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

÷

���� ���	
���
 ����� �
 ��������� � ������ �������� ������ !"�"#� 	��$ %��� 

��&� 	'()��*+ &,(� -���)*�.*� /�01 -���2

������ � ����� � �
�! "#$% &�'(� � �)
*+	 &,-. 
/����� � ����� � �
�! "#$% &�'(� � ��0+1 &,-. 

�3�-&:2
  ��34,5! �#��� 6 �7 Cu0.5Zn0.5Fe2O4��!8�9 , 6 -:+; &��� 3+! <,� �9 ��/�� ���� ,°C���=�=1 �+�> .
�.5
,��#0� @��:A�; @�4 �4<,� �9 #>-! @��#! < -! XB+C ,DE;�F-;,-	 =�=1 �;�-9 .:1-;��9�
��:A�;@��#0� �9 �4

 8  &��G:; "-� � *	  X'Pert"-� ,� *	 Fullprof -9 @=4�1 �HIJ� ��:A�; K+J(>9��L �;  �M��A�� 8�	 �#NO�9C+B@�4 FT-IR 
�;  &=1 =+
P>.-
����&8 =� @Q;#:�R�#$9�4�JH1 -:� ��! ,&=1 �H;�S� @ ���#0� @ -9  � � =�� 2
-:0L :�!8�9 �� �@���

°CTUU ��(� � � .V-�  W�.@� #� @��#0� �4+�*-X 8  &��G:;  �9 
YZ[\ ��, -9=1.����#0� ��9�(� �(EL , Q
 -1 @8�9 &=1 ��!
 @��� ��°CTUU=+�L #E� 3
��L  @ -9  � �:�+��>�L �-J$0% 2
-:�9 &8 =�  K+�� �9 ��>  , 29-L@R�#$9 �)]#L �� ��(� ->=4�.

-5�����*��&�:^� �
-	�@,�_&=E
`a  #4 @�4_��+��>�L#��� _3
��L  CO _C2H6.

�&6�7
b�; ��#��� �-+A  @�4 �.5
, K+�� �9 KE+c;  �
-	 6 �7

�9-MSE� d#X#� ��-	34,5! 8  @��+�9 � -'(4,5! ,
�E+�8 �� � =E0(� �@#��� @�,�E	 �;  .�
-	KE+c;  @�4 
��#0% b#�-	 @ � �[A2+][B3+]O4�a �� �L =E:�4 A

�#+>�L,� @*$	 @�4 =E��� �:+	-eCu �Mn �Ni �Zn  ,B�
�; �#
 �:+	-eFe �;  ]g�h.[.5
,��4@��:A�; @�

J
-:J� ��+C�E�� ��:�+��>�L ,��
-	 �4@j>  �9 KE+c;  , �4
�a k
8#>&�'
�\ �� �4�4@A,B�;  �:�9 , KE+c;  ]l.[��

�&,-. 2
 #��� ^� �
-	 6 �7�@,� )Cu1-xZnxFe2O4(m*\
�+C�E�� � #��"-� �9+04  ��+L =�� � ��9 ��
��� �� ��
-	 -
�$E+c;  @�4�
-'@-:(+9 @�4�-9��L �=�� � ]n�go[.�.5
, 

#��� ^� �
-	 6 �7��4��:	� �9 �+H1 @,� @���+C�E�� 
'�O , �:�+��>�L�4-@8�. @�#� �H�� �9 6=1 �9 �Cu ,

Zn �;  �:�9 , �A�; <,� ,]p�gT.[
->-9@q�*9 �
-	�4W=4 @ -9 �4@@�,*+��>�L 2
  �;  

�9 �L $L�#C�, =E:�4 ��+C�E�� �9�:O ���8 ^! � #>
�!
��3EL , ��a�4 ��	�
8�9 �9-E4a )
 8  &��G:;  �9 ,�,=9

@�,*+��>�L �+��I	 �� � �;� 8  ���#� &��G:; &��9,�� -r � � .
���(E
�\ 3
 *	  �9 �L �;  &=1 &=4�(�  -+A Sc �
-	 �� 

KJ+�–�� ����HL K
=H> =t 3
 *	  ��!,-! , �*E9 ��#:;  
�� =9�
]gu.[2+Ev04#��� 6 �7-	
����HL&8 =�  ��@�4 

B$:��nm�� ����>�L 3EL , ��+�,* @K
=H>CO �9CO2

&��G:;  ��#� � -r , �	-. 
2�D+:� =�a �;� �9 �L 6 �7#���
-	
�-:J]#L  � �@, -wx� yz; 
&5-:(+9 ,�.5
,@�4 

>�L -:�9 �:�+��:�4 =E]��[.{��] , #� ]�|[�.5
,�
:�+��>�L�K
=H> �� �4 �
-	 d #�  CO �9CO2 � �;�-9

 , =��-L=�� � ��(� ^� �
-	 �L )CuxFe3-xO4(@ � �
 K
=H> =t�� 2
->`�9�; .

K
=H> =t�� 2
-:(+9 ��;�-9 2
  �� 2+Ev04CO �9 

24a �9 ^� �H�� @ 8 52
1

3 .=−x
x=1 &=4�(� .��+� ��

∗2G$> �b#}�� &=E�
#� :pnT~TuT~u~g~ +-9�0� �:pnT~TuT~u~g~+J+�,-:J�  ��! ��:ah_gh1359@yahoo.com 

, ��+9 b�;"���] ���01 �",� ���:�9�> ���SGt 8  �/�| �> ��� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             1 / 12

http://ijcm.ir/article-1-101-en.html


@�=A��$r &� 8�)$� &� 8� -
  �;�E1 ���L , �;�E1�#$9 �$D� /��

Y+L->�4@&,-. Cu1-xZnxFe2O4��#0� �@
Cu0.5Zn0.5Fe2O4 � � @2
-:�9 , d�H1  3C�E�� 2
-:(+9 

.5
,�:�+��>�L �=E:�4]���/�.[�6 �7#��� �A�; �
Cu0.5Zn0.5Fe2O4=1 "#$I�&8 =�  �L @�R�#$9 

��
�;�E1��48�	 ,@�#$9 @�A�; <,� �9 6=1 �9 
�:�9 , =�]��.[ -9@;�-9 �
�:� �b��� ��4@:�+��>�L �

6 �7#���Cu0.5Zn0.5Fe2O4j4 <,� �9 &=1 �+�> 9#;���
 -9  � K
=H> =t�� 2
-:(+9@� 2+$+�a ��#0� -4 � ��(�=4�

]��.[
^� �
-	�<,� �9 �#EL�> @,� @�4���O �� =��:;  =��\ 

]p[�,,-L�� � -:O  <,�#
]��[J+� -; ��! ��]�/[j4 �-
9#;��]�����[=E
 -	 �9��-.�]��[K; ���r -:O �#A bV

]u[,... �;  &=1 =+�#> .��!����� @ -9 Y$�  `�9 @�A�; 
�cL �
-	 6 �7#��� @
-C 8  =��\ ���O 3EL , �@"�D�  

����O�� �#1� -9 �L@�4�-9��L @:�+��>�L �<,� �9 8�+� �4@
=E
 -	���-.��
3+! &��� 6 -:+;�;  .8 34,5! 2
  ��

3+! <,�&��� �A�; @ -9 6 -:+; #��� 6 �7 
Cu0.5Zn0.5Fe2O4�L �;  &=1 &��G:;  ��! K+�� �9��

���@2+
�! �> �7#��� =+�#> �9&8 =�  ��
* � -:J]#L �� � ��J�  
[!
� -�8�; �.��#0� �A�; 8  ^! �4�93+! <,� &���@

6 -:+;��! @��� -+wP> � #4 �� �.5
, -9 �@��:A�; @�4
 ��#� ���a �:�+��>�L , �J+:! ;�-9�4 #A � -r E�	-. =.

