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Abstract 

The study dealt with a composites that were from epoxy prepared as well unsaturated polyester resins as a matrixes 
mixed with different weight percent of 0%, 1%, 3% and  5% of alumina with particle size (<50)µm. All composite 
materials specimens were underwent tests for impact, compression, tensile, hardness and bending. Composite 
materials were of higher significant impact strength compared to materials of matrix. Impact strength enhancement is 
proportional directly to the alumina weight fraction of where composites of epoxy/alumina of higher impact strength 
compared to composites of unsaturated polyester/alumina with fraction of equivalent weight. Epoxy/alumina 
composite considered as impact strength of highest with 5% alumina, that is 82.74% higher compared to materials of 
matrix. Matrix material of flexural, tensile and compression strengths were of higher significant compared to materials 
of composite. Composites of epoxy/alumina of1% and 3% martial’s of reinforcement for weight fraction marginally 
have more strength of tensile compared to materials of matrix. Composite materials of shore D hardness test were of 
significant higher compared to materials of matrix. Properties enhancements are observed to be proportional directly 
to the reinforcement materials of weight fraction. Highest hardness of shore D of the composite of epoxy/alumina was 
with alumina of5%where unsaturated polyester/alumina composite with 1% alumina. 
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Introduction 

Polymers of epoxy are employed widely as 
adhesive compositions basis as well as the 
composites of materials of matrix. Such polymers 
possess various properties of useful engineering, 
i.e. as high relative strength and modulus, 
resistance of good creep and good properties of 
increasing-temperature. Whereas, these epoxies 
are polymers brittle relatively with resistance as 
poor for cracking propagation [1]. 

Resins of polyester are of processing offast utilized 
in general for applications oflow cost [2]. These 
polymers are effective in cost since they need costs 
of minimal setup and physical characters might 

tailor for applications of specific. Composites of 
polyester resin are of advantage which might be 
cured in different ways with no physical characters 
altering for the part finished [3]. For expanding 
various sectors applications, fillers of inorganic 
particulate, i.e. as addition of (Al2O3), to composites 
of process polymer, that usually combine 
constituent phases advantage [4]. (Al2O3) is widely 
and cost effective utilized materials in the 
engineering ceramics family. On the other hand, at 
high temperatures it is resistance to wear, hard, 
with properties of excellent dielectric, strong alkali 
resistance and acid attack as well as of high 
stuffiness and strength [5].  
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Ceramic particles addition of matrix elevates the 
composites yield strength, tensile and compressive 
strengths, besides hardness at increased and room 
temperatures elevated [6]. Generally, composites of 
particulate polymer filled mechanical characters 
relied strongly on shape, size, and filler particles 
distribution in the interfacial adhesion matrix of 
polymer and extent between matrix and filler [7]. 
Zainab S Al-khafaji, et al. [8] evaluated composite 
polyester materials characters reinforced of Al2O3 

at percentage (2.5, 5, and 10) %. The tests include 
(water absorption, bending, density, modeling 
ANSYS and hardness) and the results show that 
materials of composite with density of mless 10% 
alumina that is lowered as of 6%and bending as of 
largest is 60% and also less water absorbing which 
equal 0.6%. Whereas addition of alumina in ratios 
of (2.5, 5, 10) % elevate unsaturated hardness of 
polyester resin besides strain reduction that was 
clear in Modeling of ANSYS. 
Filler particles size effect was studied by Ying Du, et 
al. [9] on polyester Al2O3 fracture behavior 
composites materials; it was noticed that the size of 
particles have an announced effect on toughness of 
fracture. On the other hand, a group of researchers 
dealt with particle composite materials from 
another side, Sardar [10] studied the distribution of 
particles in polymeric materials of composite 
depending on the intensity of particles distribution 
and their volumetric fraction. In the conclusion he 
found that the mechanical properties improved 
when the particles were more uniformly 
distributed. Composites material properties of 
epoxy resin reinforced was investigated by Ibtihal-
Al-Namie, et al. [11] with powder of ceramic. 
Powder materials reinforcement are  silica and 
alumina  with  size  particle (53-63) µm, (106 -   
150)  µm respectively,  with fraction of weight 
(20%, 30%,  40%)  ranking. The result depicted 
flexural strength and hardness materials of 
composite are high compared to matrix resin, also 
composites flexural strength and hardness 
reinforced with Al2O3 are higher significantly 
compared to reinforced composites with content of 
(equitant silica). 
Ramesh K.N, et al. [12] have investigate of effect 
SiO2, Al2O3, and TiO2 particles micro in to improve 
properties mechanical  of  composite according to 
resin of epoxy filled fiber glass at micro powder. 
Through technique of hand lay-up, composites are 
synthesized. Results showed that strength of 
flexural and modulus of flexural is high in SiO2 
particles case with composite of resin epoxy in 

