International Journal of Research in Engineering and Applied Sciences(IJREAS)

Vol. 9 Issue 1, Januray-2019
ISSN (O): 2249-3905, ISSN(P): 2349-6525 | Impact Factor: 7.196

Formation and Study of mechanical properties of High Density Polyethylene and Nanoparticle of Silica
Composite
Deepika Shukla1
Mechanical Engineering Department, Faculty of Engineering and Technology, Rama University,
Kanpur, Uttar Pradesh, India
Shivam Trivedi2
Assistant Professor, Mechanical Engineering Department, FET, Rama University,
Kanpur, Uttar Pradesh, India

Abstract
High density polyethylene based composite is prepared by using silica nanoparticles obtained from
many resources. The reinforcement of high density polyethylene is done by silica nanoparticles due to their
low cost, fairly good mechanical properties and high aspect ratio. A composite has been prepared by mixing
3% silica nanoparticles (by weight) into high density polyethylene by using compression moulding and stirrer.
A uniaxial tension test and flexural testing has been performed on the HDPE composite using UTM and
Impact testing machine in order to determine elongation behavior and flexural strength. It has been observed
by the tests performed that the mechanical properties of HDPE enhances when it is mixed with silica
nanoparticles.
Keywords: HDPE (High Density Polyethylene); reinforcement; UTM; Impact testing machine; flexural
strength.
1. Introduction
This work evaluates reinforcement of high density polyethylene using silica nano particles and as
an alternative reinforcement for High density polyethylene composite due to their fairly good mechanical
properties, low cost and high aspect strength. Lots of silica is wasted in India. The wasted silica is mixed
with high density polyethylene in order to find commercial application. High density polyethylene based
composite has been prepared using silica Nanoparticles obtained from many resources. High density
polyethylene is mixed into silica nanoparticles at 3 % by weight by using moulding and stirrer. The composite
is compression moulded at specific time and temperature. High density polyethylene and silica Nanoparticles
reinforced composite has better flexural and tensile strength than other. Colom et al prepared HDPE
composite using a compounding step at 200 Centigrade in crucible and moulding step at 150 Centigrade in
a compression Die for up to 50 minutes and 4 hours for cooling in air[1].
Polymers are complex and large molecules and are different from that of low molecular weight
compounds like say common salt. These big molecules or macro molecules are consist of many small
molecules. The small molecules, which are combined to form a big molecule, can be of one or more chemical
compound. The polymer is given its name due to the interlinking of many units, poly meaning “many‟ and
mer meaning “part‟. Polymer consists of many small molecules which have combined to form a single large
molecule. The individual small molecules from which the polymer is formed are known as monomer and the
process by which the monomer molecules are linked to form a large polymer molecule is called
“polymerization‟. A polymer is a chemical compound or mixture of compounds consisting of repeating
structural units bonded by covalent chemical bonds created by the process of polymerization. A monomer is
International Journal of Research in Engineering & Applied Sciences
Email:- editorijrim@gmail.com, http://www.euroasiapub.org

An open access scholarly, Online, print, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.

7

International Journal of Research in Engineering and Applied Sciences(IJREAS)

Vol. 9 Issue 1, Januray-2019
ISSN (O): 2249-3905, ISSN(P): 2349-6525 | Impact Factor: 7.196

a compound of low molecular weight that can be joined together to give a polymer and a monomer is a short
polymer chain. Plastics are typically organic polymers having high molecular mass, but they usually contain
other substances. They are generally synthetic, most commonly extracted from petrochemicals, but many are
partly natural. Majorly, there are seven commodity polymers in use – polypropylene, polyethylene,
polystyrene, polyvinylchloride, polycarbonate and polyethylene-terephthalate. These all make up nearly 97%
of all polymers and plastics are experienced in daily life.
To overcome some of the limitations of polymers, the composites are prepared by adding some
more materials to the basic polymers. Composites are light weighted, compared to the most metals and woods.
Their light weight is critical in airplanes and automobiles, for instance, where less weight stands for better
fuel efficiency. Composites have the highest strength to weight proportion in structures today. Composite
materials are gaining popularity in the new generation industries because of their existing properties like High
strength and stiffness, environmental friendly nature, chemical and corrosion resistance, ease of fabrication,
and economically efficient properties. Researchers mainly focus on the improvement of thermal and
mechanical properties of the developed composite material. The polymeric matrix is usually selected on its
inherent properties, product need, availability, cost, and the manufacturer's familiarity with the material.
Polymeric matrices include both thermoplastic and thermosetting resins [2-4]. Most composites based on
thermoplastics for use in interior and exterior building components are currently produced from polyethylene
[5] and polypropylene [6].
High density polyethylene is the most common matrix material used for the composite material
development. This is because of the properties of HDPE like low price, good adhesion to almost all substrates,
chemical stability, good mechanical properties, high adhesive strength, high hardness, excellent heat and
moisture resistance, high damping properties, higher intermolecular forces etc. Because of the desirable
properties of HDPE is now widely used in mechanical, chemical, electrical and electronics engineering
applications, as well as in aerospace and aviation industries
In order to further enhance the scope for its applications, it can be modified or blended with different
inorganic fillers. It is reported that higher loadings of macro sized fillers are needed for improving the tensile
strength whereas only small amount of nano-sized fillers like MWCNT, silica, titanium, CaCO3 improve the
toughness of the composites [7]
It has been suggested that the limitations of the composites should be addressed by the use of different
fillers to enhance the scope for their utilisation. Considerable improvements in elastic modulus and creep
resistance have been achieved by using surface treated nano-silica particles [8].
Chrissafis et al.[9] have observed that addition of SiO2 nano particles enhances the mechanical and
thermal properties. PMCs are light weighted with high stiffness and strength along the direction of the
reinforcement. Therefore they are useful in aircraft, automobiles, and other moving structures [10].
2. Experimental procedure
HDPE and nanoparticle of silica are taken as raw material. Silica is selected for reinforcement of Hdpe. Silica
have special properties for binding. So we select the silica nanoparticle. A composite sample has been
prepared by mixing homogeneous liquid of hdpe and nanoparticles of SiO2.
A uniaxial tension test is performed to examine the elongation behavior of a polymer. A dog bone shape polymer
sample is usually employed in this type of test. The specimen used represented in Table 1.
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Table 1. Description of sample of tensile test
Code No.

