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ABSTRACT: Toroidal shaped composite samples having Carbon black nano powder (CBP) as filler with varying 

weight contents (100, 150, 200, 300 and 400 mg in 1 ml PU) thoroughly mixed in Poly-urethane (PU) matrix have been 

successfully prepared. Microwave absorption properties (stealth properties) of prepared 400 mg CBP/PU nano-

composite have been studied. Simulation studies for metal backed single layered absorbers have been carried out for 

studying the electromagnetic (EM) absorbing properties for different thicknesses of the sample. The vector network 

analyser (Model PNA E8364B, Software module 85071E) attached with coaxial measurement set up has been utilized 

to investigate the complex permittivity and permeability. Microwave absorbing properties were examined by utilizing 

the measured values of complex permittivity and complex permeability of the absorber in the frequency range of 2 GHz 

to 18 GHz. Reflection loss RL (dB) vs. frequency variation have been also determined for various thicknesses (t=5.0, 

6.0 and 7.0 mm) of the composite employing the simulation code. SEM and TGA were performed to analyse the 

morphological and thermal behaviour of the nano-composite. The complex permittivities of the nano-composites are 

found to be frequency dependent. Higher reflection loss (RL, dB) have been reported in X (higher frequency side) , Ku 

(lower frequency side) and Ku (higher frequency side) band for the sample thicknesses of 5.0 mm, 6.0 mm and 7.0 mm 

respectively.  
 

KEYWORDS:  Radar Absorbing Materials, Reflection loss, Microwave absorber, RCS, Permittivity and Permeability. 

I. INTRODUCTION 

Radar absorbing materials have much been initially applied for low observable objects and further has been applied for 

stealth technologies [1]. During the World War II, parallel to the introduction of the RADAR as a technological aircraft 

detection system, stealth was introduced as a counter measure to it [2]. Stealth can be achieved by employing various 

techniques as by Geometry (Radar Absorbing Structures) [3], Active loading [4], Passive loading [5], distributed 

loading (Broad band) [6]. For stealth, Radar Cross Section (RCS) has to be minimized [7] and the above techniques 

have been proven to be effective. Many researchers have worked on development of Microwave absorbing materials 

[8-9]. Currently, Abbas et al. are working on Carbon black and MWCNT filler based PU nano-composites since 2005 

[10]. Microwave absorption properties of Carbon based Conducting nano-composites have been studied and published 

[11-13].  In this present paper, we are discussing some more aspects of the Carbon black powder (CBP) filler in 

thermoplastic Poly-urethane matrix based nano-composites. 

II. EXPERIMENTAL 

 

A. Materials and method of synthesis 

 

Nano-composite preparation is carried out by using Carbon black powder (CBP) (Senka Carbon, India) thoroughly 

mixed using acetone medium in two pack polyurethane matrix consists of polyol-8 (Ciba-Geigy, Switzerland) and 

hexamethylene di-iso-cynate (E-Merck, Germany) mixed in 50–50 ratios. Samples with carbon black powder (CBP) as 

filler with varying weight contents (100, 150, 200, 300 and 400 mg) mixed in 1 ml polyurethane (PU) matrix have been 

prepared. The mixture was homogenized and then put in the mould followed by curing it under heat and pressure in a 
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hydraulic press. The samples were prepared in toroidal shaped with an outer diameter of 7.0 mm, an inner diameter of 

3.0 mm to fit in co-axial waveguide sample holder.  

 

B.  Microwave measurements 

 

Microwave absorbing properties were studied using coaxial line method. Electromagnetic parameters (complex 

permittivity and Complex permeability) of composite were investigated using AGILENT vector network analyser 

Model PNA E8364B in the frequency range of 2–18 GHz.  

