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Effect of Bi2O3 on Properties of Lithium-Zinc Ferrite
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Abstract: The lithium-zinc ferrite doped with Bi2O3 was prepared by the conventional oxide ceramic

process. The effect of Bi2O3 on properties of lithium-zinc ferrite was investigated by means of charac-

terizing the phase component and fracture surface micrograph by X-ray diffraction (XRD) and scanning

electron microscope (SEM), density by Archimedean method, and magnetic properties by B − H an-

alyzer. The results show that Bi2O3 can effectively bate the volatilization of lithium, promote solid

state reaction and decrease the sintering temperature, but excessive Bi2O3 can restrain the crystal grain

growth during sintering process. An optimal amount of Bi2O3 is beneficial to increase the saturation

magnetic induction Bs and squareness Br/Bs, and decrease the coercive force Hc of lithium-zinc ferrite.
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2.1 hGs�/{� Fe2O3(
� >99.5%,tt5��O&)�
Li2CO3(
� >99%)l ZnO(
� >99%):B{��X!��5��O: Li0.4Zn0.2Fe2.4O4 5n�{�/C;i� 4h, o?s8 800◦C A^ 2h, Cs5*PA^6�z�Q 0(tt5��O&) � 0.5% �
1.0% l 1.5% � Bi2O3, (l;� 4h. o?s�M�Hb:Vn�Rm�-8 60MPa {pO{rOyigf� �Uv:/C 18mm ��C 8mm �q
5mm. CsN�X���f"���P[3z5*8 900 � 980 � 1060 � 1160 � 1260 l 1360◦C ��
2h ^.

2.2 hG r/ Philips X’Pert Pro MPD(Cu �� Kα 8a�
40kV, 40mA)i XaY�a (X-ray diffraction, XRD)�5G1& Bi2O3 ht�	%
/ S-520 X
��R7A (scanning electronic microscope, SEM) 5G	%���R7.Q
/��,?~!��^.	%���
/�- SY-8232 B-H 5G�?~!��|�O��lgB(8� Bs �%2p Hc lLl#
(g<gB(8�?�lgB(8��#f)Br/Bs.
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3.1 Bi2O3 , LiZn VgS�7#0kI) Bs (n_+ 1 wE1&t Bi2O3 � LiZn !���lgB(8�?^.���[K=Y
"81EQ
Bi2O3 �	%�P 1060◦C ^.l��lgB(8�: 288mT,~Æ8 1060◦C ^.l�X\/(1W5��1�?[�lgB(8��gf1P4!���p℄g�r�EQ 0.5%Bi2O3 �	%�P 980◦C^.l,�lgB(8�w 330mT, Z)T[!���g�r�'E 1.0% � 1.5%Bi2O3 �	%�P
980◦C ^.l,�lgB(8�5*: 315mT ?
243mT,ÆqPÆl 900◦C^.l�,�lgB(8��5*w� 292mT? 248mT,GCP4!���g�r
1kZb�J�: 820◦C � Bi2O3 P LiZn!��^.fSz4�J�/�ZlOÆ\^.�

q5^.fSzX\/(5n�R�"Æ LiZn !��9{�^.���-:�	EQt�U��9{�^.���Æ�&l�)Æ��O^.l�ztEQ Bi2O3 Z��G LiZn !����lgB(8�
1+ 1 Z���4	%��lgB(8��	^.���fG�PTPU�s�b�<u�P
1160◦C ^.l�w�	yf
/��,?t�4	%���+T��%x1y�℄1E Bi2O3 �	%P 1060◦C ^.l��: 4.34g·cm−3 /�,<	%��P 4.7∼4.8g·cm−3 
��:�^.��%xCÆR`��$kZ��℄��"�lgB(8��*^
"k�Z�F:��	^.��fG�X\/(GW5�<\�G4^�<mUy�)T:�lgB(8�Uy�P 1160◦Cl�<\�4^��lgB(8���y�Mf 1160◦C ^.l� Li~+�R�%/<IAVl(pUy�/'q�lgB(8��b�:^.��GG� Li ~+G}~�AVG%��lgB(8�Gb
+ 2 w1&��^. LiZn !���X
�AX#
1+ 2 Z��"81E Bi2O3 � LiZn !���P 1060◦C ^.l�<mNb
V�mC2:
2µm�5 (+ 2(a)),,�lgB(8�2: 288mT,UÆ8 1060◦C ^.l�X\/(1W5�<mfN�p℄[)T1[!���g�r�'E 1.0%

