
)����� �	�
��:��/�/����
��� ���� :�/��/��(

÷

��������	�
��� ��	������������� �������� ���� ���Co-Zn 
��� �!�" #�	 �$ %&���'�(���)

�" &*+"�,�$-��%,"�*.� ���" &����" /�01��.� ��0
2� &�341 �	&5 6

��	 �� !"#
$ ��%&�'� �("$ �)*+ "' �)*+ 
,'  
���- ./01 �� !
23*4 ��%&�'� ���$"$ �)*+ "' �)*+ 
,'  

78�%&:�
!5�6�7��28�9 6��
��9�*:�;�*<� �"��=
��76>?�� Co0/5Zn0/5Fe2O4�$ @��A"0BC /C - @' - X�
�"�� 2D�' E/D9� D�&$�� ��!"� A"�')�(FE-SEM) ;�*<� �"F��/G� H*96��9/� �(VSM) 9� $ �):.=
��76�$ >?�� 

@�����&	' �	�D&CJ)�-
�� "#(=
���&���7��� �� FK9 �6°C�LL�°CMLL0DC")�): F.�2�
/C - @' - HX,�&� �'� �N 
��/G��760DC"'#	' �$ ��DO: �$�P � >�/0$ �?')�' � )�?�	 (C ��): F
��� Q60DC"? F
� ����/: .��RC
 FE-SEM ST9 ?' 
��/G��760DC"?/C ��): F
*%G7 U�� ,�&� '� V'�W ?' �)7� .')�'�?6��/G� �)�J �9)$ V'�W �760DC"��� �� �): F6°C�LL �
°CMLLC C �$ "X'��)Y Znm�L�nm���9' .�?')�'!" 6�76;�*<� "����� �� 6' $ [�C' 6?'/� ���Y �� 6= ST9  $ �/G1 �
�

� ,�&� >?���'#	' �$ �N )7�
��� Q60DC"!)��'�'� � Q;�*<� F�=
�'#	' �7
� Q�
)$�' �N 
� \��� �$ )�'/C"V +��� A
,/�76
]";�*<� "��Zn2+�+ ?' 
�&7 ��%�+���+���^ �$ �):�$ .

%:"����4;�&�: 	
�Co-Zn _=
>?�� �_�
!5���28�9 _6�
!5�;�*<� "�_��	�D&CJ ���&	'.

��&<� 
 	
��76K9' "0*��29� 6G�� ��'/� ?' )*2�7 �`01 �`$ �`N 
�
!5� 2D�' 
D�;�*<� �`"��G7' ?' �`"� �`
�5'6�3*`4 �� 

�N )��'��/8 $Z+/� ,J � $��N �? �� �`7"�`* �`76?' a`02�� 
�7�$ *7J �0G+6Gb'� ��9� �
`*2O� A��  `$ 
c/`�# �`78W �`"� 

�7 %�`Y �V�1d;'6?�`! 6��C�N �"�`9' �)`: �`7��# ]��M.[
 	`̀ ```
��`̀ ```76K`̀ ```9' "0*�'�'� 6`̀```: g/`̀```� 	 "G"��


4
3
2

232
1 ])[( OFeMFeM +

λ−
+

λ
+
λ

+
λ−�`̀ 9' V'��`̀ O1 ,J �� �`̀ N 
C C �$ �N' $ � #2�' - A8'� ̀" �)`*7� ,�&`� Z63h/� `"��`76

C�N",/�+ �� �7
�+���^ ��%�(A) ̀�+� �&7 ��(B) �`9' 
)AD:�.(*iG7"\M�C�`N "#`0	 ,/6	 j�� "`2��λ�`",'#

 �+ g�<:'
��%AC�N �$ ",/�76	 j �9 "2��9' @�� �`$ �N -
�76�C"�6=
�6>?�� �`9' �2�$'� ]k�M .[ ̀ $" 	 \`
��`76

