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=�:B�/F-�=  !��� �.��,> �:&0> C+� 8
  ��> V�= 
 �-,H4 ;/"�  �- �4�K=�O� ;/"�  .�M-,� �|1< XRD 

�= .8&:�06%
� 5�,>(ε)i�/F- !S '�  +(D) ��/0��6�-
�'��6 C+� S  !��]1=  t,:) +(H-W)'�U �=� �- V�=  C+� 

H-W ,
S X
,�4 ; ,-8�7 �F\ �)'B �B ,7 ;�6$
 
�4�KB �- �
+�= ]�c��T.[
)�(=+

�> + �:&#&- .'B d&� �� �F\ ;�:�7 βG+βLX&4,4 �- 
�]�/� ��1��/� + �=+�) ;�6 �U�C+� 8
  �� �> ':1�6 !S '� 

-+ i�/F%
� ��1��/� + �=+�) �- /4 Q=/4 X&4,4 �- 5�,>
 !� ���'�/B .C+� ; ,- !'B �? �  P/�,	H-W ,
S .�/k �- 
�= ]�c��T:[

( = (1/D) ( ) + (ℇ/2)2 )�(

�� �> �Ud*hkl = λ/2sinθ+=':1�6 .
/e:� �-�Y�#� �=�,- �;�6��/0� �Or= ��/� ;�6 ��=�,-

���U ,
+�Y4 �#-+� ��+,1(�  �/(=+,(&� !�"1=� S  !��]1=  �- 
�� '&� J&�)(FESEM) P'� MIR8'�'B �&�4 .!S '� 

��/0� . �A,
+�Y4 S  !��]1=  �- �6 ��+,1(�  �/(=+,(&� 
;�/Kh )TEM(P'� !�"1=� Q=/4 !'B �&�4 �CM30 

300kV&M4 'B 8& .P/(�/� �]&> �
�=�:B �/e:� �- ;�6
��/0� �� �/W/� �/W/� �F��h ;�6 !+,) �6 G&9���U I,=+,	 

!�"1=� �-FT-IR8&>,7 t,0�  �P'� RXI �� �!,1�) �'h 
�W/�c�� �4 �cm-����'B �K2 .�:O:� '��0�7 ;�6

 
1 tPerkin-Elmer 

��/0� ��&9�:��E&9�:�� !�"1=� S  !��]1=  �- �6 �- N:=
4�  ��/0� �B�M)VSM(P'� Lake Shore 7400 ( ;��� ��

 �4 ,&�1� ��&9�:�� � '&� �� + L�4 T�'B �K2 .
,2  �=�,- ��WpH�6��/� ���S .'� ��&��M	 +

&��4�>;�+%�*� �+  J&1� X
,�4 � %&� ,- ���F&� p,)
�
�(=+,7/��� dH[ �- ./0�&- �
,	 ���F&� ,1&�

P/FO�ppm�J&1� �	�s  *� �+ 'B��-� 'M4 �> ;�/9T��/0� 
P/FO� S  ppm�J&1� + �&�4 ./0�&- �
,	 ! ,06 *� �+ pH

P/FO� Q=/4 �6pHN:= !,1�) �� T/��4c$
,1&� '&=  �- 
�/�'B d&e:4 P��,� .�/F��!'�U �=� �- �- �'&=� ��W 

j�W P��M4t.'� �- j�W + �T;��� �� �(
��4 �� ��&\� 
d6 Q=/4 L�4 Sd6 ��&9�:�� �+ !�S G&9-�W�?,� �t

5]:- ,	)UV-Vis(P/FO� !S '�  �6 'B ;,&) .X=�:� p,W
&��4�>/����+% �� ,"
� d�� ,1� ��7 $
 �=�,- ��� X
,�4 

J&1� �=  *� �+  .�V�=  8
  ,- ����pH���F&� ,1&�
P/FO�ppm�!'B �&\� $
,1&� '&=  Q=/4 *� �+  J&1� �/�

'�� �� P��,� � �'B d&e:4 .� E`=,
��� S  �4+�]1� 
&��4�>/���;�6�+% BFO-2 +BFO-3 -'B �	�s  �U �.P/FO� 

d6 '6�B P/FO� + ��/0� .'� �- ���S��� 5-�4 ,
S ��&\� 
d&�1��'&B�/<�/� j�W ���&\� !� ,6 + ':1	,) � ,\ 

�U ��+,1(�  !�"1=� Q=/4 �6UV-Vis!S '�  'B ;,&).

