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æ^¯����({�� BiFeO3 Ú Bi0.95Gd0.05Fe1−xCoxO3 (x = 0, 0.05, 0.1, 0.15, 0.2) >b�¬, ïÄ Gd, Co

��,é BiFeO3 �*(�, 0>5UÚc^5�K�. X ��û�ÌL²: ¤k�¬�Ìû�¸�X� BiFeO3 �
ÎÜ�äkûÐ�¬N(�, �X Co3+ �,þ x �O�, Bi0.95Gd0.05Fe1−xCoxO3 �¬�Ìû�¸ (104) � (110)

Åì�p­U, � x �u 0.1 �, �¬¥y��¬X(�; J-V A5w« Gd3+, Co3+ ��,k�/ü$ BiFeO3 >
b�¦�>6, Ùü$ÌÝ� 1—2 �êþ?; � f = 103 Hz �, Bi0.95Gd0.05Fe0.8Co0.2O3 �0>~ê´ BiFeO3

� 6 �, 
 Bi0.95Gd0.05Fe0.95Co0.05O3 Ú Bi0.95Gd0.05Fe0.85Co0.15O3 �¬�0>�Ñ��, þ� 0.01. ¿§e,

Bi0.95Gd0.05Fe1−xCoxO3 �¬^5� BiFeO3 �'wÍOr. 3^|� 30 kOe ��^e,Bi0.95Gd0.05Fe1−xCoxO3

(x = 0, 0.05, 0.1, 0.15, 0.2) ��{^zrÝ Mr ©O´ BiFeO3 � 34, 60, 105, 103, 180 �. �¬^5Or�Ì��
Ï´ Gd, Co �,¦ BiFeO3 �¬�(�u)Cz�� BiFeO3 g�;��^5U�º�, Gd3+ � 4f >f� Fe3+

½ Co3+ � 3d >fg^�p�^9�¬¥�3Û�� Fe-O-Co ^ÍÜnö�Ó�^�(J.

'�c: c^>á�, ^¢£�, ¦�>6

PACS: 75.60.Ej, 77.80.–e, 77.84.–s

1 Ú ó

õcá� BiFeO3 3¿§eÓ��3c>k
S (θC = 810 ◦C), �c^kS (θN = 370 ◦C) Ú^
>ÍÜ�A, m'�A [1,2] 91ÏA5 [3,4], 3c
>Úc^�;0��¡kX4Ù­��A^cµ,

�U¤��«8c>Úc^`:u���#.P
Áá�
�É'5. ,
, BiFeO3 á�3��¥
Ï Bi3+ �u
/¤�� Ú Fe2+, ¦Ùäk��
�¦�>6
î­{NTá�3&E+��A^.

Cc5, �ïó�öé BiFeO3 Ä>bÚ��
á��
NõM#5ó�, Ì�8¥3c>5,

c^5Ú^>ÑÑA5��¡. ¢�þæ^L
Þ7áX Mn, Ti, Cr, Co[5−8] ÚDè�� La, Sm,

Pr � [9−12] O���{5³��� Ú Fe2+ �
/¤, ?�Ú~�á��¦�>6, JpÙc^
5. Nalwa �<ïÄL², ÏLDè�� Sm (La,

Nd, Gd) �,�±k�/~�¦�>6, ?�Ú
Jp BiFeO3 á��0>Úc^A5 [9−12]. Yang

�<æ^zÆ�È�{�� Bi1−xLaxFe1−yCoyO3

��á�, uyá�¥¦�>63ØÓ>|�^
e�ÌØÓ��>Ån, Ó�É§ÝÚ	\ Ø
�K�. �´, Ù�¬¿§e��{^zrÝ�
é�� [13,14]; Kawae �<æ^óÀ-1�È�
{��Ñ Nd Ú Mn ��,��á�, uy�¬
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�¦�>6�é��, ¿*	��Ú�>¢£�,

Ù�{4zrÝ� 100 µC/cm2[8]. Youn �<^
���A{�� Co Ú Ta ��,�õ¬>b, ï
Ä Co Ú Ta 3 B  O� Fe3+ é BiFeO3 >bá
��>�Ç, 0>A5Ú^zÇ�K�, =ÿþ�
¬3 5 K e�^¢£�, uy�,�¬�c^A
5wÍOr [13]. Zheng �<æ^M�v�{��

