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ABSTRACT

Purpose: In this study, an environmentally friendly metal matrix was prepared, and the
influence of eggshell powder and CaCO5 particles on the tensile strength and hardness of
recycled aluminium were assessed.

Design/methodology/approach: A matrix made of recycled aluminium was employed.
Calcium carbonate and eggshells served as the study's reinforcing materials. Separately, weight
percentages of 2, 4, and 8% of eggshell and calcium carbonate were used. The samples were
made by sand-casting.

Findings: The results showed that both eggshell and calcium carbonate positively affect the
hardness, yield, and ultimate tensile strength of recycled aluminium. The hardness values were
improved as the percentage of the eggshell increased. The maximum hardness was achieved at
2% calcium carbonate. Similarly, the highest improvement of yield strength was for 2% CaCO4
addition, while the highest tensile strength was obtained at 8% eggshell addition.

Research limitations/implications: To get better results, it would be desirable to use finer
eggshells than those utilized in this study.

Practical implications: Composites made with an aluminium matrix exhibit exceptional
mechanical and physical characteristics. The most challenging obstacle to overcome is the
cost of metal matrix composites. Eggshells are a by-product that could be employed as a
lightweight, affordable form of reinforcement. One way to get rid of this by-product, improve
composite characteristics, and lower the cost of aluminium composite is to use eggshells.

Originality/value: A comparative investigation was carried out to determine the effects of
adding agricultural by-product eggshell, and commercial CaCO; reinforcement material on
the characteristics of recycled aluminium matrix integrated 425 pm sized eggshell and CaCO4
separately as a reinforcement material to create a metal matrix that is beneficial to the environment.
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Recently, industries have demanded the use of
lightweight materials. The lightweight material is essential
since industries have physical restrictions that are frequently
impossible to overcome easily. Additives are one of the
technologies that could help with the issue of producing
stronger yet lighter materials. Composites with a metal
matrix are metals that have additional materials added to
them for reinforcement. Reinforcements are commonly used
to improve the base metal's characteristics, such as hardness,
tensile, fatigue strength, etc. Composites with metal matrix,
which have a lot of applications in the automotive and
manufacturing industries, are attracting increased attention
from researchers. As a base metal in metal matrix
composites, aluminium and its alloys have gotten much
attention because of their high specific strength [1,2]. The
cost of the composite, which is determined by the
reinforcing and matrix materials, is the most challenging
aspect of metal matrix composites. As a result, the demand
for low-cost reinforcements has increased [3]. For this
reason, research on low-cost, lightweight composites is at
the forefront [4].

Chicken eggshell is an agricultural by-product
containing mainly 94% CaCOs and 6% other materials. It is
mainly disposed of in landfills, which severely influences
the environment. According to previous studies, the eggshell
might be used as a cheap, lightweight filler [5,6].

Chaithanyasai et al., 2014 [3], integrated 106 um sized
eggshells into an aluminium matrix using powder
metallurgy. They examined the dispersion of the eggshell in
the aluminium matrix by scanning electron microscope
(SEM) in addition to other physical and mechanical
properties. They found that the incorporation of eggshells
improved the hardness after adding eggshells by up to 14%
by weight. Moreover, the integration of eggshells decreased
the density of the resulting composite. Dwivedi et al., 2016
[7], studied the development of AA2014 alloy with
carbonized eggshell composite. They investigated the
optimum parameters to prepare the composite and assessed
the mechanical properties of the resulting composite. Their
results suggested that electromagnetic stir casting was a
good composite fabricating method. Additionally, their
results revealed that there was a good bond between
aluminium and eggshell. Moreover, the hardness, tensile and
fatigue strength were enhanced as a result of the addition of
a 5% carbonized eggshell with lower density.

Agunsoye et al., 2016 [8], developed an aluminium
ceramic composite by integrating 2-12% of CaCOs of sizes
100 and 150 pm into an aluminium matrix. They evaluated
the microstructure and mechanical properties of the resulting
composite. Their results revealed that samples with

eggshells of size 100 um performed better than the samples
with CaCOs; sized 150 pum.

Dwivedi et al.,, 2017 [9], assessed the physical and
mechanical characteristics of Al-eggshells, Al- CaCOs3, and
Al-SiC metal composite. In comparison to eggshell
particles, results found that adding SiC reinforcement
particles to Al alloy increased hardness and heat-treatable
characteristics. Although, after adding SiC particles to the
Al alloy, porosity and overall cost rose. When compared to
SiC particles, using carbonized eggshells as reinforcing in
the Al matrix produced enhanced physical features at a
lower cost, according to their findings.

