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 �}�3 =�6 .��'� �� �>�� !F =�6
��D(� �8$E =�>3 I(N@ �6�>"  �#>) �!>"  �}>�3 O�1>T
�
 '� �(��� �� �'� �#��8�G�3  ��<��@!% �' =' �#>
� �
1>��' =�>6
��#�1) .��'� �&<�+) ='�'� !<$�3 �<�� !F =�6 2' '!>	 =�6

��'#�'  �' p�3 !DG �, O �K<� =�6Y/Z!<8�<��% #�')*+)b.(

4.
=��1, �	�3 �' �%�+A�' �1� �@1+% !+�� !
1w,��� !F ='�8$E ��D(� =�6I(N@.
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��0W ��8�6'!3' 2'!
' �%�() ���F  �%�()�1N3 �N9� ���

 
4.
>��'� �3�,��3 �1� �@1+% !+�� !
1w, �(��� �� ��� !F *+) �}�3 =�6��D(� ��,�+�N�% =�8$E =I(N@.�!" �	�3 ��18� �
' �� �5 ='

���� #(
'!		�3 �3 �<P�%�%' �#) *
#., �+�<%0F�,�F �) .Chr = Chromite(.

�#(F'!@ �
 =��$<�' �2�$	' �	�3 :!&��$>� g>G'  �� �	�3 �
'
  �>>%' �>>&(N@ �>>%1@ �>>�� !F  �>>�� � �' �(�3�>>(�3 �>>��C 

��'� �>�� � �>(��� �� '� �>�� !F �#>(F'!@  �!K(� VNW' =�6
 �� 2�$� �#) �<�(�<��@!%#6� .D(� �� �	�3 �
'����E =13�>


 ��18� �� �>�� !F  ��'1
� I(% �!� �' �#) �)'�!3 =�6 =�>6
 �� 2' '!>	 O�1>T �>3 ->��  �>%' �#6�$� *3�G �&(N@ �%1@

 �8$E ��D(� �� �#
� I(N@ ��1>, �3 H
�-� �F �1) ��#>A� =
�3 ��'� O�1T �1>P �1N3 #(E �' �:�8<f' �
 ��� !F �!K(� =�6

��% �, ��
��%' v�1�1,'.
'�	�3 2��� ���� ' =�6 �#>) �>%�!3 =45�>(� �� !>&
� =
��E �8$E  13�
 �	�3 �P!3 �I(N@ ��D(�  � �' �+
 �� ��(, �6-

�>�D(� ��  �>%' �#6�$>>� *>3�G �#>) ��>
 =�#>>
� !>&
� =
�8�#�1) .�	�3 �
'�' #(,��.: �6:

Xy�
c �	�3 2�>3-�� I(>% �>3 �9
�#>, �!� �3 =' :2J �>"/
 
O'!��l, ��'� �1+A� �61.�' �8>% �>3 ��1>, �' �>�� !F =�6

 �%' 2�3-�� I(% .�3 !wr(� �	�3 �
'��D(� ��E =�>%' 13�>
 

)*+)`.(
^y�	�3 !&
� �' �&(N@ �%1@  =�'1� �	�3 ��D(� g
�) =�6 =

��E��D(� �� �F #�' 13�
�8$E =�8� �#6�$� I(N@#�1).
Zy=�1&�' �)1P �	�3 :�>�� !F �� =�>6 ��>E �>3 13�>
 O�1>T 

�!" ��'#�' �� VNW' �F �%' �<�� !F =�6 =�6X�,Y�!><8�N�� 
�(��� �� �,�+�N�% =')�
1��' VNW'y��<��@!% (�<	!" �'!G  #�'

 �1N3 ec18A� �&<�>+) �0F1>
R0@ �>
 �
-� !3 =�6  ->
� =�>6
 ��� !F 2' '!	 ��!F !@ '� �6#�' .�!" �=�1&�' �)1P �	�3 �� �>6 

