
The absorption of electromagnetic wave has been impor-

tant issues for commercial and military industrials. On the other

hand, the stealth technique is the most typical application of

electromagnetic wave absorption technology. By reducing the

detectability of aircrafts or warships, of which the radar cross

section (RCS) is a measure, they could evade radar detection,

which affects not only the mission success rate but also survival

of them in the hostile territory1-6. In facts, the stealth tech-

nique can be categorized into two methods. One is the shape

optimization of the body so that incident electromagnetic wave

can be scattered yielding minimum reflective wave. The other

is the use of electromagnetic wave absorption materials and/

or structures. In the early stage, many researchers mainly concen-

trated on the reduction of radar cross section and development

of the radar absorbing materials (RAMs). In recent years,

extensive investigations have been carried out to fabricate

microwave absorption materials with good electromagnetic

match, such as CNTs/Fe7, CNTs/CoFe2O4
8, Ni(C) nano-

capsules9 Mn and Ti doped strontium hexaferrite10, SnO2

nanowire/paraffin11, CoFe2O4 nanoparticles12 and Fe3Al/Al2O3

fine particle composites13. These nanocomposites showed

better microwave absorption than the pure core or shell

materials. Therefore, it is significant to search other approaches

to fabricate microwave absorption materials with good

electromagnetic match. In this letter, Fe2O3/paraffin nanocom-

posite were fabricated and the microwave absorption properties

were investigated.

Various methods of synthesis of nanosized iron oxide

particles have been elaborated such as the sol-gel14, micro emul-
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sion15, sonochemical16, ultrasonic spray pyrolysis17, microwave

plasma18. Each preparation method has its advantages and

disadvantages, which mainly relate to particles size distribution,

production scale and cost. The Fe2O3 nanoparticles were

obtained via the sol-gel method based on the hydrolysis and

condensation of iron nitrate precursors, followed by heat

treatment19. In a typical experiment, 400 mL of iron nitrate

(0.1 M) was gelated by using 1600 mL of mono hydrated

citric acid solution (0.05-0.20 M) as ligand molecules. The

singly distilled water used as the solvent. The iron solution

was added to the citric acid solution drop wise with vigorous

stirring. The solution was then heated to 70 ºC, while main-

taining vigorous stirring until the gel was formed and the

contained water was evaporated. The dried gel was annealed

at temperatures ranging from 180- 400 ºC, typically yielding

Fe2O3 nanoparticles. Subsequently, the Fe2O3/paraffin wax

composite (weight ratio = 1:1) was pressed into a toroidal shape

with outer diameter of 7 mm and inner diameter of 3 mm for

microwave measurement (Fig. 1). It was then inserted into the

waveguide to measure the S-parameter using the HP vector

network analyzer in the frequency range of 12-18 GHz.

Fig. 1. (a) Device for the preparation of toroidal shape. (b) Waveguide (inner

diameter 3 mm and outer diameter 7mm)
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The morphology of the nanocomposite was investigated

by FE-SEM (Fig. 2). This image exhibits the effective dispersion

of Fe2O3 in paraffin wax matrix.

Fig. 2. Cross-sectional FESEM images of the toroidal Fe2O3/paraffin wax

composite, showing an effective dispersion of Fe2O3 in paraffin wax

matrix

According to the transmission line theory, the reflection

loss (RL) of normal incident electromagnetic wave at the

absorber surface can be calculated from the relative perme-

ability and permittivity at a given frequency and absorber

thickness using the following equations:
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Here, Z0 is the impedance of air, µ0, ε0 are the permeability

and permittivity of air, respectively, f the frequency of the

electromagnetic wave, d is the thickness of the absorber, c is

the velocity of light, Zin is the input impedance of the absorber

and µ and ε are the complex permeability and complex permi-

ttivity of absorber, respectively.

Fig. 3 shows the typical relationship between reflection

loss (RL) and frequency of the nanocomposite. The effective

microwave absorption (RL < -10 dB) is obtained in a wide

frequency range of 12.5-14.5 GHz with the thickness of 1.8

mm. The optimal RL value of -16.0009 dB is obtained at

13.674 GHz with an absorber thickness of 1.8 mm.

In general, electromagnetic waves absorbers are required

to have excellent reflection loss values and be thin to cater to

military as well as civilian applications. Moreover, they must

have good formability. The method described in this work

satisfies these requirements and is projected to play an important

role in the new design of microwave absorbers.