8�� � ��!���
 -9@�A�; #��� 6 �7 Cu0.5Zn0.5Fe2O4<,� 8 3+!��� &

6 -:+;=1 &��G:;  .�,  � #�+�)0� K��1 @�4�+6 -:24a 
)Fe(NO3)3.9 H2O(� �+6 -:,�@)Zn(NO3)2.4H2O(,
�+6 -:^�)Cu(NO3)2.3H2O(�! -9
�@�DE;-ME% 

Z#$z��8#> 
2=�=1 .>-> �9  � " =L-4 ^c;+Y-z�� Za �� 
KO�-L� b#$S� �> �+6 -:�4�9�;�a
=.^!8 �a

; +;=+:-
)�#� �H�� �9��8#> ��(� 
2&=1 ,Za ��
 -z��KO-L&�,�9b#$S� +�6 -:�4�	�X  =1.; +;=+-:
)

�9� #E% K��% $I>+��]�,�E1@[�9��L ��,��. ��
2b#$S� 
b#� d#0D�
�#@�4�+6 -:; �9 -9 -9 +;=+-:
�)�H�� �:��

�;  .6=� �9 Kt�O b#$S�/�r�+����� �� @��>  9;, �+�$

)04�*+C�E�����, �#1 KO ����L �> =1 &�8 j4 bV

&#�r W�G1 @'�� ��9�;�a
=.bVKt�O6=� �9 /

���H1 8,� �� &�#L °C��=1 )(A ����L 3+! �> &���@
�#1 &���a 6 -:+; . ��
2��$O-� 3+! KL&���@6 -:+;�9

�;� &=�a �; �93�9 , j+��> @,��� -4
)�. =\ �� ��
 @�4���/�� ���� ,°C��� ��&�#L @-:J�  
J�6=� �9 �;

�%�;  #4 �� ��!8�9=1=�.
^J
  #>-! < -! @�4#'� )XRD ( 8  &��G:;  �9< -! �E; 

Bruker AXS b=� D8 Advanced 39�> �9 Cu-Kα�� 
&-:�.@�
, 8 @ o��–/�=θ/kHE� �9 *�D� Cu-Kα)kV 

�� ,mA ��(�9b#C #��Ǻ����/��� KJ+� -:$+	 �9 ,
=1 �Hw ��>  @��� .@,� 6�%�C XRD�:�9 8  &��G:;  �9 @

@��D>X'pert"-� ,� *	 Fullprof ��#� ;�-9�� -r �	-. .
�9 �#�E��H;�S� , ��:A�; �;�-9 @�+'��+2&8 =�  @R�#$9 ��4

�=��4 , �-1 <,� ,� 8 �-E. ,)H-W (=1 &��G:;  .�\��
,� ,'��<,� 8  &��G:;  �9 XRD�H;�S� �9 @6=1 �H�� -

�4@ooUI///�I,�+*<,� �9 9+DE; Z�E�F-;,-	 ;�-9 �
=19 �+Z�E UV-Vis��#0� 8 &��G:;  �9 �4Analytikjena b=� 

Specrod 205 ���&-:�.@b#C �#� nm���� �/�� 
&8 =�  .+-=1 @.@ -9��, -9 -
���� W�J1�,-9 8  @V-�  �
�9
3�9 � �#0� �zA /)αhυ(Y�O-9)hυ(j+�:�� � [. @ -9

=1 &��G:;  .
B+CF-;,-	��#0� �9 �4FT-IR2+L-! �b=� -0�  RXI 

��&-:�.@��cm /����/�� =1 �Hw .��#0� -4 �-r�9
=+�-9 j+;�:! & -04 �9 �	�L � =��)KBr ( ��(	 �9��2>�9

=1 �+�> �-!.
�9 �#�E��#�8a*+��>�L �,�9  #4 8  �&=1 �+�> @�4 � #E%

�+H1 8�. �9 & -04 &=E��  �0DO �H�� �� 8,*.  &=1 @8�;
�� &��G:;  ��(��#1 . -9@��#0� �:�+��>�L �.5
, �;�-9 -

8  ��4GC-2000 �"-� �4� *	  @TGF1-GC ,Peak simple 
)&=1 K
=H> @�48�. � �#0� -
8 yz; �H;�S� @ -9 (&��G:; 

=1 . -9@�a&�� ��#! ��,*+��>�L @8�;�>+�&=1 �9 ���� �; -4 �� 
6=�/U�+��w &��G:;  �9 ,�-r 8�;IR ����(	 ��2>#+� 

&8 =�  �� �4�'(
��8a ��  @,�@g�U–�U3�)6 �7 � =I>
yz; =O , ��("�D�  =1.^!�9� j+�E> 8  8,*.  8�.

cm3/min oU�#:L � -+�� �� �48�. ��
-\ ��9 @,� 8  @-:
 K��1TUU�$+� j(! @,� &=1 &� � � -r �,*+��>�� "-.

 
1- Teif Gostar Faraz 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             2 / 12

http://ijcm.ir/article-1-101-en.html


=$\/�&��01 �/���9 ����� @��� -w  ��!8�9�.5
, -9 �:�+��>�L , �J+:!  �@��:A�; @�4. . ./��

kr , �#:L � �� �+� -;�,�� �� �#H% &�#� =E� .*+���a
��#0� �9 6`#MS� �9 �
�*> , @-+.GC 6�#t �	-. .���� 

3EL , @�48�. -.8 ��+-=1 *+���a �H��\ =�.�#$�� ^c;
 @8�.^!��,*+��>�L @,� 8  �#H% 8   -9@*+���a �9 GC �
�*> ,

��� �� @�4B$:���	-. "�D�  .-4 8  ^! �L 6�#t 2
  �9
K��L 3
���  �> &�#L @��� ��
�*> �$O-� 8�.@�4b=� 8,*.  

CO ��>  ,)C2H6(�� 3
 *	  =9�
.3EL , @�43
��L K��L 
8,*.  8�. @ *\  -9�E9 b=�8
�	-. 6�#t -.

