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Abstract 
With the fast advancement of wireless communications and rapid increase of number of electronic systems, electromagnetic 

interference (EMI) have become more prominent and hence, minimization of EMI in both civil and military applications has led to 

extensive research on electromagnetic absorbers. Recently, metamaterial has been studied as EMI absorbers in different 

frequency regime because of its unique properties that exhibits excellent result as compared to conventional absorbers in different 

ways. Considering the advantages of metamaterial, here we present an efficient metamaterial absorber composed of expanded 

graphite based conducting layers and unit cells, separated by a flexible dielectric LLDPE substrate for X-band applications. 

Expanded graphite is synthesized, characterized and prepared to be used as unit cells and conducting layer. Microwave 

characterization of linear low density polyethylene (LLDPE) is carried out in X-band and developed as the substrate for flexible 

metamaterial absorber. Prior to the development, a numerical simulation is carried out using CST Microwave Studio to optimize 

the unit cell and the proposed absorber. Experimental validation of the designed absorber is done by employing waveguide 

technique. The proposed absorber showing more than 90% absorption at resonance frequency 10.10 GHz. The proposed absorber 

possesses the advantage of being ultrathin, lightweight, flexible, corrosive resistance and can be used for different conformal 

applications. 
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1. INTRODUCTION 

In the fascinating territory of metamaterial, perfect 

metamaterial absorbers are the mostly invested topic among 

the other metamaterial based applications like, metamaterial 

antennas, super lenses, energy harvesting device, sensors etc 

[1]. For common perspective, metamaterial absorbers are 

basically two dimensional array of conducting resonator 

structures fabricated on dielectric substrate, in which the 

absorber characteristics purely depend only on the resonator 

structures [2]. Because of these designable and controllable 

material parameters, arising from artificial resonator 

structures, researchers have attracted towards the field 

metamaterial based absorbers in the last decades. As 

compared to conventional EMI absorbers, metamaterial 

absorber possesses advantages like thin, light weight and 

freedom in unit cell designing [3]. Moreover, in 

metamaterial absorber, by properly optimizing unit cells, 

composite material parameters i.e, permittivity and 

permeability can be deliberated to the desired value and 

hence their impedance matching at the air-absorber 

interface, which is one of the most important point while 

designing an EMI absorber [4]. 

The first perfect matematerial absorber (MMA) was 

presented by Landyet al. at microwave frequency in 2008, 

based on Veselago and Pendry’s theoretical and 

experimental work [5-8].His perfect absorber was capable of 

absorb all the incident EM waves by tuning the magnetic 

and electrical resonances. After the successful 

demonstration of Landy, different metamaterial absorbers 

have been developed and investigated in every frequency 

spectrum from radio, microwave, mm-wave, THz, MIR, 

NIR and optical [1]. However, in most of the reported work, 

metamaterials are fabricated on like, FR4, Silicon wafer 

substrate etc., using Copper, Gold metallic layers. These 

kind of substrates make the absorber rigid and unsuitable for 

use on non-planar surfaces like redome, body worn and 

health monitoring devices etc. [9]. Moreover, unit cells 

made up of copper and gold make the absorber corrosive 

and costly. 

 

In this paper, we propose an approach of design and 

experimental details of a metamaterial absorber made up of 

flexible LLDPE substrate using expanded graphite (EG) 

based square unit cells. LLDPE substrate is flexible and 

lightweight, having low water absorption and high tensile 

strength. EG has almost same order of conductivity as 

copper and is selected for designing the square unit cells. 

LLDPE substrate is processed from commercially available 

LLDPE powders and EG is synthesized, characterized and 

used for design purpose. Prior to experimental fabrication, a 

numerical simulation is carried out to optimize the design. 

