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Abstract: In this paper, hybrid sugar palm yarn and glass fiber reinforced unsaturated polyester compo-
sites were investigated in relation to the effects of fiber loadings and alkaline treatment on the composite
mechanical properties, such as tensile, flexural, impact and compression strength. The composites were
fabricated at a weight ratio of matrix to reinforcement of 70 : 30 and 60 : 40, respectively, while the ratio
of sugar palm yarn fiber to glass fiber was selected at 70 : 30, 60 : 40 and 50 : 50, respectively. The results
revealed that the mechanical properties of the hybrid composites were increased with an increase of
glass fiber loading for both 30 wt % and 40 wt % reinforcement content. The alkaline treatment of the
sugar palm fibers have advantageous effect on the hybrid composite performance. The overall results
indicated that the developed hybrid composites can be used as an alternative material for glass fiber
reinforced polymer composites for various structural applications.

Keywords: glass fiber, hybrid composites, mechanical properties, sugar palm fiber, yarn fiber, unsatu-
rated polyester resin.

Wplyw zawartosci wlodkien i obrobki alkalicznej na wlasciwosci
mechaniczne kompozytow z nienasyconej zywicy poliestrowej
wzmacnianych wldknem szklanym i wléknem palmy cukrowej

Streszczenie: Zbadano wplyw zawartosci widkien i ich obrébki alkalicznej na wlasciwosci mechanicz-
ne wzmacnianych wtéknem szklanym kompozytéw nienasyconej zywicy poliestrowej z witéknami pal-
my cukrowej. Oceniano wytrzymatos¢ kompozytdw na rozcigganie, zginanie, uderzenie i sciskanie.
Wytworzone kompozyty zawieraty 30 oraz 40% mas. widkien, przy stosunku masowym widkien palmy
cukrowej do widkien szklanych 70/30, 60/40 i 50/50. Stwierdzono, ze wytrzymato$¢ mechaniczna kom-
pozytow hybrydowych zwigksza sie ze wzrostem zawarto$ci widkna szklanego, a obrébka alkaliczna
wiodkien palmy cukrowej wywiera korzystny wptyw na wlasciwosci zawierajacych ja kompozytéw hy-
brydowych. Uzyskane wyniki wskazuja, Ze opracowane kompozyty hybrydowe moga by¢ stosowane
jako materiat alternatywny dla kompozytéw polimerowych wzmacnianych jedynie widknem szkla-
nym.

Stowa kluczowe: wiokno szklane, kompozyty hybrydowe, wtasciwosci mechaniczne, wtdkno palmy
cukrowej, wiokno przedzy, nienasycona zywica poliestrowa.

The increased demands for engineering materials have
driven a broad range of research and development of new
and improved materials especially from the composites
industry. Since most natural fibers used today are at the
leading edge of material technology, an intensive devel-
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opment of their uses in advanced applications is becom-
ing harder to ignore. The main advantages of natural fi-
bers over synthetic fibers are their relatively low mass
and specific density, high specific strength, renewability,
biodegradability, and abundance [1, 2]. The use of natu-
ral fiber composites is actually referred to the utilization
of natural sources in polymer industry, reducing the de-
pendence on petroleum resources and the carbon dioxide
(CO,) emissions due to decreasing need for plastic burn-
ing [3]. However, these promising fibers also have several
drawbacks, such as their hydrophilic nature, which leads
to the problem of incompatibility with some polymeric
matrices. They contain hydroxyl (-OH) groups from cel-
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lulose, hemicellulose and lignin, which may be involved
in the hydrogen bonding within the cellulose molecules,
thereby reducing the interfacial adhesion with the poly-
meric matrix.

The main problem often encountered in its use is the
fiber-matrix adhesion due to the incompatibility between
the hydrophilic natural fibers (polar) and the hydrophobic
polymer matrix (non-polar) [4]. Wambua et al. [5] listed the
physical and chemical treatments, that can help to over-
come the disadvantages of natural fibers. The properties
of natural fiber reinforced composites can be influenced
by fiber loading. In general, a high fiber loading is required
to achieve high performance of the composites. Therefore,
the effect of fiber loading on the properties of natural fiber
reinforced composites is particularly significant. It is often
observed that the increase in fiber content results in an im-
provement in the mechanical properties [6, 7].

