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Abstract:
The aim of this work is to study the effect of zirconia, boron carbide, and their
mixture with unsaturated polyester (hybrid composites) on mechanical and thermal
properties of unsaturated polyester. Results show an improvement in the hardness by
41, 38, and 21% at 5% ZrO 2 , B 4 C, and ZrO2+ B 4 C respectively, bending increasing
by 193, 146, and 121% at 1% additives from ZrO 2 , B 4 C, and ZrO 2 + B 4 C
respectively. Also results show an increasing in the compression strength when added
5% from above additives and the improvement percent was 29, 22, and 19%
respectively. The additives materials show a less effect in thermal conductivity
comparing with mechanical properties, this due to that, the reinforcement materials
has a low thermal conductivity. An addition 5% of ZrO 2 + B 4 C shows an
improvement in the weight loss by 33%. It is concluded that ZrO 2 has the ability to
improve the general properties of polymer such as, hardness, bending, and
compression strength, this mechanical properties which is the highly demanded
property in the polymer applications as well as B 4 C improves the polymer properties
less than ZrO 2 .
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اﻟﺨواص اﻟﻤﻴﻛﺎﻨﻴﻛﻴﺔ ﻟﻠﺒوﻟﻲ اﺴﺘر اﻟﻐﻴر ﻤﺸﺒﻊ ﻛﻤﺎدة ﻤرﻛﺒﺔ ﻫﺠﻴﻨﺔ

:اﻟﺨﻼﺼﺔ
اﻟﻬدف ﻤن اﻟﺒﺤث اﻟﺤﺎﻟﻲ ﻫو د ار ﺴﺔ ﺘﺄﺜﻴر اﻟزرﻛوﻨﻴﺎ وﻛﺎرﺒﻴد اﻟﺒورون واﻟﺨﻠﻴط ﻤﻨﻬﻤﺎ ﻤﻊ اﻟﺒوﻟﻲ اﺴﺘر اﻟﻐﻴر
 ﺒﻴﻨت اﻟﻨﺘﺎﺌﺞ ﺘﺤﺴن.ﻤﺸﺒﻊ ) ﻛﻤﺎدة ﻤرﻛﺒﺔ ﻫﺠﻴﻨﺔ( ﻋﻠﻰ اﻟﺨواص اﻟﻤﻴﻛﺎﻨﻴﻛﻴﺔ واﻟﺤ اررﻴﺔ ﻟﻠﺒوﻟﻲ اﺴﺘر اﻟﻐﻴر ﻤﺸﺒﻊ

 ﻤن اﻟزرﻛوﻨﻴﺎ وﻛﺎرﺒﻴد اﻟﺒورون واﻟﺨﻠﻴط ﻤﻨﻬﻤﺎ ﻋﻠﻰ%5  ﻋﻨد إﻀﺎﻓﺔ% 21 و38 و41 ﻓﻲ اﻟﺼﻼدة ﺒﻤﻘدار

 ﻤن اﻟزرﻛوﻨﻴﺎ وﻛﺎرﺒﻴد اﻟﺒورون%1  ﻋﻨد إﻀﺎﻓﺔ% 121 و146 و193  ﻤﻘﺎوﻤﺔ اﻻﻨﺤﻨﺎء ازداد ﺒﻤﻘدار،اﻟﺘواﻟﻲ
 ﻤن اﻟﻤﻀﺎﻓﺎت%5  اﻟﻨﺘﺎﺌﺞ أظﻬرت أﻴﻀﺎ ﺘﺤﺴن ﻓﻲ ﻤﻘﺎوﻤﺔ اﻻﻨﻀﻐﺎط ﻋﻨد إﻀﺎﻓﺔ.واﻟﺨﻠﻴط ﻤﻨﻬﻤﺎ ﻋﻠﻰ اﻟﺘواﻟﻲ
 اﻟﻤﻀﺎﻓﺎت أظﻬرت اﻗﻝ ﺘﺄﺜﻴر ﻋﻠﻰ اﻟﻤوﺼﻠﻴﺔ اﻟﺤ اررﻴﺔ. ﻋﻠﻰ اﻟﺘواﻟﻲ%19 و22 و29 أﻋﻼﻩ ﻓﻛﺎﻨت ﻨﺴﺒﺔ اﻟﺘﺤﺴن

اﻀﺎﻓﺔ. ﻴرﺠﻊ ذﻟك إﻟﻰ اﻨﺨﻔﺎض اﻟﻤوﺼﻠﻴﺔ اﻟﺤ اررﻴﺔ ﻟﻤواد اﻟﺘﻘوﻴﺔ اﻟﻤﺴﺘﺨدﻤﺔ، ﺒﺎﻟﻤﻘﺎرﻨﺔ ﻤﻊ اﻟﺨواص اﻟﻤﻴﻛﺎﻨﻴﻛﻴﺔ

