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Abstract—In the present work, activated carbon is prepared from
used tea leaves and introduced as inclusions in Linear Low Density
Polyethylene (LLDPE) matrix to develop composites. The activated
carbon is used as filler in different weight percentages obtain 5 wt %,
7 wt % and 10 wt % composites. The composite is characterized for
its microwave properties in X-band. 10 wt % composite shows
maximum reflection loss. A thickness optimization of the sample
carried out shows -10 dB bandwidth of ~ 1GHz for 5 mm thickness.

1. INTRODUCTION

For reliable and efficient use of communication links, it is
important to efficiently manage Electro-Magnetic Interference
(EMI) to minimize system susceptibility to other sources or
itself being a source for service disruption in other systems.
Increase in EMI due to the rapid growth of recent complex
electronic equipments and systems have lead to the need for
designing Microwave Absorbing Materials (MAMs) which
can sufficiently reduce these interferences. The electrical/
magnetic properties of the EM wave absorbing layers as well
as the geometry are customized to achieve absorption at
broadband frequencies. The design of these structures depends
on material properties such as complex permittivity, complex
permeability and conductivity [1].

Due to light weight, low cost, wetherability and design
flexibility composite materials find use in the field of
electromagnetic shielding materials [2]- [8].

Selection of the host matrix is done based on the properties
such as its flexibility, lighter weight, binding energy,
resistance to chemicals, solvents, etc., availability and cost
effectiveness.

Carbonaceous materials are reported to demonstrate good
microwave absorbing properties rendering them effective
materials in the development of microwave absorbing
materials (MAMSs) [9]. These materials are characterized by
good electrical and thermal conductivity, low density as well
as excellent corrosion resistance. The filler material used here

is activated carbon (AC) made from used tea leaves like other
agricultural wastes used [10]-[12]. Choice of the filler material
depends on the properties: Highly lossy, high permittivity, low
cost, availability and environmentally compatible. Due to its
low cost, high carbon content and high surface-area-to-volume
ratio and due to its small particle size and low ash content AC
is a potential material for producing carbon-based microwave
absorber [13].

In the present work, dielectric- polymer composites are
fabricated using used tea grains. Polymer composites were
developed using tea leaves as the fillers in LLDPE matrix. The
micro-structural and the EM wave absorbing properties of the
materials are investigated.

2. EXPERIMENTAL

2.1 Sample preparation
Preparation of Activated carbon from waste tea leaves

The used tea leaves are collected and washed several times to
remove the surface impurities. It is initially sun dried for 5
days. 20 gms of tea waste is powdered. The powder is treated
with 32 ml of sulphuric acid and nitric acid in a ratio of 3:1 to
digest the tea waste for 12 hours at 30°C. The digested sample
is washed for 8 to 10 times using distilled water to remove any
traces of acid and checked pH determination of the carbonized
sample was done. The sample is kept inside the hot-air oven at
55°C for 5 hours to remove moisture. The dried leaves are
heated up to 400°C in the muffle furnace for 20 minutes. The
sample is then crushed to powder. XRD of the powdered
sample is conducted to see formation of activated carbon.

2.2 Composite Preparation

LLDPE is used as the polymer matrix. LLDPE has a melting
point of 130°C. The composite is prepared in situ by mixing
mechanically desired weight % of the filler material into
LLDPE powder. The mixture is put into a mould and heated
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upto 130T at constant pressure of 1torr for 12 minutes. Fig. 1
shows schematic of composite preparation.

LLDPE

Activated carbon (AC)

| Mixed together in different weight percentage |

| Fill in the die- mould |

| Heated and Compressed for 12 minutes |

| Composite sample after natural cooling |

Fig. 1: Block diagram of composite preparation.

The weight % is mathematically determined as follows:

If total weight of the composite is Z grams and X and Y are
the weights of host and filler, respectively, i.e., Z=X+Y. To
fabricate N weight % of the composite, amount of filler
present in the composite is given by

Weight % = ( ) x 100

X+Y

Using the above relation, 5, 7, 10 weight % of activated
carbon/LLDPE composite is prepared. The prepared pellets
are shown in given in Fig. 2.

Fig. 2: Prepared composites for X- band characterization.

2.3 Characterization
Microstructual characterizations

The structural analysis of the fillers are done using X-ray
diffractometer (Rigaku Miniflex 200) with monochromatic
CuKa radiation (A=1.54178A) over a 20 angle from 10° to 70°.

Fig. 3 shows the X-ray diffraction pattern.
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Fig. 3: Filtered XRD pattern of activated carbon.

