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1 Ú ó

X�ÅáÂá�´�«U
áÂ>^Å!ü
$8IX�A�&Ò�õU5á�, ´¢yÉìC
�X�Û��Ì�å»�� [1−4]. áÂJ´X�Å
áÂá��'�, û½XX�ÅáÂá�áÅUå
�rfÚ��. 8c, X�ÅáÂ5U�Ð�áÂ
JÌ�´±^�Ñ�Ì�c�N, ®²3õ«.Ò
þ��
A^. 
�éX�ÅáÂá�þÝ��!
­þ��!áÂÅã�°!áÂrÝ�p�Eâ
�¦, IS	Ñ3?�Úmu#�áÂJ¬« [5].

é u � � Ó 5 ^ 5áÂ J, Ù ^ � Ç �
l Snock 'X���:

(µ − 1)fr =
4
3
γMs, (1)

ª¥ µ�^�Ç, fr ���ªÇ, 3��ªÇ?ò
Ñy���^�Ñ, γ �^^'ëê, Ms ��Ú^
zrÝ, ´á�(�Ø¯a�ëþ. TªL²^�
Ç�4��É¦^ªÇ���. éX�Å$ªà,

X 3 GHz �, cÄ7á�4�^�Ç�� 7, XJ�
Ä¢S¦^��I�\\��êþ�ÅÜJ, Uì

��0�nØ, Ù��^�Ç��k¤ü$. é~
5��Ó5áÂJJp^�Ç�kü^Ñ´: �´
JpáÂJNÈßÝ; �´ãåJp Ms, ~XÀ^
8c Ms ��p�c�Ü7½ Fe8N ®, �Ù Ms �
�='Xc®Jp 10%—15%, Ó�E¤¤��Ì
Jp.

nþ��, ��Ó5^5áÂJ�?�ÚuÐ
®²é(J, ��É5^5á�y®¤�X�Åá
ÂJïÄ�Ì��� [6]. lnØþýÿ, ��É5
X�ÅáÂJ�^�Ç�'��Ó5�X�Åá
ÂJpC��êþ?. ��É5á��)^¬�
�É5^5á� [7] Ú/G��É5^5á�ü«.

8�¬Xc�N´�«äk²¡8�^¬��É
5A��á�X� [8], ùaá�äkér�^¬�
�É5, Ù¥²¡S^¬��É5| Hϕ

k �R�u
²¡�Ì¶���^¬��É5| Hθ

k �m�3ü
�êþ?±þ��É, d���Ó5á�� Snock

'XªØ2·^, ^�Ç���ªÇ�'Xª�

(µ − 1)fr =
2
3
γMs

(√
Hθ

k

Hϕ
k

+

√
Hϕ

k

Hθ
k

)
. (2)

XJ Hθ
k ' Hϕ

k pü�êþ?, K3Ó����ª
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Ç�¹e, ^�Ç�UJp��êþ?. ·IQ3
þ­V 70 c�8¥åþï�
 CoZn �� W /8
�c�NáÂJ, Ù^�Ç(¢'��Ó5k¬�
c�NX�k²wJp, �?�ÚUõ5UE,k
Nõ(J. ÄkÙ Ms �$u^57á, ÙgØp§
Ý$!§Ý­½5�, 1n´UYJp^�Ç7L
¿©|^Ù��É5(�, 3ó²þ�5Nõ(J.

8cÊH�Uæ^·Ï©Ù����Ó5á�¦
^, l
�f
Ù^¬��É5á��5�`³.

/G��É5á���ÌÝJp^�ÇÚ^
�ÑJø
��2,�m. ùaá�  �9�B
�á�X�, �)���^5n�Ú���^5�.

nØþ�±�Ä?nA²^=ý¥N, d�^�Ç
Ú��ªÇ�'X�£ã�

(µ − 1)f2
r = (2.8)24πMs(Hk + 4πMsD), (3)

ª¥ D �^=ý¥NA²¶�ò^Ïf, dT
ª � ± í Ñ Ø Ó � � ª Ç e ^ � Ç � � � �
4�, é 4πMs = 20 kOe, (1 Oe = 79.5775 A/m),

3 2 GHz � µ ��� 800 �m, 5 GHz � µ ��
� 100 �m, '��Ó5^5á�pü�êþ?.

B�%n�´�»� 50—200 nm, �Ý� 50—

100 µm, �»'� 100—500 �%á�, äkp�>
5!�'L¡È±9+G(�Ú�p�0>~ê.

