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 a
 .;C:E;wPAL=�#�7��F��F\FX�PHFA��; SnCl2·2H2O�*qAL=�w�B;B��B�#ZAL=��L
��P3�*m��9AL=���*�P[qAL=���*mW�n3.:S�{5;\FD*ZyqS!�>I�Iej�&AL=� - 5wS��,�L� SEM * TEM o #D�AL=��L
��P5wS�m�&nDS� �9k��Zo,�" / �
AL=�
5wS�
�,�L
��hQ�6'
TB 333 SYÆF;
A

1 b_yT���<BM>� (CNTs) [lIp�+=3[�RgBM>��
NY�NYW�r-)n[ �/8e'�z�v�>
QBM>�Tl�-p�--)|AwY'/OxU	� Qian[1] ^k�'��0t / BM>��--)��--)[T�G%JÆ
36%∼42%, ��lnJÆ 25%; Gong[2] ^k�'BM>� / =&1
�--)� 1wt% [BM>�NY%�#�--)[T�G%JÆ 30%; Andrews[3] ^Q��R�[��"rnNY 5% R�BM>��k�[�--)[��ln+T�G%�%JÆ 90% + 150%, R�gV5JÆ 340% ^	I\��<BM>�Æ[4|�+6l#��R�Æ[gV5 [4] +�V5 [5], A`k�?ÆlÆV_?n[u/H�--)	S)�KJi�X[t����\,,F[ �xU)O��QKL[C>n	�
J4�,|A)?CBM>��$AKO��$ARÆ�Y�~�/�s�/PQu/HMn�M��Æ-,|ABM>�EOs2[u/HMd^MQrAkK	
'q�\	kK�y� �[�fMnQBM>�$A�+�	�R)rB�x� Ni-Co[6] +6 [7] ^u/[���m{ SnO

[8]
2 � CdSe[9,10] �

ZnS[11,12] � Al2O
[13]
3 � TiO

[14,15]
2 ^M>!}�T��xWBM>�$A	�t�BM>�Qu/HMn[��-�:YW/&[q�	\t')?C��6D)[$;n���[BM>�MQEHM�s+!n[2%�/P�Md��Wu/HMn	4I�)R-)EBM>�d^�M��kK)k�Æ�R�--).|'q�[�P	�h/<�+xJfk�'���M[BM>� - 6yT��-�M�!	< XRD �q'�-�M[��:�< SEM + TEM �1'T�![O�+BM>�Q6yT�n[��t�	G DB� 2005–03–04, G�\� DB�2005–06–02-3[?� �U~~
�Gt (50372020,59972031); 9N�~~
�Gt (01JJY2052)je.2� �3� (1977– ), O�((�~�� N^9UC� 8�:� E-mail:Hudacxh@sohu.com
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2 E`
2.1 JA=$�g�1�;U��;;1N%�[��J)��<�i - Vixk�' Ni-Mg-Mo-O M>-u�I�
L<S�Q 700◦C �BL<*q C2H2 gM�k�?�|ly[s�BM>�	�W 1 ?'	

