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Effect of fiber orientation and fiber loading on the 
mechanical and thermal properties of sugar palm yarn 
fiber reinforced unsaturated polyester resin composites 
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Abstract: Sugar palm [Arenga pinnata (Wurmb.) Merr] fiber reinforced unsaturated polyester resin 
composites with 0°, 45°, and 90° fiber different orientations were prepared and tested. The composites 
were characterized for tensile, flexural, impact and compression properties using ASTM D3039, ASTM 
D790, ASTM D250, and ASTM D3410 standards, respectively. For the thermal characterization, dynamic 
mechanical analysis (DMA) was conducted to characterize the on storage modulus (E’), loss modulus 
(E’’) and damping behavior (tan δ) of the composites. The highest mechanical performance of composites 
was achieved at 0° of fiber orientation composites followed by 45° and 90° fiber orientations. The fiber 
loading was insignificant for the 90° fiber orientation as the properties were inconsistent. The theoreti-
cal value of modulus from the tensile test was calculated using rules of mixture (ROM) and compared 
with the experimental values for all composites specimens. This research showed that the optimum 
properties occurred at 30 wt % fiber loading as reflected by the superior tensile and flexural strengths. 
The optimum properties of compression, impact, storage modulus and better damping properties were 
achieved at 40 wt % fiber loading.
Keywords: sugar palm fibers, unsaturated polyester resin, different fiber orientation, fiber loading, me-
chanical properties, thermal properties.  

Wpływ orientacji włókien palmy cukrowej i ich zawartości na właściwości 
mechaniczne i termiczne kompozytów na bazie nienasyconej żywicy 
poliestrowej
Streszczenie: Przygotowano kompozyty na bazie nienasyconej żywicy poliestrowej wzmocnionej róż-
ną ilością włókien palmy cukrowej [Arenga pinnata (Wurmb.) Merr] o rozmaitej orientacji: 0°, 45° i 90°. 
Z zastosowaniem norm, odpowiednio, ASTM D3039, ASTM D790, ASTM D250 i ASTM D3410 ozna-
czono wytrzymałość na rozciąganie i zginanie oraz odporność na uderzenie i ściskanie otrzymanych 
kompozytów. Właściwości termiczne scharakteryzowano metodą dynamicznej analizy mechanicznej 
(DMA); wyznaczono moduł zachowawczy (E’), moduł stratności (E”) i tangens kąta stratności (tan δ) 
kompozytów. Najlepsze właściwości mechaniczne kompozytów uzyskano w wypadku zastosowania 
włókien o orientacji 0° względem przyłożonej siły, a najgorsze w wypadku ułożenia włókien pod kątem 
90°. W odniesieniu do kompozytów wzmocnionych włóknami o orientacji 90° udział włókien miał nie-
istotny wpływ na oznaczane właściwości, ponieważ wyniki były niespójne. Wartość teoretyczną modu-
łu rozciągania wszystkich próbek kompozytów obliczono z wykorzystaniem reguły mieszania (ROM) 
i porównano z wartościami uzyskanymi doświadczalnie. Stwierdzono, że doskonałą wytrzymałość na 
rozciąganie i zginanie wykazywał kompozyt z 30 % mas. udziałem włókien, podczas gdy optymalne: 
wytrzymałość na ściskanie, udarność, moduł zachowawczy i właściwości tłumiące uzyskano w wypad-
ku udziału 40 % mas. włókien.
Słowa kluczowe: włókno palmy cukrowej, nienasycona żywica poliestrowa, kompozyty, orientacja 
włókien, udział włókien, właściwości mechaniczne, właściwości termiczne.
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The search for alternative fibers as replacements for 
synthetic fiber has generated a high level of interest in 
many applications such as semi structural building com-
ponents, automotive parts, furniture, marine industry, 
etc. [1]. Natural fibers are known to be abundant, have 
low density, inexpensive, readily available from renew-
able sources and have shown significant performance in 
term of strength and stiffness enhancement [2, 3]. The 
density of natural fibers is similar to their plastic coun-
terparts, which are usually 40 to 50% lower than the den-
sity of glass fiber [4, 5]. The industrial use of natural fiber 
has not only been driven by cost reduction, but also by 
other issues related to overall environmental awareness. 
In Europe, the EU “end-of-life vehicle” directive imposes 
that 85% of all vehicle component weight should be re-
cyclable by 2005, which would later be increased to 95% 
by 2015 [6]. Previous research [7] reported that a 25% re-
duction in vehicle weight corresponds to a reduction of 
250 million barrels of crude oil consumption per annum. 
Nevertheless, the world is changing and green materi-
als are at the forefront due to the depletion of inorganic 
materials such as petroleum and other minerals sources. 
Hence, changing to biocomposite materials can fulfil the 
demands for sustainability in the transportation industry 
by shifting to renewable, recycled and lightweight mate-
rials, considering the requirements of each category of 
transport vehicles. Through the shifting of some of the 
heavier parts, materials with natural fiber composites 
with high performances properties can reduce transport 
weight, which then lowers fuel consumption and carbon 
dioxide (CO2) emissions [8, 9].