K`̀9'"0*� 	 �`̀ 
�`̀ ��ON �CoFe2O4'�'� 6!)`̀ ��'�'� �=�`̀ $ 6

)Oe �lLL(��� �6�/`N 6�- �=�`$ `
�')6`:"G"��
�`����� �
 2D�'
D�?
2�9 ������D� "D�m�O`:' Q;�`*<� � �`+/C A$�h 

�"%��"\)emu/g�L ~] (���L[�`9' .`*iG7" 	 \`
�� �6
)ZnFe2O4('�'� 6 $��N �`̀`7�6;�*<�� 2D�' `̀ `"���- �`̀ `
�')6
:"G"��
2�9 �=�$ ���`D� "D�!)`��'�'� ���`- "
Q;�`*<� � \

n9/2� m�O:')�-"
\�`�� ?'  `C6�L/`0N 
\('� ,J �`N �`9'
 ' $ Z9�*�6�� 2D�' �3*`4 �� � $��N `"�7)���`$ �� (6=�`$ 
�9' �� N]�����.[

>?�� �
= ZnFe2O4�`KN �`��Y �$ ��
��� �� �"`4�8 6'
��`̀� ,�&`̀� �/`̀8 ?' ��/`̀G3� "] ��`̀";�*<)`̀7� .��/-/��`̀ � 

ZnFe2O4�`̀9' F";�`̀*<�'��- �`̀!5
� 6'�'� [�`̀C' 6�`̀�� �� 
]�l[�
= �D"��Y �� m�O:' Q;�*<� �[�C' 6��� �� ,J >?�� 6

�`� ,�&� �/8 ?' �
=�$ �/`O�$ ,J ��`";�*<� �`!5
� � )`7�

∗\o0C �g/p�� �)*�
/�:qrstuuquvqw $�G� �:qrstuuqurvxD"�� 2D�' ��- ��:Birjand.ac.iraamirabadizade@ 

� ��"$ g�9yz*- {��G: �./9 �#"
�- �M|Bo4 ?' �M�� �C M�l 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijc

m
.2

5.
3.

62
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
06

 ]
 

                               1 / 6

http://dx.doi.org/10.18869/acadpub.ijcm.25.3.629
http://ijcm.ir/article-1-960-fa.html


6��$J "�'�)4 6/01 �����' ���'? ,' 
' �9�*: ���N � �9�*:�/0$ �0z� M�L

=7�.�0*"K9' �
 	 6�/0$ ��28�9.

��
)$�]��.[' �$ �+/C �$
 	 �N \`
�� � �`��ON �6�
`!5�-
�762�C��o�)��'� N C "' Z
 	 �� \
� ��<C }1�$ )�'/C""��  
�
`̀!5�	"#
`̀D��/`̀: ,J .`̀9� $��`̀7`̀ � ,�&`̀ � ��`̀N )`̀*7�

��&`̀��+�Co  �`̀$ ZnV'�W /��`̀� �� CoFe2O4'#`̀	' }`̀1�$ 
Q
�-
�')6:"G"��
!��/`8  `$' $ �� ������ ��� �/`O�$ �
`!5�

2-' /;�*<�"D�� ,J ��/: ]�M���.[	 @��"#
D�: �"G"��

1/*2��' $ 6�/C "= )
��76��'� �/+� �/0$ F$ >?�� ]�L[N�
' ��
� \"@�� ,����&	''6�-
�� "!��9 �01 �$ #�0$�h� �`"�

' $ ,J ?' ���o29'6�/C "23*4 )�G7' ?' `"� �`
�5'6�'��/`8 $ 
�9']��.[' $
' �� �~�`9' \`
\Q7�5`- �'� )R`h `
�`$ �`C y

��&��+���6�+ �$ 6 	 �� ���ON 
= � ����ON �
��&`� ��,J
��6?
=  
�6:"�`$ �& ̀9� $��
5`!���28�`9 6��
�`�-

9�*:�;�*<� �"��?'� K$ ,J 
y.

