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Abstract
Fillers play a mgor role in determination of the properties and behavior of
particles on (glass, carbon, and Kevlar fiber) reinforced polyester composites.
These particles are fabricated using both a umina (A}O3) and silicon carbide (SiC)
particles as filler materials for such systems. The effect of these two different
ceramic polyester composites are investigated at different additive ratios as (0.2,
0.4, 0.6, 0.8, 1.0) volume fraction.

Comparative analysis shows that the bending distortion, Hardness, and
Impact resistance are affected by the type and content of filler particles, where
both impact and Hardness is increased with increasing volume fraction specialy
in case of (0.5) volume fraction for both filler particles and decreased for bending
distortion specidly in case of glass fiber/ polyester at (0.5) volume fraction for
both filler particles. Also high electrical properties for dl filler/ fiber/ polyester
composites.

It is shown that silicon carbide (SiC), have better filler characteristics
compared to those of alumina (AkOs) .Hopefully, these results provide a cost
effective solution to composite appli cations.

Keywor ds: polyester composite system, different fibers (glass/ carbon / Kevlar),
comparison mechanical, thermal properties.
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Introduction

The fiber reinforced polyester
composite (FRP/C) plastic productsis
widdy applied to wide range of
industries ranging from household
vanity installation to complex
structural  composites  for  the
aerospace industry. as an example of
application is in the use of composite
plastic as part of the manufacturing
process of the automotive, ship and
boat building. Reinforced plastics
make up about (5%) of the total
plastic demand, but new
developments in blending
compounding and fabrication will
increase that demand [1-5].

Glass fiber is the dominate
reinforcing material  representing
about (90%) of reinforcement
materias in use. Other common types
of reinforcement materials used are
aramid (Kevlar) and carbon fibers.
The glass fiber reinforced structural
composite market is expected to grow
a a rate of (10-15%) per vyear,
primarily as a result of its increasing
importance in the construction of
automotive components [6-10].

Another rapidly  growing
market for fiber reinforced structure
composite plastics is the automotive
and aerospace industry. Composite
are becoming the preferred materials
for certain passenger car components,
drive shafts, and door structure. [10]

In addition, Kevlar FRP
shows superior and consistent
performance at lower cost and longer
shelf life, whichis suited for al (FRP)
resin system including polyester,

epoxies, and urethanes. Thisis due to
thyrotrophic  properties, becomes
useful in such applications like bath
tubes, shower stalls truck caps, boats
and other molded parts, with Kevlar,
cost saving of (1-2%) per pound have
been achieved in a standard polyester
laminating resin. Using only (0.2%)
Kevlar pulp gives the same viscosity
in the low-shear, gravitationa region
as (1.5%) fumed silica. [11].

Alight weight handled
member with high stiffness heat
resissance and chemica resistance,
that improve handily of a applied
material, such as a semiconductor
liquid crystal glass and carbon-fiber-
reinforced composite material caused
by the transferring environment and
effectively dtatic electricity of the
utilized material using the grounding

method.[12]
Amar P. etd [13] have a
comparative study of different

ceramic filler as (ash, dumina, SiC)
in a glass-polyester composite system
to improve its characteristic properties
in addition of a mechanical one where
the comparative anaysis shows that
with the incorporation of these fillers,
the tensile strength of the composites
decrease dgnificantly. The flexural
properties, i nterlaminar shear
strength, density and hardness are also
affected by the type and content of
filler particles. It is found that the
presence of SIC improves the
hardness of the glass—polyester
composites, whereas the other two
fillers show marginal effect. The
study reveals that the reduction in
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tensile strength is the minimum in
case of fly ash among al the fillers.
Further, the composite with low fly
ash content (10 wt %) exhibits
improved flexural strength.

Other researchers used Kevlar
fibersin a normd polymer composite
in order to improve thermd and
chemical resistance by applying with
fumed silica filler. [14-16].Or applied
the same composite glass-fiber-
polyester system with aggregated in
order to prepare high tensile and
flexural mechanicd properties
requirement to resist wall collapses or
buckling. [17]

Recently many researchers
am to study the effect of different
particle fillers (fly ash, alumina, and
silicon carbide) on the mechanical
properties of polyester composite
system under heating or chemica
load. [18].