The physical and mechanical properties of natural fi-
bers are determined by their chemical and physical com-
positions, such as the structure of the fibers, cellulose 
content, their inherent microfibrillar angle and cross 
section and degree of polymerization. The swelling of 
the fibers, due to moisture absorption, has been a major 
drawback for natural fibers, causing a weak bonding to 
the fiber-matrix interaction in the composites [10]. In this 
regard, there are several factors that influence the proper-
ties of natural fiber reinforced composites: (1) interfacial 
adhesion of fibers with the matrix, (2) effect of fiber orien-
tation, (3) effect of fiber loading and (4) chemical compo-
sitions of fibers [11–13]. In fiber/polymer composites, the 
shape of the composites and its surface appearance were 
awarded by matrix while fibers act as load and stress car-
riers under different loading conditions. Therefore, the 
orientation of natural fibers will have significant effects 
and play an important role in controlling the mechanical 
properties of the composites. It has been reported that the 
mechanical performance of composites decreases with an 
increase of the fiber orientations (0°, 10°, 30°, 45°, 60°, and 
90°) with respect to the direction of applied force [14–16]. 
Moreover, according to research [17], in the transverse 
direction, the mechanical properties of a fiber/polymer 
composite are controlled by the matrix rather than fibers 
as stress and load carriers, respectively. 

For the yarn fiber, the natural fibers are spun into yarns 
for further processing into structure preforms. Ideally, 
the yarns in structural composites should be twistless so 
that all the fibers are perfectly aligned to the yarn axis 
[18]. In practice, fibers in the twistless yarn are still not 
perfectly aligned because the yarn body follows a some-
what tortuous path due to the tension and torque balance 
between the flax fiber body and the fine wrapping fila-
ment [19]. However, a minimum level of twist has to be 
used in order to provide the yarn strength required for 
yarn handling in composite production. This minimum 
twist is still significant to the detriment of the mechani-
cal properties of the final products [20]. However, yarn 
twist in most short fiber yarns has the primary function 
of causing the fibers to be bound together by friction in 
forming a stronger yarn. The twist is hence fundamen-
tal to providing a certain minimum coherence between 
the fibers, without which a short fiber yarn with signifi-
cant tensile strength cannot be made. This coherence is 
dependent on the frictional forces brought into play by 
the lateral pressures between the fibers arising from the 
applications of a tensile stress along the yarn axis [1, 21].

Hence, the objective of this study is to characterize the 
mechanical and thermal performance of sugar palm yarn 
fibers reinforced unsaturated polyester resin with differ-
ent fiber orientations in order to use them as reinforce-
ment for structural composite materials.

EXPERIMENTAL PART

Materials

Sugar palm fibers [Arenga pinnata (Wurmb.) Merr, 
L/D ratio 66.67] were obtained from Kampung Kuala 
Jempol, Negeri Sembilan, Malaysia. Unsaturated poly-
ester resin (RTM grade, 40% styrene content, the densi-
ty of 1.025 g/cm3), methyl ethyl ketone peroxide (MEKP) 
(Butanox-M50) as a curing initiator and cobalt naph-
thanate as a reaction accelerator were supplied by CCP 
Composites Resins Malaysia Sdn. Bhd. 