#�	 � ��� �	�$�
�"\`̀ ``7J V' `̀ ``2 Fe(NO3)309H2O)(� �"�`̀ ``��ON V' `̀ ``2

(Co(NO3)206H2O) � �"�� V' 26(Zn(NO3)204H2O) �`$ 
��$�� �J �� ���!')+ �/;
�/"�)C C �$ "��0] �� Z�76L�/L�

L�/L�L�/LA`Y �=/� `��)�/`: .�`�� g/`0B��
?'�/`0��
 ' ,� N
`GzY �O�`� �`$ g/`0B� �9 \��:�:�)`�J �`9)$ .

�04�	 �Q:�- �*7J6$"? �C g?�� \
=  
��� � �6?
=  
�`$ �
C C"���� Z
 cc/min�L�cm 10  �°ClLL )�)`: ���2�' .

J 	
= )*
��&� ���'/2� ���� )*^ ��	 ! .�z�' .=
��76>?�� 
��� �� �� �): ����J6°C�LL �°CMLL V)`� �$ ��1�`9 

�*7J �$ '/7 ��°C/min �0DC")�): F.3C""��/G� ?�	 \�$ �7
 @��`̀9� $�/`̀ C - @' `̀- X)XRDg)`̀� �X′Pert PRO 

PANalytical ( �	 ! .�z�' .' $63C""� \
!5��
��9�*:�
3C �""\�?')�' 6� ?' �V'�W "�� 2D�' E/D9� D�&$�� ��!"A

�`̀`"�')�)FE-SEM g)`̀`� �Mira 3-XMU\\TESCAN (
 ): ���o29' .'  $ ��d1
� \
!5�;�*<� "����/G� �`�� �� �`76

;�`*<� �$ [�C'"F��`9/� H*`9�)VSM g)`� �Lake Shore 
7400(� �C";�*<� ,') ̀"��Oe�LLL ?'/`� �`�+�� �� �6�

�?')�' ST9  $ �/G1!" 6):.

��",�$ � ?��
� 
AD:�#"���J ?' A4�Y H
�2� XRD ��/G� 6' $ "- �7 F`- � Q

6�`̀ �� �� F"`̀ 0DC ?'°C�LL �°CMLL�`̀� ,�&`̀ � '� )`̀7� .
��/G� �9' ��&� �D��*^ �`$ ��28�9 6'�'� �)&� F"0DC 6-

6/`%�' �� �): �)7�&� �!)�J  $ � �9' AD:XRD  �/`$ � 
�9' �&": �
=  
? �$ .��/G� ��� ?�`	 6'�'� �)`: F"0DC 6�7

 �0*"K`9' 6�/`0$)�
��`	 �� `! :Fd-3m �JCPDS 98-007-
9266(�`�/G� �� �	�`�' ?�`	 �`�/! �"7 � )*2�7 �)7�&`� �`7
�G��/:.

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijc

m
.2

5.
3.

62
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
06

 ]
 

                               2 / 6

http://dx.doi.org/10.18869/acadpub.ijcm.25.3.629
http://ijcm.ir/article-1-960-fa.html


)0+�����G: ���#"
�- ���M�6��28�9 �!5
� ��
��
= ��";�*<� � �9�*:>?�� 6. . .M��

=7�6 
/RCXRD�
= >?�� 6�7lO�Fe�/LZn�/LCo 6�7��� �� �): F"0DC � �)&� F"0DC ���Y 6' $°C�LL �°CMLL.

