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� 1  �<DE1FGHIZ TEM� ¡I�(¢ 

Fig.1  TEM image (a) and grain size distribution (b) of the 

detonation product  

 

 

 

 

 

 

 

 

 

 

 

� 2  �<DE1FGHIZ HRTEM�£ 

Fig.2  HRTEM image of the detonation product 
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� 3  �<NO���¤� XRD�n 

Fig.3  XRD patterns of detonation product before and after heat  

treatment 
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Fig.4  Raman spectroscopy of carbon-encapsulated iron 

nanoparticles (a) and nanodiamond (b) 

 

nm��Ê�	®½º:E α-Fe �(110)Y[¯efm

A�Ø� 7.7 nm 3@ 5b� HRTEM@ÆDV�Á�

É���KL)<ºX�����!^_{. ��

F&?�`)Ø�¬7ë4¸�J�ËPX��KL

����*Ì�$ XRD ¯C�¹ @ 5d �(@ 5a

����>?$�Ø¯°�¯C �¹<X�Á�É

�Ø	®½6��o��¯°` 6~20 nm³´�ìÖ

� 13 nm�0 XRD¯C�¹Yx (@ 5c®ÂÍÎ

>? FFTÏÐÑ}Ò¯C�DERÓ�T��Ao�

ÔlÕ��������sA��:(! XRD A�

ef�¹0 HRTEM @Æ¯CaX�Á�É��
�

sAÏ�1A�dP Ö

2.3  	
��
�������� 

§7 VSM	p`W©ú�e
(^_{.kÁ�

É������×�>?$Ø)úIJ¯C�¸@ 6

®�úÙ±ð(! < 1 �\BCÚÉ�YÛúIÜ

� 3@�DV�¦Ý��Ý��O���W©�úÙ

±ðÞßÛmÝ4à�Ëá��!^_{. �b`�

�úI� γ-Fe�®EâË}\BC�{.ãkú)�Ø

£¤:Ë}\BCW© γ-Fe �)��	úI� α-Fe�Ö

Raman Shift/cm

-1

 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

       a 

I

D

/I

G

=1.227 

b 

1339.26 

G-band 

G-band 

D-band 



�984�                                          ��
������                                            � 48� 

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

Ö

� 5  �����<NOZ TEM�£¡I�(¢ 

Fig.5  TEM images (a~c) and grain size distribution (d) of the detonation product after heat treatmentÖ
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Fig.6  Hysteresis loop of detonation product before and after heat 

treatment at normal temperature 
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Synthesis of Ultrafine Carbon-encapsulated Iron by Gaseous Detonation Method 

 

Pan Xuncen, Li Xueqi, Li Xiaojie, Wang Xiaohong, Yan Honghao, Wang Yuxin  

(State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024, China) 

 

Abstract: With pentacarbonyl iron as iron source and acetylene as carbon source, ultrafine carbon-encapsulated iron (Fe@C) nanoparticles 

were synthesized by a gaseous detonation method. XRD analyses indicate that the main phase of the detonation product is carbon, α-Fe 

and γ-Fe. TEM experiment indicates that the product is ultrafine spherical particles and the inner Fe core is coated by a carbon outer shell. 

The particles have equable size, regular sharp, and no agglomeration. The average diameter of Fe core is 4.5 nm; Raman spectrum analysis 

also confirms that the surface of the nanoparticles consists of graphite and amorphous carbon. The carbon-encapsulated iron particles were 

treated by heat treatment at low vacuum temperature of 673 K, and then we can find the size of iron core particles grows slightly; γ-Fe 

phase turns to α-Fe phase and the saturation magnetization is more than doubled after heat treatment. 

Key words: carbon-encapsulated iron nanoparticles; gaseous detonation method; ultrafine nanoparticles; magnetic materials 
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