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Abstract Keywords
In this present work, the egg shell was reinforced with glass fiber in the presence of Egg shell,
epoxy resin and hardener to produce composite gasket using the hand lay-up composite gasket,
method. The experiment was conducted on tensile strength, impact strength, flexural strength,
strength, density, hardness, water absorption and compared with standard gasket. conventional
The best results from the density test (1.68 g/cm?®) and water absorption test (0.35%) gaskets,
are within the range of the conventional gaskets (1.65 g/cm? and 0.38 %). The best simple machinery

results from hardness test (25.47 VHN), impact test (5.14 J) and flexural strength
(21.53 MPa) are significantly low compared to conventional gasket (having impact
strength of 10.67 J, hardness strength of 40.29 VHN, and flexural strength of
2742.74 MPa). Base on the result obtained show that the composite material could
be used as a replacement for some conventional gasket in simple machinery such as
taps, injector nozzles etc. but not to be used in car gasket as they do not possess the
required tensile and flexural strength.

1. INTRODUCTION

Composites exist in nature such as wood, with long cellulose fibers held together by a substance called
lignin. Composite materials are formed by combining two or more materials that have quite different
properties, and they do not dissolve or blend into each other [1-3]. A typical composite material is generally
composed of reinforcement (fibers, particles, etc.) embedded in a matrix (polymers, metals, ceramics, etc.)
[4-8].The composite, resulting from the combination of fibers and matrix, possesses higher specific stiffness
and specific strength, and is lighter than conventional engineering materials [9-13].

A gasket is a mechanical seal that fills the space between two mating surfaces [14-16]. Gaskets can be made
from several flat materials, such as embossed steel, other metals, high temperature fiber materials, graphite,
ceramic composite, cork, rubber, interface materials, and composites that use a combination of the above
[17]. These include gasket production using: maize husk fibers waste tire crumb and coconut coir, rubber and
maize , eggshell and polymer-based [18-21].

Chicken egg shell (E.S) is a biomaterial consisting of calcium carbonate with a weight fraction(of ~95%) and
other materials like (SiO2, AL,Os, P, S, ClI) with a weight ratio (~5%) [22-24]. The generalized egg shell
structure, which varies widely among species, is a protein lined with mineral crystals, usually of a calcium
compound such as calcium carbonate. These characteristics qualify egg shell (ES) as a good candidate for
bulk quantity, inexpensive, lightweight and low load-bearing composite applications, such as the automotive
industry, trucks, homes, offices, and factories. Eggshell has been used as a reinforcement agent in polymer
composites [25-29]. This present study developed a composite gasket utilizing waste egg shells with epoxy
resin.

2. MATERIALS AND METHOD

2.1. Materials

The base material for this research work is eggshell which mostly used as feed for birds and as waste in
Nigeria for landfill, alongside other non-biodegradable wastes. Glass fibre is a commonly used synthetic fibre
made from silicates, soda, clay, limestone, boric acid and various metallic oxides [30], this was used as
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reinforcement. Epoxy resin is a representative thermosetting polymer that has been widely used because of its
excellent thermal and chemical stability and good mechanical properties [31-32] used as binder.

2.2.  Preparation of the Composite

The egg shell was collected from restaurants, bakeries and hatcheries around the Federal University of
Agriculture, Abeokuta. The eggshells were rinsed in water to remove dirt and then soaked in a solution of
dilute hydrochloric acid (HCI) to separate the calcium-rich eggshells from the membranes lying inside the
eggshells [33]. The separated eggshells were sundried and milled using hammer mill. The milled eggshell
was passed through three different sieves of mesh sizes 75, 50 and 25 pm. Broken glasses obtained from
Oshodi, Lagos were also milled using ball milling machine into particles of size 150 microns. Both egg shell
and glass fiber were combined in the same proportion by weight and added to reduced epoxy and hardener.
The mixing ratio of the epoxy resin and hardener is 2:1 [34].

2.3.  Design of Experiment
Below is the optimal design obtained from Minitab.

Table 1: Mixture composition

Sample Number Egg Shell (wt%) Glass fiber (wt%) Epoxy (Wt%)
A -- -- 100

B 25 25 95

C 5 5 90

D 7.5 7.5 85

E 10 10 80

F 125 125 75

The epoxy resin consists of the binder and hardener in the ratio 2:1.

2.4. Method of Production

Hand laying method was adopted in this work. It involved manually laying of the fibre reinforced material in
the mould and applying resin in layers to build thickness with the removal of trapped air by hand or roller
pressure. The composite was then allowed to cure under room temperature and atmospheric pressure for just
above 24 hours and was then removed from the mold.

