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Abstract: Metallic implants have been used widely in a lot of orthopaedic applications. Titanium, Ceramics, medical
grade titanium and other metal alloys are been used a lot in orthopaedic implants. The disadvantages of metal implants
however are corrosion and the release of ions, so there is need for finding new acetabular cup materials like polymer
composites. This work is part of the manufacturing and processing of carbon fibre powder/HDPE composite and the
study of its mechanical properties. Mechanical properties are estimated by ASTM standard methods. Results are
represented according to evaluation of composite performance mechanically and show the best choice of composite parts
in order to improve future use in acetabular cups.
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1. INTRODUCTION

Lately, the interest in composite materials is expanding because of their benefits when contrasted with solid

metal combinations. Composites are either normally happening or designed materials that are produced using at least two
constituents. At the end of the day, composites are materials that comprise of strong burden conveying building up
material inserted in a more fragile grid material. Composites have two constituents. The foremost constituent of
composites having a persistent stage and structures the focal piece of the composite is known as the grid (1). Framework
is normally less inflexible and is more pliable. The framework can be either natural or inorganic. The optional constituent
has an intermittent stage and is inserted in the grid. This is known as support (2). The constituents of composites hold
their individual physical and substance properties. Notwithstanding, when consolidated, they produce a mix of properties
that singular constituents would be unequipped for delivering alone. In the previous decade, composite materials have
been utilized as an option in a few lightweights. High strength is utilized as a result of their high solidarity to-weight
proportion and high elasticity (3). With the consistent development and improvement in innovation, the requirement for
various materials with specific properties is expanding day today. The requests can't be accomplished by utilizing existing
metal composites, ceramics, and polymers (4). This is the place where composites come into the image as different
metals, ceramics, and polymers can be blended to get the particular wanted properties.
The engineered fiber-built up polymer in bio-mechanical needs to start to defeat issue sort by clinical professionals. The
muscular specialist is utilizing metallic plates, bone plates for human bone crack. Use of metals in bone obsession, for
example, hardened steel and titanium combination, causes issues like metal incongruence, consumption, and decrease in
bone mass to upgrade bone porosity (5).

Need of Composite as a Biomaterial:

Bones as hard tissue are strong and solidified and have high flexible modulus. Human bones normally are and
on a very basic level composite material made of collagen fiber and nanocrystal of hydroxyapatite, silt in collagen fiber
(6).

The versatile modulus of collagen fiber is low, and hydroxyapatites have a high flexible modulus which contains
70% load of the dry bone and matches the solidness of the bone. With this reality, the composite material has great
biocompatibility.
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2. Objectives and Scope

2.1 Objectives of the Present Work

1. Fabrication of unsaturated HDPE resin reinforced with Carbon fiber powder with and without filler additions.
2. To evaluate the Mechanical characteristics of the prepared composite materials.

a) Mechanical characteristics like tensile strength, compression, flexural strength.

b) To study effects of incorporation of with and without filler addition.

2.2 Scope of the Present Work
Writing close by uncovers that no single gathering of scientists has altogether portrayed the mechanical attribute

of Hybrid manufactured fiber supported HDPE polymer by adding fillers material.

The current work endeavors to utilize the common reused assets to create bio-composite material for biomedical
applications like bone plates, bone screws material for both inner and outside obsessions. The engineered carbon fiber
power is utilized as support in the HDPE gum grid, and silicon carbide is utilized as fillers. Henceforth silicon carbide is
utilized as a stabilizer to an anticipated engineered grid, the polymer connects with the earth, or water is attack through
the organisms.

2.3 Methodology
In this experiment, the material selection is made initially:
e HDPE as the matrix
e  Carbon fiber powder as reinforcement
e Silicon carbide powder as filler
These materials are mixed in different proportions, and composite material is made using the injection molding method.
Tensile and flexural tests of composite materials are done in Tensometer.

