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Abstract
In the current work, the influences of titanium oxide (TO) on nanocomposites using epoxy (EP) resin have
been investigated. EP resin was added to various contents in terms of volume of TO (6%). Based on the casting
method, the TO-EP nanocomposites were prepared. Mechanical properties in terms of tensile, impact and
hardness properties exhibited improvements in the mechanical results of the TO-EP nanocomposites. The
experimental results exhibited that the enhancement in the tensile strength, impact, and hardness was found
to be 14 MPa, 40.1 J/mm2 and 228.9 HV, respectively. Moreover, the effect of the strength has decreased
compared with pointing to brittleness that increased the TO-EP nanocomposites. Field emission scanning
electron microscopy (FESEM) analysis was used to perform a microstructure analysis which in turn revealed
how TO obstruction the cracks propagation in the nanocomposites. The interface between the TO and
the EP nanocomposites was observed using the FESEM images. The results highlighted that the TO-EP
nanocomposites can be used a wide range of industrial applications such as biomedical application.
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1. INTRODUCTION
Titanium oxide (TO) nanocomposites can be defined as carbon-
based materials that can be used to deliver exceptional perfor-
mance at low cost. Moreover, TO nanocomposites have high
tensile strength and Young’s modulus [1–4] where they were
utilized in various aerospace and mechanical applications. Since
the 1950s, carbon fiber composites have been used and found
widespread where have considerable mechanical properties with
good features such as easy to manufacture and lightweight [5–9].
In order to enhance the mechanical properties of the parent
polymer material [10, 11], TO is utilized as fillers in polymer
composite system [12]. TO-epoxy (EP) systems able to deliver
strong and light materials with several advantageous character-
istics. In an elastic EP matrix, the effect of TO was investigated
in [13] by adding 6 vol.% of TO in order to improve the micro
hardness, Young’s modulus and impact strength. However, their
proposed method to prepare the solution mixture was the inef-
ficient to obtain efficient distribution of the TO within the EP

substrate; hence, a microscopic specific test indicates that some
conglomerate tens of a large micrometres afterward the mixing
were found. The mechanical properties of EP-based nanocompos-
ites have been investigated using sonication and surfactants after
dispersing TO as reported in Kalali et al. [14, 15].

Li et al. [16] presented the modulus of EP-based composites.
Ma et al. [17] achieved substantial progress in the dispersion
and adhesion of EP matrix and carbon nanotubes based on the
nanotubes functionalization. Where, TO can be made a portion
of the EP network where the functionalization leads to increase
the polarity. Previous studies showed that the homogeneous dis-
persion was achieved when TO was utilized to reinforce EP-based
nanocomposites [14, 18–20]. While in the current study, the aim
is to increase the content of the TO and the homogeneity of
dispersion without using the solvent. Where, in the EP matrix,
the part of the TO is increased leading to enhance the mechanical
properties with improvement in the tensile strength and hardness.
The TO-EP nanocomposites are brittle due to the reduction in the
effect of strength.
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Table 1. Ratio of the nanocomposition in terms of EP resin, TO and hardener.

TO-EP nanocomposites Percentage cont. of TO (vol.%) EP

Resin (vol.%) Hardness (vol.%)

Intrinsic EP 0.0 75 25
EP + 1.5 vol.% 1.5 69 29.5
EP + 3.0 vol.% 3.0 68 29
EP + 4.5 vol.% 4.5 67 28.5
EP + 6.0 vol.% 6.0 66 28

2. MATERIALS AND METHODS
2.1. Material
2.1.1. Titanium oxide
In the current work, the TO was provided by the University
Kebangsaan Malaysia, Malaysia. Where a modified Hummers
technique was employed with potassium permanganate as oxidiz-
ing agents and sulfuric acid in order to get a natural dispersion of
the TO. HCl (5%) and DI H2O were used to purify the product
and ultra-sonication was utilized to exfoliate it, where the TO
dispersion has been obtained.

2.1.2. Matrix
The EP system consists of 25% hardener and 75% clear EP resin
where the amounts of TO is varied to get the nanocomposites.
The viscosity of the clear EP resin was ranged between 11 000
and 14 000 cps. In addition, a non-methylene dianiline aromatic
amine that is prepared by the Daemyung Chemical Technology to
be used as a curing catalyser (i.e. Amicure 101) has been employed
in order to obtain an accurate wetting boundary condition to the
TO strengthening filler.

