshead spdeldanm/min, and a gauge length of
80 mm. The tensile strength of PP was obtainedyusitest speed of 50 mm/min. This
was because PP specimen did not break at a sp&&daih/min.

Flexural properties of the PP and PP composv&a® examined
according to ASTM D5943 using the Instron univetsating machine (UTM, model
5565) with a load cell of 5 kN, a crosshead spdetbanm/min, and a span length of
56 mm.

Unnotch Izod impact strength of PP and PP cong®sivere
performed according to ASTM D256 using an Atlasitgsmachine (model BPI).

3.2.4.4 Morphological properties

Morphology of the fracture surface of PP commssiwas examined
using a scanning electron microscope (SEM, modelcd®0) at 10 keV. The samples

were coated with gold before analysis.
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3.2.4.5 Water absorption
Water absorption of PP composites was performedolowing
ASTM D570. The test specimens were immersed inilldst water at room
temperature for 3 months. The water absorption walsulated by the following

equation:

Water absorption (%) = [(wet weight — dried wejgiiied weight] x 100 (3)



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Effect of surface modification on properties ofossells fibers

4.1.1 Measurement of fiber dimension
The fiber length, diameter, and aspect ratio (LOGDNP, CL, and silane-
treated rossells fibers are shown in Table 4.1. fitbers after cleaning with mixed
solvent and alkalization (CL fibers) were destrdctef the mesh structure and
separated into fiber bundles (Ray, Basak, and B3®?). Thus, the average diameter
of CL fibers was lower than the NP fibers, VTES ahd OTMS_3hr treated fibers.
However, the average diameter of VTES and OTMSdckéibers at 24 hrs slightly
lower than 3 hrs. This might be caused from thdtsp into fiber bundles of the
fibers by the mechanical breaking during a longetistirring for 24 hrs treatments.
The difference of aspect ratio might be caused ftbe variation of fiber. Silane
treatment showed no remarkable effect on averaggHeof the fibers.
4.1.2 Thermal properties
TGA and DTGA thermograms of NP, CL, and silanetedaossells fibers
at treatment time of 3 and 24 hrs are shown inréigul. Decomposition temperatures
of NP, CL, VTES, and OTMS treated rossells fibews lested in Table 4.2. The first
decomposition temperature below 100°C correspotméuk evaporation of moisture.
The CL fibers presented a slightly lower in moistaontent than that of the NP fibers.

The moisture content about 6% was observed. Thendetecomposition temperature
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of NP fibers around 207°C indicated the loss ofuntes and low molecular weight
species. The third decomposition temperature wasddtomposition temperature of
hemicellulose and lignin. The beginning of this @®position temperature was
observed around 250°C. The thermal decompositinpéeature of hemicelluloses and
lignin were in the ranges of 220-280°C and 280-B0@espectively (Saheb and Jog,
1999). In the case of CL fibers, the second decaitipa temperature was absent, and
the third decomposition changed into the shouldérs indicated that the cleaning
with mixed solvent and alkalization were able tenoge impurities, low molecular
weight species, and some hemicelluloses and liiyom the fiber surface. The fourth
decomposition temperature was the decompositiocetitilose as observed in the
range of 350-400°C. The decomposition temperatdireetulose slightly reduced
when the fibers were cleaned. This might be atteddtwo the absence of lignin affected
on thermal resistance of the fibers. However, tleeothposition temperatures of
cellulose of VTES and OTMS treated fibers showedemarkable different compared
to the CL fibers. This might be caused from thectiea between fibers and silane
coupling agent as illustrated in Figure 4.2. Silele@tment insignificantly affected on
the decomposition temperature of cellulose of ihers.
4.1.3 Mechanical properties

Tensile properties of single fiber are shown inl€ah3. Tensile strength
of CL and silane treated fibers were lower thart did\P fibers. This was due to the
removal of hemicelluloses and lignin that held fibendles together. The efficiency
of stress transfer between fiber bundles was retlude remarkable difference in
Young’'s modulus of NP, CL, and silane treated b&as found except OTMS treated

fiber at treatment time of 24 hr.
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Table 4.1Fiber length, diameter and aspect ratio of NP, \ZIES, and OTMS

treated rossells fibers.

Type of fibers Length (mm) Diameter (um) LD
range average range average

NP 0.71-3.92| 1.86+0.71 27.2-166.0 71.6x27.p 46.6
CL 0.60-2.54| 1.26+0.60 30.5-190.0 55.1+30.8  27.9
VTES_3hr 0.44-2.34] 1.33+0.52 20.0-190.0 61.7+33/0 6.82
VTES_24hr 0.38-2.34 1.40+0.43 20.0-150.0 56.7+£23|&27.7
OTMS_3hr 0.36-2.64] 1.49+0.51 20.0-170.0 66.2+34(5 8.42
OTMS_24hr 0.40-2.80] 1.52+0.5% 20.0-160.0 59.2+21|229.2

Table 4.2Decomposition temperature of NP, CL, VTES, and GBliveated rossells

fibers.
Type of fibers Decomposition temperature (°C)
1 2 3¢ 4"
NP 78.1 206.8 309.1 373.2
CL 72.9 - - 365.9
VTES_3hr 81.2 - - 369.1
VTES 24hr 81.5 - - 367.4
OTMS_3hr 82.4 - - 367.3
OTMS_24hr 83.7 - - 366.8
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Figure 4.1 TGA (a) and DTGA (b) thermograms of NP, CL, VTESda®TMS

treated rossells fibers.
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Figure 4.2 Schematic illustration of silane treated natuitzfs (Kanani, Krishnan,

andNarayan, 1997).
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Table 4.3 Tensile strength and Young’'s modulus of NP, CLE®T and OTMS

treated rossells fibers.

Type of fibers Tensile strength (MPa) Young's modulus (GPa)
range average range average
NP 317.0-853.0 473.4+120.2 28.2-62.0 40.6+9.9
CL 153.0-715.5 434.7+164.4 20.1-69.0 41.7£12.%
VTES_3hr 151.0-942.0 335.0+183.5 18.8-92.5 38.03:16,
VTES_24hr 136.0-652.0 353.6+£147.( 15.3-120. 3P522
OTMS_3hr 154.0-471.0 287.3+93.2 20.1-55.5 35.4+12.0
OTMS_24hr 116.0-638.0 295.7+139.4 11.0-47.4 253+9.

4.1.4 Morphological properties
SEM micrographs of NP, CL, and silane treated lssébers are shown
in Figure 4.3. The impurities were observed onghdace of the NP fibers as shown
in Figure 4.3 (a). Natural waxy substances on ither Surface contribute to ineffective
fiber-matrix bonding and poor surface wet-out (Matyaet. al., 2003). Cleaning fibers
with mixed solvent and alkalization were able tmo®e low molecular weight species,
hemicelluloses, and lignin from the fiber surfasecanfirmed by thermal analysis. It
indicated that cleaning fibers with mixed solvent aalkalization were sufficient to
remove the impurities from the fiber surface. Aftdeaning (Figure 4.3 (b), the
binding components (e.g. hemicelluloses and ligroejween fiber bundles were
further partly removed as more separation of irtliad fiber bundles as agree with the
reduction of average fiber diameter. Thus, the §tracture and clean surface of the
fibers were obtained (Mwaikambo and Ansell, 2002hen the CL fibers were treated
with VTES and OTMS solution, their surfaces appeaeigher than that of CL fibers

as shown in the Figure 4.3 (c-f).
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(€) (f)

Figure 4.3 SEM micrographs at 750x magnification of rossebeifs; (a) NP, (b) CL,

(c) VTES_3hr, (d) VTES_24hr, (e) OTMS_3hr, (f) OTMZlhr.
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4.2 Effect of compatibilizer on properties of rossés-PP composites

