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Abstract

In  this work we studied some mechanical
properties(impact and bending strength) and thermal
conductivities of TiO, reinforced unsaturated poly
ester .volume fractions of TiO, were(3%, 5%, 7%, 9%).it
was found that impact strength decreased with increasing
volume fraction of TiO, while bending strength and
thermal conductivity increased with increasing volume
fraction of TiO,.
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1. Introduction

Composite is a Mixture of two or more constituents of
different physical and/or chemical properties[1] .these
constituents are matrix (polymer ,ceramic or metal) and
reinforcement  (fiber, particle)[2].reinforcement helps
carrying load while matrix keeps it in an appropriate
location and orientation so matrix is a load transfer
medium. As a fact polymers have low mechanical
properties and thermal conductivities than metals( since
have no free electrons responsible for transferring heat) so
it is of importance to improve mechanical and thermal
behavior of polymers( since good thermal conductivities is
so important in many applications that need dissipation of
heat) by incorporating another components with better
mechanical and thermal properties. these components or
so called reinforcements act as load carrying medium thus
protecting polymers from serious deformation so
increasing strength relatively. polymers alone especially
thermoplastic has low resistance to high temperature and
this limits their usage in many application requiring high
heat resistance . glass or carbon filler usually used to
improve heat resistance of polymers. incorporating metal
particles can improve to some extent thermal conductivity
of polymers. composite with enhanced mechanical and
thermal properties could be produced by choosing both
certain reinforcement and accurate volume or weight
fraction of it .particles can modify mechanical properties

(like strength ,toughness or hardness) and thermal
conductivity of composite depending on particle size
,Shape and distribution throughout matrix [3].for example
hardness (resistance of surface to abrasion) could be
enhanced by incorporating rigid particle (like TiO,,SiC
and BN), on other hand impact strength (ability of material
to absorb shock) could be greatly influenced as well .
bending strength (ability of material to deform under
bending load) also influenced by incorporating particles .

2. experimental part

2.1 Materials

unsaturated poly ester of (density 1.2 gm/cm®) used as
matrix , MEKP as hardener and TiO, (particle size 7.5 )
as reinforcement. four different volume fractions of TiO,
(3%, 5% ,7% and 9%) were made.

2.2 Fabrication method

Hand layup were used to made specimens.

2.3 mechanical tests

2.3.1. impact(lzod):

Tests were performed at room temperature according

to(ISO- 179) .relationship bellow used to calculate impact

resistance [4] :
G.=U. /A (1)
Where :
G.: impact strength of material in (J/m?).
Uc : impact energy in (J).

A : cross- sectional area of specimen in (m?).

2.3.2 bending:

Tests were performed at room temperature according to
(D790).dimensions of specimens were(191*13*5) mm[5].
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relationship below wused to calculate modulus of
elasticity[4] :
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Where

M :mass inflicted on specimen in (gm)

g : acceleration (9.8 m/sec?)

L :distance between bearing point in (mm)

S :bending resulting from load inflicted in (mm)

I: moment of inertia of cross section of specimen in

(mm)

moment of inertia can be calculated from relationship
below:

- — 3)
where :

b : specimen width in (mm)
d : specimen thickness in(mm)

2 . 4 thermal conductivity

thermal conductivities of each specimen was measured
using lee disc.

3. results and discussion

3.1 impact:

table below shows results of izod impact:

table 1 : impact strength of specimens

Volume fraction Impact strength j/m?
0% 1052
3% 438
5% 263
7% 263
9% 210

According to these results It is so evident that there is an
inverse relationship between volume fractions and impact
strength. unsaturated polyester without reinforcement has
more impact strength than reinforced ones which means
more ability to absorb most of impact energy and hence
propagate cracks so slowly than reinforced with
TiO,.ceramic fillers may act as a localized stress
concentration points that lead to failure by reducing
elasticity and hence deformability of materials. Bad
distribution of particles also affect negatively the ability of
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materials to absorb shock energy and hence reducing
impact energy [6]. so increasing volume fractions of TiO,
would decrease impact strength .volume fractions of 5%
and 7% showed same effect . figure 1 shows plotting
volume fractions verses impact strengths:
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Fig. 1 volume fractions vs. impact strengths

3.2 bending:

Table below shows young modules in bending:

Table 2 : young modulus in bending

Volume fraction Young modulus in
bending (GPa)
0% 3.5
3% 4.5
5% 4.5
7% 6.5
9% 3.2

According to these results it is evident that young
modulus increases with increase in TiO, volume fractions
(direct relationship between volume fractions and bending
strength) which means increasing in strength and more
resistance to bending load this is because TiO, is more
rigid and have higher modulus of elasticity than
unsaturated poly ester .volume fractions of(3% and 7%)
has same effect except volume fraction of 9% which has
the least value even than unsaturated polyester without
reinforcement. the attribution is that when increasing

volume fraction of reinforcement this would lead to
uneven distribution throughout matrix and hence
ineffective interfacial bonding that bending strength
depend greatly on[7]. Figure 2 shows plotting of volume
fractions verses young modules:
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Fig. 2 volume fractions vs. young modulus in bending

3. 3 thermal conductivity:
table below shows results of thermal conductivities of
specimens

table 3 : thermal conductivities of specimens

Thermal
conductivity
(W/m.K)

0.2
0.29
0.325
0.34
0.375

Volume
fraction

ON|OWw|O

from table (3) we can deduce that thermal
conductivities of specimens increase with increasing
volume fractions . this can be attributed to higher thermal
conductivity of TiOy(1.8 - 10.3 W/m. K) as compared to
unsaturated poly ester so according to rule of mixture
unsaturated poly ester should show some increasing in its
thermal conductivity .figure 3 shows plotting of volume
fractions versus thermal conductivities:
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Fig. 3 thermal conductivities versus volume fractions

4. Conclusions

1. impact strength for unsaturated poly ester
reinforced with TiO2 decreased with increasing
volume fractions of TiO2.

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.
Www.ijiset.com

ISSN 2348 — 7968

2. bending strength for unsaturated poly ester
increased with increasing volume fractions of
TiO2(up to 7%).

3. increasing volume fraction of TiO2(up to 9%)
would reduce bending strength.

4. same effect was found for volume fractions of
5% and 7% in case of studying impact strength
and for volume fractions of 3% and 5% in case of
studying bending strength.

5. thermal conductivity increased with increasing
volume fractions.
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