CO + 1/2 O2 → CO2 )g(
C2H6 + 7/2 O2 → 2 CO2 + 3 H2O )T(

�
�;�E1 @ -9&��, -	�4=1 &��G:;  @8�. �	 -.#>��,-L 8  .
��L 2
  �� &��G:;  ��#� *+���a j:�+;(4,5!�8 8�. 

b=� @8�. W -.#>��,-LGC-2000B+C k
�Et �L-1 -:�.
�*
���:� �9 *�D�/=1 &��G:;  .8 ��#:; K��1 &�':;� 2
 

 b#C �9 �*� {�8 �`#	o-! �-:� �9�w 8�	 �9 &=1Porapack-

Q�; �� � �L &-GO @-0+$! @�4 k	� , Z[\ �L �;  � �
8�. "�D�  �a @,� �4#1�.d#� 8  &��G:;  ��#� 8�;��J1aFID�

�;  &�#9 .�a 8 �\-.�;�E1 2
  �L -9@29-L,�=+4 �
�;�E1 -
��;�4 -9@8�. �
�;�E1 @�4CO ,CO2
���:� �,*+��>�L 8  �*

=1 &��G:;  .�� �,*+��>�L 2
 Co~pU �CO ,CO2��:� �9  � 
K
=H> ��EL=.3EL , 2
  �4�9�� "�D�  �V,�=+4 8�. �#1 . [�

�9 �V,�=+4 8�.=1 &��G:;  K��O 8�. � #E%, ��#:; �\,-A 
^c; , �*
���:� �� ,�98�;��J1a 
�#+&=EEL &=�$I1 @ 

�
�;�E1=1.
�+��I	 2
 -9�E9 8�. K
=H> =t�� �@�,*+��>�L 

29-L=+�L #E� ��>  ,�> ��� 3
 *	  �9 Q+S� @��� 8  3
��� 
K��L 8�.@�4b=� 8,*.  CO ��>  ,)C2H6(8 &��G:;  �9

=1 �;�-9 �6`#MS� *+���a=�.

:;
 � <���" 
������� ����� ����
 

�.5
, �;�-9 @ -9��#0� @��:A�; @�4 < -! @�4#'�  8  �4
>-! #X=1 &��G:;  .�;�-9 8  &��G:;  �9 @��:A�; @�4 �:�9

 @��D>X'pert KE+c;  ��:A�; K+J(> ��#0� �; -4 @ -9
 �
�N	 &,-. �9 �HIJ�Fd-3m  � �M��A�� 8�	 �#NO �,=9 

2- Methanizer 
3- Flammable Ionization Detector 

�� =+
P> �L =EL�Hw -
���� �96��L �� &=1 �� =��:;  @�4
�JCPDS &��01 �9�@T~pp�lo�� � �� #�04 .� ��! @�4-:

�JH1�J
 �:A�
 @ @#>-! < -! @�4#'�  �;�-9 8  X�9 
8  &��G:; "-� � *	 Fullprof )KJ1g=+E+H9  � (&=�a �;=9

�;  .��� 3
 *	  �9 2+Ev04�$r 6=1 �#>-! < -! @�4X
��#0��a @�E�! , -:(+9 �4�;  &=1 -:0L �4 .�� �J��E] B+C 

��#0� < -!�� &=
� �4>=
=1 ��#1 8  < -! �9 �#9-� �$r 2
-
�SGt@)~gg (�; 34,5! "�0> �� �L �� &=1 ��
 -'
� @�4
 -9 `�9@�
-	 �4@ � � @&=1 =+
P> *+� �HIJ� KE+c;  ��:A�; 

�;  .
��  
8 �DE��
���@ &��G:;  �9 �L 8 2+'��+� &8 =� @

R�#$9 @�4#��� 6 �7 Cu0.5Zn0.5Fe2O4�9 �;� &=�a� 8  ,
�=��4 , �-1 <,��-E. , <� *.&=1 �;  .��,� -4 <,��

-
���� βhkl)@�E�! K��L ��BM� �E+(+9@)FWHM (�$r-
@�4 < -! (,θ8  �
�:� �9�;� &=�a 8 =�, �
� <,� �9

&��G:;  8 ����-9 Fullprof ��(� &=1 =�  .2+Ev04
-
����dhkl )�$t�	@2+9 6�SGt �,�D� �9�A�1 -$+� )hkl((

8  ����I�@q -9 ,�9 Ǻ����/�λ =
�H;�S� &=1 �; .

&8 =� @R�#$9 �-1 b#�-	 8  &��G:;  �9 �4 :

)�(
�H;�S�@����I� �L =1 @2�! �.=1 @#'�  XRD �9 �:�9 , 

&8 =� @ � R�#$9 ��(� ��4�=.���DE
 βhkl K��L @�E�! ��
�E+(+9 6=1 j+�@)FWHM (�$r 2
->=
=1 ��(� @�4
 KJ1 @,� &=1��K�-1 �9�w �9 -9 -9 ��/��D&8 =� @

�R�#$9 Ǻ����/�λ =b#C �#� #>-! ^J
  ,θ�
, 8 @q -9 
�$r 2
->=
=1 KJ1 @,� &=1 ��(� @�4�@ -9 6 �7#��� 

Cu0.5Zn0.5Fe2O4�;  .1KJ/�H;�S� @R�#$9 &8 =�  
@��� ��#0�°CoUU�� ��(�  � �-1 <,� �9 =4� .��2
  

-
���� j;� �<,� cosθ)�#S�Y(Y�O-9 βhkl /�)�#S� X(
��#0��4)
QAj+�:�� �;  �J��E] KJ1 �� �L T�
&=

����#1Y+1 <8 -9 �zA &� ��4�&8 =�  R�#$9 )D( ��� �9
��=4�.��2
  �<,� 3
 *	  @�E�! �$r �9�$% 34�L &8 =� -

@R�#$9 �; .

4- Joint Committee Powder Diffraction Standard 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             3 / 12

http://ijcm.ir/article-1-101-en.html


@�=A��$r &� 8�)$� &� 8� -
  �;�E1 ���L , �;�E1�#$9 �$D� ���

=�>?#>-! < -! @#'� X^� �
-	 ��B$:�� @�4��� �� @,� �z��&� � ��4< -! @#'�  �9 �#9-� "�A @�4��H;�S� < -! @#'�  �-! QA 
&=1��$r ��J� �@�#0% �#zA @�4��:A�; q -9 @�49 �HIJ� �
�N	 &,-. �Fd-3m ��#0� @ -9  � �4�� ��(�=E4� .2+
�! �9 �#9-� ��ESE� 2
->

�;  &=1 �H;�S� , &=1 �Hw < -! @�4#'�  2+9 W�:A .