The development of hybrid composite materials with
the reinforcement based on two or more types of fibers
in a single matrix remains in infancy. Research has re-
vealed that the behavior of hybrid composites appears to
be simply a weighted sum of the individual components
in which there is a more promising balance between the
advantages and disadvantages inherent in any composite
material [8]. In other words, the advantage of producing
hybrid composites reinforced with different types of fi-
bers is that one kind of reinforcement could complement
the limitations of another. As a result, a balance of me-
chanical performance and cost reduction for engineer-
ing applications could be achieved [9, 10]. The effect of
hybridization between a natural fiber and synthetic fiber
in a single matrix has been studied [11-17]. It has been
found, that optimization of fiber loadings have shown
favorable effect on the improvement of physical and me-
chanical properties. According to Atiqah et al. [18], the
limitation of fiber loading in hybrid composites is gener-
ally showed at a maximum of 50%.

Therefore, in this work an attempt has been taken to
develop a hybrid composite combining the natural and
synthetic fibers from sugar palm yarn fiber and glass
fiber, respectively, with total reinforcement of 30 and
40 wt %. Then, the ratio of reinforcement between the
sugar palm yarn fiber and woven glass fiber was selected
at 70/30, 60/40 and 50/50, respectively. The tensile, flexur-
al, impact and compression properties of the treated sug-
ar palm hybrid composites were studied and compared
with the previous study (untreated sugar palm yarn fiber
hybrid composites) in order to recommend the optimum
hybrid composite for various structural applications.

EXPERIMENTAL PART
Materials
In this research, the main material used as reinforce-

ment was sugar palm fiber which was purchased from
Hafiz Adha Enterprise at Kampung Kuala Jempol, Negeri

Sembilan, Malaysia. A woven E-glass fiber (210 g/m?) was
supplied by Sky Tech Malaysia Sdn. Bhd. Unsaturated
polyester resin (RTM grade, 40% styrene content, densi-
ty of 1.025 g/cm?®) were purchased from CCP Composites
Resins Malaysia Sdn. Bhd, methyl ethyl ketone peroxide
(MEKP) (Butanox-Mb50) as a curing initiator were pur-
chased from AkzoNobel China and cobalt(Il) naphthe-
nate as a reaction accelerator were purchased from Sigma
Aldrich (M) Sdn. Bhd. Sodium hydroxide (NaOH) pellets
were purchased from Merck (M) Sdn Bhd.

Alkaline treatment

The bundles of sugar palm fiber were soaked in a 1%
NaOH solution or 0.25 M for 1 hour [19]. The treated sug-
ar palm fibers were then washed several times with dis-
tilled water until pH 7 was obtained. Subsequently, the
fibers were dried in an oven at 60 °C for 24 hours. Then,
the chemical constituents (Table 1) of the untreated and
treated sugar palm fiber were analyzed according to the
following standard methods: ethyl-benzene extractive
(TAPPI T 204 CM-97), lignin (TAPPI T 222 OM-98), ho-
locellulose [20] and alfa cellulose (TAPPI T 203 CM-99).
Table 1 shows also the tensile properties of untreated and
treated single sugar palm fiber [21].

Spinning process

In order to ensure producing a high degree of regular-
ity of sugar palm yarn fiber firstly, the raw of sugar palm
fiber in a bundle form (Fig. 1a) was combed (Fig. 1b) to
align the fibers and remove the shortest elements. For
each piece of 2500 tex of sugar palm yarn fiber, the sugar
palm fiber was constantly weighed using weighing bal-
ance and aligned to 0.5/0.2 g/m. The tex of sugar palm
yarn fiber was measured using Eq. (1) in accordance to
ASTM D1907.

Linear density (Tex) =w - K/I =
= (0.5 - 1000)/0.2 = 2500 tex @0

where: w — an average weight of yarn (g), K—a constant
value (1000 m/g) for tex, [ — a length of the yarn (m).

Table 1. Chemical constituents and tensile properties of untre-
ated and treated sugar palm fibers

Composition, wt %
Chemical constituents
Untreated Treated
Cellulose 47.74 54.39
Hemicellulose 5.96 5.01
Lignin 37.68 31.30
Tensile properties
Tensile strength, MPa 156.96 332.28
Tensile modulus, GPa 4.96 17.27
Elongation at break, % 798 5.30




POLIMERY 2019, 64, nr 10

667

s

Fig. 1. a) Sugar palm tree, b) bundle of sugar palm, ¢) bundle of sugar palm fiber after combing, d) yarning process, e) sugar palm

yarn fiber with 2500 tex [22]

Then, a manual spinning machine from SDL ATLAS
(Fig. 1c) with a speed of 1000 rpm/pc of sugar palm fiber
was used to make a yarn fiber with a Z-twist direction
(Fig. 1d).