4.2.1 Thermal properties

The results of DSC analysis of PP and rossellsdPiposites with various
MAPP contents are shown in Table 4.4 and FigureMelting temperature of PP did
not change with the addition of the fibers wheraagstallization temperature
increased. Manchado et al. (2000) reported thatl disers had no effect on the
melting temperature of PP composites. The increaserystallization temperature
might be attributed to the induced crystallizatedfect of the fibers affected on a fast
crystallization. Similarly, Amash and Zugenmaied@Q) and Quillin et al. (1994) had
studied the effect of reinforcing fibers on thestajlization temperature of PP. They
had found that crystallization temperature of PEraased with the addition of
cellulose fibers due to cellulose fibers acting asnucleating agent for the
crystallization of PP. The crystallinity of PP reed with the addition of fibers. This
could be explained that the fibers restricted thedegular mobility in the melt of PP
matrix after nucleation leading to the lower criistdy (Ruksakulpiwat, Suppakarn,
Sutapun, and Thomthong, 2007). The incorporatioMAPP insignificantly changed
both melting and crystallization temperature of tb@mposites. An increase in
crystallinity of the MAPP modified rossells-PP camsfes might be caused from the
reduction of micro voids or gap due to the improeemin surface adhesion between
fibers and PP matrix with the addition of MAPP ((iindo, and Hirotsu, 2006).

TGA and DTGA curves of PP, unmodified and MAPP nfiedi rossells-
PP composites are shown Figure 4.5. Decomposgimpératures of cellulose and PP
of unmodified and MAPP modified rossells-PP comiassare listed in Table 4.5. The

first peak at about 370°C was a decomposition teatype of cellulose related to the
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results of thermogravimetric analysis of fibersddhe second peak at 460°C was a
decomposition temperature of PP. The decompositemperature of cellulose
insignificantly changed with the addition of MAPRdathe increasing of MAPP
content while the decomposition temperature of IRfatyy increased.
HDTs of PP and rossells-PP composites are showialie 4.6. HDT of

PP was improved with adding the fibers. When theMRAwas added the HDT of
composites increased. It might be due to the imgmmnt of the fibers-matrix
interface. However, no significant difference on HDf the composites with an

increase of MAPP content was found.

Table 4.4 Melting temperature, crystallization temperatameg crystallinity of PP and

rossells-PP composites with different MAPP contents

Materials Tm (°C) Tc (°C) Crystallinity (%)
PP 157.2 108.4 51.09
Unmodified 156.9 114.0 42.47
MAPP_1phr 157.7 116.9 42.79
MAPP_2phr 157.7 117.7 43.45
MAPP_4phr 158.1 118.2 43.81
MAPP_6phr 158.0 118.7 Vise)
MAPP_8phr 158.5 118.1 43.96
MAPP_10phr 157.9 118.0 41.69
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Figure 4.4 DSC thermograms of rossells-PP composites witkedifit MAPP

contents; (a) heating scan, (b) cooling scan.
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Table 4.5 Decomposition temperature of fibers and PP ofelts$P composites with

different MAPP contents.

Cellulose decomposition PP decomposition
Materials
temperature (°C) temperature (°C)
Unmodified 369.6 461.7
MAPP_1phr 370.7 463.7
MAPP_2phr 371.2 465.1
MAPP_4phr 370.5 466.2
MAPP_6phr 372.2 465.8
MAPP_8phr 373.4 466.9
MAPP_10phr 374.2 470.0

Table 4.6Heat distortion temperature of PP and rossellsdfiposites with different

MAPP contents.

Materials HDT (°C)
PP 79.4+2.5
Unmodified 128.0+1.0
MAPP_1phr 139.2+1.0
MAPP_2phr 142.242.4
MAPP_4phr 141.2+2.0
MAPP_6phr 139.7+2.1
MAPP_8phr 140.5+2 .4
MAPP_10phr 139.5+3.5
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4.2.2 Rheological properties

Melt flow index (MFI) of PP decreased with addingeirs as shown in
Table 4.7. The rossells-PP composites exhibitetidnigiscosity than that of PP as
shown in Figure 4.6. This was attributed to theefbperturbed the flow of polymer
and hindered the mobility of chain segments in rfielt. However, adding MAPP to
the rossells-PP composites showed no remarkablerefice in MFI and viscosity.
These results were similar to the study of SchememaOsswald, Sanadi, and
Caulfield (2000). They reported that no significaftect of MAPP on viscosity of

jute-reinforced polypropylene composites.

Table 4.7 Melt flow index of PP and rossells-PP compositéh different MAPP

contents.
Materials MFI (g/10min)
PP 4.16+0.06
Unmodified 2.57+0.01
MAPP_1phr 2.37+0.04
MAPP_2phr 2.37+0.02
MAPP_4phr 2.19+0.03
MAPP_6phr 2.19+0.04
MAPP_8phr 2.10+0.05
MAPP_10phr 2.03+0.07
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Figure 4.6 Flow curves of PP and rossells-PP composites wiirent MAPP

contents.

4.2.3 Mechanical properties

Tensile, flexural, and impact strength of PP anssetis-PP composites
with and without the addition of compatibilizer (W) are shown in Table 4.8.
Tensile strength, impact strength, and Young's molwf PP were increased with
adding the fibers but tensile strain at break of d®ereased. Tensile strength and
impact strength of MAPP modified rossells-PP contpsswere higher than that of
unmodified rossells-PP composite and slightly iasesl with increasing MAPP
content as shown in Figure 4.8. Tensile strengthos$ells-PP composites increased
with increasing MAPP until 2 phr. Higher contents MAPP did not give rise to
further tensile strength. However, no significaiftedence of Young’s modulus was
found when the MAPP was added. Tensile strain aalbrslightly increased with

increasing MAPP content as shown in Figure 4.9. MAs#fected on the improvement
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in surface adhesion between non polar PP and podsells fibers. The increase in
mechanical properties of MAPP modified rossellsé®mposites was attributed to the
linkage between the hydrophilic hydroxyl groupdfibérs and the carboxyl groups of
the compatibilizer (Rana et al., 1998). A hypottetimodel of hydroxyl groups of

fibers and MAPP at the interface as shown in Figureillustrated that both chemical
(ester bond) and physical interaction (hydrogendpahould be formed between the
fibers and the compatibilizer. PP chain of MAPHuiéd into the PP matrix to form

the physical interaction (entanglement) (Doan gt28105).

)

i

]
PP Matrix

Jute fibre

— OH

— OH

¢

MAH coupling MAHgPP and
layer PP inter-
diffusion zone

2% MAHgPP

Figure 4.7 Hypothetical structure of maleic anhydride graftypoopylene (MAHgPP

or MAPP) and jute fibers at the interface (Doaalet2005).



Table 4.8 Mechanical properties of PP and rossells-PP coitgsosith different MAPP contents.

