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( 2011 c 11 � 4 FÂ�; 2011 c 12 � 30 FÂ�?Uv )

|^DÚ����A{��
 BiFe1−xMnxO3 (x = 0—0.20) >b�¬, ïÄ
ØÓ Mn4+ �,þé BiFeO3 >
b�Ý!Ô�(�!w�/m!0>5UÚc>5U�K�. ¢�(JL²: ¤��� BiFe1−xMnxO3 >b�¬�
Wv¶Ì�þ®/¤, äkûÐ�¬N(�, �3�,þ x = 0.05 NCm©Ñy(��C. �X Mn4+ V\þ�O
\, NX��(�kl!�Wv¶���=C�ª³, ��¬>NÇ�ÌÝO�, 0>�Ñ�ÑkO\; 3ÿÁª
Ç� 104 Hz ^�e, BiFe0.85Mn0.15O3 (εr = 1065) � εr ´X BiFeO3 (εr = 50.6) � 22 �; �,��¬�c>4z
5UþkØÓ§Ý�Jp, �U´du Mn4+ ½5`u Fe3+, pd  Mn4+ ?1 B  O�U5 BiFeO3 >b, U
~� Bi3+ �u, ³� Fe3+ d�ÅÄ, lü$�� ßÝ, ~��¬�>�Ú¦>6.

'�c: Mn4+ �,, BiFe1−xMnxO3 >b, �*(�, >Æ5U

PACS: 23.20.–g, 24.70.+s, 32.30.Rj

1 Ú ó

Cc5, õcá�Úå
<�4��,�, §
Ó�äkc>kSÚc^kSü�gdÝ, �d
uüöm�^>ÍÜ�^, ¬�)�
#��A,

3#.&E�;ì!g^>fì�!^Daì!
�Uì9>N - >a�Nzì��pEâ+�, Ñ
k4Ù��A^cµ [1−6]. X� BiFeO3 ({P
�: BFO) äkWv¶(�, ´�ê3¿§eÓ�
äkc>5Ú^5�ü�^>õcá���, á
u R3C �m:+, Øp§Ý� 830 ◦C, �c^�C
�G�§Ý� 380 ◦C[7]. Ó� BFO ���«;.
�ü�õcá�, |^§�p0>~êÚp^�Ç
�¤p>NÚ�>a�Nz�>f�ì�, �±~

�p�Ý>´�þ�ì�êþ, ¿)ûa5ì�Ú
N5ì���pZ6¯K [8]. BFO �AÏ5�¦
Ù2�A^u^5Úc>ì�+�, ÏCc5¤
�<�ïÄ�9:. �´ BFO 3¿§eäk!/
ÆCWv¶(�, Ù�mN�g^(�³�
 BFO

á�¥d3^>�A�º�, ��á�3¿§e
¥f^5 [9]. Ó� BFO >b3��L§¥é§Ý
�¯a5!Bi ����þ�u±9 Fe lf�d
�ÅÄ (Fe3+→Fe2+), lN´�)�þ��� ,

¦ BFO >b¦>6O�, >{Ç~�, ¦Ùc>5
Ã{O(ÿþ, ù
A:Ñ��/��
ÙA^.

�þïÄL², |^LÞ7áÚDè��é
c>>b?1pd B  �,, �±»�Ù�mN
�g^(�, ~�c>>b¦>6!O�>{Ç,

lº�÷*^z, Jpá��^>5U. 8c®
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kØ�'u BFO pdlf B  �,�ïÄ, 
'u B   Mn4+ �,é BFO >b�K��ïÄ
%é�. Mn4+ ��»� 0.0605 nm, Ñ�u Fe3+

��» 0.0645 nm, ù¦� Mn4+ lfUéN´/
?\ Fe-O l¡N. pd � Mn4+ lfÜ©�
� Fe2+ ½ Fe3+, �Uk�³��� �)¤ [10].

