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Abstract
This research has been done by reinforcing the matrix (polyester) resin with natural material

(frond palm). The fibers were exposure to chemical treatment before reinforcement.
Different volume fractions were used (0%, 15%, 20%). After preparation of composite material
some of the physical properties have been studied of samples preparation. They were Tensile
strength test, Impact test, and Thermal conductivity.

The thermal conductivity was studied, the values of thermal conductivity were increased with
increasing of volume fraction of all specimens and also the tensile strength and flexural strength
were decreased with increasing volume fraction of fibers, while the impact strength was increased
with volume fraction 15% but with continuouity of reinforcement, the impact strength was
decreased, and also the chemical treatment of fibers improved the mechanical and thermal
properties.

Introduction
Over the past few decades, polymers have

replaced many of the conventional metals/
materials in various applications. This is
possible because of the advantage of polymers
offer over conventional materials. The most
important advantages of using polymers are
the ease of processing, productivity and cost
reduction. Collectively, polymer composites
are light, stiff, strong and low both large and
small scale production at lower energy costs.
The light weights of these composites also
increase the energy efficiency for machine and
transportation [1].

Natural fiber reinforced composites is an
emerging area in polymer science. These
natural fibers are low cost fibers with low
density and high specific properties. The
natural fiber composites offer specific
properties comparable to those of conventional
fiber composites [2].

The physical properties of natural fibers
are mainly determined by their chemical and
physical composition, such as structure of
fibers, cellulose content, angle of fibrils, and
cross section, and by the degree of
polymerization.[3].

The thermal behavior is dependent on the
nature of the fiber used [4].

Various applications of natural fibers as
reinforcement in plastics have proved

encouraging. Several natural fiber composites
reach the mechanical properties of glass-fiber
composites, and they are already applied, e.g.
in automobile and furniture industries [5].

Unsaturated polyesters are extremely
versatile in properties and application and have
been a popular thermoset used as the polymer
matrix in composites. They are widely
produced industrially as they possess many
advantages compared to other thermosetting
resins including room temperature cure
capability, good mechanical properties and
transparency. Curing of unsaturated polyester
is due to a polymerization reaction that causes
cross linking among individual linear polymer
chains. In contrast to other thermosetting
resins, no by product is formed during the
curing reaction, hence resins can be molded
cast and laminated at low pressure and
temperature [6].

The palm fibers in date production have
filament textures with special properties such
as: low costs, plenitude in the region,
durability, lightweight, tension capacity and
relative strength against deterioration. Thus, it
is possible to use the palm fibers as an
alternative low cost natural material for soil
reinforcement [7].
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Experimental Methods:
1. Materials

The polyester used was an unsaturated
polyester resin, that was obtained from Al-
Saudi Company of industrial resin limited. The
frond fibers obtained from palm tree was used
in this study.
2. Fibers treatment:

Frond fibers was cut into (20) cm length
and (3) mm width, then the fibers rinsed in
water and left to dry at room temperature
before being put in an oven for 3 hours at
50 C. After that frond fibers were soaked in
(polyester resin / solvent) solution with ratio
(70:30) in glass receptacle at room temperature
for 48 hour, see Fig.(1). The fibers was left to
dry at room temperature before being used.
3. Preparation of composite:

Composite was made using a stainless steel
mould having dimensions (20 20 1) cm3

length, width respectively. The composites
were prepared by varying the relative volume
fraction of fibers (0 Vf, 15 Vf, 20 Vf). The ratio
of hardener which was added to polyester is
(98:2), every 98 gm from polyester adding (2)
gm hardener, then mixed the solution very
well before poured it to obtain homogeneity.

The frond fibers were put in mould and the
resin poured onto fibers. That process repeated
with another second volume fraction. The
mould left for 48 hour to get solid samples.
Then the mould was heated for 50 C for
3 hour to complete the curing process, see
Fig.(2).

Fig.(1) : Chemical treatment of fibers.

Fig. (2) : Samples of production, A with
Vf 0%, B with Vf 15%, C with Vf 20%.

4. Measurements
In this work Charpy impact test was used.

The dimensions of specimens, width and
thickness were measured and recorded, see
Table (1). The test was carried out in
accordance with ISO-179. The impact strength
value was calculated by dividing the energy in
KJ recorded on tester by cross sectional area of
specimen.

Thermal conductivity test was used. The
test was carried out in accordance with Lee s
disk. Lee's disk device is used to calculate (K)
values for non conductive materials (disk
shape). The specimen (S) is placed between
two copper disk (A, B). Disk B shall be
contacted to electrical heater and then comes
the copper disk (C) which represents the
thermal conductivity device.

Flexural (bending) test was used in this
work. The dimensions and thickness of
specimen were measured and recorded. The
test was carried out in accordance with ASTM
D-790. The flexural modulus was calculated
from this test.

The tensile test was used in this work. The
length of specimen is (57 mm). The thickness
and width were measured and recorded.
Tensile load is applied at a rate (0.5 ton).The
velocity of pulling is (1 mm/min) and by
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utilization of the connected graphic plotter, the
relation of (p l) is obtained. This relationship
would be modified to relation of (stress-
strain) curve to calculate the ultimate tensile
strength (UTS) for the specimens. The test was
carried out in accordance with ASTM
D638M.The maximum (peak) load (Fmax)
was recorded.

The following specimens have been
obtained, see Fig.(3) :

Fig. (3) : Form of the test requirements
for thermal conductivity, impact and

tensile tests.