Tensile Impact Young’s Tensile strain Flexural Flexural
Materials Strength Strength Modulus at break Strength modulus
(MPa) (kJ/m?) (GPa) (%) (MPa) (GPa)
PP 13.9+2.0 85.8+1.1 1.08+0.03 248.8+56. 46.4+1.5 1.43+0.04
Unmodified 22.9+0.8 19.0+0.8 1.71+0.07 8.8+1.5 302 2.67+0.00
MAPP_1phr 28.1+0.9 19.5+1.8 2.02+0.03 5.2+0.4 58.6+ 3.23+0.06
MAPP_2phr 30.3+0.3 19.6+1.4 2.01+0.05 5.2+0.3 50.8+ 3.24+0.08
MAPP_4phr 30.7+1.1 21.0+1.8 2.01+0.04 5.6+0.4 60.8+ 3.23+0.05
MAPP_6phr 31.6+0.5 22.2+1.6 1.97+0.03 5.5+0.2 60.4+ 3.24+0.02
MAPP_8phr 31.5+1.2 23.1+2.8 1.94+0.03 5.9+0.3 606.9+ 3.15+0.02
MAPP_10phr 31.9+0.5 22.7+2.2 1.94+0.04 6.0+0.2 £3.6 3.07+0.03

1%
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Flexural strength and modulus of PP increased adlthing the fibers are
shown in Table 4.8. The flexural properties of MARBdified rossells-PP composites
are shown in Figure 4.10. Flexural strength of MAR®&Uified rossells-PP composites
was higher than the unmodified rossells-PP come@aaitd slightly increased with
increasing MAPP content. Flexural modulus of MAPPodified rossells-PP
composites was also higher than unmodified rosg#lscomposite but no significant
change with increasing MAPP contents. It had beeplaged that the surface
adhesion between fibers and PP was improved dietesterification of the hydroxyl
groups of fibers by maleic anhydride parts of MARRuSs, it led to a strong interfacial
adhesion in the MAPP modified rossells-PP compsdiantero, Arbeliaiz, Llano-

Ponte, and Mondragon, 2003).
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Figure 4.10 Flexural strength and flexural modulus of rossBlB-composites with

different MAPP contents.
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4.2.4 Morphological properties
Surface morphologies of rossells-PP compositestaoe/n in Figure 4.11.
The fracture surface of unmodified composite inuFég4.11 (a) presented the surface
of fiber pull-out fairly cleaned. Whereas, the MAR®dified rossells-PP composites
had a fair amount of polymer residue remained anfibers. The improvement of
surface adhesion between the fiber and matrix vess {Karnani, Krishnan, and
Narayan, 1997). However, no significant differemecehe fracture surface of MAPP
modified rossells-PP composites with increasing NA#ntents was observed.
4.2.5 Water absorption
The water absorption of unmodified rossells-PP casiip was higher than
that of the MAPP modified rossells-PP compositesiaswn in Figure 4.12. This
indicated that the MAPP was able to reduce the wabsorption of rossells-PP
composites due to the improvement of surface adhesetween fibers and matrix
which reduced the water accumulation in the intgalavoids (Thwe and Liao, 2003).
Yang, Kim, Park, Lee, and Hwang (2006) reported M&PP chemically bonded
with the —OH groups of the lignocellulosic fibefBhe strong interfacial bonding
between fibers and polymer matrix caused by thepatiilizing agent limited water

absorption of the composites.
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Figure 4.11 SEM micrographs at 1,000x magnification of rossElscomposites;
(a) Unmaodified, (b) MAPP_1pht) MAPP_2phr, (d) MAPP_4phr,

(e) MAPP_6phr, (f) MAPP_8phr, and (g) MAPP_10phr.
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contents.

4.3 Effect of silane coupling agents on properties rossells-PP
composites

4.3.1 Thermal properties

DSC thermograms as shown in Figure 4.13 revealadnb difference in
melting temperature of PP and unmodified rossdisd®mposites was observed.
However, the addition of rossells fibers increasegstallization temperaturef PP.
The crystallinity of unmodified rossells-PP compesi was reduced due to the
restriction of fibers and micro voids between filseirface and PP. In case of silane
treated rossells-PP composites, melting temperatnuoecrystallization temperature did
not change but crystallinity was increased. Anaase in crystallinity of silane treated

rossells-PP composites might be caused from thectiedh of micro voids due to the
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improvement in surface adhesion between fibersnaailix. No significant difference
in melting temperature, crystallization temperatanel crystallinity of the composites
was found when the fibers were treated with VTE& @TMS.

TGA thermograms of PP, unmodified, and silane é@atossells-PP
composites showed that the decomposition temperatufibers for both VTES and
OTMS treated rossells-PP composites was decreatmslever, the decomposition
temperature of PP was slightly higher than unmedifrossells-PP composite as
shown in Figure 4.14 and Table 4.10. This indicdbed VTES and OTMS treatments
influenced on the thermal stability of PP. Treatihtenes showed no significant effect

on PP decomposition temperature.

Table 4.9Melting temperature, crystallization temperature] arystallinity of PP,

unmodified, and silane treated rossells-PP comgmsit

Materials Tm (°C) T: (°C) Crystallinity (%)
PP 157.2 108.4 51.09
Unmodified 156.9 114.0 42.47
VTES_3hr 156.6 112.8 53.57
VTES_24hr 156.6 112.8 51.44
OTMS_3hr 156.6 112.8 57.35
OTMS_24hr 156.6 112.8 52.67
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Figure 4.13 DSC thermograms of PP, unmodified, and silangddmssells-PP

composites; (a) heating scan, (b) cooling scan.
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treated rossells-PP composites.
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Table 4.10 The decomposition temperature of fibers and Péhofodified, and silane

treated rossells-PP composites.

Cellulose decomposition PP decomposition
Materials
temperature (°C) temperature (°C)
Unmodified 369.6 461.7
VTES_3hr 356.6 468.6
VTES_24hr 355.3 466.5
OTMS_3hr 362.9 464.8
OTMS_24hr 363.3 466.9

HDT of PP and rossells-PP composites are showiiainle 4.11. As

expected, incorporating rossells fibers in to PRrowed the HDT. There was no

remarkable difference in HDT of VTES, OTMS treatedsells-PP composites and the

unmodified rossells-PP composite.

Table 4.11Heat distortion temperature of PP, unmodified, sitahe treated rossells-

PP composites.

Materials HDT (°C)
PP 79.4+2.5
Unmodified 128.0£1.0
VTES_3hr 126.6+1.0
VTES_24hr 128.0+1.0
OTMS_3hr 126.3+1.0
OTMS_24hr 127.0+0.8
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4.3.2 Rheological properties
MFI of PP, unmodified and silane treated rosseRs-Edomposites are
shown in Table 4.12. MFI of PP decreased when thersd was added. Silane
treatment showed no significant effect on MFI ofsells-PP composites. This is also
shown in flow curves as shown in Figure 4.15. Vstgoof PP increased with adding
fiber but no remarkable difference between the osgy of unmodified and silane

treated rossells-PP composites was observed.

Table 4.12Melt flow index of PP, unmodified, and silane texhrossells-PP

composites.
Materials MFI (g/10min)
PP 4.16+0.06
Unmodified 2.57+0.01
VTES_3hr 2.80+0.01
VTES_24hr 2.86+0.04
OTMS_3hr 2.89+0.05
OTMS_24hr 2.85+0.02
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Figure 4.15Flow curves of PP, unmodified, and silane treatesells-PP composites.

4.3.3 Mechanical properties

Tensile strength and Young’s modulus of PP, unnmediifand silane
treated rossells-PP composites are shown in Tab® Eigure 4.16, and 4.17. Tensile
strength and Young’s modulus of PP were improveti tie addition of the fibers. In
the case of VTES treated rossells-PP compositdh, teasile strength and Young’s
modulus increased but OTMS treated rossells-PP ositgs decreased. The
improvement in tensile strength and Young's modwts/TES treated rossells-PP
composites was caused from the interaction betwleersiloxane and —OH group of
fibers, and vinyl groups of VTES silane reactedhv®tP. The resulting reaction gave
rise to chemical bonding between the fibers and rttagrix which enhanced the
interfacial adhesion. Figure 4.16 depicts possiglactions between silane treated

fibers and polymer matrix (Abdelmouleh, Boufi, Batgm, and Dufresne, 2007).
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The reduction in tensile strength and Young’s modwf OTMS treated
rossells-PP composites was due to the long flexabtadecyl group of OTMS. On the
contrary, Valadez-Gonzalez, Cervantes-Uc, Olayod afterrera-Franco (1999)
reported that the tensile strength of vinyltris nf2thoxy-ethoxy) silane treated
henequen-HDPE composites increased because thaciie between silane-treated
fibers and polymer matrix seem to be stronger ttieat of the untreated fibers.
Treatment times did not influence on both tensitersggth and Young’s modulus of
VTES and OTMS treated rossells-PP composites. Rifgnmechanical properties
investigated, it can be concluded that VTES treatmeovided rossells-PP composites
higher tensile strength and Young’s modulus than@iMS treatment. This might be
due to VTES was lower flexible vinyl groups thamttlof octadecyl groups of OTMS

as evident from the molecular structure.

