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Effect of Surface Treatment on the Mechanical
Properties of Sugar Palm/Glass Fiber-reinforced
Thermoplastic Polyurethane Hybrid Composites
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Effects of various surface modifications were evaluated relative to the
mechanical properties of sugar palm fiber/glass fiber (SPF/GF)
reinforced thermoplastic polyurethane (TPU) hybrid composites. The 6
wt.% alkaline, 2 wt.% silane, and combined 6 wt.% alkaline-2 wt.% silane
treatment of SPF were carried out for 3 h to improve the fiber/matrix
interaction of SPF/GF with TPU. The SPF and GF were fixed at 30 wt.%
and 10 wt.% fiber loading, respectively, and were fabricated using the
melt compounding method followed by hot compression in a moulding
machine. Mechanical properties, such as tensile, flexural, and impact
strength, were evaluated using a universal testing machine and an Izod
impact tester. The untreated and treated hybrid composites were
characterized by FTIR spectroscopy. The tensile, flexural, and impact
strength of the combined 6 wt. % alkaline-2 wt. % silane treatment was
improved 16%, 39%, and 18%, respectively, as compared to the
untreated SPF/GF reinforced TPU hybrid composites. Moreover, the
scanning electron microscopy (SEM) showed a good fiber and matrix
interfacial bonding in the hybrid composites. Thus, this treated hybrid
composites could be suitable for fabricating automotive parts.
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INTRODUCTION

In light of environmental protection, the use of renewable resources and product
biodegradability has driven many manufacturing industries to focus on using natural
resources, especially fiber-rich plants, for the production of polymer composites. This
trend has led to the use of plant fibers for reinforcement in polymer composites rather
than relying on synthetic fibers (Westman et al. 2010; Ahmad et al. 2015). Economics, as
well as their superior properties, has enticed many manufacturing industries into using
synthetic fibers to reinforce plastics, and natural fibers has become a priority in the
composite industry only after considering their low cost, low density, and high strength
(Jawaid and Khalil 2011). Plant fibers are naturally grown and sown in suitable
environments throughout the world. Natural plant fibers can be extracted from the plant's
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stem, leaf, and fruit. Some examples of plant fibers include kenaf, flax, jute, bamboo,
hemp, abaca, sisal, and many more.

For use in polymer composites, the hydrophilicity of plant fibers has caused a
compatibility issue. This has driven many studies to report on the extent of enhanced
interfacial bonding either by way of plasticizing fibers or modifying the surface (Khalil et
al. 2013; Rashid et al. 2016; Rajadurai 2016; Rashid et al. 2017). The main problem
encountered is an issue of fiber-matrix-adhesion due to the incompatibility between the
hydrophilic natural fibers and the hydrophobic polymer matrix. This problem can be
improved by chemically treating the fiber surfaces. Silane treatment is a common method
to clean and modify the fiber surface to have a lower surface tension and enhanced
interfacial adhesion between a natural fiber and the polymeric matrix. Previous work by
other researchers employed mercerization (Maleque et al. 2012; Afdzaluddin et al. 2013;
Atigah et al. 2014; Asim et al. 2016), silane (Abdelmouleh et al. 2007; Gharbi et al.
2014; Zhou et al. 2014; Zahari et al. 2015), and combined alkaline-silane treatment
(Asumani et al. 2012; Ramamoorthy et al. 2015; Asim et al. 2016). For instance, Bakar et
al. (2015) reported on alkaline-treated and untreated long unidirectional kenaf/woven
Kevlar hybrid composites and found an improvement in the tensile strength but weaker
impact properties. The tensile improvement was due to the improved interfacial bonding
of the fiber.

In recent years, the incorporation of natural fibers like kenaf (Maleque et al. 2012;
Atigah et al. 2014), sugar palm (Sapuan et al. 2013; Misri et al. 2015), bamboo (Zuhudi
et al. 2016), banana (Haneefa et al. 2008), jute (Acharya 2014), and coir (Kumar et al.
2009) with glass fiber has received much attention from research and other various
industries due to the mechanical property improvements they provide compared with
glass fiber composites. The addition of natural fibers with synthetic fibers improves the
strength properties of both the natural and glass fibers. Sharba et al. (2015) studied the
effects of fiber orientation on the mechanical properties and fatigue life of glass/kenaf
hybrid composites and found that unidirectional kenaf hybrid composites have higher
tensile and compressive strength than woven kenaf. Uma Devi et al. (2012) investigated
the tensile and impact properties of short pineapple leaf/glass reinforced polyester
composites and found that the tensile strength of the hybrid composites increased 28%,
with the addition of 10 vol.% glass fiber. Hamouda et al. (2015) developed hybrid
composites from coir fiber and woven glass fiber-reinforced polyester. Physical property
testing revealed less thickness swelling for the hybrid composites compared to that of
coir/polyester composites. Moreover, the tensile and flexural strength also were increased
88% and 298%, respectively, compared to that of coir/polyester composites.