,	, Mn4+ � 3d ;�, N´� O � 2p ;�u),
z, lOrc>ÆC.

Neaton � [11] ^1�5�nO�X BFO � 2Pr

��±�� 90—100 µC/cm2, ù®²�C$���
rc>á� PZT �5U. Nalwa � [12] ÏLDè�
� Sm (La, Ho, Gd) �,�±k�/�Ø Bi2Fe4O9

�,���)¦Ù¦�~�, ?�ÚJp BFO �
0>Úc>A5. Wang � [13] ��
 Ba2+ �,J
p
 BFO ¬N�c>Úc^A5, uy�¬3¿
§eÓ��3c>Úc^kS, ?�Úy²
3d
azÜÔ¥�3^>ÍÜ�A.

�©æ^DÚ��{�� Mn4+ �, BFO >
b, ïÄ
 Mn4+ �,é BFO >b�*(�Ú>Æ
5U�K�.

2 ¢�L§

æ^DÚ>b��ó², ± Bi2O3 (99.97%, X
Ý, eÓ), Fe2O3 (99.95%), MnO2(99.99%) ���,

�â BiFe1−xMnxO3 >bzÆOþ'��, Ù¥ x

©O� 0, 0.05, 0.10, 0.15, 0.20. ®�O(¡þ�,

±ÃY¯U�0�^1(�¥� 24 h, ¦Ù·Ü
þ!¿¦�â[z, ZH�3 700 ◦C ý� 2 h, ¦
��ÐÚ�A, ý���®�óZ�²�g¥�,

\\�þ©ê� 7%à¯LU (PVA) YM�Eâ,

3 22 MPa eZØ�¤ φ15.0 mm×1.5 mm ��.,

ú�,§ (2 ◦C/min) � 550 ◦C �§ 2 h ü�, ,�
± 3 ◦C/min ,§� 850 ◦C—880 ◦C �§ 2 h, �(
��¬e%�¿§. ò���>b�¬^[ßV¡
�²� 1 mm þ, ²L�Õ��'�¤>4, ±B?
1�«>Æ5U�ÿÁ.

æ^CÄ��{ÿ½�¬��Ý; >b X ��
û� (XRD) L�^Ô Kα �� (λ = 0.154178 nm),

θ—2θ ×£�ª (DX1000, ûÀ, ¥I); æ^>f
w�º (SEM) *	
 BFO >b�L¡/m; æ
^ HP4294 °�{|©Û¤ÿÁ
 BiFe1−xMnxO3

>b�¬�0>5U; æ^{I Radiant Ø>ó�

ÕL�
 BF1−xMxO >b�c>5U.

3 ¢�(JÚ©Û?Ø

3.1 XRD ûûû���ãããÌÌÌ©©©ÛÛÛ

ã 1 �ØÓ Mn4+ �,þ� BiFe1−xMnxO3

X��¬� XRD ãÌ. ëìIO X ��û�k
¡ (JCPDS), �±lã 1 ¥wÑX� BFO >b�
¬ (0∗) Ú�,©O� 5%, 10%, 15%, 20% Mn4+

� BFO >b�¬ (©O� 5∗, 10∗, 15∗, 20∗) (¬û
Ð, þ�Û�Wv¶(�.

�X Mn4+ �,þ�O\, BFO >b� (116),

(122) �¬¡�ÌA�û�¸ÅìC°, û�¸�
rÝÅì~f, û�¸�m£Ä. Úå�¬ XRD

ãÌCz��Ï�U´: �X Mn4+ �,þ�O
\, Mn4+ � � » (r = 0.0605 nm) Ñ � u Fe3+

(r = 0.0645 nm), ¬�NÈÂ ��û�¸�m
Ñk£Ä. Ù¥ 0∗, 5∗, 10∗, 15∗, 20∗ �¬�»�
Â Ç©O� 10.3%, 11.6%, 15.2%, 15.5%, 14.8%.

