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 <Pj^+q^Y�GG%A[�y�C Cu/CNTs �;=��,G TEM � SEM �

FT-IR �XRD �XPS 9 DTA }�))�Z��$`YG�nÆ�C)l��2)e�CNTs9 Cu qq|T7t`R;L7�;�}�PJ� (AP) i�
	!NYG�G�RQ AP �!� Cu/CNTs �;=�~i AP �u
	�u}n 126.3◦C, nu
	�eA�+�))
	�L 309.92J/g W�e 711.13J/g; Rt`R;��!��;=�~i AP �u
	�u}n
11.4◦C, ))
	�L 494.06J/g W�e 711.13J/g. )e CNTs R Cu i�;O7)
�W��} AP �
	�BiYG�G�: L (
b
Pj^+
�PJ�
�;YG�x0V?
O614 {~"o\
A

1 ���QK� (AP) 8&[Uyj�h�=Ij/Ih�` AP �j�h�f 70% �P��V ~&[Uyj�hj�[ oO�2E�	K�8 AP j�Æ
V Sj�hj�" o`��' [1]. \nZIh8w�j�h�" ojO�	��k_ Cu >���"*b\_��DT ����1�`ZIm	b�OSz^5F1ajJ� |�`&[j�h�D��4L���jZIV [2]. 
k_>
℄>�(h��1>Sj�hj�M�Æ"\S< [3], j�m=�Ok_>
>���"*b_jJ�V �E�DNj0j1I�3	Qk_,LFOjk_d,��% [4] ���j*b\b4.gj�%: |� xDN+=Er7�J�j_[5F [5], MQQ,srj�CoD [6], �vDk_
>>
rj�Ch��+=1
>>
jZI ohfO��O	 x6II'Bv�{�L Cu/CNTs �<>
�-~�<>
j�%Vs��DÆ�*m�a/*�D�<>
~ AP �Æ
jZI oE�	
2 n�%2
2.1 pJ�
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304 | Y 4 E % � 21 �0.LI:hrQk_,�IK
 (I'R) �	/Ii (Æ�R) �;��E;K�i
(EDTA)��;��$m_ (PVP)��QK� (_�QKp?) m	Qk_,S�<>
j�[b�%I�
u� (JEOL35)�d%u� (� H-600�)�X %Æ-%.|9 (D8ADVANCE,g1 Bruker#D) �?l.|9 (MB154S,nh_.W#D)�g1�,/Y�V#D SA3100�"*b-�-�Æ�92:xÆ�<>
�Æ�`� Shi madzu #D DTA 50 �;4�Æ�9!���)vIzr 20◦C/min, O|I	
2.2 t
^<,v'I Cu/CNTs 6CY���rMÆQk_,*b8KjZIh>
b}x�Sm℄|�Iq�K:qIKjS<5` 100◦C 5�PM 2h ��IkJB
�x� ��a	6II'Bv�{� Cu/CNTs �<>
	4G�	�r{7xqzj CuSO4·4H2O �
KBH4 : NaOH �5�{ KBH4 : NaOH �5�";S<	` CuSO4·4H2O �5�n�9B�4XRjQk_,�V<h EDTA :Æ�h PVP, Q 50◦C ℄z	n����1Qk_,JÆÆ���`0I��	NXn� KBH4 : NaOH S<�5�k$�D 30min ���p�4S��a�Lh<�
r Cu/CNTs �<>
	

KBH4 87��MWh�+=`B�5�{ Cu2+ MWra|
�
 KBH4 zx[`j℄z8s K��AS�5�2n�7x";j NaOH,7�= nNaOH/nKBH4
=3 �r9:	

KBH4 S CuSO4 jMW�D	G3r�
KBH4+4CuSO4+8NaOH=4Cu↓+4Na2SO4+NaBO2+6H2O (1)
 Cu2+ `s K��� Cu2++2OH=Cu(OH)2 �D(E Cu(OH)2, Cu(OH)2 =1zx�>Æ
r Cu2O :B�AS!2n� Cu2+ jV<h�=a`(Ej
��O Cu2O [`�

4OH−+EDTA=4H2O+EDTA4−, EDTA4− S Cu2+ (E [Cu(EDTA)2]
6−, 1�5�j [Cu2+] qz_�z	~�T�%a Cu(OH)2 : Cu2O j(E�hf�Rzj
�	(Ej
�B\`Qk_,j*b��E Cu/CNTs �<>
�wg 5(c) L4	

f 1 Pj^+i>k�;-{
Fig. 1 FT-IR patterns of carbon nanotubes

(a) Carbon nanotubes unmodified; (b) Carbon

nanotubes purified by acid

3 M>�u[
3.1 Dy=f3|Qk_,8MN&�QK%E�*b\O1�:x	�4q�K:qIKS<5P8jQk_,*b�%�(D'I	�g 1 ?l|gL4	M?l|g+w��4K/IP8jQk_,`.Ar 1720cm−1 PL�D�X���s�P8jQk_,`SP\O�<�Æ�4KP8jQk_,` 3400cm−1 Pj�X�v�	`�v℄z	�q�K{Æ
�-�L NO2 :�M/ [7], j�/W
SQ�<`Qk