�"��� � 78� 
���"� ���!�"  �# 

J(B�;�6/"�  XRD/��� ;�6��/7 �
,	 ./0�&- �&�4 !'B 
�� Q
 ,B GF1�� ��#�  � ��'6�.�> �=  !'B C� %) 

�� m��< !��� S  �6���,) ':
 ,	 �9 �� ./0�&- ; ,- + �/B
 ,1#&- ./0�&- � '�� '
�- !��� �� ,Y:h 8
  � '�� �][

 �/B j��1� ]�����.[
 �� 8
 ,-�:- ��H:���� �- ��/0� +� 
P+'W Q
 ,B�;,"
� + �-�2 ./0�&- . ,1&� � '�� �- �(
 

;��� �� ./0�&- ,1#&- � '��ºC ���'�'B �6���,) .
�=�,-;�6 ;��1<�= ��/0� �6�-!��]1=  S  �1�- ;��H4 X'pert 

,"��&- J&(#4 ��1<�= �
�(=+,7 ;S/�I��-!+,) �
�Z	 R3c 
�=  �> �- ,
���� K2!'B ���.��> �� '��1= 1518-086-01 

JCPDS �� /�06 '�� �.�Y��<�� ;�6S�	 �P�[ 8
  �- 
Bi2Fe4O9�Bi25Fe2O40�Bi2O3+Fe2O3�� %&���/0� ;�6 

�tBFO +�tBFO'B !'6�#� .�Y��<�� ;�6S�	 8
  � '��
 ��/0� ���tBFO�=  ,10> ��&�- .��/0� j��1�  �- �� �  ��
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'FW��!��0B �c���1��S ���� �)*
+ ,- ./0�&- . ,1&� P/� � '�� + ��� ,&2�4;��1<�= ;�6. . .����

�tBFO6���,) +- ;��� �� �U �S 5& ºC �T� ��1<�= �- 
d&1	�
 �=� ./0�&- �
,	 R��< .� '�� ,&2�4 �=�,- ; ,-

 �� ./0�&- �
,	 ��1<�= J&(#4 ,- ./0�&- . ,1&� �&�+ 
 ;���ºC �T��,"
� ��/0� +� �- %&� ./0�&- + d> ./0�&-

 P+'W Q
 ,B �- �-�r� ��
S�'B �1<�= .;� '�� �P�[ 8
  �- 
;�6S�	�Y��<�� Bi2Fe4O9�Bi25Fe2O40�Bi2O3+Fe2O3

;�6/"�  ��XRD��/0� ;�6ctBFO +TtBFO !'
�'B�>
.+�]1�S N
�1� ; ,- !'B C� %) ./0�&- �
,	C+� �- ;�6

 �=  !'B �&�4 ,"
�]�Tt�l[.�Y��<�� ;�6S�	 8
  �/Z[
 XW/��)*
+&��4�>/4/	 + ��&9�:�� ;�6 ;�+% ; ,- �4+�]1�


,	 ./0�&- �!'B �O- �U ��/� �� ����� 8
  �� �> ���/B.
;�6,1� ��7 �(KB; �1<�
 ��/0� �(
 �6 �>�-C+� CS ,- 

;�6/"� XRD �- !��]1=  S  p,�� %	  Fullprof  '�U �='-
)J(B� �'&:&K-(.!��B  �-;�6�/O� �B/"#B ���[ �� �� �

; � � ��/0� �> ��1<�= ;S/�I��-!+,) 	�
�Z R3c �=  .
;�6,1� ��7 �(KB +��M-  �1<�
 ;S/�I� ���� /4 �- !��]1=  S  

��M-  �1<�
 �B/"#B �K=�O� �,>]�����.[�P��� ; ,- dH[ 

�1<�
 �B/"#B �= ,- ,- dH[ �1<�
 ;S/�I��=  �> �- 

!��]1=  S  �r- � ,
S G
,M4 ���/B :

)�(
;S/� + �B/"#B �(KB ;�6,1� ��7 ,
���� S  !'�U �=� �- I�

 ;�6/"�  CS ,-XRD��/0� �06 ; ,- P+'W �� �6�!��+U 
�=  !'B .��/0� �06 ; ,- !'�U �=� �- ,
���� �4 ,&&�4 �6

�-�2 �� %&@���� ��#�  � �(KB ;�6':6� .;S/� �(
 �1<�
 I�
 �
�Z	 !+,) �-R3c ; ,- �–BFO!� � S  !��]1=  �- ;�6

 ;�6/"�  !'B CS ,-XRD J(B �� �����,- �- Diamond 
�=  !'B d=� .d4  .�Y1�� �� �63-BFO�- .�/k :Bi)�

�����/�(�Fe)�����(+O)c��/���c�/���c�/�t(�=  .
;�6'�/&7 P/9 ; ,- 8&:�06 Bi-O +Fe-O ,
���� X&4,4 �-

�l/�+(Å) ��/��-'�U �=� .

9-:5;�6/"� XRD ��/0� !'B �&�4 ;�6��Q
 ,B GF1��.
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�F\ ��F&M0= !� S � ,
  �=�:B ���> + �=�:B�/F- �FH� ���l

 

9-:;;�6/"�  CS ,- XRD ��/0��tBFO  � %	  p,� S  !��]1=  �- Fullprof . 

3��4;��7 #B �(KB ;�6,1�";S/� + �B/��/0� I� ;�6�&�4 !'B .
+ 5�,>%
�!S '�  i�/F- �- C+� 

�'��6-,:) + ��/0� aH = bH

(Å) 
cH

(Å) 
VH

(Å3)
aR = bR = cR

(Å) 
αR=βR=γR

(º) 
VR

(Å3)
;�6S�	 �Y��<�� J&(#4 

�1	�
 
<��� �(�� (nm) 

BFO -1 5/566 13/833 371/15/620 59/360 123/7Bi24Fe2O39, Fe2O34/12 36/23 

BFO -2 5/565 13/834 371/�5/620 59/34 123/6Bi2Fe4O9, Bi2O3, Fe2O34/12 30/90 

BFO -3 5/567 13/845 371/95/625 59/35 123/9-------- 4/26 29/60 

BFO -4 5/568 13/842 371/65/623 59/34 123/8Bi24Fe2O39, Bi2O34/57 28/24 

BFO -5 5/565 13/840 371/15/621 59/33 123/7Bi24Fe2O393/99 32/80 

9-: =�1<�=;S/� ��
�Z	 !+,) �- I�R3c ; ,- �–BFO � %	  p,� �- �> Diamond�=  !'B d&=,4 .
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'FW��!��0B �c���1��S ���� �)*
+ ,- ./0�&- . ,1&� P/� � '�� + ��� ,&2�4;��1<�= ;�6. . .����

i�/F- !S '�  + �6%
� ,
���� C+� �- !'B �K=�O� 5�,>
�'��6tP+'W �� ,:) +��=  !'B !��+U .C+� 8
  �� �� �/0� 

()�/O�Y(�- �K��)) (X(; ,- 
�F\ 8
,4'
'B6;�).�O]k)hkl( (�
�(=+,7 ��1<�= d=�

���/B )J(Bz(�>�=  �K�� X&B �- �= � Q< $
 .
i�/F- !S '� (D) + �r< CS ,- X&B V/(M� S  %
� S  5�,>

 �=� �-  'K� S  �,h �#
���U
'.�- �W/4 �- P+'W �!'
� 
��/0� �> �/B �� ;�6 ./0�&- �
,	 ; � � ,1�- �/F< �-

B �-�2 ,
���� �- �> ':1�6 ,1(@/> i�/F- !S '�  + ,1)�%- �(K
%
���/0� 8
  �� ,1(@/> 5�,>-,� �6/�=  �.

