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Abstract 

In this research, microcellular thermoplastic 

polyurethane foams are investigated as an 

absorbing material in the X-band                

(8.2-12.4GHz) frequency range by means of 

numerical analysis and experiment. In the 

frame of this work, we aim at establishing 

relationships between the foams morphology 

including cell size and air volume fraction and 

their radar absorbing properties. 

We therefore first describe numerical method 

and modelling. Then numerical analysis of 

microcellular foams in various cell sizes and 

air volume fractions are explained. Then 

design basis and preparation of 

nanocomposite foams of various morphologies 

using supercritical carbon dioxide (scCO2) as 

physical foaming agent are presented. After 

measuring the S-Parameters of the samples 

by VNA, numerical and experimental results 

are compared and finally we establish 

structure/properties relationships that are 

essential for further optimizations of the 

materials for the radar absorbing 

applications.   
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1. Introduction 

Due to the importance of stealth technology, 

Radar absorbing materials (RAM) have found 

special position in military projects. In recent 

decades, nanocomposite microcellular foams 

have attracted great interest due to their suitable 

mechanical and electromagnetic properties and 

controllable morphologies [1]. Attention to high 

stiffness, high toughness, high thermal stability, 

low dielectric constant, strong attenuation 

property at gigahertz frequency and more 

important of all light weight, have made them 

unique for the practical applications like 

aircrafts, missiles and warships [1-2].  

The main EM wave absorption mechanism for 

dielectric absorbers is conductance loss which 

can be achieved by adding conductive fillers 

such as carbon black, graphite, or metal particle 

into polymeric matrix. In this mechanism, wave 

absorption material with certain electrical 

conductivity would produce conductance 

current, when an alternating electric field acted 

on it, and then the current would dissipate the 

energy in the form of heat energy [3,4]. Some 

researchers have used carbon black as radar 

absorbing additive into polymeric matrix [5-7]. 

However because of the strong interparticle 

interactions, CB2 particles tend to form 

agglomerates in polymer matrices [8]. So 

dispersion technique is very important. The most 

common methods for preparing CBs composites 

are Melt blending, Film casting of suspensions 

of CBs in dissolved polymers and Co-

Precipitation    [7,9-12]. 

In many researches Co-Precipitation method has 

been employed [9]. Incorporating CBs into 

polymer raises the electrical conductivity of the 

insulating polymer which is necessary for EMI 

absorbers. This effect goes along with the 

increase of the relative permittivity of the 

material and thus reflection. Decreasing the 

permittivity of materials can be achieved by 

foaming [9-10,13-14]. 

There are number of researchers that have 

studied numerical simulation of foams. J.Zhang 

et al. studied absorbing properties of SiC3 foams 

as novel stealthy materials by numerical 

simulations and theory. Finite element method 

and a big cube which is subtracted from nine 

smaller cube as a unit cell model were used for 
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numerical analysis. They investigated 

dependence of coefficients of reflection on 

frequency at different conductivities and SiC 

volume fractions, for foams of 4 mm average 

cell diameters. To reach an understanding of the 

microwave absorbing mechanism, comparisons 

of absorbing properties among SiC-bulk, SiC-

foam and SiC-particles suspended in air were 

conducted by means of simulation [15-16]. 

Numerical predictions for radar absorbing silicon 

carbide foams using a finite integration 

technique with a perfect boundary approximation 

are presented by H.Zhang et al. Appropriate 

material parameters, including the conductivity, 

volume fraction, cell size, thickness, and surface 

modified foam structure, are determined through 

optimization calculations, where the impedance 

difference between the SiC foam and free space 

is minimized [17].  

Numerica land experimental investigation of 

carbon foams irradiated by EM waves, as 

microwave absorber, were performed by J.Zhang 

et al [18]. They used finite difference time 

domain method and tetrakaidecahedral unit-cell 

model for simulation and calculation of 

reflection coefficient of foams in different cell 

sizes of 2 and 3mm diameters. 

Parallel variable-mesh FDTD tool for the 

solution of large electromagnetic problems has 

been research area of some researchers [28-29]. 

