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Abstract

Agriculture waste is potentially useful as an alternative material to absorb and attenuate electromagnetic interference (EMI). This
research highlights the use of coconut shell powder (CSP) and coconut shell activated carbon (CSAC) as raw materials with
epoxy resin and amine hardener composite to absorb microwave signals over frequency of 1 — 8 GHz. In order to investigate the
suitability of these raw materials as EMI absorbing material, carbon composition of the raw materials is determined through
CHNS Elemental Analysis. The surface morphology of the raw materials in term of porosity is investigated by using TM3000
Scanning Electron Microscope (SEM). The complex permittivity of the composites is determined by using high temperature
dielectric probe in conjunction with Network Analyzer. From the result, the Carbon% of CSP and CSAC is 46.70% and 84.28%
respectively. In term of surface morphology, the surface porosity of CSP and CSAC is in the range of 2 um and 1pm
respectively. For the dielectric properties, the dielectric constant and the dielectric loss factor for CSP and CSAC is 4.5767 and
64.8307and 1.2144 and 13.8296 respectively. The materials more potentially useful as substitute materials for electromagnetic
interference (EMI) absorbing are discussed.

Keywords: agricultural wastes, dielectric properties, carbon composition

Abstrak

Sisa pertanian mempunyai potensi untuk digunakan sebagai bahan alternatif untuk menyerap atau melemahkan gangguan
elektromagnatik (EMI). Kajian ini menekankan kepada penggunaan serbuk tempurung kelapa (CSP) dan karbon teraktif
tempurung kelapa(CSAC) sebagai bahan mentah dengan campuran resin epoksi dan komposit penguat amina untuk menyerap
gelombang mikro dalam frekuensi 1 — 8 GHz. Bagi mengkaji kesesuaian bahan mentah sebagai bahan penyerap gelombang
mikro, komposisi karbon dalam bahan mentah ditentukan mengunakan analisis unser CHNS. Liang permukaan bahan mentah
pula dikaji mengunakan mikroskop pengimbas elektron TM3000 (SEM). Ketelusan kompleks bagi bahan campuran diukur
menggunakan prob dielektrik suhu tinggi dan alat analisis rangkaian. Daripada keputusan yang diperolehi, peratusan karbon
dalam CSP dan CSAC adalah sebanyak 46.70 % dan 84.28 %. Manakala dari segi liang permukaan pula, keliangan CSP dan
CSAC masing — masing berada dalam lingkungan 2um dan 1um.Bagi sifat dielektrik, pemalar dielektrik untuk CSP dan CSAC
masing — masing adalah 4.5767 dan 64.8307. Bagi pembelauan dielektrik, nilai untuk CSP dan CSAC masing — masing adalah
1.2144 dan 13.8296. Isu bahan yang lebih berpotensi untuk digunakan sebagai bahan penyerap gangguan elektromagnatik (EMI)
dibincangkan.
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Introduction
Recently, researchers have focused to identify the agricultural wastes (organic materials) as a new absorbing
material. Agricultural waste is made up of organic compounds from living plant like oil palm shell, rice husk, and
coconut shell. Many natural substances (agricultural wastes) are used as base materials to make activated carbon.
The most common being used in absorbing material are sugarcane, rice husk, ground nut shell, oil palm shell,
coconut shell, corncobs, durian shell, soybean oil cake [1-6]. At present, coconut wastes are used in horticultural
and agricultural applications [7]. Carbon is the main element to absorb unwanted electromagnetic signals [8-12].

The French chemist Antoine-Alexandre-Brutus Bussy who in a 1822 is the first publication suggested that porosity
was important to the adsorptive properties of activated carbons. Optical microscopy and scanning electron
microscopy (SEM) have demonstrated enormous potential for use in the study and characterization of activated
carbons because of their ability to directly view the micro-structure of activated carbons [13,14]

Dielectric properties are the main characteristic that determines a material to absorb energy. The dielectric
properties (&) are derived from transmission line theory [15-17] and are expressed as complex permittivity, shown in
Equation 1:

e=g—j&" ()
where ¢ is define as dieletric properties, ¢ is define dieletric constant and ¢’ define as dieletric loss factor.