comparison to another particles. That is why silica 
has size of smaller particles comparing to others 
particles. Al2O3 particles with composite of resin 
epoxy elevate the impact energy as well as 
hardness compared to SiO2 and TiO2. K. Sabeel 
Ahmed, et. al [13] studied recently the ceramic 
fillers effect such as Al2O3 and SiC on composites of 
jute/epoxy wear behavior where they noticed that 
composites Al2O3 filled with resistant of wear 
better compared to filled composites of SiC. 
The aim of the this work was to find out Al2O3 
content as micro-particles effect on the mechanical 
epoxy characters and resins of polyester including 
impact strength, shore D number tensile characters 
(forces of maximum fracture, extensions as 
maximum, points of yield, flexural strength, 
modulus as young and strengths of tensile), 
modulus of flexural and compressive as ultimate 
epoxy/aluminum oxide strength and unsaturated 
polyester/Al oxide micro-composites. 
 

Experimentation 

Materials 

Polyester unsaturated resin is considered as liquid 
of viscosity of moderate that able to be fixed to the 
state of solid via addition of (MEKP, Methyle Ethyle 
Keton, Peroxide) being as hardener, whereas cobalt 
octoate behaves as a catalyst for accelerating 
process of solidification. Sikadur-52 as epoxy resin 
is 2 components, injection-liquid of low viscosity, 
solvent-free according to epoxy resins high 
strength. Complying along ASTM C881-78 Type I, 
Grade 1 Class B+C. Mix ratio, (A): (B) = 2: 1 parts by 
weight and volume. Alumina fine powders (Strem 
Chemicals, USA) with particle size (<50)µm was 
used in this research.  
 

Preparation of Materials 

1. Preparation of Polymer Microcomposites  

Resin epoxy mixed with weight fractions0, 1, 3, and 
5% of Al2O3 are illustrated (Table1), after that 
approximately stirred for 1 h, addition of hardener 
was applied with 2:1 ratio of (epoxy: hardener), 
and then put into a mold of Teflon through method 
of molding cast. In a vacuum oven, de-gassing for 
mixture was done for thirty min and curing then 
done for three hat 50˚C,the unsaturated resin 
polyester was handled with weight fractions (0, 1, 
3, and 5) % of Al oxide. Polyester unsaturated /Al 
oxide microcomposites were handled similar to 
preparation of Epoxy /Al oxide microcomposites. 
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Table 1. Materials ratios 

Code Composition 
Matrix 
Polymer (g) 

Reinforcement 
Al2O3 (g) 

C0 EP 100% 0% 

C1 EP/Al2O3 99% 1% 
C2 EP/ Al2O3 97% 3% 
C3 EP/ Al2O3 95% 5% 
D0 UPE 100% 0% 
D1 UPE/ Al2O3 99% 1% 
D2 UPE/ Al2O3 97% 3% 
D3 UPE/ Al2O3 95% 5% 

 