L.Catarinucci et al. proposed numerical model of 

metal foams and used it in a proprietary variable-

mesh parallel finite difference time domain 

method, in order to characterize the EM 

properties of slabs of such materials. Also for 

verifying numerical results, they performed 

experimental evaluation of shielding 

effectiveness of Duocel® aluminium foam with 

different cell sizes and relative densities [19]. 

In the present work we focus our attention on the 

effect of morphological parameters including 

cell size and air volume fraction on the 

absorbing properties of lossy microcellular 

foams. In order to evaluate absorption properties 

of foams, computer aided design and simulation 

is applied and to compare with the numerical 

results, the absorption properties are 

experimentally measured by VNA in X band. In 

this work finite difference time domain (FDTD) 

method is applied to calculate the microwave 

absorption of the TPU1 foams. 

For the remainder the paper is organized as 

follows: first numerical simulation is described 

for lossy microcellular foams. Subsequently, 

material description, Foaming of TPU/CB 

nanocomposites in scCO22 and measurement 

technique is presented. Finally, the numerical 

and experimental results are discussed and 

compared. 

 

2. Numerical Simulation 

2.1. Theory 

In electromagnetics, the behavior of EM wave 

can be described using partial differential 

equations. The field quantities electric field E 

and magnetic field H are related by Maxwell’s 

equations [15]. The starting point for the 

construction of an FDTD algorithm is the 

Maxwell’s time domain equation          

j
t

D
H 




                    (1)

M
t

B
E 




                                        (2)

eD                                                        (3)                                                                  

mB                                                       (4)                                                             

Where E  is the electric field strength vector, D

is the displacement vector, H is the magnetic 

field strength vector, B is the magnetic flux 

density vector, j  is the electric current density 

vector, M is the magnetic current density vector, 

e is the electric charge density and m is the 

magnetic charge density. 

The FDTD algorithm divides the problem 
geometry into a spatial grid where electric and 

magnetic field components are placed at certain 

discrete positions in space, and it solves the 

Maxwell’s equations in time at discrete time 

instances. This can be implemented by first  
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approximating the time and space derivatives 

appearing in the Maxwell’s equations by finite 

differences and next by constructing a set of 

equations that calculate the values of fields at a 

future time instant from the values of fields at a 

past time instant, therefore, constructing a time 

marching algorithm that simulates the 

progression of the fields in time [26]. 

 

2.2. Model 

An idealized, rectangular waveguide in X band 

frequency ranges (10.16×22.86 mm2), whose 

schematic is shown in Fig.1, was employed in 

the simulation [16]. The waveguide walls are 

considered to be made of a perfect conductor, 

implying that 0En


on the boundaries. This 

boundary condition is referred to as a PEC 

boundary condition. TPU foam is positioned in 

the middle of the waveguide. The Plane wave is 

excited at Port 1, and S11, the voltage reflection 

coefficient at port 1, is calculated in order to 

identify the reflection of the EM wave. S21 is the 

forward voltage gain is calculated in order to 

identify the transmission of the EM wave 

[15,17].  

TPU/CB foam is a dielectric foam which is 

consisted of two parts: nanocomposite and air 

cell. Real and imaginary permeability of 

nanocomposite is equal to one and zero, 

respectively. Real and imaginary permittivity of 

nanocomposite measured by VNA1. Loss tangent 

and dielectric constant at specific frequency are 

input data for the simulation. Electromagnetic 

parameters of air cells are as follows

0,1,0,1 ''''''   . First order Debye 

model with constant loss tangent was applied for 

showing frequency dependence of permittivity. 

In order to create the foam model, initially, a 

cube of 3386.2216.10 mm as a 

nanocomposite was made. Then, spheres with 

diameter and number according to cell size and 

volume fraction as air cells were subtracted from 

the cube in three direction coordinates. Port1 and 

port2 of the waveguide were located at a 

distance of 25mm from the center of the foam. 

Space between foam and ports filled with 

vacuum and the waveguide walls are considered 

to be made of a perfect conductor on the 

boundaries. The created model is shown in Fig. 

1. This simulation was performed in the X-band 

                                                           
1 Vector Network Analyzer 

frequency range (8.2–12.4 GHz), and CST 

Microwave Studio 2012 software package was 

used in the simulation. Finite difference time 

domain method was considered as a numerical 

method. In CST, meshing was automatically 

performed, and the mesh size was much smaller 

than the cell size. We used adaptive mesh 

refinement for proper meshing.  
 