²L¡U5½zÆ�,, �±?�ÚUõB�%n
��>�ÇÚ^�Ç, ¤�>^�Ñ.áÅn�,

^uX�ÅáÅá� [9].

�©æ^zÆÛ{��ÑB�^57á�C
%n�áÂJ, '�
�Cc�B�n��Ýéá
ÂJ>^ëê!X�Å��XêÚ'�Ú^zr
Ý�K�, (½
�Z��ó²^�.

2 ¢ �

2.1 BBB���^̂̂555777ááá���CCC%%%nnn���áááÂÂÂJJJ������
��� [10,11]

%n�´dàZLQn�3p§e?n��
�. B�%n�´�«äk�'L¡È�Ô�, Ù
'L¡È��� 300 m2/g, 
�ÙL¡Ø�7á�
�äkzÆÛ¹5, �3ÙL¡Ûþ7áäk��

�JÝ. kéB�n�L¡?1�z!¯z�?n
±�ØB�n�L¡�,�ÚhÀ, ¯zJæ^Å
zæâM�. ò�½þ�ÅzæâM)3�5YM
�¥, \\B�n�, �(Å��©Ñ, LÈ, YW.

,�ò®²L¯z?n�B�n�E\f�5�
Åz~M�¥, ,�?1�(Å��©Ñ�LÈ,

YW. ò²L¯z?n�B�n��\zÆÛ�¥,

zÆÛ�dßÝ� 30 g/L �Åzq!16 g/L �1
�æc
!10 g/L �gæ��?!100 g/L ���
�?!50 g/L �Åz
Ú 160 g/L �RY|¤.

ò²LzÆÛ��¬?1�?n, òÛþ7
á��®"^�2YW*��\ó�¥, 3 80—

100 ◦C eóZ���¬.

2.2 555UUUuuuÿÿÿ

æ^F� HITACHI úi� H-800 .ß�>f
w�º (TEM) ÿÁ�¬�/m!âÝ9þ!5�
w�(�; æ^�Ä^rOÿÁ�¬�'�Ú^z
rÝÚS���å�ëê.

ò����¬Ú��ä�±�½��þz©
'¿©·Üþ!, 3���ZH±cØ\Ó¶��
ä (	»º�� 7+0.03

−0.02 mm, S»� 3.04+0.01
−0.04 mm)

¥, ,�^�p8ê�[ß���L¡, ¦�¬L
¡�1'Ý���¦. ^ HP8510D ¥þ�ä©Û
¤ÿÁ>^ëêªÌA5. ÿÁ�Åã� S, C, X,

Ku Åã (2—18 GHz).

ò���áÂJ�¬Ú��ä�±�½­
þ'·Üþ!, æ^pØÃ�í�æòæ��æ
3 180 mm × 180 mm 1w²��¾�L¡, �æ
�LZ�2�e��, ��oþÝ��ý½��¦.

3�ÅV¿^ HP8510D ¥þ�ä©Û¤ÿÁ��
�X�Å��Xê.

3 (J�?Ø

3.1 BBB���nnn������CCCccc������LLL¡¡¡///mmm

ã 1 ´B�n��Cc�� TEM ì¡. é'
�Cc (a) Ú�C� (b) �>ºì¡, �±²ww
Ñ?nL��B�n��þ!��Cþ
��^
5 (FeNi) �.
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ã 1 B�n��Cc��ß�>ºì¡ (���ê 5��) (a) �Cc; (b) �C�

3.2 ØØØ ÓÓÓ ��� ÝÝÝ BBB ��� nnn ��� ��� CCC ccc ��� ��� >>>
^̂̂ëëëêêê

3.2.1 B�n��Cc��0>~ê

�Ý©O� 60 µm, 30 µm Ú 15 µm �B�n
�áÂJÚ��ä�·Ü��0>~êªÌ­�
Xã 2 ¤«, Ù¥áÂJ��¹þþ� 20%.

�±wÑ, B�n��0>~ê ε′ Ú0>�

Ñ ε′′ �ªÇ�O\¥eüª³, ù�:éÐ°á
�áÂª�´k|�. �Xn��Ý�O\, �¬
��>5Cr, $��U/¤�>�ä, Ïd�¬
� ε′ Ú ε′′ þO�.