 Bi0.9La0.1Fe0.95R0.05O3 (R = Mn, Co) >b�¬,

é�¬�¬N(�9^5?1ïÄ, uy Mn, Co

3 B  �,U��ÌÝJp BiFeO3 �^5, %v
k�[ïÄ^zrÝ� Mn ½ Co �,þ�Cz
'X [15].

, 
, ¢ � þ k ' A  , B   ? 1 � � ,
é BiFeO3 >b�¬�¦�>6!c^A5Ú^>
ÍÜ�AK�����é�� [11,13−16]. �©æ^
¯����({ [17] �� Bi0.95Gd0.05Fe1−xCoxO3

>b�¬, ÿþ�¬�¬N(�, >Ñ$, c^A5
Ú^>�A, ±ÏÏL^5�r� Gd3+ Ú Co3+

·þ�,, 5³� BiFeO3 �¬¥�� Ú Fe2+ �
/¤, ~�¦�>6!?�ÚJpÙ0>A5Úc
^A5, Áã�p>NÚ�>a�Nz�>f�ì
����!)ûa5ì�ÚN5ì���pZ6
¯KJø�^#�´», é BiFeO3 á�3^�;
�¡�¢SA^�äk­��¿Â.

2 ¢��{

æ ^ p X Ý � Bi2O3 (99.99%), Fe2O3

(99.99%), Gd2O3 (99.99%), Co2O3 (99.99%) ���,

UzÆ|©?1��. ^ÉZUM��MJ, �
\¥�Åï� 24 h �óZ, Ø¤�»� 13 mm,

þÝ� 1 mm ��¡. |^¯����({ [17]

3 L � ¨ � ¥ \ 9 � 880 ◦C, � § � 450 s, �
� Bi0.95Gd0.05Fe1−xCoxO3 >b�¬. �
Bu
£ã, r�¬·¶�

BiFeO3(BFO);Bi0.95Gd0.05FeO3(BGFO);

Bi0.95Gd0.05Fe0.95Co0.05O3(BGFO-Co5%);

Bi0.95Gd0.05Fe0.9Co0.1O3(BGFO-Co10%);

Bi0.95Gd0.05Fe0.85Co0.15O3(BGFO-Co15%);

Bi0.95Gd0.05Fe0.8Co0.2O3(BGFO-Co20%).

|^�IÙ°� D-8 . X ��û�¤é�
¬¬N(�?1ÿþ; æ^ HP4294A õõUê

iLÿþ�¬�¦>>6�	\>Ø�'X; |
^ HP4294 {|©Û¤ÿþ�¬�0>A5�ÿþ
ªÇ�Cz'X; ^{Iþfúi)��Ô5ÿþ
XÚ (VersaLab, Quantum Design) ©Oÿþ�¬�
^¢£�, ^zrÝ�§Ý�Cz'X, ïÄ Gd3+

Ú Co3+ ·þ�,é BiFeO3 >b�¬>Ñ$A5,

0>A59^5U�K�.

3 (J�?Ø

| ^ X û � ¤ © O é BiFeO3 Ú
Bi0.95Gd0.05Fe1−xCoxO3 (x = 0, 0.05, 0.1, 0.15, 0.2)

>b�¬?1Ô�©Û, Ù X û�©ÛãÌXã 1

¤«. �¢��¬3©z [17] Ä:þ, L�¨�¥
��
¤. Ï�¬�(�má, ~��¬�þÝ¦
��¿©�A, l
ü$�¬¥��� ßÝ, J
p¬N�(¬Ý.

