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Abstract: Hollow onion-like nanostructural carbon was constructed from acetylene carbon black with

the aid of Fe, Co and Ni catalysts through the catalytic carbonization. The morphologies and structures

of pristine carbon black and its carbonized products were investigated by using TEM, HRTEM, XRD

and Raman spectroscopy measurements. The hollow onion-like nanostructural carbon mainly consists

of quasi-spherically concentric graphite shells enclosing voids with interlayer spacing of 0.34nm. It is

originated from the carbon-encapsulated metal nanoparticles by the dissolution-precipitation process

between carbon and transition metal catalysts. The product catalyzed by Fe exhibits the typical and

regular shape of onion-like nanostructural carbon and higher degree of graphitization. These imply that

Fe possesses the better catalytic effect among these three metals.
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k4	;T)��
|D�V9J�XuMD�!�0V9Jn8�Nz�U<�4��1992k	 Ugarte ;T HRTEM x&A�v|xS�xC+nT\Æn�Z\/`r>�'J"� nf#V*��=[ �6� [4]. Kuznetsov qTÆT:
|��k 3∼6nm FV�
$/r>�Xu/# (∼1nm) eXT� [5,6]. Zhuq�=T�I|TeX8Æi�V>&��J,��/`q	�R3y+�keX8nhn$	&J8W8n!$eX8�0 [7]. ;TÆT:Hx&A�v
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$/�0 [8].

1985 k	 Kroto H Smalley q�8�VM℄�6�n4�z[ [9,10], �u=[ �6�HVMkD�_z	,If0+J�
k4	"w1;:H,1'8�+�.=TÆ�
HxS�x
$pG
��6=[iy��eX
�n,0 [11−14].w[VM℄�6=[n�0fb)	{U(��VMÆn~z&/`KqH#E�Z�a,%09�6��0n}�\ [15,16], ;TC�
�`Xlk'x	�Vn�� - �P0TX,i1
VM�0Æ�/`r�nX�B��EdH��	3y�Xu=[ Æ/�0eXT� ,08�G4f
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(2	l). �w℄DzEGUDzs�k 500mL n"�Æ	X?~� 72h RP#�NlC��HER��VXOhVX�k�)|\�T	I 2◦C/minnHP,x� 1000◦C, �x 10h, �R(�}x�
80◦C I	R�P�s	1H��lknÆuC�*nu C-m-x/y(m e,
�`Xl7$	 x/y e,VM℄
�5n^
!).H�DzEnÆuC�	Tm5IÆoT:IQ�
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KÆ)�|NlnC�#l�HE	*nu C-x/y-

m(x/y e,VM℄
�`Xln^
!	 m e,
�`Xl7$).

2.2 :x�8!�.=Th%x&�r� (Hitachi H-800) �'�)h%x&�r� (JEOL 200CX)H X %�:%
(� :3-E D/max 2500VB2+/PC :%F) 48�C�n&R�0q�k JY-T6400 $3R;vF!�( Raman v�>;	;bu18&f;{	2E 488nm, �%�sk 1000∼2000cm−1 �u�
3 ℄OQ�i
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#Æ#�(f#nK	ak���0�Æ	/`r�u~>nnK	&J'�g/`X)V�j 2 uVM℄
� Fe � Co � Ni k4f^
!	&JnÆuC��T��eX
��n TEM

i 1 VUL (A) h 1000 ◦C S9 10h UL (B) m
TEM up
Fig. 1 TEM images of pristine carbon black (A) and

carbon black heat-treated at 1000◦C for 10h (B)
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�eX>&	O�nZnf#nKnT*�N�s�\j 2A ,~	i Fe u`Xl0	&JnT��eX
��nDEb 80%.Y	>�k 50nm .Y�n*�Q� 5nm .Y	#hs��kVa\Æ	T��0�Y�D�eX
Fe >&℄nZnT��uak��/�	x,i9W[���0&JR	D6� Fe \*�un�ÆKPN��j 2(BH C)N6	Co ℄ Ni0u`Xl0	&J�#nT���0	�X 20% .Y	y��Nd	ek 120nm.Y�`Mk[Tk��eX
�Æn���4f	�.u� 20.2%(C/Fe) �
13.9%(C/Co) � 10.7%(C/Ni)(`&��!)[18]. ��)fF	fw
�ÆDXnT`&B�f�	\	&J��EneX��>&	y���f�	�0�fp �

i 2 S��dW�?�m TEM up
Fig. 2 TEM images of carbon-encapsulated metal

nanoparticles

A: C- Fe -1:0.12; B: C-Co -1:0.12; C: C-Ni-1: 0.12

j 3 N69�C5IT:�Q
�RC�n
TEM vq�,x	VM� Fe�Co�Ni `X�X|&JG=[ Æ/�0eXT	h4f`XlH�f`Xl4f3TEj�n�C�n&R�>|�HDEq#4�f�j 3(A H B) �.9�s C-1:

i 3 <Z�
.�/dWSm TEM up
Fig. 3 TEM images of hollow onion-like nanostruc-

tural carbon

A: C-1: 0.12-Fe; B: C-1: 0.24-Fe; C: C-1:0.12-Co, D: C-

1:0.12-Ni
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0.12-Fe H C-1:0.24-Fe n TEM vq	yÆj 3B Æ=[ Æ/�0eXTnDE\�'[j 3A, yT�>|�B+'	x9W[`XlTE+�n
2�j 3(C H D) �6n9�s C-1:0.12-Co H
C-1:0.12-Nin TEM vq�,I\�s%k	XdEVMTX�Xu=[ Æ/�0eXT�iT℄
�!< <1:0.12 0	W[
�EPd	`Xl'>u�Jk�&J+dn'>\	-�`X℄)�Mn\edn
�'>n�vB'	gI��+�nT`&	NI`X�A14:�� Fe ℄ C n��)i+F	NI!<�k 1:0.24 0B�6�DFn`X�A�
3.2 GE5�uB(
�aE�j 4 N6u�s C-1:0.24-Fen HRTEM vq�=[ Æ/�0eXT�Xf#*�TX.nKn"�&eX�0	��k 65nm.Y�W.	�n�dj,~	T�u�dek 3.4Å.Y	�D�
/`n�u� (3.354Å). /`*��^l149Np 	akD��ÆH0�	,i9�/`q\3�\Æ�PR	1TXp�B�F	_9!6w
�'>℄TviNF�R	`X0T4��N��
3.3 Xu
�uE��C��( XRD ��	,I+Fs8�C�nr6�0H/`X��, 1 N6u 10h VXnVMIi=[ Æ/�0eXT)(�sn��
XRD B���j 5 N6	 1000◦C VX 10h nVMk 24.9◦ C+G d002 ZnV��	y 100 H 101 �TX�$	 004 � 100 �TXP
�xC\j3�!�('xÆT:	VMn/`XL���Nr	y�01TX\�"'�℄s)�C�
�`Xl,IddZ'C�n/`XL�	3y�Xu�0>nn=[ Æ/�0eXT (�j 5). \�s C-

1:0.12-Ni�C-1:0.12-Co�C-1:0.12-Fek C-1:0.24-Fe,

d002 n��{'� (0.3411 � 0.33821 � 0.33809 H

i 4 ?r C-1: 0.24-Fe m HRTEM up
Fig. 4 HRTEM images of sample C-1: 0.24-Fe

i 5 3e_Wk^y�B�m XRD iu
Fig. 5 XRD patterns of the products prepared by

various metal catalysts

0.33783nm),��{'t	�wYE	(100) �(101)�
(110) �B�{P
�&Jn=[ �0+>|	& +�
[�&	1�VX<P (IXRNlC�n�E℄`JVM�En!�) BJ��Osv��xC\WVMn�q 4>n&R�>nnf#/`*�n=[�0�XÆ	 Fe n`X)i!
Co H Ni n`X)iAF	&JnC�W�HCPB�'�7 1 10h ~T�~R�X�=&#d[Knk|JI�p�{b

