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40X#,� �!�D ,�/.(
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الف ب

).�88�!�/%&)
[Z' "/ �')-�$%-!� @%
$�FD �)�7� ��� �%� �1!�)!	/ �+)7X� @�5 :~�/ (����"ZA)
[Z' �)*3(Pl) pE�� GA�� �3 
JD�/)A �3 #/%75 ��
�,�2(Qtz) ,�*Q��)5 ���!�" �� J
� ��/� (Hlb)�!�*A �3 0,� 0��%&� i�K �� @�5"ZA)
[Z' $(Cal) .> $(��/� @�5�)*3

"ZA)
[Z' ���� (Pl) �
%*A �7A �/,�� �3 #/%75 ��
�,�2 GA�� �3 e��� �Q�� �3 (Chl)O�� ��!�" �� )�;_��1� #,!Qy< �)� �� %
$�FD �75
XPL��J3 �3 �@�7�40X#,� �!�D ,�/.(

C�(�D}$� �3 �*W/ %W��+ �
JXD �
�1�XRF)��"$ ,W�� P�K%3 (0)�!*!� �� �7�< P�K %3 �/,�� eA %W��+ $(ppm) �)GB = � $%3��& 

Di=�"�3�
� Ub = L!	��/%	)�!�$� (�PLG =�!�/%&)
[Z'(
3"��" GB GB GB GB GB GB GB GB GB Ub Di PLG 
SiO2 ��/�� ��/�m kx/�f ��/�� ��/�� f�/�m ��/�k x�/�� f�/�� ��/f� �/m� f/�x
TiO2 ��/k km/k k�/k ��/k ��/k k�/k k�/k k�/k f/k k�/k ��/k ��/k
Al2O3 ��/�� �x/�k ff/�k ��/�� k�/�f �f/�� �/�� ��/�� ��/�� xm/k �/�x �/��
Fe2O3 f�/�k ��/x ��/m f�/m ��/� ��/� �f/� ��/f k�/� x/� ��/� �x/k
FeO km/� x�/m ��/� �f/f ��/k ��/k x�/f �k/� ��/� �f/� ff/m �x/k
MnO �m/k k�/k k�/k k�/k km/k kf/k k�/k k�/k k�/k ��/k �f/k k�/k
MgO �x/�k �m/�f �x/�m k�/�� ��/� ��/m kf/�� �m/�� ��/� mf/�� �f/� ��/k
CaO ��/� ��/� ��/�� m�/�� �f/�f k�/�� �x/�k ��/�� ��/�� ��/k �f/� ��/�
Na2O ��/� ��/� km/� �/� �f/f �f/� ��/k x�/k �k/� k�/k �k/� �m/m
K2O kf/k k�/k k�/k kf/k ��/k fk/k kf/k k�/k km/k k�/k ��/k� ��/k
P2O5 k�/k k�/k k�/k k�/k k�/k k�/k k�/k k�/k k�/k k�/k �m/k k�/k
BaO k�/k k�/k k�/k k�/k k�/k k�/k k�/k k�/k k�/k k�/k k�/k k�/k
SrO km/k k�/k k�/k k�/k k�/k kf/k k�/k �/k k�/k k�/k k�/k k�/k

Cr2O3 ��/k k�/k kf/k �/k ��/k km/k ��/k k�/k ��/k �/k k�/k k�/k
(�/%	 �/)� LOI) k�/� x�/f ��/� x�/� m�/f x�/� x�/� �m/f �x/f ��/�� �x/� �f/�

V)7X� ��/�kk �m/�k� ��/�k� mm/�k� �/�kk �f/�� �m/�kk ��/�kk fm/�kk �m/�k� f/�� x/��
Mg# x�/�k �k/�k �k/�� kk/�m ��/�� k�/�� ��/�� ��/�� ��/�� �m/�� f�/�k mx/fx