AD: �� �D��*^��� �)
� �F"`0DC 6�`�� Q
'#	' �$ ��/:
�0h 6/%�' �� �): �)7�&� 6�7XRD �`�  C#"C �`$ �`N )�/`:

 �?')`�' ):� A"�� �`9' �`�/G� �%*
�/`0$ �/`O�$ � V'�W 6.�`$
 H
�2� �GN �9� $ �/�*�XRD �?')`�' \"%��`"� �>�/`0$ 6�`7

)D()�): �O9�B� � : �T$'� ���o29' �$:
0.9
cos

D λ
β θ

= )�(

,J �� �Nλ�� �2	� ��N �$ c/� g/; XRD �θ�'? `
� �' `$ �
β�*�- 6� �� �0h "$ V): y`"&"�`9' �* .!)`: \`�- y�`9�

/%�' ?' ���o29' �$ ��%29�6 R*1 @' - Si � )�J �9)$ ���8 
): �2	 !  �� �� .�DO: �$�P �?')�')a(�"�T$'� ?' ���o29' �$#-

6�): �O9�B� .
2 2 2 1/2( )hkla d h k l= + +  )�(

,J �� �`̀N dhkl�0`̀4�	 6`̀$ "� V�Bo`̀4 \h�k�lC C �`̀$`̀" Z

�8�:�76�" 0)*2�7 .����
�)�J �9)$  6>�/0$ �?')�' �`7
 ' $ �DO: �$�P �6��/G� �760DC"g�)`+ �� ��): F�,�&`� 

): ��'� .��*^ '#	' �$ �9' ��&� �D
��� Q6`0DC "�`$�P �F
>�/0$ �?')�' � �DO:'#	' �7
� Q�
)$� .

AD:� 
��RC FE-SEM �
= ST9 ?' F"`0DC >?�� 6�7
 �� ,�&� '� �):)7� .��  `7 6' `$ V'�W �?')`�' U`
?/C �`�/G� 

�� ,�&� �N �9' �8'/*D
 6' `$ #"�� 
�`- ���&`	' @�� )`7�
 >?�� �
= �"�C Co0/5Zn0/5Fe2O4�`9' Z9�*� .V'�W �?')`�'

 ��/G� 6' $ �)�J �9)$ 6�`7��� �� �): F"0DC 6�7°C�LL 
�°CMLL Z"C C �$ nm�L �nm�L �9' .�?')`�' V' `""<C

 ?' A4�Y H
�2� �$ F"0DC 6��� �$ V'�WXRD �`9' �	'/C �� .
�� �`"�C 6' `$ �`N �	 ! �z"2� ,'/C �?')`�' �`$ >?�`� �`
= 6

� 2�! �� � �8'/*D
 �`O*+ �$ �N  2�/��� 6��/`� 6� $��`N 6
�9' 6)�J��N @�� #"�� 
�- 6 K9' @�� �9' �+/C.

@�&A.��";�*<� �!5
� � >�/0$ �?')�' ��DO: �$�P >?�� �
= Co0/5Zn0/5Fe2O4�): F"0DC 6��� ��°C�LL�°CMLL.

���G1' ,')"� ��+ 
F"0DC 6���

)°C(
�DO: �$�P)Å(

>�/0$ �?')�'
)nm(

g�G1' ��";�*<� ,')"�  �N')Y �� Q;�*<�
 �):)emu/g(

�!)��'�'�
)Oe(

�
= ST9 �$ 6?'/� 
�LL 
MLL 

��/�
��/�

��/�
��/�� 

�/�
l/�� 

�/�l 
M/�k 

�
= ST9  $ �/G1 
�LL 
MLL 

��
�/�
�/�l 

�/L
�/��� 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijc

m
.2

5.
3.

62
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
06

 ]
 

                               3 / 6

http://dx.doi.org/10.18869/acadpub.ijcm.25.3.629
http://ijcm.ir/article-1-960-fa.html


6��$J "�'�)4 6/01 �����' ���'? ,' 
' �9�*: ���N � �9�*:�/0$ �0z� M��

=7�B 
��RCFE-SEM>?�� �
= Co0/5Zn0/5Fe2O4a�' 6��� �� �): F"0DC (°C�LL� �(°CMLL..