\_,*b�E O=O, -SQk_,*bj�X�<�E�X�A�Qk_,*bj�X
/�v�	Qk_,�O�#jN&�.goV�%��*b�O�℄ [8], d=I'B\�
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2 } W w�k
b / Pj^+�;=�iy�`�}�PJ��
	�n(� 305{
 Cu/CNTs �<>
/�Qk_,1o`�5�O�jÆ��1h
>
1o"\B\`�*b	�4K/IP8�jQk_,*b<(D�X(oh�O:Q�� CNTs `�5�jÆ� 	
3.2 t
^<, $`3|Qk_,jl�`f-k_�>z�rA�p_�1hQk_,O�_j"*b\	M* 1 +p��4K/IP8��Qk_,j"*b\fD 48.688m2/g, �sXRQk_,j"*br 22.265m2/g, �28MQs�/IP8j CNTs {.8�#j���4K/IP8��_3ÆjZIhb.g>
�MÆ�a/ CNTs j{.3�℄%��L�OjyVj,	�%1h"*b\dn	a/M* 1 +=&L��<>
j"*bSQk_,�"f�dn��28MQB\
> Cu ��Qk_,*b'h�e1y�T�1"*bd_	# 1 CNTsG Cu/CNTs 4AW�*�#_F

Table 1 Surface area of CNTs and Ni/CNTs composite particles

Sample Unmodify Purify Composite particles

Surface area/m2
·g−1 22.265 48.688 65.751

3.3 Xm��m3|6I X %Æ-%9~Qk_,b�L�_j
> Cu k_5Fj�[�%��DÆ�	�g 2 � a, b L4	M�Æ a +p�` 2θr 26.48◦ b 44.6◦ P�L�DQk_,j1I-%��*f�k_�%j>GO"z�;	M b +p�` 2θ r 43.78◦, 50.42◦ O1I-%��Æ+~D�br� (d) r 2.458, 1.808 S
Cu(111), Cu(200) �bj(
#tu�y<�Cfk_ Cu Fb�<	�%	
3.4 =-�ef3|g 3 8 Cu/CNTs �<>
j XPS|g	 f 2 Pj^+ (a) `�;=� (b) i X $
,$f{

Fig. 2 XRD patterns of carbon nanotube (a)

and copper-coated carbon nanotube (b)

f 3 �;=�i-t�n{
Fig. 3 XPS pattern of copper-coated carbon

nanotube

f 4 Cu2p i-t�n{
Fig. 4 XPS pattern of Cu2p
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306 | Y 4 E % � 21 �Tg�+=&L[`VH C � O � Cu j�<�	^4 XPS *bVHÆ��Vh�<>
j*bVH�E� C � O � Cu ��VHj6BÆ+r 49.08% � 32.55% � 18.37%. 6IW
�<Æ..zi~�<>
��VHÆ���3*f�<>
� Cu j6Br 42.68%.Mg 4 � Cu2p3/2 VHju
�<oj|g�+=&L Cu VH 2p odu
�<oÆ+r
932.7 : 952.4,�R
> Cu W
 2p odu
�<or 932.4 : 952.2eV,MS+p Cu VHju
�<o\O�(f�jI't8�AS�<>
��28=a|
r�	
3.5 t
^<I Cu/CNTs 6CY�,-R$�I TEM : SEM Æ+~ CNTs : Cu/CNTs �<>
j�[��D*m��3�g 5 L4	Tg 5 � a +&L��4XRjQk_,*b.F�
�O#B'>	j}x�S�ZIh>
m[`	~" b � c +p�RQk_,*b[`#B℄|�"�.F�B\
jQk_,*bb"�U9	M X %Æo|Æ� (EDS) +p�Qk_,*bj�|�28 Cu :
O, /�22XQQk_,`�4K/IP8�L<(j6/(oh=b��L6jBÆ	

f 5 Pj^+ (a � b) `A[biPj^+ (c)TEM 9 SEM is
Fig. 5 TEM and SEM images of CNTs (a, b) and copper-coated CNTs(c)