- -~
- O & ?
= O, |_ =0 Bo=i|
Cellulosic FloerrBe A
fiber o] (8]
Y o 1Y R=CH
\ __,5,|_.r'-"'F‘ s
0~ . —_— O N
7
wHO =B 5 " “HO ~ g wuprer B =CH
'
— —0
Ky =
madified fibar Matrix Interface

Figure 4.16 Schematic illustration of the interfacial zone iolyner-based
composites containing silane treated tmskifibers (Abdelmouleh,

Boufi, Belgacem, and Dufresne, 2006).



Table 4.13Mechanical properties of PP, unmodified and sikaeated rossells-PP composites.

Tensile Impact Young’s Tensile strain Flexural Flexural
Materials Strength strength Modulus at break strength modulus
(MPa) (kJ/m?) (GPa) (%) (MPa) (GPa)
PP 13.9+2.0 85.8+1.1 1.08+0.03 248.8+56.4 46.4+1.3 1.43+0.04
Unmodified 22.9+0.8 19.0+0.8 1.71 +0.07 8.8+1.5 950.2 2.67+0.01
VTES_3hr 24.4+0.8 18.2+1.9 1.80+0.09 7.0+0.4 50.8+0 2.81+0.04
VTES_24hr 23.8+0.6 20.4+1.2 1.77+0.05 6.9+0.9 50.8+ 2.77+0.01
OTMS_3hr 20.7+0.5 23.8+0.6 1.66%0.05 11.9+1.2 5.8+ 3.19+0.15
OTMS_24hr 21.1+0.4 23.3+1.1 1.67+0.03 11.1+2.0 50.% 3.33+0.07

19
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Figure 4.17 Tensile and impact strength of PP, unmodified, sitzhe treated

rossells-PP composites.
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The addition of fibers affected on the reductionterisile strain at break
and impact strength of PP as shown in Figure 4rid7418. Tensile strain at break
and impact strength of silane treated rossells-®Rposites were slightly higher than
the unmodified rossells-PP composites. In case dM® treated rossells-PP
composites, tensile strain at break and impachgtheshowed a higher than that of the
VTES treated rossells-PP composites. This wasbated to the OTMS treated
rossells-PP composites were tougher than the VTE&ed rossells-PP composites

due to the long and flexible octadecyl group of CHM
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Figure 4.19 Flexural strength and flexural modulus of PP, unified], and silane

treated rossells-PP composites.

Flexural properties of PP and rossells-PP composite shown in Table
4.13 and Figure 4.19. Flexural strength and modofuBP were enhanced with the

addition of the fibers. For the VTES treated rdsseP composites, flexural strength
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and modulus insignificantly changed comparing witle unmodified rossells-PP
composites but the OTMS treated rossells-PP corngsosvas increased. This was
attributed to the long octadecyl groups which dboted to the toughness of the
rossells-PP composites. However, treatment time mditl affect on both flexural
strength and modulus of the VTES and OTMS treatedells-PP composites.
4.3.4 Morphological properties

SEM micrographs of the fracture surface of unmedifand silane treated
rossells-PP composites as shown in Figure 4.2(bja)lustrate that the gap between
fiber surface and PP of both VTES and OTMS treatesbells-PP composites was
reduced. This indicated that both VTES and OTMStinent contributed to the
improvement in surface adhesion between rossddegdiand PP. In addition, silane
coupling agents could improve a fiber dispersiontted composite (Herrera-Franco
and Aguilar-Vega; 1997).

4.3.5 Water absorption

The relationship between water absorption and irsimertime of VTES
and OTMS treated rossells-PP composites is showigure 4.21. Water absorption
of the unmodified rossells-PP composite was highan that of VTES and OTMS
treated rossells-PP composites. A decrease in va#igorption of the silane treated
rossells-PP composites indicated that both VTESQ@RMS treatment could be used
to reduce the hydrophilicity of rossells-PP compessi (Varma, Krishnan, and
Krishnamoorthy; 1987). The treatment times showed imfluence on the water

absorption of VTES and OTMS treated rossells-P Ppasites.
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SUTL 18K

Figure 4.20 SEM micrographs at 1,000x magnification of rossBls composites;
(a) Unmodified, (b) VTES_3hr, (c) VTESBthr, (d) OTMS_3hr,

(e) OTMS_24hr.
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Figure 4.21Water absorption of unmodified and silane treatesells-PP composites.

4.4 Effect of surface modification on properties os§isal fibers

4.4.1 Measurement of fiber dimensions
The average fiber diameter of CL and silane trediteers was slightly
lower than NP fibers. This indicated that the ditanef fibers was reduced after the
treatment due to removal of binding components. (geegicelluloses and lignin) from
the fibers. The reduction of fiber diameter affeicten the increase of aspect ratio as
shown in Table 4.14.
4.4.2 Thermal properties
TGA and DTGA thermograms NP, CL, and silane treaisdl fibers are
shown in Figure 4.22. From the results, NP fibeexenclearly higher in moisture
content than the CL fibers. This indicated that ¢keaning with mixed solvent and
alkalization could be removed hydrophilic componéat g. pectin, hemicelluloses,

and lignin) from the fibers leading to the redustaf fiber diameter. In the case of CL
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fibers, the absence of the second and third decsitqno temperature indicated the
removal of hemicelluloses and lignin, respectivdlge decomposition temperature of
cellulose of CL and silane treated fibers weresignificant difference. This presented
that the silane treatment did not affect on theodgmosition temperature of cellulose.
In addition, treatment times showed no influencalendecomposition temperature of
fibers.
4.4.3 Mechanical properties
Tensile strength and Young's modulus of CL fibeeseviower than that of

NP fibers as shown in Table 4.16. This was duehto deparation of fiber bundles
affecting the decrease of stress transfer betwaefiilber bundles. For the VTES and
OTMS treated fibers, tensile strength was lowenttitee CL fibers. However, there

was no significant difference in Young’s modulusvieen CL and silane treated fibers.

Table 4.14Fiber length and diameter of NP, CL, VTES, and (5 tveated sisal

fibers.
Type of fibers Length (mm) Diameter (um) LID
range average range average

NP 0.97-8.00 | 2.56+0.9Y 100.5-518.@31.0+£100.5 12.3
CL 0.92-6.68 | 2.77+0.92 90.0-498.p 227.9+90.0 14.3
VTES_3hr 1.69-7.22| 2.97+0.9y 100.0-300.081.0+46.9 171
VTES_24hr 2.31-5.57( 3.53+0.6/ 120.0-54D.P29.9+68.0 16.6
OTMS_3hr 1.78-7.60| 3.13+1.08 100.0-350.092.3+55.8 17.3
OTMS_24hr 2.2-5.30 3.36+0.64  120.0-360.212.0+56.2 17.0
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Figure 4.22 TGA (a) and DTGA (b) thermograms of NP, CL, VTESdaOTMS

treated sisal fibers.



