
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 238102

·>�j{�� Bi2Fe4O9 9Ù^Æ5U�ïÄ*

Ü²j ��u† Â+� ÜZ

( =²�ÆÔn�Æ�EâÆ�, =² 730000 )
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æ^·>�j{Ü¤
n�G� Bi2Fe4O9 c°N, 2éc°N?19?n��
�G� Bi2Fe4O9. Ï
L X ��û�!×£>fw�º9ß�>fw�ºL�
Ü¤�¬�Ô�9/mA�. (JL²Ü¤��¬
� Bi2Fe4O9 ü�, áu��¬X; ò»?n��n�G�c°N=C��G� Bi2Fe4O9. b	-��áÂ1ÌL²
��� Bi2Fe4O9 é1�áÂ��2, Ø=éb	1äk�ráÂ, �é��1�k�½�áÂ. ÏL�Ä�¬^
rOÿ½ Bi2Fe4O9 ^¢£�ïÄÙ^ÆA5, �A�
�å Hc≈ 82 Oe (1 Oe = 79.5775 A/m), �l^^&Ò��
�^ Mr ≈ 0.25 emu/g, ïÄuy Bi2Fe4O9 �¬äkfc^5, ¿�^^5Uk¤Jp.

'�c: Bi2Fe4O9, ·>�j, ^5

PACS: 81.20.–n, 75.50.Gg

1 Ú ó

Cc5, Bi2Fe4O9 ���«��õUá�,
É�
�S	2��'5 [1−3]. ���«��N
í¯DaìÚ`û�xzJ, Bi2Fe4O9 äkd3
�A^d� [4−6]. @3 1964 c, Ò®²k<|^
p§��{3 1123 K Ü¤
 Bi2Fe4O9 ®N [1].
,, duù«�{���3�
Øv, ÃXI�
p§!UÑ�!����¬¬âº��!¬â�
mìàî�, Ïd, k7�æ^#�Ü¤�{�
� Bi2Fe4O9. Yang � [7] |^t��9Ï�M� -
v�{¤õ��
�æÈ� Bi2Fe4O9 �B��

�. Xiong � [8] |^Y9{3 180 ◦C ��Ñ

¡G� Bi2Fe4O9 B�®N. Sun � [9] 3 180 ◦C �
§ 48 h Ü¤
sG� Bi2Fe4O9. Wang � [10] |
^Y9{3�$§Ýe (100 ◦C) �§ 9 h ¤õ�
�
¡G� Bi2Fe4O9. Han � [11] ^Y9{3§
Ý� 180—270 ◦C �A 72 h ¤õ��
 Bi2Fe4O9

�¬, ¿ïÄ
��^�é�¬/m�K�. Ruan
Ú Zhang[12] æ^Y9{©OÜ¤
B�¡GÚ�
�¡G� Bi2Fe4O9 ¬N.

�éu~���âGá�, dun��pî
' (�Ý/�») �~�, 3£ÂÚ2|^�¡, n�
Gá��`u�âGá�. 1934 c, Formahal[13] Ä
gæ^·>�j{��
n�Gá�. 'åÙ¦
�jEâ, TEâ´|^·>år�j�%Äl
¤n�. ·>�j��
Nõ “��” (��n�
á�, ~X�/n�, jG!¢%Ú�%+Gá�
� [14−19]. du���», ·>�j{���n�
Pk���'L¡È. �X·>�j{l��p©
fá����EÜá�±9>bá��*Ð, ·>
�j{���n��A^+����
ã��*
Ð. ¦+©z��
õ«�{Ü¤ Bi2Fe4O9, �â
·�¤�, 8c�vk©z��L|^·>�jE
âÜ¤ Bi2Fe4O9.

�©ÄgÏL·>�j{��
 Bi2Fe4O9 ü
�. $^õ«L�ÃãéÜ¤� Bi2Fe4O9 ü�?
1
L�, ¿ïÄ
Ù1ÆáÂA5Ú^ÆA5.

2 ¢ �

� ¢ � ± Bi (NO3)3·5H2O (X Ý 99%), Fe
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(NO3)3·9H2O (XÝ 98.5%), PVP (²þ©fþ =
1300000), ¯U (EtOH) (XÝ 99.7%), ±9 N, N-�
`Ä`zX (DMF) (XÝ 99.8%) ��·>�jÜ
¤ Bi2Fe4O9 �å©��.