Discussion
1. Thermal Conductivity Test

Thermal conductivity (K) is defined in
terms of the quantity of heat that will flow
per second divided by the temperature gradient
[8].

The results obtained for the thermal
conductivity of the specimens are shown in
Table (2). The thermal conductivity of these
specimens was measured perpendicular to the
fibers orientation.

The values of thermal conductivity for
both composites are higher than of this for the
resin matrix, because frond palm fibers have a
thermal conductivity of (0.743 W/m. C).which
is higher than the resin matrix. Moreover the
results reveal that the samples exposure to the
chemical treatment have high value of the
thermal conductivity than that of the other
samples which doesn't exposure chemical
treatment.

Increasing of values of thermal
conductivity could be observed with the
increasing of volume fraction for fibers. The
specific heat was increased with the increase

of thermal conductivity according to the
equation: [4]

C= K/d
Where C: is specific heat, K is thermal
conductivity and d is the thermal diffusivity.
This results can be explained as this type of
fibers are long and oriented which lead to
increase thermal conductivity for the
composite material with the increase of
volume fraction of fibers. These fiber works as
continuous paths for flow of the heat flux
which allows to: heat transferring along the
fibers and increasing the number of touch
points between fibers.
2. Impact Test

Charpy impact test was used to measure
the impact strength, which may be defined a
toughness or ability of material to absorb
energy during plastic deformation. Toughness
takes into account both the strength and
ductility of the material [9].

The direction of the applied force is
perpendicular to the fiber orientation.

Impact strength of composite depends on
the amount of fiber and the type of testing, the
impact strength increases with the amount of
fibers added. The results show the impact
strength increases with the amount of fibers
added until a volume fraction is reached at
about 20% fiber. The presence of fibers
decrease the energy absorbed by the
specimens, addition of the fibers creates
regions of stress concentrations that require
less energy to initiate a crack [10].

In general, an increase in fracture energy
was accompanied by increasing fiber
toughness [11].

These results well agreed with Sharifah H.
Aziz et al (2005). Where found Charpy impact
strength decreases with enhanced fiber
matrix adhesion. For a treated fiber
composites, the interfacial friction stress
between matrix and fiber is generally higher
when compared to composites with untreated
fibers and this causes a drop in toughness (5).

3. Tensile and flexural strength tests
Fig. (4) shows the tensile behavior of

composites samples under tensile test.
Young s modulus, ultimate tensile strength
and flexural strength decreased as increasing
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of volume fraction of fibers because of the
incompatibility between natural fibers and
resin matrix.

The effect of the frond palm fiber loading
on the flexural strength is shown in the
Table (2). The flexural strength decreases as
the fiber loading increasing. However, in
general the higher volume fraction of fiber
decreases the flexural strength compared with
smaller volume fraction.

Sreekala et al., (2002) they found the
significant decrease in the flexural strength is
observed at the highest EFB fiber volume
fraction of 100% which is due to the increased
fiber to-fiber interactions and dispersion
problem which results in low mechanical
properties of composites [12].

The stresses concentration were
accumulate at the weakness regions where the
low adhesion forces between the matrix and
the fibers. Despite of chemical treatment of
fibers the results show tensile strength of pure
sample has higher value than others samples.
These results can be explained due to lack of
interfacial bonding between frond fiber and
polymeric matrix.

The treated sample with Vf 15% has higher
tensile strength than the untreated sample with
Vf15%. These results well agreed with X. Li,
S.A. Panigrahi et al (2004) they found all
composite samples reinforced with chemically
pretreatment flax fiber had higher tensile
strength than composites reinforced with
untreated flax fiber [13].

Table (1)
Shows the standards of specimens for mechanical tests.

Specimen Standard dimensions of specimen Standards

1.Tensile
strength ASTM D638M

2.Impact
strength ISO-179

3.Thermal
conductivity

Lee s Disc

D=115mm

LO=165mm

13mmR=76mm

10mm

55mm

L=57mmm

40mm

4mm
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Fig. (3) : Show (Stress-Strain) of composite
reinforced with frond palm fibers with

different volume fraction.

Fig. (4) : Samples with tensile test and impact
test after used( The picture show the
fractures of all samples are brittle).

Fig. (5) : The shape of fracture of all samples, A with Vf 0%, B with Vf

15%, C with Vf 20%.

Table (2)
Shows some of thermal and mechanical test.

Samples
With

chemical
treatment

Thermal
Conductivity

W/m. C

Impact
Test

(KJ m2)

Young s
Modulus

(MPa)

Ultimate
Strength

(MPa)

Flexural
Strength

(MPa)

0% 0.255 7.41 1480 44.78 457.217

15% 0.322 9.45 1285.8 35.84 326.98

20% 0.357 8.57 958.95 33.66 320.07

Untreated
Sample

With 15%
0.264 7.16 728.93 15.27 311.03
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Conclusion
1) The addition of frond palm fibers decreases

Young s modulus, impact strength, tensile
and flexural strength but the addition of that
fibers increases thermal conductivity.

2) The mechanical properties of composites
are influenced mainly by the adhesion
between matrix and fibers. which increases
with strong adhesion between them . 

3) The chemical treatments of the fibers
improvement the mechanical and thermal
properties of fibers because of improve the
compatibility bonding between fiber and
matrix but still lack of interfacial bonding
between frond fibers and polymeric matrix.
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