T a b l e  1.  Chemical composition of sugar palm fiber

Constituents Contents, wt %

Cellulose 47.74

Hemicellulose 5.96

Lignin 37.68

T a b l e  2.  Mechanical properties of sugar palm fiber and unsa-
turated polyester resin 

Properties Sugar palm 
fiber

Unsaturated 
polyester resin

Density, g/cm3 1.292 1.212

Tensile strength, MPa 156.96 44.40

Tensile modulus, GPa 4.96 3.54

Elongation at break, % 7.98 2.15
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The chemical composition of the sugar palm fiber, as 
shown in Table 1, was determined using the in-house 
method of the Malaysia Agricultural Research and 
Development Institute (MARDI) while the mechanical 
properties of both fiber and unsaturated polyester resin 
are shown in Table 2. A manual hand spinning machine 
(Fig. 1) from SDL ATLAS was used to make a sugar palm 
yarn fiber with 2500 tex [22].

Fabrication of composites

Composites with varying fiber loads of 10 wt %, 
20 wt %, 30 wt %, 40 wt % and 50 wt % were prepared 

using a hand-layup process. The sugar palm yarn fiber 
was placed horizontally in a closed steel mold with di-
mensions 150 × 150 × 3 mm. Initially, 1 wt % of MEKP as 
the initiator was mixed well with the unsaturated poly-
ester resin, followed by mixing with 0.2 wt % of cobalt 
naphthanate. Then, the mixed resin was poured over the 
fiber and compressed using a hot press machine at 70 °C 
and 8 MPa for 30 minutes [23, 24]. A mold was prepared 
by spraying with silicone mold release agent to avoid 
any stacking with the composites. The preparation of the 
composites was repeated with different angles of orien-
tation of fiber at 45° and 90°. Figure 2 shows the arrange-
ment of yarn fiber in the mold.

Fig. 1. Process of obtaining sugar palm yarn fiber [22]
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Methods of testing

Tensile tests were performed using an Instron 3365 ac-
cording to ASTM D3039 on the composite specimens of 
dimension 150 × 15 × 3 mm. The gauge length was 60 mm, 
and a crosshead speed of 5 mm/min was maintained dur-
ing the test. 

The flexural test was performed using an Instron 3365 
testing machine according to ASTM D790 with speci-
mens of dimension 127 × 13 × 3 mm. The crosshead speed 
was set at 5 mm/min.

An Izod impact test was performed using an Instron 
CEAST 9050 testing machine with a capacity of the pen-
dulum of 5.5 J according to ASTM D256. The dimensions 
of the specimens were 65 × 10 × 3 mm. 

Compression testing was carried out using an Instron 
3366 testing machine with a 10 kN load-cell at room tem-
perature in accordance with ASTM D3410. The crosshead 
speed used was 5 mm/min and the dimensions of the 
specimens were 120 × 10 × 3 mm. 

DMA Q800 from TA Instruments was used for the 
evaluation of dynamic mechanical thermal behaviors of 
the composites. The experiment was performed on the 
specimen size of 60 × 10 × 3 mm under three-point bend-
ing mode at an oscillation frequency of 1 Hz. The tem-
perature was ramped from 30 to 150 °C under controlled 
sinusoidal strain with a heating rate of 5 °C/min.

RESULTS AND DISCUSSION

Tensile properties

Figure 3 presents the variation of tensile properties of 
sugar palm yarn fiber reinforced unsaturated polyester 
resin composites with different fiber loadings and fiber 
orientations. It shows that the composites with 0° fiber ori-
entation indicated higher tensile properties compared to 
the composite with 45° and 90° fiber orientations. This is 
because in 0° fiber orientations, long and continuous sugar 
palm yarn fibers were aligned parallel to the direction of 
the applied force. Thus, it was able to provide maximum 
resistance to the deformation. When the fibers are trans-
versely aligned to the direction of tensile force in case of 
90° fiber orientation, they cannot take part in stress transfer 
from the matrix. Hence, an effective stress transfer mecha-
nism cannot occur. Furthermore, as the average number of 
fibers with angles larger than 0° with respect to the loading 
direction increases, the failure is more dominated by the 
matrix and interfacial properties. Therefore, matrix strain-
ing is more dominant in the 45° and 90° directions [25, 26]. 
It is also evident from the results that increasing the fiber 
loading had a least impact on the tensile strength, modulus 
and tensile strain of composites with 90° oriented fibers. 