��·>�jM�: 10 mmol Bi (NO3)3·5H2O
Ú 20 mmol Fe (NO3)3·9H2O Mu 10 mL DMF M�,
�� 12 h /¤7á��í/DMF M�, P�M� A.
1 g PVP Mu 2 mL EtOH Ú 5 mL DMF �·ÜM
�¥, �� 12 h /¤ PVP/EtOH/DMF M�, P�M
� B. ��, � 1 mL M� A �ú%\�M� B ¥,
rå�� 12 h ��þ!�·>�j�.

r·>�j�C\�k²�Þ� 5 mL �g5
5�ìS?1·>�j. ¾Ê����Âì, �Þ
å�Âì�ål� 16 cm, >Ø� 18 kV. ¤k�·
>�j¢�L§þ3¿§e?1.

· > � j ( å �, � � � � Ú � n � G
� Bi2Fe4O9 c°N, �Ü©�¬©O3 500, 600,
700, 750 ◦C 9?n 3 h, ,§�Ç� 2 ◦C/min, ��
��
ùkÚ�®".

�¬�Ô�æ^ Rigaku D/max-2400 . X ��
®"û�¤?1ÿÁ, ó�^�� 40 kV/60 mA, X
��u)ìæ^ Cu Kα, ��åÅ�� 1.54178 Å,

×£Ú?� 0.02◦, ×£��� 10◦—70◦. æ^F
�Fáúi (Hitachi) � S-4800 .×£>fw�
º (SEM) *	®"�¬�/m. ß�>º (TEM) ì
¡!À«>fû� (SAED)!UþÚÑ X ��1Ì
¤ (EDX) ÏLÖ=DÏ¿§ FEI Tecnai úi� G2
F30 .Òß�>fw�º��. û��b	-��á
Â1Ìæ^ Perkin Elmer úi)�� Lambda 950
1Ì¤5ÿ½, BaSO4 ��ë'�. æ^{I Lake
Shore úi� 7304 .�Ä�¬^rO (VSM) ÿ½
�¬�^5.

3 (J�?Ø

ã 1 � Bi2Fe4O9 c ° N 3 500, 600, 700,
750 ◦C 9 ? n 3 h � � � � � ¬ � X-� � û
� (XRD) Ìã. 500 ◦C ú� 3 h ��®"d Fe2O3

Ú BiFeO3 �|¤. �O\ú�§Ý� 600 ◦C �Ñ
y
 Bi2O3 �¸, Ì�� BiFeO3. 700 ◦C ú� 3 h
�, Ñ y 
 Bi2Fe4O9 � A � ¸, � � 3 BiFeO3

Ú Bi2O3 ��,�¸, Fe2O3 ��¸��. �r§Ý
O\� 750 ◦C �, BiFeO3 Ú Bi2O3 �û�¸��
��
, ��
 Bi2Fe4O9 ü�.

ã 1 Bi2Fe4O9 c°N3ØÓ§Ý9?n���¬� XRD Ìã

ã 2(a), (b) �·>�j{�� Bi2Fe4O9 c
° N (Bi2Fe4O9/PVP) � SEM ì ¡, � � � Ç
© O � ×2000 (ã 2(a)), ×10000 (ã 2(b)). ã ¥

�±wÑ Bi2Fe4O9/PVP äkn�G�/m, ¿
� ù 
 n � � L ¡ � ~ 1 w. ã 2(c) � n �
� � » © Ù ã, z � n � � � î � ¡ � ~ þ
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!. n � � » � ² þ � Ú I O   � Ï L Ú O
©Û��{��, n��²þ�»� 189 nm ±
25 nm (ã 2(c)). ã 2(d) �9?n�� Bi2Fe4O9

� / m. l ã 2(d) � ± w Ñ, ò Bi2Fe4O9/PVP
n � 3 750 ◦C � í í ¨ ¥ ú � 3 h �, / ¤

� Bi2Fe4O9 ä k � G / m; ù � U ´ Ï � p
§ e � X k Å Ô PVP � © ), Bi2Fe4O9 ¬ N
) �, ¦ c ° N � n � / � u ) C / ! ä �,
/¤
á���G(�, Ù�»3 100—200 nm
�m.