The reflection loss (RL) with different thicknesses (t) have been calculated by utilising the well established equations (1) 

and (2) given below: 
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where Zin is the normalized input impedance at free space and material interface, εr = ε′ − jε″ and μr = μ′−jμ″ are the 

complex permittivity and permeability respectively of the material.  Real part is a measure of the extent to which the 

material will be polarized or magnetized by the application of electric or magnetic field respectively while imaginary 

part is a measure of the energy loss incurred in re-arranging the alignment of the electric or magnetic dipoles as 

according to applied ac fields, t is the thickness of the absorber, and c and f are the velocity of light and the frequency 

of microwave in free space, respectively. 

III.  RESULT AND DISCUSSION 

A. Morphological Properties  

The surface morphologies have been studied with the help of Scanning Electron Microscope (SEM) images. The SEM 

images of carbon black nano-particles and polyurethane (PU) are shown in figure1 (a) and 1(b) respectively.  

 

      
1(a) 

 
1(b) 

Fig. 1. Scanning Electron Micrographs (a) Carbon Black Powder (CBP) (b) SEM of Poly Urethane (PU) 

 

 
SEM micrograph 1(a) shows that the carbon black particles are agglomerated and forms the porous structure. Figure 

1(b) shows the rubberised nature of virgin polyurethane (PU) matrix.  

 

B. Thermal Properties 

………….(1) 

………….(2) 
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Thermo gravimetric analysis (TGA) has also been carried out to study the thermal stability of the prepared nano- 

composite. Figure 2 shows the TGA plot of prepared nano-composite which exhibits weight loss in several steps. But 

the prepared CBP/PU nano-composite is found to have a thermal stability at least up to 300 
0
C. 

 

 

 
C.  Permittivity Spectra and Permeability Spectra 

The dielectric parameters (ε‟, ε”) of CBP/PU nano-composites are shown in the figure 3 (a) and figure 3(b). The figure 

3(a) shows that the dielectric constants (ε‟) of the prepared CBP/PU nano-composite samples are frequency dependent 

and also varies with the weight contents of the conducting CBP filler.   
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3 (b) 

Fig. 2. Variation of the (a) Dielectric constant (ε‟) with frequency (GHz) (b) Dielectric Loss (ε”) with frequency (GHz) of 
CBP/PU Nano-composite 

 

 
The figure 3(b) shows that the dielectric loss (ε”) is increasing with increasing CBP filler content in the composite.  

 
 

 

Fig. 2. TGA of 400 mg Carbon Black/ ml PU Nano-composite 
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Figure 4 shows the real permeability (µ‟) is nearly frequency independent in 2-18 GHz. The magnetic loss for all the 

samples have been found nearly zero (not shown) because of the conducting nature of the samples. 
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Fig. 3. Variation of Real permeability (µ‟) with frequency (GHz) of CBP/PU Nano-composite 

 

D.  Microwave absorbing properties 

The reflection loss (dB) of the prepared CBP/PU nano-composite sample having 400 mg (by wt.) in 1ml PU matrix for 

various thicknesses (t=5.0, 6.0 and 7.0 mm) have been calculated using experimentally obtained values of εr and μr.  

 

 

Fig. 4. Reflection loss (RL, dB) vs. frequency (GHz) for t= 5, 6 and7 mm 

 

 

 

 
Figure 4 depicts the variation of the reflection loss (dB) with frequency of 400 mg CBP/ml PU nano-composite in the 

frequency range of 2 GHz - 18 GHz. The maximum reflection loss observed for thicknesses are shown in the table 1. 
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Thickness 

(t) (mm) 

Matching frequency 

(fm) (GHz) 

Max. Reflection loss (RL, max) 

(dB) at matching frequency (fm) 

Frequency band for 

Reflection loss  (RL) > 90% 

(i.e. more than10 dB) 

Relevant Band 

 

5.0 15.76 - 26.31 10.96GHz  - 11.74 GHz X 

(higher frequency) 

6.0 13.52 - 32.74 12.88 GHz - 14.16 GHz Ku 

(lower frequency) 

 

7.0 11.60 - 22.22 15.12 GHz -16.72 GHz Ku 

(higher frequency) 

 

Table 1: Reflection loss (dB) with various thickness (t) 

IV. CONCLUSION 

100, 150, 200, 300 and 400 mg CBP filler based nano-composites in 1 ml polyurethane matrix has been successful 

prepared. The complex relative permittivity and permeability spectra and their relationship with microwave absorbing 

properties of 400 mg CBP/ml PU nano-composite have been investigated in detail. The maximum reflection loss (RL, 

max) of 32.74 dB have been obtained at a matching frequency of 13.52 GHz for sample at thickness of 6.0 mm as 

mentioned in table-1. Prepared material may be utilized for EMI shielding and stealth applications. 