Ó��âã 1, |^û�úª�±�� 0∗, 5∗, 10∗,

15∗, 20∗ �¬o�ÆCÝ c/a �g� 0.9952, 0.9998,

1.0060, 1.0062, 1.0052, c/a l < 1 C� > 1, ¬�u
)
��ÆC, 3 15% Mn4+ �,�o�ÆCÝ�
�.

� � �� � � � � �� � � � � �� � � � � �� � � � � �� �	
 ���� � � � � � � � � � � �� � � � � �
���� ���! ���� ���" ���# ���� ���! ���# ���� ���! �"�� $ % &' ( &' % &( &% )

ã 1 Mn4+ �, BiFeO3 >b�¬ XRD ãÌ

ã 2 � BiFe1−xMnxO3 N X � ¬ Ì � û �
¸ (104)/(110) ��ã. lã 2 ¥�±w��X�
,þ�O\, ¸� ��Åì�pû���� 
£. 3X� BFO ¥�éÕá� (104) Ú (110) ¸, �
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, Mn4+ �ü¸ÅìU��°�ü¸, �¬�¬
�~ê�u)
ëY�Cz, ù
=CÑ`²�,
�¬N�(�kl!�Wv¶Åì���(�=
C�ª³. Ó��¸°�O�`²�,¦¬âº� � � � � � � � � � 	 


� � �  � �� � �� � � � � �� � � � � �� � � � � �� � � � � �� ��� ����� �
 �  ! " #

ã 2 Mn4+ �, BiFeO3 >b�¬Ì�û�¸ (104)/(110) �
�ã

��é~�. ù´Ï��,�, Dè½LÞ7ál
f3 BFO ¥���*ÑÇü$, {�
¬â��
�, k|u¼�[¬(�, ¬â�~�¦�û�¸
C° [14].

� 
 � Ð / n ) Mn4+ V \ é BFO >
b � FeO6 l ¡ N Æ C ¤ E ¤ � K �, � ©
é BiFe1−xMnxO3 NXX��¬?1
�¦�¬
N(�©Û, äN��L 1 Úã 3.

L 1 BiFe1−xMnxO3 NXX��¬��'XÚ¬�ëê

x a(b)/nm c/nm V /nm3 �

0 0.56323 0.56053 0.171616 Rhombohedral

0.05 0.56712 0.56701 0.169840 Orthorhombic

0.10 0.56316 0.56654 0.166589 Orthorhombic

0.15 0.56508 0.56858 0.166586 Orthorhombic

0.20 0.56605 0.56899 0.166581 Orthorhombic�� ��� ����	 �� 
	 ��� �  � �� �  � �� �  � �� � � � � � � � � � � � � � � � �� � � � �� � � � �� � � � �� � � � � � �� � � � � � � � � � � � � � � � � � � �� � � � �� � � � �� � � � �� � � � �� � � � �  ! " #$�% & '
ã 3 �¬�¬�ëê V (nm3) (a) Ú a (b), c (nm) (b) � Mn4+ �,þ x �'X

L 1 Úã 3 �(JL²: ¬�ëê a(b), c Ú V

� Mn4+ �,þ¥y5Æ5Cz. V ���,þ
�O\~�,  a(b) Ú c K�X Mn4+ O�þ
�O\Ñy
��E,�Cz, �U´du Mn4+

(0.0605 nm) lf�»' Fe3+ (0.0645 nm) lf�»
�, �,�¬N(�(¢u)
��UC.

3.2 BiFe1−xMnxO3 >>>bbb���¬¬¬������ÝÝÝÚÚÚLLL
¡¡¡///mmm

lL 2 Úã 4 ¥Ñ�±wÑ, �X Mn4+ �
,þ�,p, >b�YÇkO��~�, >b�
Ý�kO��~�, 3 x = 0.15 ��Ý����
� 8.39 g/cm3, ¤k�¬��é�Ýþp� 98%�
m, L² BiFe1−xMnxO3 >bäkûÐ��(�J,

Mn4+ �,kÏuOr>b���Ý.