 

Fig. 1. Schematic of the rectangle waveguide with a 

TPU/C foam used in the simulation. 

 

3. Experiments 
3.1. Nanocomposite and foam preparation 

Solution precipitation method used for 

preparation of nanocomposites which is 

introduced by F.Li et al [9]. Thermoplastic 

Polyurethane (Ravathane130A65) was first 

dissolved in DMF (Merck) at 60°C. TPU 

concentration in DMF was 0.125 gr/cc. Nano 

carbon black (US Nano Research, 50nm and 

electrical conductivity of 333 s/m) was dispersed 

in aceton (Merck) at concentration of 

ccAcetonmgCB 1/3.0  by ultrasonication for 20 

minutes. Then different weight percentages of 

TPU solution was added into CB/aceton 

suspension and repeat ultrasonication for 10 

more minutes. The suspension solution was 

poured into a surplus of distilled water. The 

mixture of polyurethane/CB was able to 

promptly precipitate from the water. The 

precipitated mixture was dried under vacuum. 

The composite samples were subsequently made 
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by compression molding at 180°C and 30 bar in 

a mold with the dimensions of 
386.2216.103 mm in such a way that 3, 5, 10, 

15, 20&25 weight percentages of CB were 

prepared in TPU. 

To achieved various foaming characteristics, 

CB/TPU foams were prepared using a batch 

process at soaking pressures of 125 and 130 bar, 

soaking temperatures of 80 and 110 oC, pressure 

drops of instant,1 and 3 bar/sec and stabilization 

times of 5 and 1000 mSec [20,30,31]. First one 

sample was placed into the high strength carbon 

steel vessel. Subsequently, CO2 was pressurized 

to the soaking pressure using a booster and 

injected into the vessel.  

The temperature is increased to the soaking 

temperature and the sample is kept at constant 

soaking temperature and pressure for 8 h to 

ensure the sufficient saturation’s amount of CO2 

and to reach its thermodynamic solubility.  

After the soaking time, a rapid depressurization 

was applied then after short period of time which 

is called stabilization time, pressurized cold fluid 

( C12 ) was injected into the vessel in order to 

stabilize the foams. Sample with 15wt% of CB 

was used for foaming. Overall, process condition 

for foaming of TPU with 15wt% of CB is shown 

in table 1. 

Foaming process condition setting and modelling 

were accomplished in such a way that volume 

fraction and cell size of foam in both numerical 

evaluation and experimental evaluation would be 

nearest to each other.

Table. 1. Foaming process condition of 15wt% of CB nanocomposi

 

 

 

 

 

 

3.2. Measurement 
3.2.1. Electromagnetic properties 

measurement 

The measurements were performed using a vector 

network analyzer (VNA) Model E8362B 

(Agilent) in X-band frequency range. Dimensions 

of un-foamed samples were exactly fit to WR90 

waveguide but foamed samples were cut by die 

cut mold shown in Fig. 2.  

 

 
 

Fig. 2. Schematic of the die cut mold            

     ( )86.2216.10 2mm . 

 

 

 

 

 

 

 

 

 

 

 

Then sample was positioned into the fixture 

between the flanges of waveguide. Finally the S-

parameters are measured. Schematic of the VNA 

is shown in Fig. 3.  

 

Fig. 3. Test setup for radar absorbing efficiency 

measurement. 
 

Amplitude and phase of S-parameters were 

produced by VNA. Extraction of both 

Volume 

fraction of air 

)(
s

bar

dt

dP

 

Stabilization 

Time 

Pressure 

(bar) 

Temperature 

C)°( 

Sample 

NO. 

0.78 instantly 5ms 125 110 A1 

0.8 3 1s 125 110 A2 

0.79 1 1s 125 110 A3 

0.41 instantly 5ms 130 80 B1 

0.41 3 1s 130 80 B2 

0.42 1 1s 130 80 B3 
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permittivity and permeability ),,,( ''''''   from 

S-parameters was performed using the Nicolson-

Ross-Weir algorithm. Magnitude of S-parameters 

were calculated by ( 2010

amplitude

) and finally 

according to the following equations reflection, 

transmission and absorption were calculated [21]. 