V 1 I$AL=�
Fig. 1 Raw CNTs

V 2 C:E;5ZAL=�
Fig. 2 CNTs after oxidation in a mixture of

concentrated acid
2.2 JA=$�+℄�7
2.2.1 JA=$��+w,j%[J%BM>��-JY�,j��[4�W�;+W/;�6� 1h 6�QG#j�f�Y�'�VB1 2h. �6<x�}4uagn�	O��~� 100mL �;�+6��� 10min, 'Y�B1 1h, O<x�}4uagn�	W 2 )Q$D;F<$[BM>�	
2.2.2 JA=$�>+�7gD;F<$[BM>�Q 10g/L SnCl2·2H2O+40g/L HCl �+n6� 40min, <x�}4uagn��'Q℄��S�n�S	
2.3 JA=$ - �WP��*�M58�g�Zk& 0.5mol/L [o4/;T�++℄GE�+ 50mL Cy9fn�Y� 0.1g F<+C<$[BM>��'Y�,j%[$AE�S	
'}fQy9$;n3�O%[gY�R�Y� 0.03g/mL [�0uD 3mL �
�YS	?YD-�+6� 20min, '��0gC
70◦C. Q-\[�fn�%Zk 7.0mol/L [s&<K+ 2.6mol/L [[z�+� 30mL, )0gC 70◦C. QG#j�[Odzgs&<K`�y9fn�v~y9Mv?J�[��
!:j�
�+�<{s&<K[)pY��Mv?j�
ff!
A
W�6!
�4
	y9 30min 6�_?Y?J�+n`�[z�+�<{[z)p[Y���4
ffZx�Mv�%!.��6^{!
|.
	Qy9 10min 6�Y�+;
i
1}fT��&<	 5min 6PfY��{i6� �v~�+�+!YUF�b+YW|.
[7h	g7hp$6�<_04>u 4 J�O<m40D>u 2 J�'�9w.W℄��S�n�S	
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3 0%(K:
3.1 ,H�+1&�T�< CVD xk�[BM>�^"%Amj�B+L<S^Nl�D;C�J%B��)S�1�x\	Nl�R�?CD;[l&<�/�2rBM>�jj�l2[oH=NbH=�B�$A[|�C1N$o�x�p �KtQB�$A�:�H�	H�
H^HY	W 1 � 2 �%)F<i6[BM>���1�W�B�zF<6�$A!Y/�}	W 3 )F<i6[B�[4\W`�K4\W`r�n�1�W�C�i[B�P7:?~�9��C�6[B�Q 3440cm−1?~F}[�Hr-��Q 1698+ 1580cm−1�%?~'	Hn C=O �=^k�+BM>� C-C�℄^k��Q 1390cm−1 ?~'�HAQ℄v^k��Q 1100cm−1 ?~' C-O�=^k�	\=�b"'D;C�6[B�$A�H�	H^HY[MQ	\g��BM>�[q4�+Q4�+n[���R	 V 3 (A) E;h CNTs Z2[V_* (B) E;5 CNTs Z2[V_

Fig. 3 (A) Infra-red spectrum of raw CNTs and

(B) infra-red spectrum CNTs after purification

3.2 �*�M�1!�TKW 4 � 5 �-�M[ SEM �8n�1�W�Q$\r|xYW[6yT���!yto/�M�,�QP�W
��M>d^	\r�![�M+y<E$*?J Cu2+ A{?m[�v	Q�"$n�.|/<℄GEG?J Cu2+, �℄GEQl`�slngu\[T�}?Jg,\[&<�T�OY�[zg&<�T?Jgu/T�	Q$!4&<�Tn^M�:[$;�b�'!}:)[9n�#Y�pYW[T�!�Moy<	y9&�

�
2Cu2++5OH−+C6H12O6

70◦C
−−→

∆
Cu2O↓+3H2O+C5H11O5COO−

Cu2O+HCHO+OH−
70◦C
−−→

∆
2Cu↓+HCOO−+H2OKW 4 � 5 n?�1�W�BM>��Md��Q6yT�n�\r���!)�<J�uH^emD-[|x/PYW[	z>
J4��KP�|A�q*	.|)?CT�![y<�BM>�+6yT�[D-myCM>O[D-�\EP�J[T�EBM>�[D-)n�)R[ÆR��?CD;F<QBM>�$A8�'�H�	H^HY�\OOTY'BM>�[q4�	'oUBM>�Q4�+n��?C	;�^�}[�q�BM>�$A	g(TY��<d^[{gX<�<Tl�\��A�CBM>�Q4�+n[��ÆI\�$AE�S)S#T�!�M+y<�to�rBM>�Q4
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V 4 �,�LZ SEM Y[
Fig. 4 SEM photograph of the compound powder

V 5 �,�LZ SEM Y[
Fig. 5 SEM photograph of the compound powder�< SnCl2·2H2O �+C�BM>�Q"$n[�<)�8,	 SnCl2·2H2O Q4�+n�:Viy[`&4<�sM>O�!� SnCl2+H2O=Sn(OH)Cl(S)+HCl. ?C\	iM!}Pag�tD;C�$[B�$APA	g	4I�Pgi!/�21:
[�&r
QBM>�$AHYl?M[d|�t'MnQBM>�[o�C	Q NaOH [l`��+n� Sn2+ �1v�d<y9 [16]. 
�M[y9$;<|;&$'
�

Sn(OH)Cl+OH− →Sn(OH)2+Cl−

Sn(OH)2+OH− →Sn(OH)−3

Sn(OH)−3 →Sn+Sn(OH)2−6

V 6 �,�LZ TEM V
Fig. 6 TEM photograph of the compound pow-

der

Q\,$;n�u\T�}��d<?�[ Sn ?J:T�'r
QBM>���\rr
�R),rp�r
�y�Æ�V)a)�<\rr
��,	u/M>!}��QBM>�$A	`�$;���K�1imUnC<E<�6�S�x'�su/� PtCl2 [E<C�	KW 5 n�1�W�BM>�E6yT�d^$~?/&[����/sBM>�[o��Tb!�"�\QW 6 �-�M[ TEM Wn)YW'b"	\r~�EiA[�q)�i-[	\)4
BM>�o�[d|HYls� Sn2+ t'Q\	d|v�d<y9�'QI�:,�?Jn���?J[T:)4O�rBM>��:aR[��	\raR[����#BM>�Qs#�<z7hz���Md��Q6yT�n	
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V 7 �,�L (l	%;R) Z XRD V_
Fig. 7 XRD pattern of the compound powder (no

antioxygen)

V 8 �,�L (W	%;R) Z XRD V_
Fig. 8 XRD pattern of the comound powder (with

antioxygen)

3.3 �*�M�Zi�W 7 � 8 �%)�-�MQdY
&S+Y
&S[Odz[ XRD W`	KWn��?��-�Mt') Cu��
J) Cu2O ��gCBM>���R?C�k7QT�!n�
'l	�td_0W#��	KW 7 � 8 [rZnv~�:Y
&S[�-�M[ XRDW`n�&<�T�Æ�rT�Æ�2)O�tY�
&S6�&<�T��rÆnF}h_�toQ 2θ=29.6◦ C:Av~&<�T�	\�1bF+;
i
Q"$n[
&<�<	R�)5F�-�Mn[&<�T)?CT��!y��Q�gn2�&<?h	 V 9 �,�LZ EDX V_
Fig. 9 EDX pattern of the compound powderQr�-�M EDX W` (W 9) �qnv~�T[%%Q�-�MnV 91.32%, \Q�-�M�?J6gx,*JÆ	-\�W`n?~'4H8�\�R) SnCl2·2H2O �+C�BM>�6:A>u�}[J4	

4 0:
1. D;C�BM>��1Q
$A8��H�	H^HY�'oC�$[B�Q4�+n[g	�TY��1��B�Q4�+n[���	
2. < SnCl2·2H2O 4�+C�B���1��TEBM>�d^[����)A�CBM>���C6yT�n	
3. /<℄GE+[z�$*?J Cu2+ k�6yT���1A�db�T�![!|	
4. Q$�+xJfk�?[BM>� - 6yT��-�M�BM>��Md��Q6
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Preparation of CNTs and Superfine Cu Compound Powder

XU Long-Shan, CHEN Xiao-Hua, CHEN Chuan-Sheng, LI Wen-Hua, YANG Zhi

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The purification in a mixture of concentrated acids was used to modify the surface

of carbon nanotubes with hydroxyl groups and carboxyl groups, etc. Furthermore, the sensitizing

treatment of the CNTs was made in the SnCl2·2H2O solution. After treatment the solution with

stable homogeneous dispersions of CNTs and CuSO4·5H2O was prepared. Then, glucose and

formol were used as reductant to reduce the Cu2+ and Cu+ in order. After deoxidation, The

CNTs and superfine Cu compound powders were obtained. SEM and TEM results showed that

CNTs dispersed homogeneously in the compound powder and combined firmly with superfine Cu.

Key words carbon nanotubes; superfine Cu; composite particles; dispersion