Table | shows the interplanar spacing. The specific peaks at
24.56° and 45.33° show the formation of activated carbon
[14]. The value of lattice parameters and inter planar spacing
(d) is calculated using Bragg’s Law

2s sinf = nA (D)
nai
~ 2sind @)

where 0 is the Bragg’s angle, n is the no. of lattice plane, A
wavelength of X-ray

Table 1: XRD profile planar spacing of the crystal lattice.

2 0 of the Intense peak (in °) Inter plqnar spacing
(sin nm)
24.56 0.362
45.33 0.199

From the most prominent peaks, the average crystallite size
(D) is found to be between 11.648 nm to 20.25 nm which is
calculated using Debye-Scherrer’s equation

kA
b= B cosf ©)
where D is the crystallite size, k is a constant known as
Scherrer’s constant, f is full width at half maximum (FWHM)

of the particular peak.

Table 2: XRD profile and crystalline size (D) of the
synthesized material.

2 0 of the FWHM () of | FWHM (B) of Size of the
Intense peak | Intense peak Intense peak (in | particle (D
(in °) (in 9) radian) in nm)
24.52 0.6900 0.01204 11.648
45.27 0.4202 7.33x10° 20.25

Microwave Characterizations

Permittivity (s=¢“j&”) of composite is measured using Thru-
Reflect-Line (TRL) method. Pellets of dimensions 10.16 mm
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X 22.86 mm x 4mm, of different weight % of composite is
placed in Agilent WR-90 X11644A. The measurements are
carried out using Agilent E8362C Vector Network Analyzer,
in the frequency range 8-12 GHz, The permittivity is
determined using Nicolson-Ross technique.
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Fig. 4: Dielectric constant (&’) of the prepared composites.
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Fig. 5: Loss tangents (zan o) of the prepared composites.

Fig. 4 and Fig. 5 show spectra of real part of permittivity (&)
and the loss tangent (tan o=&7¢) for different weight
percentage composites, respectively. ¢’ of 10 wt% activated
carbon/ LLDPE composite is found to be ~2 and tan delta of
~0.07 over the X-band.

3. ABSORPTION STUDIES

Sample with 10wt% activated carbon/LLDPE composite has
higher real part of permittivity and loss tangent of ~0.07, and
the values of ¢’ and ¢” are used to determine reflection loss
(RL) and hence the absorption. To determine RL, single layer
conductor backed configuration is considered. The schematic
diagram of a single layer metal- backed absorber is shown in
Fig. 6. When an electromagnetic wave strikes the surface of a

metal- backed microwave absorber at normal incidence, the
reflection loss is a function of frequency, thickness, dielectric
permittivity and magnetic permeability of the absorbing
material.

Layer of absorbing material

Incident wave

Reflected wave Metal plate (PEC)

Ly €
o. %o

Zm
Fig. 6: Schematic of a single layer metal- backed absorber.
The reflection loss of the metal-backed single layer absorber
from TLM is determined from,
RL = 2010g|(Zin — Zo)/ (Zin + Zo)| (4)

where Z, = (uo/€0)"? is the free- space impedance, and the
input impedance at the air- absorber interface is given as

Zin = Zo(u/€)? tanh[j2nfd(u/e)' 2 /c] ()

for dielectric sample x#=1 hence equation (5) can be rewritten
as

Zin = Zy(1/€)/? tanh[j2nfd(1/e)*? /c] (6)

f is the frequency, c is the velocity of light and d is the
thickness of the absorbing material.

A thickness optimization is carried out for the absorber sample
from 2 mm to 10 mm. Fig. 8 shows the RL for different values
of d. d =5 mm thickness showed maximum reflection loss and
a -10dB bandwidth (i.e. 90% absorption).
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Fig. 7: Reflection Loss (RL) of the conductor bacled single layer
10 wt% composite for different thickness (d) values
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The flow chart of the program is given in Fig. 8.

Load the values
of permittivity

Calculate
reflection loss (RL)

‘ Plot RL vs. frequency ‘

No

d=107
Yes

Stop

Fig. 8: Schematic of algorithim of the program.

4. CONCLUSIONS

10 wt% activated carbon/LLDPE composites shows a a -10 dB
bandwidth (i.e. 90% absorption) of ~ 1GHz in X-band. The
optimized thickness of the sample giving maximum reflection
loss is found to be 5 mm. The absorber is less expensive as the
activated carbon is developed from the used tea leaves. The
present studies suggests that AC/LLDPE composites are
promising material for making efficient absorbers in X-band.
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