Bi0.95Gd0.05Fe1−xCoxO3 � ¬ � XRD ã Ì
� BiFeO3 �ãÌÄ��ÎÜ, BiFeO3 �¬� XRD

ãÌ3 28◦—30◦ ?�3�þ� Bi2Fe4O9 ,�, �
X Gd3+ �Ú\, �¬� XRD ãÌ¥ Bi2Fe4O9 ,
�¸��, ù�(J��, La, Sm �Uk�/
�Ø,���� [10,11] �ÎÜ. 2g�, Co3+,

Bi0.95Gd0.05Fe1−xCoxO3 �¬ XRD ãÌ¥Ã,�
¸�). ù�©z [14] ��� La-Co ��,(J
k¤ØÓ, ©z [14] ¥ Co3+ ��,þ x � 15%,

�¬ XRD ãÌ¥�3 Bi25FeO40 ,�¸. lã 1

¥uy, Bi0.95Gd0.05Fe1−xCoxO3 �¬ XRD ãÌ
�A�A�û�¸� BiFeO3 �'ÅìC°, Ì
û�¸X (104), (012) �A�¸rÝ�é~f�
�m£Ä. ��,þ x > 0.1 �, (006), (202) �
û�¸A���. Úå�¬ XRD ÌCz�U´
ü��¡�Ï: Äk, �©æ^¯����({
���¬, �¬3�(¬¥�,!ü§�Ç�
¯ (100 ◦C/s), Gd3+ 3 BiFeO3 ¥��*Ñ�Ç�
$, �, Gd3+ ¬³� BiFeO3 ¬â�)�
k|
u¼�¬[(� [10]. Ïü§�Ç�¯, �¬¥�
U/¤�þ Bi0.95Gd.05FeO3 �¬�Ô� [10,17], d
u Gd Ú Co ��\, �� BiFeO3 >b(¬Uå~
f, ¬âº�~�. Ò¥yÑ XRD Ìû�¸rÝ
�é~fÚÅìC°. Ùg, Gd3+ �» (RGd3+ =

0.0995 nm) Ñ�u Bi3+ (RBi3+ = 0.103 nm), Co3+

�» (RCo3+ = 0.0545 nm) Ñ�u Fe3+ (RFe3+ =
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0.055 nm), ¬�ëêÅìC�, ¬�NÈÂ �
� XRD ¸�mÑk£Ä.

ã 1 Bi0.95Gd0.05Fe1−xCoxO3 �¬� XRD Ì (1#-BFO; 2#-

BGFO; 3#-BGFO-Co5%; 4#-BGFO-Co10%; 5#-BGFO-Co15%;

6#-BGFO-Co20%)

ã 2 �¤k�¬�û�� 2θ 3 31◦—34◦ �
�S� XRD ãÌ, lã 2 ¥uy, �X Co3+ �,
þ x �O�, BiFeO3 �¬Ìû�¸ (104) � (110)

Åì�p­U�ü¸, � x �u 0.1 �, �¬¥y�
�¬X(�, `²�,¦ BiFeO3 �¬�(�d�
8¡N=C���¬X (Ï� GdFeO3 Ú BiCoO3

3¿§eþ´��¬X�Wv¶(�)[14]. dd�
±íä: BiFeO3 �¬�¬N(��±ÏL�,�
��«aÚ¹þ5k�/\±N�.

ã 2 ¤k�¬�û�� 2θ 3 31◦—34◦ ��S� XRD ãÌ

ã 3 ´ BiFeO3 Ú Bi0.95Gd0.05Fe1−xCoxO3 >
b � > 6 � Ý (J ) � > | (E) � m � ' X ­
�. d ã 3 � �, BiFeO3 � ¬ � > 6 � Ý � �,


 Bi0.95Gd0.05FeO3 � ¬ � > 6 � Ý � �. �
X Gd3+, Co3+ �Ú\, �¬�>6�ÝLyÑ

k~�
�O��Czª³, ¥ya�ª�Cz.

>|rÝ� 10 KV/cm �, �,�¬�>6�Ý
� BiFeO3 �'©Oeü� 1—2 �êþ?, Xã 3

�ãÜ©. ù� Kim �<���k' BiFeO3 >b
¦�>6êâ�ÎÜ [8,9,12,14].