�"���  ���>�� �  ���!�"$��  �# 
J(BT,
/Y4SEM S . �A/��� �r= ��/0� 3-BFO)�
,	

R��< ./0�&-(��#�  � ��'6� .�>�6 /) ,"
�,-/���V�&�� 
��/- &��4�>�+%�6+06�8&: ��#�!':6� ��1<�= J�F�1� 

�=���U .

9-:?i�/F- !S '�  �K=�O� ��/0�wtBFO �'��6 d=� C+� �- t,:) + .

9-:@,
/Y4 SEM  ��/04BFO -3 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
4.

10
13

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

04
 ]

 

                             7 / 14

http://dx.doi.org/10.29252/ijcm.26.4.1013
https://ijcm.ir/article-1-1207-fa.html


�F\ ��F&M0= !� S � ,
  �=�:B ���> + �=�:B�/F- �FH� ����

 ,
/Y4 TEM ��/0�BFO -3 �� )J(B�G� (��#�
�=  !'B !� � .�� !'
��/B S  ,10> ��M-  ; � � . �A/��� �> 

���(B ; � � + ,1�/��� ':1�6 �4+�]1� �=':6 J.��)J(B
�j(��/0� 8
  . �A !S '�  �
S/4 � �/0� + �=  !'B d=�

 !�A !S '�  8&"��&�(dTEM)8
  ; ,- ��/0� CS ,- S  !��]1=  �- 
�-�4 �- . �A !S '�  �
S/4 P��,� d1
��"� �
S/4]��[�nm{� �- 

'�U �=�:

)c(

�>�- � '�� S  !'�U �='- i�/F- !S '�  S  ,1)�%- !'�U �=� 
N
�1� /4,7 C ,7 X�=  .�H&1� .+�]4 8
  �/Z[ S  ; 

!S '�  �- �4 �A/���J(B + �6�=  .+�]1� �=':6 ;�6 .

�A�" B
� �"���FTIR 
J(B��G&9 I,=+,	 ��/0� ;�6 BFO��  � !,1�);c�� �4 

2000cm-1��#� ��'6� .'���-;�6 �B�M4�  � /�;�6 �-�W 
!,1�) �� c�� �4 800cm-1 �/-,� �- ;�6'&�>  �=  � '
�7.

�F\ j�W � ,9  ;/\ cm-1 TT��- �/-,� .�B�M4�  �##>
�4 A �*&�>  - %F	 �� !�"
�W �#6 �=  ��W+]��t�c.[�F\ 

G&Ms �-�W �� m/� �'h cm-1 cc��- �/-,� ��1<�= ;S/�-
I� �- ����4 8&
�7,4+�Y�#� .�B�M4�  �#0< ����1��� 86U-

�*&�>  S  !+,)�#6��W+ FeO6�� ��1<�= �
�(=+,7 �= .
�F\;�6 �-�W�/� ,&7 m/� �'hcm-1��l� �/-,� �- 

.�B�M4�  �##> ����1� �/&�U .�:-,> (COO-
3)+��cm-1

�����/-,� �-.�B�M4�  �##>J&�>/-,> (COO-)':1�6 .

9-:CG�  (,
/Y4 TEM +j(��/1= � �/0�P��,� d1
��"� �
S/4 �-�4 �- �U CS ,- ! ,06 �- . �A �
S/4 ��/0� ; ,- BFO -3.
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'FW��!��0B �c���1��S ���� �)*
+ ,- ./0�&- . ,1&� P/� � '�� + ��� ,&2�4;��1<�= ;�6. . .����

9-:DG&9 FTIR��/0� ;�6�&�4!'B .

