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�2 �"' !SiO2�
Al2O3��%8"�4
���A�&� [H�+8O' � -��'� �-#)� *�/G2�+= 

��2 ����)/"��-#8�) ]Zu [.� *'GL.O.I (Loss on 

Ignation)��(+� �� �)/"��3 ��3 �-$  �3 �"H�3 ���(N/
��(+� w�+= �� �2 GC �3 �)KS-2)t/__-@�� (3 �' �8&eu

�"' -@�� .'
� ! H�3 *'G/L.O.I 3 ��2 �(dO �3 �8&��)/
) ='�-�0�#3�2 ���2 ��)�)�/"��*�(��) �(dO ��))-#���F

�Cl(��(+� �� ��)/=�1�	 �� ��'� �I�� ��($]ZZ [.

90�=��' (�b3'�M � ? " � w( # �(�; 0'�  \= r �8�� /(! 3 �1#� �%8�I+)SiO2�3 �I�� P2O5.
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 D�W8���)�����" (-#���REE,Sc,Y,Th,Zr,P,Nb,Ti � �e(
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�)�����2/(8W� 0�1�	 /�)�'-�� /=��18� �#R �' ���� �@�

-#���, Pb ,Cr ,V ,As ,U ,Se ,Cd Hg ,Sr ,Cu ,Zn ,Mo, 

Ni2�4 ���� �@�#R ��-#8�) .#, �(dO �@�#R !/��

�1�	
�� '� �)�=�6; ��84�" �3 *'(= ���� ��/�;��
�) �3 �
�'� �I�� ��]Z_[.�'��' �� �b" �� w( �� ��8	� ! !-
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�A
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� - ���� *'G/�;���(+� �� � �) G

� ��($ ��&�
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�'��' G2�+= � w(��� �($�]Ze ["��3 �3 �3 ��I=�'  �'��' ! w(

�; !3�2 ��1�	 �
��)/Napo -��'� *�&� ���'(2' �(&2 �� 
%8�I+)�Y� 1�3 ' !
�R �3 � ��'� �(C� �� ! �-/*;�)

�'��' G2�+= H � 0�1�	 �� w(
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�3 B3��� �� �-��'� �) �'��' ! � w(CaON�I=�' �
��'-� �(C�)BA$x.(���� G2�+=/�;��'��' � �� [H(+Y� w(
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8��*�"(� �-
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�
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 �
�6 �3 r8
��%� 0�(@ �3Zu��� �� ��2 �3 .REE B��$ �)
 �+=' �-R �3 0'G?	 /�"jt=�tZ�#Y
 La �=Lu -#8�) 

]Z{[.�+) �@�#R /REE �
� + $ � �A
G 	 /�� �f
� /'�'� 
-#8�) ��3�&� .�+) �2 �"' !
' *; B ��*; /*(
 /'�'� �) -

�'-
�6 /�)+e��'-�' �2 -#8�) �+2 �'-Y= �-��'� ��3�&� /�)
�@�#R �'REE �' � L �&
��2' ���O /'�'� +e�2 -#8�) 

r�� ���; !
�=! �� �� �' -#=��IR �"�#$Eu2+�Ce3+�� !
' �
�&
��2' ���O �3 �I�� *( =�2+e��'-�' /'�'� E =�= �3 

-#8�) /�8��G3 � �8A,(2 .REEvg84' �) ��8	� �� �
�)
$ ! �� + ��
��'-�' �4'(#A
 <)�2 *; B �� �2 -��'� �(4 -

�"' �+=' �-R <
'G	' �3 ��(
 /]y[.

���?�@��Ce 

�� M; �' '� �K
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REE �3 JI" REE 
�� '� �1#� /��K#� 3 � ! %#"Ce�� *�&� -)� .�3 !
' -

�? "� �3 /��K#)Ce/Ce* �' �=H�3 �
���� � *� 3Z�3-

�' �8+2 �
���� � �I�� /��K#)Z�3�-�'(4 �1#� /��K#)
 �($ ��]y[.�1#� /��K#� 3 Ce �-#)� *�&� �2 �"' !
' /

REE �)0�1�	 B A&= *��� ���-$ ! ��= �
�� M; �' �)-�'.
�'-��Ce *��3 �' �3�
Ce ��?L 5�"' �3 La �Nd �"� �3 

�� -
;)Ce/Ce* = Cen/.( �2 n!
' �� 
�-#)� *�&� k(��	 /Ce ! %�� � B $ �3 �-$ ��K#�3 