Sharma and Dwivedi, 2017 [10], evaluated an aluminium
metal matrix composite composed of aluminium-eggshell-
silicon carbide (SiC) by studying microstructural, physical,
and mechanical properties. Their results showed
improvement in specific strength reduction in porosity for
the Al-2.5% SiC-7.5% carbonized eggshell sample.
Murugana et al., 2018 [11], prepared metal composite with
and without eggshell using stir casting. The combination of
Al and eggshell particles improved overall mechanical
properties compared to Al 6061 alloy. The results indicated
that the integration of eggshell enhanced the mechanical
properties, namely hardness and tensile strength.

Sakthi Balan et al., 2020 [2], evaluated the tensile
strength and the corrosion resistance of A17075- glass fibre
and eggshell composite, prepared by stir casting. The
presence of eggshell enhanced the corrosion resistance of the
composite as it acted as a corrosion inhibitor. Moreover, the
tensile strength improved due to the presence of glass fibre.

W.T. Rashid and K. Rashid, 2021 [12], established a
comparative study to determine how eggshell size and
addition percentage affected the aluminium matrix's
hardness. They integrated 0-12% of eggshell with different
sizes ranging from 100 to 679 um. Their results revealed that
increasing the weight percentage accompanied by finer
powder improved the hardness values. The maximum
hardness value was achieved at the 12% weight percentage
of the eggshell with 100 um.

This study used eggshell powder and CaCOs to reinforce
the recycled aluminium matrix. This research aims to
examine and compare the consequences of eggshell powder
and CaCQOs particles on the microstructures, tensile strength,
and hardness of recycled aluminium.

Recycled aluminium was used as a matrix obtained from
a kitchen cabinet factory. The reinforcement materials used
in this study were eggshells and calcium carbonate. Eggshell
was collected from household trash, while calcium
carbonate was obtained from the local market.
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Eggshells were rinsed in water to eliminate any
undesired material before being dried in the sun. Using a
mixer grinder, the dry eggshells were crushed. The powder
was then sieved for 15 minutes and passed through the No.
40 mesh. The No. 40 mesh in the U.S. Standard mesh size is
a 425 pm sieve opening.

The composite prepared in this investigation was made
of recycled aluminium as a matrix reinforced by eggshells
and CaCO; independently with different reinforcement
materials weight ratios of 2, 4, and 8%. The sample’s
designation and content are illustrated in Table 1.

Table 1.

Samples designation
Aluminium without addition
Aluminium with adding (2%) of eggshell
Aluminium with adding (4%) of eggshell
Aluminium with adding (8%) of eggshell
Aluminium with adding (2%) of CaCOs
Aluminium with adding (4%) of CaCO;
Aluminium with adding (8%) of CaCO;

Fig. 1. Casting process

Depending on the reinforcement utilized, several
production techniques are used when using a matrix of
aluminium to produce products with a variety of intended
functions [13]. In this study, the samples were made using
the sand-casting method. Recycled aluminium cans were
melted in a crucible furnace at about 690°C +5°C and cast
into bars, Figure 1. The reinforcement materials were added
with different percentages of 2, 4, and 8% by weight, which
were mixed manually. For mechanical characteristics
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testing, the cast bars were formed into specified sizes. The
chemical composition of recycled aluminium and
aluminium composite samples was examined by the
ministry of industry and minerals, engineering inspection
and lab department.

Rockwell hardness tests were used to evaluate the effect
of adding eggshells and calcium carbonate to recycled
aluminium. The specimen was cut into the required size, as
shown in Figure 2. The specimen was initially loaded with a
small force of 10 kg.f in the Rockwell hardness test. Then a
major load was applied.

Fig. 2. Hardness test specimens

For the tensile test, which was done according to ASTM
B557-15 [14] the specimens were machined into the
required shape and size to assess the tensile strength, Figure
3. After that, the ends of the specimens were clamped into a
600 KN tensile testing machine (Instron). The specimens
were pulled through their axis until failure occurred.