There are several studies that investigate surface modifications of sugar palm
fiber (Bachtiar et al. 2008; Leman et al. 2008; Ishak et al. 2009; Rashid et al. 2016). To
date, there have been few or no attempts to study treated sugar palm/glass fiber
reinforced thermoplastic polyurethane hybrid composites. The aim of this research is to
evaluate the effects of various treatments, such as 6 wt.% alkaline (TNSP), 2 wt.% silane
(TSSP), and combined 6 wt.% alkaline-2 wt.% silane (TNSSP), on the mechanical
properties of SP/G-reinforced TPU hybrid composites. The hybrid composites have a
constant sugar palm/glass weight fraction of 30%/10%. The tensile, flexural, and impact
properties were determined and post tensile testing morphology was also characterized to
be able to recommend the optimum formulation of the hybrid composites.
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EXPERIMENTAL

Materials

Estane® 58311 TPU in pellet form with a density of 1.13 g/cm® and E-glass fiber
with a length of 6 mm and a density of 2.55 g/cm® were supplied by Innovative
Pultrusion Sdn. Bhd. (Negeri Sembilan, Malaysia). The sugar palm fiber (SPF) was
collected from sugar palm trees in Jempol, Negeri Sembilan, Malaysia.

Preparation of sugar palm fiber

Sugar palm fiber (SPF) was cut into lengths of approximately <8 cm to 10 cm.
The fibers then were purified with tap water several times to get rid of any impurities
attached to the SPF. The SPF was kept in open air and then dried in an air circulating
oven at 60 °C for 48 h. The dry SPF was ground to a size of 10 mm to 15 mm using a
plastic crusher machine (Suzhou Poks Machinery Co., Ltd., Jiangsu, China) followed by
a pulverizing machine and then the SPF particles were sieved to attain 125 pm to 250 pm
particles.

The SPF was modified to enhance the fiber-matrix bonding of the hybrid
composites. The SPF was treated using alkaline, silane, and combined alkaline-silane
treatments. The detailed procedure for these surface modifications is described below.

In the alkaline treatment, the SPF particles (125 pm to 250 um) were immersed in
a 6 wt.% alkaline solution with distilled water for 3 h at room temperature. Then, the SPF
was rinsed with distilled water until a neutral pH was obtained. The fibers were oven-
dried for 48 h at 60 °C. This procedure is based on the modification method described by
Atigah et al. (2014).

In the silane treatment, the SPF particles (125 pm to 250 um) were immersed in a
2 wt.% silane solution for 3 h. To obtain the silane treatment, 3-aminopropyl-tri ethoxy
silane (APS) was mixed with a mixture of methanol and water (90/10 w/w) from the
hydrolysis process. To obtain a solution pH of 3.5, the mixture was stirred with acetic
acid for 10 min. The fibers were measured by weight percentage and soaked in this
solution for 3 h under agitation. After this time, the SPF were washed with distilled water
and decanted. The fibers were then oven-dried at 60 °C for 72 h to remove any moisture.
This procedure is based on the modified method described by Atigah et al. (2017). The
chemical reaction of alkaline (1) (Vasquez et al. 2016) and silane treatment (2-3)
(Agrawal et al. 2000) are given as follows.

Fiber-OH +NaOH—> Fiber-O-Na*+ H,0 (1)
H,0 )

CH,CHSi(OC,Hs)s— CH2CHSi(OH)3+ 3C2HsOH )

CH,CHSi(OH)s + Fiber- OH—CH,CHSi(OH),O-Fiber + H,0 3)

In the combined alkaline-silane treatment, the samples were treated with a 6 wt.%
alkaline treatment followed by a 2 wt.% silane treatment, as in the second procedure.
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Fabrication of hybrid composites

The SPF/GF/TPU composites were prepared using a melt-mixing compounding
method followed by hot-press moulding. The drying process was carried out for sugar
palm particles of the size 125 um to 250 um, glass fibers, and thermoplastic
polyurethanes in pellet form in an electric oven at 80 °C for 48 h. The chemical treatment
of four sets of 30/10 wt.% SPF/GF-reinforced TPU composites is described in Table 1.
The process of homogenization was performed at the optimum processing parameters of
40 rpm for 11 min at 190 °C using a Haake poly drive R600 (Thermo Electron Scientific,
Karlsruhe, Germany). The compounds were produced with SPF/GF content of 30/10 by
weight. The TPU polymer was mixed until steady torque was reached, and then the GF
was added to the TPU melt. At a rotor speed of 40 rpm, additional runs with SPF were
carried out at 190 °C. When the temperature reached 195 °C for the first time, the mixer
was opened for a few seconds to reduce the temperature again to prevent the thermal
degradation of SPF. To avoid the effect of residence time in the mixer on SPF
degradation, mixing was stopped for both feeding methods immediately after SPF
feeding and the compound was removed from mixer to cool down to room temperature.
The hot-press moulding was performed using a Vechno Vation 40 ton compression
molding machine (Carver, Inc., Wabash, IN, USA). The samples were preheated for 7
min, fully pressed for 10 min at 190 °C, and then cold-pressed for 5 min at 25 °C (EI-
Shekeil et al. 2012). The development of untreated and treated hybrid SPF/GF-reinforced
TPU composites is depicted in Fig. 1.