Dielectric constant (¢) is the real part of the complex permittivity whereas the imaginary part of the complex
permittivity is called the dielectric loss factor (¢).The dielectric constant and dielectric loss factor effect the ability
of a material to act as microwave absorber. The dielectric constant defines the ability of a material to store the
microwave energy while the dielectric loss factor defines the ability of a material to convert and dissipate the stored
microwave energy to heat. In other words, microwave absorber prefers materials that possess higher thermal
conductivity because when the thermal conductivity increases, the ability of these materials to dissipate heat also
increase.

In this paper, the potential of CSP and CSAC with epoxy resin and amine hardener composite will be investigated.

Materials and Methods
Material preparation
For the coconut shell source, it was economically important to use a readily available agricultural waste by product.
To manufacture coconut shell powder, the shells of fully matured nuts are first cleaned of the adhering pithy matter.
The matured coconut shells were taken from Kuala Ibai, Terengganu, Malaysia. The coconut shell is sanded using
sanding machine in order to get the coconut shell powder. The readymade CSAC powder was bought from Tan
Meng Keong Sdn. Bhd company, Perak Darul Ridzuan, Malaysia.

Material characterisation

The carbon composition of the CSP and CSAC is determined by using ultimate analyses through CHNS Elemental
Analysis. The CHNS elemental analysers provide a means for rapid determination of carbon, hydrogen, nitrogen
and sulphur in organic matrices [18,19]. In order to investigate the surface morphology of CSP and SCAC materials
in term of porosity, sample was investigated by using TM3000 Scanning Electron Microscope. For SEM
measurements, the samples were prepared by coated with a thin layer of platinum [5-20].

Composite preparation

The raw material was mix with epoxy resin matrix and the composites were prepared in weight ratio 80: 20 (80 %
for raw material, 20 % of epoxy resin). Sample 1, the CSP composites were stirred by using IKA RW20 Digital
Stare for 1 hour. Sample 2 was prepared in similar manner but using CSAC. The mixture was poured in 30mm X
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30mm x 5 mm rectangular planner moulds. Fabrication of sample 1 can be done through the steps summarized in

Figure 1 below.

Step 1

Step 2

Step 3

Step 4

Step 5

Sanding process of matured and cleaned coconut shell

Collection of coconut shell powder

The coconut shell powder mixing with resin and hardener in weight
ratio 80:20

The coconut shell powder composites were stirred by using 1KA
RW?20 Digital Stirer for 1hour

The composite were filled and fabricate using mould.

Dielectric Properties Measurement

Figure 1. Fabrication of composite sample

Several popular measurement techniques are the transmission line techniques (waveguide, coaxial and free-space),
impedance, dielectric probe and cavity methods [21]. Amongst these techniques, high temperature dielectric probe
techniques are chosen to determine of the complex permittivity of the coconut shell powder and coconut shell
activated carbon polymer composite dielectric properties measurement. The high temperature dielectric probe is
performed by contacting the probe into the samples. The high temperature probe measurement procedure, which is
done by contacting the probe to a flat surface of a sample, is shown in Figure 2. The fields at the probe end “fringe”
into the material and change as they come into contact with the MUT.
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Figure 2. Measurement techniques for CSP and CSAC composites: High Temperature Dielectric Probe Technique

Results and Discussion
Carbon composition
The carbon composition of the CSP and CSAC is determined through CHNS Elemental Analysis. The CHNS
Elemental Analysis determines the percentages of Carbon, Hydrogen, Nitrogen and Sulphur [22]. The result of
elemental analysis of CSP and CSAC is presented in Table 1.