The tensile strain which is a measure of ductility was 
about 60 to 70% lower for the 45° and 90° orientations 
compared to the 0° fiber orientation. The difficulty in 
twisting and bending the fiber at 45° and 90° imparts 

rigidity to the composite and causes restriction in mo-
bility of the chains. This can reduce the flexibility of the 
polymer matrix. The optimum fiber loading at which the 
maximum tensile strength and strain occurred for 0° fi-
ber orientation is 30 wt % while the variation in prop-
erties were insignificant for the other fiber orientations 
with respect to the fiber loading.

The tensile modulus (experimental modulus) extracted 
from the tensile test results have been compared with 
the tensile modulus (Ec, theoretical modulus) using ROM 
theory calculations (Table 3). 

From the ROM theory in Eq. (1), an approximate com-
posite modulus can be obtained from a modified ROM 

a)

b)

c)

50

40

30

20

10

0
10

Fiber loading, wt %
20 30 40 50

Te
ns

ile
 s

tr
en

gt
h,

 M
Pa

0’ 45’ 90’

2.0

1.5

1.0

0.5

0.0
10

Fiber loading, wt %
20 30 40 50

El
on

ga
tio

n 
at

 b
re

ak
, %

0’ 45’ 90’

5.0

4.0

3.0

2.0

1.0

0. 
10

Fiber loading, wt %
20 30 40 50

Te
ns

ile
 m

od
ul

us
, G

Pa

0’ 45’ 90’

Fig. 3. Tensile properties of sugar palm yarn composites with 0° 
[26], 45° and 90° fiber orientations: a) tensile strength, b) elonga-
tion at break, c) tensile modulus



POLIMERY 2020, 65, nr 2 119

equation as follows, while Eq. (2) refers to the formula-
tion of the volumetric fraction of the matrix (Em) and Eq. 
(3) refers to the formulation of the volumetric fraction of 
the fiber (Ef).

 Ec = η0 EfVf + EmVm (1)

 Vm – (mass of matrix/density of matrix)/[(mass of matrix 
+ mass of fiber)/(density of matrix + density of fiber)] (2)

 Vf – (mass of fiber/density of fiber)/[(mass of matrix + 
mass of fiber)/(density of matrix + density of fiber)] (3)

Where η0 refers to the Krenchel factor or efficiency fac-
tor, and the value differs according to the fiber orienta-
tion. The η0 for unidirectional (0°) fiber is equal to 1, 45° 

of fiber orientation is equal to 0.25 and 90° of fiber ori-
entation is equal to 0 [27]. Equations (4) and (5) show an 
example of calculation for 30 wt % of fiber loading at 45° 
and 90° fiber orientation.

 Ec = 0.25 (4.96 · 0.3) + (3.54 · 0.7) = 2.85 GPa (4)

 Ec = 0.00 (4.96 · 0.3) + (3.54 · 0.7) = 2.48 GPa (5)

It can be noted from Table 3 that the theoretical ten-
sile modulus increased with fiber loading at 0° fiber ori-
entation, and vice-versa for 45° and 90° fiber orientation 
composites. Since the fibers are oriented towards the per-
pendicular to the applied load with a 90° fiber orienta-
tion, they become ineffective in carrying and distributing 
the normal load within the matrix. Thus, increasing the 
fiber loading does not have much impact on the stiffness 
of the composite with 45° and 90° fiber orientations. 