 

100)((%)
2

22

2

11  SSreflection                   (5)            

100)((%)
2

12

2

21  SSontransmissi            (6)  

(%)(%)100(%) ontransmissireflectionabsorption   (7) 

 

Conductivity and electrical loss tangent were 

determined by the following equations [22]. 

''

0                                                       (8) 

'

''

tan



 e                                                       (9) 

Where e tan,,,, '''
 are respectively 

electrical conductivity )(
m

s
, angular frequency, 

imaginary permittivity, real permittivity and 

electrical loss tangent. 

3.2.2. Cell size measurement 

The microstructures of the foams were observed 

with a Philips XL30 scanning electron 

microscope (SEM). The samples were freeze-

fractured after immersion in liquid nitrogen for 

20 min and the fractured surfaces were coated 

with a thin layer of platinum before the SEM 

observation. Cell size was measured by 

“MEASUREMENT” software. SEM micrographs 

were imported into the software, after calibrating 

software ruler, cell sizes were determined. 

 
3.2.3. Density 

Foam density is measured according to 

ASTMD792 then volume fraction of air was 

calculated by following equation.        

Polymer

Foam
air




 1                                             

(10) 

4. Results and discussion 

Figure. 4 shows average variation of conductivity 

of TPU nanocomposite in the X-band frequency 

range. It is evident that conductivity is affected 

by the weight percentage of nanocarbon black. 

Conduction can be observed to remain negligible 

at very small nanocarbon black content, which 

does not allow the formation of conducting 

channels. The percolation threshold is found at 15 

wt% where the electrical conductivity of the 

composite jumps up. This behavior is attributed 

to the formation of conducting network through 

the matrix [7]. The curve drop at 25% which is 

attributed to the agglomeration of nanoparticles at 

highly loaded polymers. When nanoparticles get 

agglomerated, poor conducting network is 

formed.  

 

Fig. 4. Electrical conductivity of the CB/TPU 

nanocomposite versus the CB weight percentage. 

The 15 wt% nanocomposite was used for 

foaming because it was above percolation 

threshold so it’s electrical conductivity and loss 

tangent was considerable. Figure. 5 shows 

frequency dependency of real and imaginary 

permittivity of the 15 wt% nanocomposite which 

is derived from the first order Debye model with 

constant loss tangent and experiment. As seen 

from Fig. 5 Debye model is a good fit to the 

experimental results.  

 

Fig. 5. Real and imaginary permittivity of 15 wt% CB/TPU 

nanocomposite which is derived from the first order Debye 

model and experiment. 

Figure. 6 shows a representative SEM 

micrograph of the cross section of the carbon 
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black-TPU nanocomposite foam with 15 wt% 

nanocarbon black. It is evident that the 

microcellular cells were distributed throughout 

the foam. These nearly spherical cells exhibit an 

average cell size from 2 to 10 μm in diameter 

which could be seen in table 2. The formation of 

this unique microcellular structure and 

homogenous cell size is attributed to the use of 

supercritical CO2 as the foaming agent [30,31]. 

The TPU foam can be fabricated with different 

cell sizes and volume fractions, which can be 

obtained in the model and experiment by 

changing the diameter and the number of air 

cells. The numerical and experimental 

investigation of the effects of the volume fraction 

and cell size of TPU foam on the electromagnetic 

properties in the X-band frequency range are 

presented in this section. 

 

 

 

 

 

Fig. 6. SEM images of the cross-section of TPU nanocomposite microcellular foam with 15 wt % carbon black for 

A1,A2,A3,B1,B2&B3 samples. 
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Table. 2. Cell size and air volume fraction for different samples 

Volume 

fraction of air 

Standard 

deviation 

Average cell size 

)( m  

Sample NO. 

0.78 0.82 2 A1 

0.8 0.85 5 A2 

0.79 0.78 10 A3 

0.41 0.39 2 1B 

0.41 0.45 5 B2 

0.42 0.34 10 B3 

Fig. 7. Electromagnetic properties of 15 wt% nanocomposite vs frequency 

4.1. The effect of volume fractions of air on 

absorbability 

The numerical and experimental investigation of 

the effect of the air volume fractions at fixed cell 

size 10 µm on absorbability of foam is presented 

in this section.  

properties of 15 wt% CB/TPU nanocomposite was 

measured by VNA as is shown in Fig. 7. 

