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Abstract

This study investigates the dielectric properties of artificial
soil mixtures created using Coconut Shell Powder (CSP),
Coconut Shell-Activated Carbon (CSAC), and Organic Soil.
CSP, known for its lightweight and excellent water retention
capacity, was combined with CSAC, renowned for its
superior adsorption properties and enhanced conductivity.
Organic Soil, rich in nutrients, served as a base material for
improving soil texture and supporting plant growth. Three
mixtures were prepared in ratios of 50% CSP, 30% CSAC,
and 20% Organic Soil; 60% CSP, 20% CSAC, and 20%
Organic Soil; and 40% CSP, 40% CSAC, and 20% Organic

Soil. The dielectric constant, dielectric loss factor, loss
tangent, conductivity, and skin depth were analyzed using
Lichtenecker's logarithmic mixture model and MATLAB
simulations. Results revealed that the mixture with 50%
CSP, 30% CSAC, and 20% Organic Soil exhibited the
highest dielectric constant and skin depth, indicating its
potential for soil moisture sensing, energy storage, and
electromagnetic shielding applications. This innovative
approach highlights the benefits of CSP and CSAC in
artificial soil development for sustainable agriculture and
urban greening.
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Introduction

Artificial soil mixtures incorporating organic and functional materials are gaining prominence in agricultural and
environmental applications due to their enhanced physical and electromagnetic properties. Coconut Shell Powder (CSP) is an
organic byproduct valued for its lightweight nature, high surface area, and superior water retention capacity, making it suitable
for improving soil porosity and moisture retention [ 2. Coconut Shell-Activated Carbon (CSAC), derived through the
activation of coconut shells, exhibits excellent adsorption properties, high conductivity, and significant electromagnetic
interaction capabilities > 4. These materials, when combined with nutrient-rich Organic Soil, have the potential to create
multifunctional artificial soils for advanced agricultural practices, such as precision farming and soil moisture sensing 1.

This study explores the dielectric behavior of mixtures of CSP, CSAC, and Organic Soil, leveraging their unique properties to
address challenges in agricultural productivity and environmental sustainability. By analyzing their dielectric constant,
dielectric loss factor, and related electromagnetic parameters, this research aims to identify the optimal combination for
applications in soil sensing, energy retention, and electromagnetic shielding. The findings of this study contribute to the
development of innovative soil solutions with broad implications for sustainable agricultural practices and urban greening
efforts.

Methodology

This study investigated the dielectric properties of artificial soil mixtures composed of Coconut Shell Powder (CSP), Coconut
Shell-Activated Carbon (CSAC), and Organic Soil. CSP, a lightweight organic material with a high surface area and excellent
water retention capacity, was combined with CSAC, renowned for its superior adsorption properties and ability to enhance soil
conductivity. Organic Soil, a nutrient-rich material, was used as the base to support plant growth and improve soil texture.
Three distinct mixtures were prepared in the following ratios: 50% CSP, 30% CSAC, and 20% Organic Soil; 60% CSP, 20%
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CSAC, and 20% Organic Soil; and 40% CSP, 40% CSAC,
and 20% Organic Soil. dielectric constant (¢') and dielectric
loss factor (e) of these mixtures were computed using the
Lichtenecker's Logarithmic Mixture Model implemented in
MATLAB. Subsequently, loss tangent (tand=e'/€’),

= =
conductivity (c=2nfe"€0), and skin depth (5 ueet) were
calculated using standard electromagnetic equations. Graphs

www.multiresearchjournal.com

depicting the variation of dielectric constant, loss tangent,
conductivity, and skin depth with frequency (1 GHz to 7
GHz) were generated in MATLAB to analyze the
performance of each mixture. The mixture demonstrating
the most favorable dielectric properties was identified based
on its potential applications in electromagnetic wave
interaction, energy retention, and soil sensing.
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Results and Discussion

