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ABSTRACT

Hybrid composites are defined as the combination of hybrid materials and composite materials.
Composite materials consists of two or more materials use different properties that are combined to make
each other stronger. However, compatibility and interfacial properties between them are expected to be
poor because of hydrophilic nature of lignocellulosic materials and hydrophobic of thermoset. Thus,
incorporation of coupling agents in hybrid composite can improve on mechanical and physical properties
of composites by improving the adhesion level between mairix and filler. In this study, unsaturated
polyester (USP) hybrid composites were produced using rice husk (RH) as filler and glass fiber (GF) as
reinforcing agent in USP matrix. Overall filler content is 40% and the size of the GF length is 3.2 mm.
The ratio between RH and GF used is 100% RH, 50% RH / 50% GF and 100% GF. The two types of
coupling agents were used 3-trimethoxylpropyl methacrylate (3-TPM) and 3-aminopropilirietoksi silane
(3-APE) at different percentages (1%, 3% and 5%) based on filler weight. In general, the increase of 3-
L. treated corAcsits can o Jchce = pnificantty o imp.o-s the
o4 it mainly o fhe use of l'in of - coupling w il content uow
subsequent incredses ( 3% and 5%) ‘where it can atfr. t the mechanical properties of composites. The
results also show that the use of the 3-TPM coupling agent is more appropriate/suitable in this study
compared to the 3-APE coupling agent because the 3-TPM coupling agent gives more tensile strength,
flexural strength and impact strength properties than the 3-APE coupling agent. This had been
accomplished through the improvement adhesion of interfaces between fillers and matrix. All composite
with coupling agents showed lower absorption and thickness swelling. The absorption and swelling
decreased as the loading of the coupling agents was increased.
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1. INTRODUCTION

Nowadays lignocellulosic as a natural resources have varlous applications in eco-

" meudly ..umposrce materials because they have maiiy ac.vantages siich as low cost, low

energy consumption, low density, renewability, environmental safety, less abrasiveness
to expensive moulds and mixing equipments, and especially biodegradable ability when
compared to synthetic fibers [1-4]. A number of different wood raw materials were used

for composition board, ranging from logs to wood dust. Agriculture residues and non-



wood materials such as rice husk, oil palm tree, bagasse, kenaf, bamboo, coir, sisal, and
abaca are also of importance in various parts of the world [5-7]. From the recent trends,
lignocellulosic materials have been the subject of intensive investigations, either in
replacing existing wood species in making conventional panel products or producing
plastics composites. The interesting trend in using non-wood materials has been induced
by the growing demand for lightweight, high performance materials coupled with
abundant supply of lignocellulosic fibers. However, the use of high-density inorganic
fillers, such as glass fiber or mica in polymer composites also offers a wide variety of
property improvements, particularly in ultimate strength of the material [5].
Nevertheless, their incorporation may not be favorable in terms cost effectiveness on a
volumetric basic. Hence, it would be possible to benefit both inherent characteristics of
lignocellulosic materials and glass fibers by combining them in a composite to produce a
composite which has more favorable balance of properties.

- Inproducing a good lignocellulosic-thermoset composite, with regards to mechanical
and physical properties, the main obstacle to be solved is the compatibility between

reinforcement material and polymer matrix. The compatibility and interfacial properties

* - -between them are expected to. be poor because of hydrophilic nature of lignocellnlosic.

‘meaterials and hydrepliobic of thermoset. Many altempts have veen carried virt ta-improve

the properties of the composites such as utilization of chemical reagents:td ‘enhance the
interfacial properties between the constituent materials [4, 8, 9] and addition of glass fiber
as a counterpart with lignocellulosic material in the hybrid composite system.
Incorporation of coupling agents in unsaturated polyester-rice husk-glass fiber hybrid
" composite can improve on the mechanical and physical properties of composites by
improving the adhesion level between matrix and filler. Coupling agents can be
hydrophilic and hydrophobic. This property will enable it to act as a bridge between the
matrix and lignocellulosic filler.