Fabrication of composites

As resulted from the previous study, the mechanical
properties increased linearly from 10 to 40 wt % [23].
Hence, for the fabrication of hybrid composites, the ra-
tio between matrix and reinforcement was selected at
70/30 wt % and 60/40 wt %, respectively. The ratio of the
sugar palm yarn fiber to glass fiber was selected at 70/30,
60/40 and 50/50, respectively. A certain amount of glass
fibers was placed inside the mold, followed by a place-
ment of all the quantity of sugar palm fiber and final-

ly the rest of glass fiber. After each placement, a small
amount of mixed unsaturated polyester resin was poured
over the fibers in order to improve the absorption of resin
and to minimize the formation of voids and finally com-
pressed using hot press machine with at 70 °C and 8 MPa
for 30 minutes [21]. Table 2 shows the summary of the for-
mulation of hybrid composites between the matrix and
fibers. Figure 2 shows the layup segmentation between
layers for hybridization of sugar palm yarn fiber with
glass fiber.

Methods of testing
— The tensile test was performed using an Instron 3365

test machine according to ASTM D3039. The dimensions
of the samples were 150 x 15 x 3 mm. The gauge length

Table 2. Formulation of hybrid composites between matrix, sugar palm yarn fiber and woven glass fiber

Matrix compositions, wt % Fiber compositions, wt %

Breakdown sugar palm fiber :

glass fiber, wt %/wt % Reinforcement layout

70:30(21:9) 2 plies of GF/SPF/2 plies of GF

70 30 60:40 (18:12) 3 plies of GF/SPF/2 plies of GF
50:50 (15:15) 3 plies of GF/SPF/3 plies of GF
70:30 (28 :12) 3 plies of GF/SPF/2 plies of GF
60 40 60:40 (24 : 16) 3 plies of GF/SPF/3 plies of GF
50 : 50 (20 : 20) 4 plies of GF/SPF/4 plies of GF

GF — glass fiber; SPF — sugar palm fiber.
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Fig. 2. Schematic diagram of layup segmentation of hybrid composites

was 60 mm, with a crosshead speed of 5 mm/min applied
for the test. The tensile modulus (experimental value) ex-
tracted from the tensile test results can be compared with
the tensile modulus (theoretical value) from the rules of
mixture (ROM) theory calculation. From the ROM theo-
ry in Eq. (2), an approximate composite modulus (E ) can
be obtained from a modified ROM equation as follows,
while Eq. (3) refers to the formulation of the volumetric
fraction of the matrix and Eq. (4) refers to the formulation
of the volumetric fraction of the fiber.

Ec=n,E V.+E V. v

V_ = (mass of matrix/density of matrix)/
[(mass of matrix + mass of fiber)/ 3)
(density of matrix + density of fiber)]

V, = (mass of fiber/density of fiber)/[(mass of matrix + @
mass of fiber)/(density of matrix + density of fiber)]

where: ) refers to the Krenchel factor or efficiency fac-
tor, and the value differs according to the fiber orienta-
tion. The terms E, and E_ refer to the modulus of the fiber
and matrix respectively, while V.and V_ refers to the vol-
ume fraction of the fiber and matrix, respectively [refer
to Eq. (3) and Eq. (4)]. According to Aziz and Ansell [24],
the 1, for unidirectional (0°) fiber is equal to 1 and for the
woven glass fiber (0/90°) the orientation is 0.5.

— A flexural test was performed by the three-point
bending method using an Instron 3365 test machine ac-
cording to ASTM D790. The dimensions of the samples
were 127 x 13 x 3 mm. The crosshead speed was set at
5 mm/min and a support span-to-depth ratio is 16 : 1.

— An Izod impact test was performed using an Instron
CEAST 9050 testing machine with a capacity of the pen-
dulum of 5.5 ] according to ASTM D256. The dimensions
of the unnotched samples were 65 x 10 x 30 mm. The ve-

locity of the striking nose at the moment of impact was
3.5 m/s.