L 2 BiFe1−xMnxO3 >b�Ý ρ ��,þ x �'X

X/mol% �YÇ/% ¢��Ý/g·cm−3 �é�Ý/%

0 6.0490 8.17 97.98

0.05 6.5651 8.26 98.00

0.10 6.4850 8.29 98.02

0.15 6.3736 8.39 98.08

0.20 6.2674 8.33 98.06

BiFe1−xMnxO3 > b � SEM × £ ã X ã 5

¤«. ã¥ BiFe1−xMnxO3 >b(¬ûÐ, ¬.
� ß, ¬ â ) � � � � � ! þ !, ä k � Ð �
� � 5, v k ² w ÷ * � � Y Ú � É, L ² >
b 3 Ü · � � ( ^ � e u � û Ð. > b � ¬ â
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¥ õ > / G, ² þ â » 3 5—10 µm � m. �
X Mn4+ � , þ � O \, BiFe1−xMnxO3 > b �
²þ¬âº�O�, 3 x = 0.05 �,����
� � (� 8 µm).  3 x = 0.10, 0.15, 0.20 � ,
� BiFe1−xMnxO3 >b�²þ¬âº��g~�.

��·þ Mn4+ �,U[z BiFe1−xMnxO3 >b
�¬â, ù´Ï�Lþ� Mn4+ (kO� B  ��
e� Mn4+) ?\
 BiFe1−xMnxO3 >b�¬., ³
�
 BiFe1−xMnxO3 >b�¬â)�, l¦¬â
�[� [15].

� � ����� � � 	 
� � � 
� � � 
� � � 
� �  
� � � 
 � � � � � � � � � � � � � � � � �� � � � � � ��� �� �� �
ã 4 BiFe1−xMnxO3 >b�Ý� Mn4+ �,þCz�

(a) (b) (c)

(e)(d)

ã 5 BiFe1−xMnxO3 >b� SEM ã (a) ��,; (b) �, 5%; (c) �, 10%; (d) �, 15%; (e) �, 20% Mn4+

3.3 Mn4+ ��� ,,, ééé BFO >>> bbb 000 >>> 555 UUU
���KKK���

ã 6 Úã 7 � BiFe1−xMnxO3 >b�¬��é
0>~ê εr, 0>�Ñ tanδ �ªÇ f �Cz�.

dã 6 Úã 7 �±wÑ, �ªÇ3 100 Hz—

1 MHz ��CÄ, Mn4+ �, BiFe1−xMnxO3 >b
�¬�0>5Uk±eA�: 1) éÓ��¬, 0
>~êÚ0>�ÑÑ�ÿþªÇ�O\~�;

2) Mn4+ �,��|©�¬�0>~ê εr Ñ'�
�,� BFO kwÍJp, x = 0.15 |©�¬�0
>~ê εr ��, �0>~ê εr, 0>�Ñ tanδ �
ªÇCzØ��, �¬�0ª5Uäk�Ð�½
5. éþã(Ø, �©@��±l�� !Fe3+ �
 £!4zÅ�n��¡�)º. Äk, 3X BFO