Fig. 3. Tensile test specimens

3. Results and discussion

3.1. Chemical composition test

The element content in the recycled aluminium,
Al-eggshell, and AI-CaCOj3 samples were listed in Table 2.
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Table 2.
Chemical composition results

Recycled Al Al with 4% Al with 4%

without addition CaCO; eggshell
Si% 0.581 0.364 0.317
Fe% 0.791 0.676 0.619
Cu% 0.0664 0.0260 0.0229
Mn% 0.0325 0.0222 0.0238
Mg% 0.977 0.263 0.218
Cr% 0.0759 0.0154 0.0187
Ni% 0.0622 0.0093 0.0053
Zn% 0.210 0.0602 0.0512
Ti% 0.0886 0.0177 0.0209
V% 0.0356 0.0134 0.0146
Pb% 0.12 0.0332 0.0065
Al% Bal. Bal. Bal.

As listed in Table 2, the main alloying elements were Mg,
Fe, and Si, which were about 0.9, 0.79, and 0.581,
respectively, for the recycled aluminium. Their weight
percentages were 0.26, 0.67, and 0.36 for the alloy
containing CaCOj;. While their percentages were 0.218,
0.67, and 0.317 for the aluminium alloy containing eggshells.

The Rockwell hardness values increase as the percentage
of eggshells increases, as seen in Figure 4. The hardness
increases from 29.5 HR to 40.47 HR for 8% eggshell
addition. The improvement ranged between 6% and 14%
according to the amount of eggshell used (2% or 4%).
Additionally, both a 4 and an 8% addition of calcium
carbonate increases the hardness of recycled aluminium to
about 19.9%. However, the addition of 2% calcium carbonate
resulted in the highest hardness value, which was 49.9 HR,
as opposed to 29.5 HR for the control sample. These results
agree with Agunsoye et al., 2016 [8]. Their results revealed
that adding eggshells improved the hardness, and the highest
hardness achieved by Agunsoye et al., 2016 [8], was at 12%
of eggshell addition with 100 pm size.
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Fig. 4. Rockwell hardness

The ultimate tensile strength and yield strength are
shown in Figure 5. The addition of eggshell and calcium
carbonate enhanced the tensile and yield strength. The
highest tensile strength was obtained at 2% eggshell addition
with 132.8 N/mm? compared with 89.4 N/mm? for the
recycled aluminium without addition. Tensile strength
increased by 20.5% and 39.6% for the 4 and 8% eggshell
addition. While the improvement percentages for the
addition of 2% and 4% CaCO; were 17% and 21.7%,
respectively. Tensile strength drops to almost the same level
as the control sample upon the addition of 8% CaCOs. These
findings agree with Murugana et al., 2018 [11]. Similarly,
the yield strength improved after the addition of eggshell and
calcium carbonate with different percentages. The highest
improvement was for 2% CaCO; addition which was 97
N/mm? as compared with 50 N/mm? for the control sample.
While the yield strength was 68.9 after the addition of 8% of
CaCQOs. The results of the mechanical properties agree with
Agunsoye et al., 2016 [8]. The existence of refractory phase
particles formed by calcium inside the aluminium alloy
matrix further contributes to the Al composites' increased
tensile strength and hardness. Finer grains have more grain
boundaries, making dislocations more difficult to move [15].
It is expected that better hardness, yield and ultimate tensile
strength values would be achieved when using finer eggshell
powder and calcium carbonate [8,12].
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Fig. 5. Ultimate tensile strength and yield strength

The experiments in this study were performed to
evaluate the mechanical properties of recycled aluminium
matrix integrated 425 pm sized eggshell and commercial
CaCOs independently as a reinforcement material. The
findings of the study lead to the following conclusions:

o The Rockwell hardness values rise as the proportion of
eggshells rises, reaching a maximum of 37% for the
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addition of 8% eggshells. The highest hardness value
was obtained, nevertheless, when 2% calcium carbonate
was added.

e Both eggshell and calcium carbonate contribute to the
improvement of the recycled aluminium’s ultimate
tensile and yield strength. At 2% eggshell addition, the
maximum tensile strength was attained. Similarly, the
yield strength improves when varying eggshell and
calcium carbonate percentages are added. 2% of CaCOs
showed the greatest improvement in yield strength.
Compared to previous research, it would be better to use
finer eggshells than the size used in this study to get
better results.

The authors would like to gratefully thank Mustansiriyah
University, https://uomustansiriyah.edu.iq/ Baghdad, Iraq,
for supporting this work.

[1] B. Vijaya Ramnath, C. Elanchezhian, RM. Annamalai,
S. Aravind, T. Sri Ananda Atreya, V. Vignesh,
C. Subramanian, Aluminium metal matrix composites
- A review, Reviews on Advanced Materials Science
38/1 (2014) 55-60.