 ﻴﻤﻛن إن ﻨﺴﺘﻨﺘﺞ ﺒﺎن.%33  ﻤن اﻟزرﻛوﻨﻴﺎ وﻛﺎرﺒﻴد اﻟﺒورون ﻛﺨﻠﻴط اظﻬر ﺘﺤﺴن ﻓﻲ ﻤﻘدار اﻟﻔﻘدان ﺒﺎﻟوزن%5

اﻟزرﻛوﻨﻴﺎ ﻟﻬﺎ اﻟﻘﺎﺒﻠﻴﺔ ﻋﻠﻰ ﺘﺤﺴﻴن اﻟﺨواص اﻟﻌﺎﻤﺔ ﻟﻠﺒوﻟﻴﻤر ﻤﺜﻝ اﻟﺼﻼدة وﻤﻘﺎوﻤﺔ اﻻﻨﺤﻨﺎء وﻤﻘﺎوﻤﺔ اﻻﻨﻀﻐﺎط و

 ﺒﺎﻹﻀﺎﻓﺔ إﻟﻰ ﺘﺤﺴن ﺘﻠك اﻟﺨواص ﻋﻨد إﻀﺎﻓﺔ ﻛﺎرﺒﻴد،ﺘﻌﺘﺒر ﻫذﻩ اﻟﺨواص ﻛﺜﻴرة اﻷﻫﻤﻴﺔ ﻓﻲ اﻟﺘطﺒﻴﻘﺎت اﻟﺒوﻟﻴﻤرﻴﺔ

.اﻟﺒورون وﻟﻛن ﺒﻨﺴﺒﺔ اﻗﻝ ﻤن اﻟزرﻛوﻨﻴﺎ

Introduction:
The word composite has a modern ring. But using the high strength of fibers to
stiffen and strength cheap matrix materials is probably older than the wheel. The
composites it has grown rapidly in the past 30 years with the development of fibrous
composites. Composites need not be made of fibers, plywood is a lamellar composite,
particular composites are made by blending silica flour, glass beads, even sand into a
polymer during processing (1).
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There are several researchers were investigates the effect of reinforcement
materials on polymer properties. The structural integrity of combinations of graphite
and glass fibers with a toughened epoxy matrix under dynamic impact loading were
studied by Christors and Levon (2). Zhang used boron carbide as nanowires with
uniform carbon nitride coating on a silicon substrate using a simple thermal process (3).
Huang Study the bioactive and dielectric properties of zirconia thin films (4). Burdick
study the thermal expansion, thermal diffusivity and elasticity measurements, over a
range of temperatures, were made for zirconia bodies modified by additions of MgO,
Al2O3, CeO2, CaO, Ti, and Zr (5). A study of lattice dielectric and thermodynamic
properties of yttria stabilized zirconia (YSZ) crystals as a function of yttria
concentration is reported by Kah (6).
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Materials used:
Zirconia ZrO2:
Zirconia ceramics have a martensite-type transformation mechanism of stress
induces, giving the ability to absorb great amounts of stress relative to other ceramic
materials. It exhibits the highest mechanical strength and toughness at room
temperature. Zirconia has excellent wear, chemical and corrosion resistance and low
thermal conductivity. Zirconia is an extremely refractory material. It offers chemical
and corrosion inertness to temperatures well above the melting point of alumina. The
material has low thermal conductivity. It is electrically conductive above 600°C and is
used in oxygen sensor cells and as the susceptor (heater) in high temperature induction
furnaces. With the attachment of platinum leads, nernst glowers used in spectrometers
can be made as a light emitting filament which operates in air.
Pure zirconia exists in three crystal phases at different temperatures. At very high
temperatures (>2370°C) the material has a cubic structure. At intermediate
temperatures (1170 to 2370°C) it has a tetragonal structure. At low temperatures (below
1170°C) the material transforms to the monoclinic structure. The transformation from
tetragonal to monoclinic is rapid and is accompanied by a 3 to 5 percent volume
increase that causes extensive cracking in the material. This behavior affects the
mechanical properties of fabricated components during cooling and makes pure
zirconia useless for any structural or mechanical application.
Common applications include extrusion dies, wire and pipe extension, guide and
other wear rollers, pressure valves, and bearing materials. Table (1) shows the main
properties of zirconia (7).
Table (1) Typical properties of zirconia.
Density (g.cm-3)
Use temperatures up to (°C)
Hardness (Knoop 100g) (kg.mm-2)
Fracture Toughness (MPa.m-½)
Young's Modulus (GPa)
Dielectric Strength ( kV/mm)
Thermal Conductivity (at 25°C) (W/m.K)
Thermal Expansion Co-eff. x10-6 (°C)
Thermal neutron capture cross section
(barn)
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6.04
2400
1600
13
207
9
2.7
11
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Boron Carbide:
A compound of boron and carbon, especially B4C, an extremely hard, black
crystalline compound or solid solution. It is used in control rods for nuclear reactors,
and as a reinforcing filament in composite structural materials.
Boron Carbide is a well reputed abrasive material. Its hardness is just below
diamond and for this reason it is extensively used as a lapping agent in place of
diamond. In the finishing of semiprecious gems such as ruby, synthetic corundum etc.
Boron carbide powder achieves 60% of the efficiency of diamond paste. It is also used
for polishing high speed steel and carbide tip tools and wire drawing dies. It is reported
in the literature that the development of hard metal cutting tools and high speed steels
could not have been possible without the availability of boron carbide as a grinding and
tapping medium. Table (2) shows the main properties of boron Carbide (7).
Table (2) Typical properties of boron carbide.
Density (g.cm-3)
2.52
Melting Point (°C)
2445
-2
Hardness (Knoop 100g) (kg.mm )
2900-3580
Fracture Toughness (MPa.m-½)
2.9 - 3.7
Young's Modulus (GPa)
450 - 470
Electrical Conductivity (at 25°C) (S)
140
Thermal Conductivity (at 25°C) (W/m.K)
30 - 42
Thermal Expansion Co-eff. x10-6 (°C)
5
Thermal neutron capture cross section
600
(barn)