V. ACKNOWLEDGEMENT 

Authors are grateful to Dr. Namburi E. Prasad, Director DMSRDE, Kanpur for permitting this work. The authors are 

also thankful to Dr. T.C. Shami and Mr. Alok Dixit of DMSRDE Kanpur for their support in microwave measurements. 

The authors also extend their thanks to Prof. (Dr.) Sangeeta Kale  of DIAT Pune for her inspiration and support.  

 

REFERENCES 

[1] Stonier RA. Stealth aircraft and Technology from World War II – the Gulf. SAMPE 1991; 27(4):9–17.  

[2] Ilbeom Choi, Dongyoung Lee, Dai Gil Lee “Radar absorbing composite structures dispersed with  nano-conductive particles” Composite 

Structures Volume 122, April 2015, Pages 23–30,  doi: 10.1016 /j.compstruct.2014.11.040  
[3] Eugene F. Knott, John Shaeffer, Michael Tuley, “Radar Cross Section, Second Edition”, Institution of Engineering and Technology, 2004                                                                                                                                                                   

S.Bhuvaneswari, T.S.Subashini, “Automatic Detection and Inpainting of Text Images”, International Journal of Computer Applications (0975 

– 8887) Volume 61– No.7,  2013 
[4] V. K. Varadan, American Society of Mechanical Engineers, Air Force Research Laboratory (Wright-Patterson  Air Force Base, Ohio) Smart 

Structures and Materials: Smart electronics and MEMS, Volume 4334 SPIE--The International Society for Optical Engineering, 2001 - Smart 

structures  
[5] K.C. Tripathi, S.M. Abbas, R.B. Sharma, P.S. Alegaonkar, Manish Verma “Microwave Absorption Studies of γ-ferrite and Ni-Zn ferrite / 

Epoxy based Nano-composite” J. of IJSART, Vol. 1, issue 12, PP. 16-20. Dec 2015  
[6] Eugene F. Knott,  John Shaeffer,  Michael Tuley – Radar Cross Section, Scitech Publishing Inc., Second edition, 2004   

[7] Yan Wang, Xumin Ding and Qun Wu, “Characteristics of Faveolate Structural Microwave absorbing for Radar Absorption Material” 978-1-

4799-3540-6/14/$31.00 ©2014 IEEE , pp181-182,  AP-S 2014 
[8] Petrov, V. M., Gagulin, V.V. Inorganic Materials, February 2001 , Volume 37, Issue 2, pp 93-98. 

[9] S.M. Abbas, Mahesh Chandra, A. Verma, R. Chatterjee, T.C. Goel “Complex permittivity and microwave absorption properties of a 

composite dielectric absorber” Composites: Part A 37 (2006) 2148–2154 
[10] K.C. Tripathi, S.M. Abbas, R.B. Sharma, P.S. Alegaonkar, Manish Verma “Electromagnetic and Microwave Absorption Properties of Carbon 

Black/PU Di-electric Nano-Composite Absorber” IJSART, Vol. 1, issue 7, PP. 12-16. July 2015  

[11] K. C. Tripathi,  S. M. Abbas, R. B. Sharma, P. S. Alegaonkar  “Preparation and Evaluation of Carbon Black-MWCNT Nano-composites for 
Microwave Absorption”,  IJSR, Vol. 3, Issue 11, pp. 2398-2402,  Nov 2014 

[12] Osman Balcil, Emre O. Polat, Nurbek Kakenov and Coskun Kocabas “ Graphene-enabled electrically switchable radar-absorbing surfaces  

NATURE COMMUNICATIONS | 6:6628 | DOI: 10.1038/ncomms7628, pp 1-9,  20 Mar 2015, www.nature.com/naturecommunications  
[13] John D, Washington M. USAF unveils stealth Figurehter. Aviat Week Space Technol 1988; 129 (November 14): 28–9.  