����� �"�����
�����  �# 
. �A/��� '��0�7 ��F[�tBFO +�tBFO J(B �� l��#�

. ,&&�4 ,"��&- �> �=  !'B !� ��=  ��&9�:�� � /< �� .
./0�&- . ,1&� P/� � '�� Q�	 + �=  �-�2 ��/0� +� ,6 ��

 �6���,) ;���!�/- .+�]1� ���U�=  .+ �r< . ,&&�4
 ��/0� 59�:�� $@/>�tBFO ,"��#� ��&9�:�� � '&� �- 

�=  ��/0� 8
  ��/- E&9�:��+,	��7���+��:@ �> �� !'
�-
. ,&&�4 �/B ��/0� �tBFO�- J(BS�,M� �> �=  

�=  ��/0� 8
  ��/- E&9�:��+,	 .��P+'W�� '�� 
f�KB  59�:�� + �)'�� � + � '&� �'��0�7 59�:��!��+U 

�=  !'B .��H
  �Fk  J��h �= �F> �/9 �-��1	� 
S  ':4��Kh ./0�&- �
,	 �� ��&9�:��+,	 �(!S '�  �'B %
�

S  ,10> �4 �6 ��/F- /��� ��,1�/��� )��1<�= j+�:4 !�+�
�6 8&`=  ��&7��� (�>8&`=  ��&7��� 5
 �U�� �1�(B �6 -

�/B��(8&`= ��/F- /��� �r= ;+� !'#� ��:< ;�6 �6 �> �-
�- �r= �K�� 5
 %	  J&�� ��/F- /��� �� dH[ 5
 %	  �6

�� + '-�
�('�/&7 �
+ SFe-O-Fe �- ,- ,-º�l� �>��7 $
 -

&1�  � E&9�:��+,	�� �H �'6�+XK= �(KB �-�2 5
 %	  
'�/&7 P/9 5
 %	 Fe-O '�/&7 �
+ S 56�> +Fe-O-FeS  

º�l�����7 5:(06,- 56�> �> �/B��9�:��+,	  � �-
�� � ! ,06]��.[�':@ ,6� '<� _�- ��/� �= S  $
 ,6 

�� �H&1�  � E&9�:��+,	 $
 �/Z['6��f�KB  59�:�� ��  
'B !'6�#� ��%- ��/0� �� !�tBFO�0� J
_� 8
  �- '� /4

'B�- .��/0� 8
  ����Y��<�� �/Z[ Fe3O4�1[� '�� �- d> 
�=  59�:�� 8
  J&�� .��/0� . �A !S '�  �> �H�U S �tBFO 

�6 8&`=  ��&7��� ��1<�= j+�:4 !�+� P/9 �+'[)��
,1�/��� (�= ���8
  �-  � �U ��&9�:��+,	��7 de� � /4XK= 
��� � .

����� �"���
�����
��  �# ��$)FG�4(
��56+*7 �06;�6jA�W �:&�S �� !'B p�H�  ��6pH�(
 

�- P/0M� �/9 �- �U ,&2�4 �> �=  �Fk  ;�6,1� ��7S 
!+,) !':
_U + jA�W ,- �/W/� �F��h ;�6)j�W �
 !'�/B
 %"�� (�� S�- ��,) .N
�1�!'�U,- �=�,- S  pH,&&�4 ; ,- 

J&1� �-U P/FO� j�W �� ./0�&- �
,	 �F&=+ �- *� �+ 
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3��4 =N
�1� VSM . �A/��� �tBFO +�tBFO . 
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�� J����� �
'��+���  

Mr (emu/g) 
J����� K�L:� 

Ms (emu/g) 
��������� 

Hc(Oe)
BFO-2 ��c/��c/�T��/c� 
BFO-3 ���/��c/���l/�� 

3��4M,&2�4 �=�,- PHJ&1� �-U P/FO� j�W . ,&&�4 ,- *� �+  
��/c�T/���/�c�/�pH 

c�c T�c T�l T�l max λ
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