2.5. Characterization of the Mechanical Properties of the Samples Produced

The density and water absorption rate, were determined using standard method. The static tensile test was
carried out using the UTM, opposite ends of the samples were held by the gauge of the UTM and pulled
apart. The samples elongated in the direction parallel to the applied load. Flexural test was conducted using
three-point and four-point bend testing ISO 178, ASTM D 790, and ASTM D 6272. Impact test was done on
the composite samples according to ASTM D 7136M-05, ASTM D 3763, and 1SO 6603. Hardness test was
measured both at ambient temperature and at an elevated temperature, the materials were placed into the
furnace and maintained at an elevated temperature of 200°C for 30 minutes. After removing the samples
from the furnace the same procedure was used for the hardness measurement. Hardness values were shown
on the screen corresponding to Vickers hardness number.

Plate (a) Dry egg shell (b) Milled egg shell  (c) Milled glass (d) Scale, epoxy resin, hardener& mixed
samples
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3. RESULTS AND DISCUSSION

3.1 Density Test

The results of the density test performed on the manufactured samples are shown in Figure 1. The results of
the Density Test were 0.88, 1.51, 0.96, 1.23, 1.5, 1.68, and 1.65g/cm?, for Samples A, B, C, D, E, F, and CR
respectively. It could be observed that density increased with the addition of reinforced materials (both
eggshell and glass powder), with the exception of Sample B that did not follow the trend. It could also be
seen that Samples F and CR have about the same densities.

The results agreed with Samotu et al., [35], who stated that the addition of a filler matrix to a natural fiber
increases its density. The density of sample F (12.5 eggshell and 12.5% glass fibre) conforms with the
density of the commercially known gasket of popular commercial brand, which lies between 1.60 g/cm?® to

1.65 g/cm?.
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Figure 1: Showing the variation of density with samples

3.2.  Water Absorption

This test was carried out to determine how the gasket would perform when exposed to water or the maximum
percentage of water absorbed by the gasket samples. Figure 2 represents the percentage of water absorption
in terms of the percentage increase in weight for gasket samples produced from egg shell and glass fiber.
Results for the Water Absorption Test were 7.84%, 0.35%, 4.87%, 2.44%, 1.05% and 0.53% for Samples A,
B, C, D, E and F respectively. It could be observed from Figure 2 that water absorption decreased with
increase in reinforced materials except in Sample B that did not follow the trend. The interfacial bonding
between the glass fibers and the natural fibers increases the porosity level [35-36]. The commercially
available gasket of Nissan shows very low water absorption due to their material (stainless steel), and their
application in sealing the top cylinder with the engine block.

C Sample E F CR

Figure 2: Showing the graphical representation of the water absorption test carried out on the samples
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3.3.  Flexural Testing

The results of Flexure Test carried out were 4.07, 10.12, 3.44, 2.88, 64.02 and 32.50 MPa for A, B, C, D, E
and F respectively. Sample E with 10% glass fibre gave the highest flexure stress. Flexure stress generally
decreased with increase in glass fibre except for Samples B, E and F that did not follow a particular pattern. It
can therefore be inferred that hybridization increases the flexure stress of the composite. The random planar
arrangement of the fibers is likely to lead to rigidity and better absorption of compressive forces, increasing
overall bending strength [36]. The results of Sreekala et al., [37]; Arthanarieswaran et al., [38], they reported
that there is a rise in flexural stress with increased glass fiber content in composites, agree with this
statement.
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The results of Flexure Strain at Maximum Stress are shown in Table 2. According to the Flexure Strain at
Maximum Flexure Stress, generally decreased with increase in glass fibre from Samples A to D, except with
Sample B. The Flexure Strain later increased at Sample E and decreased again at Sample F. All the Samples
demonstrated higher Flexure Strain at Maximum Flexure Stress compared with the Control Sample. Whereas
the Control Sample (popular commercial brand) had a higher value of Maximum Flexure Stress than all the
Samples, its Flexure Strain at Maximum Flexure Stress was the lowest. This was due to their material
(stainless steel) which is known to have high Flexure Stress. In this case, the composite gasket is seen to be
lacking and will not be a good substitute where large Flexure Stress is concerned.

Table 2: Flexural test result.

Flexure Strain at

Maximum Maximum Flexure strain at

Flexure Stress Flexure Stress Break
Sample

w0 ek
A 16.6252 2.20267 0.02568
B 30.09051 3.22002 0.03385
C 19.06683 1.82464 0.02116
D 25.12739 1.19003 0.01591
E 64.01973 4.64801 0.04648
F 17.87678 1.64735 0.01931
CR 2742.74725 0.61633 0.00793

3.4  Hardness Test

Figure 3, shows comparison between the hardness properties of each gasket produced. The results of
Hardness Test carried out were 21.67, 25.47, 24.23, 21.93, 22.37 and 23.73 VHN needed for A, B, C, D, E
and F at ambient temperature (25°C) respectively. At elevated temperature (150°C), the hardness values of
Samples A, B, C, D, E and F were 23.42, 28.91, 23.64, 22.17, 21.85 and 26.62 respectively. Sample B
with2.5% eggshell and 2.5% glass fibre gave the highest hardness value. Hardness property generally
decreased with increase in glass fibre except for Samples E and F that did not follow a particular pattern
under the two conditions. The variation in the hardness number of the composite material also agrees with
observations made by Mishra [39] and Agunsoye et al., [40], they stated that the composite's Vickers
hardness test gave values of 15.884 VHN, 16.098 VHN, and 16.88 VHN for 10, 15, and 20 wt. %
reinforcement, respectively, and this is because the amount of Nano-particle addition reaction has increased,
which dominates the cross-linking process and results in the development of a stronger material with
improved hardness. It is essential to know the hardness of the materials because the gasket must have higher
resistance to deformation to prevent leakage after being compressed by the pipe.

