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Fig.1  Structure chart of the carbonyl iron composite absorbing 

coating based on metamaterial design: (a) sectional view 

and (b) structural units 
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Fig.2  SEM images of CIP (a), CIP/CoFe
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Fig.3  XRD pattern of the CIP/CoFe
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Fig.4  Electromagnetic parameters of ternary composites and 

carbonyl iron: (a) permittivity and (b) permeability 
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Fig.5  Reflection loss of the CIP/CoFe
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Fig.6  Reflection loss of the improved coating and CIP coating  
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Fig.7  Equivalent circuit diagram of the MMA 
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Fig.8  Admittance imaginary part of resistive film and carbonyl 

iron composite coating  

1 2 3 4 5 6 7 8 9 10

-25

-20

-15

-10

-5

0

R
L
/
d
B

Frequency/GHz

 CIP

 CIP /CoFe

2

O

4

/PA NI

1 2 3 4 5 6 7 8 9 10

-30

-25

-20

-15

-10

-5

0

R
L
/
d
B

Frequency/GHz

CIP

CIP/Co Fe

2

O

4

/PA NI

M MA designed coa tin g

h

1

 

Y

os

 

Y

d

 

Y

in

 

1 2 3 4 5 6 7 8 9 10

-4

-2

0

2

4

I
m

a
g

i
n
a

r
y

 
o

f
 
A

d
m

i
t
t
a

n
c
e

Frequency/GHz

 B

d

 B

os



­3632­                                       °�
±67²!"                                              � 48� 

UV¹R� 6 GHz$³� 9a�9b ´µ�c 4.3 GHz

�^��.¼Õ+�¬�±².j¡ã¶�,�c-

�.j¡�¡ã.¼UV./01�¿ zÀ�¡�ã

y¶.¼UV./01»c 6 GHz �^��.¼�

�+?c¬�±²?è���-�±²?è.¼UV

�01�ÃU�c´µ§¨dák 4.3 GHzæÄ$³

� 9c�9d ´µ�c 4.3 GHz �^��c¬�±²î

ï�2Õ+YU/¼���-�¬�±²/¼UV.

/01�¿ zÀ�¡´µ3�.j¡÷-/¼UV÷

R»c 6 GHz �^��/¼��+?c¬�±²î

ï�,�¿ À/¼Í1��k 4.3 GHzæÄ�fU

VÎ�$ 

� 10 2�'qå�^�	��.4(I)k5QÚ

5iV(P)dá�$�� 10a�10b�Wß
�c 4.3 GHz

�¬�±².j¡TLM����¹
÷z©b.

4�.4c.¼�&¶¿ y À�ãy¶ô�»6 GHz

�	©b.4�¡k 4.3 GHz�æ¸�*.4iVÍ

º$­®ãäÙ6�de|
���.j¡kLM�

��c¸æî�.4���r2GÙ/7vO�£4


÷/­®»��c.j¡ýÁÕ+YU	.¼�c

.¼�&¶
÷z.­®$�./(8-·�./­

®_9:�
÷U;	./(Ú5$ 

£� 10c�10d?�Wß
�c 4.3 GHz.j¡�

È	�aÚ5YU��.j¡÷-��aÚ5./0º�

´µ?	�aÚ5÷ùÈ�µ��Ú5÷U�ök/¼

dáY2ùÈ�<óÚ5��F�/Ú5
÷$/Ú5

P 2 Ùø=�GFLM���ÈÕ+	/¼
÷	Ú

5�>F.j¡ýÁ/¼
÷	Ú5$���c.j¡

ýÁÕ+	.¼¥¦	Å.Ú5�WX��.4v®.

j¡·
÷	?@Ú5�F,-./(�aÚ5	G

¨d$c 6 GHz ��.j¡ýÁ�aÚ5·
YU�

fæo 4.3 GHz �Ú5¶ò�Ä·´µ§	Ú5æo

4.3 GHz�ÃU$ö�ó����Q	#R�.j¡ý

Á	./¼UV01�.j¡ã	.4æb01�́ µ

§	./¼UVÃx��aÚ5	G¨d�.j¡ýÁ

0Au@AB×Ö´µ?$���ù)*ûüÑ��´

µ'(K�	Ãx��F��¥,.j¡�����Ñ

Íz´µ	./¼dá�Ãxz/Ú5�Å.Ú5T?

@Ú5»4���Q	#R�Ú5./�.j¡¡´µ

§¨0A�p|Ñ��´µFÙ��'q$ 

 

 

 

 

 

 

 

 

 

� 9  ^P{È4�ÉÊ]*¹ËdÌ� 

Fig.9  Electromagnetic field distribution of the coating at two absorption peaks: (a) E at 4.3 GHz, (b) E at 6 GHz, (c) H at 4.3 GHz, and  

(d) H at 6 GHz 
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Fig.10  Surface current and power loss density distribution of coating at two absorption peaks: (a) I at 4.3 GHz, (b) I at 6 GHz, (c) P at  

4.3 GHz, and (d) P at 6 GHz  
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Carbonyl Iron Composite Microwave Absorbing Coating  

Based on Metamaterial Design 
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(Army Engineering University Shijiazhuang Campus, Shijiazhuang 050003, China) 

 

Abstract:  In order to obtain low-frequency broadband absorbing materials, carbonyl iron/CoFe

2

O

4

/PANI ternary composites were 

prepared by co-precipitation and in-situ polymerization techniques. Using this as a dielectric layer, a metamaterial-based structure was 

designed based on the idea of metamaterials to improve the low frequency absorbing properties of carbonyl iron composite absorbing 

coating. The effects of the structural design of metamaterials on the absorbing properties of carbonyl iron/CoFe

2

O

4

/PANI coatings were 

analyzed, and the absorbing mechanism of the composite coatings with superstructures was studied and discussed. Through simulation 

optimization, it is found that when the resistance of the resistive film is 10 mΩ/� and the pattern size of the hollow cross-resistive film is 

optimal, the composite coating provided with the metamaterial structure at the same thickness has a wider absorption band and a lower 

absorption frequency than the single carbonyl iron coating. The reflectivity is less than -10 dB between 3.8~6.9 GHz. The study shows that 

the integration of metamaterial structure into the performance improvement of carbonyl iron coating can effectively improve its low 

frequency absorbing performance.  

Key words: carbonyl iron; low frequency; composite coating; metamaterial; absorbing mechanism 
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