ã 3 �Ñ
�Ý� 60 µm, 30 µm Ú 15 µm �
B�n��C^5 FeNi Ü7��áÂJÚØÓþ
��ä�·Ü��0>~ê, Ù¥áÂJ��¹þ
þ� 20%.� �� �� �� � �� � 	� 	 	 
 � �

� � � � � �� �
 � � � �
� �� �� �� � �� � 	� 	 	 
 � �

� � � � � �� �
 � � � �� �� � ��� � 	� 	 	 
 � �
� � � � � �� �
 � � � �

ã 2 ØÓ�ÝB�n��Cc�0>~êªÌ (a) 60 µm; (b) 30 µm; (c) 15 µm
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ÏLé'ã 2 Úã 3 ¥�0>~êªÌ­�
�±wÑ, Ó�^�e�C^57á�B�n�
� ε′ Ú ε′′ �Ó��Ý���C^57á�B�n
��¬�'²w~�, k|u.¡��. éuã 3

¥ØÓ�Ý�^57á�CB�n�5`, ε′ �B
�n��Ý~�
¥ü$�ª³, ùÌ�´Ï�Ó
�áÂJ¹þ^�e, n��Ý��, �´/¤�
>�ä, Ï
Ù ε′ ¥yeüª³; 
ØÓ�Ý�^
57á�CB�n�� ε′′ �éCzØ�, Ì�´
duB�n��C^57á�Ó¤�.

� � � � �

� �� ��	
� � 
� 
 
 � � �� � � 
 � �� 	� � � � �� �� 
��� � 
� 
 
 � � �� � � 
 � �� 	� � � � �� ��	�� � 
� 
 
 � � �
 	 � � �� �
ã 3 ØÓ�ÝB�n��C FeNi ��0>~êªÌ
(a) 60 µm; (b) 30 µm; (c) 15 µm

3.2.2 B�n��Cc��^�Ç

duXB�n�Ã^5, �¬�^�Ç µ′ = 1,

^�Ñ µ′′ = 0, ��ßÝÚªÇÃ', w«
�^

5�A�, n«ØÓ�ÝB�n��Cc�^�Ç
ªÌ­�Xã 4 ¤«.� � �� � �� � ��� � � �� � 	� 	 	� 
 � � � �� �� � 
 � �

ã 4 B�n��Cc�^�ÇªÌ� � �� � �� � ��� � �� � � � 	 
� � � � � �� 
� � � � �� � �� � ��� � �� � � � � 
� � � � � �� 
� � � � �� � �� � �� � ��� � �� � � � � 
� � � � � �� 
� � � � �
ã 5 ØÓ�ÝB�n��C FeNi ��^�ÇªÌ (a)

60 µm; (b) 30 µm; (c) 15 µm

ã 5 �Ñ
�Ý� 60 µm, 30 µm Ú 15 µm �
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B�n��C^5 FeNi Ü7��áÂJÚØÓþ
��ä�·Ü��^�Ç, Ù¥áÂJ��¹þþ
� 20%.

é'ã 4 Úã 5 ¥�^�ÇªÌ­��±w
Ñ, �C^57á�B�n�� µ′ Ú µ′′ u)

é�Cz. �Cc�B�n�vkw«^5, �
C� µ′ �ªÇ,p¥ü$�ª³, ùk|uÐ°
áÂª�; µ′′ �Nþ�ªÇCz'�²­, 3 8—

10 GHz �m�3��^�Ñ¸. �C�B�n�
� µ′ Ú µ′′ �XB�n��Ý�~�Ñk¤ü$,

ùÌ�´du3�é�$�áÂJ�¹þe, n
��Ý��, n����É5éÙ^A5�K�
�� [12].

3.3 ØØØÓÓÓ���ÝÝÝBBB���nnn������CCC^̂̂555777ááá���'''
���ÚÚÚ^̂̂zzzrrrÝÝÝ

L 1 �Ñ
ØÓ�ÝB�n��C^57á
�'�Ú^zrÝ, �±wÑ, B�n���Ý�
�, �C^57á�B�n��'�Ú^zrÝ�
�, ù�ã 5 ¥�n����A^�Ñ���(J
��.

