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Abstract: A composite material was prepared by adding K,CO; particles (<53 pum in size) to 0.3-1.8 wt% unsaturated polyester resin.
The maximum values of tensile strength, hardness, impact energy, and water absorption (%) were 56.885 N/mm? at 0.3 wt%, 86.4 Shore
D at 1.5 wt%, 0.43 J at 0.9 wt%, and 0.9831% at 15 wt% compared with neat values, i.e., 37.4742 N/mm?, 84 Shore D, 0.33 J, and

0.263%, respectively.
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1. Introduction

Traumas, diseases, and surgical intervention lead to the
necessity of alternatives to damaged tissues of the body to
continue the natural function of members and maintain
health through these alternative parts. The alternatives are
usually structural parts of the body, such as the knee, hip,
bone, joints, and supporting bone and teeth [1, 2].

The histocompatibility of materials, such as metals,
ceramics, and polymers, had led to their use in surgical
implants as alternatives to parts affected or supported by
bones. However, metals and ceramics are very limited and
nonbiodegradable.  Conversely, polymeric  materials
(polymers) have drawn increasing attention and are
increasingly used in textile engineering because of their
biodegradability and easy processability [4,3].

The most important applications of these materials are
sutures, transporters for distributing drug into the body,
supporting pillars of the bones, or as a substitute for the
affected bone [5]. Unknown period of survival under
variable stresses is one of the basic restrictions for utilizing
ceramics in the medicinal cases. This limitation leads to the
defects and growth of the notch, as well as the failure of
ceramics, in many medical applications [3].

Single-phase engineering materials, such as metals and
ceramics, do not have the vital attributes similar to the
properties of living tissues, such as bones, because some
vital chemical and physical properties do not co-exist in
single-phase materials. However, these vital attributes can
co-exist in several materials so a composite material is
necessary [6].

Therefore, composites that possess some features may be
appropriate for various applications. These materials gained
prominence among various engineering materials,
considering that the composites combine the properties of
two or more materials to surpass the disadvantages of
individual materials. In addition, composite properties can
be controlled either through the type or ratio of the material

or through the design and methods of manufacturing the
material [2].

The polymer-based composite is prepared from modern
materials used in most engineering and technological
applications. One of the most main requirements for the use
of these materials are good durability, high performance, and
resistance to corrosion and internal and external stresses
acting on them. Moreover, the materials should be able to
resist environmental conditions, such as temperature and
pressure [1,2].

In 1998, Liu et al. studied the chemical linkage of a
composite strengthened with hydroxyapatite (HA). The floor
was made from double polymeric material composed of
polyethylene glycol and polypropylene taffeta. A cofactor on
the link has been noted to improve the mechanical
properties, such as tensile strength and modulus of elasticity
[7]. In 2003, Kai- Uwe studied the improvement of the
bioactivity for polypropylene that was strengthened by HA
as substitute for affected and amputated bones. He used two
sets of samples, one of which was strengthened with
nanoparticles, and the second set was strengthened with
microbes. Moreover, he successfully strengthened the
sample with nanoparticles by cultivation within the body of
the animal for eight weeks [8]. In 2010, Jayabalan et al.
studied the effect of adding nanoparticles from powder
calcined HA. were strengthened with weight fraction (30
wit%) HA to unsaturated polyester resin as base material, and
two different materials in sizes and forms are used rod-like
shaped calcined HA with particle size of less than 100 nm
and spherical shaped calcined HA with particle size of less
than 200 nm. The results show that the unsaturated polyester
resin was strengthened by fillings from the powder calcined
HA nanoparticles, which provided an interfacial bonding
surface. The base material with rod-like-shaped
nanoparticles showed the best coefficients and
biomechanical strengths [9]. In 2010, Khalaf et al. studied
the impact of adding HA particles during preparation, as
well as before and after calcination, as fillings to strengthen
various grains with varied weight fractions (2.5, 5, 7.5, 10,
12.5, and 15) and to unsaturated polyester resin strengthened
with powder calcined HA. This process resulted in higher
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values of resistance to pretensions, coefficient of flexibility,
percentage of extension at break, compression resistance,
factor compression, shock resistance, fracture strength, and
hardness compared with resin strengthened with uncalcined
HA powder. These characteristics are due to the impact of
the calcined and uncalcined HA with different sizes [10].