Bi2O3 �	%�ÆqP 980◦C ^.l�<m�Ly� 13µm �5 (+ 2(b)), ,�lgB(8��G�
315mT, P 1060◦C ^.l�<mLy� 17µm �5
(+ 2(c)), U,�lgB(8�Uy� 335mT, 'P
1360◦C ^.l�ÆC9{<mUy� 30µm �5�~18G�O Li �~+�R��n9{�5AV

* 1 D Bi2O3 LiZn  ���keA'7�>℄-?��ZJ
Fig. 1 Relationship between saturation magnetic in-

duction (Bs) of Bi2O3-doped lithium-zinc ferrites and

sintering temperature
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f��"w�ÆCÆ�^.lE Bi2O3 Z��G LiZn !����lgB(8��~wPÆ8
1000◦C ^.l�E 1.5%Bi2O3 �	%��lgB(8�R�Æ8&��O^.�,�	%��CÆ8,P 1000◦C �[^.l��lgB(8�
'
Bi3+ g��C: 0.096nm, y8P4�gj2.Q��<j\z����L (A =� 0.04nm) l����L (B =� 0.065nm), 1�5Q�<j\<Iz��F)Æ�P�<j!��z Bi2O3 <
8<1` [13], �� Bi3+ 1�=?g�o{�q�lgB(8�O"
:k5*"E 0.5% l 1.5% Bi2O3

-P 980◦C ^.� LiZn !����5nX
�A5G�.
O+ 3 �t
n+ 3Z�W[�980◦C^.l�E 0.5% Bi2O3� LiZn !���,<mUvE: 10µm �5�'E
1.5% Bi2O3 �!��<mUJrB�:mCb�E:
7µm �5
PÆ8 1000◦C ^.l�EQ 1.5%Bi2O3s�f%� Bi2O3 lOÆ\9S55<m�P<m)�lO��Æ\�����L<m��+^���w^.fSzX\t�?[=�dV��iw<m�dL��r<mLy�q<m�b�UJr%B�n'%/�lgB(8�O"�'PG8
1000◦C ^.l�
SG���qX\EtP Bi2O3Æ\z�K/�U��X\t�n\}6m�([55�6m+^`KQÆ\z�-P��B�-�O��dV�2ra�[>�X& Bi2O3 ����

* 2 0%?�℄- LiZn  ��� SEM W"
Fig. 2 SEM photographs of lithium-zinc ferrites sintered at different tenperatures

(a) w(Bi2O3)=0.0%, 1060◦C; (b) w(Bi2O3)=1.0%, 980◦C; (c) w(Bi2O3)=1.0%, 1060◦C; (d) w(Bi2O3)=1.0%, 1360◦C

* 3 980◦C ℄-D Bi2O3 LiZn  ��� SEM W"
Fig. 3 SEM photographs of Bi2O3-doped lithium-zinc ferrites sintered at 980◦C

(a) w(Bi2O3)=0.5%; (b) w(Bi2O3)=1.5%
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|H^p Bi2O3 �C�r�
3.2 Bi2O3 * LiZn TeQ;XC Hc &l℄) 4 vC/$r Bi2O3 � LiZn ���#0n=\,>��YI�0) 4 X�VZ�#0n�\,>�eD& ��Z9m���6x\,�'&_���
v#9��\,>��eD�:kbJF3℄�dvj-dvkÆnFa�O�7 1160◦C\,k� Bi2O3   � LiZn ���#0n23I�Q��-�|O 1160◦C �Z\,k� #0n� �
a,/Q�Æ$k�C Bi2O3 � LiZn ���O�>\,k� Bi2O3 CPrT#�#0n�2T��&OD>\,k#0n� Bi2O3 CPrT�&�2�a�Zv#9N4���O�>\,k�d#� Bi2O3 ��p:kJx�:kMa9/TI�Y$<�(a������ Bi2O3 CPrT��#0n�2TxÆO(D�\,>�k�:kTx�Y$<�Z L �$k07:0����a�p Bi2O3 �R8R�2:0�OD>k2�p�|)��-��a�U�Fb�#jZk��CPrT��#0n�2�a�
3.3 Bi2O3 * LiZn TeQ�`� Br/Bs &l℄) 5 9C/$r Bi2O3 � LiZn ���Jj!=\,>��YI�,a'���>\,� LiZn���+Jj!D7D>\,k�Jj!�Zv#9O(�>�\,k�����42\;2
�\�:kMa�TIo(A�-dvdQw����4�xÆn4208a�)b/X�Y$<��|0dH4UoZ&(a�du�X�&_*6 90◦, 
����Jj!D�~.�0) 5zX)S�O(�>�\,k�C Bi2O3 X�D LiZn

