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Preparation of Different Topography NiCo2O4 with Surfactant by Solid

State Reaction
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Abstract: Manifold mixed precursors were prepared with Ni(CH3COO)2·4H2O, Co(CH3COO)2·4H2O,

H2C2O4·2H2O and different surfactants by solid state reaction at room temperature; then they were put

into a bain-marie to keep 2d at 60◦C. After these precursors analyzed by TG-DTA, and decomposed at

610◦C, the phase and topography of the thermolysis products were characterized by XRD, SEM. The

nanometer composite oxide NiCo2O4 with different topography was obtained. The experimental results

show that these surfactants act as soft-templates, they have evident effect on topography of products.
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1 ��
NiCo2O4 �4W��I℄�H{-�h�88-Xo�>��p�#
K<xO+k2>� [1].

NiCo2O4 o�fL=t�J+#�fz*x� Co2+x-\[�o�UX3�s?-X� -����x�) [2]. 4W��I℄� NiCo2O4 �$-�jfWEN�x����s?-X7�j-�[�;N��`���A�8uxZ#�P�x�>� [3].We"a�.z�H{-�h NiCo2O4 8_X|h

O&4�7x3�-X^�MTYLx�gXS<Lbb��tx�)�|>� [4]. o Co3O4 �6�>��Lk NiCo2O4, 8_KuJ-���xx{HO6V [5]. U;yj6P$[�� NiCo2O4 Wea<"a�{�{$[JH{-�h�HO��8~��r8G�81xC<��Jh���s8K�JPh��Z�'�x�8�J��fC��Hk [6]. 0PBO8G81��8G���>�QJ$�g���� [7,8], {�n.>���xY8�6�L℄�#X-Uf�fd�5H��-�h�T}xÆ 2006–02–08, �E�ST}xÆ2006–04–11aj�uÆ i+$`q��N (20271042)*&eiÆ � 0 (1954– ), 5�3��C!
 E-mail: zj-656@163.com



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1 G � /�

*"��'#b~3F
�51=��J�
 _ 41�ZYZ* [9∼13], jO'�+#��)$ NiCo2O4o�Zo℄���$K�W68G�IlS�	$&���	W���m�{$[��8G���H{-�h�.zh��
OLhW�0�Dp1��
2 ~��P
2.1 �d#�y

Ni(CH3COO)2·4H2O � Co(CH3COO)2·4H2O �
H2C2O4·2H2O�Fe(NO3)2·9H2O�Zn(NO3)2·6H2O�
BaCl2 �Na2SO4 �Na2CO3 lX�jn�e=,m
(PEG)-200�PEG-400�PEG-600��,m (DC) ��,m�22 (SDS) ��,R�
22 (DSA) ��,R�!
22 (SDBS), lX�"QO�)�f�jBO�j NETZSCHZ-� STA449�&{f�j9�jPWh��^/ 20◦C/min; XRDFBOh#}� D/max- �� X &}9H��SEMyBBODjP leicaS440 �r%�\H��
2.2 R℄�^	 NiCo2O4 H(:�WX��&X 1:2:5 � Ni(CH3COO)2·4H2O �
Co(CH3COO)2·4H2O x H2C2O4·2H2O 9k�0"1��o�^C<tb��{li�". 2h; a�9o 60◦C �^*at�^ 2d; PhZ|v
��lS~�*n� 3 q�%aDL��6>�{G2�PWh�9kLqK��y�PWhZ TG-DTA�j��o 610◦C  z��^ 2∼3h, $� NiCo2O4H{-�hA?�
3 hY[�o
3.1 WÆN (: NiCo2O4o � ^ C < t �� Ni(CH3COO)2·4H2O �
Co(CH3COO)2·4H2O x H2C2O4·2H2O �i��S�".�WL?9f�0�Wv2Z�5H?q�:(Xm
��,*v2�xG2�rW�IW*��9�?q�#s�^�!s8(�Jd�5H8℄�X�

Ni(CH3COO)2·4H2O+H2C2O4·2H2O=NiC2O4

+2CH3COOH+6H2O

Co(CH3COO)2·4H2O+H2C2O4·2H2O=CoC2O4

+2CH3COOH+6H2Oa�f�KPWh�
NiC2O4+CoC2O4

∆
NiCo2O4+6CO2 ↑

3.2 z{	H|Q
K 1 �.k PEG-200 +#��)S��^d�5H�6��PWh� TG-DTA f�j(�T|K�SK 1 s9�o 238.1◦C *XW6QkfC�{�PWh	YkI*x�fd�5H�\G2.��K�+z�$H�f�4	X 23.07%.o 375.9◦C h�PWh.��K�Z-�h�kfC�0{��9f CO2, $H�	��X 46.69%. o
375.9∼609.7◦C R6���-�h NiO x Co2O3 S6:-O��ZH{-�h�^ 6V�p�?q�k {�-5b5H�Cpt� 7.04%,s)��
NiCo2O4 0���?pX7f^� 610◦C XS?q�{PWh�f�K^ �J7?q�f�jIl���

J 1 5=�zOVg
 TG-DTA S{J (-j PEG-

200)

Fig. 1 TG-DTA curve of Co-Ni mixed precursor (add

PEG-200)

J 2 -j7Fdz�d<+l
Gz,�g NiCo2O4
 XRD JE
Fig. 2 XRD patterns of NiCo2O4 in different number-

average polyethylene glycol

3.3 R℄�^	H XRD wQ
K 2 �pQH{-�h NiCo2O4 � X &}KF� (a)∼(c) �-�.k PEG-200 � PEG-400 �
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J 3 n�℄b~3F�-j7Fdz�d<+l#�Y NiCo2O4 ��J�
 SEM xA