�¬¥�3�� Ú�þ,����¬�é�p
�>�ÇÚ���0>~ê. Ùg, �,½O�o
´¬Úå��Ó5c>>b�¬�º�Â  [16],

Mn4+ Ü©�� Fe3+, Ï Mn4+ �»�u Fe3+ �»
�� BFO ¬�NÈ �, �l¡NÑyÛ, Fe3+

÷ (111) ��� £Or�¦�¬�0>A5Ñ
y'���ÅÄ [17]. �^�þ Mn4+ O� Fe3+

�, �l¡N�ÛO�
�¬�0>~ê. ��,

BFO ´ó4f���4z. BFO �gu4zÌ�
´dc�l¡N¥� Fe3+ ÷n�Wv¶�é��
��ó4$Ä, ¦�K>Ö% l/¤4Ý�)
gu4z. ùÒ´c>N��äk���0>~
ê��Ï [18]. ��?�ÚO\ Mn4+ �¹þ¬Ï
� Mn4+ �>.æÈ�A�¦ Mn4+ 3¬.?æ
È, Ù¤å��^aqu,�, 3ù
,�NC/
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¤��²¬Ð¼gd$Ä�>f, ��²Ð¼�>
ÖØUë\�§[£�>/¤�m>Ö, 3�½
�>Øeù
�m>Ö=£/¤�m>Ö��>
6. �m>Ö��>6U\30���f>�>6
þ��0>�Ñ�O\ [19]. ,��¡, du�m
>Ö=£�±/¤�m>Ö��>6, Ù���0
��0>~ê¤�', 3÷*þUC0>~ê��
� [20], ��m>Ö3¬.?�>�UK� BFO

>bNX�0>~ê. ¯¤±�, >0�4z�Å
�Ì��)>f4z!lf4z!>ó4f��
4z!�m>Ö4z. �m>Ö4z��A�mé
�, �3$ª��SâkwÍ��z. Ïd, Xã 6

¤«, �m>Ö4z�A��>b�¬3$ªÇã
LyÑ���0>~ê, �XÿÁªÇ�O\,

0>~ê~���µþ�©Oªu½.
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ã 7 BiFe1−xMnxO3 �¬0>�Ñ�ªÇ�m�Cz�

3.4 Mn4+ ��� ,,, ééé BFO >>> bbb ccc >>> 555 UUU
���KKK���

ÏL>¢£��±©Û Mn4+ �,é BFO

> b c > 5 U � K �. ã 8 w « 
 Ø Ó Mn4+

�,þ BFO >b�¬¿§e�>¢£�. �B
u'�, ¤k�¬�>¢£�Ñ´3 26 kV/cm

(E > 26 kV/cm ��¬N´�ÂB) �	\>|
eÿÁ. 3�©¥X� BFO >bäk�����
 ßÝ, ¦>6���, �Ã{O(ÿþÙ>¢£
�. lã¥��, �,�¬�>¢£��	\>|
�O�ª��Ú, �{4zrÝ 2Pr ��,þ x

�O\O�. éu x = 0.05, 0.10, 0.15 Ú 0.20 �
�¬3�Ó	\>|e�{4zrÝ 2Pr ©O
� 5.28, 8.02, 6.06 Ú 5.16 µC/cm2. Mn4+ �,J
p
 BFO >b�c>5U, ���,þ� 0.10

�, >¢£��/G��÷, Ý/Ý�Ð, �{4
z��.
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P
/
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C
Sc
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-
2

ã 8 Mn4+ �, BFO >b�¬� P -E �

lü��Ý©Û Mn4+ �,¦ BFO >b�
¬� 2Pr Jp��ÌÝ. ��¡, 3 BFO �¬N
á�Ú± BFO �Ä�zÜÔ¥, Bi3+ lf��
þ�uÚ Fe3+ lfd��ÅÄ (Fe3+→Fe2+) �
�á�¥�)�þ���  [21], �� ¬3
Wv¶á�¥å��m>Ö��^, 3>|�^
e½�£Ä/¤�½�>�, ��á��>{Ç
ü$, äk���¦>6, ¤±�¬3ÿþ�é
N´�ÂB, �X� BFO >bJ±��O(�c
>A5. éu�,�Ù¦�¬5`, Mn4+ pdO
  Fe3+ ���Ì�,, ��±>¥5, 7,U

