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ABSTRACT
The Mechanical properties of hybrid composites based on epoxy resin (ER) filled with
metal powders (Al) and Glass fibers (GF) are studied. The specimens are prepared using
hand lay-up techniques according to ASTM standard for different volume fractions of
fiber, particles & matrix material. Glass fibers (GF) are one of the most useful filler
materials in composites, its major use being the manufacture of components in the
aerospace, automotive, and leisure industries. The epoxy was reinforced with GF :( metal
powders) in the ratio 10%:40%, 20%:30%, 30%:20%, and 40%:10%. It was observed
that in the ratio 40%:10% has the maximum (UTS), fracture strength, flexural strength,
fracture toughness and hardness increase with the increase of volume fraction of fibers
when compared to unfilled epoxy.
Keywords: Epoxy, Glass fibers, Hybrid composites, mechanical properties.

اﻟﺨﻮاص اﻟﻤﯿﻜﺎﻧﯿﻜﯿﺔ ﻟﻤﺘﺮاﻛﺒﺎت ﺑﻮﻟﯿﻤﺮﯾﺔ ھﺠﯿﻨﺔ ﻣﻘﻮاة ﺑﺎﻻﻟﯿﺎف واﻟﺪﻗﺎﺋﻖ
اﻟﺨﻼﺻﺔ
ﺗﻢ ﻓﻲ ھﺬا اﻟﺒﺤﺚ دراﺳﺔ اﻟﺨﻮاص اﻟﻤﯿﻜﺎﻧﯿﻜﯿﺔ ﻣﻦ ﻣﺘﺮاﻛﺒﺎت ھﺠﯿﻨﺔ ذات اﺳﺎس راﺗﻨﺞ اﻻﯾﺒﻮﻛﺴﻲ ﻣﻘﻮاة ﺑﺪﻗﺎﺋﻖ
 ﻟﻜﺴﻮرﺣﺠﻤﯿﺔASTM  اﻟﻌﯿﻨﺎت ﺣﻀﺮت ﺑﻄﺮﯾﻘﺔ اﻟﺼﺐ اﻟﯿﺪوي وﻓﻘﺎ ﻟﻤﻌﯿﺎر.ﻣﻌﺪﻧﯿﺔ ﻣﻦ اﻻﻟﻤﻨﯿﻮم واﻟﯿﺎف اﻟﺰﺟﺎج
( ھﻲ واﺣﺪة ﻣﻦ ﻣﻮاد ﺣﺸﻮ اﻷﻛﺜﺮ ﻓﺎﺋﺪة ﻓﻲGF)  اﻷﻟﯿﺎف اﻟﺰﺟﺎﺟﯿﺔ.ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻷﻟﯿﺎف واﻟﺪﻗﺎﺋﻖ واﻟﻤﺎدة اﻻﺳﺎس
. واﻟﺼﻨﺎﻋﺎت اﻟﺘﺮﻓﯿﮭﯿﺔ، وﺗﺪﺧﻞ ﻓﻲ ﻛﺜﯿﺮ ﻣﻦ اﻟﺼﻨﺎﻋﺎت ﻣﻨﮭﺎ ﺻﻨﺎﻋﺔ اﻟﻄﺎﺋﺮات واﻟﺴﯿﺎرات،اﻟﻤﻮاد اﻟﻤﺘﺮاﻛﺒﺔ
 ﻟﻮﺣﻆ أﻧﮫ.٪10 :٪40  و،٪20 :٪30 ،٪30 :٪20 ،٪40 :٪10  ﻓﻲ ﻧﺴﺒﺔMP :GF اﻻﯾﺒﻮﻛﺴﻲ ﻛﺎﻧﺖ ﺗﻘﻮﯾﺘﮫ ﻣﻊ
ﻣﺘﺎﻧﺔ ﻛﺴﺮ وﺻﻼدة وﻧﻼﺣﻆ ﺗﺰداد ﻣﻊ زﯾﺎدة,ﻣﻘﺎوﻣﺔ اﻧﺤﻨﺎء, ﻣﻘﺎوﻣﺔ ﻛﺴﺮ, ﺗﻤﺘﻠﻚ اﻗﺼﻰ اﺟﮭﺎد ﺷﺪ%10:%40 ﻧﺴﺒﺔ
. اﻟﻜﺴﺮ اﻟﺤﺠﻤﻲ ﻟﻼﻟﯿﺎف ﻣﻘﺎرﻧﺔ ﻣﻊ اﻻﯾﺒﻮﻛﺴﻲ اﻟﻐﯿﺮ ﻣﺪﻋﻢ
INTRODUCTION
omposites are a blend of two or more components, the matrix material can be
polymeric (e.g. polyester resins, epoxies), metallic or ceramic. When the filler and
the matrix are combined to form a composite, they retain their individual
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identities and structure influences the final composite properties. The resulting composite
will usually be composed of layers of the filler and matrix stacked to achieve the desired
properties in one or more directions [1]
Polymer composites are playing an increasing role as construction materials in a wide
variety of applications. They are also increasingly gaining importance as substitute
materials for metals in application with aerospace, automotive, marine, sporting goods
and electronic industry. Their light weight and superior mechanical and electrical
properties make them especially suited for some of these applications.