�3 VNW' ��'� �
 �#) *KG B6 �� O�1T �>3 =�>6 �#6�$>� *+>)
��#�1) .�!" �� �	�3 �
' �� ��� !F =�6 �>
  �
1>��' #>(�'1,

#�!�"!3 �� '� ��F !�@ =!<8F �'#��.
]yH.$� �	�3 :��'� �	�3 �
' �� �>�� !F -
� p�3  BF =�6 

*+)*+) �8�� �, �'� 3 �'����>3 =�}>	 �>NF �>
 �$>�3 �1>5 
��'� �><	�
 #>)�  �>)�� =�>6 �>� !>@ '� �,�+�N�>% =#>((F

)*+)\.(�� '� �	�3 �
' ��� !F �� ��(, 2'1,�8$E =�6 I(N@
�!F �#6�$�.

4.
?�
c �	�3 �' �@1+% !F�� !
1w, ��D(� �� ��� !F ='13�
 ��E =.

PPL-

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

03
 ]

 

                             6 / 16

http://ijcm.ir/article-1-476-en.html


#NfX\���8) �X����3XZ\a �%�!3���F =�6�%�() y��� !F !
�Pi �
��8�)1LR . . .���

4.
@=�1.: �1� �@1+% !+�� !
1w, ��D(� ��(�<��@!% H.$� �	�3 �' �8$E =�3 ��� !F �1N3 I(N@ �(��� �� =!�	�1@ O�1T �(�<��@!>% =
��'� �'!G) .Chr = Chromite, Ser = Serpentine(.

�<�������� �����A 
����� 67��� 
������ � ������ ! 
�	�3  �6��<P�% p(>, !U' �� �
1��U =�6 p�!>F ��>6  �>6

 *+) !��l, �#
#@ !U' �� �#�J �1f  �3 21"��1" =�6 ��>�� =�6
���� ��  �<P�%�� *T�C �<P�%#�1) .

XyH�<>>%0F�,�F �>>	�3 :�>>	�3 d1>>89� �' �>>	�3 ��>>
1��U =�>>6
 ��D(� �� H�<%0F�,�F ��E =�>� �#6�$� ��' '!	 �3 13�
 �1>) .

�F!C !U' !3  2��� ;15 �� �>�� !F �<P�% ���� =�6 =�>6
��E 3 13�
 �<	!" �1P �3 H�<%0F�,�F �	�#�' .*+>) !>��l, =�>6

 ��� !F = � �F �
�8"�� ��@ �	�3  ��!F !U' �6 ��1, =�6 '� ='
 �%' ��!F H�<%0F�,�F �	�3 �3 *
#.,)*+)Xa.(�>	�3 �>
'

 ��D(� �� �8$E =�>3 I>(N@ �>�'� O�1>T �>3 �#>) �!>P =�>6
 �	�3 �3 �'!86 �3 �F �%' 2' '!	 �&<�+)!&
� =�6 �	�3 #(��� 

�� �#
� #(��� �!" #�1))*+)XX.(
�%�!3 �' �@ �� �>F #>) ��$>� �@1+>% !+�� 4>�G� =�6

��D(� �8$E =�	�3 I(N@ p
'#>f *3�G -�� =!&
� �
1��U =�6
�' #(,��.: �F �%' :

Xy�$$F �	�3 :���F *
#., !>3 �� �,�+�N�>% ��<�>�� =�>6
�#�!�" �
1��' �N8f �' ��� !F =�6�1N3 =���F �3 �>
1��U =�6-

��>r� B>9C p
'->	'  ���>&E p6�>F ���<��@!>% #(��� ='
 ��'� 21�'!�@ �� �1f  �3 '� ��� !F =�6�� J .V.>% !>�' �>
'

 =�>>6�1N3 21>>�'!�@ �� �5��>>.�' �>>��C ��>>9
'  ��$>>	 p6�>>F
 S!>, *�+$, ��6�1N3 �
' 2#) �#�$F x:�3  �#) ��� !F �>6

 v�+)  i1>K�  p$>F �' �>)�� =�6 S!>, �� ��<��@!>%  �>6

 �>>�'� 2#>>) �>>ADG �>>ADG M�9�'!>>%�>>� �>>�� !F =�>>6 �1>>)
)*+)X^.(
^y�<��1N�� �	�3 :2 � ��  ��$	 p
'-	' �3 �)!3  �N�" =�6

