
� 47� � 2� ��������	                                Vol.47, No.2

2018� 2�                        RARE METAL MATERIALS AND ENGINEERING February 2018

�����2017-02-20

���	����	
���10872044, 10602013, 1097205, 10902023�


���������1974 ������������������ !"#$%&��'()*+�,- �� 116024�./0

0411-84708397�E-mail: yanhh2010@qq.com

��������	
�
�������

���������	
���

(������ � !"#$%&��'()*+�,- �� 116024)

� ��1�23%&456789:;78<=>%?@ABC78DEFGHIJK5?LMK5?NOPQR

DLSTU�V5678@WX"4YZ[\U?Y]RZ[^_G7`<=a XRD ? TEM bcde�YZ[\U

fghigj�^_klm 10~30 nm�%nopqGrstuvJwCxYSu�%ntOyz{|j}~�G��

�Y?R=�Dz��Y]RD@�#$O������m 10~28 ��Y]RZ[^_fgj��/�#$���%n

op���� 50���@�#$d�����%YJ�j#$�mG

����YZ[\U�5678��K5?L�Y]R

�������O389 ������A �����1002-185X(2018)02-0612-06

�����������	��
��	��	

����	���
��������������

�������� !����"��
��#$%

&'	����#()*�

[1]

	��+,�-./

#0'

[2]

12����
�����30'4567

8

[3,4]

	9:;<78#=>

[5,6]

�1�?@A2BC

&DE	FGHI	JKLM	N:OP#GQ.R1

2008 S�Sun �

[7]

'�	TU	TVWXGJYZ

[\�GQ#����]#^/_`a��b 8

c�^defRg3hij�����GQ#.R1

2013 S�Nepal �

[8]

hkl&mn0oZ'opef

RqJr����]�sjtbuvwxy#zu

{|b�}o~�|b��`^/_�|b��1Yan

�

[9,10]

h)o/}o	)o/�o&me-����&m

�-"�-�GQr`���[\efR�OP#�

������1�4�����"�a���g2�

#��R����#`���������"�#:

�#�`����#���J2�# ¡1¢m��

�I£4¤���¥I4¦§�¨h�©ª Nepal "

Yan#��«¬

[8-10]

�'}o"¤�3�GQ���

���'}o"���#¤£Y®�3�GQ��

������1m¯�K���opefn0#��

°±²³�´µn0¶e[N:�#����#��

·¸¹FG���#'��º������"�#:

�#�`����GQ#��1 

���������	
��


�
�� STANJAN 	����������� 

'opefRqJ������@»¼½¾ef

N:#¿ÀÁ²1h¤"}oefn0m �Â'Ã

ÄÅÆÇb<Ès# STANJAN ÉÊ

[11]

´µefN:

#¿ÀÁ²1ËÉÊhÌÍÅÎuÏ��aÐ´µN

:ÑÁ²1Ò'ËÉÊ�@ÓÔÕÖ×1m¯�Ø

�ÔÙÚÛ P

0

m 0.05 MPa	ÜÝ T

0

m 428.15 K�¤

#:�#� n(C

6

H

6

)m 1 mol1¿À�ÚÛ Pm 3 MPa	

ÜÝ Tm 3000 K1ØÞß<n0.Éàmá 

6 6 2 2 2 2

6 6

C H (g)+O (g) CO (g)+CO(g)+H O(g)+H (g)+

                  OH(g)+H(g)+O(g)+C(g)+C(S)+C H (g)

→

â1ã 

' V(O

2

)/V(C

6

H

6

)^äÔÙå�æn0#ß<´�

`�V(i)/V(C

6

H

6

)^ä9J:Á² i "ÔÙå�æ¤#

ß<´�`1ç 1 mn0¶9J:ÑÁ²p�ÔÙå

�¤#~�1 

èç 1�sj�H(g)	OH(g)	O(g)p�9J�é

êëC(g)	C

6

H

6

(g)p�9J�ìê1í V(O

2

)/V(C

6

H

6

)=3

��e[N:#îßïð�dñ#òó�vw}~�

#zu�H

2

(g)#p�N�ôõöî�CO(g)#p�N

�èÎ÷�øðæù�C(s)#p�~�èúÈÙøð

û¦1¢¯�Ëß<.Éà3Dßmá 

6 6 2 2

C H (g) O (g) CO(g) H (g) C(s)+ → + +       â2ã 

3ü�AýqJ������þ��N:��+ 



� 2�                             ����05678��%&�Y?Y]RZ[\U�A                          �613� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  � 5¡?� <=¢£>%D¤¥ 

Fig.1  Relationship of combustion gas and combustion products 
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Fig.2  Effects of equilibrium temperature (a) and pressure (b) on 

explosion products 
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Table 1  Initial conditions of 1#~3# experiment 

No. Oxygen partial pressure/MPa V(C

6

H

6

)/mL n(O

2

/C

6

H

6

) 