The mechanical properties of unsaturated polyester are
lower compared with metals and ceramic materials. A
problem associated with this material when implanted in the
living body was its low mechanical properties. Second, the
degradation by non-enzymatic hydrolysis of ester bonds in
their backbone reduces the local pH, which in turn may
induce tissue irritation and inflammation as well as
systematic injury at the site of operation, leading to failure in
the performance of the implant. Polymer acidity should be
regulated by normalization.

Thus, adding an alkaline additive, such as carbonates, to
polyester can provide a pH buffering effect at the polymer
surface, thus avoiding an unfavorable environment for new
bone growth. Moreover, these additives may play an
important role in improving the engineering properties of
unsaturated polyester considering its effects as filler
modifiers. This work is focused on studying the addition
effect especially at low weight fractions of potassium
carbonate (K,COs) in the range of 0.3-1.8 wt% on some
mechanical and physical properties, namely, tensile, impact
energy, hardness, and water absorption, of the unsaturated
polyester.

2. Experimental Part
2.1. Materials

K,CO3 was produced by Thomas Baker (Chemical) Ltd.,
India (Table 1). Matrix material, unsaturated polyester resin,
hardener methyl ethyl ketone peroxide (MEKP), and cobalt
octoate drops of opaque liquid as an accelerator were
produced by Saudi Industrial Resins (SIR). Table 2 lists the
matrix materials used in the study.

Table 1: Physical and chemical properties of the K,CO;
according to producer specifications

Material [Solubility | Density Bul!( pH Par_tlcle
density | value size
15-25
11259/l .43 glem®| 750  |(50 g/l
KeCOs | a0°c) [(20°C) |kgim? |Hp0, |<3H™M
20 °C)

Table 2: Physical properties of unsaturated polyester
resin according to producer specifications

Specific Thermal Volume
Material Viscosity | gravity | conductivity | shrinkage
Unsaturated 1.13
polyester | 500-600 | glem® 0.17
resin cps (25 °C) W/m.°C 7%

2.2. Composite Fabrication

K,CO; was added carefully and gradually to the solution of
pre-accelerated unsaturated polyester resin to avoid the loss
of K,CO; The composite mixture was stirred and

experiential to ensure that the K,CO; was mixed well with
the matrix or until a uniform mixture was obtained. The
mixture was mixed continuously and slowly for
approximately 20 min at room temperature to avoid
bubbling during mixing. MEKP was added to the mixture,
and the mixture was stirred for 5 min. The mixture was cast
in a glass mold by pouring from one corner into the mold to
avoid bubble creation, which causes cast damage. Uniform
pouring was continued until the mold was filled to the
necessary level. The mixture was left in the mold for 24 h at
room temperature to harden. Then, the cast was positioned
inside a dryer oven overnight at 45 °C. This step was
important to reveal complete polymerization (best
coherency) and relieve residual stresses. The samples were
cut according to the standard dimensions for each test,
namely, tensile, impact, hardness, and water absorption
tests, using different cutting tools. The above procedure was
followed in preparing the composites at specified weight
fractions of K,COs.

Water absorption test was accomplished according to
ASTM D 570-98 where the specimens were dried for 24 h
at 50 °C. Conditioned specimens were then immersed in
distilled water at room temperature. Then, the specimens
were taken from the water after 24 h and wiped with a
cotton tissue to remove surface water. The samples were
then weighed to the nearest 0.0001 g. Tensile test was
accomplished according to ASTM D638M-87b [11,12].
Impact test was accomplished according to 1SO-180 [13].
Hardness test was accomplished using Shore hardness D
and according to ASTM D 2240. All tests were conducted
at room temperature.

3. Results and Discussion
3.1 Mechanical Evaluation

3.1.1. Tensile Strength

Figure 1 shows the tensile strength and weight fraction
relationship of K,COs;, which were added to the
unsaturated polyester. The addition of K,COj filler
particles evidently affected the tensile strength of the
material. The maximum tensile strength of K,CO; reached
56.885 N/mm? at 0.3 wit% compared with the tensile
strength of the neat polymer, which is 37.474 N/mm? The
percentage in weight represents the critical weight fraction,
beyond which the strength decreases with increase in filler
content [14]. The results also showed that the tensile
strength increased as the weight fractions increased from
0.3 wt% to 0.9 wt%, but decreased as the volume fraction
increased beyond 0.9 wt%. The decrease in strength may
be due to the fact that the non-wetting of the filler particles
with the matrix and the non-uniform distribution of the
particles [15], weak interfacial bonding at K,CO; and
polyester matrix interfaces, agglomeration of K,CO;
particles, and defects, such as observed porosity [16] as a
consequence of excessive particles that were not well
distributed in the polymer, created the stress intensity in
the polymer matrix and decreased the tensile strength [17].
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Figure 1: Relationship between tensile strength and weight
fraction of the filler particles at 0.3-1.8 wt%