Theaim of thiswork:-

Theaim of thiswork is:

1- Study the effect of
different types of ceramic
particles on the composite
polyester system.

2-  Improving the mechanical
properties such as
(hardness, bending and
impact resisance) for
these composite systems.

3- Improving therma -
physica properties of
prepared system by these

additives.

4- Comparison which
system has optimum
properties.

Experiment

1- Materials:

- Chemica adhesives:
commercial polyester. gulf
international chemicd
(SAOQG)

- Commercial glass fiber,
cabon fiber, and Kevlar
fiber.

- Alumina (AlLOs) and silicon
carbide (SIC) powder (purity
99.9 %).

2- procedure

- Preparation of
polyester system:

A fixed weight of polyester /

hardener (100 / 2) w/w weight

ratios according to the standard
specification of manufacturing
company at standard mixing time
and temperature (15min, 30C) in
order to achieve homogenous
solution . The optimum operating
conditions including  mixing
speed, mixing time, are
investigated and found

experimentaly to be 500 rpm, 15

min respectively. These

conditions are followed in the
preparation of experiments in this
work.

-Preparation of reinforced

primary composite system:

The Preparation of reinforced
primary composite system is
carried out by the addition of
ceramic particles by different
volume fraction of alumina and
silicon carbide (0.2, 0.4, 0.6, 0.8,
1) respectively to prepare resin
system (PE / H).Gradud
continuous mixing at (30C) for

adhesive
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(15min) is performed in order to
achieve homogenous liquids.
-Preparation of reinforced
composite polyester systems:
This step is carried out by using
different types of fibers glass, carbon,
and Kevlar fibers at different additive
volume fraction as (0.2, 0.4, 0.6, 0.8,
1) respectively. Where an open mold
is used to give different shapes of
parts depending on test that to be
caried out. The mold surface is in
contact with the exterior of the part.
Vaseline gel is first applied to the
molder to prevent the fibers from
adhering to the molder, then coating
with pigmented resin to give the part
fibers (glass, carbon, and Kevlar)
afterward resin system (PE / H) were
depasited to the molder and the fibers
are compressed by the roller machine,
evenly distributes the resin and
removes air pocket multiple layers of
fibers are deposited until the desired
weight and thickness are achieved.
When the resin is cured, the part is
removed from the mold, Excess
material istrimmed off, and the part is
ready for paint and assembly for tests.
M easur ements instruments:-
Experiments were performed to
characterize the mechanica properties
of the reinforced polyester system of
fibers and particles (0.2, 0.4, 0.6, 0.8,
and 1.0) volume fraction respectively.
The mechanical (impact, bending,
hardness, and thermal conductivity)
tests are performed. The impact
strength is determined using charpy
impact instrument. While the bending
distortion are determined using
PHYWE, three point bending tester
according to ASTM D790. The
hardness is determined using Wlestor

Amder, Harkeprufer DIN 53505,
Shore D., the therma conductivity
test is achieved using Le€'s disk
instrument (K oeyigit Electronic, UK).
The thermal conductivity is calculated
by the following equations:

e=P/rr[r(Ty+T3) +2(d T, +05
ds(T1+Ty) +dp T2+ d3 Ty
...(D

K=eds[T;+2T, (dy+05ds)/r+
TzdS/r]/(Tz—Tl)
...(2

Where:
e = loss in heat per unit area in (w
len? . C°).
P = supplied power in (w).
r = radius of disk in (cm).
di, dz, d3 = thickness of disksin (cm).
ds = thickness of specimen in (cm).
T1, To, T3 = measured temperatures of
disksno., 1, 2,and 3in (C°).
K = thermal conductivity in (w / cm
.C).
Results and Discussion
1. Bending test