 ���F !3 ��'  =�6 !�� �>	�3 �>3 *
#>., H�<>%0F�,�F �>	�3 �6
 ��'� 2J �� �F �#) �<��1N�� 2 � �� ��� !F �)�� =�6 =�>6

 �3 ��!P �)!3 �#) B���, =!,-
� O�ADG #�' .�!>P O�ADG �
'
 �3 �#) ���>F �N�>%   *w><� B>6 �>3 �'!>86 �,�+�N�>% =�>6 
�!h(��� 2�$� '� *+) �)!3 =' #(6�)*+)XZ.(

Zy�)!3 �	�3 :�>
 '� ��-3  HE1F O�ADG *��) �	�3 �
'-
��� !F �' �'� �	�3 �3 �
�6 I(% �' �,�ADG  �N<�� =�6 =�>6

 #�!�"!3 �� B>�3 �>%' �(�<��@!% e��18: �F 2�8�% �3 �F �%' �
*w<� �#) #�' .��� !F O�ADG �
' ��3 ��1, =�6  �#(F'!@ �='

�� �	�
 B6 #(��� �!"#�1) )*+)X].(

������ ���
������ 67��� 
������ � ������ ! 
��E 45�(� ��� !F ��#A� !
�Pi �8$>E  13�
 �>3 I>(N@ 

8F �� �<	!" �'!G *��� ��>��  �' -.>% �<��1�	' #(3! �<P�>%
 ��>%' �><�
� B>�3 '� �&(>% =�6#C'  !<$�3 �F ��D(� ;�A	

�>>�18�4>>�G� =�'�!>>3�>>� '� =!>>,#>>�.N5 .V>>NW' �' d1>>89� ��
 ��(�<��@!% ��<�� � ��<�� !F =�6#C'  �
R�13���6 ��6 -��  �6

 ��<�� !F �9
�#, �!� �' I(% �3 �6 �>�18� 2�3-�� =�6 =�'�!>3
#).�86 �� �����F �)'�!3 Q � ��18� =#>) M�>9�' �f!3 =�6 .

���.�' �' �F ��� !F I(���F ��18�  � ��	 �#>) j'!�<%' =�6
 �+, Q � �3 �13 �#) �)'�!3 ��D(� #�#) ���<�' =' .�3*>���

 �� �>>�� !F 21>>8(P� #>>G�	  4>>�8: =�6���>>��F V>>NW' �>>+�J
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��0W ��8�6'!3' 2'!
' �%�() ���F  �%�()�1N3 �N9� ���

 ���6 �1P 21�'!�@ �8� ��9
' �
��8�)1LR =�6 Q � �#>((F =�>6
 ��1, �
' �
1f �@ �� ; '#<� �
��8�)1LR 2'#>(E ��#>A� =�6

 #(<�>�� !U��]Z.[I(�>��F �� �1>f1� !>T�(: O'!>��l, #>� �

 I(%  ��� !F ��E 45�(� 2�3-�� =�6�8$E  13�
 �>F I>(N@
 Q � �3 �>+
' 1>,!@ ���>%�1L1N	 =�6)XRF ( �>8,' ��>f  

)AAS (; #f �� #�#) -����J =�6X'��Z#�#) �L'�' .

4.
5B��D(� �� ��� !F H�<%0F�,�F �	�3 �' �3�,��3 �1� �@1+% !+�� !
1w,13�
 ��E =.