Table 1. Chemical Treatment Parameter Employed on SPF/GF/TPU Hybrid
Composites

Sugar Palm . .
. . TPU . Glass Fiber Soaking o
Designation (Wt. %) Fltzi/rt (oS/SF) (GF) (Wt. %) Treatment Time (h) Temp (°C)
UTSP? 60 30 10 Untreated
Treated with
TNSP2 60 30 10 6 wt. % 3 23
Alkaline
Treated with
TSSP3 60 30 10 2 wt. % 3 23
Silane
Combined 6
wt. %
4
TNSSP 60 30 10 alkaline-2 wt. 3 23
% Silane

L Untreated sugar palm

2 Treated NaOH sugar palm

3 Treated Silane sugar palm

4Treated NaOH and silane sugar palm

Characterizations
Fourier transform infrared spectroscopy(FTIR)

FTIR spectra of untreated and treated SPF/GF/TPU hybrid composites was
recorded to distinguish new absorption bands if any during surface modification of SPF.
For sample preparation, the specimens were cut with size of 10 x 10 x 3 mm and then
analyzed using FT-IR Spectrometer (Perkin Elmer Spectrum 100 series
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spectrophotometer, USA) equipped with attenuated total reflectance (ATR) capability.
The spectra were recorded with a resolution of 2 cm™ in the range of 4000 to 400 cm™.

Tensile test

The tensile test was performed on flat dog-bone-shaped sample per the ASTM
D638 (2010) test standard using a universal testing machine (AMETEK Lloyd
Instruments Ltd., West Sussex, UK). The specimen was tested by a calibrated universal
testing machine with a speed of 50 mm/min. The average of six samples was used for all
tests.

Flexural test

The flexural properties of developed SPF/GF/TPU hybrid composites were
evaluated according to the ASTM D790 (2003) (3-point bending) standard. The test was
executed using a universal testing machine (AMETEK Lloyd Instruments Ltd., West
Sussex, UK) universal testing machine with a span length of 50 mm and a crosshead
speed of 12 mm/min.
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Fig. 1. Development of untreated and treated hybrid SPF/GF-reinforced TPU hybrid composites
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Impact test

Standard notched Izod impact test (INSTRON CEAST 9050, Norwood, MA,
USA) specimens were cut from the developed SPF/GF/TPU hybrid composite plates
using an abrasive water-jet machine (Excel WJ 4080, OMAX, Corporation Kent,
Washington, USA) according to ASTM D256 (1996). Averages of five samples were
taken to present the final impact strength on select treated and untreated SPF/GF/TPU
hybrid composites.

Scanning electron microscopy (SEM)

Morphological investigations were performed on the untreated and treated
SPF/GF/TPU hybrid composites with an SEM machine (HITACHI S-3400N, Hitachi,
Ibaraki, Japan). The SEM instrument was used at an emission current of 58 pA, an
acceleration voltage of 5.0 kV, and the working distance was set to 6.2 mm. Before the
SEM analysis, samples were coated with gold (Hitachi High-Technologies GLOBAL,
Kyoto, Japan).

RESULTS AND DISCUSSION

Tensile Properties

In this study, to evaluate the efficiency of fiber modification on sugar palm fiber,
mechanical properties, such as tensile strength, were evaluated. As shown in Fig. 2, the
tensile strength for untreated sugar palm fiber was 21.15 MPa, which was lower than the
other treated fiber hybrid composites. When the SPF fiber was treated with 6 wt.%
alkaline, 2 wt.% silane, and the combined 6 wt.% alkaline-2 wt.% silane, the tensile
strength was increased to 21.90 MPa, 23.52 MPa, and 24.46 MPa, respectively. The
maximum tensile strength for the treated hybrid composites was found for the TNSSP.
The tensile strength of the TNSSP was improved by 16% compared to the UTSP hybrid
composites. The tensile strength for the treated hybrid SPF/GF-reinforced TPU was
higher than that of the untreated hybrid composites, which may have been due to good
interfacial bonding between the treated fiber and TPU matrix, as shown in Fig. 3(d). The
changes in the fiber surface after surface modification of the fiber improved the
properties of the composites, which correlated with the effect of various treatments on the
tensile properties of the composites. A similar mechanism for various alkaline-silane
treatments providing tensile strength improvement was found by Farsi (2010).