ã 2 (a) ×2000 � Bi2Fe4O9/PVP � SEM ì¡; (b) ×10000 � Bi2Fe4O9/PVP � SEM ì¡; (c) Bi2Fe4O9/PVP n���»©
Ù; (d) 750 ◦C ú� 3 h ���� Bi2Fe4O9 SEM ì¡

ã 3(a) ´ 750 ◦C ú� 3 h ���� Bi2Fe4O9

�¬� TEM ì¡, uy�¬Ì�±�G�/m�
3, ù� SEM ì¡�(J��. ã 3(b) ´ü��
G Bi2Fe4O9 ¬â� SAED ì¡, �±wÑ�ß!
5Æ�û��:�kS5Kü�, `²/¤�ü�
�G Bi2Fe4O9 �ü¬. EDX ^5?�Úy¢�¬
�zÆ|¤, ·�ÿ½
��� Bi2Fe4O9 � EDX
ãÌ (ã 3(c)). l EDX ãÌ�±wÑ, �¬¥¹
k Bi, Fe, O, Cu, C ��, Ù¥ Cu Ú C �¸´d
u TEM ÿÁ¥�»|±�Úå�, ù¿©`²

��� Bi2Fe4O9 �k Bi, Fe, O n«��, vkÙ
¦,���.

·>�j{��� Bi2Fe4O9 �¬�1ÆáÂ
A5æ^b	-��û��áÂ1Ì¤ÿ½, Xã 4
¤«. Bi2Fe4O9 �¬3b	1«Ú��1«Ñk�
r�1ÆáÂ, áÂ>� 610 nm. Ruan Ú Zhang[12]

ÏLY9{��
 Bi2Fe4O9 ��¡, ��¡��
Ý� 1—2 µm, þÝ� 400—800 nm, Ùb	-��á
Â1Ìw« Bi2Fe4O9 ��¡�áÂ>3 650 nm.
·�æ^·>�j{����G Bi2Fe4O9 �á
Â>� 610 nm, �'u��¡, áÂ>äk²w�
7£, ù´Ï��G Bi2Fe4O9 �º��é��, d
uþfº��A, ��áÂ>�áÅ��£Ä.

ã 4 ´·>�j{��� Bi2Fe4O9 �¬3¿
§e�^¢£�, lã¥�±wÑ��� Bi2Fe4O9

�¬äkfc^5, �A�
�å Hc ≈ 82 Oe
(1 Oe 79.5775 A/m), �l^^&Ò���^ Mr

≈ 0.25 emu/g, �Ú^zrÝ Ms = 0.63 emu/g. ©
z [8, 10, 11] ��
Y9{Ü¤� Bi2Fe4O9 ®N
LyÑ^^5, ·�ÏL·>�j{����
G Bi2Fe4O9 LyÑfc^5, `²·>�j��
�{é Bi2Fe4O9 �^5�k�½�K�.
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ã 3 (a) 750 ◦C ú� 3 h ���� Bi2Fe4O9 � TEM ì¡; (b) Bi2Fe4O9 � SAED ì¡; (c) Bi2Fe4O9 � EDX ãÌ

ã 4 Bi2Fe4O9 �¬�b	-��áÂ1Ì

�q�©z��~XY9{Ü¤� BiFeO3 ®
"LyÑ^^5 [20], ·>�j{��� BiFeO3

n�%LyÑc^5 [21,22]. ��þ5`, ¿§e
�G Bi2Fe4O9 �LyÑfc^5´Ï�¬â�º
��A [23]. Tian � [24] ��
ÏLt��´��
� Bi2Fe4O9 >b, ¦��*	�
¿§eº��
u 200 nm � Bi2Fe4O9 �¬äkfc^5, �A�

�å� 240 Oe. ¦�@�, B�º�� Bi2Fe4O9

�â�w�´�«Ø-�(�, �âSÜ´�c^5
��, L¡K�c^5¤©. Ïd, 3·��ïÄ
¥*	��fc^5´5g�G Bi2Fe4O9 �L¡
�SÜ¤©�m^5�ÍÜ�^. d	, ÏLé'
·�uy, æ^·>�j{��� Bi2Fe4O9 �¬
�
�å��u Tian ���� Bi2Fe4O9 >b, `
²·>�j{����G Bi2Fe4O9 �^^5Uk
�½Jp.