4.
55��� !F H�<%0F�,�F �	�3 �' �3�,��3 �1� �@1+% !+�� !
1w, ��D(� =�6�8$E =I(N@ 
!	 !U' �� ���� #(
'�	�3 �<P�%��1, =�6�#) *
#., H�<%0F�,�F �
1��U �	�3 �3 ��� ' ='#�'.)Chr = Chromite(

4.
58��� !F �$$F �	�3 �' =�1.: �1� �@1+% !+�� !
1w, ��D(� =�6�8$E =I(N@ 
*.�� *+) �3 2#) �(�<��@!% #(
'!	 !U' �� ��� !F �1N3�%' �#�J �� .)Chr = Chromite, Ol = Olivine, Ser = Serpentine(

XPL-100X 

PPL-100X 
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#NfX\���8) �X����3XZ\a �%�!3���F =�6�%�() y��� !F !
�Pi �
��8�)1LR . . .���

4.
59�<��1N�� �	�3 �' �3�,��3 �1� �@1+% !+�� !
1w, 
�%' �#) ��9
' �N�" 45�(� �� #
#) �"#)�!P !�U�, �r,) .Chr = Chromite(

4.
5:!
1w, ��'� �)!3 �	�3 �' �3�,��3 �1� �@1+% !+���
 '� =�6 ��� !F �'�)Chr = Chromite (

C�,D5��� !F I(���F �
��8�) -����J �
�<���E 13�
)���  #T�� V�C !3.(
��&���� ]Z^XSample 

_Y/`^aa/Yaa/`Zaa/\X/X^ SiO2

XZ\/aX`a/aXb/aX^b/aa`a/aTiO2

XY/_baa/_baa/_`aa/Y]a/YAl2O3

XY/YZ _/Y_ b/YZ \/YZ ]/]` Cr2O3

_^/XY baa/XY ]aa/XY ]aa/XY X_TFeO 
Xb`/aXba/aXba/aX_a/a^Xa/aMnO 
\^Y/XY `aa/X] \aa/X] Yaa/X] Y/X\ MgO 
XaY/aa^b/aaY\/aaYZ/a^`a/aCaO 
X^a/aa\b/aXYa/aXYa/aa`]/aNa2O
a`/aab]/aXX^/aXa^/aaYX/aK2O
a^^/aaXY/aa^\/aa^Y/aaX\/aP2O5

_^/Xbb/Xbb/XYZ/X]Z/XAl 
^/X` Z/X\ Z/X` ]/X` YY/X_ Cr 

YY/\``/`\]/`b/`b/XX Mg 
\X`/a\XY/a\X/a\^/a\^/aCr/Cr+Al 

PPL-

PPL-100X 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

03
 ]

 

                             9 / 16

http://ijcm.ir/article-1-476-en.html


��0W ��8�6'!3' 2'!
' �%�() ���F  �%�()�1N3 �N9� ��z

 C�,D8��� !F �
��8�) -����J �
�<��%1@ =�6�&(N@��'1
� I(%  ��E =13�
)���  #T�� V�C !3.(
Cha5(Gabbro)Cha4(Harzborgite)Cha3(Dunite)Cha2(Cr) Cha1(Cr) Sample 

X/ab`/a_/aX/Z^ b/X` Cr2O3

`/_X/XZ/]X]/^Z `/_TFeO 
X\/aaZ/aa^/an.dYb/aNiO 
X\/aaZ/aa^/an.daX/aMnO 
Z/Y`/Za Z/ZY X_/X\ ^/Zb MgO 
_`/X^^]/aX_`/a^^]/aa^\/aCaO 
aY/a^b/aX\/a\/Xa ]/_Cr 
^/ZY/X` ^/^X Y/XX Z/^^ Mg 
XY/aaZ/aa^/an.db/bMn 
a_/a^/aZ/an.d]Y/aNi 
^/XX_/aX^/aX_/aa^/aCa 

aaY/aaaY/aaaY/aa^`/aaab^/aCo 
a_/aa^/aaaa\/aa_/aaa\/aZn 

n.dn.dn.daY/an.dCu 

C�,D9��� !F �
��8�) -����J �
�<���1, =�6 �' -.% I(N@ �8$E =')���  #T�� V�C !3.(
Che8Che7Che6Che5Che4Che3Che2Che1Sample 