As shown in Fig. 2, the tensile modulus the SPF/GF-reinforced TPU composites
increased after the combined silane-alkaline treatment. The presence of treated sugar
palm fiber reduced the polymer chain mobility, which led to increased stiffness in the
hybrid composites (Ku et al. 2011). Moreover, the tensile modulus of the TSSP of
SPF/GF/TPU composites was higher than both the UTSP and other treatments. This was
mainly due to the strong interfacial bonding adhesion that exists between the SPF with
GF and TPU matrix of hybrid composites. This is consistent with what has been observed
for surface modification that was employed on other natural fibers (Lee et al. 2009;
Oliveira and Marques 2014). Moreover, other researchers also found that the composites
that employed alkaline-silane treatments showed improved compatibility with curaua
fiber with PP due to the mixture of both treatments induces the mechanical interlocking
between the fiber and matrix (Oliveira and Marques 2014).
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Scanning Electron Microscopy

Figure 3 displays the SEM images after tensile testing of UTSP, TNSP, TSSP,
and TNSSP treated hybrid SPF/GF-reinforced TPU composites. Observable differences
were visible between the SEM figures of the aforementioned treatment samples (Fig. 3).
More fibers were pulled out in the UTSP sample compared to others, leaving more holes,
leading to poor fiber/matrix adhesion (Luo et al. 2016). Fragments and impurities that
existed on the surface of UTSP (Fig. 3(a)) were removed via alkaline treatment. The
surface of the fiber TNSP (Fig. 3(b)) was smoother than UTSP fiber, whereas the surface
of TNSP showed nodes, and only a slight fibrillar structure was present (Fig. 3 (b)). The
surfaces of the sugar palm fiber samples were covered with a TPU matrix and showed
good interfacial bonding, as shown in Figs. 3(b), (c), and (d). This was due to fiber
modification by the various treatments that were employed on the sugar palm fiber. The
presence of more nodes and fibrils on the surface of the sugar palm fibers, as in Fig. 3(d),
was a result of the 6 wt.% alkaline-2 wt.% silane treatment that yielded deeper
indentations among the sugar palm fibers. The SEM observations of the treated SPF/GF-
reinforced TPU hybrid composites were in agreement with the mechanical properties
testing (Fig. 2), demonstrating that surface treatment improved the properties of the
hybrid composites.
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Fig. 2. Tensile properties of untreated and treated hybrid SP/G-reinforced TPU composites

Flexural Properties

Figure 4 shows the flexural properties of the untreated and treated hybrid
SPF/GF-reinforced TPU hybrid composites. The flexural strength and modulus of the
untreated and chemically-treated SPF hybrid composites depended on the type of fiber
surface modification.

The trend of the flexural strength is shown in Fig. 4 and indicates that the
combined TNSSP treatment provided good wetting to the GF-reinforced TPU
composites. The incorporation of treated 30 wt.% of sugar palm fiber led to improved
properties, especially in both flexural strength and modulus as compared to UTSP. The
flexural strength of the TNSSP improved 39% compared to that of the UTSP hybrid
composites. This may have been attributable to employing the 6 wt. % alkaline- 2 wt.%
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silane treatment, which may reduce the cell wall thickening of the fiber that leads to the
better adhesion between fiber and matrix as observed by earlier investigators (Lee et al.
2009). Other researchers also have highlighted that fiber treatment plays an important
role in influencing the flexural properties (Li et al. 2007; Sathishkumar et al. 2013).

As shown in Fig.4, the flexural modulus of UTSP, TNSP, TSSP, and TNSSP
were
266.70 MPa, 355.37 MPa, 395.63 MPa and 413.42 MPa. This corresponded to a 33.2%,
48.3%, and 55% increase in flexural modulus of TNSP, TSSP, and TNSSP as compared
to UTSP, respectively.

This improvement in flexural modulus was attributed to the stress transfer from
the low modulus of untreated SPF to the high modulus of the TNSSP. Moreover, the
increase in flexural strength and modulus of TNSP was by 38% and 55% as compared
than UTSP, which generates active groups or clean surfaces that form bonds with the
silane molecules (Farsi 2010).

In fact, more chemical bonds formed among the cellulose hydroxyl groups on the
silane molecules and the fiber surfaces compared to that of the untreated of fiber. This
finding was in agreement with other research on hemp fiber using various alkaline/silane
treatments that resulted in improved mechanical properties (Patel et al. 2010).