AD:l��RC 
 FE-SEM= UT�� ST9 ?' `
��`76>?�`� 
Co0/5Zn0/5Fe2O4� ,�&� '��)7� .�`�/G� ��  7 UT�� ST9

0DC"��4 � \%G7 �): F�9' .= �����
�6���`�/G� >?-
�`76`0DC "�`�� �� �)`: F6°C�LL �°CMLL C C �`$ `̀"Z

nm�L� �µm��9' .'#	'
`0DC ��/G� ����� Q"�)`: F
�`̀�� ��6°CMLL`̀0DC �`̀�/G� �`̀$ �O�`̀� "�`̀�� �� �)`̀: F6

°C�LL ���� �$ )�'/C"'#	' A
�?')�' Q�?')`�' � �DO: �$�P 6
>�/0$):�$ �7 .

AD:��2� 
�?')�' H!" 6�`76;�*<� `"���`�� �� 6[�`C' 
=`̀
��`̀76`̀0DC >?�`̀ � "' `̀ $ �)`̀: F6��2G`̀9%" 6�`̀" ,')

;�*<�"��?'/� �6`� ,�&`� '� �`�/G� ST`9  $ �/G1 ��)`7� .
' $6� ���Y ";�*<� ,')"����/G� ���/G� ST9  $ �/G1 �`C �`7
�";�*<� ,')"��Oe �LLL G� m�O:' �$ ��/R`8 �`$ )*`9�

' `̀$6' `̀$ 6`̀0DC �`̀�/G� "� �� �)`̀: F�`̀�6°CMLL .��`̀��
 
� �� Q;�`̀*<�`̀" ,')Oe �LLL!)`̀��'�'� ��' `̀$ 6���`̀�/G�

0DC"�7��� �� �): F6°C�LL �°CMLL ��+ �� �!`" 6
?'/�6�g�)+ �� �/G1��): �b'�' )�' .��Yd� A$�h V��oC'6

$"�2� \
�)�J �9)$ H?'��+ �� !" 6?'/� 6ST9  $ �/G1 �
�� �$ �N ��'� �/+�"�� A� %���`G76;�*<� `"��=`
>?�`� �

�9' .' $6?'/`� �`�+ ��  `7 6���`�� �/`G1
� Q;�`*<�  
!)��'�'��0DC ��/G� "��� �� �): F6°CMLL $"�`�/G� ?' Q

0DC"��� �� �): F6°C�LL�9' .'
`� '� ��2	� \��`$ ,'/`C
��&��+��3$ �?'
,/�76]";�*<�  ̀"��Zn2+�`$ `
,/�`76
;�*<�"��Co2+�$ g��2�' �$ �+/C ̀
,/�`76Zn2+�+ ?' 
��`%
�&7�+��]B[�+���^ �$�)A(g��2�' �`
,/�`76Co2+?' 

�+
�+���^ ��%�)A(`�+� �&7 �$�]B['#`	' �`$
�`�� Q6

0DC"�'� �O�� �F.
m�3`̀:`̀
�/�Zn2+)Å��/L] (��[m�3`̀: ?'`̀
�/�Co2+

)Å�l/L] (��[N)�'�K9' �� � �9'  2!�#$ "O3D� A*��?')�' 
�+
��%�76��D� �)A) (Å��/L(�+ �?')�' ?'
��%�76��`D� �
]B) [Åk�/L] (��[N)�'�(^/N �9'  C .' $�*$
- \"�7)`�/6

)*0$ C�N  C"�/���J"�/�' $ 6C�N ",/�`76Zn2+�+ �� 
��`% �`76
)A(C�N �$ �O��",/�76Co2+3h/� �� "��`76`� �$�&`� �-

'#	' �$  z*� )�'/C
$�P Q�`2� �`$ �`N �/: �DO: �
?' A`4�Y H
XRD)g�)+�(�9' �	'/C��.