Fig. 3 SEM images of NiCo2O4 in different number-average polyethylene glycol

(a) Add PEG-200; (b) Add PEG-400; (c) Add PEG-600

J 4 -jo�7F*"��'
�
 NiCo2O4SEM xA
Fig. 4 SEM images of NiCo2O4 with adding different surfactant

(a) DC; (b) SDS; (c) SDBS

PEG-600	=o�?I
	R%|B℄ JCPDF mJd	 d �$D�r>od��V��	 NiO v
Co2O3 	%|B�℄ NiCo2O4 	R�/%|B}E�r>℄�NUfX 610◦C �y 2h �nP.Ck�X��7Vo3V

	Mf NiCo2O4, HMf	f}vG[S[}E�1b+'6E)!��&"YMf	f}vV=G[	�X�VI��
3.4 =s_�bJ NiCo2O4 �qF!�)!��&�z|%�RYH
y��G[��XB'
L?� (CMC) 6E��Æ��B'M�	6E���I�2E=o
Mf	���
3.4.1 ?�l\Il�LCJ NiCo2O4 �q!�I 3 ��Lt0<�t04℄E0Q�a}2E�,i6E
y�	
;*k�5	� NiCo2O4	 SEM w��RI 3 r8�mnP2E=o
>,,i PEG-

200 � PEG-400v PEG-600 ��	�d	 NiCo2O4

W`���6gs�7�vgs�7�n����v_�z�KA�
;*k	
y�v�R6E5��BWm 60◦C}\ 2d, �6EB'�X��E0�MfbÆ$�B'	7�==�Rv-_��X6E��	NUf�RYNUf��	8i� [14], �y�H���V#�I��
3.4.2 ?�gU=s_�bJ NiCo2O4 �q!�I 4(a)∼(c) W>,,i�*k��*Q��01v�*Q� �01n�6E)!��&	�d6E�� NiCo2O4 	q$�[w��nP=o	2EA:℄I 3 R=o4.�r8�m=oI
4(a) 
,i�*k�� NiCo2O4 	��W�7���℄,i PEG-400 v PEG-600 5�Mf���"4��eBmY�*k	G[1���G[�(Qm�
5q	Q�}b(/W 12, �sMY
PEG-400 v PEG-600 ;*k}b(/�5 (8∼13),u5R�1T.�8>rG[�

RYz�G[	}.����,i�*k�
NiCo2O4 ��℄,i PEG-400 v PEG-600 �"}E�(m=o
,i�*Q��01��RY!H V4P6"V	�0TI����67�Xgsw�B'�5>67���7�	 NiCo2O4. ��L�*Q� �01���������	 NiCo2O4,
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*"��'#b~3F
�51=��J�
 _ 43(m���5	u5[y 	���z+'3_�*Q� �01��;>℄�*Q��014.�~RY!H�N	 	`���9-�&���������	�X�z+')!��&6P�R�(Q6E�N1Æ"Mf��M�'vI��
3.4.3 l�LCJ?�B��qF!�I 5 ��L�
a}//,i PEG-200	�	
BaCO3 v BaSO4 Mf	���

J 5 �db~0-j PEG-200 
�
 BaCO3(a) w
BaSO4(b) 
 SEM xA
Fig. 5 SEM images of BaCO3 (a) and BaSO4 (b) pre-

pared with adding PEG-200 by low-heating solid state

reactionRI 5(a) � (b) r8�,i PEG-200 5	�	
BaCO3 v BaSO4, 3_Mf6�+�f�~H��℄I 3(a) ,i PEG-200 	�	 NiCo2O4 ��V'v	}.��I 5(a) 
�#'dy�4�xz	��=�~V}�;>�"T.Y`���I 5(b)
sdy�V%	`���"����VI 3(a)

NiCo2O4 	��3�gs(:�I 5(a) � (b) vI
3(a)	Mf��%YE�z
�"$�(+'m}EA:r	�6E	Mf (
��+�f�
�:+�f), )!��&	I��}E	�BW�XB'	�|}E�I 6(a)�(b)��L�
a}//,i PEG-400�	�	 ZnFe2O4 	NUfv(�Mf	 SEM w��r8�NUfv(�Mf	����"4.

	���>I	���zQ49�'�NUf	��gV8i��ÆOr>rw�vod��LE.	7/�,i PEG-400	�	NUf!HFy+�f	��Ww��7��℄I 3(b) ,i PEG-400	�	 NiCo2O4 	���}E	�z1+'�E�)!��&m	�6EMf��5M�	I��4�	�

J 6 AM�db~0-j PEG-400 
�
 ZnFe2O4 OVg (a) "I)�Ng (b) 
 SEM xA
Fig. 6 SEM images of precursor (a) and ZnFe2O4 (b)

prepared with adding PEG-400 by low-heating solid state

reaction

4 ho
1. �L�
a}2E	�Fy+�f NiCo2O4,,i6E
y�	 PEG ��r>��`��v�7��	6E��Mf�
2. m	� NiCo2O4 	}E=o
�,i6Ez
	)!��&�5��	Mf��V'v	KA��')!��&	�R�G[�!H�N"Mf	���XV�FI��
3. m	� NiCo2O4�BaCO3�BaSO4v ZnFe2O4	6E2E=o
�,iE�)!��&�7^����T.	Mf��'m6E2E=o
�E�)!��&B'	�X�|�}E	�(Mf	��j�YB'���
4. Dm$D ZnFe2O4 !HNUf��'NUf
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