[2] G. Sakthi Balan, R. Sanjeevi, S. Saravanavel, M.
Ravichandran, Investigations on egg shell powder and
glass fiber reinforced aluminium matrix composite,
MaterialsToday: Proceedings 33/7 (2020) 3683-3691.
DOI: https://doi.org/10.1016/j.matpr.2020.05.800

[3] A. Chaithanyasai, P.R. Vakchore, V. Umasankar, The
micro structural and mechanical property study of
effects of egg shell particles on the aluminum 6061,
Procedia Engineering 97 (2014) 961-967. DOI:
https://doi.org/10.1016/j.proeng.2014.12.372

[4] M. Tisza, High strength steels and aluminium alloys in
lightweight body manufacturing, Archives of Materials
Science and Engineering 88/2 (2017) 68-74. DOI:
https://doi.org/10.5604/01.3001.0010.8041

[5] K.O. Babaremu, M. Udoh, O.S.I. Fayomi, M.E. John,
K.J. Jolayemi, Influence of Eggshell Particulate on the
Mechanical Properties of Aluminum  Matrix
Composite: A Review, Solid State Technology 63/6
(2020) 13659-13668.

[6] A. Nayeeif, Z.K. Hamdan, Z.W. Metteb, F.A. Abdulla,
N.A. Jebur, Natural filler based composite materials,

Archives of Materials Science and Engineering 116/1
(2022) 5-13.
DOI: https://doi.org/10.5604/01.3001.0016.0972

[7]1 S.P.Dwivedi, S. Sharma, R.K. Mishra, Mechanical and
metallurgical characterizations of AA2014/eggshells
waste particulate metal matrix composite, International
Journal of Precision Engineering and Manufacturing-
Green Technology 3/3 (2016) 281-288. DOI:
https://doi.org/10.1007/s40684-016-0036-0

[8] J.O. Agunsoye, S.A. Bello, A.A. Yekinni, S.A.
Raheem, O.I. Awe, Effects of Reinforcement Particle
Sizes on Mechanical Properties of Aluminium/Egg
Shell Composites, UNILAG Journal of Medicine,
Science and Technology 4/2 (2016) 133-143.

[9] S.P. Dwivedi, S. Sharma, R.K. Mishra, A comparative
study of waste eggshells, CaCOs, and SiC-reinforced
AA2014 green metal matrix composites, Journal of
Composite Materials 51/17 (2016) 2407-2421. DOI:
https://doi.org/10.1177/0021998316672295

[10] S. Sharma, S.P. Dwivedi, Effects of waste eggshells
and SiC addition on specific strength and thermal
expansion of hybrid green metal matrix composite,
Journal of Hazardous Materials 333 (2017) 1-9. DOI:
https://doi.org/10.1016/J.JHAZMAT.2017.01.002

[11]T. Anandha Murugan, B. Aravindh, V.
Thirunavukkarasu, Experimental Investigations on
Mechanical Properties of Aluminium and Egg Shell
Matrix ~ Composites, International Journal of
Management, Technology and Engineering 8/9 (2018)
597-602.

[12] W.T. Rashid, K.T. Rashid, Improvement and
Optimization of the Hardness for the Aluminum
Metal Matrix Composite Using Eggshell, Materials
Science Forum 1039 (2021) 42-50. DOI:
https://doi.org/10.4028/WWW.SCIENTIFIC.NET/MS
F.1039.42

[13] L.A. Dobrzanski, A. Dobrzanska-Danikiewicz, A.
Achtelik-Franczak, The structure and properties of
aluminium alloys matrix composite materials with
reinforcement made of titanium skeletons, Archives of
Materials Science and Engineering 80/1 (2016) 16-30.
DOI: https://doi.org/10.5604/18972764.1229614

[14] ASTM B557-15, Standard Test Methods for Tension
Testing Wrought and Cast Aluminum- and Magnesium-
Alloy Products, ASTM International, 2015.

[15] W.D. Callister, D.G. Rethwisch, Materials science and
engineering : An introduction, 10 Edition, Wiley,
Hoboken, 2018.

sl © 2023 by the authors. Licensee International OCSCO World Press, Gliwice, Poland. This paper is an

open-access paper distributed under the terms and conditions of the Creative Commons Attribution-

NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license
AW (https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en).



https://journalamme.org/resources/html/cms/MAINPAGE
https://journalamme.org/resources/html/cms/MAINPAGE

