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(1. D?=F�FE�:A 100084; 2. D?=F;CBFG><E�:A 100084)1 ,� /
7&v*;�90D[On{Q NiZn 'u!�)� XRD 2	(7&{x��>< pH 2�3�E�`h�JL[7&x�}Q8 6h, +}q7&x�[>�ka�D)[pw�-tetd�K� NiZn 'u![��8 10∼30nm, 	��-tet�E"37&v*;['u!8T}On{Q�
 VSM pw�90 NiZn 'u!�![mJ�
�
 r Z�7&v� NiZn 'u!�On{Q7�_zf�TB321; TB383 ��UÆ��A

1 .'Po|e� NiZn (v"|���\�G�d�C�a�\�ÆG(J�f���KX(�RfH(�`�$)�>n?id_�
�	M��fE*m�G$��D�{\�Æ�kÆ�f�K\�#P),C�nK\_ [1∼3]. � N\ NiZn (v"-#9�ry=�7V\9�|wBx�v5D1b+<w [4,5], Mw>$R�Z(`��9l�:�tU+<>n���Z\�#��R�:d`��0g\�LseS�Æ<�m���=3ry*0Æz5lw+< NiZn (v"R["�ki℄ - B℄w [6] ��:gw [7] _�Æ5lw+<\R["|�In��<����I����:d�_�
���Rr�a`\>nJ9��d>\�L<:�>�
tMwfex��>JPs.>+< NiZn (v"Po|R [8,9].��t�gT��D\9�) I=7Æ\��8'w���i|=1b+< NiZn (v"Po|R [10,11]. 8'w�~�^_\z5l|w�Ce�>Ps�1b+<�vX�:d�\:1�#�M3�8'w>$`�$j��M�z5\w5��~�|�,#\�ÆRr\9�:1�"|w�	M�ry8'w\��)y����r��uA℄(v"9H�8\^G
�9��:�A℄(v"-#|�Ax\�+)�U���
2 
)
2.1 -	0�p

Philips PW1840 _ X uP�8su� (%� Philips ��), Æ Cu Kα uP (λ=1.5406Å);

Hitachi-800 _.ufEL6u (g� Hitachi �� ); TECNAI S-TWIN _�� .ufEL6u (High-Resolution Transmission Electron Microscope, HRTEM), N�fn: 200kV; 730T_,jwHKTI (VSM), K�3
6T: 2T. �t�#Bx��FI\ NiSO4·6H2O ��b��	 2005–11–22, �[#ab��	2006–02–08lu!�	 �MFb�k<h (50272030)93qt	 ?"y (1976– ), ;�%�qxv� �$}�
	 � S� E-mail: qiangli@mail.tsinghua.edu.cn



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1478 A > + ! j � 21 �
ZnSO4·7H2O � FeCl3·6H2O )M::gHÆ\ NaOH.

2.2 �� NiZn �+�6R�( Ni0.5Zn0.5Fe2O4 I�lbI�D#��t\SH��V0 1. [rÆÆ��id\oÆ℄�E�D7<9+i|��'p_�\W�J�V9+i|=--Nl�D7\
NaOH i|��9i|\ pH : 9.5∼10.5,�p��E5^�:g�[ZY\h�|Clp	sJ=Nd5���lb��8'y��y� 6h 0��Kg_�\W�J��i|G
�_5�>�[�_0\i|lb )�Ga�80◦C J/��CZY:1E\ Ni0.5Zn0.5Fe2O4(v"�#�

/ 1 ��7&v8� NiZn 'u![��&>
Fig. 1 Flow chart of Ni0.5Zn0.5Fe2O4 prepara-

tion by the refluxing method

/ 2 &+7&}Q[ Ni0.5Zn0.5Fe2O4 �7[ XRD /K
Fig. 2 XRD patterns of Ni0.5Zn0.5Fe2O4 pow-

ders prepared with different refluxing time

(a) 0h; (b) 3h; (c) 6h; (d) 2h

3 sdg��
3.1 X��(�`���8'y�������\&YJlb\�Oy�>n�.i\ (p3i: 103◦C L�),y�~R\8o1b�i y�lb\?n�0 2�8'y�',~R�ZNi0.5Zn0.5Fe2O4�#\ XRD 0L��0�/�;lb8'y�\�#�Ci`R (0 2(a)); y�lb 3h 0
(0 2(b)), �p�Po|R`<�V� 2θ = 32◦ L�5w�R��Fe:
���8'y� ?=�;y�5^\ Fe(OH)3 �Ga�/�0�f`<\ α-Fe2O3 R (B(�R); 8'y�s� 6h(0 3(c) � 3(d)), �ZY\�#`<5^\Po|R�UC�R�M3�0 2 =8'w9�\:1 NiZn (v"�#M d_\:1APwH
suL���{OKT� (311)\��
�� Scherrer |?I�F8'w9�\�#��1v: 12∼20nm. �Dy�~R\2��su�XVPo)$5�#4 NiZn (v"o��8R�
3.2 k�^/eX8 pH 4Tih^/n|&x�t=�/�4Y8'|"\ pH 3�Dy�~R\"Nt\`\MW�k0 3 ���W8'y� 3h 0�i|\ pH 3NE�\ 10.28 \5 8.32; y� 6h 00�i|\ pH 3J\: 7.10 L��M0i| pH 3�.�4LJ\�8'y�|"\ pH 3�-�8'y�\~
Ax1��	M�{ pH 3�5RX��238'y�lb\?n�W pH 3\5 7.10 0
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6 M >!x�℄�7&v8�90 NiZn 'u!A;Q>�pw 14790�8'y��p=�lb5^�	M�ai��8'y�~R: 6h L��+�rÆ XRD3
e�R~6��{M�te���/23��8'&YJ`<Po|R NiZn(v"\<R�9�WA℄(_i��E��:g0�`<~oV�(��\�+i�Vv5D�E1�k0 4(a) ������8'\6sJ�+[�+�E1Q�ll?i\o�<7�+~gD�}F\o�?i>t[��ENo�=CF�+�y�\~
2j��,~���E=\VW��[Vv5Dr\VSF��i|=O�\Vv��E�;*�i�Vv5D\Vv��Ey�t`<��E�+�y�\%~
2j��+wz`< Po|o'�k0 4(b) ���tV�E�i|=��\Vv��E\y���i|\ pH 3J\\�	���Sd / 3 7&h{ pH 2�x�}Q[�3
Fig. 3 pH values vs the time of refluxing