�
?�ÚïÄ�¬¦�>6/¤�Ån, é
¤k�¬�>6�Ý (J)- >| (E) êâ=z�>
6�Ý (J)- >Ø (V ) éê'X?n¿?1[Ü, (
JXã 4 ¤«. lã 4 ��, >6�Ý�éê lgJ

�>Ø�éê lgV Cq¤�5'X [18], =

lg J = a lg V + b. (1)

ã 4 ¥ � � ´ é A ê â � � � � ¦ { [
Ü, [ Ü ë ê � L 1 ¥. l L 1 � �: BiFeO3

Ú Bi0.95Gd0.05Fe1−xCoxO3 �¬�[Ü����
Ç © O ´ 1.54, 1.38, 1.38, 1.22, 1.36 
 Ø ´ 1,


 Bi0.95Gd0.05FeO3 [Ü����Ç� 1.08 ��
�u 1. ù�U´du�¬¥Ó��3Xgd>
Ö��måP>Ö, cö�[£ÎÜî0½Æäk
�Ç� 1, �ö�[£�l Mot-Gurney úª, �m
>Ö��>6�Ý (js) �éA�>Ø (V ) �'X
d Mot-Gurney úª [19] �Ñ

js =
9ε0εrµV 2

8d3 . (2)

d (2) ªýó��Ç� 2, �ö�Ó�^�(J¦
�[Ü�Ç0u 1 Ú 2 �m. 
 Yang �<ïÄL
²: �¬�>6�Ý (J ) �>| (V ) �'X3$>
|eÎÜî0�>Ån, 3p>|�^eLy��
m>Ö��>6Ån [5,6,12,14].

ã 3 ¤k�¬�>6�Ý (J) �>| (E) �'X­�

J � V �m�Cz'X�±n)�: 3�¬�
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�L§¥, Ï Bi3+ ��uE¤ BiFeO3 ¬NSÜ/
¤�� Ú Fe2+, �� 3�r	\>Ø (V ) �
�^e½�£Ä, /¤�½�>�. Ó�, �� 
3 BiFeO3 ¬N¥�)�½êþ��Ç, 3>|�
^e, �Çk5K/½�[£/¤>6. 3ù�L
§¥, �Ç�½�[£ò�� BiFeO3 á��>{
Çü$, �)���¦�>6 [18].

ã 4 �¬¥>6�Ýéê�>Øéê��Cz­�

é u Bi0.95Gd0.05FeO3 � ¬, Ï Gd3+ �
u Bi3+ ­½
³� Bi3+ ��u, �¬¥���
 �é~�, ¦>{Çk�½�Jp. 3>|�
^e, Ù>6�Ý�é��, [Ü����Ç��
u 1, �¬¥�>Ö[£Ñlî0½Æ.

L 1 �¬¥>6�Ý�>Øêâ�[Üëê

�¬ a b R2

BiFeO3 1.54 –7.21 0.997

Bi0.95Gd0.05FeO3 1.08 –7. 61 0.996

Bi0.95Gd0.05Fe0.95Co0.0.5O3 1.38 –8.134 0.997

Bi0.95Gd0.05Fe0.9Co0.1O3 1.38 –8.12 0.997

Bi0.95Gd0.05Fe0.85Co0.15O3 1.22 –7.74 0.996

Bi0.95Gd0.05Fe0.8Co0.2O3 1.36 –7.67 0.993

éu2gÚ\ Co3+ �¬5`, ¬Ï�þ Co3+

�>.æÈ�A�¦�þ Co3+ æÈ3>., Ù�
^aqu,�5³� BiFeO3 ¬â�)�
/¤�
õ�¬., �¦ Bi0.95Gd0.05Fe1−xCoxO3 �¬�>
{ÇÑkü$ [20]. 3ù
,�NC/¤��²¬
Ð¼d>45\�>f, 3>Ø�$��¹e, �
�²Ð¼�>ÖØUY\�§[£
/¤�m>
Ö��>6�Ý~�, �X	\>Ø�O�, ��
²Ð¼�>Öë\½�$Ä¦>6�ÝO�.

ã 5 Úã 6 ´¤k�¬�0>~ê εr Ú0>
�Ñ tgδ �ÿþªÇ f �Cz'Xã, lã 5 Úã 6

��: �¬ εr, tgδ þ� f O�
~�. εr � x �O
\
O�, 
 tgδ � x �O\
~�. 3Ó�ÿÁ
ªÇe, �¬� εr 'X� BiFeO3 k²wO��ª
³, �ªÇ f = 103 Hz �, Bi0.95Gd0.05Fe1−xCoxO3

� εr ©O´X� BiFeO3(εr = 61.2) � 1.9, 2.68,

3.85, 5.3, 6 �, 
 Bi0.95Gd0.05Fe1−xCoxO3 � ¬
� tgδ �X� BiFeO3 �'k¤~�.