3.1.2. Hardness

Figure 2 shows the relationship between hardness and
weight fraction of the filler particles of K,COjz, which were
added to the unsaturated polyester resin. The results showed
that hardness increased with increasing weight fraction of
filler particles, and reached its maximum amount of 86.4 at
1.5 wt% of K,COs. This hardness value is consistent with
the hardness of the reference polymer (84) because of the
increased wettability and bonding (interaction) between the
matrix and the filler particles.
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Figure 2: Relationship between the Shore D hardness and
weight fraction of the filler particles at 0.3-1.8 wt%

3.1.3. Impact Energy

Figure 3 shows the relationship between impact energy and
weight fraction of K,COs;. The maximum impact energy of
K,CO; reached 0.43 J at 0.9 wt% compared with the impact
energy of the reference, which is 0.33 J after 0.9 wt%. The
results had revealed that the impact energy decreased with
increasing weight fraction of filler particles for all sets of
composite materials. Rapid crack propagation is introduced
through the material when a composite is exposed to an
impact. When such crack propagation encounters filler
particles in the filled composites, the filler particles can
absorb the energy and halt the crack propagation if the filler
matrix interaction is strong. Thus, a weak interfacial
adhesion cannot resist crack propagation as efficiently as the
polymer alone and therefore a catastrophic crack is
propagated, lowering the impact strength [15,18]. This

phenomenon eventually leads to a lowering in the impact
strength of the composites as loading of the filler increases.
For the particle composites, as the filler loading increases,
the tendency for agglomeration also becomes weaker,
leading to weaker interfacial regions. The agglomerates then
act as stress concentration points or crack initiation sites.
Therefore, a reduction in impact strength on increasing filler
loading is expected. As the filler agglomeration increases,
the interfacial adhesion because of the particles, which may
represent points of localized stress concentration, from
which the failure will begin [15]. This phenomenon is
mainly due to the decrease in elasticity of the material
because of filler addition, thus reducing the deformability of
matrix and consequently the ductility in the skin area, so the
composite tends to form a weak structure. Similarly, an
increase in concentration of filler reduces the ability of the
matrix to absorb energy and thus reduce the toughness,
decreasing impact energy [19-21].
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Figure 3: Relationship between the impact energy and
weight fraction of the filler particles at 0.3-1.8 wt%

3.2. Physical Evaluation

3.2.1. Water Absorption

Figure 4 illustrates the relationship between percentage of
water absorption and weight fraction of K,COs;. Water
absorption behavior of polymer-filled composites at a
particular environmental condition is determined by many
factors, such as processing techniques, matrix filler
characteristics, composition of the composites, and duration
of immersion in water [15]. The results revealed that the
percentage of water absorption increased with increasing
weight fraction of K,COj3 and reached its maximum value of
0.9831% at 1.8 wt% compared with the water absorption
percentage of the reference (0.2626%). The increase may be
attributed to the filler particles with higher percentage of
water absorption than the matrix material, especially K,CO3
which has hygroscopic nature and is very soluble in water at
1120 g/L at 20 °C [22].
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Figure 4: Relationship between water absorption percentage
and weight fraction of the filler particles at 0.3-1.8 wt%

4. Conclusions

Tensile strength and impact energy increased as the K,CO;
weight fraction increased at low particle weight range of
0.3-0.9 wt% for prepared unsaturated polyester resin/K,CO;
composites, which were higher than that of the cast neat
resin. The maximum tensile strength and impact energy
were observed at 0.3 and 0.9 wt% K,COg, respectively, and
increasing weight fraction increased tensile strength but
decreased impact energy. The hardness and percentage of
water absorption increased with filler percentage and
reached maximum values at 1.5 and 1.8 wt%, respectively.
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