— Compression testing was carried out using an
Instron 3366 testing machine with a 10 kN load-cell at
room temperature. The testing procedures were carried
out accordance with ASTM D3410. The cross-head speed
used was 5 mm/min and the dimensions of the samples
were 120 x 10 x 3 mm.

RESULTS AND DISCUSSION
Tensile properties

The average tensile strength, elongation at break and
tensile modulus of the developed hybrid composites are
shown in Fig. 3. The results indicated that the composites
with 40 wt % of treated sugar palm yarn fiber exhibit-
ed higher strength values compared to those containing
30 wt % of untreated and treated sugar palm yarn fiber
hybrid composites and those with 40 wt % of untreated
sugar palm yarn fiber hybrid composites (Fig. 3a). The
highest tensile strength of 89.90 MPa was achieved at
40 wt % with 50/50 fiber ratio.

This was mainly due to the better interfacial adhesion
between the fibers and the matrix resulting in a higher
load carrying capacity and transferring the load matrix
to the fiber [25]. The elongation at break quantifies the
flexibility of a composite. The elongation at break graph
in Fig. 3b shows that the trend for the composites de-
creased with an increasing ratio of glass fibers for both
the 30 wt % and 40 wt % of fiber loading. Among the hy-
brid composites, those containing sugar palm/glass fiber
at 70/30 ratio exhibited the highest elongation at break,
whereas the composites with a 50 : 50 ratio of sugar palm
to glass fiber were found to have the lowest values of this
property.

This phenomenon was possibly due to the fact that the
elongation at break of glass fiber (0.5%) [27] was lower
than that for treated sugar palm fiber (5.3%). Thus, sug-
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Fig. 3. Tensile properties of untreated [26] and treated sugar
palm yarn fiber hybrid composites: a) tensile strength, b) elon-
gation at break, c) tensile modulus

ar palm yarn fiber had a higher strain to failure char-
acteristic compared to the low strain of extensibility of
glass fiber. The observed decrease in flexibility through
the decreasing elongation at break of the composites was
likely related to the high stiffness of the composites with
an increasing tensile modulus. Other than the improve-
ment of tensile properties due to the increase of glass fi-
ber loading, an effective alkaline treatment of the sugar
palm fiber also improved the tensile properties of the
composites. As shown in Fig. 3¢, the hybrid composite
with 40 wt % treated sugar palm yarn fibers gave supe-
rior tensile and modulus property values compared to
the untreated yarn fiber hybrid composites. This may be
due to the improvement of interfacial bonding between
the treated sugar palm yarn fiber with glass fiber surface
and the matrix after the removal about 16.93% of lignin
(Table 1).

An improvement of the interfacial bonding of the treat-
ed sugar palm yarn fiber compared to the untreated fi-
ber was attributed to the removal of impurities and waxy
substances from the fiber surface and the creation of a
rougher surface after the alkaline treatment (Fig. 4). The
alkaline treatment cleaned the surface of the fibers of im-
purities and waxy substances, which in turn increased
the disruption of the moisture absorption process by re-
moving the coating of the hydroxyl groups in the fiber,
thus, increasing the interface surface quality [28]. In addi-
tion, the enhancement in the tensile strength and modu-
lus of the treated sugar palm yarn fiber hybrid compo-
sites after the alkaline treatment in the studies may be
attributed to a phenomenon called fibrillation. The un-
treated fibers are packed together in a bundle. After the
fiber treatment, the packed alignments of the fibers are
broken into the smaller groups through the dissolution of
about 15.94% hemicellulose (Table 1). This phenomenon
increases the effectiveness of the surface area available
for contact and matrix penetration inside the fiber cell,
thus improving interfacial adhesion [29, 30].

In this theory, the composite efficiency factor or
Krenchel factor is different where it is based on the num-
ber of layers of the fiber and fiber orientation. For deter-
mining the properties of unidirectional (0°) orientation
fibers and hybrids with woven glass fiber (0/90°) fiber
orientation, the composite efficiency would be 1 and 0.5,
respectively [31]. Since it is a hybrid composite with two
parts of glass fiber and one part of sugar palm yarn fiber
as in Fig. 2, the calculation of the Krenchel factors are as
follows: 1, = (1/3 - 1) + (2/3 - 0.5) = 1/3 +1/3=0.67

Equation 2 shows an example of calculation for
30 wt % of fiber reinforcements with a fiber ratio of 70/30.
The E, (sugar palm) = 4.96 GPa, E, (glass fiber) = 70 GPa
[27,32], E_=3.54 GPa. Hence, the theoretical modulus for
the composites is: E_ =1 E, V,+ E V. =0.67 [(1/3 - 4.96) +
(2/3 - 70)] - 0.3089 + 3.54 - 0.6911 = 12.45 GPa.