The experimental tensile modulus increased with fiber 
loading until 30 wt % and declined with a further increase 
of fiber loading for all fiber orientations. The difference 
between the trends observed in the experimental and the-
oretical tensile modulus is attributed to fiber misalign-
ment within the matrix during the composite preparation. 
In the theoretical calculations, fiber alignment is consid-
ered to be perfect while, in reality, an ideal composite with 
perfectly aligned fibers according is not possible. Besides 
this, there could be a deviation of 5° to 15° in the fiber 
angle during the fabrication process that could result in 
waviness [28, 29]. According to a recent study [30], at large 
fiber loadings, the possibility of fiber entanglement in-
creases and the uniformity in fiber distribution decreases 
such that the fiber-matrix compatibility deteriorates. On 
the other hand, squeezing of excess resin from the mold 
due to the compressive force on the composite during the 
fabrication process can also affect the fiber distribution 
within the matrix. All these factors were responsible for 
the decrement in strength, modulus at higher fiber load-
ing, and the position of fibers inside the mold. 

T a b l e  3.  Theoretical vs. experimental values of the tensile 
modulus with 0°, 45° and 90° of fiber orientation [26]

Loading of 
fibers
wt %

Orientation
°

Theoretical 
values 

GPa

Experimental 
values 

GPa

10
0 3.67 3.16

45 3.31 2.14
90 3.19 1.35

20
0 3.81 3.28

45 3.08 2.56
90 2.83 1.37

30
0 3.94 4.43

45 2.85 3.09
90 2.48 1.37

40
0 4.07 4.01

45 2.62 2.65
90 2.12 1.33

50
0 4.20 3.90

45 2.39 2.47
90 1.77 1.31
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Fig. 4. Flexural properties of sugar palm yarn composites with 0° [26], 45° and 90° fiber orientations: a) tensile strength, b) flexural 
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Flexural properties 

Figure 4 shows the flexural properties of the compo-
sites with different fiber loadings and fiber orientations. 
It shows that 30 wt % fiber loading at 0° fiber orientation 
indicated higher flexural strength, which is 200 to 400% 
higher compared to the 45° and 90° oriented composites.

In a three-point flexural test, failures mainly occur 
due to compression, shearing (in the center of the ap-
plied force) and tension (middle of the force applied) 
[31]. Figure 5 shows the schematic diagram of failure in 
the composites with different fiber orientations. On the 
application of load at the mid-span of the composite, as 
shown in Fig. 5, the long and continuous fibers in the 0° 
fiber orientation acted as load carriers and the stress was 
uniformly and effectively transferred within the matrix. 
Hence, increased the ultimate load for failure to occur. 
However, for the 45° and 90° orientations, the failure is 
governed by the fiber end effect as the applied load is 
taken by the short and discontinuous fibers. For 90° fiber 
orientations with the fibers oriented perpendicular to the 
applied load, cracks could occur at any region within the 
span of the composite. Furthermore, the 90° fiber orienta-
tion composite shows 85% lower flexural strength com-
pared with the 0° orientation composite. This is due to the 
short and perpendicular nature of the fiber orientation in 
the composite system, which leads easily to cracks and 
flaws, and finally for failure to occur. Where, it is contrib-

uted by no supporting reinforcement or fiber that oppose 
and resist from the crack of flaws to initiate. 

Impact properties

The impact strength is the ability of the composites to 
absorb high speed applied stress in resisting fractures. 
The effect of fiber orientation and fiber loading on the 
impact strength of the composites is shown in Fig. 6. The 
impact strength for the composites was highly depen-
dent on the fiber orientation as reflected by the values of 
73.23 kJ/m2, 8.26 kJ/m2 and 2.45 kJ/m2 for 0°, 45° and 90° ori-
entations, respectively. The alignment of the sugar palm 
fiber bundles oriented in the longitudinal direction (0°), 
perpendicular to the impact force, helped the composite 
to absorb the impact more efficiently than the 45° and 90° 
fiber orientation.