Table 4.15Decomposition temperature of NP, CL, VTES, and Gsltveated sisal

fibers.
Type of fibers Decomposition temperature (°C)
ihe 2 3¢ 4"
NP 80.2 220.7 307.2 362.8
CL 97.4 - - 368.1
VTES_3hr 96.1 - - 364.6
VTES_24hr 97.3 - - 363.7
OTMS_3hr 96.6 - - 368.6
OTMS_24hr 98.2 - - 365.9

Table 4.16Tensile strength and Young’'s modulus of NP, CLE®T and OTMS

treated sisal fibers.

Type of fibers Tensile strength (MPa) Young's modulus (GPa)
range average range average
NP 130.0-750.0 385.5+£175.7 10.4-69)2 33.7+¥17{3
CL 111.0-730.0 377.8+140.4 7.5-35.1 19.6%7.6
VTES_3hr 105.0-833.0 333.2+158.9 9.3-48.3 24.2+9.%
VTES_24hr 112.0-886.0 311.0+£163.2 12.7-49.3 26.0110
OTMS_3hr 144.0-865.0 340.6+£159.0 9.9-49.6 19.9+8.9
OTMS_24hr 130.0-608.0 327.8+129.9 11.3-5144 24.0&11

4.4.4 Morphological properties

SEM micrographs of NP, CL, VTES and OTMS treatdsbfs are shown

in Figure 4.23 (a)-(f). By cleaning fibers with e solvent and alkalization, some

components such as surface impurities, low moleauaght species, hemicelluloses,
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and lignin were removed from the fiber surface.nkrthe SEM micrograph, it was
observed that the surface of CL fibers was morangd than the NP fibers (Valadez-
Gonzalez, Cervantes-Uc, and Herrera-Franco, 1998¢ surface morphology of

silane treated fibers was not different from thfath fiber.

Figure 4.23 SEM micrographs at 750x magnification of sisal fdyga) NP, (b) CL,

(c) VTES_3hr. (d) VTES 24hr. (e) OTMS_3hr, (f) OTMSthr.
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4.5 Effect of compatibilizer on properties of sisaPP composites

4.5.1 Thermal properties

DSC results of PP and sisal-PP composites arergessan Table 4.17 and
Figure 4.24. Melting temperature of PP did not geawhen the fibers were added but
crystallization temperature was increased. Thetallysty of PP slightly reduced with
adding fibers. The addition of fibers was influeti@n the increase in crystallization
temperature due to the induce crystallization éfigcthe fibers. However, the fibers
restricted the nucleation growth of PP so the atijsity was decreased. The addition
of MAPP did not affect on both melting temperatarel crystallization temperature
but crystallinity increased. The increasing of tall;ity was attributed to the
reduction of micro voids due to the improvementsofface adhesion. However, the
crystallinity slightly decreased with the MAPP cent.

The results of thermogravimetric analysis of PPnhadified and MAPP
modified sisal-PP composites are shown in Table8 4ahd Figure 4.25. The
decomposition temperature of fibers at about 3fenot change with adding fibers
and MAPP while the decomposition of PP slightlyreased when the fibers were
added. The addition of MAPP affected on the ineas PP decomposition
temperature. However, MAPP content did not infleeno the decomposition
temperature of PP.

HDT of PP was enhanced with the addition of fibessshown in Table
4.19. When the MAPP was added the HDT of the MAPBdifred sisal-PP
composites was higher than the unmodified sisat®tRposites. This might be due to
the improvement in the fiber-matrix interfacial adfon. However, no significant

difference on HDT of the MAPP modified sisal-PP qasites was observed when the



MAPP content was increased.

Table 4.17Melting temperature, crystallization temperaturgj arystallinity of PP

and sisal-PP composites with different MAPP corgent

72

Materials Tm (°C) Tc (°C) Crystallinity (%)

PP 157.2 108.4 51.09

Unmodified 159.1 114.0 42.04
MAPP_1phr 159.0 116.4 58.73
MAPP_2phr 158.4 117.6 55.00
MAPP_4phr 159.0 118.8 50.93
MAPP_6phr 158.4 118.2 48.15
MAPP_8phr 159.0 118.8 44.26
MAPP_10phr 159.0 120.0 43.68

Table 4.18Decomposition temperature of fibers and PP of $#daktomposites with

different MAPP contents.

Cellulose decomposition PP decomposition
Materials
temperature (°C) temperature (°C)
Unmodified 370.7 462.1
MAPP_1phr 370.4 464.9
MAPP_2phr 370.0 465.1
MAPP_4phr 371.9 466.2
MAPP_6phr 373.3 465.8
MAPP_8phr 369.2 467.0
MAPP_10phr 370.1 469.9
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Figure 4.24 DSC thermograms of PP and sisal-PP compositesdiffdtrent MAPP

contents; (a) heating scan, (b) cooling scan.
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Table 4.19Heat distortion temperature of PP and sisal-PP ositgs with different

MAPP contents.

Materials HDT (°C)
PP 79.4+2.5
Unmodified 133.0£1.3
MAPP_1phr 134.7+1.2
MAPP_2phr 135.0+2.5
MAPP_4phr 137.0+2.5
MAPP_6phr 136.0+1.5
MAPP_8phr 134.0+1.0
MAPP_10phr 135.0+1.0

4.5.2 Rheological properties
MFI and flow curves of PP, unmodified and MAPP ified sisal-PP
composites as shown in Table 4.20 and Figure A@@ated that the viscosity of PP
increased with the addition of fibers. The viscpsitf MAPP modified sisal-PP
composites insignificantly changed with adding MA&RI increasing MAPP content.
However, Fung, Li, and Tjong (2002) reported thecusity of MAPP modified sisal-
PP composites was increased due to the improvemeffiber-matrix interfacial

bonding between sisal fibers and matrix.
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Table 4.20Melt flow index of PP and sisal-PP composites wiifferent MAPP

contents.
Materials MFI (g/10min)
PP 4.16+0.06
Unmodified 2.22+0.02
MAPP_1phr 2.21+0.01
MAPP_2phr 1.93+0.03
MAPP_4phr 1.88+0.03
MAPP_6phr 1.83+0.01
MAPP_8phr 1.74+0.04
MAPP_10phr 1.72+0.03
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Figure 4.26Flow curves of PP and sisal-PP composites witledsfit MAPP contents.
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4.5.3 Mechanical properties

Tensile strength and Young’s modulus of PP wereravgd when the
fibers was added. With incorporating MAPP, tenstlength and Young’s modulus of
sisal-PP composites were enhanced. Tensile strewgth increased with MAPP
content but Young's modulus insignificantly chang@dhese results are shown in
Table 4.21 and Figure 4.27 and 4.28. Tensile saabreak and impact strength of PP
were reduced with adding fibers as shown in Figu2& and 4.28, respectively. When
MAPP was added, tensile strain at break and impaength slightly decreased.
However, the impact strength and tensile straibraak were no remarkable change
with increasing MAPP contents.

The flexural strength and modulus of PP were irsgdawith adding the
fiber as shown in Table 4.21 and Figure 4.29. Thaeufal strength and modulus of
sisal-PP composites were improved with the addigbMAPP. Tensile strength of
MAPP modified sisal-PP composites slightly increbgeth the MAPP contents but
flexural modulus insignificantly changed. Flexusaitength increased with increasing
MAPP contents until 4 phr beyond this content, tesult showed insignificant in
crease. It had been explained that the surfacesadhéetween fibers and PP was
improved by the esterification of hydroxyl groups fibers and anhydride part of
MAPP. Thus, it led to more strong interfacial adbesn the MAPP modified sisal-PP
composites than the unmodified sisal-PP compo€isatero, Arbeliaiz, Llano-Ponte,

and Mondragon, 2003).



Table 4.21Mechanical properties of sisal-PP composites diffierence MAPP contents.