Measurements 

Test of Charpy impact involving hammer blow use 
which will be transferred to the sample till arrives 
to point of breaking. Sample positioning is in a way 
where the 2 ends are fixed in position where blow 
isto the middle part transferred. Impact device 
samples of dimensions (10 x 55 x 10mm) based on 
ASTM (D4812)[14]. For specimens hardness 
calculating, shore D was used as well for samples 
thickness at least over (3mm) that should of 
smooth surfacing and  should not exposed to 
vibrations of mechanical; hence, the thickness of 
prepared sample of (5mm) and diameter of 
(30mm) referening  to ASTM (D 2240). A needle 
involves along shore D device which is vertically 
positioned to the specimen for ½ minute. For 
registering appropriate readings, the 3 values 
average registered from different each specimen 
sites are determined [15]. 
Testing of tensile is the more fundamental tests to 
measure relationships of strain stress. Machine of 
Tinus Olsen model H50KT was utilized for the test 
that was preformed5 mm / min crosshead speed.  
Test of simple uniaxial comprises of pulling in 
tension slowly a material sample till breaking. Test 
of specimens tensile are in general either 
rectangular or circular of ends larger for facilitating 
sample gripping (ASTM D-638 for plastics)[16]. 
Tests of 3-point bending were performed utilizing 
machine of Tinus Olsen model H50KT of (5kN) with 
load of full capacity scale based on standard of 
ASTM D790-10. Dimensions specimen test were 
(125mm) long, (96mm) support span and (10mm) 
width and the speed of test was 0.5 mm/min. 
Flexural modulus, break values elongation and 
flexural strength were measured and evaluated 
[17]. Test of compression carried out to measure 
the strength compression for samples undergoing 
test. Ley Bold Harris No.36110, Hydraulic- piston 
kind, was utilized. 
 

Results and Discussion 

Impact Strength 

Impact resistance considered as is a key materials 
properties. Materials ability for with standing 
knocks of accidental able to determine its failure or 
success in special application. The impact strength 
values for EP/Al2O3 as well as UPE/Al2O3 
composites are illustrated (Table 2). Generally, it is 
observed that the strength of impact UPE/Al2O3and 
EP/Al2O3 values are proportional directly to the 
reinforcement materials of weight content (Figure 
1). 

Actually, there is almost increase in a constant rate 
in strength of impact (I.S) with reinforcement 
materials content elevation. Also, it was observed 
that the EP/alumina impact strength composites 
are higher significantly compared to composites of 
UPE/alumina of reinforcement equivalent content. 
The impact strength of matrix materials epoxy and 
unsaturated polyester are 7.3 (KJ/m2) and 7.12 
(KJ/m2) respectively. By adding 1% alumina, the 
strength impact of EP/Al2O3 and UPE/Al2O3 

increased to 10.45 (KJ/m2) and 9.03 (KJ/m2) 
respectively that are higher compared to matrix 
materials epoxy and unsaturated polyester by 
43.15% and 26.83% respectively. 

With alumina content increase to 3% the impact 
strength of EP/Al2O3 decreased to 9.02 (KJ/m2) and 
the impact strength of UPE/Al2O3 increased slightly 
to 10.17 (KJ/m2), but both of them are higher than 
the matrix materials epoxy and unsaturated 
polyester by 23.56% and 42.83% respectively. 
While the increase of alumina content to 5% the 
impact strength of EP/Al2O3 increased to the 
highest impact strength to 13.34 (KJ/m2) and the 
impact strength of UPE/Al2O3 decreased slightly to 
8.01 (KJ/m2), but both of them are higher than the 
matrix materials epoxy and unsaturated polyester 
by 82.74% and 12.5% respectively. This increase of 
impact strength due to particles restraining the 
growth of crack by the materials composite and the 
dislocation, the crack will modify its direction and 
shape; hence, cracks will change to micro cracks.  

This cracks behavior change and crack energy 
losing cause toughness increase. The Charpy 
Impact specimen’s exam for EP/Al2O3 as well as 
UPE/Al2O3 composites with 0, 1, 3and 5% of 
powder alumina illustrated that specimens along 
Al2O3 particles are suffering brittle fracture 
throughout the exam course as illustrated 
(Figure2). 
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Table 2. Al2O3 content effect of(wt %) on (I.S) of (UPE/Al2O3) and 
(EP/Al2O3) composites 

Composition 

Impact Strength (I.S), KJ/m2 
Aluminum Oxide (Al2O3) content  
(wt) % 
0% 1% 3% 5% 

EP/Al2O3 7.3 10.45 9.02 13.34 
UPE/Al2O3 7.12 9.03 10.17 8.01 

 