f 6 0`0ui AP �
	�

Fig. 6 AP thermal decomposition patterns of

different samples

(a) Pure AP; (b) Cu and AP; (c) Mixing sample

of CNTs and Cu and AP; (d) Mixing sample of

Cu/CNTs and AP

3.6 Cu/CNTs6CY�/ AP,k3O�e�TrDÆ��<>
j�Æ
 o�{℄Æ+:xDR AP � Cu/AP �<>
:
Cu � CNTs � AP uaS<1=ba7";j AP S Cu/CNTs �<>
S<1vj
DTA �Æ
�Æ��3�g 6 ��Æ a∼dL4	M�Æ a +w�AP j�Æ
+Ær� 4G�M�	���'r<	�� (Y
243◦C) �ovÆ
 (350◦C =	) :�vÆ
 (400∼ 490◦C sr). Cu S AP �<��
Cu jZI1 AP jovÆ
�:�vÆ
�vzX� (Æ+r 36.2 : 82.7◦C), ��ovÆ
�v'1�Æ
/r+>�
~ APj���'\Of�jE�	 Cu � CNTs j\n~ AP ���'bov�Æ
3\Of�ZI�I�
o1 AP Æ
�Dj�2vz��vÆ
�vzb AP Æ
j�vvz	~�K�8�vÆ
�vz	~���n� Cu � CNTs >
�� AP j�vÆ
vz~o

114.9◦C; ��a";j Cu/CNTs �<>
b1 AP j�vÆ
�v~o 126.3◦C, ovÆ
�X �,�*f Cu : CNTs ~ AP j�Æ
�O7xjZI�I�� Cu/CNTs �<>
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" Cu : Cu S CNTs ua<*�L!8j~ AP �Æ
jZI o	T**Æ
�j�z2&�!� 4  1v (a∼d)j**Æ
�Æ+r 309.92�389.54�
494.06 : 711.13J/g,S!� 4  1vj�vÆ
�vj'I/R�~"+=&L�1vj�vÆ
�vX�hZ��**Æ
�Z_�j�28MQ�vÆ
�vZo� AP ��Z_����BZ_�j3CfD Cu S CNTs �<�+=�72X��~ AP �Æ
jZI o	 AP �Æ
Z87��r� AP ov�Æ
�|�28& - ����D�[`6
S)E4G� NH+

4 +ClO−

4 =NH3(s)+HClO4(s)=NH3(g)+HClO4(g), ����j NH3 : HClO4���(�G�D�<�O N2O � O2 � Cl2 � H2O :#Bj NO; AP j�vÆ
�|�28���D�<�O NO � O2 � Cl2 : H2O m [9∼11]. b/I<��>S Cu �D [12]:

4Cu+2NO=2Cu2O+N2 �2Cu2O+2NO=4CuO+N2, ` AP Æ
j�v:ov�|"<(b/I<��AS�k_ Cu ^4ZI AP Æ
<��b/I<�jÆ
�V�D AP jÆ
�DÆa/MQQk_,8%�3j-�%�ZIh>
tQQk_,j,$!���Q,srj�CoD��vDB\`Q,*bjk_
>>
rj�Ch�� AP Æ
�j���D�Æ
+=t��NfZIhjT t�(��:�D�O:QZIT ��7S�D�T�1 Cu/CNTs ZIhjZIT ��X�	
4 M[6II'B\�{�D Cu/CNTs �<>
�` Cu � CNTs : AP S<";7xj℄z	� Cu/CNTs �<>
1 AP j�vÆ
�v~o 126.3◦C, ovÆ
��,�**Æ
�dnD 401.12J/g, �uaS<11 AP j�vÆ
�v~o 114.9◦C, **Æ
�dnD
184.14J/g,AS Cu/CNTs �<>
~ AP �Æ
jZI oJQ Cu � CNTs : AP uaS<	&Uz}
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Preparation of Cu /CNTs Composite Particles and Thermal

Decomposition Behavior of Ammonium Perchlorate

CUI Ping, LI Feng-Sheng, ZHOU Jian , JIANG Wei, YANG Yi

(National Special Superfine Powder of Engineering Research Center, Nanjing University of Science and

Technology, Nanjing 210094, China)

Abstract: The Cu/CNTs composite particles were prepared by the chemistry sediment method

and using the carbon nanotubes as the carrier. The composite particles obtained were charac-

terized by SEM, TEM. To analyze the catalytic effect of Cu/CNTs composite particles on the

thermal decomposition of AP in the composite particles , the comparison sample by simply mixing

Cu particles and CNTs particles with AP respectively was prepared and DTA experiments were

used to characterize their catalytic performance . Results indicate that the catalytic performance

of Cu/CNTs composite particles is superior to that of the simply mixed sample. Compared with

the simply mixed sample of Cu and CNTs and AP, the peak temperature of high temperature de-

composition of Cu/CNTs composite particles decreases 11.4◦C, and the total heat release improves

from 494.06J/g to 711.13J/g. It is shown that the catalytic performance of Cu and CNTs on the

thermal decomposition of AP can be improved by composition.

Key words copper; carbon nanotube; ammonium perchlorate; catalyst performance