3é�§Ýþü$�� ßÝ, Ù"��Aª�
�� 2MnO2+V ••

O
BiFeO3−−−−−→ 2Mn•Fe+4O×

O. Ïd, Mn4+

�,�¬¥�3�é����� Ú"�, /¤
����m>Ö, 3�p>Ø��^e�-uë�
�>�gd>Ö�, l�)�é���¦>6,

��,�¬3	\>|�^e�)Ý/ÝûÐ�
�Ú�>¢£� [22]. ,��¡, ½5�r�p
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d Mn4+ lfÜ©��´Cd� Fe3+ lf, �±k
�ü$á�¥ÏÜ© Fe3+ →Fe2+ �)���
 ßÝ, Jp�¬�>{, ¦�õ�Æë�4z�
=, Ó� Mn4+ lf��,�½§Ýþ�»� BFO

��mN��g^(�, �â Ginzburg-Landau n
Ø, ù«g^(��»��±Jpá��^>�A
Úc>�{4z� [23]. ��,þ3 x = 0.20 NC
�, 2Pr ��é~�, �U´��á>fé�áNz
ÆüC±9 Fe3+—O—Fe3+ ���UC, Úåg^
��, Ó�, BFO ¬�¥�U�3 Fe3+ Ú Fe3+ �
m�����p�^ [24]. Ïd, Lþ� Mn4+ �,
¬ü$ BFO á���{4z, ·þ Mn4+ �,�±
Jpõcá� BFO �c>5U.

4 ( Ø

|^DÚ����A{��
 BiFe1−xMnxO3

(x = 0—0.20) X�>b�¬, ïÄ
ØÓ Mn4+ ¹
þéÙ�Ý!¬�(�!w�/m!0>5UÚ
c>5U�K�, ��Xe(Ø.

1) BiFe1−xMnxO3 >b�¬� XRD ãÌ�X
� BFO Ä�ÎÜ, äk�Ð�Ô�(��þ�Û
�Wv¶(�, � Mn4+ ¹þ x l 0 O\� 0.20, ¬
N(�l!�Wv¶Åì���=C. �X Mn4+

�,þ�O\, >b�ÝkO\�~�.

2) Mn4+ é BFO3 >b?1 B  �Ü©O�U
5, k|u BFO >b�0>5U�Or, Ù0>~
êÚ0>�Ñþ�XªÇ�O�~�. �, BFO

>b�0>~ê²w�uX� BFO, � x = 0.15

�, 0>~ê�����.

3) ·þ� Mn4+ �,UJp BFO >b�c>
5U, BiFe1−xMnxO3 >b�¬� 2Pr 'X� BFO

²wUõ. ��,þ x = 0.10 �, Ù 2Pr ����
�, >¢£�/GÑ®�Ú�Ý/ÝûÐ.
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Abstract

Multiferroic BiFe1−xMnxO3 (x = 0, 0.05, 0.10, 0.15, 0.20) (represented as BF1−xMxO) ceramics are prepared by the conven-

tional solid state reaction technique. The effects of Mn4+ doping on density, phase structure, morphology, dielectric and ferroelectric

properties are investigated. The X-ray diffraction patterns of the samples indicate that the typical perovskite phase structure of BiFeO3

is formed, and a phase transition starts near x = 0.05, i.e., the phase structure is distorted from rhombohedral to orthorhombic by

Mn4+ doping. The dielectric susceptibility of the sample is significantly increased and the dielectric loss is slightly increased with the

increase of Mn4+ content. The dielectric constant εr of the BiFe0.85Mn0.15O3 ceramic at 10 kHz is as high as 1065, 22 times larger

than that for pure BiFeO3. It is suggested by hysteresis loop measurements that the ferroelectric property of the BF1−xMxO ceramics

is improved and the remanent polarization is increased by Mn4+ doping. This is probably because Mn4+ is more stable than Fe3+,

and the B-site doping with higher valent Mn4+ could reduce the volatilization of Bi3+ and suppress the valence fluctuation of Fe3+,

thereby reducing the concentration of oxygen vacancies and the leakage current in the ceramic.
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