
� 48�    � 12�                                   ��������	                               Vol.48, No.12 

2019�      12�                       RARE METAL MATERIALS AND ENGINEERING                    December 2019 

 

�����2019-06-17 

���	����	
���21875281� 


����  ����1986������������������   ! 710025�"#$029-84743716�E-mail: liuyuanbixue@163.com 

 

Ni

0.4

Zn

0.2

Mn

0.4

Ce

0.06

Fe

1.94

O

4

������ 

��	
������������ 

 

�  �������  ��	  
 

(���������   ! 710025) 

 

�  ��%&'()*�+,-.�MOCVD��/0123 Ni

0.4

Zn

0.2

Mn

0.4

Ce

0.06

Fe

1.94

O

4

�NZMCF�4567�89

:23;�<�CI�=>�?@AB-.CD�EAF=GHIJKLM�NO9P(F=QRS NZMCF-CI TUJ

KV�W& XRDXSEMXEDSY VNAZ[\]^�_`ab9-.CDc NZMCF-CIF=de1fGHXgeQRX

"hijYJKLMSklmQn4o$?@Ep-.CD�qr(sEAF=deSGH�tuEAJKLMm-

.CDv 220 w�NZMCF-CI F=deP(xySGHYJKLMmW&zNS{|}~�S"hij����

NZMCF-CI�>0�Dv 1.8 mm�����x��v–39.9 dB���–10 dBSJK��v 14.2 GHz�3.8~18 GHz�m

�>�Dv 0.8~2.6 mm��0 3.2~18 GHz�M��x������–20 dB�0 2.5~18 GHz�M��x������–10 

dB����E��D��qr�� 2~18 GHz���SJKsnm  

����<�e�;�<�67�8�"hLM 

�������TB383�TM277        ������A        �����1002-185X(2019)12-3997-07 

 

�����radar absorb materials, RAM���	


���������������������

� !"#$%&'#()*+,-./012�3

4��567689:;<=�>?$@�AB

[1]

C

RAM >?�DE���3F���G

[2-5]

CHIJK

RAM���LM�NOPQ���GRSTU� �

!"VWXYZ[�\]^_�`P��Gab�3

cdef]gh RAM>?����AijkC 

lmnopqr%(NiFe

2

O

4

)��sPto�u*

���vwxy�*z{|}�4~��{����

������-3i5��������./

[6]

C�

5�NO� NiFe

2

O

4

����|}�6 mm �����

���|��������s���

[7]

C>?0��

���������� ¡¢)*���NiFe

2

O

4

wx

�|~�����

[8-10]

�£�v����¤�|}�

¥�–10 dB�������¦§¨¤�©ª«$¬�

®TU RAM �¯°��±²³#�#´#µ¶�

^_C 

·¸q�CI��¹º*�»¼�¦G±wx½¾

¿N#gÀÁ#*ÂÃ}-3i5�����CÄÅ�

CI�[�Æwx4~�Ç)�����¡¢f]��

±�ÈÉÊËxÌ¡Íf]Ç)ÎÏ

[11]

CÐÑ��Ò

�Ó� Ni

0.4

Zn

0.2

Mn

0.4

Ce

0.06

Fe

1.94

O

4

0ÔÕÖ·¸q�

×�ØÙÚPf]��Û%©Ü�ÝÞwf]%±:

ßàab�)*���5á�Ýâ�ã�²Däo¶

�åæçÒè�¡¢����C��Òéêëì�¡

íDäÛ%�îïæç�ð5xñ¡í�����ã

�)*�òóæ]ôõö÷-[øùú®ûDäÛ%

�ü����3�ýþ���v���ò�����

2wx������� Ni

0.4

Zn

0.2

Mn

0.4

Ce

0.06

Fe

1.94

O

4

-·

¸q�NZMCF-CI�DäÛ%C 

��������

	 Ni

0.4

Zn

0.2

Mn

0.4

Ce

0.06

Fe

1.94

O

4

���þÉ
��

��p#��#��#��#�q���

���������g��C	��(CA)�»¼�

���
 CA:(Fe

3+

+Mn

2+

+Zn

2+

+Ce

3+

):Ni

2+

=4:2:1 k�

�±�� CA�aÓ���� «ú 1!"C 

À¯#$%�h MO &�'º#(�ô�'º�

)*+ò'º 3,�C¢-$%�æç.ò«ú 2!"C 

�1��ô�/±�� 10 g NZMCFÛ0C123

*4*5�6*4��125 A� B�785 C#D# 



�3998�                                          �('�� ��                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

¡ 1  Ni

0.4

Zn

0.2

Mn

0.4

Ce

0.06

Fe

1.94

O

4

SB¢£�¡ 

Fig.1  Preparation flow chart of Ni
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¡ 2  MOCVD¤¥6¦¡ 

Fig.2  Principle diagram of MOCVD device 

 