The results showed that the dielectric constant (e'\epsilon’)
decreased with increasing frequency for all mixtures, which
is consistent with the expected behavior of materials where
polarization mechanisms become less effective at higher
frequencies. Among the mixtures, the one with 50% CSP,
30% CSAC, and 20% Organic Soil exhibited the highest
dielectric constant at lower frequencies, highlighting its
superior charge storage capacity. This characteristic is
particularly advantageous for soil moisture sensing and
energy retention applications. The loss tangent (tand)
increased gradually with frequency, indicating a slight
increase in energy dissipation at higher frequencies. Despite
this trend, the overall low values of the loss tangent
confirmed the strong insulating properties of the mixtures,
with the 60% CSP, 20% CSAC, and 20% Organic Soil
combination showing the lowest energy dissipation.
Conductivity (c\sigma) was observed to increase with
frequency, with the mixture containing 40% CSP, 40%
CSAC, and 20% Organic Soil exhibiting the highest values
due to the increased proportion of CSAC, which enhances
electron mobility. Skin depth (3) decreased with increasing
frequency, aligning with the inverse relationship between
these parameters. The mixture with 50% CSP, 30% CSAC,
and 20% Organic Soil had the largest skin depth at lower
frequencies, indicating deeper electromagnetic wave
penetration, which is beneficial for soil sensing applications.
This mixture achieved an optimal balance of dielectric
properties, combining high charge storage, minimal energy
dissipation, and effective electromagnetic wave interaction,
making it the most suitable for advanced agricultural
applications.

Conclusion

The findings of this study underscore the potential of CSP
and CSAC in enhancing the dielectric properties of artificial

soils, offering innovative solutions for sustainable
agriculture and urban greening. The mixture containing 50%
CSP, 30% CSAC, and 20% Organic Soil demonstrated the
best performance, with a high dielectric constant, low
energy dissipation, and favorable electromagnetic
interaction properties. These attributes make it ideal for
applications such as soil moisture sensing, energy retention,
and electromagnetic shielding. Furthermore, the reduced
skin depth at higher frequencies suggests its suitability for
advanced soil sensing technologies. By leveraging the
unique properties of CSP and CSAC, this study provides a
pathway for the development of functional artificial soils
that can enhance agricultural productivity, support
sustainable practices, and contribute to the greening of urban
environments.

Applications

The findings from this study reveal several potential
applications for the artificial soil mixtures developed using
CSP, CSAC, and Organic Soil. The mixture with the
optimal ratio of 50% CSP, 30% CSAC, and 20% Organic
Soil can be utilized in precision agriculture, particularly in
soil moisture sensing systems, due to its high dielectric
constant and excellent charge storage capacity. This enables
accurate monitoring of soil moisture levels, which is critical
for efficient irrigation and crop management. The low
energy dissipation and strong insulating properties make it
suitable for energy storage applications, such as in soil-
based capacitors or energy retention systems in agricultural
setups.

Additionally, the enhanced conductivity and reduced skin
depth at higher frequencies suggest its potential use in
electromagnetic shielding, where it can protect sensitive
agricultural sensors and equipment from electromagnetic
interference. Its ability to interact effectively with
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electromagnetic waves also makes it an excellent candidate
for soil health monitoring technologies, enabling real-time
analysis of soil conditions for optimized crop growth.
Beyond agriculture, the material's lightweight, water
retention, and nutrient-rich properties make it ideal for
urban greening projects, such as rooftop gardens, vertical
farming, and potted plants. These applications support
sustainable urban development by promoting greenery in
limited spaces while improving soil quality and plant health.
Furthermore, the adsorption capabilities of CSAC within the
mixture make it useful for pollutant remediation, where it
can aid in filtering harmful substances from water or soil in
contaminated areas.

By combining CSP, CSAC, and Organic Soil, this study
presents an innovative approach to creating functional
artificial soils with wide-ranging applications in agriculture,
environmental management, and urban sustainability.
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