The theoretical values of the tensile modulus calcu-
lated using Eq. (2) were compared with the experimen-
tal values as in Fig. 3. The results presented in Table 3
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Table 3. Comparison of experimental tensile modulus and theoretical values calculated from the rules of mixture (ROM) for

hybrid composites
Designation of fibers Fib‘f,l; f)/aotio Expeéilr)r;ental Theglifatical

70/30 5.29 13.41

30 wt % Untreated 60/40 6.88 12.79
50/50 6.70 12.41

70/30 7.24 17.49

40 wt % Untreated 60/40 7.52 16.54
50/50 8.12 15.11

70/30 6.42 12.45

30 wt % Treated 60/40 6.70 12.37
50/50 7.78 12.29

70/30 749 15.37

40 wt % Treated 60/40 7.52 15.28
50/50 8.28 15.19

show that the theoretical value of tensile modulus de-
creased as the glass fiber ratio increased and this showed
a contradicting trend from the non-hybrid composite
samples. This might be because the elongation value of
the fiber does not take into account the equation. From
the experimental findings, the elongation of sugar palm
is 5.3%, while that of glass fiber is 0.5%, meaning that
the sugar palm fiber is more flexible than glass fiber.
As the glass fiber ratio loadings increased, the flexibil-
ity of the composites decreased and the modulus of the
composites increased. This means that the brittleness of
the composites increased as the elongation of the compo-
sites decreased.

Besides that, the improvement of surface quality and
hydrophobicity of sugar palm yarn fiber resulted in a
better compatibility with the glass fiber and the matrix.
This is because after alkaline treatment, the treated sugar
palm yarn fiber (with increased hydrophobic properties)
and glass fiber (hydrophobic in nature) can be considered
have similar hydrophobic attraction. Then the remaining
reactive sites (hydroxyl groups) of the glass fibers can eas-
ily make strong hydrogen bonds (-H) with the ester and
carboxylic (C=O-OH) groups of unsaturated polyester. In

addition, effect of fibrillation of treated sugar palm fiber
leads to a better interfacial adhesion and matrix penetra-
tion into the sugar palm fiber structure. Finally it gave a
synergistic effect to other mechanical properties of the
composites.

Flexural properties

From Fig. 5, it is evident that at 30 wt % and 40 wt % fi-
ber loadings as the glass fiber loading ratio increased, the
flexural strength and flexural modulus also increased.
This was because of the increase in the stiffness due to
consolidation of compaction between the glass fibers as
a skin layer, sugar palm yarn fibers as a core and the ma-
trix in resisting three-point bending forces. Further, the
original properties of glass fibers include a high modu-
lus of 70 GPa compared to that of sugar palm fiber which
would be around 0.5 to 3.37 GPa. The glass fibers as a
skin layer provide reinforcement to the composites. This
reinforcement may occur through a mechanism, in which
the applied stress is transferred from one segmentation
layer to the next, thereby enabling an even and efficient
distribution of the stress throughout the material.
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Fig. 5. Flexural properties of untreated [26] and treated sugar palm yarn fiber hybrid composites: a) flexural strength, b) flexural

modulus

As depicted in Fig. 5, the flexural strength and modu-
lus of the hybrid composites have similar trends as the
tensile properties. The flexural properties increases with
the addition of glass fiber. In flexural test, failures mainly
occurred due to bending and shearing [33]. The increased
flexural strength of the hybrid composites with the load-
ing of glass fiber was mainly due to the increased resis-
tance to shearing of the composites. The rigid glass fi-
ber effectively acted as a skin layer for the composites. In
addition, a further increase of glass fiber content in the
hybrid composites resulted in the composite having suf-
ficient modulus.

From both fiber loadings of 30 wt % and 40 wt %, the
highest fiber loading was achieved at 50 : 50 ratio of sugar
palm yarn fiber and glass fiber. This was due to the fibers
which were present in a sufficient amount, providing an
effective stress transfer between the matrix and fiber and
also due to the inherent properties of glass fiber. This
suggested that the flexural properties of the composites
were more dependent on the amount of glass fiber rather
than sugar palm yarn fiber, which may be due to the high
modulus of the glass fiber (70 GPa) compared to sugar
palm fiber (0.5 to 3.37 GPa) [34].