ã 5 ¿§e, �¬0>~ê�ªÇ f �Cz­�

3�é�$�ªÇe, Bi0.95Gd0.05Fe1−xCoxO3

�¬¤LyÑ5�0>A5�±^ó4f���
4zÚ�m>Ö��>6ü«4zÅn?1)
º [12,18,20].

Äk, ó4f���4zé0>~ê�K�.

éu BiFeO3 ?1�,½O�o¬Úå��Ó5c
>>b¬�º�Â . du Gd3+, Co3+ �,��
¬�NÈ � (ã 1 Úã 2 y¢ù�(Ø), �l¡
NÑyÛ­, Fe3+ ÷ (111) ���ó4$ÄOr�
¦�¬�0>~ê�X Gd3+ ��,
O�.

Ùg, �m>Ö��3�¬é0>~êkw
Í � K � [12,20]. d u � ¬ þ æ ^ ¯ � � � {
��, BiFeO3 �¬3�(L§¥�� Bi3+ �u,

3 BiFeO3 �¬¥/¤�� . � Gd3+ O�Ü
© Bi3+ 
³� Bi3+ ��u, ¦� Bi0.95Gd0.05FeO3

�¬¥��� �é~�, �¬¥ý�Ü©>ÖÑ
ë��>, >6�Ý�é��, éA�>4z½0
>~ê��. Ïd, 3�$�	.>Ø�^e, �¬
¤LyÑ�0>A5´dó4f��4zÚ�m
>Ö��>6ü«4z�Ó�^�(J [20].

2g, �X x �O�, Bi0.95Gd0.05Fe1−xCoxO3
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�0>~êÅìO��� Gd Ú Co ��,¤Úå
�¬�=Cù�Ï�k'.

ã 6 ¿§e, �¬0>�Ñ tgδ �ªÇ f �Cz­�

l ã 6 � �, BiFeO3 � tgδ � �,

Bi0.95Gd0.05FeO3 � tgδ ���� f �CzÅì
­½. 
 Bi0.95Gd0.05Fe1−xCoxO3 � tgδ � x O\

O�, �¬� tgδ � x �m�Cz'XÌ�´>
�>6Ú�m��>6Ån�p^�(J. Äk,

>�>6�)��ÑåÌ��^. dã 3 ��, �
X Gd3+, Co3+ �,, �¬�>6�Ý~�, dd/
¤� tgδ k¤~�. Ùg, �m>Ö��>6�/
¤�½�0>�Ñ. �â (2) ª, BiFeO3 �¬¥�
�m>Ö��>6�Ý js �é��, 
�,�¬�
�m>Ö��>6�Ý js Åì~�, �m>Ö��
>6U\30���f>�>6þ¿¦0>�Ñ
O\, üö�Ó�^�(JXã 6 ¤«.

ã 7(a), (b), (c) ´ ¤ k � ¬ 3 	 \ ^ | �
–3 T—3 T ØÓ§Ý (50 K, 100 K, 300 K) e�^
¢£�. ã 7(a) L², ¤k�¬3¿§eäk�
��^¢£�, �X�,þ x �O\, ^¢£�
Å ì ª � � Ú. é u BiFeO3 > b 5 `, ¿ § e
�^¢£�¥�5, 
ã 7(a) �ãw« BiFeO3

^ Ý ´ Ø � � �, Ù � { ^ z r Ý Mr Ú 
 �
^| Hc ©O� 1×10−4 emu/g, 404.8 Oe (1 Oe =

79.5775 A/m), ù`² BiFeO3 �¬¥y�f�c^
A5. Bi0.95Gd0.05FeO3 >b�^zrÝ� BiFeO3

�'²wO�, lã 7(a) �ã¥uyÙ�{^z
rÝ Mr Ú
�^| Hc ©O� 3.4×10−3 emu/g,

714.2 Oe, L²�, Gd3+ UJp BiFeO3 �¬�c
^5. Gd3+, Co3+ ��,�¬�^¢£�Åìª
��Ú¿äk�Ð�é¡5, ù� Zheng �<��

(JÄ��� [15,19,21,22]. Zheng �<æ^M�v
�{�� Bi0.9La0.1Fe0.95R0.05O3 (R = Mn, Co) >
b, é�¬�^5?1ïÄ, uy Mn ½ Co 3 B  
�,UJp BiFeO3 �^5. ,
, ¿vk�[ïÄ
^zrÝ� Mn ½ Co �,þ x �Cz'X, Ù Ms

Ú Mr ��é�� [15].