 

 

 

 

 

 

http://www.ijarset.com/


      
         

        
ISSN: 2350-0328 

International Journal of Advanced Research in Science, 

Engineering and Technology 

Vol. 3, Issue 2 , February 2016 

 

Copyright to IJARSET                                                           www.ijarset.com                                                                        1497 

 

 

AUTHOR’S BIOGRAPHY 
                                                                                                                                                                                                                       

Dr. S.M. Abbas is presently Scientist „F‟, Joint Director and head of Central Analytical Facilities in Defence 

Materials and Stores Research and Development Establishment (DMSRDE), Kanpur, India. He did his M. 

Tech. in Metallurgical Engg. And Materials Science from IIT Bombay in 1997 and Ph.D. in Physics (Solid 

state materials) from IIT Delhi in 2007. His area of interest is characterization of materials, development of 

camouflage materials/ products, Radar and multispectral Camouflage Net, Mobile Camouflage System, and Radar 

absorbing Materials Composites. He has published more than 12 papers in reputed journals and presented more than 12 

papers in International conferences. He received two best paper awards: one in International conference on Advanced 

Materials (ICAM 2007) at IISc., Bangalore, and another in MRSI conference 1997 at BARC Mumbai,. He has also 

received DRDO cash 1999 for development of thermal Pads. 

 

Dr. R.B. Sharma obtained M.Sc. (Physics) from Agra University (1979), M. Phil (Physics) from Rajasthan 

University (1986) and PhD from Pune University (1997). He has taught Physics courses at undergraduate/ 

Post graduate/ doctoral level for more than 30 years. He has supervised more than 5 Ph.D. and 8 M.Tech/ 

MS theses. Presently, he is working as Scientist „G‟ at DRDO headquarters, New Delhi and also as an 

adjunct faculty at the Department of Applied Physics, DIAT Pune, India. He has published more than 35 research 

papers in International journals. 

 

Dr. P.S. Alegaonkar received the M.Sc. degree in Physics (specialization in nuclear techniques) from 

University of Pune, Pune, Maharashtra (India) in 1999 and Ph.D. degree in Physics from same department in 

2004. From Mar 2010, he has joined Defence Institute of Advance Technology, Pune. Presently, he is 

working in as Assistant Professor in Applied Physics Department. 

 

Mr. K.C. Tripathi received the M.Sc. degree in Physics (specialization in electronics) from CSJM 

University, Kanpur. U.P. (India) in 1997 and M. Tech. Degree in Computer Science and Engineering from 

Allahabad Agricultural Institute, Deemed University, Allahabad in 2007. From July 2008, he has joined 

Ph.D. (Applied Physics) program from Defence Institute of Advance Technology, Pune. He has published 

more than six research paper in international journal. Presently, he is working as Technical Officer in 

DMSRDE, Kanpur, DRDO, Ministry of Defence, Government of India. 

 

Mr. Manish Verma received the M.Sc. degree in Physics (specialization in electronics) from Lucknow 

University, Lucknow. U.P. (India) in 2005. From 2008, he has joined DRDO as Scientist „B‟. Presently He 

is working as Scientist „C‟ in DMSRDE, Kanpur. He has published more than 04 research paper in 

international journal. His research interest is Advance electronics, Condensed Matter Physics. 

  

Mr. Milan Kant received the M.Sc. degree in Chemistry from Agra University, Agra U.P. (India) in 1995 

He has published    one research paper in international journal. Presently, he is working as Technical 

Officer in DMSRDE, Kanpur, DRDO, Ministry of Defence, Government of India. His area of interest is 

Chemical engineering. 
 

 

 

 

http://www.ijarset.com/