HITACHI 10.0kV 9.6mm x300 SE 2/8/2017 HITACHI D%
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Impact Properties

The impact test results of untreated and treated SPF/GF-reinforced TPU hybrid
composites are illustrated in Fig. 5. The energy absorption was determined using the Izod
impact machine test (INSTRON CEAST 9050, Norwood, MA, USA). As shown in Fig.
5, the maximum impact strength was obtained for the TNSSP, followed by TSSP and
TNSP compared to UTSP with glass fiber-reinforced TPU hybrid composites. The impact
strength of the TNSSP improved 18% compared with the UTSP hybrid composites.
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Fig. 4. Flexural properties of untreated and treated SPF/GF-reinforced TPU hybrid composites
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Fig. 5. Impact properties of untreated and treated hybrid SPF/GF-reinforced TPU composites

It was evident that the surface modifications improved the impact strength of
hybrid composites. The alkaline treatment provided a 12% improvement in the impact
strength compared to that of the UTSSP. Moreover, a noticeable increase in impact
strength was observed with the combined alkaline-silane (TNSSP) treated SPF/GF-
reinforced TPU composites. The incremental impact strength was due to the generation
of moisture resistance and surface roughness by expelling hemicellulose, lignin, pectin,
wax, and etc. from the alkaline treatment (Li et al. 2007). Furthermore, the alkaline
pretreatment followed by silane treatment improved the nucleation density of the
cellulose part of the fiber, yielding a trans-crystalline interphase region of small crystals.
There was improved adhesion bonding of fiber and matrix in alkaline-silane fiber treated
relative to untreated fiber composites, which allows the polymer matrix to effectively
surround and adhere to the fibers (Huda et al. 2008; Sajna et al. 2014).

Fourier Transform Infrared Spectroscopy(FTIR)

FTIR spectra of the UTSP, TNSP, TSSP, and TNSSP are presented in Fig. 6. The
wide band at 3330 cm™ at the UTSP was attributed to the OH" groups present in the
cellulose and hemicellulose of the fiber. After post treatment of sugar palm fiber, the OH
groups were substituted as —ONa groups in 6 wt.% alkaline treatment and —O-Si-R in 2
wt.% silane modification. The decreased intensity of —OH band was decreased when the
sugar palm was treated as in TNSSP at 3324 cm™ as compared to UTSP. The stretching
band at 1740 cm™ is indicative of the lignin in natural fiber. The removed band at this
frequency in TNSP, TSSP, and TNSSP showed there were changes after fiber treatment.
These findings are similar to other works that showed chemical changes after
modification of fiber (Sareena et al. 2012; Shaniba et al. 2017). For TSSP and TNSSP,
there were stretching frequencies at 1590, 1172, and 1098 cm™, as shown in Fig. 6. The
band at 1590 and 1098 cm™ existed at 2 wt.% silane and combined 6 wt.% alkaline-2
wt.% silane showed C=C bonding of silane bonding. The characteristics absorption peak
at 1172 cm? is due the presence of Si-OEt, which confirms the reaction of 3-
aminopropyltriethoxysilane with silane fiber treated (Shaniba et al. 2017).

Atigah et al. (2018). “Treated hybrid composites,” BioResources 13(1), 1174-1188. 1183



PEER-REVIEWED ARTICLE b | oresources.com

100 |
1172 1590
90 Si-0 1740
80
% 70 3330
3324
§ 60 OH-
£ 50
& 40
S 1008 UTSSP
= TSsp
20 TNSSP
10
400 900 1400 1900 2400 2900 3400 3900

Wavelength (cm-1)
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CONCLUSIONS

The effect of various fiber modifications on the mechanical properties of sugar
palm fiber glass fiber (SPF/GF)-reinforced thermoplastic polyurethane (TPU) hybrid
composites was investigated.

1. The results clearly indicated that treating sugar palm fiber improved its
mechanical properties. Regarding the mechanical properties of the hybrid
composites, it was observed that the combined 6 wt.% alkaline-2 wt.% silane
treatment (TNSSP) was the most effective combination considering the improved
tensile, flexural, and impact properties of SPF/GF-reinforced TPU hybrid
composites.

2. These results were also supported by morphological studies by SEM and FTIR.
The SEM morphology of the treated SPF/GF-reinforced TPU hybrid composites
was better than that of the untreated fiber. This was because 6 wt.% alkaline
(TNSP), 2 wt.% silane (TSSP), and combined 6 wt.% alkaline-2 wt.% silane
(TNSSP) treatments enhanced the compatibility between the sugar palm fiber
with glass and TPU matrix.

ACKNOWLEDGMENTS

The authors are grateful for the financial support from Universiti Putra Malaysia
through Putra Grant No. GP-1PS/2015/9441501. The author would also like to thank the
Ministry of Higher Education for the MyBrainl5 scholarship.

REFERENCES CITED

Abdelmouleh, M., Boufi, S., Belgacem, M. N., and Dufresne, A. (2007). "Short natural-
fibre reinforced polyethylene and natural rubber composites: Effect of silane coupling

Atigah et al. (2018). “Treated hybrid composites,” BioResources 13(1), 1174-1188. 1184



PEER-REVIEWED ARTICLE b | oresources.com

agents and fibers loading,” Composites Science and Technology 67(7), 1627-16309.
DOI: 10.1016/j.compscitech.2006.07.003

Acharya, S. D. S. (2014). "Study on mechanical properties of natural fiber reinforced
woven jute-glass hybrid epoxy composites,” Advances in Polymer Science and
Technology 4(1) 1-6. http://www.urpjournals.com

Afdzaluddin, A., Maleque, M. A., and Igbal, M. (2013). "Synergistic effect on flexural
properties of kenaf-glass hybrid composite,” Advanced Materials Research (626),
989-992. DOI: 10.4028/www.scientific.net/ AMR.626.989

Agrawal, R., Saxena, N., Sharma, K., Thomas, S., and Sreekala, M. (2000). "Activation
energy and crystallization kinetics of untreated and treated oil palm fibre reinforced
phenol formaldehyde composites." Materials Science and Engineering: A, 277(1),
77-82.

