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La-Ni-O �)/HKX�TC? O�ka�f6����� �� ��#���" !
(���z�v�����y�� & w{���~���v�Æ�����u�|	�
�x} 610031)n i	 43^H8�9��L/�& La 6 Ni iQ}!$Ng. m2i La-Ni-O TC`ryG�% H2 �[FBpG� N2 [�?pG� C2H2 [BD�43C�pvCV�k�BUJ( (CNT). 3 XRD ��>gTC`ryGFBr<it � TEM &8>g CNT i�B�t-�r	L>k�i m2 La-Ni-O TC`ryGo��8TCL�ifmf8	 LaNiO3 6
La2NiO4. a6 LaNiO3 >k�i CNT i;<|YY�<6 La2NiO4 >k�i CNT i;<�}
i�[�Zv�"?*X�FB<i;foiUJ\w* Ni i (111) {M1,8#�UJ\w* Ni i (111) {M1,6{&vGY�j CNT i;<6X���GY�� 2 �	BUJ(� La-Ni-O; TC`ryGs[�8#	O643, TB383 ℄`	Q=	A

1 jg� 1991 \� j Iijima[1] 4s�'P�sCVK) (CNT) =�pn/�� CNT j�B�<|��j-x�
� CNT [s!℄)zu!M�Æ [2] �*Æ [3] �sÆ [4∼7] p(sJ/5*jh!EÆ	Z�k/4s��-xqsJ���|l�_,}�q# CNT +�/4j%j�sMl� CNT j=4��:�s>� [8,9] �X*^��S� [10,11] �EÆqwDW� (CVD)[12∼15] m�4 CVD ��l� CNT 7=�:	o!�5r���h_�&Y�%�Z4n��'FN7�'�s-E�<m��h CVD ���(�G%y�M CVD ��p�1z CNT l�j+6:;{�"	��/`w�CE7UEam�kp!s)3jUEaz= CNT j<=7�C�:Æt	j()�
at�f [16], UEapjM	y+�'[}7--J1z CNT j<=7)�[}�TDM-�'k�l�Jko�N0�lM	y+�'j--Z[}���&�l CNT j<= (__�f) 7)��(mm�54 CVD��l� CNT[17], Ml�UEaszH��l La ,
kpMkGC=hej La2O3 �J:�j��y+ Ni �'��e/y+ Ni �'jU	7?[��:�G�y+ Ni �'�.M:�jVK℄�ZY�Q|he/�<=j CNT.  aMORL��N0�' La 7 NijR~"%Oh/!n3j La-Ni-O UEaszH�MwPjJko�4 H2 �\GCa�R�NE
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1346  S 1 0 � � 21 
C2H2 \CE�54 CVD ��l� CNT, u.�s7=?l�jUEaszHj-P�l[[1z?h CNT j<=7�C�z=kC+�z�/DE�
2 Ph
2.1 �*0�r�54_I9A:�l�UEa��;e{9�:u|.��'Bv�\�a La � NiR~-j-{~�54eu|.v-'Bvj�Eh�℄I{9�,
 La 7 Ni. �R~"� 1:2 � 2:3 � 1:1 � 3:2 7 2:1 �)F{ Ni2O3(�jN) 7 La2O3(�jN) �
$-j`{9p��=Mr�o�e
 4 �R~-j_I9z�A:�lhej��e�e 80◦C, r�A:7^���=he)3zjIÆ"H�lOIÆ"H�
x :p�M 600◦C �� 3h=��`e 800◦C K�� 6h =heUEaszH�
2.2 UD�!�r�l!t-jUEaszH�
�.up�|�.uj=�.) (φ=3cm, l=80cm)p0�& C2H2 \CE�N2 \��q�H2 \GCql� CNT. �H6�	o�& 50mL/minj77N N2 80min %bK�.)pj�q�P��) :& 10◦C/min j7wQ%`e�e 800◦C.�=uH\ H2, M 800◦C & 30mL/min j7wN H2 60min &%GCUEaszH�he��jUEa (VK℄y+ Ni), �=t�uHG N2(30mL/min), ^) :oe 700◦C ���\N
 N2 7 C2H2 jK:qH (HW"\ 9:1) z��/� 60min =%# C2H2, �kM`qj��o (30mL/min) �}e%`�&YR<f�
2.3 UD�!��*54{9NE�NE CNT. �H6�\�l�N&YejR<f�ve$-j`{9��p�e�e 80◦C, 4r�or� 1h, �=0>�4^5.wlh pH=7.0 \e��=lhej CNT M 110◦C \��O 48h, ^4�F}� CNT <= =(NE=j CNT n- / UEajn-)×100%