Conclusion

The Fe2O3/paraffin wax nanocomposite exhibits excellent

microwave absorption properties in the frequency range of

12.5-14.5 GHz with the thickness of 1.8 mm. An optimal
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Fig. 3. Frequency dependence of reflection loss (RL) of the nanocomposite.

An optimal RL value of -16.0009 dB is obtained at 13.674 GHz

with an absorber thickness of 1.8 mm

reflection loss value of -16.0009 dB is obtained at 13.676 GHz.

As stated above, the nanocomposite is a good candidate for

microwave absorption in the gigahertz range. This novel fabri-

cation method can be opens the way for more effective and

simpler design and synthesis of microwave absorbers in military

and commercial applications.

ACKNOWLEDGEMENTS

The authors acknowledged Physics Department, Shiraz

Branch of Islamic Azad University.

REFERENCES

1. H. Ota, M. Kimura, R. Sato, K. Okayama, S. Kondo and M. Homma,

IEEE Int. Symp., 2, 590 (1999).

2. A.N. Yusoff and M.H. Abdulla, J. Magn. Magn. Mater., 269, 271 (2004).

3. Y. Naito and K. Suetake, IEEE Trans. Microwave Eng. Theory Technol.,

65, 19 (1971).

4. M. Cao, R. Qin, C. Qiu and J. Zhu, Mater. Des., 24, 391 (2003).

5. X. Wang, R. Gong, H. Luo and Z. Feng, J. Alloys Comp., 480, 761 (2009).

6. T. Ghaffary, M. Ebrahimzadeh, M.M. Gharahbeigi and L. Shahmandi,

Asian J. Chem., 24, 3237 (2012).

7. Y.Q. Kang, M.S. Cao, J. Yuan and X.-L. Shi, Mater. Lett., 63, 1344

(2009).

8. R.C. Che, C.Y. Zhi, C.Y. Liang and X.G. Zhou, Appl. Phys. Lett., 88,

033105 (2006).

9. X.F. Zhang, X.L. Dong, H. Huang, Y.Y. Liu, W.N. Wang and X.G. Zhu,

Appl. Phys. Lett., 89, 053115 (2006).

10. F. Tabatabaie, M.H. Fathi, A. Saatchi and A. Ghasemi, J. Alloys Comp.,

470, 332 (2009).

11. H.T. Feng, R.F. Zhuo, J.T. Chen, D. Yan, J.J. Feng, H.J. Li, S. Cheng,

Z.G. Wu, J. Wang and P.X. Yan, Nanoscale Res. Lett., 4, 1452 (2009).

12. W. Fu, S. Liu, W. Fan, H. Yang, X. Pang, J. Xu and G. Zou, J. Magn.

Magn. Mater., 316, 54 (2007).

13. J.Q. Wei, J.B. Wang, Q.F. Liu, L. Qiao, T. Wang and F. Li, J. Phys. D:

Appl. Phys., 43, 115001 (2010).

14. B. Liu, D. Wang, W. Huang, A. Yao, M. Kamitakara and K. Joku, J.

Ceram. Soc. Japan, 115, 877 (2007).

15. M. Xu, L. Cui, N. Tong and H. Gu, J. Am. Chem. Soc., 128, 15582

(2006).

16. F. Dang, K. Kamada, N. Enomoto, J. Hojo and K. Enpuku, J. Ceram.

Soc. Japan, 115, 867 (2007).

17. W.H. Suh and K.S. Suslick, J. Am. Chem. Soc., 127, 12007 (2005).

18. S.-Z. Li, Y. C. Hong, H.S. Uhm and Z.-K. Li, Japan. J. Appl. Phys., 43,

7714 (2004).

19. http://arxiv.org/pdf/cond-mat/0408480.

Frequency (GHz)

R
e

fl
e

c
ti
o

n
 lo

s
s
 (

d
B

)

7652  Khajehazad et al. Asian J. Chem.