1# 0.040 3.4 2.50 

2# 0.029 3.0 2.07 

3# 0.029 3.4 1.81 

� 
��4#~7#������	 

Table 2  Initial conditions of 4#~7# experiments 

No. Oxygen partial pressure/MPa V(C

6

H

6

)/mL Ferrocene/g 

4# 0.03 2.7 0.190 

5# 0.03 2.7 0.200 

6# 0.03 2.7 0.500 

7# 0.03 2.7 0.900 
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�� 

� STANJAN)ÈÀ 3ÉST� C�H�OXÊË
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�LMHIJK�39ÏÐÑÒ�¡¢* 0.0389�
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3.1.2  �� XRD �� 
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3.1.3  ��	 TEM  HRTEM �� 

Aï 4� 1#~3#ÁÂ� TEM���d��w�B�

g�Ä�ôÇ�ï 4�a1�a2��4�b1�b2��4�c1�c2�

¸��c��+~���ç���ç¥¦�����

�¡¢+ 10~20�10~20�20~30 nm`ê�=fr 3� 
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Table 3  Amount of substance elements of samples (mol) 

No. C H O C(s) 

1# 0.2298 0.2298 0.1909 0.0389 

2# 0.2028 0.2028 0.1384 0.0644 

3# 0.2298 0.2298 0.1384 0.0914 
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� 3  1#~3#��� XRD�  

Fig.3  XRD patterns of samples 1#~3# 
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� 4  1#~3#��� TEM!" 

Fig.4  TEM images of explosion products of sample 1# (a1, a2); 2# (b1, b2); 3# (c1, c2) 

 

 

 

 

 

 

 

 

 

� 5  2#��� HRTEM!" 

Fig.5  HRTEM images of 2# explosion products (a) and enlargement of area A (b) and B (c) in Fig.5a 
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� STANJAN)ÈÀ 4ÉST� C�H�OXÊËÅ

Æ¡Ì�=>qr 4�ÀÔ 4#~7#ST��q&'!��

 ÊËg8�9IbPJ4è���K��gHIJK

"��g8�9Ô¡¢* 57.520�54.847�28.058�20.032� 

3.2.2  �� XRD �� 

ï 6c 4~7#ÁÂ� XRDïð�Aï 6�dñö�
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3.2.3  ��	 TEM  HRTEM �� 
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Table 4  Amount of substance elements of samples 

No. C/mol H/mol O/mol Fe/mol C(s)/mol n(C(s)/Fe) 

4# 0.1929 0.1929 0.1340 0.00100 0.0589 57.520 

5# 0.1933 0.1933 0.1343 0.00108 0.0590 54.847 

6# 0.2094 0.2094 0.1340 0.00269 0.0754 28.058 

7# 0.2309 0.2309 0.1340 0.00484 0.0969 20.032 

 

 

 

 

 

 

 

 

 

� 6  4#*5#*6#*7#
+,-� XRD�  

Fig.6  XRD patterns of 4#, 5#, 6# and 7# explosion products 
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Table 5  Mean grain size (D) of detonation products 

No. Phases 2θ/(°) FWHM D/nm 

Fe 44.681 0.755 11 

4# 

Fe

3

C 43.541 0.541 16 

Fe 44.740 0.598 14 

5# 

Fe

3

C 43.560 0.492 17 

Fe 44.898 0.749 11 

6# 

Fe

3

C 43.560 0.538 16 

Fe 44.759 0.651 13 

7# 

Fe

3

C 43.660 0.846 10 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  �� 4#*5#*6#*7#� TEM!" 

Fig.7  TEM images of 4# (a1, a2), 5# (b1, b2), 6# (c1, c2) and 7# (d1, d2) explosion products 
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Numerical Analysis of Gaseous Detonation and Preparation of Carbon 

and Carbon Coated Iron Nano Materials 

 

Yan Honghao, Zhao Tiejun, Li Xiaojie, Wu Linsong 

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

 

Abstract: The condition of steady gaseous detonation and detonation product composition were analyzed theoretically. Nano carbon 

material and carbon coated iron nanoparticles were prepared by a gaseous detonation method with oxygen and benzene, oxygen and 

benzene dissolved ferrocene, respectively. Explosion products were characterized by X-ray diffraction and transmission electron 

microscope. Results show that carbon nano materials are spherical or quasi-spherical, the particle size range is 10~30 nm, and dispersity is 

poor. The cluster area is mainly amorphous carbon, while a few onion-like fullerenes exist in dispersing region. The molar ratio of free 

carbon and iron has an influence on morphology and structure of carbon coated iron nanoparticles. When the molar ratio value range is 

10~28, carbon coated iron nanoparticles can be prepared, which are spherical, with a clear core-shell structure and good dispersion; when 

the value is greater than 50, carbon coated iron morphology changes and part of carbon possesses a sheet structure. 
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