Compression properties

The compression properties were analyzed with 
a crushing test. The materials subjected to compression 
exhibited warping and a tendency to deform in the  lateral 
direction leading to an increase in the cross-sectional area 
until they reached failure. However, the deformation in 
the lateral direction was nominal due to the brittleness of 
the unsaturated polyester resin composites. As de picted 
in Fig. 7, better resistance to the compression force was 
exhibited with a higher loading of sugar palm fiber. In 
the case of fiber orientation, a similar trend as seen in 
tensile, flexural and impact was observed, with 0° fiber 
orientation showing the highest value of compressive 
strength and modulus at 44.06 MPa and 5.6 GPa, respec-
tively. The changes in compressive strength and modulus 
were  almost insignificant for the composites with 45° and 
90° orientation. In addition, the highest  value at the 0° fi-
ber orientation could be contributed by the effectiveness 
of the fiber bundles that maintained their dimensional 
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Fig. 8. Area of failure during compression test of composites with: a) 30 wt % fiber loading, b) 10 wt % fiber loading, both with 0° 
fiber orientation
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stability of the structure with respect to the negative 
strain until the point of failure and buckling was reached. 

Figure 8a shows failure occurred at the 30 wt % fiber 
loading with 0° fiber orientation composite sample dur-
ing the compression test. It was observed that, due to the 
brittleness of the unsaturated polyester resin, the com-
posite surface cracked earlier but at the same time the 
reinforcing fiber still maintained the dimensional sta-
bility of the composites until the failure was recorded. 
However, at low fiber loading (10 wt %, Fig. 8b), the sugar 
palm yarn failed to maintain the toughness of the compo-

sites from resisting the shear and the dimensional stabil-
ity of the composites. Finally, at low force, failure was 
recorded.

Thermal properties

Storage modulus 

Figure 9 illustrates the storage modulus (E’) of the 
composites with different fiber orientations at 30 wt % 
and 40 wt % fiber loading. It can be noted that the com-
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posite with 0° fiber orientation and 30 wt % displayed the 
highest storage modulus value for all the tested compo-
sites. E’ values decreased as the fiber orientation was 
changed from 0° to 45° and 90° at all fiber loadings fol-
lowing the trend: 0° > 45° > 90°. A similar trend was ob-
served for the composites at 40 wt %. However, the E’ 
values were comparatively lower than the 30 wt %. The 
lower E’ in the case of the 45° and 90° fiber orientations 
at higher fiber loading could be attributed to the decrease 
in stiffness of the composite and is in agreement with the 
data presented in Table 3. 

Based on the graph shown in Fig. 9, there are 2 ma-
jor phases namely glassy state and glass transition, and 
rubber plateau. The first region is the glassy state, in the 
range between 30 to 60 °C. At low temperatures, the com-
posite is rigid and the modulus is very high. The  second 
state is the glass transition region which occurs between 
60 and 110 °C. In this state, higher temperature in creases 
some of the composite’s molecular mobility and vibra-
tion, hence leading to the starting phase transition be-
tween brittle and ductile state of the composite [33]. 
Additionally, the gradual decrease in E’ as the tempera-
ture increases indicates the highly cross-linked density of 
the composites, which mean a tighter network structure 
and higher stiffness [34]. This was due to the fact that 
chain motions were perturbed in the immediate vicinity 
of the cross-links [35].

Loss modulus

The loss modulus (E’’) is defined as the loss of energy 
in the form of heat from the sample during one cycle of 
oscillation [36]. It presents the viscous response of the ma-
terials which depends upon the motion of molecules in 
the composites. The variation of loss modulus as a func-
tion of temperature is shown in Fig. 10. The highest peak 
of loss modulus is found for 40 wt % with 90° fiber orien-
tation. However, 40 wt % with 0° fiber orientation shows 
the maximum value of loss modulus compared with 
other composites at higher temperature. Moreover, the 
highest value of E’’ was observed for 40 wt % fiber load-
ing, suggesting that an increased fiber loading would in-
crease the internal friction and improve the energy dis-
sipation from the composite [37]. The glass transition (Tg) 
occurred when the storage modulus decreased rapidly 
and the loss modulus reached maximum values for the 
dissipation of the mechanical energy and decreased at 
higher temperatures as a result of free movement of the 
polymeric chain. It is clear from Fig. 10 that the Tg rep-
resented by the peak values of the curve ranged from 
39.92 to 66.67 °C for the composites. The high values of 
Tg could be associated with the decreased mobility of the 
matrix chain caused by the addition of sugar palm yarn 
fiber with a long and continuous condition. The positive 
change of Tg from lower to higher temperatures indicates 
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T a b l e  4.  Peak height and tan δ of sugar palm yarn fiber reinforced unsaturated polyester resin composites 