E � F +�9:L;��<�(Éþ 1 ¡Í3*�(

É��=>$%*?�C�7�$%*?�@~�K

ZÆ�AB�* 30 min�ËC2ô�/±�D*C 

�2�ûE�/�ô�/�ü�FGHE�/ì�

 9 80 I�ô�/�F9Jýì��160 #190#220

K 250 I�Å�L 30 mL� Fe(CO)

5

M�E�/±�

ÄÅ9:5 B�123*4*5�(�*4��125

C#D�E��<�(Éþ 1¡Í6*(Éh 30 mL/min�

�<�(Éþ 2 ¡Í*%(ÉN NZMCF Û0â�(

��í�êëÅbh 50 minCô�/�OPQÕÖx

sR8ì-�&S*;� Fe(CO)

5

�Áì+Tæ�U

gOP©VC 

�3� 9Jý�êëÅbÓ�ûE�/�(�W

XS�F�AB��3*�9:5 D�125 F��

��Yì� ±�Fe(CO)

5

¤�ZE�CÐÑ�h�x

Ìí�êëÅb�[SJýÅb\�ô��9:5 D�

125 F�LABE�� Fe(CO)

5

E*��]T/±

]T^(��8_v`¯#ab©é�c9E�/�(

�W�ì�]defìÓ�XS��3*�9:5 A#

C#E� F�12ô�/�¦gô�hi�Lv>jÓ

?k8lC 

m� Rigaku D/max-2400Xoõønõo�XRD�

�üip��(Cuq�Kα õø�λ=0.15418 nm�q)

r 40 kV�q)( 100 mA���st��u 0.02°�

stv{ 15°·min

-1

�stwx 15°~80°)GN� VEGA 

ІІ XMU INCN ost)�yyz(SEM)>?{|0

ÔK}ÔîïGã� INCA 7718�~(EDS)��{|

±�à���GN� HP-8720ESo�É����o�

�Ä�®�É)*�ÏC 

)*�Ï��{|���� «Æ����É!

��¸%n����G��É�Ïh 60%��L��

G��9���n�±�â����]dÓ�>�>

j�������]d>j�Ë���ôf 3~4��

ËN��G�n����]G����É����[

v���±������ÓE+>jgÛ0�r�g

\�h 7 mm#��h 3 mm#u�h 2~5 mm� î

Ä��{C 

������	
�

�����NZMCF-CI ����	
�� 

ú 3h©Äêëì�Æ�160#190#220� 250 I�

{|� XRDú~C�ú±Ê¡�¢ 2θ��� 18.4°#

30.3°#35.7°#37.3°#43.4°#53.8°#57.4°#63.0°#71.5°#

74.6°� 75.6°��Å�û� NiFe

2

O

4

£¤ú~�JCPDS 

71-1269���111�#�220�#�311�#�222�#�400�# 
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Fig.3  XRD patterns of NZMCF-CI core-shell powders at diffe- 

rent deposition temperatures 
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Fig.4  SEM images of NZMCF-CI core-shell powders at different deposition temperatures: (a) 160 w, (b) 190 w, (c) 220 w, and (d) 250 w 
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� 6   !"#$% NZMCF-CI&'�����()*+,%�-. 

Fig.6  Relationship between microwave absorbing property and frequency, thickness of NZMCF-CI core-shell powders at different 

deposition temperatures: (a) 160 /, (b) 190 /, (c) 220 /, and (d) 250 / 
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Fig.7  Microwave absorption properties of NZMCF-CI core-shell 

powders (220 /) with different thicknesses 
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Fig.8  Schematic diagram of absorbing mechanism for NZMCF- 

CI core-shell structure material 
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Liu Yuan, Shi Jinfeng, Jia Ying, Li Rong 

(Xi’an Research Institute of High Technology, Xi’an 710025, China) 

 

Abstract: By analyzing the complementary relationship among ferrite and carbonyl iron power, a carbonyl iron coated core-shell nano 

composite absorbent system was established. In addition, by changing the deposition temperature to adjust the morphologies and absorbing 

properties of powders, excellent performance of the new core-shell structure absorbent was obtained. The nano carbonyl iron (CI) shell in 

situ grown on Ni

0.4

Zn

0.2

Mn

0.4

Ce

0.06

Fe

1.94

O

4

 (NZMCF) surface by metal organic chemical vapor deposition (MOCVD) was used as 

electromagnetic wave (EMW) absorbing materials. X-ray diffraction, scanning electron microscope and energy dispersive spectrometer 

analyses show that NZMCF-CI composites were successfully prepared with a core-shell structure. Optimizing the mass ratio of CI would 

likely cause the composites to attain the EM parameters necessary in EMW absorbing materials. A minimum reflection loss (RL) is –39.9 

dB when the corresponding thickness is 1.8 mm, and the RL exceeds –10 dB from 3.8 to 18.0 GHz. The minimum RL exceeds –10 dB 

from 2.5 to 18 GHz for the absorber thickness from 0.8 to 2.6 mm, which covers almost the whole 2 to 18.0 GHz.  

Key words: ferrite; carbonyl iron; in situ growth; electromagnetic wave absorption 
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