The effect of different volume
ratios of prepared samplesin terms of
bending distortion in (mm) versus
load in (g) is shown in figure (1). It
indicate that the resistance to bending
distortion is decreased due to high
volume ratio for al fibers(glass,
cabon ,and Kevlar) filled with
alumina particles .High resistance
appeared for Kevlar samples due to
chemica  compatibility  between
matrix (PE) and reinforcement parts
(fibers & fillers) (f/p)™

Figure (2) shows same
behavior of the second filler particles
(SIC) with high bending resistance for
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Kevlar fiber which attributes to the
chemica  compatibility  between
Kevlar and filler particles (SIC)™
2. Impact strength
Figures (3,4) shows
the effect of different volume
ratios from al fibers (glass,
cabon and Kevla) and
particles  (Al;0;,SIC)  of
prepared composite samples
on the mechanical property
impact strength in (Jcnf ). It
is shown that the values of
impact strength  of these
composites are increased with
the increasing volume
fraction of al fibers (glass,
cabon and Kevla) and
particles (Al,O;, SIC) with
improvement  results  for

[matrix + Kevlar fiber) +

(AlLO; %)] and [matrix

Kevlar fiber Sic%] systems

due to high chemicd

compatibility between

reinforced materials (fiber

and particles) and matrix base

resin polyester.*?
3. Hardnesstest

Figures (5, 6) show

the effect of different volume ratios
from dl fibers (glass, carbon and
Kevlar) and particles (Al,Os;, SIC) on
the values of hardness for the
composite prepared samples.

The values of hardness are
increased with increasing volume
fraction of both fibers and particles
with improvement results for Kevlar
system due to a chemical compabhility

between Kevlar and polyester resin.
(16)

4. Thermal conductivity

The effect of different
reinforcing particles (ALOs, SiC) and
fibers (glass, carbon and Kevlar) to
polyester composite is shown a
different mixing ratios on the therma
conductivity. It is clear that the
thermal conductivity  (W/m°C)
decreased from [0.73 to 0.05
w/m?C)] with increasing the blend
ratio from (0.2 to 1.0 )% vol with
improvement results for carbon fiber
for both reinforced particles system
(SIC and Al;O3 ) due to high dipole
groups of carbon and high strong
bond of ( C-C) at the applied | oads of
heat or power respectively ®? as
shown in  figures  (7,8).with
improvement results for ( PE/F/SIC )
composite system due to high rigidity
and heat insulation properties and
heavy strong bond of ( C-SiC ) groups
@2 which gave therma conductivity
as high as 0.005 (W/m.°C).
Conclusions

From the results presented it
can be concluded by:
1. The optimum ratio of prepared
blend characterized by mechanica
and thermal properties was at the ratio
of PE/f/p (0.5) % val.
2. The optimum  mechanica
properties were found at 0.28mm
0.23mm for PE/K/A and PE/K/SIC
composite system and maximum
impact and hardness occurs a 2.8
Jen? and 3.2 Jen? for PE/K/SIC
system and 77 shores for PE/K/A and
82 shores for PE/K/SIC system
respectively.
3. Experimenta results showed that
the heat treated samples of type led to
enhance and improve in the
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mechanical and therma properties
when compared with untreated one.
5. The reinforced composite system of
polyester carbon fiber /SiC have best
thermal properties and little minimum
thermal load than that of alumina.
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Figure (1): Effect of additive Al ;O3 on bending strength of polyester
composite system.
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Figure (2): Effect of additive SiC on bending strength of polyester
composite system.
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Figure(3): Effect of additive SiC on impact strength of polyester

composite system.
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Figure (4): Effect of additive Al O3 on impact strength of polyester
composite system.
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Figure (5): Effect of additive Al,O3 on hardnesstest of polyester

composite system.
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Figure (6): Effect of additive SIC on hardness test of polyester
composite system.
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Figure (7):Effect of additive Al ,O30n thermal conductivity of polyester
composite system.
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Figure (8): Effect of additive SIC on conductivity thermal of polyester
composite system.
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