3. Selection of Materials

3.1 Selection of Matrix Phase

HDPE has been selected as a matrix as it is a polyethylene thermoplastic made from petroleum with a high
strength-to-density ratio. The density of HDPE can range from 0.93 to 0.97 g/cm3 or 970 kg/m3. However, the density
of HDPE is only marginally higher than that of low-density polyethylene. It is also more complicated and opaquer and
can withstand somewhat higher temperatures (1200C/248 F for short periods). HDPE is non-toxic, tasteless, odorless,
deficient moisture absorption, and has a very low friction coefficient and hence wear resistance. HDPE is among the most
widely used polyolefin because of its high strength, meager cost, excellent process ability, and high chemical resistance.

Fig 1: HDPE

3.2 Selection of Carbon fiber Powder

The reinforcement in a composite material fundamentally increases the mechanical properties and provides
strength to the finished part. The most commonly used reinforcement materials are carbon fiber powder. This is because
many of the desired performance characteristics require the use of carbon/graphite fibers. Fibers are about 5-10
micrometers in diameter and composed mainly of carbon atoms. Carbon fibers have several advantages, including high
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stiffness, high tensile strength, low weight, high chemical resistance, high-temperature tolerance, and low thermal
expansion.

Fig 2: Carbon fiber powder

3.3 Selection of silicon carbide filler

Fillers are particles added to material (plastics, composite material, and concrete) to lower the consumption of
more expensive binder material or better some mixture material properties. Silicon carbide is an excellent abrasive. It has
high strength, low thermal expansion, high thermal conductivity, high hardness, high elastic modulus, excellent thermal

shock resistance, superior chemical inertness.
r

Fig 3: silicon carbide powder

3.4 New data collected
The polymer composites samples are prepared with following compositions:
Table 1: Constituents and their concentration in the prepared composites

Filler (%)
SI. No Composition Composites Reinforcement (%) | Matrix (%)
SiC Al20s
Carbon fibre
1 HSB1 0 100 0 0
powder/HDPE
Carbon fibre
2 HSB2 30 70 0 0
powder/HDPE
Carbon fibre
3 HSB3 30 66 2 2
powder/HDPE
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Carbon fibre
4 HSB4 30 62 4 4
powder/HDPE
Carbon fibre
5 HSB5 30 58 6 6
powder/HDPE

4 SPECIMEN PREPARATION

Injection molding is the most commonly used manufacturing process for the fabrication of plastic parts. A wide
variety of products are manufactured using injection molding, which varies significantly in their size, complexity, and
application. Injection molding machines have many components and are available in different configurations, including
a horizontal configuration and a vertical configuration. A vertical injection molding machine has prepared samples of
different compositions.

The injection unit is responsible for both heating and injecting the material into the mold. The first part of this
unit is the hopper, a large container into which the raw plastic is poured. The hopper has an open bottom, which allows
the material to feed into the barrel. The barrel contains the mechanism for heating and injecting the material into the
mold.

This mechanism is usually a ram injector or a reciprocating screw. A ram injector forces the material forward
through a heated section with a ram or plunger that is usually hydraulically powered. In this way, composite materials
are prepared in mild steel to die using vertical injection molding. These specimens are then cut by water jet machining,
using ASTM standard for tensile and flexural test. The size of the die used is 120mm*120mm*3mm.

Fig 4: Injection molding machine
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Fig 5: Final product is prepared Fig 6: Specimen for testing according to ASTM STD

5 RESULTS AND DISCUSSION
5.1 Tensile Test

Tensile Peak load: According to ASTM-E8

Tensile Peak Load Utlimate Tensile Stress

500
450

400 25

350

200 20

250 15

200
150
100

50
0 0

30

TENSILE LOAD N

10

TEMSILE STRESS MPa

5

1 2 3 4 5 1 2 3 4 5
—Seriesl 3015 330 388 430 440 —a— Seriesl 15.9 17.2 198 228 24
Fig 7: Peak load Figure Fig 8: Ultimate tensile stress

The results of peak load and ultimate strength as a function of filler content of neat HDPE and their composites
are shown in figure 7. For all the composites tested, it is observed that the strength increases linearly with an increase in
filler contents.