'  $ ��d1
C�N g��2�' \",/�76Co2+�+ �`$ 
��`% �`76]B[
'#	' }1�$
!)`��'�'� Q�`��? �/`: ̀
 � %���`G7�� ' 6/`h 6�
 	 �O��
X�9�9' ���ON ��� �$ "C�N �/�Y A",/�76�� �`��ON 

�+
��`̀%�`̀76]B[�`̀9']�l.[`̀ 	 ; ?'�&`̀��+ ���`̀
,/�`̀76
]";�*<� "��Zn2+,�D� �� �76)A(;�*<� ���2&! �"��AN

,�D��76)A(� Q7�N '��)7� .' $�*$
A`N ���`8 ���2&`! \
�7���2&`! �d2`8' �`N ���28�96;�*<� `"��?`
�DO`:  A

)MA(? �`̀ 
 �DO`̀ :  B)MB(��`̀ 9'
`̀ *3�MB-MA]��[�
'#	'
� Q�
)$�.'#	'
!)`��'�'� Q��`�� �� 6`0DC "F°CMLL 

� ���Y ��";�*<� ,')"����G1' �?'/`� 6`� ST`9 �`$ �)`�'/C
:���'#	' ?' 
= ����� Q
>�/0$ /��� �?')�' � �' �� �7 ̀
 �`�� \

�`̀�� �`̀$ �O�`̀�6`̀0DC "F°C�LL)`̀:�$ .'#`̀	' �`̀$
�?')`̀�' Q
>�/0$/��`̀``� ?' �`̀``7nm��/��`̀``$ nm��/��)g�)`̀``+�(
� %���G7��6�"'#	' #
Q
�9' �2	� .*iG7"\'#	' �$ 
�?')`�' Q
>�/0$/��� � �� Q;�*<� �7";�*<� ,')"��$"&"�*��G1'��`"#

'#	'
Q
�9' �2	� .��"'  
�2� \
= �� H
>?�`� �Co-Fe�C `"�
@�� �$ �):���&	'�-
�� "� #"�9' �): �)7�&� #]����M.[

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijc

m
.2

5.
3.

62
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
06

 ]
 

                               4 / 6

http://dx.doi.org/10.18869/acadpub.ijcm.25.3.629
http://ijcm.ir/article-1-960-fa.html


)0+�����G: ���#"
�- ���M�6��28�9 �!5
� ��
��
= ��";�*<� � �9�*:>?�� 6. . .M��

=7�C 
��RCFE-SEM >?�� �
= UT�� ST9 ?' Co0/5Zn0/5Fe2O4DC a�' �� �): F"0 (°C�LL� �(°CMLL 

=7�D�
= Q;�*<� �*B*� 6��� �� �): F"0DC >?�� 6�7˚C�LL �˚CMLLa�' ��";�*<� ,')"� ���Y �� 6' $ (� � 6?'/� ( $ �/G1
>?�� �
= ST9.

��",�$ 
=
��`76>?�`� Co0/5Zn0/5Fe2O4 K`9' @�� �`$6�`- 
�� "#
��6?
= `̀
: �`̀" �&=`̀
��&`̀� ���`̀�� �� � )�)`̀: °C�LL �
°CMLL`̀ 0DC ")�)`̀: F.�
`̀ !5���28�`̀9 6�/`̀ �/	�/� �
D��

;�*<�"��'
= \
��769� $ >?�� �)�): .�2�
HXRD ,�&� 
��= �N )7�
��760DC"'�'� ��): F6K`9' ?�`	 "0*�� �`9' 
7"R��8�� ��/! ���
)&`� �)7�&`�  % .� �DO`: �`$�P �?')`�'

>�/0$ �$ �7'#	'
��� Q60DC"? F
� ����/: .=
��`76>?�`� 
`̀`0DC"�`̀`�� �� �)`̀`: F6°C�LL �°CMLL'�'� 6?/C `̀`
 U


28'/`̀*D��`̀9' V'�W �?')`̀ �' ?' .' `̀ $6� �`̀ ��Y��  `̀7 `̀ " ,')
;�*<�"��= ST`9  $ �/G1 `
?'/`� � �6= ST`9 `
�')`�� ��

 !)��'�'� � m�O:' Q;�*<��' $ 60DC ��/G� "�`�� �� �): F6
°CMLL $"QC0DC ��/G� ?'  "��� �� �): F6°C�LL �`9' 