>=�2@��� �� &=1 ��!8�9 ��#0� R�#$9 &8 =�  �H;�S�C°��� �-1 <,� �9 .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             4 / 12

http://ijcm.ir/article-1-101-en.html


=$\/�&��01 �/���9 ����� @��� -w  ��!8�9�.5
, -9 �:�+��>�L , �J+:!  �@��:A�; @�4. . .���

b#�-	 �-1 @ -9 2++I> &8 =� @R�#$9 8 k
8#> A�z�;,�. 
&��G:;  ��=EL .���:�  ���,� �Lb#�-	 �-1 @ -9 &8 =� @

R�#$9@�4 8 -:.�*9gU-:�#��� =1�9 -H:I�.
6�%�C  �+3�-L,-J)ε(,&8 =� @R�#$9)D(8 βhkl ,

dhkl �9&��G:;  8 <,� �=��4 �-E. ,)H-W (�9�;� &=�a 
�;  .<,� H-W�� �� �   � -
8 Y
-�> =4�]Tg:[

)o(
�L βL,βGY+>-> �98 =E>��H% �G�x� �4@^:��#�,�;,�..

<,� �� H-W&8 =�  �@R�#$9 ,,-J+�3�-L Y+>-> �9 �9
8  &��G:;  >#k9  ��:��#� ,;,�.��&=1 &� � �-1 =� ]//.[

@ -9 &=1 �� �  b#�-	<,� H-W�9 �;  -
8 6�#t :

)�(

�a �� �L,.��
2
 <,� � �#0� j;� )�#S�Y(Y�O -9 

)�#S�X(�9 �#9-� =
=12
-> �$r @�4
 KJ1 @,� &=1 ��(��)
QAY+1 �9 �; � , �H�� 

=H� 8  �-% �-Gt -+� �; �L@ -9Cu0.5Zn0.5Fe2O4

@��� �� &=1 ��!8�9°C��� KJ1 �� �=1 &� � ��(� .
&8 =� @R�#$9)D(8 �,� , ��-L1+Y<8 -9 zA�,

�+3�-L,-J 8 �
�(@�-% 8 =H���9�;� &=�a �; .
&8 =� @�=��4 , �-1 <,� ,� �9 &=1 �H;�S� R�#$9 �

�=��4 <,� �9 &=1 �H;�S� 3�-L,-J+� �-E. ,��H�� �-E. , 

ooUI///�I�JH1 -:� ��! , @ab,=\ �� ��;  &=�a .
�1 -! @�4 �$r @�E�! 34�L -9 &,�% ��! @��� 3
 *	 

)&8 =�  3
 *	 @�JH1 3�-L,-J+� 34�L �D+:� �� , R�#$9 -
@ (�$r ��J� �L-O YH; ��
, 8 �0; �9 �4�4@-:(+9 

)jDO , �JH1 �9�w 34�L (���#1 .&8 =� @�9 R�#$9 �;�
�=��4 <,� �9 &=�a�� -E. ,�+r �-1 <,� 8  ->��;  ����  -
8 

)
�*� <8 -9 QA �9 <,� 2
  �� &=1 <8 -9 ->:�4=E.
�+'��+2R�#$9 ��#0� �H;�S� �->`�9 @��� �� &=1 ��!8�9 @�4

 &=1�9<,� �=��4 �-E. ,�q�*9 ->&=�a �;=9 -
���� 8  8 
��#0�2+
�! @��� �� &=1 ��!8�9 @�4�;  ->.�,-J+3�-L �9 

E�!�z9 � �$r @�@�#JI� �z9 � R�#$9 &8 =�  �9 , j+�:�� 
�� � .�DE
  ��'E
�#$9 3
 *	 �)&8 =� @R�#$9 (3
 *	  -w  ��

� ��!8�9 @����8 �1�� =� #> j�; 34�L 3�-L,-J+�
�JH1 @ =1�9 .jDO �9 yz; �H�� -:J]#L 6 �7 ��#� ��

 q�*9Y\#�3�-L 3v+! , , �4
�4�� ��:A�; �� �9 )
�*
� yz;�=EL.

���O ,� 2+9 @V-�  W�:A  �6 �7#��� @ -9 ,-E
  8 �#
 -
@�4Fe3+��\,���] &�'
�\ ,� -4 &=EEL b��1  A�(4 ,-

��\,B�� ���:�  �9 ��
��� �� �> �,� 2
  2+9 @V-�  W�:A 
�+IX, ,��cL � #� �� YH; �D+:� �� , =9�
 34�L @  

�#1 �'�,� , 3
 *	 ]T~[.&8 =�  -:(+9 34�L �9 �2
 -9�E9
�� -:(+9 �'�,� , K
�0> 2
  �yz; 3�� 3
 *	  , 6 �7�#1 .

=�>@�H;�S� @&8 =�  @��#0� R�#$9 @@��� �� &=1 ��!8�9 C°��� <,� �9H-W .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             5 / 12

http://ijcm.ir/article-1-101-en.html


@�=A��$r &� 8�)$� &� 8� -
  �;�E1 ���L , �;�E1�#$9 �$D� ��/

2+Ev04�E99-�4 <� *. @$Hr ��YH; �9 �'�,� , 3
 *	 
�#+>�L k
8#>8�9\ �� �4&�'
� @�4A,B-:� ��! 34�L �� 

�JH1 @�5+�L  ���J� -:� ��! ,��� � -+wP> KE+c;  ��:A�; 
]To�Tu.[-�L b��:�  YH; �9@�#
 8  @�4Zn2+&�'
�\ �9 -

�(4 @�4 ��\,B�#
 �9 ��(	 �D+:� �� ,@�4Fe3+�� kr , 
&�'
�\�(4 @�4 ��\,B&�'
�\ �9 ���a b��:�  ,@�4

��\,���] A�
#�,  W�A-9 �'�,� , 3
 *	  ��4@
�+0+1 �
� �D+:���#1]Tu.[�#
 �L �D�a 8  @�4Fe3+�#
 d�I1 �9 �
-:J]#L)Ǻho/U(&�'
�\ ��(4 @�4�#
 ��\, @�4
:+	-e,��-:.�*9 Zn2+)Ǻn~/U(� b��1   ���D+:� �� =EEL

�JH1 -:� ��! 34�L @�\�� 3
 *	  K+�� �9 @�'�,� , �� ���:
���,�]gg.[2+Ev04-9�E9<� *. �4@$Hr ��H�� 34�L �

ooUI///�I��#0�:�!8�9 ���� ��@C°��� YH; 3
 *	 
��#0� 2
  �'�,� ,:�!8�9 ������@C°/�� 3
 *	  ,�H��

ooUI///�I��#0�:�!8�9 ���� ��@C°��� 34�L YH; 
�9 �H�� �'�,� , ��#0�:�!8�9 ������@C°������#1

]To.[�L �1 � �\#> =
�9&�'
�\ -+wP>�(4 @�4 �� ��\,
 �JH1 �9�w&�'
�\ -9 -9 �;  ��\,���] @�4]/�.[

�2
 -9�E9&� � b,=\ @�4� -9@��+��>�L �4@��#� ;�-9�
�� ��(�C �L =E4���> ��� 3
 *	  C°���3
 *	  �'�,� ,�

34�L YH;1 -:� ��!�JH @���#1 .�> ��� 3
 *	  �9 �� �  ��
C°����*\ 34�L �#\, �9 ��0L � =I> �(.-9 , �'�,� ,�

�#
 8  @�4Fe3+,Zn2+&�'
�\ �9 Y+>-> �9 @�4B,A�jDO
� 34�L�� �L =9�
�1�� =� #>�,� ���*04 -++�> =E
 -9 8  

&�'
�\A,B=1�9 ]Th.[� `�9 �S9 8 ��D+:� � #> �L �	-.