* 4 D Bi2O3 � LiZn  ��$1o>℄-?��ZJ
Fig. 4 Effects of sintering temperature on coercive

force (Hc) of Bi2O3-doped lithium-zinc ferrites

* 5 D Bi2O3 LiZn  ��Kk">℄-?�ZJ
Fig. 5 Effects of sintering temperature on squareness

of Bi2O3-doped lithium-zinc ferrites����Jj!�Zv07 Bi2O3 O LiZn ���\,kjN
Z�8R:0�Æ�\,dQwVZs��
U��p:kbJ�p:kMa9TIo(A��m LiZn ���-dvdQw�4�xÆn4208�a�/X�Y$<��|0dH4UoZ&�a�����Jj!eD�
3.4 Bi2O3 * LiZn TeQK<4"tw8-&l℄-W	�� /CKjC 1.0%Bi2O3 � LiZn����$ 1360◦C \,��3m4F�,aN)
6 �s�6\Q64F,a'��O 1360◦C \,k�

* 6 1360◦C ℄-D Bi2O3 � LiZn  ��� SEMW"
Fig. 6 SEM photographs of Bi2O3-doped lithium-

zinc ferrites sintered at 1360◦C

(a) w(Bi2O3)=0.0%; (b) w(Bi2O3)=1.0%



6 * : {�	� Bi2O3 !℄- LiZn  ��p��)℄ 1177/CK Bi2O3 � LiZn���VZ-&3IV4�:0`h��2:k�t,mO�.jN�KN:�w�j2_r;�\�2\Æ& 7C 1.0%Bi2O3� LiZn ����z2�Q�:0sO�:kTuD 30µm. Z��� Bi2O3 42O:0_�O\,dQw�R2
�p:k�3�3Jx� /CKjC 1.0% Bi2O3 ,7 1360◦C \,�
LiZn ���3m X `X�`4F�+ XRD �`(N) 7 �s�0) 7 X�� 1360◦C \,r�/C Bi2O3 � LiZn ���=C 1.0%Bi2O3 � LiZn ����ZSu�Q� Fe2O3 �`7�Z���OD>\,k� LiZn ����ZS�|)�S_�44�m:�w|)�QN���N4!F�Fb;9� Fe2O3, �m LiZn ���/MvzZ,P�|~�K}
�S_vC 1.0%Bi2O3 � LiZn ���� Fe2O3 �`76�
�QT7/C Bi2O3 �
LiZn����6	�
)S�/C Bi2O3 � LiZn���w Fe2O3 FZrD9 27%, &C 1.0 %Bi2O3 �
LiZn���w Fe2O3 FZrD9 10%. �Gv��C 1.0%Bi2O3 � LiZn �����|)r�Q_7/C Bi2O3 � LiZn ����ZV4`mu Bi2O32�p�|)��-�,m) 6 X�)S�O 1360◦C \,k�/C
Bi2O3 � LiZn ���:0`h��2:k,mO�.jN�KN:��4f
L 
U�'���'���f
|)r�'��f
�� ��07�A�,���$�4�f
z�
U�'��m&�Qu LiZn ���w�f
|)Q�Æ&CP
1.0 %Bi2O3 � LiZn ����07 Bi2O3 ��p:kJx�-�����4sO:0��4f

Ua��T�f
�|)��(x�pD�#j�C

* 7 1360◦C ℄-�D Bi2O3 LiZn  �� XRD )
Fig. 7 XRD patterns of Bi2O3-doped lithium-zinc

ferrites sintered at 1360◦C
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1. Bi2O3 O2�I�-�o3VZ-&� �\,>���D LiZn�����jd�&6� Bs.O 1060◦C \,k�/C Bi2O3 � LiZn ���kB
∼2µm, Bs 9 288mT; &C 1.0% Bi2O3 � LiZn ���:kTuTx� ∼17µm, Bs T�� 335mT.

2. d#� Bi2O3 zO2Æg:kJx��-�? 980◦C\,�C 0.5% Bi2O3 � LiZn���kB ∼10µm; C 1.0% Bi2O3 � LiZn ���kB ∼13

µm, &C 1.5% Bi2O3 � LiZn ���kBS�a�
∼7µm.

3. Bi2O3 X2
�p LiZn ���\,dQw��|)��_07�|)�m� Fe2O3 FZr�? 1360◦C\,�/C Bi2O3 � LiZn���w Fe2O3FZr ∼27%, &CP 1.0%Bi2O3 � LiZn ���w
Fe2O3 FZr ∼10%.

4. �>\,k� Bi2O3 XQ� � LiZn����#0n��DJj!� 74
�N9
Li0.4Zn0.2Fe2.4O4 � LiZn ����x��C�r9
1.0%.!AY[
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