_a/_ba/]`a/^aa/\Xa/XX ^a/XZ \a/`Ya/Xa SiO2

XY/aX]/aX]/aXZ/aX]/a^X/a^Y/aXb/aTiO2

^a/\^a/XX aa/X^ ]a/b`a/`ba/_\a/]^a/bAl2O3

]a/X_ \a/Xb Za/X] Za/X] Za/XY ]a/XZ `a/XY ]a/X^ Fe2O3

Ya/]Y ba/]] ]a/]_ Xa/]a Ya/]a ]a/Zb ba/]b ^a/]X Cr2O3

^`/a^_/a^Z/aX`/a^Y/a^`/aZX/aX\/aNiO 
X]/aXY/aX]/aa`/aa\/aX^/aXZ/aX^/aMnO 
ba/X\ Za/X\ \a/^^ _a/^_ \a/^a Ya/^Y `a/^a ba/^Z MgO 
ZY/X\a/a]X/a^\/aXX/^_\/a]_/aYb/^CaO 
X^/aX^/aX_/aX^/aX^/aXZ/aX_/aXY/aNa2O
a\/aX^/aa\/aa_/aa\/aa_/aa`/aab/aV2O5

a_/aab/aaY/aaZ/aa_/aaY/aa_/aa]/aZnO 
aZ/aaZ/aaZ/aa^/aaZ/aaZ/aaZ/aa^/aCo3O4

��� � ������ ��)��� ������
 
��E�F��# 1( 4&�G H��$�
��� ��,%� ����� "��E������ � ������ ! 
�� '� ��� !F =�6�����F ->�R  *�+$>, �
'!) =�(.� !3 2'1,

 �(�E �
 #�1)13 d1� � !"  � �3 2�%)Stratiform ( �>{�J d1�  
����� �
)Podiform ( �!F B���, .��� !F ��>�� d1� =�6 �>3 �

�D%'  =c�3 �.�� =Cr/Fe)�+
R�1��><� 2#>A� I(% (�>
  
=c�>>3 �.�>�Al/Fe)�'#>>"!
� 2#>>A� I(>>%(�>>3 ��>>
��� ��

 �>(�E d1� �<�� !F !
�Pi ��� !F =��w><G' 2�>% #>�!,]]�Y.[
���>�� d1>� �' �' -.>% �<��1�	' #(3!8F ��� !F ��#A� !
�Pi

�>>%' .>>��F �<>>%�  � �>>3 ���>>�� �>>�� !F =�6���>>��F =�6���
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#NfX\���8) �X����3XZ\a �%�!3���F =�6�%�() y��� !F !
�Pi �
��8�)1LR . . .���

d1� ��� !FCr  c�3 Al B��>�, *3�G c�3 #>�']_.[=�6���>��F
 ��� !FCr O'!>��l, �.�� ='�'� c�3 Cr/Cr + Al �' !<$>�3 

_/a#T��  Ti !>T�(: !
��>��  ��1>3 ��
�>@ IPGE)!>T�(:
 ��,0@ � !" (d1� =�6�����F �3 �.�� '� =!,c�3Al 2�$>� c�3 

��#(6� .d1� =�6�����FAl O'!��l, �.�� = �C c�3Cr/Cr 

+ Al ��3 ]/a�,_/a %^YAl2O3>�
c�>3 2�><�, #>T��  
#(<�6 .4.5]b[!
����Al2O3 TiO2��'#>" �3 ��� !F =

�<�3'  ���� �P�) �
'!3�(3 �#�' ���� ��r� �1P =�6 �<P�>%
#(<�>>6 .d1>>� �>>�� !F =�6���>>��F �>>%' �>>+8�Al �' c�>>3 

�f�� �3 �
�8"�� i =�>.f ��
�>@ �$�3 �  *�+$>, �
c�>3 =
���C�� �#()�3 �#) d1� ��� !F !
�Pi �FCr �
�>8"�� �' c�>3 

�f�� �3 �#>) *>T�C �
c�3 �.f =c�3 �$�3 � i =#>�']_.[
O#� ��� !F �3 �6 �� ���K<%' �+�<�R !<@ �P�) 2'1(: �#>)

 �%']`�\[�� �1w,  ��'#" �3 !<$�3 2J V�F!, �1) �>�� ' =
' �<�3 �>%' �1>N., �
��>WJ ��	 ��� !F �F *��� �
' �3 �#)�3 
]XayX^.[�>�� !F ��>r� =�>6 ��>�� =�>6 O �>>K<� �<P�>%