C &=E4� F� =E
 -	�4���-. �'E
�#$9 3
 *	  ���;  �9 �L 
34�L�,-J+3�-L'�,� , 6 -++�> ,��;  & -04 .

����A�SEM �TEM 
-
,�M> SEM ,TEM��+��>�L @��� �� �:�!8�9 ˚CTUU 

KJ1 ��o &=1 &� � ��(� =�.-
#M>SEM ��(� 
�� �L =4��a ��:A�;�;  K�$�:� . *	  �K�$�> -:� ��! 3


�9  � �,*+��>�L �+��I	 3
 *	 �� � & -04 .
-
#M>TEM ��I9  �9 �,*+��>�L #��� K+J(> )d(8 -:0L

gUU�� ��(�  � -:�#��� =4� .2
  6 �7 &8 =�  k
8#> � �#0�
 &�7 &8 =�  2+'��+� , =1 j;� �,*+��>�L)dTEM ( 2
  @ -9

8#> <8 -9 8  &��G:;  �9 ��+��>�L k
8#> k9�> �9 6 �7 &8 =�  k

b��-� j:
��'� :

)o(




















−=

TEMd
dln

ddd
2

22

1exp
2

P(d)
1

σπσ

� =��TU�9 -:�#��� =�a �;� .�9 &�7 &8 =�  2
  8  &=�a �;�
&� � 8  -:.�*9 <,� �L �;  ^J
 #>-! < -! 8  Kt�O @�4

��KJ1 8  �1�� =� #> 6 �7#��� B$:�� @�4)�9, @,-L 6�#t
E] �
��\, =(�; .

B�C ����
 D�� ��$ 

��#0� F-;,-	 B+C KJ1 �� �4u&=1 &� � ��(� �;  .-
����
��#0� @ -9 F-;,-	 ���;#� @�4=�b,=\ �� �4T&=1 &��,a 

=�  .�
-�� �9 �\#> �9@HIJ� KE+c;  �&,-. ���DE�9 ,��,� ,
 ���] =
�9 F-;,-	 � #��9�.=E
�0�8 gυ�Tυ�~υ,oυ�:1 �

=1�9 .

E�&F)&8 =�  , @��:A�; 6�%�C  @��#0� R�#$9 �4.

3�-L,-J+�
 R�#$9 &8 =�  

)-:�#���( �JH1 �9�wa

)Ǻ(
ooUI///�I

gU~εH-W×DH-W DSch 

��� 
)C°(

#���
��+��>�L 

���/�nh/U��/���/�� ��/��
 

/�� 

��|/�|�/��|/�|�/�� |/�� ��� 

���/��|/���/���/�� //�� ��� Cu
0.

5Z
n 0

.5
Fe

2O
4

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             6 / 12

http://ijcm.ir/article-1-101-en.html


=$\/�&��01 �/���9 ����� @��� -w  ��!8�9�.5
, -9 �:�+��>�L , �J+:!  �@��:A�; @�4. . .���

)H(

=�>J-
,�M>)B�  (SEM ,)Z(TEM ,)�(@��� �� �:�!8�9 ��#0� @ -9 �a <8 -9 & -04 �9 6 �7 b��-� j:
��'� k
8#>˚CTUU .

=�>KB+C @#'�  �DE;F-;,-	 ��#0��4.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             7 / 12

http://ijcm.ir/article-1-101-en.html


@�=A��$r &� 8�)$� &� 8� -
  �;�E1 ���L , �;�E1�#$9 �$D� ���

E�&FL4=� -
���� ���;#� @�F-;,-	 ��#0��4.
=���9�4��#0� 

�υ/υ�υ
��� 
°C 

/�� ��� ��| /�� 

/�� ��� ��� ��� 

/�� ��| ��� ��� Cu
0.

5Z
n 0

.5
Fe

2O
4

-9 �E9<� *.��L�;�F-;,-	 � #� ��,  �:�9 ,j:�+; �9 
���], ��\, �(4��\,�����]��:�9 ,�91�I>� ��@�JH1 
�; .=���9@�4 gυ�,=O g�cm ulU ,Tυ��=���9 &-:�. 

g�cm ~pl�~p~ �:�9 , �9 6�1�I>�  �#
@�4 24a �9Y+>->
�� ,�&�'
�\ ���]��\, �(4 ,��\, =�� � � -r]Tl[.

#;2+� =���9~υ��&-:�.@g�cm ~~p�Tnu �9 �:�9 , 
�#
 6�1�I>� @*$	 @�4 �:+	-e ,�&�'
�\ �(4��\, ,

&�'
�\ �5+�L  @�4�;.��
��� �� =���9�JH1 �1�I>�  �
oυ���=���9 &-:�. g�cm TUn �TlU �; ]Tl.[�
�:� 

=���9 �; �#NOgυ�Tυ,oυ�9Y+>->! ��+�#� -�4=���9 @
uhU �oUU ,g�cm TuU ��B+CF-;,-	��#0� ��4 -9 @=+
P>

��#0� KE+c;  ��:A�; K+J(>�4�;.&=1 &=4�(� -
���� @
=���9gυ,Tυ^� �
-	 @ -9 �@,� @ � � KE+c;  ��:A�;

�HIJ�6`��� �� �
-'�;  &=1 =+
P> *+� ]u,gg.[2�!
.=1�,� 2
  -:(+9 � #�L�O �'�,� , 3
 *	  8  +��.=���9

~υ��g�cm ~nU ���G�x� �4@J+:!  �KBr �� &=1 &��G:;  
&8 =� -+.@�;  &=1 ���E! �.�+4� #���(� �L �9[\ =E4�&@

��#0� @��#! ��:A�; �� �M��A�� �#NO B+C �� =1�9 �4
F-;,-	�;  &=(� &=4�(� &=�a �;=9 .