In the present, epoxy resins are widely used in various engineering applications, such
as electrical industries, and commercial and military aircrafts industries. In order to
improve their processing and product performances and to reduce cost, various fillers are
introduced into the resins during processing[2].
Moloney et al. (1983) studied the mechanical properties for different types of composite
materials that include epoxy resin reinforced with silica particles and epoxy reinforced
with particles of aluminum oxide. They noticed that the value of the Elastic Modulus
increases with increasing the volume fraction of particles (silica and aluminum oxide) [3].
Amiya Kumar et al., (2010) developed an epoxy based hybridized composite material
comprising of glass fiber, jute fiber and red mud as a filler material and evaluated its
mechanical properties and observed that Flexural strength, tensile strength and density of
the material increase with increase in the number of layers of reinforcement[4].
Karim J. S. et. al., (2011), have prepared a polymer – metallic (composite material)
reinforced by aluminum particles with different grain sizes and various volume fractions.
Using filing particles of aluminum with a grain size (13 µm), and aluminum dust
particles. The results show that the mechanical impact resistance of the composite
material reinforced particle dust increases with increasing the volume fraction, reaching a
maximum value of (81.25 kJ/m2) when the volumetric fraction is (9.2%). While the
composite material reinforced aluminum particle (Refrigerator) also increases with
increasing volumetric fraction, but less than in the composite material reinforced
aluminum dust a few particle which is (63.158 kJ/m2) when the volumetric fraction was
(9.2%)[5].
Objectives of The Research
The objective of this research is to:
1Prepare composites of epoxy resin reinforced with glass fibers and metal
powders Al.
2Study some mechanical properties (UTS, fracture strength, flexural strength,
fracture toughness and hardness.
Experimental Work
Materials Used
The basic materials used in the preparation of research samples consisting of Mat
Glass fibers(GF) from the Tenax company_ England, Table 1 Shows Typical Properties
of Fibers Glass. And the epoxy resin used has the number 105 as a specification,
manufactured by Ayla Construction Chemicals under license from DCP, England, with a
density 1.4 g/cm3.
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Table (1): Typical Properties of Fibers Glass.
Fibers
Glass

Young's
modulus(GPa)

Tensile
strength(MPa)

Elongation (%)

Density (gm/cm3)