2.1.3. Preparation of nanocomposites (TO-EP)
The sample preparation and the experimental procedure were
conducted according to the flow chart shown in Figure 1. In terms
of volume, various percentages of TO namely: (0, 1.5, 3, 4.5, 6)
have been utilized to get blends of EP with equivalent ratio of EP of
75:25 where the mixture of the nanocomposites was accomplished
after 10 min at a temperature of 25◦C where the prepared sample
was placed in the oven at 3.5 h. The oven has been set at 40◦C in
order to dispose of moisture that can be adsorbed on the surface.
The room temperature at 25◦C for 48 h, the reaction between TO
and EP was achieved. Table 1 shows the contents of TO and EP.

2.2. Mechanical properties
2.2.1. Tensile properties
For the tensile test specimen purpose, dog bone-shaped as shown
in Figure 2. A machine from Instron Company was utilized to
carry out the mechanical ductile test at a constant temperature of
25◦C and fixed extension rate of 1 mm/min as shown in Figure 3.
In order to enable a reasonable analysis with materials for flexible
and ductile, the loading percentage ratio at a slight value was kept.

Figure 1. Sample preparation and experimental set-up.

Moreover, the tensile strength, strain, modulus and % elongation
were measured based on Bluehill software. The American Society
for Testing and Materials (ASTM) standard D638 was applied
after the tensile test where five samples of the contents of TO from
0 to 6 vol.% were involved.

2.2.2. Impact properties
In order to carry out the Charpy impact tests, CEAST 6545
pendulum has been utilized based on the common standard
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Figure 2. Tensile sample for various contents of TO vol.%.

Figure 3. Universal testing machine.

(ASTM D 638). The specimens’ sizes of 11.4 cm × 1.2 cm × 0.2 cm
were installed in a straight manner with the long axis is complying
with the horizon as a simple beam from both ends as displayed in
Figure 4. The nick was shaped at the center of each sample. The
total fracture energy based on the Charpy impact strength in order
to break the sample where it is calculated for a sample with a single
nick based on the following equation:

(acu) = w
h.b

× 10−3, (1)

2.2.3. Hardness properties
A micro-hardness tester was used to obtain average readings of
hardness by measuring two points. The unit was set based on to

Figure 4. Charpy model impact specimen.

Figure 5. Shore hardness specimen.

Figure 6. Tensile strength of TO-EP nanocomposites at various contents of TO.

Vickers hardness and the indentation average diagonal length was
measured as indicated in Figure 5. Vickers hardness was obtained
based on Equation (2) as follows:

HV = 2Fsin 136◦/2/d2or

HV = 1.854F/d2 (
approximately

) (2)

3. RESULTS AND DISCUSSION
3.1. Tensile properties
According to the tensile tests results, the tensile strength, Young’s
modulus, load and elongation increased with adding TO, while
the fracture strain was decreased [21, 22]. As can be seen in
Figure 6, tensile strength increased from 8 to 14 MPa when the
TO was added into the EP nanocomposites. Where the maximum
strength of 14 MPa was obtained at the content of TO of 1.5 vol.
while the increasing of the content of TO beyond this value leads
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Figure 7. The effect of TO-EP of nanocomposites on Young’s modulus at various
TO contents.

Figure 8. The effect of TO-EP nanocomposites on max. Load at various TO
contents.

Figure 9. The effect of TO-EP nanocomposites on elongation at break at TO
various contents.

to decrease the tensile strength to 8.5 MPa. In order to carry out
parametric studies, the effects of addition of TO on the nanocom-
posites mechanical properties were investigated in terms of oxida-
tive treatment, structure and concentration level. Where, the TO
content influence on the EP nanocomposites Young’s modulus
is shown in Figure 7. For the concentration range of the TO
content between 0 vol.% and 6 vol.%, Young’s modulus obviously
increased from 120–211 MPa. While the dispersion and surface
functionality of the material is firstly insufficient, the properties of
the nanocomposites were improved by adding the TO. Moreover,
the compatibility between the EP matrix and TO led to improve
the interfacial adhesion. The maximum tensile strength of 238 N

Figure 10. The variation of impact strength with TO content.