2.4 �*0-FILY&UD�!��qUEaZkszHj XRD (_54 PANalytical�1j PWi3040/60� X �u��#���Jk�Q���Se>+�)� 30kV, s7 30mA, O�Z 20◦ ∼80◦. zUEaszHGCs=j(_�u�)54t-j� z��
CNT j�C(_�A��� 10min =oMQX��4 HITACHI H-700H R�s}qY� (TEM) z�(_�

3 3"%V<
3.1 �*0ILY�UD�!Æ;�lb4-Pj�℄R~"l�jUEaszH�MP�jl�Jko (i��0�Y�) �l� CNT, ?h CNT j<=�?4UEaszHj%niT 1.7T 1 bG�&�e�MP�jl�Jko�<|UEaszHp Ni 2-jQe������ CNT j<=Qe� nLa : nNi=1:1 � CNT j<=Xek�[d 1328%(��t�j?hju.!i); b#<|UEaszHp Ni 2-jz!/jQe�CNT j<=}��Pqjoo�!�|��CNT �?j:�UEG�#VK℄jK���℄y+�'�MbG



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

6 i 4"��k	 La-Ni-O TC`ryGyBUJ(�>0yi�� 1347jUEaszHp�	.kpj℄�GC=uZG\ CNT j:�UEG��TD<|℄2-jQe� CNT j<-�/�Qe�b#QT 1 p�&�s�M?:jUEaszHp�
nLa : nNi=1:2 jUEaszHpj℄2-���|7k?l�j CNT j<=}g: 374%,G-e7 nLa : nNi =1:1 jUEaszH?l�j CNT <=j 1/3. ?&he	oju?�7℄2-��jUEaszH?l�j CNT j<=-!t#��j�\/~t#8C+NG&�ju.�bGzUEaszHGCs=j<hz�/ XRD g7�

S 1 ,OTC`ryG>k�BUJ(i;<
Fig. 1 Yield of CNT with different catalyst

precursors

S 2 ,OTC`ryGFBri XRD Sg
Fig. 2 XRD patterns of different catalyst pre-

cursors before reduction

a. nLa : nNi=1:2; b. nLa : nNi=2:3; c. nLa :

nNi=1:1; d. nLa : nNi=3:2; e. nLa : nNi=2:1

3.2 �*0ILY+mI'� XRD �qQUEaGCsj XRD Th (T 2) �b�MbGjl�Jko�?hUEaszHu�:)3ju|	�vUEaszH<|�℄R~"j'E�|Hu!���/'E�7 PWi3040/60 � X �u��#j�j�k7?\j PDF -
��j�b� nLa : nNi

=1:2 7 nLa : nNi=2:3 � (T 2a � b), ?hejUEa:8�|nu!j LaNiO3 j�7 NiOj� nLa : nNi=1:1 � (T 2c), ?hejUEaszH:8�|nu! LaNiO3 j�
nLa : nNi=3:2 � (T 2d), ?hejUEaszH:8�|nu!j LaNiO3 j�7 La2O3 j� (�
EÆ-"G: La A6�b La2O3 jw�7 LaNiO3 jw�t:);  nLa : nNi=2:1� (T 2e), ?hejUEaszH#`q|nu! La2NiO4 j��7O�i�MbGj��Jko�7-Pj�℄R~"?l�jUEaszHp�w��G/+s-Pj La-Ni-O E:h�[8�|nu!j LaNiO3 7`q|nj La2NiO4. g:M nLa : nNi =2:1 ��3J�G La2NiO4; P�G LaNiO3, �
EÆ-"{>j La P
Ni �)& La2O3 P NiO j� VM�|�Gj La2O3 7=E: Ni -�:UEM	�Gj NiO, $~aP [17,18] ;�2: Ni, b7=E:�xA6 La, ~ H2 GC=�J��U	�NG Ni �'0[�-Z4= CNT j�?�P�-�:UEM	�?&Ml�j[�UEaszHp�g: La2NiO4 7 LaNiO3 �:UEM	�b[+s�:UEM	jUEaszHz CNT j<=�#-!ij� LaNiO3(UEaszH c) j CNT <=# La2NiO4(UEaszH e) j CNT <=j 3 �{ (i( 1). �;e
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1348  S 1 0 � � 21 [+shnj2 Ni -j-P�\/bK7=2 Ni -j-P|NGz CNT <=j:* �℄z[+sUEaszH�):kF� Ni j CNT j<= (i( 1). Q(p�&�e�z=UEaszH LaNiO3, kF� Ni j CNT <=\ 5641%((gCNT/gNi)×100%), |UEaszH La2NiO4 jF� Ni j CNT <=\ 2546%, [/P7 LaNiO3 GCJ�j Ni ��:UEM	�\�DP�# Ni, b7=kGCsszHj-P��NGkz CNT <=j-P�\ObG��/[�UEaszH� H2 GC=j XRD Th�
 1 �(.GJW LaNiO3 $ La2NiO4 �SB>�:
Table 1 Yield of CNT from the catalyst precursors LaNiO3 and La2NiO4