��:A�; �
�:� 8  &��G:;  �9@��� 3
 *	  �9 �'�,� , 3
 *	  �
��=���9 3
 *	  K+�� =� #>�υ�:�9 , �9 <�I>� �4@�#
 @�4

 �� 24a&�'
�\���] ��\, =���9 34�L ,/υ�:�9 , �9 
<�I>� �4@�#
 �� 24a @�4&�'
�\�(4 ��\, =1�9]/�.[

=���9 6 -++�> �L �1 � �\#> =
�9�4@F-;,-	=�#+! b#C �9 �
=�� � ^J% �z9 � .
�D9�\�-�L @�#
 8  @�4Zn2+, -:.�*9 

Fe3+�9 -:J]#L &�'
�\ �9 Y+>->�(4 @�4 ��\,B,
��\,���]A� YH; ��4=��9 b#C �> �#1@\&�'
� @�4

�(4 ��\,B��\,���] ,A.�934�L , 3
 *	  Y+>->
=E9�
 .=���9 �#NO!+�#� - ��cm /�� "-\ -++�> �9 �#
@�4 

&�'
�\�(4 ��\,�:�9 , �;  K+J(> �9 �L � #� =
=\ 

Fe2+-O2-�(4 &�'
�\ � &� � �H�� ��\,��#1]��.[
��(� ��� 3
 *	  �9 =���9 2
  6=1 3
 *	 =E4�&@3
 *	  

� =��Fe2+�; .

������ ����� ����
 
j�	 @ -9 Y;�E� @�4� *9  8  �J
 �J+:!  Z[\W�J1 @� #� 

�;  �J+:!  � #� .W�J1 -
���� 8  &��G:;  �9 �4 ��#0� @�#� 
���1a��(A)�a ���1a�� B+C 8  �H;�S� , �4@Y
-X 
���1a��)α(��z9 � 8  &��G:;  �9 )u(^c; ,�\@(��=��

�a�z9 � �� @R,�> )h(�9 @�4���;-0+� @ -9W�J1 j+�:�� 
�9�
 �,-9 , j+�:�� -+�,3�9 -9 &=1 j;� �ESE� �zA 

=
a �� �;=9 @�,-	 �#>#	 @V-�  Y�O]Tn.[

)u(
2 .3 0 3 A

t
α =

)h(( )2( ) gh A h Eα ν ν= −

�� �L�acm g=t$; ����X b��I� b#�&��G:;  ��#� A
�9 �J+:!  ���1a�� B+C @,� 8  �L �;  ���1a�� �;�

��, =
a hυ�;  @�,-	 �#>#	 @V-�  .�,-9 8  &��G:;  �9 �9�

3�9 � �#0� �zA /)αhυ(Y�O -9)hυ) (KJ1�=+E+H9  � (�

W�J1���#0� @� # @�4��� �� &=1 ��!8�9 @�4/�� ���� ,
°C��� -
���� Y+>-> �9��/��/|/�,eV ��/��9&=�a �;�

�; .�,�> <,� �� �zA � *+� -
���� @-+. &8 =�  @ -9 
W�J1��#0� 2
  @V-�  ��H
-�> �4 eV Uu/U�� =
�9 �L �;  

�#1 �:	-. -�� .&8 =�  34�L -w @H; 6 �7#��� 3
 *	  Y
W�J1�#:� #L ^HO -w  )
 2
  �L �;  &=1 @� #� ��;  .

&8 =�  34�L �9@j>  � =I> �R�#$9 �� ��
8 R�#$9 KA � @�4-
�� , �4� #� �=1 -:L8�� ��48 -> ���'] 34�L �9 -DE� �L =�#1

 -:(+9 2:	-. �$t�	 �%�9 �D+:��4� #�@8 3��;� , �+	-e 
�� j4�#1 .&=
=! )
 -w  2
 @�;  ��#:� #L .�6`��� ��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             8 / 12

http://ijcm.ir/article-1-101-en.html


=$\/�&��01 �/���9 ����� @��� -w  ��!8�9�.5
, -9 �:�+��>�L , �J+:!  �@��:A�; @�4. . .���

W�J1 @� #� #��� 6 �7 Cu1-xZnxFe2O42+9  � eVoT /g�>
eVTU/T&�-L <� *. =� ]n�gU.[

��������� ����� ����
 
@�4�,*+��>�L �-J$0%Cu0.5Zn0.5Fe2O4B$:�� @�4��� ��

�9 ��>  , 29-L=+�L #E� 3
��L  @ -9KJ1 �� Y+>-> @�4l,
n&� � ��(� �;  &=1 .�2+Ev04�:�
��#�8a �-J$0% 

��>�L+:����>�L+�4�,* @ -9 ���L 
3gU�uU,pU=t�� 
CO ,C2H6�� b,=\ ~�t�A &=1 �; .

b,=\ @�4 &� � 8  g"8` @�4��� �L �#1 �� &=4�(� 
�;  6,�G:� ��>  , 29-L=+�L #E� 3
��L  @ -9 .
��� 3

��>  ,�L #E�=+29-L� �� -w ,���L,8�; 6,�G:� �� "�D�  
�#1.2+E] �
�%�  �� k9�E� ,k\ -� -'
� *+� P>=+
 ��#1�

]Tp�~U.[<� *. �;  &=1 3
 *	  �� 6�+t#MA 
34��@-
[! �� �,*+��>�� @�4��� 2+
�! 8  )
 #;,=�#+! ,

@8�;� 8a �5+��  k
-; �� yz; �,*+��>�� 8  @#; �-'
� ,� 
�#:��	 j�� ,2++I> &=EE� �� =E
a-	 29-�=+�� #E� 3
���  

Z#�S� ��#1�]Tp.[

=�> M�,-93�9 �9�
 � �#0� �zA /)αhυ(Y�O -9)hυ(��#0��4.

=�>N@�4�,*+��>�L �-J$0% �ESE� Cu0.5Zn0.5Fe2O4&=1 ��!8�9 K
=H> @ -9 B$:�� @�4��� ��CO �9CO2.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             9 / 12

http://ijcm.ir/article-1-101-en.html


@�=A��$r &� 8�)$� &� 8� -
  �;�E1 ���L , �;�E1�#$9 �$D� ���

=�>O@�4�,*+��>�L �-J$0% ��
��� Cu0.5Zn0.5Fe2O4&=1 ��!8�9 3
��L  @ -9 B$:�� @�4��� ��C2H6.

E�&FP@�4�,*+��>�L �-J$0% �
�:� Cu0.5Zn0.5Fe2O43
��L  @ -9 B$:�� @�4��� ��CO ,C2H6.

@=E
a-	 �� �9 �:G.@� -'(4,5! �9 ��L,8�; �9��zt  
�Sz;-98�"�D�  ���#1.W�A-9 ��L,8�;@��@ -9 3
��� 

29-�=+�� #E� ��E(+!����#1)��L,8�;�Sz;-98 (<� *. �
&=1 ��>  3
��L  =E
a-	 �L �; �9��L,8�; �9 "#;#� @

�Sz;-
8�� 6�#t�.+�-�� �L  
2��L,8�;�5+�L  �@�4
�9 ��>  K
=H> �� �$t  K��% �,*+��>�L �JH1�� Z��O =
a

]Tp.[�9 �\#> �9�v�a�L=1 �:G. �&=1 &=4�(� W�:A  
��� �9 �#9-� �9 ��>  , 29-�=+�� #E� 3
��L  3EL , @�4

 �H�� 3EL , @��� =
�9 ��>  3
��L  @ -9 �L �;  K+�� 2
 
 3HE\ �9 �> =9�
 3
 *	  29-�=+�� #E� 3
��L  ���O �9

�5+�L �a �=�a , �JH1 @�4 "�D�  3
��L  =E
 -	 yz; �9 �4
�#1 .