Comparing the untreated and treated sugar palm yarn
fiber composites at various fiber loadings, the treated fi-
ber composites showed better results for flexural strength
and modulus. When compared with the untreated fiber
composites, the alkaline treated composites recorded an
18.6% increase in flexural strength and a 13.9% increase in
flexural modulus at 40 wt % of fiber loading for the 50/50
fiber ratio. The remarkable increase in flexural strength
and modulus of the treated sugar palm yarn fiber hybrid
composites was mainly due to the increased resistance to
shearing of the composites as a result of the inclusion of
an increased interface due to effective surface area avail-
able for wetting by the matrix [35].

Impact properties

The results from an impact test of the hybrid compo-
sites are shown in Fig. 6. In both untreated and treat-
ed sugar palm yarn hybrid composites for 30 wt % and
40 wt % content, the impact strength was found to have
increased with an increase in the glass fiber loading up
to the 50/50 fiber ratio. The impact strength of the treated
sugar palm yarn hybrid composites with 40 wt % fiber
loading at 50/50 of fiber ratio was higher with a value
of 71.63 kJ/m? compared to other hybrid formulations.
The impact resistance for this formulation showed 27.5%
higher or better than the untreated sugar palm yarn fiber
hybrid composites with the same fiber loading at 40 wt %.
These values were contributed by the fibers which were
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Fig. 6. Impact strength of untreated and treated sugar palm yarn
fiber hybrid composites
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Fig. 7. Compression properties of untreated [26] and treated sugar palm yarn fiber hybrid composites: a) compressive strength,

b) compressive modulus

present in sufficient amounts that could provide an effec-
tive stress transfer for the fiber and the matrix.

Impact response of natural fiber composites is highly
influenced by the interfacial bond strength, the matrix
and the fiber itself [5]. Fiber fracture dissipates less en-
ergy compared to fiber pull-out. The former is common
in the composites with a strong interfacial bond while the
occurrence of the latter is a sign of a weak bond [33]. As
depicted in Fig. 6, by increasing the glass fiber ratio in the
sugar palm yarn fiber composites, the impact strength of
the untreated and treated hybrid composites increased
from almost 6 to 32%. Better impact strength was ob-
served from treated fiber hybrid composites (Fig. 6). These
results were due to the high energy absorption capability
of the supported glass fiber in the composite structure
and effect of the fiber treatment that leads to better inter-
facial adhesion and bonding strength between the sugar
palm fiber, glass fiber and the matrix itself.

Furthermore, when the hybrid composites were im-
pacted, the glass fiber was able to resist the high impact
load and, with the addition of better interfacial adhesion
of fibers, finally was able to absorb a significant amount
of the impact energy. Thus, the energy needed to initiate
and propagate a crack increased. In composite systems,
the structure of the fibers and fiber orientation plays an
important role in the impact resistance of the composite
as the fibers interact with the crack formation in the ma-
trix and act as a stress transference medium. The high
bonding quality due to the modification of the sugar
palm fiber with glass fiber and matrix created a good
interfacial region. Thus, it resulted in an improvement
in the ability of the composite structure to absorb energy
during crack propagation and enhanced the impact resis-
tance of the hybrid composites [36].

Compression properties

The compressive strength and modulus of the hybrid
composites are shown in Fig. 7. As depicted in Fig. 7, the
compressive strength increased as the fiber loading in-
creased from 30 to 40 wt % and also increased with an
increase in glass fiber loading. However, the compres-
sive modulus showed a reduction in modulus for both fi-
ber loadings. The highest values of compression strength
were achieved at 40 wt % of treated sugar palm yarn hy-
brid composites at a 50/50 fiber ratio at 49.27 MPa and the
highest compressive modulus was exhibited by a sample
with 40 wt % of untreated sugar palm yarn hybrid com-
posite at a 70/30 fiber ratio at 7.6 GPa.