Unsaturated polyester:
Unsaturated polyester consists of unsaturated material maleic anhydride and
ethylene glycol there are dissolved in a reactive monomer (styrene) as shown in figure
(1), when catalyst is added (Methyl Ethyl Ktone Peroxide MEKP) and accelerator
(Cobalt Naphanate) the double bonds open and an addition reaction leads to the
formation of a highly cross – linked network (8,9).

Figure (1): Unsaturated polyester structure.
Unsaturated polyester was used as the matrix available locally without detail
specifications. The mixing ratio used was 100g of UPE resin with 0.5g accelerator
(Cobalt napthenate) and 2g hardener (Methyl Ethyl Ketone peroxide).

Experimental Procedure:
Zirconia Fiber Preparation:
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The route of ceramic fibers involves the preparation of a concentrated a solution
with which to impregnate a conventional rayon or cotton thread chosen for its wicking
rate. During heating two processes occur; the first, solution is rapidly crystallized when
solvent molecules are flash- evaporated, and the second cotton is pyrolysed, leaving
behind a skeleton of the relevant oxide. This pyrolysis has to be undertaken carefully to
avoid disruption, and is responsible for the hollow tube morphology. The evaporation
stage remove solution from the surface to cause a degree of back-wicking leaving a
center core with no solution. The more rapidly the evaporation can be achieved, the
smaller will be the cross section of the hollow tube.
The manufacturing process of Zirconia fiber is proprietary, although certain
details have been made available which outline the general fabrication route as
illustrated in Fig (2). The innovation fabrication technique involves the use of an
organic precursor fiber, rayon as an internal former. The organic fiber is impregnated
with an aqueous solution of zirconium chloride. During drying the metallic salts are
deposited within the organic fiber which can be burnt off by controlled oxidation.
The fabrication process was achieved by these steps:
1. Preparation the solution of the Zirconium oxychloride in a concentration of 1-M
solution.
2. Selection cotton as a substrate.
3. Impregnation of the cotton from the solution 3 day and extraction the cotton from
the drying in furnace at 100°C.
4. Heat treatment was achieved at two stages, heat treated to a temperature 350°C
slowly, need 4 hrs. to reaching this temperature then raised the temperature to 600°C
and leave the cotton at this temperature to 1 hr. then slowly cooled at furnace(10) .

Figure (2): illustrated Zirconia fiber.

Results and Discussion:
Many tests are carried on to define the extent of the addition effect of the different
percentages of zirconia fibers and boron carbide and their mixture on the properties of
the unsaturated polyester, such of these tests are:
1) Hardness Test:
Brinell hardness was performed according to the ASTM D1415 with samples
dimension (30Øx6) mm, by using universal testing machine (PHYWE).Figure (3)
shows the effect of zirconia fibers , boron carbide, and their mixture on unsaturated
polyester hardness , the results show that, hardness increased with increasing
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reinforcement materials percent this due to diffusion of reinforcement particles between
the polymer chains results in movement inhibition of these chains that increases its
stability besides to hardness for this additives are high, and the results show the
hardness with zirconia higher than polymer reinforced with boron carbide because the
first materials used as fibers ( see figure 2) and this configuration gives more stability
to polymer chine and this will reflected on hardness (11).
290
280

Brinell Hardness (MPa)

270
260
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U.Polyester+ZrO2
U.Polyester+B4C
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Figure (3) Effect of Particle contents on Hardness.