' �N
� \��� �$ )�'/C"C�`N g��2�' A",/�`76]`";�*<�  `"��
Zn2+�+ ?' 
��%�76�&7 �+���+ �`$ 
��`% �`76�+���`^ ��
g��2�'
,/�7Co2+�+ ?' 
�+���^ ��%��&7 �$ �+��):�$ .

EA"�� 
[1] Valenzuela R., “Magnetic Ceramics”,
Cambridge University, New York, 1994. 
[2] Harris V.G., Geiler A., Chen Y., Yoon S.D., 
Wu M., Yang A., Chen Z., He P., Parimi P.V., Zuo 
X., Patton C.E., Abe M., Acher O., Vittoria C., 
“Recent advances in processing and applications 
of microwave ferrites”, Journal of Magnetism and 
Magnetic Materials 321(2009) 2035-2047. 
[3] Tailhades P., Bouet L., Presmanes L., Rousset 
A., “Thin Films and Fine Powders of Ferrites: 
Materials for Magneto-Optical Recording Media”,
Journal de Physique IV 7 (1997) 691-694. 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijc

m
.2

5.
3.

62
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
06

 ]
 

                               5 / 6

http://dx.doi.org/10.18869/acadpub.ijcm.25.3.629
http://ijcm.ir/article-1-960-fa.html


6��$J "�'�)4 6/01 �����' ���'? ,' 
' �9�*: ���N � �9�*:�/0$ �0z� M�l

[4] Gadkari A.B., Shinde T.J., Vasambekar P.N., 
“Ferrite Gas Sensors”, IEEE Sensors Journal 11
(2011) 849-861. 
[5] Gabal M.A., Al Angari Y.M., Al-Agel F.A., 
“Synthesis, characterization and magnetic 
properties of Cr-substituted Co–Zn ferrites 
Nanopowders”, Journal of Molecular Structure 
1035 (2013) 341–347. 
[6] Mozaffari M., EghbaliArani M., J. Amighian, 
“The effect of cation distribution on magnetization 
of ZnFe2O4 nanoparticles”, Journal of Magnetism 
and Magnetic Materials 322 (2010) 3240-3244. 
[7] Atif M., Hasanain S.K., Nadeem M., 
“Magnetization of sol–gel prepared zinc ferrite 
nanoparticles: Effects of inversion and particle 
size”, Solid State Communications 138 (2006) 
416-421. 
[8] Kim W.C., Lee S. W., Kim S. J., Yoon S. H., 
Kim C. S., “Magnetic properties of Y-, La-, Nd-, 
Gd-, and Bi–doped ultrafine CoFe2O4 spinel grown 
by using a sol–gel method”, Journal of Magnetism 
and Magnetic Materials 215-216 (2000) 217- 220.
[9] Gul I.H., Maqsood A., “Structural, magnetic 
and electrical properties of cobalt ferrites 
prepared by the sol–gel route”, Journal of Alloys 
and Compounds 465 (2008) 227–231. 
[10] Gharagozlou M., “Synthesis, characterization 
and influence of calcination temperature on 
magnetic properties of nanocrystalline spinel Co-
ferrite prepared by polymeric precursor method”,
Journal of Alloys and Compounds 486 (2009) 
660–665.
[11] Wu J., Gao D., Sun T., Bi J., Zhao Y., Ning 
Z., Fan G., Xie Z., “Highly selective gas sensing 
properties of partially inversed spinel zinc ferrite 
towards H2S”, Sensors and Actuators B:Chemical 
235 (2016) 258–262. 
[12] Naseri M.G., Saion E.B., Hashim M., Shaari 
A.H., Abasstabar Ahangar H., “Synthesis and 
characterization of zinc ferrite nanoparticles by a 
thermal treatment method”, Solid State 
Communications 151 (2011) 1031–1035. 
[13] Yang J.M., Yen F.S., “Evolution of 
intermediate phases in the synthesis of zinc ferrite 
nanopowders prepared by the tartrate precursor 
method”, Journal of alloys and compounds 450 
(2008) 387-394. 
[14] Sato T., Haneda K., Seki M., Iijima T., 
“Morphology and magnetic properties of ultrafine 
ZnFe2O4 particles”, Applied Physics A 50 (1990) 
13–16.
[15] Bohra M., Prasad S., Kumar N., Misra D.S., 
Sahoo S. C., “Large room temperature 
magnetization in nanocrystalline zinc ferrite thin 