Figure 11. Effects of TO content on nanocomposites hardness.

in terms of applied load on the TO-EP nanocomposites was at
1.5 vol.% content of the TO. At the TO content of about 1.5 vol.%,
where the applied load is increased as of 130 up to 238 Newton.
As can be seen in Figure 8, the applied load has been decreased
intensely from 238 reaching to 139 Newton as the content of
the TO was varied from 1.5 vol.% to 6 vol.%. The effect of the
content of TO on the elongation was shown in Figure 9 where the
elongation increased with increasing the break. At TO content of
6 vol.%, the elongation value was 66% compared with 56% at TO
content of 1.5 vol.%.

3.2. Impact properties
Figure 10 presents the results of the test of the Charpy impact
where five samples of single-notched were utilized. When TO
was added with the content of 4.5 vol.% that led to increase the
total gained impact energy from 2.6 as an initial value up to
40.1 J/mm2. While the impact strength reduced to a confirmed
value of 32.4 J/mm2 when TO composition was 6% (volumetric
percentage ratio%). The EP nanocomposites matrix combined
with TO led to enable the formation of the chemical bond with
EP the filler and resin [23].
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Figure 12. Tensile samples images of FESEM fracture surface (a) at pure EP (b) at TO content of 3 vol.% (c) at TO content of 6 vol.% (d) influence fracture surface
at TO content of 6 vol.%.

3.3. Properties of microhardness
The TO effect on the EP matrix hardens is clearly illustrated in
Figure 11 below. It can be seen that the hardness was 225.2 HV
at 1.5 vol.% TO. While the hardness increased to reach the max-
imum value of 228.9 HV at TO content of 3.0 vol.%. Moreover,
it can be found that the lowest value of Vickers hardness was
obtained at TO of 6 vol.%, so this increment may be accredited
to the proposed value of the aspect ratio of TO and high modulus.
The voids generated through the fabrication increased at higher
TO content. Moreover, the results of the hardness test indicated
that the cooled samples were better than the sample at normal
environment conditions (i.e. at room temperature).

3.4. Field emission scanning electron microscopy
Figure 12 shows the obtained images from the field emission
scanning electron microscopy (FESEM) for tensile fracture sur-
faces with pure EP resin. From Figure 12a, it can be noted that
a smooth fracture surface was obtained at ×100. The sample
with 1.5 vol.% TO is shown in Figure 12b where the fracture
surface comes to be cloud-like and rougher due to adding more
TO. The growth of a micro cracks in a random manner are
indicating that the TO grid considered as an undesired case as a
results of wide specific surface area. Moreover, the rising adhesion
component with the matrix was identical solid. Consequently,

the addition of TO led to enhance the nanocomposites strength,
while the TO addition more than 1.5 vol.% led to the development
of clusters through the TO network in the micron scale. The
strength of the nanocomposites was deteriorated due to the stress
transfer from the resin matrix to the TO network which was
discovered in more details in [24]. The cross sectional generated
area of the fracture surface of the nanocomposites beyond a
tensile test at 6 vol.% TO is shown in Figure 12c. From FESEM
image, it can be seen from FESEM image that TO was normally
discrete suitably in the matrix [25]. For the impact test at 4.5
vol.% TO, the morphology of the fractured surfaces is shown
in Figure 12d and indicated that the fracture surface was non-
uniform. Due to the TO agglomerates, the polymer flow was
hindered. The indicator of brittleness with a coarser topogra-
phy surface can be seen in the surface of the nanocomposite
than neat EP. Also, in the EP matrix, the pull-out of the TO
decreased.

4. CONCLUSIONS
Based on its outstanding mechanical features and excessive aspect
ratio, TO has great potential. Therefore, in the current work, the
effects of TO on EP matrix nanocomposites was investigated. The
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results showed that adding TO with volume of 1.5% to the EP
matrix led to improve the nanocomposites in terms of Young’s
modulus, hardness and the tensile strength compared with the
pure EP matrix. The nanocomposites homogeneity showed a
considerable impact on the mechanical properties of nanocom-
posites. Where it showed that Young’s modulus increased with
increasing the TO volume from 1.5% to 6%. Moreover, adding TO,
the impact and tensile strength increased. The results showed the
potential advantages of using TO-EP nanocomposites in various
applications such as biomedical applications.
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