Bi0.95Gd0.05Fe1−xCoxO3 � ¬ � � { ^ z
r Ý Mr © O � 0.33, 0.67, 0.68, 1.01 emu/g;

C q � Ú ^ z r Ý Ms © O � 1.05, 1.77,

1.59, 2.67 emu/g, 
 � ^ | Hc þ 3 800 Oe,

ù ¿ © ` ² Bi0.95Gd0.05Fe1−xCoxO3 � ¬ 3 ¿
§ e ä k � r � � c ^ 5. ã 7(b) � ã
´ Bi0.95Gd0.05Fe1−xCoxO3 � ¬ 3 	 \ ^ |
� 10 kOe, §Ý� 50—300 K ��S^zrÝ�
§Ý�Cz'X (M -T ). �¬�^zrÝ�X
§Ý�ü$
ÅìO�, L²�,�¬äk�r
�c^A5, ù�©z [13, 22] ����ÎÜ. é
u BiFeO3 Ú Bi0.95Gd0.05Fe1−xCoxO3 ¤¥y�^
A5�lo��¡\±)º:

1) �©@� BiFeO3 >b¥yÑfc^5�Ì
��Ï3u�¬¥�3�� Ú Fe2+, /¤ Fe3+-

O2−-Fe2+ ^���ª, ùé�¬^5��)äk
­��K� [22,23].

2) Fe2+ � l f � » (RFe2+ = 0.074 nm)

� Fe3+ � l f � » (RFe3+ = 0.064 nm) � ò
C 15%, ¦¬N(�u)Û­/C, �� (111) ¡S
���g^ü�u)��l
�)Ø�"�À^
Ý, �þ Fe2+ ��3�±wÍK� BiFeO3 �¬�
^5U [22].

3) �X Co3+ �,þ x �O\, �¬�{^
zrÝ 2Mr ¥y��ÌÝJ,, ��,þ x >
0.10 �, Mr u ) â C, X ã 7(c) � ã ¤ «. �
âc¡ XRD ã�©Û��, ��,þ x > 0.05

�, á��¬�(�u)Cz�U¬»� BiFeO3

¬ N ù « Û ­ � � m g ^ ( �, � � BiFeO3

� c ^ � f ¬ � � » �, U C Fe-O-Fe � � �,

¦ BiFeO3 g�;��^5U�º�Ñ5, l

¦ Bi0.95Gd0.05Fe1−xCoxO3 >bá��^5wÍ
Jp [18].

4) Ï L � , Gd3+ Ú Co3+, Gd3+ � ^ 5
� Bi3+ ^5r, 3	^|��^e, Gd3+ � 4f

>f� Fe3+ ½ Co3+ � 3d >fg^�p�^, ¦
�¬¥���^�d�5²1G�C�Ø²ïG
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�. du Co3+ �^Ý�� (Fe3+ ^Ý 3.633 µB,

Co3+ ^Ý 2.583 µB), ^^Ý��� Co3+ O�

ã 7 Bi0.95Gd0.05Fe1−xCoxO3 �¬3ØÓ§Ýe�^¢£
� (M -H) (a) �¬3 300 K e�^¢£� (M -H); (b) �¬
3 100 K e�^¢£� (M -H); (c) �¬3 50 K e�^¢£
� (M -H)

Fe3+ ¦ BiFeO3 �¬�c^5Or. ^5UOrÌ
�5
uü��¡, ��¡�¬¥�3Û�� Fe-

O-Co ^ÍÜ [24], ù«ÍÜ÷*þLy�c^5, �
Ù�*�Ån�k�?�ÚïÄ. ,��¡, Co3+

O� Fe3+ �U»� BiFeO3 �¬¥�k��c^
^5(�, /¤�«#�æc^(�, ùÒ)º

2g�, Co3+ ��¬' Bi0.95Gd0.05FeO3,BiFeO3

�¬^5�ÌÝOr��Ï.