 

4.1.1. Numerical evaluation 

Electromagnetic properties of air was considered 

equal to vacuum )0,1,0,1( ''''''   and  

electromagnetic  

 

Fig. 7. Electromagnetic properties of 15 wt% 

 

 nanocomposite vs frequency Foam thickness of 3 

mm and air cell diameter of 10 µm is used. The 

fractions of air in TPU foam were 0.79 and 0.46. 

S-parameters were determined by finite difference 

time domain method in X band frequency range, 

and then percentage of reflection, transmission and 

absorption calculated by equations 5-7.   

As seen from figure. 8(a), the reflection is affected 

by the air volume fraction at fixed cell size where 

it is reduced with an increase in air volume 

fraction. This is due to the high effective 

permittivity of the foam with low volume fraction 

and therefore the impedance of the foam 

mismatches with free space too much. 

Consequently, most of the wave is reflected from 

the surface of the foam and is not absorbed. 

Dispersing conductive filler into the insulating 

matrix raises the electrical conductivity of the 

matrix and this effect goes along with the increase 

of the relative permittivity of the material 

promoting EM wave reflections, which is 

undesirable for RAMs. Decreasing the 

permittivity of materials can be achieved by 

foaming [27,31]. 

As shown in Fig. 8(b) Transmission is a function 

of air volume fraction and is reduced with an 

increase in air volume fraction. Since air cells are 

small with respect to wavelength, Effective 

Medium Theory (EMT) is used to estimate 

average permittivity and permeability of the 

inhomogeneous material. There are number of 

formulas for calculating the effective medium, 

among which the Maxwell–Garnett (M–G) theory 

and the Bruggeman (Br) theory are widely used. 

So according to Effective Medium Theory, the 

microcellular foam could be assumed as an 

effective medium which its permittivity is reduced 

with an increase in air volume fraction. Therefore 

the impedance of the foam matches with free 

space and the transmission is increased [16,25]. 

Wave absorption ability of un-foamed 

nanocomposite is higher than foamed 

nanocomposite as is observed from Fig. 8(c). The 

lower the air volume fraction, the higher the 

absorption ability. Electromagnetic loss in bulk 

material is the main phenomena which causes 

power absorption. Foaming is a cause of an 

electrical loss tangent and therefore absorption 
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reduces at the same thickness. Foaming reduces 

the bulk density, so mass of material reduces at the 

same thickness. Considering that absorption is 

related to the mass of lossy medium, therefore, 

correct comparison is comparison of absorption 

per weight of foamed and un-foamed samples. As 

shown in Fig. 9 Minimum Absorption (%) per 

weight is attributed to un-foamed sample and with 

an increase in air volume fraction, Absorption (%) 

per weight increases. The cause of this 

phenomenon can be attributed to the fact that 

foaming makes multiple scattering inside the 

porous material and finally electromagnetic waves 

are attenuated. 

Therefore, foaming causes the reduction of 

permittivity and reflection and also an increase of 

absorption per weight, resulting in an 

improvement of radar absorbing properties.

 

Fig. 8. Variations of (a) reflection (%), (b) transmission (%) and (c) Absorption (%) vs frequency of un-foamed nanocomposite 

(TPU-15%CB) and foams at fixed cell size 10µm and different air volume fractions (0.46 , 0.79). 

 

Fig. 9. Variations of absorption per weight vs frequency of un-foamed nanocomposite (TPU-15% CB) and foams at 

fixed cell size of 10µm and different volume fractions of air (0.46 , 0.79). 

4.1.2. Experimental evaluation  
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The effect of volume fractions of air at fixed cell 

size on absorbability of foam, is investigated in 

this section. Samples A3 and B3 were compared. 

Samples with dimensions of 86.2216.103   

mm3 were prepared. S-Parameters were obtained 

from VNA and using equations 5-7, reflection, 

transmission and absorption were calculated. 

Variations of reflection, transmission and 

absorption of nanocomposite and foam shown in 

Fig. 10. 

Similar to numerical results, maximum reflection 

is ascribed to the un-foamed sample. Reflection is 

reduced with an increase in air volume fraction. 