process\6s�y�\~
Ax\2j����Wi|\ pH 3J\5 7 L�~�Po|R<'\y�=�QYI-��M<Ry��9:�+=G��8'y� ?=�0\'p$N NaOH \|w���8'|\ pH '���te�uM
<R�e8'y�~R4L�o� 3h C�ZYU~\Po|R�tU�R,8'y�~R&YJ�`<\ NiZn :1(v"��4L"R�k0 5 ���+y.4 M<R��\-ad�

/ 4 Ni0.5Zn0.5Fe2O4 'u![;&>8
Fig. 4 Mechanism of the nuclei formation of Ni0.5Zn0.5Fe2O4

3.3 ��\v`�0 5 :���8'y� 6h \W�J�8'| pH 3'p�X (k0 5(a)) )��8'|\ pH 3'� (k0 5(b)) ZY Ni0.5Zn0.5Fe2O4 :1�#\ TEM 0F��0�/���W�



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1480 A > + ! j � 21 �Jm��ZYeod�#\��|Po|R\ Ni0.5Zn0.5Fe2O4 ���AP: 10∼30nm. V�* $N NaOH ��8'| pH 3'����o�\8R�+��rÆPo|<R�9�i\
Sd\6s�8'y�\~
Ax\2j��
/ 5 &+ pH 2%XI7& Ni0.5Zn0.5Fe2O4 90�[ TEM 'E

Fig. 5 TEM graphs of the refluxed Ni0.5Zn0.5Fe2O4 powders

(a) pH value varied from 10.28 to 7.10; (b) Keep the pH value to 10.28

/ 6 7& 6h [ Ni0.5Zn0.5Fe2O4 [ HRTEM/T
Fig. 6 HRTEM of Ni0.5Zn0.5Fe2O4 powders

refluxed for 6h

/ 7 7& 6h [ Ni0.5Zn0.5Fe2O4 [ SAED

Fig. 7 SAED of Ni0.5Zn0.5Fe2O4 powders re-

fluxed for 6h

/ 8 90 Ni0.5Zn0.5Fe2O4 �[�= M -H ZO
Fig. 8 M -H curve of Ni0.5Zn0.5Fe2O4 powders at

room temperature

�Æ�� .ufu (HRTEM) r8'w9�\�8�4���l~* f �8\6�e��0 6 �8' 6h �8\�� .ufu0U��0=���Y��ZY\o"m�UR�H�J|\o"�ORX�: 10nm L��$U=�a�!\��`�H�r|\o�H�6#6\J|�	M�a51�Vf
��ai�UR�y=�a�!\��`�ORX�: 20nm.0 7 �0 6 =o�\iYfEsu
(Selected-Area Electron Diffraction) 0��{
XRD \R��{�* M�{BIb��`���rÆ�
\4!5�{k0 7 ���p 3�� (22̄0) |V\2R}: 0.297nm, (220) |V\2R}: 0.297nm, (040) |V\2R}: 0.227nm, � XRD 3
\e�R~6�

3.4 Y"�`�
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6 M >!x�℄�7&v8�90 NiZn 'u!A;Q>�pw 1481Æ,jwHKTI (VSM) r9�\:1 Ni0.5Zn0.5Fe2O4 �#lb K;8P\ry�k0 8. �9�\:1 Ni0.5Zn0.5Fe2O4 �##MFd_\nK�d�O`4� Hc :
3.6458×10−4T, �)K5Tn Ms : 4.70×10−7Hm2/kg. �,I�\"-#R� [12], ��8'w9�\wHm��a`\`4�)�)K5Tn��FO�	 [13]: :1 NiZn (v"o"=o�\\V�9*\�Nro�K5\ÆV�d �+z�ZK5^2MÆjN�F
o�\z7=�8?\^2MÆ�Y&
�:1o-#\Ke�)K5�
�
P�\Kd',�7�-#\Ax�	�Vy��
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Nanocrystalline NiZn Ferrite Prepared by Refluxing Method and

Mechanism of Spinel Formation

ZHONG Hai-Sheng1, LI Qiang1, ZHANG Yi-Ling2, ZHONG Zhi-Feng1, ZHANG Yang1

(1. Department of Chemistry, Tsinghua University, Beijing 100084, China; 2. Department of Material

Science and Engineering , Tsinghua University, Beijing 100084, China)

Abstract: Nanocrystalline NiZn ferrite powders with spinel structure were prepared by a new

chemical method—refluxing method. Refluxing time and the mechanism of NiZn ferrite spinel

formation were discussed based on the XRD analysis and pH value measurement. The results show

that the optimum refluxing time is 6h. The particle sizes of Ni0.5Zn0.5Fe2O4 nano-powders prepared

by the refluxing method are about 10–20nm with TEM analysis, and the results of HRTEM AND

SAED approve that Ni0.5Zn0.5Fe2O4 nano-powders prepared are with the single spinel phase. VSM

results reveal that the prepared Ni0.5Zn0.5Fe2O4 powder has typical soft magnetic characteristics.

Key words refluxing method; NiZn ferrite; spinel