Figure 1. Charpy impact strength variation with Al2O3 powder content 
in EP and UPE resins 

 
Figure 2. Fracture regions of EP/Al2O3 and UPE/Al2O3composites 

 

Hardness Test 

Values for shore D hardness (EP/Al2O3) as well as 
(UPE/Al2O3) composites are illustrated(Table 3). 
results revealed an elevation in the shore D number 
values for all the samples of EP/Al2O3 composite 
compared with EP pure, where EP/Al2O3 composite 
samples had the highest values of  shore D number 
(79.4 H.NO.) at ratio percent (5%) as showed in  the 
Figure 3. Also it showed an increase in the shore D 
value number for UPE/Al2O3 composite whole 
samples compared with UPE pure, where 
UPE/Al2O3 composite samples had the highest 
values of shore D number (89.17H.NO.) at ratio 
percent (1%). The act of materials relies on the 
particles role for reinforcement. Such particles 
might influence bonds among reinforcement and 
matrix and hence becoming stronger, as a result of 

increased hardness [18]. Composites properties 
and behavior are measured via3elements: 
constituent’s intrinsic properties, constituents 
structural and form arrangement, and the 
constituent’s interaction. Constituent’s properties 
determine the composite properties range or 
general order. Arrangement of structural, form 
(size and shape), and constituents distribution and 
composition provide composites versatility and 
overall performance contribution. Constituent’s 
interaction plays a significant role for improving 
the mechanical composites properties [19]. 
Table 3. Al2O3 content effect of (wt %) on Hardness NO. for (EP/Al2O3) 
and (UPE/Al2O3) composites 

Composition 

Hardness NO. 
Aluminum Oxide (Al2O3) content  
(wt) % 
0% 1% 3% 5% 

EP/Al2O3 76.33 76.7 78.6 79.4 
UPE/Al2O3 87.03 89.17 89 87.37 

 

Figure 3. Hardness NO. variation with Al2O3powder  content  in EP and 
UPE resins 

 

Tensile Test 

The tensile strengths values, forces of maximum 
fracture, extensions as maximum and points of 
yield for specimen epoxy as well as (EP/Al2O3) 
micro-composites of samples as whole are 
illustrated (Table 4). Epoxy/ alumina composites 
tensile strength slightly increased to (22.66MPa), 
when the alumina % increases by 1% (Figure 4). 
Tensile strength increase is due alumina dispersion 
and stronger bonding of interfacial between the 
filler and matrix in composites. When alumina % is 
increased further by 3%, the tensile strength 
declines to (21.89MPa), but higher still compared 
to tensile strength neat epoxy samples values. 
When alumina % is increased further by 5%, the 
tensile strength more decline to (17.19MPa) lower 
than of neat epoxy (20.28MPa). Reduction is 
because alumina agglomeration fillers in the 
materials of matrix. 
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Table 4. Maximum fracture forces, Maximum Extensions, Yield Points, 
Young Modulus and Tensile Strengths of epoxy and EP/ Al2O3 
composites 

Sampl
e 

Maximu
m 
Fracture 
Force 
(N) 

Maximu
m  
Extensio
ns  (mm ) 

Yield 
Point
s 
(MPa
) 

Young 
Modul
us 
(MPa) 

Tensile 
Strengt
hs 
(MPa) 