The fabricated sample is then tested using wave guide 

technique. 
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2. DESIGN AND SIMULATION 

Figure 1 shows the prospective view of proposed absorber 

and the unit cell with the different geometric parameters in 

the inset. The unit cell consists of two conducting layers 

separated by dielectric LLDPE substrate of dielectric 

constant 2.2  ̴ 2.4 at X band. Both, top and bottom layers 

made up of EG conducting layer having conductivity in the 

order of  ̴10
6
S/m. The top layer is basically periodic square 

ring resonators laminated over LLDPE substrate, while the 

bottom layer is continuous conducting layer. 

 

 
Fig.1: Schematic diagram of proposed EMI absorber 

 

 

Commercially available CST Microwave studio is employed 

for simulation and optimization of the proposed absorber. 

Unit cell boundary conditions are used in frequency domain 

solver to simulate the proposed absorber structure. Electric, 

magnetic fields and direction of propagation of the incident 

EM wave on the absorber are shown in the Fig.1. The 

optimized parameters of the unit cell are presented in the 

Table I. 

 

Table 1: Optimized parameters of proposed EMI absorber 

Unit cell parameters Values (in mm) 

Length of square ring 7.0 

Width of the ring 1.0 

Substrate thickness 0.5 

Ground plane thickness 0.1 

Lattice constant 12 

 

An important parameter of an absorber is its absorption, 

A(ω), and that can be calculated using the following formula 

[10], 

 

)()(1)(  TRA 
    (1) 

 

Where, 𝑅 𝜔 =  𝑆11 
2, and 𝑇 𝜔 =  𝑆12 

2 are reflectance 

and transmittance respectively. From equation (1), it is seen 

that absorption can be maximize, by minimizing the 

reflectance and transmittance. Reflectance is minimized by 

matching the impedance at air-absorber interface, while 

transmittance is minimized by putting conductive layer in 

the bottom side. The simulated reflectance and absorbance 

of the designed absorber is presented in the Figure 2. 

 

 
Fig.2: Magnitude of reflectance and absorbance of proposed 

absorber 

 

From the Fig.2, it is observed that the proposed absorber is 

showing more than 90% absorption at the resonating 

frequency 10.10 GHz. 

 

3. EXPERIMENTAL DETAILS 

3.1 Synthesis and Characterization of Expanded 

Graphite 

Chemical oxidation and thermal treatment method is used to 

synthesize expanded graphite from natural graphite flakes 

[11]. For this, natural graphite flakes of size less than   2 μm 

are purchased from Mass Graphite and Carbon products, 

Mehsana, India and are used to prepare expanded graphite. 

First, natural graphite flakes are dried at 75
0
C for 8 hours to 

remove the moisture contents. Dried natural graphite flakes 

are then mixed with saturated acid mixture that contains 

sulfuric and nitric acid at 3:1 volume ratio and kept for 12 

hours. Sulfuric acid and nitric acid are used as intercalant 

and oxidizer respectively. To get uniform intercalation of 
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each flake, mixture is stirred in an interval of 30 minutes. 

The chemically treated flakes are then washed with water, 

maintaining the pH level at seven and dried at 60
0
C. Dried 

intercalated graphite are then exposed to high temperature in 

a muffle furnace maintain the temperature 800-900
0
C to 

form expanded graphite. Fig.3 (a) shows the XRD pattern of 

the developed expanded graphite with 2θ values from 10
0
 to 

70
0
. The values centered at 26.62

0
 and 54.77

0
 correspond to 

(002) and (004) planes, which confirms the formation of 

expanded graphite. Scanning electron micrograph of 

expanded graphite is presented in the Fig.3 (b) at the 

magnification of 500µm. It’s vermicular or worm like 

structure indicates the opening of carbon network of natural 

graphite and it is basically number of graphite sheets. 