Ahmad, F., Choi, H. S., and Park, M. K. (2015). "A review: Natural fiber composites
selection in view of mechanical, light weight, and economic properties,”
Macromolecular Materials and Engineering 300(1), 10-24. DOI:
10.1002/mame.201400089

Asim, M., Jawaid, M., Abdan, K., and Ishak, M. R. (2016). "Effect of alkali and silane
treatments on mechanical and fibre-matrix bond strength of kenaf and pineapple leaf
fibres,” Journal of Bionic Engineering 13(3), 426-435. DOI: 10.1016/S1672-
6529(16)60315-3

ASTM D256 (1996). "Standard test methods for determining the 1zod pendulum impact
resistance of plastics,” ASTM International, West Conshohocken, PA.

ASTM D618 (2013). "Standard practice for condioniting plastics for testing,” ASTM
International, West Conshohocken, PA.

ASTM Standard D638 (2010), "Standard test method for tensile properties of plastics,".
ASTM International, West Conshohocken, PA.

ASTM D790 (2003). "Standard test method for flexural properties of unreinforced and
reinforced plastics and electrical insulating materials,” ASTM International, West
Conshohocken, PA.

Asumani, O. M. L., Reid, R. G., and Paskaramoorthy, R. (2012). "The effects of alkali—
silane treatment on the tensile and flexural properties of short fibre non-woven kenaf
reinforced polypropylene composites,” Composites Part A: Applied Science and
Manufacturing 43(9), 1431-1440. DOI: 10.1016/j.compositesa.2012.04.007

Atigah, A., Jawaid, M., Ishak, M., and Sapuan, S. (2017). "Moisture absorption and
thickness swelling behaviour of sugar palm fibre reinforced thermoplastic
polyurethane,” Procedia Engineering 184, 581-586. DOI:
10.1016/j.proeng.2017.04.142

Atigah, A., Maleque, M., Jawaid, M., and Igbal, M. (2014). "Development of kenaf-glass
reinforced unsaturated polyester hybrid composite for structural applications,”
Composites Part B: Engineering 56, 68-73. DOI:
https://doi.org/10.1016/j.compositesb.2013.08.019

Bachtiar, D., Sapuan, S., and Hamdan, M. (2008). "The effect of alkaline treatment on
tensile properties of sugar palm fibre reinforced epoxy composites,” Materials &
Design 29(7), 1285-1290. DOI: 10.1016/j.matdes.2007.09.006

Bakar, N. H., Hyie, K. M., Aidah, J., Kalam, A., and Salleh, Z. (2015). "Effect of alkaline
treatment on tensile and impact strength of kenaf/kevlar hybrid composites,” Applied
Mechanics and Materials (763), 3-8. DOI: 10.4028/www.scientific.net/ AMM.763.3

Atigah et al. (2018). “Treated hybrid composites,” BioResources 13(1), 1174-1188. 1185



PEER-REVIEWED ARTICLE b | oresources.com

El-Shekeil, Y., Sapuan, S., Abdan, K., and Zainudin, E. (2012). "Influence of fiber
content on the mechanical and thermal properties of kenaf fiber reinforced
thermoplastic polyurethane composites,” Materials & Design 40, 299-303. DOI:
10.1016/j.matdes.2012.04.003

Farsi, M. (2010). "Wood-plastic composites: Influence of wood flour chemical
modification on the mechanical performance,” Journal of Reinforced Plastics and
Composites 29(24), 3587-3592. DOI: 10.1177/0731684410378779

Gharbi, A., Hassen, R. B., and Boufi, S. (2014). "Composite materials from unsaturated
polyester resin and olive nuts residue: the effect of silane treatment,” Industrial Crops
and Products 62, 491-498. DOI: 10.1016/j.indcrop.2014.09.012

Hamouda, T., Hassanin, A. H., Kilic, A., Candan, Z., and Bodur, M. S. (2015). "Hybrid
composites from coir fibers reinforced with woven glass fabrics: Physical and
mechanical evaluation,” Polymer Composites DOI: 10.1002/pc.23799

Haneefa, A., Bindu, P., Aravind, I., and Thomas, S. (2008). "Studies on tensile and
flexural properties of short banana/glass hybrid fiber reinforced polystyrene
composites,” Journal of Composite Materials 42(15), 1471-1489. DOI:
10.1177/0021998308092194

Huda, M. S., Drzal, L. T., Mohanty, A. K., and Misra, M. (2008). "Effect of fiber surface-
treatments on the properties of laminated biocomposites from poly (lactic acid)(PLA)
and kenaf fibers,” Composites Science and Technology 68(2), 424-432. DOI:
10.1016/j.compscitech.2007.06.022

Ishak, M. R., Leman, Z., Sapuan, S. M., Salleh, M. Y., and Misri, S. (2009). "The effect
of sea water treatment on the impact and flexural strength of sugar palm fibre
reinforced epoxy composites,” International Journal of Mechanical and Materials
Engineering 4(3), 316-320.