5- Suprafacial Reaction 
6- Intrafacial Reaction 

�9 �
�:� 8  &��G:;  �9 ��� 3
 *	  �&=�a �;� 34�L �%�9
 ��>  , 29-L=+�L #E� 3
��L  @ -9 ���#0� �:�+��>�L �+t�A

�;  &=1 .��E]=1 ��+9 @��:A�; �S9 �� �L ���� 3
 *	  �9 
&8 =� @��#0� R�#$9 �� 3
 *	  �4=9�
.&8 =�  3
 *	 @R�#$9 

-wx� yz; 34�L , &�7 &8 =�  3
 *	  �9 -DE�=1 =4 #A .-4
&8 =�  �]@]#L &�7 )@-:�9 �:�+��>�L �.5
, ��#0� �=1�9 ->

�� ��(� �#A 8  �=4� �9
�� 2+K-:.�*9 &�7 -wx� yz; �L 
�;  .��#0� 2
 -9�E9@jL @�4��� �� �:�!8�9 ->8 C°TUU�

-:�9 �:�+��>�L �.5
, @ � �@
���  �� 3��>  ,
�L #E�=+29-L �9 ��#� ,� -4 �� �L �;  -:0L @��� �� 

&8 =� @L)]#�� �#9-� 6 �7 ->�#1 .�\#> =
�9 2+Ev04
 �L �1 � ��! @��� 3
 *	 ���L=�  =� #> 34�L ��

�5+�L  �Sz; @�4 �D+:� �� ,3
 *	 
���  3EL , @��� 3
��>  ,�L #E�=+29-L�� ['9 -+wP> .

3EL , @��� 
)C°(C2H6

3EL , @���
)C°(CO

#��� ��+��>�L 

QR٪SR٪)R٪QR٪SR٪)R٪
��� 

)C°(
oTl ~op gpu g~u gTU pUTUU 
oou ~lh Tnu gh~ guu gTU oUU 
oul ogh Tpn TUl TUo gnU hUU C

u 0
.5

Zn
0.

5F
e 2

O
4

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                            10 / 12

http://ijcm.ir/article-1-101-en.html


=$\/�&��01 �/���9 ����� @��� -w  ��!8�9�.5
, -9 �:�+��>�L , �J+:!  �@��:A�; @�4. . .��|

-9�E9�$Hr <� *. ��:�+��>�L �.5
, �;�-9 8  �E!
�
-	 �,*+��>�L)MxFe(3-x)O4 (M = Cu, Zn, Mn, Ni �

��#0�^� �
-	  8  �9@24a �9 ^� �H�� �

92
-:(+ K
=H> �
�� #> CO �9 CO2 � �  � �@�#C �9 �LpU
K
=H> =t��CO;, �9 +�$@��#0� @^� �
-	 @��� �� 

C°guu �	-. 6�#t]gl[.�
-	 2+Ev04 @,� 2
->=9
� � ��(� �#A 8   � K
=H> �+��I	@��� �> �L �
�\ �> C°~uU 

K
=H>CO �9�#C�#9 &=(� "�D�  K��L .��#0� ��:	�@�:�!8�9 
@��� ��C°�����#0� �9 �+H1 �@=t�� ��04 �9 ^� �
-	 

^� <� *. 2
  ���;  &�#9 .2+Ev04#��� 6 �7-	
����HL
��&8 =�  @)]#L nm�/� � � @��=t�� K
=H>CO �� 

@��� C°gTu; �]gh.[��#0� �L �;  ���O �� 2
  @�4
 @��� �� �:�!8�9C°TUU�� � &8 =�  2:1 � -C�A �9 �4@

&5
, -w#� yz; , -:J]#L@2
-:�9 �-:(+9 K
=H> �
�� #> pU
=t�� CO �9 CO2@��� ��  � C°g~u=�� � ��(� �#A 8  .

E
 ��� 2+Ev@��#0� �+4 �� K
=H> 2+
�! @-'
� �
-	 @
&=4�(��;  &=(� .

	>���
 
6 �7 #��� ���L 2
  ��Cu0.5Zn0.5Fe2O4�+�> 6 -:+; <,� �9

=�=1 .#>-! < -! @#'� XB+C ,F-;,-	��#0� K+J(> ��4
^� �
-	 �HIJ� KE+c;  ��:A�; �8�	 �#NO �,=9 @,�

�� =+
P>  � �M��A��=EL .9�H;�S� @ -@�+'��+2&8 =�  @
<,� �R�#$9H-W �9 �H���+r� �
�:� �-1 <,� @->��(� 

��=4� .��:A�; �
�:� 8 @��F� =E
 -	 �L �	-. �D+:� � #>
C &=E4��4���-. �'E
�#$9 3
 *	  ���;  34�L �9 �L 

�,-J+3�-L'�,� , 6 -++�> ,��;  & -04 .@�4=� -
����
 ���;#�F-;,-	��#0� �; �#NO �4=���9 �υ�/υ,�υ ��9

W -C  �� Y+>->�4=���9 @��� ���� ,��cm /�� ��(�
 6 -++�> �L =�� �=���9 @�4�υ�/υ��;  -9 6 -++�>

'�,� ,�� -+�G> ��#1.��#0� @� #� W�. � =�� ��� 3
 *	  �9 �4
&8 =�  3
 *	  ,@�	�
 34�L �&�7 .��#0�@@��� �� �:�!8�9 

-:0L&8 =�  2
-:J]#L @ � � @yz; 2
-:(+9 , R�#$9 
#�-w3
��L  @ -9  � @-:�9 �:�+��>�L �.5
, �L �; CO ,

C2H6�� ��(�=E4�.

TF��� 
]�[@-HL  W.�
�+� �-	".�zEO �&� 8".�"� #A �;�-9

�
-	 6 �7#��� ��+C�E�� , @��:A�; Ni0.65Zn0.35CuxFe2-

xO4"�, ��+9 b�; � � -
  �;�E1 ���� , �;�E1 �#$9 �$D�
 &��01 �"#;/.

[2] Jadhav P. A., Devan R.S., Kolekar Y.D., 
Chougule B.K., “Structural, electrical and 
magnetic characterization of Ni-Cu-Zn ferrite 
synthesized by citrate precursor method”, Journal 
of Physics and Chemistry of solids, 70 (2009) 396-
400.