ã 5 Bi2Fe4O9 �¬3¿§e�^¢£�, �ã�����
Àã
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4 ( Ø

Ï L PVP 9 Ï � · > � j { � � 
 n �
G Bi2Fe4O9 c°N. n�Gc°N3²L 750 ◦C
� í ¥ ú � 2 h � ¼ � Bi2Fe4O9 ü �. SEM
Ú TEM L�w«·>�j{��� Bi2Fe4O9 �

�G/m. ïÄÙ3b	��1�1áÂ, b	-�
�áÂ1ÌL²��� Bi2Fe4O9 é1�áÂ��
2, Ø=éb	1äk�ráÂ, �é��1�
k�½�áÂ. ^5ÿÁ`²����¬äkfc
^5¿�^^5Uk�½Jp.

[1] Koizumi H, Niizeki N, Ikeda T 1964 J. Appl. Phys. 3 495
[2] Kostiner E, Shoemaker G L 1971 J. Solid State Chem. 3 186
[3] Groult D, Hervieu M, Nguyen N, Raveau B 1988 J. Solid State

Chem. 76 248
[4] Poghossian A S, Abovian H V, Avakian P B, Mkrtchian S H,

Haroutunian V M 1991 Sens. Actuators B 4 545
[5] Zakharchenko N I 2000 J. Appl. Chem. 73 2047
[6] Zakharchenko N I 2002 Kinet Catal. 43 95
[7] Yang Z, Huang Y, Dong B, Li H L, Shi S Q 2006 J. Solid State

Chem. 179 3324
[8] Xiong Y, Wu M, Peng Z, Jang N, Chen Q 2004 Chem. Lett. 33

502
[9] Sun S, Wang W, Zhang L 2009 J. Phys. Chem. C 113 12826
[10] Wang Y, Xu G, Yang L, Ren Z 2009 Ceram. Int. 35 51
[11] Han J T, Huang Y H, Jia R J 2006 J. Cryst. Growth 294 469
[12] Ruan Q J, Zhang W D 2009 J. Phys. Chem. C 113 4168
[13] Formalas A 1934 U.S. Patent 1 975 504 [1934]
[14] Li D, Xia Y N 2004 Adv. Mater. 16 1151

[15] Xia Y, Sang P Y, Sun Y, Wu Y, Mayers B, Gates B, Yin Y, Kim F,
Yan H 2003 Adv. Mater. 15 353

[16] Law M, Goldberger J, Yang P 2004 Annu. Rev. Mater. Res. 34 83
[17] Kenawy E R, Abdel-Hay F I, El-Newehy M H, Wnek G E 2009

Mater. Chem. Phys. 113 296
[18] Yin Y, Gates B, Xia Y 2000 Adv. Mater. 12 1426
[19] Doh S J, Kim C, Lee S G, Lee S J, Kim H 2008 J. Hazard. Mater.

154 118
[20] Cho C M, Noh J H, Cho I S, An J S, Hong K S, Kim J Y 2008 J.

Am. Ceram. Soc. 91 3753
[21] Baji A, Mai Y W, Li Q, Wong S C, Liu Y, Yao Q 2011 Nanotech-

nology. 22 235702
[22] Xie S, Li J, Proksch R, Liu Y, Zhou Y, Liu Y, Ou Y, Lan L, Qiao

Y 2008 Appl. Phys. Lett. 93 222904
[23] Park T J, Papaefthymiou G C, Viescas A J, Moodenbaugh A R,

Wong S S 2007 Nano Lett. 7 766
[24] Tian Z M, Yuan S L, Wang X L, Zheng X F, Yin S Y, Wang C H,

Liu L 2009 J. Appl. Phys. 106 103912

238102-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 238102

Magnetic properties of Bi2Fe4O9 synthesized
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Abstract

The Bi2Fe4O9 fibrous precursor is successfully synthesized through electrospinning technique, and the single-phase claviform

Bi2Fe4O9 is obtained after calcining the precursor. The UV-vis absorption spectrum shows that the absorption range of the as-prepared

Bi2Fe4O9 is wide, which indicates that the as-prepared Bi2Fe4O9 could be a photocatalyst with visible-light-driven photocatalytic

activity. In addition,the result of magnetic hysteresis loop for Bi2Fe4O9 shows weak ferromagnetism and good soft magnetic properties,

which indicate that the as-prepared Bi2Fe4O9 has a good application in soft magnetic material.
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