Sr �/m�k �/��� �/�f� �/�km �k� �/��� f/�f �/��� �/�mf m/�m �/f�� �/��x
Rb �/� f/k �/k m/k �/� m f/k x/k �/k f/k �/f� �/�
Cs fm/�k x�/k f�/k kx/� �m/k kf/� ��/m ��/m k�/� �x/f f�/f ��/�
Ba �� �/� m/k x/� f/m �/� f/� �/�� f/� m/k �/�k� �/��
Nb �/k �/k �/k �/k �/k �/k �/k �/k �/k �/k �/� �
Ta �/k �/k �/k �/k �/k �/k �/k �/k �/k �/k x/k �/k
V �m �m �x ��� �x �� �� ��� �xf �� ��k ��
Cr ���m ff ��� �fff �f�� f�� �m� x�� ���� �fk� �� ��
Ni �/��� �/�xf �/fx� �/�f� �k� �/��� �/x�x �/��� �/��� �/���� �/�m m/f
Co �/�k m/m� f/m� m/f� �/�f m/�� m� �/fk �/�� �/�m �/�� �
Ti ��/��� km/f� ��/�m k�/�f� ��/�km k�/�f ��/�m k�/mx f�/��f xx/x �f/mkf �x/��
Y m/f m/k �/k �/� �/f �/� � f/f �/� m/k �/�� �/�
U km/k km/k km/k km/k km/k km/k km/k km/k km/k km/k �/� �x/k
Th km/k km/k km/k km/k km/k km/k km/k �x/k km/k km/k ��/m km/k
Hf f/k �/k �/k f/k �/k �/k �/k �/k f/k �/k �/f �/�
Eu ��/k ��/k �f/k f�/k ff/k �x/k �m/k ��/k f�/k kf/k �m/� ��/k
TS k�/k kx/k k�/k k�/k k�/k k�/k k�/k kf/k kf/k �/k k�/k k�/k
Ga �/� �/�� �/�k �/�� �/�� �/�� �/� m/x �/�f �/� �� �/��
P ��/� �x/� ��/� ��/� �x/� ��/� fm/� ��/� mx/ff ��/� �f/� ��/�
La x/k f/k f/k m/k f/k f/k �/k �/k �/k �/k �/�� f/x
Ce f/� �/k �/k f/� �/k �/k �/k f/k f/� �/k �/�� �/��
Pr �/k �/k k�/k ��/k �x/k �f/k k�/k km/k ��/k kf/k ��/� �/�
Nd �/� �/k f/k �/� �/k x/k m/k �/k m/� �/k �k �/�
Sm fx/k �/k k�/k ��/k fx/k �/k ��/k ��/k x�/k kf/k kx/� ��/k
Gd m�/k k�/k �/k �/k ��/k �/k �/k fx/k ��/k km/k ��/f ��/k
Tb �/k k�/k k�/k ��/k ��/k k�/k km/k k�/k ��/k k�/k xm/k �x/k
Dy x�/k ��/k ��/k k�/� ��/k ��/k fx/k m�/k ��/� km/k ��/f ��/k
Ho �f/k k�/k kf/k ��/k ��/k km/k k�/k �f/k ��/k k�/k ��/k ��/k
Er ��/k k�/k k�/k mm/k �f/k �f/k �f/k f�/k ��/k kf/k m/� �m/k
Tm kx/k k�/k k�/k k�/k kx/k k�/k kf/k kx/k ��/k k�/k fm/k �f/k
Yb fm/k kx/k �/k ��/k fx/k �/k �x/k f�/k xx/k kf/k ��/� �/�
Lu k�/k k�/k k�/k k�/k kx/k k�/k kf/k kx/k ��/k k�/k f�/k ��/k

D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 a

t 9
:5

6 
+

04
30

 o
n 

S
at

ur
da

y 
M

ay
 2

3r
d 

20
20

www.SID.ir

http://ijcm.ir/article-1-1421-fa.html
http://www.SId.ir


Archive of SID
,*?��#��7� �����3 ��f����� �!�)!	/ �
$%3�& Y�3 �7!�  !�" $ ����� O�� . . .�kf

��
� 	
�� 
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E/)�-
,��/� �/%< �1!\�)D #%1�& �� %1.!3 $ �1�/� �1 .���D

��/ ;</$ �
�!*< �-5H #%1�& �� ��)7� L
 .�/�)7� ��AFM 
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M� "/ �-
 �&,.���  5H ����%&� ,�/)D

 ,��3]�����[O�� �� G��+  
/ �%5�� �� �A!� ��y�� @�5 J
��/ �1�/� Y�� . !�" L!-RD @�5�/�)7� �� �1E��]��[

j��/%3Al2O3�FeOt $MgO)G-�9g~�/(�V-Ti �/�)7� 
]fk[)G-�9g>(�/�)7� $Fe2O3�3 �Q��Mg# ]f�[
)G-�9u(��)7� ����D $ ,��/� �/%< >�)N� 0/,!� �� �5

��)7� S!T� �3 G
�7D �5"�3�
� $ �!�/%&)
[Z' @�5 #��< @�5 @/
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/ �� %1.!3 ��{�,*	 �)�K G!�� �3 ,
�� G
�7D  
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O�� ,��3 ���H ����%&� �
 $ �5 .��)7� ���%3 ��)� �4�� @�5
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�,�A @�5��/,��1�/ �3 �Q��]f�[�!��$/ �1�)& $]ff[
,�,� ��X��3)G-�@�59�$9h.(

).�89�/�)7� TAS )�
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�!*< �7!� #%1�& $ $%3�& �$%3�& $%-!' 
,��/� �/%< �
�)
� $ �!�/%& #%1�& �� ���)� $� J? �3 .

).�8:�/�)7� K2O – SiO2]��[��)7� $ �,��/� �/%< �1!\�)D #%1�& �� �A 0H %3 ���%3 ��)� ��y�� @�5.
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