Tensile Impact Young's Tensile strain Flexural Flexural
Materials strength strength modulus at break strength modulus
(MPa) (kJ/m?) (GPa) (%) (MPa) (GPa)
PP 13.9+2.0 85.8+1.1 1.08+0.03 248.8+56.4 46.4+1.3 1.43+0.04
Unmodified 24.8+0.7 17.6+1.2 1.86+0.06 7.2+0.6 383 3.21+0.06
MAPP_1phr 27.620.5 14.9+1.3 1.99+0.04 5.9+0.5 606.3+ 3.51+0.08
MAPP_2phr 28.6+0.3 14.8+1.5 2.00+0.04 4.9+0.2 60.6+ 3.54+0.07
MAPP_4phr 29.7+0.6 14.5+1.6 2.01+0.05 5.0+0.3 60.3+ 3.70+£0.05
MAPP_6phr 29.9+0.9 14.3+1.7 2.00+0.03 5.3+0.3 60.6+ 3.71+0.10
MAPP_8phr 30.5+0.7 14.2+1.7 1.96+0.03 5.1+0.4 68.8+ 3.61+0.08
MAPP_10phr 32.0+0.6 14.4+1.2 1.96+0.02 5.0+0.3 £8.4 3.50+0.08

8L
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4.5.4 Morphological properties
Fracture surface of sisal-PP composites is showkigure 4.30. The fiber
surface of unmodified sisal-PP composite in Figdi®0 (a) presented that the fiber
surface seem to be cleaned. Whereas, the MAPP ieddilsal-PP composites had a
fair amount of polymer residue remained on therfiserface. This indicated the
surface adhesion between fibers and PP matrix mvproved (Karnani, Krishnan, and

Narayan, 1997).
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Figure 4.30 SEM micrographs at 350x magnification of sisal-BRposites;

(a) Unmodified, (b) MAPP_1phr, (c) MAPP_2pfd) MAPP_4phr,

(e) MAPP_6phr, (f) MAPP_8phr, and (g) MAPBplhr.
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4.5.5 Water absorption

The water absorption of MAPP modified sisal-PP cosife was lower
than the unmodified sisal-PP composite as showRigare 4.31. The reduction of
water absorption was caused from the decreasitigeohydrophilicity of sisal fibers.
The enhancement of surface adhesion of MAPP madgieal-PP composite was
attributed to the esterification reaction betwegdrbxyl groups of sisal fibers and
anhydride part of MAPP, which caused a reductionnirfacial tension and an
increase in interfacial adhesion between PP andilibes (Joseph, Rabello, Mattoso,

Joseph, and Thomas; 2002, Arbelaiz et al.; 2005).
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Figure 4.31 Water absorption of sisal-PP composites with daéifieMAPP contents.
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4.6 Effect of silane coupling agents on propertiesf sisal-PP
composites

4.6.1 Thermal properties

DSC thermograms of PP and sisal-PP compositescamsin Figure 4.32
presented no remarkable difference in melting teatpee of PP and unmodified sisal-
PP composites but crystallization temperature Vightl/ higher than that of PP. On
the contrary, the crystallinity was decreased asvshin Table 4.22. An increase in
crystallization temperature was due to the resbrctof fibers on the molecular
mobility of PP chains and the induce crystallizateffect of the fibers. Moreover, the
restriction of molecular mobility resulted in a lawystallinity of sisal-PP composites
because of the low relaxation time of PP chains.sigmificant change of melting
temperature, crystallization temperature, and atlysity of unmodified, and silane

treated sisal-PP composites was observed.

Table 4.22Melting temperature, crystallization temperature] arystallinity of PP,

unmodified, and silane treated sisal-PP composites.

Materials Tm (°C) T: (°C) Crystallinity (%)
PP 157.2 108.4 51.09
Unmodified 159.1 114.0 42.04
VTES_3hr 159.8 113.5 42.89
VTES_24hr 159.3 1141 38.94
OTMS_3hr 159.3 114.6 41.27
OTMS_24hr 159.3 1141 42.62
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Figure 4.32 DSC thermograms of PP, unmodified, and silanedtksisal-PP

composites; (a) heating scan, (b) cooling scan.
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TGA and DTGA thermograms of PP, unmodified andngl#&reated sisal-
PP composites are shown in Figure 4.33. The decsitio temperature of fibers
about 370°C did not change with the addition ofrsl treated fibers but the
decomposition temperature of PP about 460°C wasased. However, the effect of
treatment times on degradation temperature of ditzard PP did not observe both
VTES and OTMS treated sisal-PP composites.

Heat distortion temperature of PP was enhancel adiding the fibers
while the HDT of VTES and OTMS treated sisal-PP posites showed no
remarkable difference compared to the unmodifisdldPP composite. The results are
shown in Table 4.24. This indicated that silaneattreent did not affect on heat

distortion temperature of sisal-PP composites.

Table 4.23Decomposition temperature of fibers and PP of whfieal, and silane

treated sisal-PP composites.

Cellulose decomposition PP decomposition
Materials
temperature (°C) temperature (°C)
Unmodified 370.7 464.9
VTES_ 3hr 370.8 464.8
VTES_24hr 369.4 464.3
OTMS_3hr 369.3 466.3
OTMS_24hr 370.0 466.3
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Figure 4.33 TGA (a) and DTGA (b) thermograms of PP, unmodifiaa silane

treated sisal-PP composites.
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Table 4.24Heat distortion temperature of PP, unmodified, sifahe treated sisal-PP

composites.
Materials HDT (°C)
PP 79.4+2 .52
Unmodified 133.0£1.32
VTES_3hr 132.7+2.93
VTES_24hr 132.8+2.75
OTMS_3hr 134.0+1.26
OTMS_24hr 135.5+1.50

4.6.2 Rheological properties
MFI of PP, unmodified and silane treated sisal-BRmosites was listed in
Table 4.25. MFI of PP was decreased with the amditif the fibers whereas MFI of
VTES and OTMS treated sisal-PP composites did hainge compared with the
unmodified sisal-PP composite. Flow curves as shawrrigure 4.34 were also
showed insignificant change in viscosity of unmdif and silane treated sisal-PP

composites.
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Table 4.25Melt flow index of PP, unmodified, and silane tezhsisal-PP composites.

Materials MFI (g/10min)
PP 4.16+0.06
Unmodified 2.22+0.02
VTES_ 3hr 2.18+0.06
VTES 24hr 2.28+0.04
OTMS_3hr 2.27+0.02
OTMS_24hr 2.16+0.13
10000 ¢
w B
& 1OOO§
a -
2 [ | T=—PP
é 100 | —o— Unmodified ,
S - | —a—VTES_3hr -
E | | —<—VTES_24hr
N 10 L OTMS_3hr
- | —e— OTMS_24hi|
1
1 10 100 1000 10000

Shear rate (1/s)

Figure 4.34 Flow curves of PP, unmodified, and silane treatsal-$*P composites.
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4.6.3 Mechanical properties

Tensile strength, Young’'s modulus, tensile strainbeeak and impact
strength of PP were increased with the additiosigdl fibers as shown in Table 4.26
and Figure 4.35 and 4.36. On comparing betweemnmieodified sisal-PP composite
and the silane treated sisal-PP composites, thesghanical properties were not
different. Herrera-Franco and Aguilar-Vega (199@parted the use of the silane-
coupling agent resulted in a small increment inrtteehanical properties of henequen
fiber-HDPE composites. They explained that the anbBment of mechanical
properties was attributed to an improvement initberface between the fibers and the
matrix. In addition, silane coupling agent couldpmove a fiber dispersion of the
composite Treatment time showed no significant effect on ¢h@operties.