Jawaid, M., and Khalil, H. A. (2011). "Cellulosic/synthetic fibre reinforced polymer
hybrid composites: A review,” Carbohydrate Polymers 86(1), 1-18. DOI:
10.1016/j.carbpol.2011.04.043

Khalil, H. A., Suraya, N., Atigah, N., Jawaid, M., and Hassan, A. (2013). "Mechanical
and thermal properties of chemical treated kenaf fibres reinforced polyester
composites,” Journal of Composite Materials 47(26), 3343-3350. DOI:
10.1177/0021998312465026

Ku, H., Wang, H., Pattarachaiyakoop, N., and Trada, M. (2011). "A review on the tensile
properties of natural fiber reinforced polymer composites,” Composites Part B:
Engineering 42(4), 856-873. DOI: 10.1016/j.compositesb.2011.01.010

Kumar, N. M., Reddy, G. V., Naidu, S. V., Rani, T. S., and Subha, M. (2009).
"Mechanical properties of coir/glass fiber phenolic resin based composites,” Journal
of Reinforced Plastics and Composites 28(21), 2605-2613. DOI:
10.1177/0731684408093092

Lee, S.-Y., Chun, S. -J., Doh, G. -H., Kang, I.-A., Lee, S., and Paik, K.-H. (2009).
"Influence of chemical modification and filler loading on fundamental properties of
bamboo fibers reinforced polypropylene composites,” Journal of Composite
Materials 43(15), 1639-1657. DOI: 10.1177/0021998309339352

Leman, Z., Sapuan, S. M., Azwan, M., Ahmad, M. M. H. M., and Maleque, M. (2008).
"The effect of environmental treatments on fiber surface properties and tensile
strength of sugar palm fiber-reinforced epoxy composites,” Polymer-Plastics
Technology and Engineering 47(6), 606-612. DOI: 10.1080/03602550802059451

Atigah et al. (2018). “Treated hybrid composites,” BioResources 13(1), 1174-1188. 1186



PEER-REVIEWED ARTICLE b | oresources.com

Li, X., Tabil, L. G., and Panigrahi, S. (2007). "Chemical treatments of natural fiber for
use in natural fiber-reinforced composites: A review,” Journal of Polymers and the
Environment 15(1), 25-33. DOI: 10.1007/s10924-006-0042-3

Luo, H., Zhang, C., Xiong, G., and Wan, Y. (2016). "Effects of alkali and alkali/silane
treatments of corn fibers on mechanical and thermal properties of its composites with
polylactic acid,” Polymer Composites 37(12), 3499-3507. DOI: 10.1002/pc.23549

Maleque, M. A., Afdzaluddin, A., and Igbal, M. (2012). "Flexural and impact properties
of kenaf-glass hybrid composite,” Advanced Materials Research 576, 471-474. DOI:
10.4028/www.scientific.net/ AMR.576.471

Misri, S., Leman, Z., Sapuan, S., and Ishak, M. (2015). "Mechanical properties and
fabrication of small boat using woven glass/sugar palm fibres reinforced unsaturated
polyester hybrid composite,” in: IOP Conference Series: Materials Science and
Engineering, Putrajaya, Malaysia, pp. 012-015. DOI: 10.1088/1757-
899X/11/1/012015

Oliveira, P. F. D., and Marques, M. D. F. V. (2014). "Comparison between coconut and
curaua fibers chemically treated for compatibility with PP matrixes,” Journal of
Reinforced Plastics and Composites 33(5), 430-439. DOI:
10.1177/0731684413516392

Patel, H., Ren, G., Hogg, P., and Peijs, T. (2010). "Hemp fibre as alternative to glass fibre
in sheet moulding compound. Part 1-Influence of fibre content and surface treatment
on mechanical properties,” Plastics, Rubber and Composites 39(6), 268-276. DOI:
10.1179/174328910X12647080902853

Rajadurai, A. (2016). "Thermo-mechanical characterization of siliconized E-glass
fiber/hematite particles reinforced epoxy resin hybrid composite.” Applied Surface
Science 384, 99-106. DOI: 10.1007/s00289-017-1931-4

Ramamoorthy, S. K., Skrifvars, M., and Rissanen, M. (2015). "Effect of alkali and silane
surface treatments on regenerated cellulose fibre type (Lyocell) intended for
composites,” Cellulose 22(1), 637-654. DOI: 10.1007/s10570-014-0526-6