 

 
(a)                                                                   (b) 

 

Fig.3:(a) XRD and (b) SEM image of synthesized expanded graphite 

 

3.2 Development of LLDPE Substrate 

Linear Low Density Polyethylene (LLDPE) powder is 

purchased from Sharma Plastic, India, and used without 

further treatment. First, LLDPE powder is kept within two 

steel plates and a pressure of 1 ton per 10 cm
2
 is applied 

over the steel plates with hydraulic pressure machine. The 

constant pressure is maintained for 10 minutes at 

temperature 120
0
C. A spacer of thickness 0.5mm is used 

between the steel plat to have a LLDPE substrate of 

thickness 0.5 mm. Fig.4 (a) shows a LLDPE substrate, 

obtained after cooling down the system to room temperature 

and releasing the pressure gradually. Complex permittivity 

of the developed substrate is carried out using Agilent VNA 

(E8362C) at X-band frequency range and its real part is 

presented in the Fig.4 (b). It is seen that the real part of the 

complex permittivity is almost constant over the X-band. 

 

 
(a)                                                                              (b) 

 

Fig.4:(a) Developed LLDPE substrate (b) real part of permittivity of LLDPE 

 

 

3.3 Fabrication of Proposed Metamaterial 

Absorber and it Experimental Validation 

Synthesized EG is compressed on commercially available 

transparent tape to obtain a uniform EG sheet of thickness 

0.1 mm. Conductivity of the EG sheet is measured and 

found to be uniformed throughout the sheet. A very thin 

layer ~0.01 mm of glue is spread uniformly over one side of 

the developed LLDPE sheet and placed over the EG sheet. 

The LLDPE-EG composite layer is pressed for 3 hours at 

room temperature for proper bonding. EG backed LLDPE 

substrate is shown in the Fig. 5 (a). Simple expanded 

graphite sheet is punctured into square ring structures and 

laminated over EG backed LLDPE substrate maintaining 

lattice parameter constant to form the proposed absorber. 

The developed absorber is shown in the Fig. 5 (b). 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 

 

_______________________________________________________________________________________ 

Volume: 06 Special Issue: 01 | ICETNMST-2017 | Jan-2017, Available @ http://www.ijret.org                                    40 

 
(a)                                                                   (b) 

 

Fig.5:(a)EG backed LLDPE substrate (b) Developed absorber for waveguide measurement 

 

 

Experimental characterization of the proposed absorber is 

carried out using waveguide method [12, 13]. A standard 

Agilent X-band waveguide is connected to one port of 

Agilent Vector Network Analyzer (VNA) E8362C and 

calibrated to measure reflection loss (S11). Fabricated 

sample of exactly same size as the inner aperture of the 

standard waveguide is mounted inside the waveguide and a 

metal short is used to prevent any leaky wave. The 

fabricated sample along with the waveguide measurement 

systems is shown in Fig. 6 (a).The measured reflection loss 

is plotted the Fig. 6 (b). It is seen that experimental result in 

good agreement of simulated result and showing -13.80 dB 

reflection loss at the resonating frequency 10.13 GHz. The 

minor discrepancy in simulated and measured result is 

because of edge diffraction and fabrication tolerance. 

 

 
(a)                                                                       (b) 

 

Fig.6:(a)Waveguide technique (b) measured and simulated reflection loss 

 

The absorption nature of the proposed absorber is 

directlyresulted from the resonant structures of the square 

ring unit cells. Through simplyscaling up and down the 

dimensions of these structures, it is possibleto tune the 

absorbing frequency over a significant EM 

frequencyspectrum, however it is beyond the scope of this 

paper. Furthermore, the developed absorber has the ability to 

be used on curvature surfaces. 

 

4. DISCUSSION AND CONCLUSION 

In this paper, a metamaterial absorber for conformal 

application has been successfully simulated, fabricated and 

tested using waveguide technique. Optimized simulated 

absorber showing more than 90% absorption at its 

resonating frequency 10.10 GHz. The developed absorber 

shows -13.10 dB reflection at 10.13 GHz and has a thickness 

of 0.7 mm. The thermal and corrosive resistance of the EG 

based metamaterial absorber have potential to be used in 

hazard condition. Considering the absorption and flexibility, 

thisprocessablemetamaterial absorbers may have great 

prospective for different EM wave absorbing applications. 
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