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Influence of Al:Os; and MgO Particle Reinforcement
on the Thermal and Sound Insulation Properties of Epoxy Composites

Hussam Raheem Henawi Adnan Raad Ahmed
Department of Physics, College of Education for Pure Sciences, University of Tikrit, Tikrit, Iraq.
e-mail: 1* hr230059pep@st.tu.edu.iq

Abstract:

In this study, the effect of incorporating ceramic particles (Al2Os and MgO) individually into
epoxy resin at different weight percentages (10%, 12%, and 14% wt) was investigated, focusing on
their influence on insulation properties. The composites were prepared using the hand lay-up mold-
ing technique. The samples underwent thermal conductivity and sound insulation tests. The results
revealed improvements in the studied insulation properties with the addition of ceramic particles.
Thermal conductivity decreased with the incorporation of aluminum oxide (Al20s), reaching its
lowest value at 10% wt (0.279 W/m-°C). In the case of magnesium oxide (MgO), the lowest thermal
conductivity was observed at 14% wt, recording a value of 0.240 W/m-°C. Sound insulation results
also demonstrated a reduction in sound intensity compared to the neat (unreinforced) epoxy sam-
ple. The addition of 14% wt Al.Os showed the highest sound insulation efficiency, where the sound
intensity dropped from 98.1 dB at 100 Hz to 99.5 dB at 10,000 Hz. Similarly, the best reduction in
sound intensity for MgO-reinforced composites was achieved at 14% wt, with sound intensity de-
creasing from 97.8 dB at 100 Hz to 99.2 dB at 10,000 Hz.

Keywords: Composite materials, Ceramic particles, Epoxy, Thermal conductivity, Sound
insulation.
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Test Method Typical Results
Compressive strength (BS 6319) 53 N/mm? @20°C
Density(20 °C) 1.1 kg/l
Coefficient of Thermal Expansion 89x10-6 per °C (from-20 °C to +60 °C)
Viscosity (mpa.s) 1000 @10 °C
. 20minutes @ 20 °C
Pot life :
10minutes @ 30 °C
Specific gravity 1.04
Mixed viscosity 500mpa.s @ 20 °C
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14 0.428 £0.040305 0.240 £0.013435
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Frequency Pure ALO, ALO, ALO, MgO MgO MgO
(Hz) (10%) | (12%) | (14%) | (10%) | (12%) | (14%)
100 101.8 100.6 98.7 98.1 100.8 98.3 97.8
200 101.8 100.7 98.8 98.1 100.8 98.4 97.9
300 101.9 100.8 98.9 98.1 100.9 98.4 97.9
400 102 101 99 98.2 100.9 98.5 98
500 102.1 101 99 98.3 101 98.5 98
600 102.1 1071.1 99.1 98.3 101.1 98.6 98.1
700 102.1 1071.1 99.1 98.4 101.2 98.7 98.1
800 102.2 101.3 99.2 98.4 101.2 98.7 98.2
900 102.2 101.3 99.3 98.5 101.2 98.8 98.4
1000 102.3 101.3 99.4 98.5 101.3 98.9 98.4
2000 102.5 101.4 99.5 98.6 101.5 99 98.5
3000 102.6 101.6 99.6 98.7 101.6 99.1 98.6
4000 102.7 101.7 99.7 98.8 101.7 99.2 98.7
5000 102.8 101.9 99.8 99 101.8 99.3 98.8
6000 102.9 102 99.9 99.1 1701.8 99.5 98.9
7000 103.1 102.1 100 99.2 101.9 99.6 99
8000 103.2 102.3 100.1 99.3 102 99.7 99.1
9000 103.2 102.4 100.2 99.4 102.1 99.8 99.2
10000 103.4 102.5 100.3 99.5 102.3 99.9 99.2

J=o sl 5505 JIALO, 3365 L5Ls) 6ol Conclusions &L Liiw Ul .5

s LS5 gl Al asly 5 e (KD Sl !
3565 Do ol G (3 A oS 5 V1 e 3
= S Jeo sl Jalne oLisil I MgO
A el
MgO 5 ALO, &Sl el sl oLl L) (651 .2

PSS I PP BV PO | Y P
=1 Al (Mg05 ALOs) &Sl sndl sl o1 25U
I3l ol 5 b Ll Sl s 5o 5]
Sl L o ) 05 gl 0l
L JuW



183 ||

dudlyell de olall - duy il duds - duodellg dugy il Sluwlyal ddao
02025 Jgli - cbjudll pgle - JgUl adaoll - g uirellg gusludl sxoll

ing, Effects of calcium carbonate on prepa-
ration and mechanical properties of wood/
plastic composite, International Journal of
Agricultural and Biological Engineering 10,
184 (2017).

[7] A. Pradeep and T. Rameshkumar, Re-
view on centrifugal casting of functionally
graded materials, Materials Today: Proceed-
ings 45, 729 (2021).

[8] A. A. Ibrahim and M. F. Hassan,
Study the mechanical properties of epoxy
resin reinforced with silica (quartz) and alu-
mina particles, Iraqi Journal of Mechanical
and Material Engineering 11, (2011).