Yield of CNT/%
Mol ratio Catalyst Crystal face size of Ni particle/nm

of La to Ni precursor (gCNT/gCata.prec.

)×100% (gCNT/gNi)×100% (111) (200) (220)

1:1 LaNiO3 1328 5641 27.5 11.8 22.1

2:1 La2NiO4 374 2546 13.7 28.5 27.0

S 3 ,OiTC`ryGFB<i XRD Sg
Fig. 3 XRD patterns of different catalyst pre-

cursors after reduction

c. LaNiO3; e. La2NiO4

T 3\UEaszHGC=j XRDTh�7Th�j (�
#o�\j�j�kZ PDF -
�) �&Tey+ Ni 7 La2O3j� �kpy+ Ni z/ (111) � (200) 7
(220) |N 3 ��� (111) |Nj�u\w��"sT 3 pxu c 7 e �jy+ Ni j 3��j����&�sxu c �jy+ Nij (111)|N�j��s (200)7 (220)|N�j��[�|v[jtwPq[=xu
e � (111) |N�[= (200) 7 (220) |N�jtw�[(^|UEaszH LaNiO3 GC=jhn c pjy+ Ni j (111) |N2-[[�=UEaszH La2NiO4 GC=jhn epjy+ Nij (111)|N2-�M
800◦CLa2NiO4 7 LaNiO3 M H2 j�4oGChe Niy+�"
|H�?!? Ni�5?[�Aj (111) |Nwz (200) 7 (220) |NX�Lw[��
 VLS Ul [19,20], �?0HpC�v=UEapXe�7`w=jJ�UEapjCJ��'MX�Lw[j (111) |NXe�7jJ��Z (111) |Nz CNT j�?:Sz�4�;�;e( 1 p[+sUEaszHjF� Ni j CNT j<=7M[�UEapg:y+ Ni 3�: CNT jUEM	m��u.�bGVxUEaszH LaNiO3 jF� Ni j CNT j<=?&[[�=UEaszH La2NiO4 jF� Ni j CNT j<=��Z�kGC=jy+ Ni j (111) |Nj2-:%�[�Z (111) |N2-H[�kF� Ni j CNT <=��H��;�
T 3 py+ Ni j 3 ����j����7 Sherrer � :J+sUEaszH (LaNiO3, La2NiO4) �GC=jy+ Ni j 3 �|Nj|'w�3=( 1. Q( 1 j-
�&�e�[�|Nj|'wuMVK℄�ZY�Q!?�n�u$: CNT j�?�

3.3 UD�!��q
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6 i 4"��k	 La-Ni-O TC`ryGyBUJ(�>0yi�� 1349T 4 \7+sUEaszH?l�hej CNTjR�s}qY�We (kp (a)4j#UEaszH LaNiO3, (b) 4j#UEaszH La2NiO4). 7T 4 �b�?hej CNT u#{$ CNT, |v(Nus*A�T 4(a) pj CNT jW�F\ 30∼50nm, Y�F\ 25∼30nm;|T 4(b)pj CNTjW�F\ 20∼30nm,Y�F\ 10∼15nm(KT 4 W�Gu:[-j TEM'9ju.). l[� CNT jY��( 1 py+ Ni j�|NjIW"sJ�s�7 LaNiO3GCJjUEa?l�Jj CNT jY�`z/=kGCJjy+ Ni j (111) |Nj|'w|7 La2NiO4 GCJjUEa?l�Jj CNT jY��`z/|7kGCJjy+ Nij (111) |Nj|'w�[r�7bG�NjVx!i�y+ Ni �'j (111) |Nz CNT�?�:t�j()�

S 4 6*rTC`ryG>gdiBUJ(i TEM Vd
Fig. 4 TEM images of carbon nanotubes grown with different catalyst precursors