Loading of fibers 
wt %

Orientation 
°

Peak height from 
tan δ

Tg from tan δ 
°C

Peak height from 
loss modulus, MPa

Tg from loss 
modulus, °C

30 
0 0.3612 89.41 325.30 51.85

45 0.5111 70.68 249.30 50.30
90 0.6176 75.55 325.00 40.81

40 
0 0.4659 91.36 269.60 66.67

45 0.5562 85.23 267.70 44.35
90 0.6970 73.24 374.70 39.92
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that the fiber and matrix possess good interface bonding 
between the fibers. Table 4 shows Tg value obtained from 
the loss modulus curve and tan delta curve. 

Tan delta

The tan delta (tan δ) curve is illustrated in Fig. 11. The 
peak value in the tan δ plot is preferred to calculate glass 
transition temperature (Tg) because the peak’s apex is 
more defined than the uncertain placement of tangents 
[38]. Compared to other plots, it represents longer-range 
cooperative molecular motion, which is consistent with 
the rubbery flow, permanent deformation or both de-
pending on the molecular structure. Referring to Fig. 11, 
40 wt % with 0° of orientation generated the highest Tg 
at 91.36 °C compared to other fiber loading and orienta-
tions. As the Tg is higher, more heat energy was needed 
for the phase transition to happen as the composite has 
stronger molecular interlocking. At high fiber loading, 
the presence of a large amount of fiber also limits the 
segmental motion of the polymer chain [39]. Referring 
to Table 4, the Tg values obtained from the loss modulus 
curve (Fig. 10) were lower than the values obtained from 
the tan delta curve (Fig. 11).

Damping represents the capacity of the material to ab-
sorb the deformation energy during a cyclic loading and 
gives information about the lost energy into dissipated 
heat [40]. Composites with 0° fiber orientation presented 
better damping with a lower tan δ compared to the 45° 
and 90° fiber orientation composites. Furthermore, low-
er tan δ values were associated with the glass transition 
temperatures and reflected the improved load-bearing 
properties of the composite systems [41]. For the 45° and 
90° orientations, the short and discontinuous (fiber end 
effects) fibers detracted from the effectiveness of the uni-
form stress distribution when the cyclic load was applied. 

CONCLUSIONS

In this work, the mechanical and thermal properties 
of the sugar palm yarn reinforced unsaturated polyester 
resin composites with different fiber orientations were 
studied. The following conclusions were reached: 

– Composites with 0° fiber orientations exhibited the 
maximum strength and modulus under tensile, flexural, 
compression and impact loads. This is associated with 
the continuity of fiber length to sustain the different 
 forces applied and the minimum fiber end effects com-
pared to the 45° and 90° fiber orientations.

– The experimental tensile modulus was found to be 
slightly lower than the theoretical modulus calculated 
from the rule of mixtures. The reason for this difference 
is attributed to the deviation in fiber orientation angle 
due to the fiber misalignment within the matrix and the 
difficulty in maintaining uniform fiber dispersion within 
the matrix at higher fiber loading.

– Fiber loading was insignificant for the composites 
with 90° fiber orientation. Composites with 0° fiber ori-
entation were found to give the maximum tensile and 
flexural properties at 30 wt % fiber loading, while the 
maximum impact and compressive properties were ob-
served at 40 wt % of fiber loading.  

– Sugar palm based composite gave the worst perfor-
mance during the impact than the other properties. This 
is because of the inherently weaker sugar palm fiber bun-
dle that allowed cracks to initiate immediately on impact, 
leading to failure. 

– The highest E’ and the lowest tan δ was obtained 
at 30 wt % of fiber with 0° of fiber orientation. It shows 
the sufficient fiber loading with longitudinal fiber orien-
tation had improved the effectiveness of stress transfer 
between the matrix to the fiber when the cyclic load ap-
plied.

This study was conducted at Institute of Tropical Forestry 
and Forest Products (INTROP), Universiti Putra Malaysia 
and Universiti Teknologi MARA (UiTM) under research grant 
number GP-IPB/2014/9441502. 
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