Minimum transmission is attributed to the un-

foamed sample. Transmission is increased with an 

increase in air volume fraction. Un-foamed 

nanocomposite showed greater absorption in 

comparison with foamed nanocomposites at the 

same thickness. 

 

 

Fig. 10. Variations of (a) reflection (%), (b) transmission (%) and (c) absorption (%) vs frequency of the un-foamed nanocomposite 

(TPU-15%CB) and foams at fixed cell size of 10µm and different air volume fractions (0.42 , 0.79)

Considering that foaming reduces density of 

sample, absorption (%) per weight is a correct 

criterion for evaluation of absorbing foam or 

nanocomposite. As seen from Fig. 11 similar to 

numerical results minimum absorption (%) per 

weight is attributed to the un-foamed sample and 

is increased with an increase in air volume fraction 

which could be attributed to the multiple scattering 

inside the porous material and so EM wave loss. 

 

 

Fig. 11. Variations of absorption (%) per weight vs frequency of un-foamed nanocomposite (TPU-15%CB) and the foams at fixed 

cell size )10( m and different air volume fractions (0.46 , 0.79).

4.2. The effect of cell size on absorbability 
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Numerical and experimental investigation of the 

effect of cell size at fixed volume fraction (0.4) on 

absorbability of foam is presented in this section.  

 

4.2.1. Numerical evaluation 

Electromagnetic properties of air was considered 

equal to vacuum and also electromagnetic 

properties of 15 wt% CB/TPU nanocomposite was 

shown in Fig. 7. The foams were 3mm in thickness 

and 5µm, 10µm, 1mm and 2mm in cell diameters. 

S-parameters were determined by finite difference 

time domain method in X band frequency range, 

and then percentage of reflection, transmission and 

absorption were calculated by equations 5-7.  

Variations of reflection, transmission and 

absorption of foams for different cell sizes at two 

volume fractions (0.39, 0.4) are shown in Fig. 12. 

As shown in Fig. 12(a), reflection is a little 

affected by the cell size and is increased with a 

decrease in cell size. Reflections of samples with 

cell size of 5 and 10µm and also 1 and 2mm are 

near to each other. When the foam cell size is 

reduced at fixed air volume fraction, the number of 

cells is increased and therefore scattering is 

increased. Transmission is reduced with the 

reduction of cell size as is observed from Fig. 

12(b). Absorption is also affected by cell size as 

shown in Fig. 12(c). The lower the cell size, the 

higher the absorption. This is attributed to the 

greater number of cells in the foam create more 

multiple scattering inside the material which can 

be serious mechanism for EM wave attenuation as 

shown in Fig. 13.  

 

 

 

Fig. 12. Variations of (a) reflection (%), (b) transmission (%) and (c) absorption (%) vs frequency of the foams at two air volume 

fractions )4.0&39.0( and different cell sizes (5µm, 10µm, 1mm and 2mm cell diameters).

 

Fig. 13. Schematic of multiple scattering inside the nanocomposite foams caused by reducing the cell size. 
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Comparing the results shown in figures 8 and 12, 

it is obvious that reflection, transmission and 

absorption are more affected by air volume 

fraction than the cell size. This indicates that for 

the foams considered, since the foam cell size is 

much smaller than the incident wavelength in X 

band frequency range; the long wavelength 

radiation is too myopic to detect the foam size or 

insensitive to the foam structure [17]. But when 

various foam cell sizes show the various 

reflection, transmission and absorption even a 

little, it means that behavior of the foam against 

EM wave deviates a little from EMTs. Because in 

EMTs, electromagnetic properties of medium are 

only affected by volume fraction of inclusions not 

size of inclusions [25]. 

 

4.2.2. Experimental evaluation 
The effect of cell size at fixed volume fraction of 

air on absorbability of the foam, is investigated in 

this section. Samples B1, B2 and B3 were 

compared. Samples with dimension of 

3×10.16×22.86 mm3 were prepared. S-Parameters 

were obtained from VNA and employing 

equations 5-7, reflection, transmission and 

absorption were calculated. Variations of 

reflection, transmission and absorption of the 

foams are shown in figure. 14. Similar to 

numerical results reflection is a little affected by 

the cell size and is increased with a decrease in cell 

size as shown in Fig. 14(a). Transmission is 

reduced with a reduction of cell size as is observed 

from Fig. 14(b). Absorption is also a little affected 

by the cell size as seen from Fig. 14(c). The lower 

the cell size, the higher the absorption. 