Tensile Sample 1 and 2

Sample details

HDPE AND SIO2 COMPOSITE

Length

115.00000 mm

Rate 1

100.00000 mm/min

Temperature (deg C)

25.00

Humidity (%)

55.00000

Figure 1. Tensile test of specimen
Flexural test has also been performed on the sample in order to determine flexural modulus. The description
of sample is discussed i Table 2.
Table 2. Description of sample of flexural test
Test: Rate 1

2.77000 mm/min

Text Inputs: Sample details

HDPE & Nano particle of Sio2

Number Inputs: Temperature (C)

18.00

Number Inputs: Humidity (%)

50.00
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Figure 2. Flexural test of specimen
3. Results and discussion
A uniaxial tension test has been performed on the sample prepared and the results obtained are discussed below:
Table 3. Observation of tensile test
Stages

Length

Thickness

Width

Maximum Load

Tensile stress at Maximum
Load (MPa)

(mm)

(mm)

(mm)

(N)

1

115.00000

6.50000

12.90000

1050.80

12.5

2

115.00000

6.50000

12.90000

941.95

11.2

Maximu
m

115.00000

6.50000

12.90000

1050.80

12.5

Minimu
m

115.00000

6.50000

12.90000

941.95

11.2

Mean

115.00000

6.50000

12.90000

996.38

11.9
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Figure 3. Graph between Load v/s Extension under Tensile Force.
The flexure tests are usually performed to determine the flexural strength or flexural modulus of a material. A
flexure test is much reasonable compared to the tensile test and test results are moderately different. The
material is kept horizontally over two points of contact (lower support span) and after that a force is applied
on the top of the material through either one or two points of contact (upper loading span) until the sample

International Journal of Research in Engineering & Applied Sciences
Email:- editorijrim@gmail.com, http://www.euroasiapub.org

An open access scholarly, Online, print, peer-reviewed, interdisciplinary, monthly, and fully refereed journal.

11

International Journal of Research in Engineering and Applied Sciences(IJREAS)

Vol. 9 Issue 1, Januray-2019
ISSN (O): 2249-3905, ISSN(P): 2349-6525 | Impact Factor: 7.196

gets failed. The maximum noted force is known as the flexural strength of that particular sample. The
following results are obtained by performing flexural test on the specimen:
Table 4. Observation of flexural test
Stages

Maximum
Load

Flex Modulus

Width

Thickness

Support span

(MPa)

(mm)

(mm)

(mm)

(N)
1

73.20

666.50

13.00

6.50

104.00

2

62.07

644.07

13.00

6.50

104.00

Maximum

73.20

666.50

13.00

6.50

104.00

Minimum

62.07

644.07

13.00

6.50

104.00

Mean

67.63

655.29

13.00

6.50

104.00

Figure 4. Graph between Flexure Stress v/s Flexure Strain
4. Conclusions
1. With the results of tensile test and flexural test we can conclude that tensile and flexural property of
hdpe, nano silica give positive effect.
2. We can see that when we use hdpe in pure form it has slightly low properties but when we used with
silica it gives better performance.
3. Incorporation of nano-SiO, particles that are pre-treated by graft polymerization into HDPE is a much
effective way for improving some mechanical properties of the matrix. This kind of improvement can
be acquired at a nano-SiO, content as low as 0.75 ~01%. The mechanical response of the modified
nanoparticles composites behaves differently, especially when elongation to break is taken into
consideration, depending upon the structural nature of the polymers.
4. It is able to further enhance the stiffness and strength of the composites in comparison with the case
where no cross linking is carried out. Silica increases flexural strength and tensile strength near about
8% and 10% respectively and several more property can be increases by several additives.
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