In this study, rice husk used as a filler and glass fiber used as reinforcement materials

in preparation of hybrid composites based on unsaturated polyester. The objective of this

study to investigate -theseffect -of “couipling agents were used, which. wegerdn-

trimethoxylpropyl methacrylate (3-TPM) and 3-aminopropiltrietoksi silane (3-APE) on

the mechanical and physical properties of hybrid composites.
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2. METHODOLOGY
2.1 Materials

The matrix material used was commercially available unsaturated polyester (USP)
Reversol P-9728P with acid value 15-25 mgKOH/g, specific gravity 1.1, non-volatile 52~
56% and gel time 24-30 min. Chopped type E-glass fiber with 3.2 mm length glass fiber
is used as a reinforcing agent in composite production. The coupling agents used to
treatment the fillers are 3-trimethoxylpropyl methacrylate and 3-aminopropiltrietoksi

. silane.

2.2 Filler Preparation

The Retsch Test Sieve Model 5667, W. Germany was used to separating rice husk
(RH) filler into different sizes. The filler size used in this study was of mesh 35-60, that
is, 270-500 pm. Then RH is placed in the oven at 105 °C for 24 hours.

2.3 Compounding and Processing

Couplmg agents (3-APF and 3-TPM) used are in llqu1d form and for ThCII' use, these

~coupléug agents are test dlluted in e‘hanol to produce as rnuch assi- uter of" S{ﬂuhmu where

it is enough to soak the filler (RH—d‘-ld GF) for 24 hours . Then the filler (RHand GF)is

put into the oven to remove all ethanol. Rice husk (RH), glass fiber (GF) and unsaturated
polyester (USP) are then mixed by using the head-mixer 'Framo-Geratetechnik’. The ratio
of RH: USP samples was used as 60:40 ratios calculated based on dry weight. The
proportions of RH and GF for each of fibers loading as tabulated in table 1. The size of
the fiber glass (GF) used is 3.2 mm long. The mixing process is performed for 15 minutes
using a 400-600 rpm rotor speed. The mixture is transferred into a dimension of
dimensions of 155 mm x 155 mm x 12 mm (length x width x thickness). The mixture is
heated at 135 °C for 5 minutes at a pressure of 500 kg/cm?. Then the resulting composite

is subjected to the cooling process for 5 minutes.

“Table 1 The Proportion of RH and GF Ratios o

Sampei RH/GF Proportion Sample Name
1 100%RH / 0%GF RH 100
2 50%RH / 50%GF RH 50 GF 50
3 0%RE / 100%GF GF 100




2.4 Testing

The board produced was cut into four types of test samples, namely, tensile, flexural,
impact and water immersion tests. Tensile tests were carried out according to ASTM
D3039 on samples with dimension of 100 mm x 12 mm x 5 mm (length x width x
thickness) at a crosshead speed of 2 mm/min. The flexural test was conducted according
to ASTM D790, that is, a three-point bending system. The samples with dimension of 80
mm X 12 mm x 12 mm (length x width x thickness) were tested at a crosshead speed 2
mm/min. The charpy impact test was carried out aceording to ASTM D256 on samples
with dimension of 65 mm x 12 mm x 12 mm.

Water immersion test was conducted according' to ASTM D570 and carried out by
soaking all the sample in distilled water at temperature was set up at 30 °C for 29 days.
Water absorption was determined by weighing the specimens after immersion in water
for a specific time (29 days). The water absorption at any time ¢ (M) was calculated by

using an equation (1)

M= Wy-Wi x 10% M
‘ - Wy " h SRR

where Wz and W, are the original dry Wéight and the weight after exposure to water fora
29 days, respectively. The thickness swelling (7:) was calculated according to the formula

based on an equation (2)
Ty = Ty-Ty x 100% (2)
Ty

where Tz and T,, are the original dry thickness and the thickness after immersion for 29

days, respectively.



3. RESULTS AND DISCUSSIONS
3.1 Tensile Strength
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Fig. 1. Effect of Coupling Agent on the Tensile Strength of Hybrid Composites.

The results of effect of coupling agents on the tensile strength properties of hybrid
composites are shown in figure 1. It is obvious that the strength of hybrid composites with
- '. )upi'rupb> inbféas'és: as the loading of the couplinig = vents is incroased (compared to
ihose without coupling égen{sl),.showing that the inco'rporation: of coupling agent is abic
to enhance the tensile strength of the composites. Similar results were also observed in
previous studies [1, 4, 8, 10, 1 1] employing similar coupling agents. Composites with 3-
TPM show higher strength than those with 3-APE for all filler ratios (100% RH, 50% RH
/ 50% GF and 100% GF). 3-TPM is believed to serve as a bridge with higher efficiency
when compared with 3-APE to couple two distinct phases, RH/GF and polyester matrix.
This may be due to the better interaction of the 3-TPM methacrylate group with the

polyester matrix compared with the amino group in 3-APE [12].