Table 1. The CHNS Elemental Analysis of CSP and CSAC

Material 1ot Carbon Hydrogen Nitrogen Sulphur Oxygen
(mg) % mg % mg % mg % mg (by diff)
CSP 2.0120 46.70 0.94 3.174 0.064 0.171 0.003 1.036 0.021 48.92

CSAC 2.0140 8428 1.697 0.478  0.010 0.222 0.005 1.084 0.022 13.94

As presented in Table 1, the carbon % of CSP and CSAC is 46.70 % and 84.28 % respectively. The CSP has lower
carbon content compare to CSAC. The high composition of carbon in the coconut shell as presented from the
elemental analysis indicates a good precursor material for porous carbon [23].

CSAC have higher carbon content compared to CSP because to produce activated carbon from coconut shells, the
overall process utilizes the pyrolysis of coconut shells into char, followed by steam activation in a fluidized bed
reactor (FBR). The resulting activated carbon is 97% pure.

Surface Morphology
SEM morphologies in Figure 3 and Figure 4 shown reveal details of activated porosity development of CSP and
CSAC.

The most important property of the activated carbon is its adsorptive capacity, which in general is proportional to
the surface area [24, 25]. Carbon's highly porous nature provides a large surface area for absorption. The application
of activated carbon in absorption processes mainly depends on the surface chemistry and pore structure of porous
carbon [26]. While, Li et al. said that activated carbon having porous structure and high surface area where the pore
structure is importance for optimal performance for absorbing material [27]. CSAC is an excellent quality high
surface area material [28].
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~ TM3000 2015-01-30 N D64 x40 2mm

Figure 3. SEM morphology on composite surface (a) CSP; (b) CSAC

N D64 x50k  20um TM3000

Figure 4. SEM morphology on particle porosity (a) CSP; (b) CSAC

In Figure 4, presence of mesopores is detected in CSP and CSAC where the porosity is in the range of 2um and 1um
respectively.

Dielectric Properties
The result of dielectric properties of CSP and CSAC over frequency of 1-8 GHz is presented in Table 2.

Figure 5 (a) and (b) show the dielectric properties that were measured from CSP and CSAC composites. The
dielectric constant and dielectric loss factor vary when the frequency increased from 1GHz to 8GHz. It can be
observed that the dielectric properties of the CSAC composite are higher compared to the CSP composite. This is
due to the high carbon composition in the CSAC compared to the raw CSP.
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Table 2. Dielectric properties for CSP and CSAC

Dielectric Properties

Frequenc Sample - -
(Gl—?z) ! COmTJOSite Dielectric Constant  Dielectric Loss Factor Loss Tangent
(¢) ) (tan§)
1 CSP 5.1244 0.5200 0.1015
CSAC 64.8307 18.0791 0.2789
2 CSP 5.0726 0.7029 0.1386
CSAC 60.8409 14.7596 0.2426
3 CSP 4.8108 0.7497 0.1558
CSAC 58.6587 13.6022 0.2319
4 CSP 4.8539 0.8508 0.1753
CSAC 57.5637 13.6078 0.2364
5 CSP 4.6504 0.9517 0.2046
CSAC 56.1002 13.7901 0.2459
6 CSP 4.5765 1.0525 0.2300
CSAC 54,9361 13.7144 0.2497
7 CSP 4.4164 1.1331 0.2566
CSAC 54.2399 14.0169 0.2584
CSP 3.1100 1.2144 0.3905
8
CSAC 52.0081 13.8296 0.2659
20
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Figure 5. (a) Dielectric constant of CSP and CSAC; (b) Dielectric loss factor of CSP and CSAC

Conclusion

From this experiment, we investigate the potential of CSP and CSAC composites as EMI absorbing material in term
of carbon composition, surface morphology and dielectric properties. Both CSP and CSAC composites show
desirable potential to be used as EMI absorbing material, in term of carbon as dominant element, mesopores
porosity and thermal conductivity. From the result, CSAC composite possess better carbon composition, surface

morphology and thermal conductivity compared to CSP composite.
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