films”, Applied Physics Letters 88, (2006) 
262506–262509. 
[16] Vaidyanathan G., Sendhilnathan S., 
“Characterization of Co1−xZnxFe2O4 nanoparticles 
synthesized by co-precipitation method”, Physica 
B 403 (2008) 2157-2167. 
[17] Akther Hossain A.K.M., Tabata H., Kawai T., 
“Magnetoresistive properties of Zn1−xCoxFe2O4
ferrites”, Journal of Magnetism and Magnetic 
Materials 320, (2008) 1157-1162. 
[18] Islam M.U., Aen F., Niazi S.B., Azhar Khan 
M., Ishaque M., Abbas T., Rana M.U., “Electrical 
transport properties of CoZn ferrite–SiO2
composites prepared by co-precipitation 
technique”, Materials Chemistry and Physics 109 
(2008) 482-487. 
[19] He H. Y., “Comparison study on magnetic 
property of Co0.5Zn0.5Fe2O4 powders by template-
assisted sol–gel and hydrothermal methods”,
Journal of Materials Science: Materials in 
Electronics 23 (2012) 995-1000.  
[20] Lloyd P., “A review of thin film techniques for 
microelectronics”, Microelectronics Reliability, 6 
(1967) 177-187. 
[21] Tajabor N., Alinejad M. R., Iranmanesh P., 
“Preparation of SrTiO3 thin films by spray 
pyrolysis technique and study of their structural 
and optical properties”, Iranian Journal of 
Crystallography And Mineralogy 16 (2008) 225-
232.
[22] Amiri S., Shokrollahi H., “The role of cobalt 
ferrite magnetic nanoparticles in medical science”,
Materials Science and Engineering: C 33 (2013) 1–
8.
[23] Atif M., Nadeem M., Grössinger R., “Studies 
on the magnetic, magnetostrictive and electrical 
properties of sol–gel synthesized Zn doped nickel 
ferrite”, Sato Turtelli R., Journal of Alloys and 
Compounds 509 (2011) 5720–5724. 
[24] Kumar L., Kar M., “Influence of Al3+ ion 
concentration on the crystal structure and 
magnetic anisotropy of nanocrystalline spinel 
cobalt ferrite”, Journal of Magnetism and 
Magnetic Materials 323 (2011) 2042–2048. 
[25] Kolhatkar A.G., Jamison A.C., Litvinov D., 
Willson R.C., Lee T.R., “Tuning the Magnetic 
Properties of Nanoparticles”, International Journal 
of Molecular Sciences 14 (2013) 15977-16009. 
[26] Amirabadizadeh A., Sarhaddi R., 
Vahedipanah Z., Mardani R., “Structural, 
morphological, electrical and magnetic properties 
of nanostructured CoFe thin films prepared by 
sparay pyrolysis deposition method”, Surface 
Review and Letters 22 (2015) 1550068–1550076. 
 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijc

m
.2

5.
3.

62
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

24
-0

5-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.18869/acadpub.ijcm.25.3.629
http://ijcm.ir/article-1-960-fa.html
http://www.tcpdf.org