2) Bending Strength Test:
By using same universal testing machine and were performed according to the
D790-86 with samples dimension (120x16x6) mm. The effects of reinforcement
materials percent on bending of polymer shown in figure (4), from this curve can be
observed that with low percent of additives the bending strength increasing this due to
stability of polymer chins because the diffusion of reinforcement particles between the
polymer chains (11), while in high percent of additives the bending strength decreases
this due to the particles extended the distances between the polymer molecules, i.e.
breaking the intermolecular forces between these molecules and this lead to decreasing
500
the cross –linking density (12).

Bending Strength (MPa)

450
400
350
300
250
200
150
U.Polyester+ZrO2

100

U.Polyester+B4C

50
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0
0

1

2

3

4

5

Particles Reinforced (wt %)

Figure (4) Effect of particle contents on bending strength.
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3) Compression Strength Test:
Figure (5) shows the effect of zirconia fibers, boron carbide, and their mixture
on compression strength of unsaturated polyester composite. The compression strength
increasing with increases the additives percent this duo to same above reasons and this
additives work as filler which distances between the polymer molecules and the
compact of composites was increasing and the compression also increased.
180

Compression Strength (MPa)

170
160
150
140
130
120

U.Polyester+ZrO2
U.Polyester+B4C

110

U.Polyester+(50% ZrO2+50% B4C)

100
0

1

2

3

4

5

6

Particle Reinforced (wt%)

Figure (5) Effect of Particle contents on compression strength.

4)

Thermal conductivity Test

It is noticed from Figure (6) that, the additive dosen’t show effect on thermal
conductivity of the polymer, this is due the reinforcement materials was used have low
thermal conductivity.
Thermal Conductivity (W/m.K)

10
U-Polyester +B4C

9

U-Polyester + ZrO2
U-Polyester + (50%ZrO2+50%B4C)

8
7
6
5
4
0

1

2

3

4

5

6

Particles Reinforced (wt%)

Figure (6) Effect of Particle contents on thermal conductivity.

5) Effect of Heat on Samples Weight Loss:
The polymers samples with and without additives are exposed to 120 oC. This
temperature is considered to be as a good accelerating test due to the large difference
with the ambient temperature that polymer exposed to it.
Figure (7) shows the effect of time exposure of heat on weight loss. The
addition of B4C shows the increasing in the weight loss of the polymers; this due to
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Weight Loss (%)

additives particles extended the distance between the molecules and breaking the
intermolecular forces between them. Figure (8) shows the same result when ZrO2 was
added to polymer.
4.0
3.8
3.6
3.4
3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2

Temperature 120 C
U.Polyester
U.Polyester+ 1% B4C
U.Polyester+ 3% B4C
U.Polyester+ 5% B4C

0

24

48

72

96

120

Time (hr)

Weight Loss (%)

Figure (7) Effect of time exposure to heat on polymer weight loss.
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U.Polyester
U.Polyester+ 1% ZrO2
U.Polyester+ 3% ZrO2
U.Polyester+ 5% ZrO2

0

24

48

72

96

120

Time (hr)

Figure (8) Effect of time exposure to heat on polymer weight loss.
Figure (9) shows that, in small percent of (B4C + ZrO2) shows the increasing in the
weight loss of the polymers, above these percent the weight loss depression which
explained as, in the low percent additives decreasing the cross- links density between
polymer molecules so the weight loss increases, while at high percent additives acts as
protector to polymer molecules so the weight loss decreasing and this show clearly in
figure (10).
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Figure (9) Effect of time exposure to heat on polymer weight loss.
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Figure (10) Effect of time additives percent on polymer weight loss.

Conclusions:
Addition of ZrO2, B4C, and ZrO2+B4C to an unsaturated polyester resin in the 1-5%
(this considered relatively low percent) shows that additives act as particulate and
fibers reinforcement results in improvement in the mechanical properties of the
unsaturated polyester via the resulting composite (Table 3).
Table (3) The variation of properties with addition of additives on unsaturated
polyester.
Properties
Hardness
5% add.
Bending
1% add.
Compression
5% add.
Weight Loss
5% add.

Improvement Percent
ZrO2
B4C
ZrO2+B4C
41
38
21
193
146
121
29
22
19
33
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