Rashid, B., Leman, Z., Jawaid, M., Ghazali, M., and Ishak, M. (2016). "Physicochemical
and thermal properties of lignocellulosic fiber from sugar palm fibers: Effect of
treatment,” Cellulose 23(5), 2905-2916. DOI: 10.1007/s10570-016-1005-z

Rashid, B., Leman, Z., Jawaid, M., Ghazali, M., and Ishak, M. (2017). "Effect of
treatments on the physical and morphological properties of SPF/phenolic
composites,” Journal of Natural Fibers (In press), 1-13. DOI:
10.1080/15440478.2016.1266291

Sajna, V., Mohanty, S., and Nayak, S. K. (2014). "Hybrid green nanocomposites of poly
(lactic acid) reinforced with banana fibre and nanoclay,” Journal of Reinforced
Plastics and Composites 33(18), 1717-1732. DOI: 10.1177/0731684414542992

Sareena, C., Ramesan, M., and Purushothaman, E. (2012). "Utilization of peanut shell
powder as a novel filler in natural rubber." Journal of Applied Polymer Science,
125(3), 2322-2334. DOI: 10.1177/0731684412439116

Sapuan, S., Lok, H., Ishak, M. R., and Misri, S. (2013). "Mechanical properties of hybrid
glass/sugar palm fibre reinforced unsaturated polyester composites,” Chinese Journal
of Polymer Science 31(10), 1394-1403. DOI: 10.1007/s10118-013-1342-4

Shaniba, V., Sreejith, M., Aparna, K., Jinitha, T., and Purushothaman, E. (2017).
"Mechanical and thermal behavior of styrene butadiene rubber composites reinforced
with silane-treated peanut shell powder,” Polymer Bulletin 74(10), 3977-3994. DOI:
10.1007/s00289-017-1931-4

Atigah et al. (2018). “Treated hybrid composites,” BioResources 13(1), 1174-1188. 1187


https://doi.org/10.1177/0731684412439116

PEER-REVIEWED ARTICLE b | oresources.com

Sathishkumar, T., Navaneethakrishnan, P., Shankar, S., Rajasekar, R., and Rajini, N.
(2013). "Characterization of natural fiber and composites—A review,” Journal of
Reinforced Plastics and Composites 32(19), 1457-1476. DOI:
10.1177/0731684413495322

Sharba, M. J., Leman, Z., Sultan, M. T., Ishak, M. R., and Hanim, M. A. A. (2015).
"Effects of kenaf fiber orientation on mechanical properties and fatigue life of
glass/kenaf hybrid composites,” BioResources 11(1), 1448-1465. DOI:
10.15376/biores.11.1.1448-1465

Uma Deuvi, L., Bhagawan, S., and Thomas, S. (2012). "Polyester composites of short
pineapple fiber and glass fiber: Tensile and impact properties,” Polymer Composites
33(7), 1064-1070. DOI: 10.1002/pc.22217

Vasquez, J. Z., Patalud, C. R. S., Tarnate, P. M. O., Shelah, G., Escobar, E. C., and Vaso,
C. C. (2016). "Effect of alkali treatment on the mechanical, physical, and thermal
properties of sweet sorghum [Sorghum bicolor (L.) Moench] fibers." Philipp EJ Appl.
Res. Dev. 6, 1-9. http://pejard.slu.edu.ph/vol.6/2016.03.08.pdf

Westman, M. P, Fifield, L. S., Simmons, K. L., Laddha, S., and Kafentzis, T. A. (2010).
Natural Fiber Composites: A Review (No. PNNL-19220), Pacific Northwest National
Laboratory, Richland, WA. DOI: 10.2172/989448

Zahari, W., Badri, R., Ardyananta, H., Kurniawan, D., and Nor, F. (2015). "Mechanical
properties and water absorption behavior of polypropylene/ijuk fiber composite by
using silane treatment,” Procedia Manufacturing 2, 573-578. DOI:
10.1016/j.promfg.2015.07.099

Zhou, F., Cheng, G., and Jiang, B. (2014). "Effect of silane treatment on microstructure
of sisal fibers,” Applied Surface Science 292, 806-812. DOI:
10.1016/j.apsusc.2013.12.054

Zuhudi, N. Z. M., Lin, R. J., and Jayaraman, K. (2016). "Flammability, thermal and
dynamic mechanical properties of bamboo—glass hybrid composites,” Journal of
Thermoplastic Composite Materials 29(9), 1210-1228. DOI:
10.1177/0892705714563118

Article submitted: August 16, 2017; Peer review completed: November 4, 2017; Revised
version received: December 13, 2017; Accepted: December 14, 2017; Published:
December 19, 2017.

DOI: 10.15376/biores.13.1.1174-1188

Atigah et al. (2018). “Treated hybrid composites,” BioResources 13(1), 1174-1188. 1188