L 1 ØÓ�ÝB�n��C FeNi ��'�Ú^zrÝ

B�n��Ý/µm '�Ú^zrÝ/emu·g−1

60 22.55

30 16.73

15 8.23

3.4 BBB���nnn���áááÂÂÂááá������������XXXêêê

±�Ý� 60 µm �B�n��C FeNi ��
áÂJ��X�ÅáÂæ���, ÿÁÙ3 8—

12 GHz ªã��S�áÂ5U, ��Ç­�Xã 6

¤«. æ�þÝ�� 1.1 mm, ¡�Ý�� 1.9 kg/m2.� �� � �� � �� � �� � ����� 	 
 � 	 
 	 � 
 � � � 
 � � � 
 �� � 
 �
 � � � �� � 
 � 	 � � � � 
 � � �� � � � �
：� � � �

ã 6 ±B�n��Cá��áÂJ���X�ÅáÂ
á����Ç­�

�±wÑ, æ�3 8—12 GHz �X�Å��5
U3 −10 dB ±e, 
3 8—10 GHz ��SÑy

���°�áÂ¸, ùÚã 5 ¥^�ÇªÌ­�¥
w«�^�Ñ¸´���, `²Tæ�äk�Ð�
X�ÅáÂ5U.

4 ( Ø

æ^zÆÛ�{��ÑB�^57á�C%
n�áÂJ, ©Û'�
�Cc�n��ÝéB�
áÂJ>^ëêA5�K�. ��C^57ác,

B�n�Øw«^5, ��Xn��Ý�O\ ε′

Ú ε′′ þO�. Ó�^�e�C^57á�, B�n
�� ε′ Ú ε′′ ²w~�, ε′ �B�n��Ý~�

¥ü$�ª³, ε′′ �éCzØ�, Ì�´duB�
n��C^57á�Ó¤�. �C^57á�B�
n��� µ′ Ú µ′′ u)
é�Cz, ��XB�n
��Ý�~��A� µ′ Ú µ′′ Ñk¤ü$, µ′ ¥y
Ñ�ªÇ,p¥yü$�ª³, µ′′ 3 8—10 GHz

�3��^�Ñ¸, µ′′ �Nþ�ªÇCz'�
²­.

`z��
X�ÅáÂæ���, æ�3 8—

12 GHz X���Xê3 −10 dB ±e, äk�Ð�
X�ÅáÂ5U.

[1] Siddharth J, Jain R C 2002 J. Appl. Phys. 92 3890

[2] Eric M, Jean M S, Ranjithan S 1993 IEEE Trans. Microwave The-

ory Techn. 41 1024

[3] Zhang J, Zhu Z H, Zhang M R, Sun Y, Zhang Q F 1994 J. Chengdu

Sci. Techn. Univ. 2 52 (in Chinese)[Ü#, Á�Ú, Ü²J, �L,

Ü�4 1994 ¤Ñ�E�ÆÆ� 2 52]

[4] Fu C W, Zhang S Q and Chen M Q 2008 Chin. Phys. B 17 1107

[5] Zhang S Q, Shi Y L, Huang C G, Lian C C 2007 Acta Phys. Sin.

56 1231(in Chinese) [ÜT�, ��9, ���, ë�S 2007Ô
nÆ� 56 1231]

197501-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 197501

[6] Zhang S Q, Shi Y L 2010 Acta Phys. Sin. 59 4216 (in Chinese)

[ÜT�, ��9 2010ÔnÆ� 59 4216]

[7] Chen W B, Han M G, Deng L J 2011 Acta Phys. Sin. 60 017507

(in Chinese)[�©W, ¸÷B, "9ô 2011ÔnÆ� 60 017507]

[8] Feng Q Y, Ren L 2000 Acta Phys. Sin. 49 0152 (in Chinese) [¾
�
, ?K 2000ÔnÆ� 49 0152]

[9] Song A K, Lv S Y, Wang G X, Xie G W 2011 Journal of Qingdao

University of Science and Technology (Natural Science Edition) 32
118 (in Chinese) [ySx, ½�],�?È, �2© 2011 ���

E�ÆÆ� (g,�Æ�) 32 118]

[10] Zhao D L, Shen Z M, Chi W D 2001 New Carbon Materials 16
66 (in Chinese) [ëÀ�, !Q¬, ´�À 2001 #.(á� 16
66]

[11] Xing L Y, Liu J N, Ren S F 1998 Journal of Materials Engineer-

ing 1 19(in Chinese)[0w=, 4dU, ?Ô� 1998 á�ó§ 1
19]

[12] Tsang L, Kong J A, Newton R W 1982 IEEE AP 30 292

Research on the electromagnetic properties of
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Abstract

Electrochemical method is used to fabricate nano-fiber coating absorbent. The effect of the fiber length on electromagnetic

property is analyzed. Radar absorbing coating is prepared preferentially. The measurements show that nano-fiber coating absorbent

has good absorbing properties.

Keywords: nano-fiber, radar absorbent, electromagnetic coefficients
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