]�[@-�]#E��.��+�+0% ��.@-G�� �".�G;#
 �".�.�
"�+�>���HL �
-	 6 �7#��� @�@��� 6 -++�> �;�-9 , @,�

 ��+C�E�� � =+� �� ���HL @�\ �9 @,� ���(��\ �9 2:�9
�#.��#. @�4=���9 �9 Z,�E:�"����� , �;�E1�#$9 �$D� �;�E1

 &��01 �j:�+9 b�; � � -
 �.
[4] Ramay S. M., Rafique H. M., Aslam H. M.,    
Shar M. A., “Structural, Morphological, and 
Magnetic Characterization of Sol-Gel Synthesized 
MnCuZn Ferrites”, Magnetics, IEEE Transactions, 
50 (2014) 1-4.  
[5] Thanit T., Ruangphanit A., Pecharapa W., 
“Structural and magnetic properties of 
nanocrystalline zinc-doped metal ferrites (metal= 
Ni; Mn; Cu) prepared by sol–gel combustion 
method”, Ceramics International, 39 (2013) 239-
243.
[6] Yanez-Vilar S., Sanchez-Andujar M., Gomez-
Aguirre C., Mira J., Senarıs-Rodrıguez M.A., 
Castro-Garcıa S., “A simple solvothermal synthesis 
of MFe2O4 (M= Mn, Co and Ni) nanoparticles”,
Journal of Solid State Chemistry, 182 (2009) 
2685–2690. 
[7] Boris Kharisov I., Rasika Dias H. V., 
Kharissova V., “Mini-review: Ferrite 
nanoparticles in the catalysis”, Arabian Journal of 
Chemistry, 1878 (2014) 290. 

]�[�G(L".-��� � �,.#�� -� �d.��
��0I� �W.�"�M�(� , �A�;
b�:�
-L#��� �9�
 @�4Cu1-xZnxFe2O46�+t#MA �;�-9 ,

�a �J+:! "������ � -
  �
*+	 ^� -GE� ����)����(.
[9] Muhammad A., Maqsood A., “Structural, 
electrical and magnetic properties of Cu1−

xZnxFe2O4 ferrites (0≤ x≤ 1)”,  Journal of Alloys 
and Compounds, 460 (2008) 54-59. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                            11 / 12

http://ijcm.ir/article-1-101-en.html


@�=A��$r &� 8�)$� &� 8� -
  �;�E1 ���L , �;�E1�#$9 �$D� ���

[10] Manikandan A., et al, “Structural, optical and 
magnetic properties of Zn1− xCuxFe2O4

nanoparticles prepared by microwave combustion 
method”, Journal of Molecular Structure, 1035 
(2013) 332-340. 
[11] Zaki H. M., Dawoud H. A., “Far-infrared 
spectra for copper–zinc mixed ferrites”, Physica 
B: Condensed Matter, 405 (2010) 4476-4479. 
[12] Kulkarni R.G., Patil V. U., “Magnetic 
ordering in Cu-Zn ferrite”, Journal of Materials 
Science, 17 (1982) 843-848.  
[13] Vijayaraj M., Gopinath M., “On the “Active 
spacer and stabilizer” role of Zn in Cu1−xZnxFe2O4

in the selective mono-N-methylation of aniline: 
XPS and catalysis study”, Journal of Catalysis, 241 
(2006) 83–95.  
[14] Koleva K. V., Velinov N. I., Tsoncheva T. S., 
Mitov I. G., “Preparation, structure and catalytic 
properties of copper-zinc ferrites”, Bulgarian 
Chemical Communications, 47 (2015) 348–353. 
[15] Rezlescu N., Rezlescu N., Popa P. D., 
Doroftei C., Ignat M., “Scandium substituted 
nickel–cobalt ferrite nanoparticles for catalyst 
applications”, Applied Catalysis B: 
Environmental, 158–159 (2014) 70–75.  
[16] Evans G., et al., “Particle size–activity 
relationship for CoFe2O4 nanoparticle CO 
oxidation catalysts”, Journal of Materials 
Chemistry, 18 (2008) 5518–5523. 
[17] Lou J.C., Chang C. K., “Catalytic Oxidation 
of CO Over a Catalyst Produced in the Ferrite 
Process”, Environmental Engineering Science, 23 
(2006) 1024-1032.  
[18] Chand P., “Magnetic properties of ferrites 
synthesized by low temperature technique”,
Hyperfine Interact 184 (2008) 195–200. 
[19] Wu W., Cai J., Wu X., Wang X., Hu Y., 
Wang Q., “Nanocrystalline Cu0.5Zn0.5Fe2O4:
Preparation and Kinetics of Thermal 
Decomposition of Precursor”, 26 (2013) 3523-
3528.
[20]  Bayrakdar H., Yalçın O., Cengiz U., Özüm 
S., Anigi S., Topel S., “Comparison effects and 
electron spin resonance studies of α-Fe2O4 spinel 
type ferrite nanoparticles’, Spectrochimica Acta 
Part A: Molecular and Biomolecular Spectroscopy 
132 (2014) 160–164.  

[21] Halder N. C., Wagner N. C. J., “Separation of 
particle size and lattice strain in integral breadth 
measurements”, Acta Crystallogr, 20 (1966) 312. 
[22] Langford J. E., “International Conference 
Accuracy in Powder Diffraction II, National 
Institut of Standards and Technology”, Special 
Publication, 846 (1992) 145. 
[23] 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.
[24] Šepelák V., Wilde L., Steinike L., Becker L., 
“Thermal stability of the non-equilibrium cation 
distribution in nanocrystalline high-energy milled 
spinel ferrite”, Materials Science and Engineering 
A 375–377 (2004) 865–868 
[25] Mozaffari Eghbali M., Arani M., Amighian J., 
“The effect of cation distribution on magnetization 
of ZnFe2O4 nanoparticles”, Journal of Magnetism 
and Magnetic Materials, 322 (2010) 3240-3244. 
[26] Iyer R., Desai R., Upadhyay R. V., “Low
temperature synthesis of nanosized Mn1–xZnxFe2O4

ferrites and their characterizations”, Bulletin 
Materials Science, 32 (2009) 141–147.  
[27] Eltabey M. M., El-Shokrofy K. M., Gharbia S. 
A., “Enhancement of the magnetic properties of 
Ni–Cu–Zn ferrites by the non-magnetic Al3+-ions 
substitution”, Journal of Alloys and Compound, 
509 (2011) 2473-2477. 
[28] Gholizadeh A., Tajabor N., “Influence of N2-
and Ar-ambient annealing on the physical 
properties of SnO2:Co transparent conducting 
films”, Materials Science in Semiconducting 
Processing, 13 (2010) 162–166. 
[29] Pe a M. A., Fierro J. L. G., “Chemical 
Structures and Performance of Perovskite Oxides”,
Chem. Rev. 101 (2001) 1981-2017. 
[30] Cimino S., Lisi L., De Rossi S., Faticanti S., 
Porta P., “Methane combustion and CO oxidation 
on LaAl1−xMnxO3 perovskite-type oxide solid 
solutions”, Appl. Catal. B, 43 (2003) 397–406.

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://ijcm.ir/article-1-101-en.html
http://www.tcpdf.org