At 6 % SiC and 6 % Al,Os filler content with 30% carbon fiber powder reinforced 58% HDPE has the Peak Load of 440
N, ultimate stress of 24.0 MPa, and the lowest value of 301.5N, ultimate strength of 15.9 MPa for Pure HDPE polymer.

The ultimate tensile strength is an engineering value calculated by dividing the maximum load on a material by
the test specimen’s initial cross-section. Figure 8 shows the tensile strength graph versus the Aluminum oxide filler and
silicon carbide filler filled with the carbon fiber powder-reinforced HDPE composite. Tensile strength increases from 0
to 6 wt. % Aluminum oxide filler and silicon carbide filler content is shown in figure 8, whereas the further increase in
Aluminum oxide and silicon carbide filler content increases in tensile strength value. This is because filler particles act
as a barrier in transferring stress from one point to another and increasing aluminum oxide and silicon carbide added
content up to 6 wt. % results in the increase of transfer of stresses from one point to another. Also, as the fiber/filler
content increases, the bonding surface area increases, and hence bonding strength increases. Due to the sufficient amount
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of bonding between three different constituents, the loads are effectively transferred from one end to another. Hence,
there is increase in the tensile strength of the polymer composite.

5.2 Compression Test
Compression Peak load: According to ASTM D-695
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Fig 9: Compression Peak load Fig 10: Ultimate compression stress

Ultimate compression stress

The results of peak load and ultimate compressive stress as a function of filler content of neat HDPE and their
composites are shown in figure 9. For all the composites tested, it is observed that the strength increases linearly with an
increase in filler content.

At 6 % SiC and 6 % Al,Os filler content with 30% carbon fiber powder reinforced 58% HDPE has the Peak
Load of 421 N, ultimate stress of 13.5 MPa, and the lowest value of 250N, ultimate strength of 7.1 MPa for Pure HDPE
polymer.

This is because SiC- Al,Oj3 filler content with Carbon fiber powder reinforced HDPE composite, HDPE
reinforced carbon filler powder with filler addition content shows better results than the pure HDPE.

5.3 Bending Test
Bending Peak load: According to ASTM D-790
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Fig 11: Bending Peak load Figure 12: Ultimate bending stress

Ultimate bending stress

The results of peak load and ultimate strength as a function of filler content of neat HDPE and their composites
are shown in figure 11. For all the composites tested, it is observed that the strength increases linearly with an increase
in filler content.

At 6 % SiC and 6 % Al.Os filler content with 30% carbon fiber powder reinforced 58% HDPE has the Peak
Load of 200.5 N, ultimate stress of 53 MPa, and the lowest value of 90N, ultimate strength of 25.11 MPa for Pure HDPE
polymer.
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This is because SiC- Al;Oz filler content with Carbon fiber powder reinforced HDPE composite, HDPE
reinforced carbon filler powder with filler addition content shows better results than the pure HDPE.

6 CONCLUSION

The current work has been undertaken, to explore the potential of the treated carbon fiber powder reinforced
HDPE polymer composites and to learn the mechanical characteristic of the composites and therefore, mechanical
properties are as follows:
Tensile Test: At 6 % SiC and 6 % Al,Os filler content with 30% carbon fiber powder reinforced 58% HDPE has the Peak
Load of 440 N, ultimate stress of 24.0 MPa, and the lowest value of 301.5N, the ultimate strength of 15.9 MPa for Pure
HDPE polymer.
Compression Test: At 6 % SiC and 6 % Al,Os filler content with 30% carbon fiber powder reinforced 58% HDPE has
the Peak Load of 421 N, ultimate stress of 13.5 MPa the lowest value of 250N, ultimate strength of 7.1 MPa for Pure
HDPE polymer.
Bending Test: At 6 % SiC and 6 % Al,Os filler content with 30% carbon fiber powder reinforced 58% HDPE has the
Peak Load of 190.5 N, ultimate stress of 52 MPa, and the lowest value of 90N, the ultimate strength of 25.11 MPa for
Pure HDPE polymer.
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