72

3450

4.3

2.58

Preparation of Composites
The composites samples were prepared from Epoxy resin reinforced with Glass fibers
and Aluminum particles in the ratio 10%:40%, 20%:30, 30%:20%, 40%:10%. The
method used in the preparation of the samples in this research is the (Hand lay-Up
Molding) because it is simple to use and can make different shapes and sizes of
composites. Samples are then extracted from the mould and then heat treated in an oven
at (60⁰C) for a period of (60) minutes [6]. This process is very important for the purpose
of obtaining the best cross Linking between polymeric chains, and to remove the stresses
generated from the preparation process and complete the full hardening of the samples.
Mechanical Test
Tensile Test Measurement
The samples for tensile testing were prepared according to the ASTM D-638. at room
temperature with 20KN applied load and strain rate of 0.5 mm/min by using machine
type WDW-200E, made in China . For each specimen three tensile test measurements
were taken and the average tensile is calculated.
Flexural Strength& Shear Stress
This test is performed according to (ASTM D790) at room temperature by three- point
bending test machine (Lybold Harris No.36110).Samples have been cut into the
dimensions(100*10*4.8) mm3.
The flexural strength & maximum shear stress are calculated according to the equations
[7,8]
F.S = 3PL/2bh2
…. (1)
τ = 3P / 4bd
…. (2)
Where
F.S: flexural strength (MPa).
P: force at fracture (N).
L: length of the sample between Predicate (mm).
b:thikness(mm).
d:width(mm).
τ:maximum shear stress ( MPa)
P: force at fracture (N).
b:thikness (mm).
d:width (mm).
Impact Test
Impact resistance is calculated for samples from the following relationship [9].
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Gc = Uc / A

…(3)

Where
Gc: impact strength of material (J/m2).
Uc : impact energy (J).
A: cross- sectional area of specimen (m2).
Fracture toughness can be expressed as [8].
…. (4)
Where:
Kc: fracture toughness of material (MPa.m1/2).
E: elastic modulus of material (MPa).
This test is performed according to (ISO- 180) at room temperature. Samples have
been cut into the dimensions (80*10*4) mm3.
Hardness Test
The hardness test was carried out using a Shore D hardness tester, with a measuring
range 0-100 Duron at room temperature. The machine was manufactured by DTS with
model T02E0392 and ASTM 2240. Samples have been cut into a diameter of (40mm)
and a thickness of (5mm).
Results and Discussion
Tensile Strength
Table 2 and Figures (1, 2) show the resulted values of ultimate tensile strength (σUTS)
and fracture strength for pure Epoxy and hybrid composites. In general, it shows that the
hybrid composites gave higher values of σUTS and fracture strength than non reinforced
(Pure epoxy).
The increase in volume fraction of fibers results in increase in ultimate tensile strength
(σUTS) and fracture strength. Fibers are the main load carrying agents in composites and
as the number of load carrying elements increases in a material, its strength increases [10]
At the same time the tensile strength of the composite is influenced by the strength and
modulus of fibers [11].

Table (2): values of ultimate tensile strength (σUTS) and fracture strength for Epoxy
and hybrid composites.
Type of composite

σ UTS (MPa)

σ fracture (MPa)

1-Pure Epoxy
2-Epoxy +10%GF+40%Al
3- Epoxy +20%GF+30%Al
4- Epoxy +30%GF+20%Al
5- Epoxy +40%GF+10%Al

49.841
51.015
53.241
55.520
59.681

47.502
50.743
49.365
53.002
56.790
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Figure(1): Ultimate tensile strength of : 1-Pure Epoxy2- Epoxy +10%GF+40%Al 3-Epoxy
+20%GF+30%Al4- Epoxy +30%GF+20%Al 5- Epoxy +40%GF+10%Al

Figure(2): Fracture strength of : 1-Pure Epoxy 2- Epoxy +10%GF+40%Al 3-Epoxy
+20%GF+30%Al 4- Epoxy +30%GF+20%Al 5- Epoxy +40%GF+10%Al

Flexural Strength& Shear Stress
Table (3) and Figures (3, 4), show the values of flexural strength & maximum shear
stress for pure Epoxy and hybrid composites. The use of fibers and particles in hybrid
composites gives the higher strength in due to their higher hardness and even higher in
40%Gf+10%Al due to the using of more fiber volume fractions.
The adhesive between matrix and reinforcing material has a large effect in giving the
maximum shear stress that load to increase shear stress of (particle/ fiber) reinforced
(Epoxy) to a higher amount than that of (Epoxy) specimen alone [11].