4 ( Ø

æ ^ ¯ � � � � ( { � � BiFeO3

Ú Bi0.95Gd0.05Fe1−xCoxO3 (x = 0, 0.05, 0.1, 0.15,

0.2) >b�¬, é�¬�(�!0>A5Ú^5?
1
ÿþ�©Û, (ØXe:

1. ¤k�¬�Ìû�¸�X� BiFeO3 �ÎÜ
�äkûÐ�¬N(�, �X Co3+ �,þ�O�,

�¬�Ìû�¸ (104) � (110) Åì�p­U, ��
,þ x �u 0.1 �, �¬¥y��¬X(�.

2. J-V A5w«, Gd3+, Co3+ ��,�±k
�/ü$ BiFeO3 >b�¦�>6, Ùü$ÌÝ�
� 1—2 �êþ?, �¬¥yî0>�Ú�m>Ö
��>6>�ü«>�Ån.

3. �¬� εr � x �O\
O�, 
 tgδ � x

�O\
~�. 3Ó�ÿÁªÇ f e, �¬� εr

' BiFeO3 ²wO�, 
 Bi0.95Gd0.05Fe1−xCoxO3

�¬� tgδ � BiFeO3 �'k¤~�. �,�¬L
yÑ5�0>A5�±^ó4f���4zÚ�
m>Ö��>6ü«4zÅn?1)º.

4. �X Gd3+, Co3+ �,þ x �O\, �¬^
5Or�Ì��Ï´�,�¬�¬�(�u)C
z�� BiFeO3 �mg^(��Û­, UC Fe-O-

Fe ���; 3	^|��^e, Gd3+ � 4f >f
� Fe3+ ½ Co3+ � 3d >fg^�p�^, ¦�
¬¥���^�d�5²1G�C�Ø²ïG
�;Co3+ O� Fe3+ �U»� BiFeO3 �¬¥�k�
�c^^5(�, /¤�«#�æc^(�ùn�
¡�p�^�(J, ù�)º
2g�, Co3+ �
¬' Bi0.95Gd0.05FeO3, BiFeO3 �¬^5�ÌÝO
r��Ï.
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Abstract

Multiferroic Bi0.95Gd0.05Fe1−xCoxO3 (x = 0, 0.05, 0.1, 0.15, 0.2) ceramics were prepared by rapid liquid phase sintering

method. We studied effect of Gd and Co doping on the structure, electrical and ferromagnetism properties of BiFeO3 ceramics. The

structure and morphology of BiFeO3 ceramics are characterized by X-ray diffraction (XRD). The results show that all the peaks for

Bi0.95Gd0.05Fe1−xCoxO3 (x = 0, 0.05, 0.1, 0.15, 0.2) samples can be indexed according to the crystal structure of pure BiFeO3. And

X-ray diffraction analysis reveals a phase transition in Gd–Co codoped BiFeO3 ceramics when x is larger than 0.1.

The current densities of all samples measured at room temperature are approximately three orders of magnitude lower than that

of BFO ceramic, and the leakage current of the ceramics at room temperature exhibits two distinctive conduction behaviors: Ohmic

conduction and space charge limited (SCL) conduction mechanism.

For all the samples studied here, the dielectric constant and dielectric loss decrease with the increase of frequency in a range

from 1 kHz to 1 MHz. The dielectric constants of Bi0.95Gd0.05Fe1−xCoxO3 (x = 0, 0.05, 0.1, 0.15,0.2) samples are nearly 1.9,

2.68, 3.85, 5.3, and 6 times larger than that of pure BiFeO3 (εr = 61.2) ceramic at 1 kHz, respectively. And the dielectric losses of

Bi0.95Gd0.05Fe1−xCoxO3 samples become smaller than that of BFO ceramic.

The magnetic measurements show that all the samples possess strong ferromagnetism at room temperature expect BiFeO3

and Bi0.95Gd0.05FeO3 which are weakly ferromagnetic. Under an external magnetic field of 30 kOe, the values of Mr of

Bi0.95Gd0.05Fe1−xCoxO3 are 34, 60, 105, 103 and 180 times that of BiFeO3, respectively.
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