EP 1087.36 7.4 20.28 135.2 20.28 
EP / 
1% 
Al2O3 

1278 3.5 
22. 
66 

323.71 22.66 

EP  / 
3% 
Al2O3 

1213 5 21.89 218.9 21.89 

EP  / 
5% 
Al2O3 

915.5 4.5 17.19 191 17.19 

Also, Table 5 shows the maximum forces fracture, 
extensions as maximum, points of yield, modulus as 
young and strengths tensile of polyester 
unsaturated as well as UPE/ Al2O3 composites. It is 
noticed a tensile strength gradual drop by alumina 
content increasing. The unsaturated composite of 
unfilled polyester of 33.05MPa strength in tension 
where the values to 11.05MPa, 16.07MPa and 
21.48MPa drop with alumina powder addition by 1 
wt%, 3 wt% and 5 wt% respectively. Tensile 
strength reduction in addition of filler could be 
because the strength of chemical bond between the 
matrix and particles of filler is so weak to convey 
filler particles of irregular shaped of the sharp 
corners or the tensile load resulting in the matrix 
stress concentration zones of body at loading of 
tensile or because the elevation in void % in the 
composites along filler content elevation [20]. The 
specimen’s tensile exam for EP/Al2O3 as well as 
UPE/Al2O3 micro-composites by 1, 3 and 5% of 
powder alumina illustrated that specimens as all 
along Al2O3 micro-particles are suffering fracture 
brittle throughout the exam course (Figure 5). 
Table 5. Maximum forces fracture, extensions as maximum, points o 
yield, young modulus and strengths tensile of polyester unsaturated 
and UPE/Al2O3 composites 

Sampl
e 

Maximu
m 
Fracture 
Force (N 
) 

Maximum  
Extension
s  (mm ) 

Yield 
Point
s 
(MPa) 

Young 
Modulu
s    
(MPa) 

Tensile 
Strength
s (MPa) 

UPE 2252.99 8.5 33.05 197.06 33.05 
UPE / 
1% 
Al2O3 

514.5 4.5 11.05 122.77 11.05 

UPE / 
3% 
Al2O3 

715 4.5 16.07 178.55 16.07 

UPE / 
5% 
Al2O3 

1050.3 2.1 21.48 537 21.48 

 

Figure 4. Tensile Strength variation with Al2O3 powder content in 
EP,UPE resins 

 

Figure 5. Fracture regions of EP/Al2O3 and UPE/Al2O3 micro 
composites 

 

Test of 3 – Point Bending 

EP/Al2O3 and (UPE/Al2O3) composites values of 
flexural strength (Table 6). Flexural strength is 
proportional inversely to the content of alumina, 
where the flexural strength of epoxy/alumina 
composites decreases at slow rate to the value 
(45.36MPa) with alumina particulate addition till 
1% alumina content weight. This explanation is in 
agreement with literature [21]. Flexural strength 
rapid reduction is noticed to the value (31.66MPa) 
with alumina content elevation to 3%from 1%. 
More alumina content elevation from 3% to 5% 
resulting in little flexural strength reduction to the 
value (30.01MPa), lower than the value strength 
flexural for samples of neat epoxy, as shown in 
Figure 6. This because of small and interconnected 
micro voids formation. Formation of fibrlillar 
bridges among micro voids in chains of molecular is 
becoming oriented. When sufficient is the applied 
load, bridges are elongating and breaking, leading 
to growing  and coalesceing micro voids; as the 
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micro voids coalescing, crack starts forming until 
the material failure [22]. Flexural strength of 
unsaturated polyester/alumina composites 
declined to (69.51MPa), if alumina % elevates from 
0% to 1%. Deterioration in structural integrity due 
to the agglomeration existence and the voids of 
alumina at matrix was found to be a primary cause 
of the decreases in flexural strength [23]. When the 
alumina% is increased further by 3% and 5% the 
strength of flexural drop to (68.77MPa) and 
(60.17MPa) respectively lower than that of the neat 
unsaturated polyester (74.71 MPa). During flexural 
testing, a different mechanism like compression, 
shearing, tension, etc. simultaneously takes place. 
In case of higher content of filler, the shearing 
resistance lowered because of adhesion of poor 
interfacial and the failure happens because of shear 
(Ahmed, et al, 2011)[24]. 
The decrease in flexural strength at 5 wt% alumina 
content is a signal of shear failure. Adhesions or 
interface bonding between the matrix and the filler 
and the filler dispersion of homogeneous have a big 
impact on mechanical particulate filled composite 
materials properties. Moreover, agglomeration 
presence in the matrix should be considered. 
Agglomeration able to enhance powders flow 
characteristics that causes porous composites and 
poor packing. Voids and agglomeration presence in 
the composites clearly deteriorates mechanical 
characters [25, 26]. 
Table 6. Al2O3 content effect of (wt %) on the Flexural Strength, (F.S) 
of (EP/Al2O3) and (UPE/Al2O3) composites. 