Table (3): Flexural strength & shear stress for (Epoxy) and hybrid composites.
Type of composite

Flexural Strength (MPa)

Shear Stress(MPa )

1-Pure Epoxy
2-Epoxy +10%GF+40%Al
3- Epoxy +20%GF+30%Al
4- Epoxy +30%GF+20%Al
5- Epoxy +40%GF+10%Al

188
370
758
840
976

4
12.5
23
29
35
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Figure(3): Flexural strength of : 1-Pure Epoxy, 2- Epoxy +10%GF+40%Al 3- Epoxy
+20%GF+30%Al 4- Epoxy +30%GF+20%Al 5- Epoxy +40%GF+10%Al

Figure(4): Shear stress of :1-Pure Epoxy 2- Epoxy +10%GF+40%Al 3-Epoxy
+20%GF+30%Al 4- Epoxy +30%GF+20%Al 5- Epoxy +40%GF+10%Al

Impact Energy
Table (4) and Figures (5, 6), shows the values of impact strength (Gc) & fracture
toughness (Kc) for pure Epoxy and hybrid composites. The results of (Gc) & (Kc) for
pure Epoxy are lower than that of hybrid composites. The reinforcements affect
positively in bearing impact load and increasing the impact energy required to fracture
the specimen.
It is important to note that (GF) have high shock resistance and durability. Also the
addition of particles during composite preparation can lead to form a high viscous
mixture that may lead to decrease resin wettability which in turn weakening the linkage
between matrix and reinforcement and that is an additional reason for the lower results of
particle composites.
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Table (4): Impact strength of material & fracture toughness for (pure Epoxy) and
hybrid composites
Type of composit

Impact Strength (Gc) J ∕
m2

Fracture Toughness
(Kc) MPa .m1∕2

1-Pure Epoxy
2-Epoxy +10%GF+40%Al
3- Epoxy +20%GF+30%Al
4- Epoxy +30%GF+20%Al
5- Epoxy +40%GF+10%Al

115
577
634.4
701.34
978

6.5
11.51
30.45
32.764
35.210

Figure(5): Impact strength of : 1- Pure Epoxy 2- Epoxy +10%GF+40%Al 3- Epoxy
+20%GF+30%Al 4- Epoxy +30%GF+20%Al 5- Epoxy +40%GF+10%Al

Figure(6): Fracture toughness of : 1- Pure Epoxy 2- Epoxy +10%GF+40%Al 3- Epoxy
+20%GF+30%Al 4- Epoxy +30%GF+20%Al 5- Epoxy +40%GF+10%Al

Hardness Shore (D)
The results of Shore (D) hardness for the pure Epoxy and hybrid composites are
illustrated in Table (5) and Figures (7). They show that the hybrid composites have the
higher hardness and it increases with increasing the fiber volume fraction. It can be seen
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that the added 40% metal particles have given lower hardness than other composites
because of the latter higher plasticity.
Table (5): Hardness for (pure Epoxy) and hybrid composites.
Type of composite

Hardness (Shore D)

1-Pure Epoxy
2-Epoxy +10%GF+40%Al
3- Epoxy +20%GF+30%Al
4- Epoxy +30%GF+20%Al
5- Epoxy +40%GF+10%Al

74
78
80
83
87

Figure(7): Hardness of : 1- Pure Epoxy 2- Epoxy +10%GF+40%Al 3- Epoxy
+20%GF+30%Al 4- Epoxy +30%GF+20%Al 5- Epoxy +40%GF+10%Al

Conclusions
This work shows that successful fabrication of pure epoxy and component hybrid
composite (using epoxy as a matrix, mat glass fibers and metal particles (AL) as
reinforcement). Incorporation of these fillers modifies the mechanical properties of the
composites.
(Epoxy +40%GF+10%Al) has the maximum (UTS) and fracture strength (59.681,
56.790)MPa respectively, flexural strength, shear(976,35)MPa respectively, impact
strength(978J∕ m2), fracture toughness(35.210MPa.m-1∕2) and hardness (87 shore D)
increase with the increase of volume fractionof fibers when compared to unfilled epoxy.
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