3.2 Flexural Strength
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Fig.2. Effect of Coupling Agent on the Flexural Strength of Hybrid.COmposites.

Figure 2 shows the effect of coupling agent on the flexural strength properties of

hybrid composites. ldentical observation as shown in tensile strength is evident, whereby

flexural strength increase with increasing coupling agents loading. Hybrid composites

with higher amount of GF show higher flexural strength with the presence of coupling

. agents. Thi. . bservation = 17 line with previous studies [ 13, 14]: Con. . woatively. 5.5 Ph4

shows a better enhancement in flexural sivength than 3-APE. This is understandable that

a good filler-matrix interaction could be derived from the formation. of the 3-TPM

methacrylate group with the polyester matrix compared with the amino group in 3-APE.

3.3 Impact Strength
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Fig. 3. Effect of Coupling Agent on the Impact Strength of Hybrid Composites.




W,

¢ similar pattern of resulte has been reported by previous studies [12, 14, 15].

Figure 3 shows the effect of coupling agents on the impact strength properties of
hybrid composites. It is obvious that GF has tremendous effect on the impact strength of
hybrid composites with filler ratios (100% GF and R50% RH / 50% GF) compared with
filler ratio 100% RH. This shows that more efficient energy transfer has occurred as more
GF are present in the polyester matrix. This again may be attributed to the higher aspect
ratios which enable better transfer of stress from the matrix to the GF. As presented
earlier, the incorporation of RH in the matrix has resulted in the reduction of stress
transfer efficiency due to the irregular shape of the RH, which also affects the impact
strength of the compoéites [5]. Composites with 3-TPM show better improvement in
impact strength than those composites with 3-APE. It again indicates that 3-TPM
promoter better linkage between filler and polyester matrix. This situation explains the
presence of a better interface adhesion between the filler and the matrix together with the
addition of 3-TPM. 3-TPM plays its role as a coupling agent by increasing the spread of ‘

fibers with matrix and reducing the tendency of fibers to stack. This shows that more

“energy is required to thwart the composite as a result of the impression of the filler

interface adhesion with a better matrix with the presence of a 3-TPM coupling agent. A

3.4 Water Absorption and Thickness Swelling
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Fig. 4. Effect of Coupling Agent on the Water Absorption of Hybrid Composites.
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Fig. 5. Effect of Coupling Agent on the Thickness Swelling of Hybrid Composites.

Water immersion test reveals the behaviour of the composites when immersed in
water, was mgmﬁcant w1th the percentage of water absorbed as shown in figure 4 and

derres of the thi wess, swellmg (ngule 5). ihe i show: mqt the percsiges. watcr

absorpuon and thickness swellirg decrease as the loading of RH is decreased or in other

words as the loading of GF is increased. This is expected because RH being a
lignocellulosic material that consists predominantly of cellulose, lignin, and
hemicellulose may readily absorb water into its cell wall through the formation of
hydrogen bonding between its OH groups and the hydrogen from water. The absorption
of water into the cell wall would subsequenﬂy result in the swelling of the cell wall. This
phenomenon is reflected in the changes in the thickness of the composites. Figure 4 and
5 also shows, the percentages of water absorption and thickness swelling of the hybrid
composites decrease as the amount of coupling agents added is increased. Thﬁs,
composites with 3-TPM exhibit higher hydrophobicity than those without coupling agent
or added with 3-APE. This may has beer reduced as a result of the interaction between
3-TPM and hydroxyl groups from fillers, and thE; hydrophobicity‘ imparted by the
polyester chain of 3-TPM.

by



4. CONCLUSIONS

Overall, all coupling agents used imparted considerable improvements in the tensile
strength, flexural strength and impact strength properties of unsaturated polyester-rice
husk-fiber glass hybrid composites, especially those with 3-TPM compared to the 3-APE.
This indicates that 3-TPM has a profound effect on the stress transfer efficiency by
introducing a linkage between filler and polyester matrix. All composites with coupling
agents showed lower water absorption and thickness swelling. The absorption and
swelling decreased as the loading of the coupling agents was increased. Overall, it can be
concluded that optimum level of coupling agents was 1%, above which no significantly

enhancement in the mechanical properties was observed.
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