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The application of wireless electronic devices is increasing nowadays; hence, there is a necessity for electromagnetic wave-
absorbing material, which is mechanically stable. Polymer composites with magnetic wood as filler material were fabricated by
hand lay-up methods of 6mm thickness. For the proposed immersion duration, magnetic wood was developed by in situ
chemical co-precipitation methods. The microwave absorbing phenomenon is evaluated based on the complex permeability,
complex permittivity, dielectric tangent, and magnetic tangent losses. The experimentation was done by vector network analyzer
in the frequency range of 8.2–12.4GHz by X-band and Through-reflect-line (TRL) calibration. It was observed that the reflection
losses increase as the immersion time increases from −8.70 dB to −9.30 dB at the frequency range of 10.2GHz. A similar trend is
also followed for the mechanical properties like tensile strength, bending strength, and impact strength with respect to the
immersion time. The results revealed that the best mechanical and electromagnetic absorption properties are obtained for the
specimens with immersion time of 72 hours. Validation is done for the electromagnetic wave-absorbing properties and
mechanical properties by regression analysis, and the experimental data are in close agreement with the regression data.

1. Introduction

The usage of the wireless communication devices is escalat-
ing day by day, and also the rapid growth of electronic appli-
ances leads to generate electromagnetic (EM) waves. These
EM waves have an impact on human health and also on
the durability of electronic instruments. Hence, there is a
need to reduce the intensity of EM waves by using a shield-
ing material. There are two different approaches for process-
ing shielding material for EM waves, and the first one is that

the material should absorb or reflect the EM waves when
placed in specific applications. The second one is reinforcing
the dielectric and magnetic particles in the material to act as
a shielding material. Mechanical strength is also an essential
parameter for this shielding material when placed in applica-
tion [1–3]. The shielding material as a composite can be
preferable, as the composites can be fabricated by involving
the properties like dielectric and/or magnetic losses. Hence,
these are influenced by the reflection losses (RLs), which
reflect the EM wave’s performance.
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properties. It can be stated that themoisture present in the poly-
mer composites impacts the mechanical properties.

5. Regression Analysis

Regression analysis is one of the simple techniques for find-
ing the functional relationship among the variables and the
influence of the variables on the response. The relation
between the variables and the response will be generated
based on the equation. In the present work, the input vari-
ables reflect losses and mechanical properties. In that pro-

cess, the regression equation was developed for tensile
strength, flexural strength, hardness, and EM wave-
absorbing properties.

5.1. Development of Regression Equation for Electromagnetic
Wave Absorption Properties. Based on Figure 8, it is clear
that the experimental data is very close to the regression
data and with high accuracy (R2 = 100%). The Equation
(3) is generated for experimental data based on regression
analysis, with immersion time as the input parameter and
RL as the output parameter. The proposed regression
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Figure 10: (a) Tensile strength data fitted to line, regression equation and R2 value, (b) bending strength data fitted to line, regression
equation and R2 value, (c) impact strength data fitted to line, regression equation and R2 value.

Table 4: Regression equation for mechanical properties.

Mechanical properties Regression equation R2 value

Tensile strength Tensile strength = 31.34 + 0.3828 immersion time 0.991

Bending strength Bending strength = 31.69 + 2.176 immersion time 0.991

Impact strength Impact strength = 746.7 + 11.78 immersion time 0.999
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equation for RL has been predicted and valued with 100%
accuracy to experimental data.

Reflection loss dBð Þ
= −8:3967 − 0:012500 immersion time hoursð Þ,

ð3Þ

5.2. Development of Regression Equation for Mechanical
Properties. The experimental data are compared to the
regression data and it is noticed that both are in good
agreement, as shown in Figures 9(a), 9(b), and 9(c). The
error in the experimental data is also calculated and signif-
icantly less based on the R2 value. R2 is approximately close
to 99.1%, which indicates that the accuracy level is more for
the experimental data, as represented in Figures 10(a),
10(b), and 10(c).

Based on Table 4, the equations were generated for
experimental data by regression analysis with immersion
time as input parameter and mechanical properties (tensile
strength, bending strength, and impact strength) as output
parameter. The proposed regression equations for mechani-
cal properties have been predicted and valued with 99%
accuracy to experimental data.

6. Conclusion

Polymer-based composites with magnetic wood by hand lay-
up method have been proposed to study the mechanical and
EM absorbing properties. The EM absorbing phenomenon
was investigated in terms of RL for a different submerged
time of specimen. The mechanical behaviour was also stud-
ied for specimens as the moisture content absorbed and
increased the number of E-glass mats as the influencing
parameters. From the results, the following findings have
been derived.

The EM wave-absorbing properties are increased with an
increase in the submerged period (24–72 hours) of wood. It
is predicted that 72 hours submerged wood specimen has the
maximum absorbing capability in X-band. The highest RL
value of −9.40 dB is obtained at 10.2GHz for specimen 3
due to the well-ordered structure of Fe3O4. The tensile
strength is improved by 48.31% compared with specimen
1. This is the fact that good bonding between filler and
matrix materials. Due to an increase in the number of E-
glass mats and bonding parameters, the flexural strength is
improved by 90% compared to specimen 1.The impact
strength is increased by 54.64% due to moisture content
absorbed and the bond between polymer and glass fibres.
By the SEM image, it is clear about the failure analysis of
composites. The experimental data (EM absorbing behav-
iour and mechanical properties) are very close to the regres-
sion data and are in good agreement with 99% accuracy.
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