[9] W. D. Callister and D. G. Rethwisch,
Fundamentals of Materials Science and En-
gineering: SI Version (John Wiley & Sons,
2022).

[10] W. Zhou, Y. Wang, F. Kong, W. Peng,
Y. Wang, M. Yuan, X. Han, X. Liu, and B. Li,
Advances in liquid crystal epoxy: molecular
structures, thermal conductivity, and promis-
ing applications in thermal management, En-
ergy & Environmental Materials 7, 12698
(2024).

[11] Z. Han and A. Fina, Thermal conduc-
tivity of carbon nanotubes and their polymer
nanocomposites: A review, Progress in Poly-
mer Science 36, 914 (2011).

[12] P.-S. Shin, J.-H. Kim, K. L. DeVries,
and J.-M. Park, Manufacturing and qualita-
tive properties of glass fiber/epoxy compos-
ite boards with added air bubbles for airborne
and solid-borne sound insulation, Composites
Science and Technology 194, 108166 (2020).

)l il e (35l Il i
14@\&3_%5&)\@5}(_:9&\:\)_&
LWt

References jolooJl .6

[1] A. P. Chatzimichali and K. D. Potter,
From composite material technologies to
composite products: a cross-sectorial reflec-
tion on technology transitions and production
capability, Translational Materials Research
2, 026001 (2015).

[2] E. M. Hadi, B. Hosni, and R. Alwan,
Study of Some Mechanical Properties for
Composite Material Reinforced with Rib-
bon, Study of Some Mechanical Properties
for Composite Material Reinforced with
Ribbon 15, 693 (2009).

[3] S. Bello, J. Agunsoye, S. Hassan et,
al, and M. Z. Kana, Epoxy resin based com-
posites, mechanical and tribological proper-
ties: A review, Tribology in Industry 37, 500
(2015).

[4] J. Parameswaranpillai, J. A. Gopi, M.
Chavali, C. Midhun Dominic, S. Radoor, A.
Jayakumar, S. Siengchin, S. M. Rangappa, S.
Krishnasamy, and N. Hameed, Advances in
Epoxy/Synthetic/Natural Fiber Composites,
in Handbook of Epoxy/Fiber Composites
(Springer, 2022), pp. 1093—-1120.

[5] V. K. Thakur, M. K. Thakur, and R.
K. Gupta, Hybrid Polymer Composite Ma-
terials: Structure and Chemistry (Woodhead
publishing, 2017).

[6] C. Hongzhen, Y. Keyan, and Y. Weim-



ool aey gUace

..... ddiguallg dyylyadl ddjlell yaslasddl le

MgO g ALO; &ligjay GutSeuyl press 15

|| 184

[20] A. Al-Mosawi, Improvement Ther-
mal Insulation of Araldite Resin (AY 103) by
Using Ceramic, Vol. special Issue for 2nd sci-
entific conference, engineering college, Bab-
ylon university, Iraq , 24-25 March (2010).

[21] Z. Ahmed, A. 1. Kadim, and M. M.
Rahman, The Effect of Palm Fronds Waste
Ash Particulate on the Mechanical, Thermal
and Acoustic Insulation Features of Polymer-
ic Composites, Ibn AL-Haitham Journal For
Pure and Applied Sciences 37, 236 (2024).

[22] R. M. Salih, Study of heat and sound
insulation for polymeric composites rein-
forced with nano clay, Polymers and Poly-
mer Composites 29, S1216 (2021).

[13]J. Mago, Sunali, A. Negt, J. S. Bolton,
and S. Fatima, Sound Insulation: Key Con-
cepts and Technologies, Handbook of Vibro-
acoustics, Noise and Harshness 1 (2024).

[14] H. H. Thanon, Effect of Tempera-
ture on Mechanical and Thermal Properties
of Polyester Matrix Reinforced by Ordinary
Glass Powder, Rafidain Journal of Science
24, (2013).

[15] W. Bolton, Engineering Materials
Technology (Elsevier, 2013).

[16] A. 1. Al-Mosawi, Effect of reinforc-
ing by MgO particles on thermal and me-
chanical characteristics of epoxy resin, The
Iraqi Journal for Mechanical and Material
Engineering 11, (2011).

[17] Z. Pan, Y. Liu, F. Wang, G. Lu, F.
Yang, and F. Cheng, AI203 Dispersion-In-
duced micropapillae in an epoxy composite
coating and implications in thermal conduc-
tivity, ACS Omega 6, 17870 (2021).

[18] X. Zeng, Z. Zhang, Y. Pan, Y. Zhang,
and L. Hou, Epoxy-based composites with
enhanced thermal properties through col-
lective effect of different particle size fill-
ers, Polymers and Polymer Composites 30,
09673911221106686 (2022).

[19] L. D. Mathews and N. Hameed, Fun-
damentals of Thermal Conductivity in the
Epoxy Polymer Network, in Multifunctional
Epoxy Resins: Self-Healing, Thermally and
Electrically Conductive Resins (Springer,
2023), pp. 277-293.