60
40

oo b
Samples

W Mean Hardness value at ambient temperature (25 °C) O Mean hardness at
elevated temperature
(150°C)

Figure 3: Graph of variation of hardness with samples both at ambient and elevated temperatures.

3.5 Impact Test

The impact fracture energy of the developed gasket composites. 4.26, 3.65, 4.31, 3.36, 5.14, and 4.08 J for
Samples A, B, C, D, E and F respectively. The low values of the impact strength show that the composite
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gasket can only be used in applications that withstand a low level of impact energy, such as those
encountered in low-pressure systems or simple machinery.
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Figure 4: Graph of variation of impact energy with samples.

3.6  Tensile Strength

Table 3, shows the tensile strengths for Samples. The results were 10.05, 11.25, 8.91, 10.023, 12.347 and
9.023 MPa for Samples A, B, C, D, E and F respectively. The sample composition of 7.5 eggshell powder
and 7.5% glass fibre had the highest tensile strength of 12.347 MPa. It could also be observed that the tensile
strength increased with increase in the glass fibre composition. The tensile strength obtained were generally
lower compared with the Control (456.418 MPa).

Introducing reinforcements lowered the tensile stress obtained for Sample B from 11.23 MPa to 9.023 MPa
in Sample F. Also, introducing reinforcement lowered the elongation percentage at the break of the
composite material from 22.562 % to 7.074 %. This result agreed with that obtained by Kelly et al., [41];
Samotu et al. [35], they reported a decrease in tensile strength of their composites from 87.29 % to 37.50 %
which is a 49.79 % reduction and also Chary and Ahmed, [41]; Agunsoye et al., [40] also stated that
experiment conducted showed that tensile properties of the composites were found to decrease with the
increase in the filler particle size and filler volume fraction. The control gasket sample (popular commercial
brand) shows very high tensile stress 435.579 MPa respectively. This can be due to the material (stainless
steel).

Table 3: shows the tensile test result

Sample Force at Peak Tensile Stress Elongation Elongation at Peak
Percentage at Break
(N) (MPa) (mm)
(%)

A 534.275 10.05 22.562 7.25
B 501.256 11.23 12.31 5.73
C 522.191 8.91 18.324 7.01
D 647.233 10.023 25.79 3.185
E 784.111 12.347 16.844 4.637
F 869.067 9.023 19.46 4.809
CR 1095.403 456.418 13.437 3.231

4, CONCLUSION

Development of a composite gasket using eggshell and glass powder in epoxy resin was carried out in this
work. The eggshell was reinforced with glass fiber at different proportions, in the presence of epoxy resin

and hardener to produce composite gaskets labelled A to F using the hand lay-up method. The mechanical
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tests carried out were tensile strength, impact strength, flexural strength, density, hardness, water absorption
and the gaskets produced were compared with a standard gasket serving as Control. Density values for the
samples ranged from 0.88 to 1.68 g/cm?; Water Absorption values were in the range 0.53% to 7.84%;
Flexural Strengths were in the range 2.88 to 64.02 MPa. Hardness values ranged from 21.67 to 28.91 VHN;
Impact values ranged from 3.36 to 5.14 J while Tensile Strengths were 8.910 to 12.347 MPa. It could be
observed that density increased with the addition of reinforced materials (both eggshell and glass powder),
with the exception of Sample B that did not follow the trend. It could also be seen that Samples F and CR
have about the same densities. Water absorption decreased with increase in reinforced materials except in
Sample B that did not follow the trend. Sample E with 7.5% glass fibre gave the highest Flexure Strength.
Flexure Strength generally decreased with increase in glass fibre except for Samples B, E and F that did not
follow a particular pattern. The highest tensile strength of 12.347 N/mm? was given by Sample E with the
composition of 7.5% eggshell powder and 7.5% glass fiber. Tensile strength increased with increase in glass
fiber composition. Tensile strengths obtained for the Samples were generally lower compared with the
Control (456.418 MPa), with the highest value (12.347 MPa) being given by Sample E. The Sample with the
composition of 7.5% eggshell and 7.5% glass fiber gave the best performance. The gasket produced in the
work will only be suitable for use in simple machinery because of the low flexural and tensile strength.
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