(a) LaNiO3; (b) La2NiO4

4 3<N0�' La 7 Ni jR~"%Oh/!n3j La-Ni-O UEaszH�b�:UEM	jhng:+s�8�|nu!j LaNiO3 7`q|nu!j La2NiO4. |[+shnz
CNT j<=#-!ij�7 LaNiO3 \UEaszH?l�j CNT j<=# La2NiO4 \UEaszH?l� CNT j 3 �{�bK Ni 2-j-P� LaNiO3 ~GC=?l�j CNTj<=�# La2NiO4 ?l� CNT j 2 �{�/P7 LaNiO3 GCJjy+ Ni " La2NiO4 GCJjy+ Ni ��:M	�~�j"s�\w�#7=+Y�GC=j<hpjVK℄y+ Ni j (111) |N2--!i?NG�VK℄y+ Ni j (111) |N2-H[�kF� Ni j
CNT <=��H���7\_

[1] Iijima S. Nature, 1991, 354: 56–58.

[2] Penza M, Antolini F, Vittori-Antisari M. Thin solid films, 2005, 472 (2): 246–250.

[3] Chen C F, Lin C L, Wang C M. Thin solid Films, 2003, 427 (2): 64–70.

[4] Portet C, Taberna P L, Simon P, et al. Journal of power sources, 2005, 139 (2): 371–375.



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1350  S 1 0 � � 21 
[5] Elzbieta F, Francois B. Carbon, 2002, 40 (10): 1775–1781.

[6] m l�9|-�U 2�l�g D�� 2004, 20 (5): 546–549.

[7] SÆ��p
��Æ ��l (ZHANG Ai-Li, et al). dT21� (Journal of Inorganic Material), 2004, 19

(1): 244–248.

[8] Ebbesen T W, Ajayan P M. Nature, 1992, 358: 220–226.

[9] Iijima S, Ajayan P M, Ichihashi T. Physic Reviw Letter, 1992, 21 (69): 3100–3105.

[10] Guo T, Nitolaev P, Thess A, et al. Chemic Physic Letter, 1995, 243 (2): 49–53.

[11] Qin L C, Iijima S. Chemic Physic Leter, 1997, 266 (2): 65–70.

[12] 6����9��g D�� 2003, 19 (11): 1096–1098.

[13] E 	�S~*�=�4�l (CHEN Fei, et al). dT21� (Journal of Inorganic Material), 2004, 19 (4):

931–934.

[14] Marangoni R, Serp P, Feurer R, et al. Vahlas, 2001, 39 (3): 443–449.

[15] Amelinckx S, Zhang X B, Bernaerts D, et al. Science, 1994, 5172: 635–639.

[16] Dai H, Rinzler A G, Nikolaev P, et al. Chem. Phys. Letr., 1996, 261 (3): 471–478.

[17] Liang Q, Gao L Z, Li Q, et al. Carbon, 2001, 39 (3): 897–901.

[18] Ruckenstein E, Hu Y H. Carbon, 1998, 36 (3): 269–273.

[19] Benissad F, Gadelle P, Coulon M, et al. Carbon, 1988, 26: 425–432.

[20] Helveg S, Carlos L, Sehested J, et al. Nature, 2004, 427: 426–429.

Effect of the La-Ni-O Catalyst Precursor on Carbon Nanotubes Growth

SONG Li-Jun, JIANG Qi, YI Jin, ZHU Xiao-Tong, ZHAO Yong

(Key Laboratory of Advanced Technologies of Materials (Ministry of Education of China), Superconductiv-

ity Research and Development Center & School of Materials Science and Engineering, Southwest Jiaotong

University, Chengdu 610031, China)

Abstract: A series of La-Ni-O compounds were synthesized with modifying the mol ratio of La to

Ni by citric acid complexometry and used as the catalyst precursors to prepare carbon nanotubes

(CNT) by the chemical vapor deposition method (CVD). At the same time, H2, N2 and C2H2 were

used as the reduction gas, protection gas and carbon source gas, respectively. The structures of the

catalyst precursors before and after reducing by H2 were characterized by XRD and the patterns

of the CNT obtained from the catalyst precursors were characterized by TEM. The results show

that only chemical compounds LaNiO3 and La2NiO4 in the series La-Ni-O catalyst precursors

have the ability to prepare CNT. However, the yield of CNT from the catalyst precursor LaNiO3 is

greatly higher than that from the catalyst precursor La2NiO4. And the reason is that the content

of nano-meter metal Ni (111) crystal face in the productions from LaNiO3 after being reduced is

higher than that from La2NiO4. That is to say, the higher the content of nano-meter metal Ni

(111) crystal face and the larger the grain size, the higher the yield of CNT and the larger the

inner diameter of CNT.

Key words carbon nanotubes; La-Ni-O; catalyst precursor