Composition 

Flexural Strength, F.S (MPa) 
Aluminum Oxide  (Al2O3) content  
(wt) % 
0% 1% 3% 5% 

EP/Al2O3 47.46 45.36 31.66 30.01 
UPE/Al2O3 74.71 69.51 68.77 60.17 

 

Figure 6. Flexural Strength variation with Al2O3 powder content  in EP, 
UPE resins 

 

Compression Test 

Compression strength relies on the materials, 
reinforcement materials, and strength matrix 
properties of binding across interfaces, fraction 
volume of reinforcement materials. The final 
compressive strength values (UCS) of (EP/Al2O3) 
and (UPE/Al2O3) composites that have (0, 1, 3, and 
5) % of alumina powder are shown in table 7. The 
final strength compressive of EP/ Al2O3 composite 
samples declined quickly with the alumina content 
increase from 0% to 1%. Then a slight reducing in 
compressive strength is noticed with the alumina 
content increase from 1% to 3%. More alumina 
content increase from 3% to 5% causes fast 
reduction in compressive strength (Figure 7). The 
final strength of compressive UPE/Al2O3 composite 
samples declined quickly at the weight % of 
alumina in the range of 0% to 1%.After this ratio, 
there is little increase in the composite strength 
until reach to the ratio 3% of alumina particles. 
Final strength of compressive is still lower than the 
neat polyester unsaturated. More alumina content 
caused increase from 3% to 5% leads to rapid 
reduction in compressive strength (Figure 7). It is 
obvious that the ultimate composites compressive 
strengths reduced after alumina content addition in 
both of EP and UPE resins. This might be reasoned 
to the alumina content elevating that lead to the 
weak adhesion between alumina powder and 
matrix which ultimately reduce unsaturated 
polyester and epoxy composites strength. 
Table 7. Al2O3 content effect of (wt %) on the Ultimate Compressive 
Strength of (EP/Al2O3) and (UPE/Al2O3) composites. 

Composition 

Ultimate Compressive Strength, 
(UCS) MPa 
Aluminum Oxide (Al2O3) content  
(wt) % 
0% 1% 3% 5% 

EP/Al2O3 36.90 32.57 30.63 19.45 
UPE/Al2O3 67.92 37.35 40.45 28.07 

 

Figure 7. Ultimate Compressive Strength variation with Al2O3 powder 
content  in EP,UPE resins 
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Conclusion 

1. Composite materials impact strength is 
higher significantly compared to the matrix 
materials and it is directly proportional to 
reinforcement materials fraction weight. 
Composites of epoxy/Al of more impact 
strength compared to composites of 
unsaturated polyester/alumina with 
equivalent reinforcement material weight 
fraction. Impact strength as highest of the 
composite at5 % alumina, that is 82.74% 
higher compared to matrix materials.  

2. Composite materials hardness is higher 
significantly compared to matrix material 
and proportional to reinforcement material 
weight fraction. Hardness enhancement for 
composite material compared to matrix 
material is 0.5-4% for epoxy/alumina 
composites and 0.4-3% for composites of 
unsaturated polyester/alumina. The 
hardness of unsaturated polyester/alumina 
composites is higher significantly compared 
to composites of epoxy/alumina reinforced 
at content of equitant alumina. 

3. Epoxy/alumina composites tensile strength 
reinforced at 5% alumina is 15% lower than 
the matrix material; whereas with 3% and 
5% materials of reinforcement have 8-12% 
higher tensile strength compared matrix 
material. Reduction in tensile strength of 
unsaturated polyester/alumina composite is 
found to be 4-37% in comparison with the 
matrix materials. 

4. The flexural strength and composite 
materials compression strength are lower 
significantly compared to matrix material. 
Epoxy/alumina composites reduction in 
flexural strength was observed as 4-37% 
and 7-20% for composites of unsaturated 
polyester/alumina compared to matrix 
materials whereas epoxy/alumina 
composites compression strength is found to 
be 12-47% and 40-59% for unsaturated 
polyester/alumina composites in 
comparison with the matrix materials. 
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