)NASC ( �"']Zt[.�3/��K#)Ce <
��2' �3 �"�6 �� Ce 

3+�3Ce4+�# &� �= �Ce4+0�(@ �3 k(?W� �' CeO2

�� 0�(@ �� �]Zy[J
 �K 8� �� � �8�$ *; �6 �� �
�1#� /��K#� 3Ce�� ��K
' '� -#2 ./��K#� 3Ce���2 �� -

�? "(3 �
�
�� /�C�� /�)�� k�8#2 .+R /M; �� � �($ -

<�3 �� � ��-$ ��= .+R r2 /�). +R /�) ��-$ �#L �=
�� *�&�-)� ]Zz[.��� �3�#3 ���]_u [���2 �� ���� /�)

 /��K#� 3 � =�6;Ce P
'�$ � V�= �W= r �8�� �(N �3 Oxic 
��'� �'�9 �
�� M; .
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90�A��' ]�8�� ��I=�'  3 r !\=  0'�U�∑REE �-#)� *�&�/'
�'��' �2 �"' ! � w(REE ��%8"�4 �)2�8&��7	 ���1�
�-7��'� �7)
M]�b3'� /3 5(AY�  !U�CaO�-##2 �AY#� /3 ��I=�' w-R  *; !�"' �) 

�BC
�REE���� ����	 ���+�� �
BA$ ��)j((%�'/<#2'�6 t�' �-$ �$'��3 ��(+� .	' 

��#3 0�1�	/�3 �-$ ��K#�3 �NASC�-$ ��&� -�' .�(N �3
?2�#L��-$ �∑REE�3  �6 �� 
� �"' !%�'�)(/REE 

�3 �-$ ��K#�3NASC��8�� �� �/3 !uuZ/u>�=Z<�'�9
��� -�� .� ��
�f�?@' �"� �3 �2  �?/�)(%�' /REE�� 
�/

$ �3 �-$ ��K#�3 *�-� �&= B3�9 B ��' -#=��IR �-�'
3 ��K#�/1#� �Ce� �
�%/�=��-$ �I�� �HREE �2 �
'
0�1�	 �� (%�' !�)/3("� ���#3/� &� G� �-)���($ 
]Zz[.' ��
� �-)�&� BA$ !�(%�' �� �2 �($/�(= 
~REE 

�� �0��18����= -��� �3 
[�I
-��'� �(C� *��A .' �'
�)(%�' !
��*'(=�2 �1�'�$ 
b�A&= *��� �� �2  �1�	 B
�r2�O �)
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-?C�����+$ �p�*�8��� �o�m ! ��.	' �+ $ �� /��#3 � - 1" �(2 0�1�	 /�). . .nFn

'�$ *�+) ��(3
b���8�� �3 �2 �"' /�� M; 
�/*��� *; 
� �"' �8$'� �(C� G.3 K#���/1#� �Ce� *�&� ��2 -)�
'
3 ! ��K#�/1#� �(%�' �%��&� /�� M; �3 �3�&� 
*��� �� �

BA$� �/0�1�	 0�(@ �3 �2 �"�)
�= J��-$��3 ��
D-�'LREE �3 �I�� HREE  �
#L J��-$��'MREE -

 �3 �I�� �)LREE�HREE�
� �-��($ .�'LREE�) �3 
�+"MREE �)
$ J &� B3�9 �I�� E�� �2 �"' �-)�
 ��(+�BN-33 �`#R �� � �"' �8&Ho �Gd�#L /H�3 �


��(+� �3 �I���)/�
-��'� �% .-6
�-/� �C(= B3�9 
' �� �%
!
�-�;�3 BA$�MREE$�� ��)���2 kgW�' �' ��)/!); �'�
�-##2 B+O/*;'�$ �� �2 �"�)
O' [g��2 P ��
)'�$
P

O' ��
3 �8& (; E9�Y8� ����� *REES�	 � B?4 *��� �3 -
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' ��
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�3 �I��HREE �
3 J ��K#�/#�1�Ce��(+� �� /KS-
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BA$ -#� �/H
��)/0�1�	 

�"' �8$'�]Z[.BA$ �� �A��#,){(� �-)�&���= �($�
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'�$ /0�1�	 /� ��"' �"��3 ��(� /�).

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

15
 ]

 

                             9 / 12

https://ijcm.ir/article-1-423-fa.html


�,�, �/-�("'�� �/� �� �E"�2�(6*'�
' �"�#$ ���2 � �"�#$�(?3 �?K� nF�

90�F0'�  \= /(%�'REE �3 �I�� �-$ ��K#�3 NASC ]Zt[- 1" �(2 0�1�	 �����2 .
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