Flexural properties of PP, unmodified and silameated sisal-PP
composites are shown in Table 4.26 and Figure &@xural strength and modulus of
PP were improved with the incorporating the fibe® remarkable difference of
flexural strength and modulus of silane treated anchodified sisal-PP composites

were found.



Table 4.26Mechanical properties of PP, unmodified, and silarated sisal-PP composites.

Tensile Impact Young's Tensile strain at Flexural Flexural
Materials Strength strength Modulus break strength modulus
(MPa) (kd/m?) (GPa) (%) (MPa) (GPa)
PP 13.9+2.0 85.8+1.1 1.08+0.03 248.8+56.4 46.4+1.5 1.43%+0.04
Unmodified 24.8+0.7 17.6+1.2 1.86+0.06 7.2+0.6 383 3.21+0.06
VTES_3hr 24.4+0.9 18.4+2.3 1.89+0.03 7.8+1.0 57.8+0 3.30+0.02
VTES_24hr 24.50.6 17.3+3.0 1.90+0.06 7.7£1.1 50.8+ 3.31+0.05
OTMS_3hr 24.6+0.8 17.9+2.3 1.89+0.02 8.0+0.8 57.6+0 3.35+0.03
OTMS_24hr 24.7+0.7 17.2+2.0 1.91+0.03 7.9+1.3 50.8+ 3.30+0.06

06
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Figure 4.35 Tensile and impact strength of PP, unmodified, sitathe treated sisal-PP

composites.
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Figure 4.36 Young's modulus and tensile strain at break ofu#imodified, and

silane treated sisal-PP composites.
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Figure 4.37 Flexural strength and flexural modulus of PP, unified] and silane

treated sisal-PP composites.

4.6.4 Morphological properties
The fracture surface of unmodified, VTES and OTM&ated sisal-PP
composite are shown in Figure 4.38 (a)-(e). Smap dpetween fiber surface and
matrix was observed in VTES and OTMS treated $?aleomposites. This indicated
that surface adhesion between fibers and matrix measufficient improvement by

VTES and OTMS treatment as agree with no diffenremiechanical properties. .
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Figure 4.38 SEM micrographs at 1,000x magnification of sisBl-¢dmposites;
(a) Unmodified, (b) VTES_3hr, (c) VTES_24hr, (d) @%_3hr,

(e) OTMS_24hr.
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4.6.5 Water absorption
Water absorption of VTES and OTMS treated sisat®mRposites was not
different compared with the unmodified sisal-PP posite as shown in Figure 4.39.
This was not similar to the study of Singh, Gupfarma, and Tyagi (2000); they
explained that an irregular physisorption/chemigormpof coupling agents decreased
the hydrophilicity of sisal fibers. When treatedadifiber was used as reinforcement in
an unsaturated polyester resin matrix, the compesibsorbed less moisture than

those prepared from untreated fibers.
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Figure 4.39 Water absorption of unmodified and silane treaisdl-PP composites.



95

4.7 Mechanical properties comparison for rossells-PP e¢oposites

versus sisal-PP composites

In this section, the effect of compatibilizer (MRPand silane coupling agents
(VTES and OTMS) on the mechanical properties ofsetls-PP and sisal-PP
composites was compared. From the mechanical prepemnvestigated, MAPP
content at 2 phr was found to be sufficient for itn@erovement in surface adhesion of
the rossells-PP and sisal-PP composites. Higheertmof the compatibilizer did not
give rise to further significant improvement. Tdagiroperties and impact strength of
PP, unmodified, MAPP modified and silane treatedsetis-PP and sisal-PP
composites are shown in Table 4.27. In case ofisiteeatment, treatment time of the
fibers for 3 hrs was sufficient to improve the pedpes of fibers-PP composites.
Figure 4.40 shows that the addition of MAPP haddpoed the composites with
superior tensile strength compared to VTES and OTid&ments. Tensile strength of
VTES treated rossells-PP and sisal-PP compositeshigher than that of OTMS
treated rossells-PP and sisal-PP composites. Yeumgduli of the composites are
presented in Figure 4.41. It can be seen that botface modifications showed no

remarkable change in Young’'s modulus of the compssi



Table 4.27Tensile strength, impact strength, Young’s modudunsl tensile strain at break of PP, unmodified, raondified PP

composites from rossells and sisal fibers.

Materials

Tensile strength

Impact strength

Young’s modulus

Tensile strain at break

(MPa) (kJ/m?) (GPa) (%)
Rossells Sisal Rossells Sisal Rossells Sisal Rossells Sisal
PP 13.9+1.98 85.8+1.05 1.08+0.027 248.8+56.41
Unmodified 22.9+0.82 25.7+0.55 19.0+0.8p 17.6+1.191.71+0.066 1.90+0.033 8.8+1.45 7.2+0.63
MAPP_2phr | 30.3+0.34 28.6+0.30 19.6+1.44 14.8+1.54 .0120.045 2.00+0.037 5.2+0.25 4.9+0.24
VTES_3hr 24.4+0.76 24.4+0.91 18.2+1.9P 18.4+2.25 8040.089 1.89+0.034 7.0+£0.44 7.8+1.03
OTMS_3hr 20.7+0.52 24.6+0.81 23.8+0.58 17.9+2.82 6610.045 1.89+0.021 11.9+1.16 8.0+0.81

96
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Figure 4.40 Tensile strength of PP, unmodified, and modifi€dd®@mposites from

rossells and sisal fibers.
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Figure 4.41 Young’s modulus of PP, unmodified, and modifiedd®mposites from

rossells and sisal fibers.
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The small reduction in tensile strain at break tbE composites with
incorporation of MAPP, as shown in Figure 4.42,i¢ated that tensile strain at break
could not be enhanced by the improvement of therdibatrix interaction. OTMS
treated rossells-PP composites showed the higleesild strain at break. Impact
strength of the composites is shown in Figure 4MAPP and VTES treated
composites showed no significant effect on impaangth of the composites while
OTMS treated composites produced the highest imgteingth. This might be
because the long and flexible octadecyl group oMSTsilane improved flexibly at

interfacial layer between the fiber and matrix.
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Figure 4.42 Tensile strain at break of PP, unmodified, and ifretiPP composites

from rossells and sisal fibers.
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Figure 4.43 Impact strength of PP, unmodified, and modifiedcBmposites from

rossells and sisal fibers.

Table 4.28Flexural strength and flexural modulus of PP, udified, and modified

PP composites from rossells and sisal fibers.

. Flexural strength (MPa) Flexural modulus (GPa)
Materials
Rossells Sisal Rossells Sisal

PP 46.4+1.5 1.43+0.04

Unmodified 50.9+0.2 60.5+0.3 2.67+0.01 3.32+0.11
MAPP_2phr 59.5+0.3 64.1+0.6 3.24+0.08 3.54+0.0[7
VTES_3hr 50.8+0.4 57.0+0.8 2.81+0.04 3.30+0.0p
OTMS_3hr 57.0+0.8 57.0+0.5 3.19+0.15 3.35+0.0B
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Figure 4.44 Flexural strength of PP, unmodified, and modifffl composites from
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Flexural properties of the composites are showmahle 4.28 and Figure 4.44
and 4.45. The improvement in the properties of M@&PP modified composites
indicated that the compatibility between PP and fthers was enhanced. Flexural
strength and modulus of unmodified, MAPP modifiecid VTES treated sisal-PP
composites were slightly higher than rossells-PRepk OTMS treated fiber-PP
composites that showed no difference between leg3El and sisal-PP composites.