Table 1 Detail information of carbon black

carbonized for 10h and hollow onion-like

nanostructural carbon

La110 Lc002 Carbonization
Name G d002/nm

/nm /nm yield/%

Carbon black — — — 0.3574 94.8

C-1:0.12-Ni 86.5 9.0 0.62 0.3411 75.0

C-1:0.12-Co 95.9 9.9 0.66 0.3382 73.7

C-1:0.12-Fe 150.4 10.2 0.68 0.3380 64.6

C-1:0.24-Fe 172.5 14.5 0.72 0.3378 61.8

G, degree of graphitization=(0.344–d002)/(0.344–0.3354)

d002—Interlayer spacing of carbon layers.

3.4 RamanNqE�k8�V9Jn)��
Æ	Raman;vi1"
��PV9Jn/`XJ�H��TJ�	ÆRT`&y{X{��X/`tZ�0nV9JD�XD(N~nX{ Raman �%v�	�.k
1360cm−1(D �) H 1580cm−1(G �)  
�j 6 N6	k 1330H 1580cm−1  
�.P
G D �H G�� D �uVMq�%
~. sp3 iXRT`&
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i 6 1000 ◦C S9 10h mVUL\?r C-1/0.12-Fem Raman u
Fig. 6 Raman spectra of carbon black heat-treated

at 1000◦C for 10h and sample C-1/0.12-Fe

A1g�Jy{�G �u/`q���Z�0T`&
E2g �Jy{� D �H G ���~� (R = ID/IG)nd�,{GT9J�snX.L��WVMVX
10h RC� R=5.628, �s C-1/0.12-Fe n R=1.807.WY,x�C``XR	C�nX.�\�Z'	/`�J�ddos	x℄ XRD n���A�f�
3.5 �;WgE�WI!��	,Il�WVM�Xu=[ Æ/�0eXTd:�VMneXr�9W,�4B0n�/`q0J	,�%J9=[ Æ/�0eXTn}�\ [15,16]. VXCLÆ	
��I5=
��J>X�	J#x�n,'	
�`&�[`P4	1��VM�h6)h�g�ibk
�℄T.�x�0	T`&&��k
�>&Æ�W[m�Y�	
��VM�h62�	1|VM�h6n4B0/`r���&J
� - T3�\�C�H0	T4H\3�\Æ�P	&JD�p|n/`*�|eX
�>&���W[/`*�n&J9�ÆÆO [19] ��X)Æ�O [20] NI3�\x�}r�\e<Mx�D5^�GTn�P	&J!nD�T*��eX>& [21,22]. NI�5&Jnh�X+�n��	4q�n�T*nw��x(CL�keX>&ÆEL-℄\�sZ�Æ^lnÆE�tO0;b��/`*�n-d�B℄\`XlÆGeP4nTnBEX4		xZ�![
�℄Tn��)�NIW[ Fe ℄Tn��)dd[ Co � Ni, I Fe u`Xl
�nT��eX9J!I Co � Ni u`Xl
�n�0+>n	��l+�Y�dC5IT:R	
�`&�Q�	\	3VM�Xu=[ Æ/�0eXT�

4 ℄iIVMu`J	dC`X�
3y�Xu=[ Æ/�0eXT�O9D�TIf#*�nKn"�&eX�0	T�u�dek 3.4Å.Y	�
/`n�u� (3.354Å). Fe � Co � Ni ��
�`Xl#,dC�T - �Pd
&JC�RT��eX
�'>	p	|VM0�JW"�&f#/`*�+Jn=[ Æ/�0eXT�W[�� R	 Fe ℄ C n��)! Co � Ni ℄ C n��)F	NI`X�A\�	&Jn���0Ii=[ Æ/�0eXTnDE-�	>�B���#h	&JnT��0+s�Y�9
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