The treated hybrid composite shows lower compressive
modulus than the untreated fiber hybrid composites. This
is related to the dissolution of amorphous parts of hemi-
cellulose and lignin in the fiber structure. This is because
after the alkaline treatment the sugar palm fiber may in-
dicate an improvement in the crystallinity index of hard
cellulose due to the removal of the hemicellulose [37] and
lignin (Table 1), which led to better packing of the cel-
lulose chains. A better packing of hard cellulose chains,
therefore, causes a decrease in the spiral angle and an in-
crease in the degree of molecular orientation. After the
alkaline treatment, the rearrangement of hard cellulose
chains (fibrillation effect) towards the tensile force makes
the cellulose chains to be more effective to maintain the
stability and the stiffness of the fiber system [38].

However, in a compression test the specimens were
forced to shorten and the materials tended to spread in
the lateral direction (opposite direction with tensile force),
hence the cross-sectional areas were increased until they
reached failure or buckling. With shearing in process, the
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Fig. 8. SEM image of tensile fracture surface of: a) untreated 30 wt % (50 : 50), b) untreated 40 wt % (50 : 50), ) treated 30 wt % (50 : 50),
d) treated 40 wt % (50 : 50) of sugar palm yarn fiber hybrid composites

untreated sugar palm yarn fiber (core) acted as a tendon
which contains more amorphous parts from the lignin
and hemicellulose structure (Table 1). Therefore it effec-
tively maintained the stability of the composites in rela-
tion to shortening and spreading from the lateral direc-
tion compared with the treated sugar palm fibers. Hence
the dissolution of hemicellulose and lignin had given the
negative effect towards the compressive modulus due to
different force applied to the composite systems.

Figure 8 shows the SEM image analysis of the tensile
fracture surface of the untreated and treated sugar palm
yarn fiber hybrid composites. It was found that the treat-
ed fiber hybrid composites (Fig. 8c and 8d) showed less
matrix cracking and fiber debonding, which may be con-
tributed to higher stress absorption resulting in higher
tensile, flexural, impact and compression properties (as
shown in Figs. 3, 5, 6, 7). When the hybrid composites were
in tension, the glass fibers were able to resist the high ten-
sion and were also able to absorb a significant amount of
tensile stress through the delamination of the glass fiber,
fiber breakage and fiber pull-out of the sugar palm fiber.

Thus, the stress needed to initiate and propagate a
crack increased. Moreover, the delamination at the glass
fiber layer interface further contributed to additional

stress dissipation into the core of the hybrid composites
through the microcracks and finally reached the point of
fiber breakage in the sugar palm fiber. It was observed
that there is a reduction of holes in the fracture surface
of the treated fiber hybrid composites compared to the
untreated fiber hybrid composites in Fig. 8a and Fig. 8b.
This might be due to good interfacial bonding between
the sugar palm fibers with the matrix and hence the fiber
pull out was minimized.

According to Abdul Khalil ef al. [36], frictional losses
as fibers were pulled out of the matrix were major con-
tributors to the observed tensile properties of the glass
fiber layer. This was due to the surface smoothness and
regular cross-section of glass fiber. Furthermore, it is well
known that fiber pull-out absorbs more stress than fiber
breakage, where fiber fracture in these hybrid composites
is of an elastic-plastic nature.

In fiber reinforced hybrid composites, the fibers play
an important role in the tensile resistance of the compos-
ite, as they interact with the crack formation in the matrix
and act as a medium for the stress transfer mechanism
to occur. The better interfacial shear stress between the
glass fibers with the matrix creates a good interfacial me-
dium as can be seen in Figure 8. Additionally, the supe-
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rior mechanical properties of glass fiber, as the glass fiber
ratio increased, resulted in an improvement in the ability
of the composite system to absorb stress during the ulti-
mate tension and during the fracture propagation. This
leads to the enhancement of the tensile resistance of the
hybrid composites.

CONCLUSIONS

It was observed that the incorporation of both sugar
palm yarn and glass fiber at 50 : 50 fiber ratio into un-
saturated polyester matrix has resulted in an increase in
the tensile strength, tensile modulus, flexural properties,
impact properties and compressive strength. All the me-
chanical properties showed improvement after the alka-
line treatment of sugar palm yarn fibers compared with
the untreated hybrid composites, which was due to a bet-
ter compatibility and balance ratio of the pack arrange-
ment between the sugar palm yarn fiber and glass fiber
with the matrix. Thus, this become an indication to com-
bine the sugar palm with glass fiber and to treat the sug-
ar palm fiber in order to produce hybrid composites of
outstanding mechanical performance, renewable and of
lower cost.
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