The mechanical properties of fiber reinforced cosifgs depends on several
factors e.g. properties of fibers and matrix, aimers volume fraction. The fibers
properties are related to chemical compositionsiatetnal structure of fibers due to
the overall environmental conditions during growffihe mechanical properties
difference between rossells-PP composites and-BRatomposites can be described
by the differences in fiber properties. In the casanmodified composite, rossells-PP
composite gave lower tensile strength and Youngislutus than sisal-PP composite.
For the MAPP modified fibers-PP composites, rosseP composite gave higher
tensile strength and Young’s modulus than sisatétRposite.

In addition, cost analysis summary for preparingsedls-PP and sisal-PP
composites is shown in Appendix A. MAPP modificatiis a cost effective method
for preparing both rossells-PP and sisal-PP corgmstompared to the silane

treatment.



CHAPTER V

CONCLUSIONS

The effect of compatibilizer and silane couplingeais on the properties of
natural fibers-PP composites were studied. Cleanwvith mixed solvent and
alkalization were able to remove low molecular virtigpecies, hemicelluloses, and
lignin from the surface of rossells and sisal ftheThis was confirmed by the
reduction of fiber diameter, and the absence otdheomponents from thermal
analysis. The removal of these components from fileer surface resulted in a
decrease of tensile strength of the fibers. Allkdion made a fine structure and rough
surface topography. The degradation temperatuelbilose of silane treated fibers
was higher than CL fibers. Silane treatment shon@affect on the tensile strength
and Young's modulus of the fibers. SEM micrograpégealed that the surface of
silane treated fibers was rougher than the CL $iber

Crystallization temperature, decomposition tempeeat and HDT of PP
increased with the addition of fibers whereas afjisity decreased. The incorporation
of the fibers into PP enhanced tensile strengthung®s modulus, and flexural
properties. On the other hand, impact strength tamsile strain at break were
decreased. Viscosity and water absorption wereasgad by adding the fibers.

MAPP improved surface adhesion between the fibeds RP matrix; thus, the
mechanical properties of both rossells-PP and-BiBatomposites were enhanced.

MAPP increased tensile and flexural strength of ttemposites without any
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significant effect on Young’'s modulus, and impatesgth. Adding MAPP to the
composites improved crystallization temperatureystailinity, decomposition
temperature of PP and HDT. MAPP also reduced th&erwabsorption of the
composites. The only 2 phr of MAPP was found tosb#icient for improvement in
surface adhesion between fibers and matrix.

Effect of silane coupling agents on the propentiiesssells-PP composites was
evaluated. Tensile strength and Young’'s modulusV&TS treated rossells-PP
composites increased whereas impact strength)aesisiin at break, flexural strength
and flexural modulus were not different from themadified composite. Tensile
strength and Young’s modulus of OTMS treated rds$tP composites showed no
remarkable difference while impact strength, tenstain at break, flexural strength
and flexural modulus were greater than the unmedlitomposites. Viscosity and
water absorption of both VTES and OTMS treated elts$P composites slightly
decreased while melting temperature, crystalliratiemperature, crystallinity, and
decomposition temperature of fiber and PP did hahge. In the case of silane treated
sisal-PP composites, both VTES and OTMS treatm&msved no effect on thermal,
mechanical, and rheological properties. Howeves, Water absorption of VTES and
OTMS treated sisal-PP composites slightly lowerntithe unmodified sisal-PP
composite. The treatment times insignificantly etiéel the mechanical properties of
both VTES and OTMS treated rossells-PP and sisaldaiposites.

Rossells-PP composite gave lower tensile strengthYoung’'s modulus than
sisal-PP composite in the case of unmodified comgmsHowever, rossells-PP
composite gave higher tensile strength and Youngdulus than sisal-PP composite

for the MAPP modified composites.
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Recommendation for Future Work

The main interesting topics for the further stddielated to this research study
should be followed:

() To investigate the effect of other types ofmgatibilizer and silane coupling
agent on the properties of rossells-PP and sisaeRiposites

(i) To apply the rossells-PP and sisal-PP contpssin the automotive parts
and other products

(iif) To study the degradation behaviour of ross€P and sisal-PP composites

Research Publication

Parts of this work were presented and publishethénfollowing conferences
and journal,
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APPENDIX A

Cost calculation for fiber cleaning, silane treatmat, and

MAPP modification



Cost analysis of fiber cleaning, silane treatmengnd MAPP modification

1. Cost of fiber cleaning
Fibers were first cleaned with mixed solvent (matlliabenzene, 50:50 by
volume), and then cleaned with NaOH solution (2 Ww#ba liquor ratio of 15:1 (liter:

kg). The cost of chemicals used for preparatiog dfkfiber is shown in the Table A.1.

Table A.1Cost of chemicals for cleaning 1 kg of fiber.

Chemicals Contents Price/Unit Price
Methanol 7.50 liters 24.00 baht/liters 180.00 baht
Benzene 7.50 liters 55.00 baht/liters 412.50 baht
NaOH 0.30 kg 250.00 baht/kg 75.00 baht

Total 667.50 baht

2. Cost of silane treatment
In case of VTES treated fibers, cleaned fibers vileea treated with 2 wt%
VTES solution at a liquor ratio of 15:1 (liter: kghhe VTES solution was prepared by
dissolving VTES in distilled water. The pH of thelion was adjusted to 3.5 with
acetic acid. The content of acetic acid used tasadhe pH of VTES solution was
about 5% of the VTES solution. The cost of chensicaded for treating 1 kg of fiber

with VTES is shown in Table A.2
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Table A.2 Cost of chemicals for the preparation 1 kg of VTiEEated fiber.

Chemicals Contents Price/Unit Price
VTES 0.30 kg 850.00 baht/kg 255.00 baht
Acetic acid 0.075 liters 180.00 baht/liters 13.30b
Total 268.50 baht

For the OTMS treated fibers, cleaned fibers wesmn ttieated with 2 wt%
OTMS solution at a liquor ratio of 15:1 (liter: kghhe OTMS solution was dissolved
in ethanol and distilled water mixture (90:10 wiwThe pH of the solution was
adjusted to 3.5 with acetic acid. The content atiacacid used to adjust the pH of
OTMS solution was about 5% of the OTMS solutione @ost of chemicals used for

treating 1 kg of fiber with OTMS is shown in Tal#e3

Table A.3 Cost of chemicals for the preparation 1 kg of OTivEaited fiber.

Chemicals Contents Price/Unit Price
Ethanol 13.50 liters 60.00 baht/liters 810.00 baht
OTMS 0.30 liters 194.80 baht/ml 58,440.00 baht
Acetic acid 0.075 liters 180 baht/liters 13.50 baht

Total 59,263.50 baht

3. Cost of MAPP modification
Table A.4 is shown the cost of MAPP used to preparafibers-PP
composites. MAPP 2 phr was sufficient to improvefaare adhesion between fibers

and PP matrix. The 20 wt% cleaned fibers were usegrepare the fibers-PP

composites.



Table A.4 Cost of MAPP for modification 1 kg of fiber.
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Chemicals Contents Price/Unit Price
MAPP 2 phr 250.00 baht/kg 25.00 baht
Total 25.00 baht

4. Cost analysis summary

Cost analysis summary is shown in Table A.5. It wksar that MAPP

modification is a cost effective method for prepgrnatural-PP composites.

Table A.5 Cost comparison for silane treated fiber versus MARodified fiber for

preparation of 1 kg fiber.

VTES OTMS MAPP
Cost treated fibers treated fibers | modified fibers
(baht) (baht) (baht)
1. Fibers (rossells, sisal) 12.00, 120.00 12.00, 120.00 12.00, 120.00
2. Fiber cutting 800.00 800.00 800.00
3. Fiber cleaning 667.50 667.50 667.50
4. Silane treatment 268.50 59,263.50 -
5. MAPP - - 25.00
Total costs 1,748.00, 60,743.00, 1,504.50,
(rossells, sisal) 1,856.00 60,851.00 1,612.50
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