 

4.3. Comparison of numerical and experimental 

results 

Numerical and experimental results for different 

cell sizes and volume fractions is compared in this 

section. 
 
4.3.1. Variations of volume fractions at fixed 

cell size 

Comparison of numerical and experimental results 

for reflection, transmission and absorption is 

shown in Fig. 15,16. As is seen from figures 

experimental results completely verify the 

numerical results. 

 

 

Fig. 14 Variations of (a) reflection (%), (b) transmission (%) and absorption (%) vs frequency of the foams at two air volume 

fractions (0.41,0.42) and different cell sizes (2µm, 5µm and 10µm in diameter). 
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Fig. 15. Numerical and experimental results for (a) reflection (%) and (b) transmission (%) of the un-foamed nanocomposite 

(15%CB-TPU) and the foams vs frequency at fixed cell size (10µm) and different volume fractions. 

 

 

Fig. 16. Numerical and experimental results for absorption of the un-foamed nanocomposite and the foams vs frequency at fixed 

cell size (10µm) and different volume fractions. 

 

4.3.2. Variations of foam cell sizes at fixed 

volume fraction 

Comparison of numerical and experimental results 

for reflection, transmission and absorption is 

shown in Fig. 17.  

Trend of reflection in the experimental results is 

similar to the numerical results but quantities in 

numerical is a little higher than experimental as 

seen in Fig. 17(a). This is attributed to the lower 

volume fraction in numerical analysis. In fact, 

preparation of sample which it’s air volume 

fraction would be exactly the same as the model in 

numerical analysis or vice versa preparation of 

model which it’s air volume fraction would be 

exactly the same as the sample in experimental 

analysis, is not possible. Also this is true for 

transmission and absorption. From experimental 

results it is found that absorption of the foam for 

the different cell sizes is more affected in 

comparison to the numerical results. This is 

attributed to numerical method. In fact finite 

difference time domain method is insensitive to 

variation of foam cell size from 5µm to 10µm. 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

je
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

5-
13

 ]
 

                            12 / 15

https://mjee.modares.ac.ir/article-17-7342-en.html


MOEINI ET AL NUMERICAL AND EXPERIMENTAL EVALUATION OF RADAR ABSORBING PROPERTIES OF … 

44 
 

 

Fig. 17. Numerical and experimental results for (a) reflection (%), (b) transmission (%) and (c) absorption (%) of the foams vs 

frequency at approximately fixed volume fraction and different cell sizes. 

5. Conclusion 

In this paper, microcellular thermoplastic 

polyurethane foams with various cell sizes and air 

volume fractions were prepared as absorbing 

materials and electromagnetic properties of the 

foams by means of experimental and numerical 

analysis in the X-band frequency range were 

investigated. The following conclusions are 

drawn from this study: 

1. The foaming caused a strong reduction in 

dielectric constant and reflection.  

2. An increase in air volume fraction at fixed 

foam cell size makes absorption per weight of the 

foam increase, which is due to multiple scattering 

inside the porous materials. 

3. Reducing the foam cell size at fixed air 

volume fraction makes percentage of absorption 

increase. It means that microcellular foams shows 

a little deviation from EMTs. Therefore 

microcellular foams as radar absorbing materials 

have special importance. 

4. Sensitivity of electromagnetic wave 

against the variations of cell size is strongly lower 

than variations of air volume fraction because the 

cell size is much smaller than the incident 

wavelength. 

5. The combination of these two concepts, 

microcellular foams and carbon filler, are very 

promising for the design of materials for light 

radar absorbing applications. Indeed, the 

dispersion of CBs in a polymer matrix imparts it 

the required electrical conductivity that is 

essential for the interaction of the material with 

the electromagnetic radiation. The foaming of the 

nanocomposite ensures the preservation of a low 

dielectric constant that limits the reflection of EM 

radiation at the material interface. 

6. Finite Difference Time Domain method is 

a suitable method for evaluation of microcellular 

foams and it’s conformity with experimental 

results is acceptable. 

7.  
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