 �' �w�$� �"/
 Cr '� �>8"�� V>�F!, �� O �>K, �>F #>��'� 
�� ��,��3#6� .�>� c�3 M !F �3 ��<�� !F ��'#>" �' #>�'1, �>3 =

�f�� )1" �3 ��'#" p(F'  �' �
  � i =c�3 =�>�, e'#
#>) �<
 ���>C �� ��1) *�+$, �#) �' ��
�>@ M !>F �>3 �>�<�� !F �>F

��'#" �f�� �3 =�<)1" �3 p(F'  �' �
  ��
�@ � i =!><8F =

�� *�+$, �#) ��, �1)]XZyX_.[�>�� !F �>�D(� =�>6 =
��>>E�8$>>E  13�>>
 !
��>>�� ��&��>>�� ='�'� V>>�,!, �>>3 I>>(N@

 M !F#��>>>F')Cr2O3(XY/YZ % \Z/]^ %�� �>>>F #(<�>>>6
�!<�" ��� !F =��&<%�P �3 =�6MORB%) ^a�>, Y]] (Xb[

�� �'!G#�!�" .�%�!3 �NT' !T�(: =�6#��F' �
��8�)1LR =�6
 I(���F �� �1f1� �:!	  ��E ��� !F =�6 �8$E  13�
 I(N@

 !
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)��&���� �3 wt%__/b(��&���� �FeO !3'!3 `/X] ���  #T�� 
 Fe2O3!3'!3 ]`/a�>� *�+$>, '� I(���F ���  #T�� #>6�

 !
���� �.�� �3 �#) ��
 ��#A� !
�Pi 2J ��%' !3 �FCr/Cr 

+ Al �' `Z/a�,\Z/a)��&���� �3``/a(�'�1>8� �>3 �>f1, �3  
.�>>� �Cr/Cr + Al �>>3 �.�>>� Mg/Mg + Fe+2]X`[�

�!<�>>" �� �>>%�!3 ��1>>� 45�>>(� �>><�� !F =�6���>>��F =
��� !F �� �'!G M !F �' �(W �{�J d1� =�6#�!�" )*+)XY.(�3

�'�18� �3 �f1,TiO2�>3 �.�� Cr2O3]X\�^a[2J = � �>F
�!<�" �>
!"  �<��1>�	' �#�1>)13 d1>� ��� !F =�6�����F =
H
'�)GD ( �
��8�>)1LR �
�><� B�>%!,  �%' �#) ��$�
��18� �'!>G �' �F�>C �>%�!3 ��1>� =�6 ��#>A� !
�>Pi =!>�"

��>>E �>>�� !F�8$>>E  13�>>
�� I>>(N@�!<�>>" =�6���>>��F =
�%' ��J d1� �<��1�	' ��� !F )*+)X_.(

4.
5;��E ��� !F ��#A� !
�Pi �
��8�) =�6-����J �
�<� B�%!, E  13�
�8$ �.�� �'�18� �� I(N@Cr/Cr + Al �3 �.�� Mg/Mg + Fe2+.
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4.
5=��E ��� !F ��#A� !
�Pi �
��8�) =�6-����J �
�<� �8$E  13�
 �'�18� �� I(N@Cr2O3�3 �.�� TiO2.

�>�18� ��Cha4); #>f^(�>
R�13���6 �' �>F �>>�D(� =�>6 =
��E �)'�!3 13�
 M !>F �'#>�� ��>%' �#) )Cr ( �>3ppm^baa 
�>>� �� �1>>f1� M !>>F �.�>>� ;��>>A� �.�>>� �>>
' �>>F #>>%�

��, #
!@ �>� 2�$>�  �>%' ���>G1	 = �<)1" =�6 �>F #>6�
�
R�13���6 ��D(� =�6 ��E =��, #>
!@ �>3 13�>
 �<>)1" =�>6

 �%' �<�3'  ���G1	 .�'#��Cr ��18� �� =Cha5); #f^(�>F
 �>3 �>%' �#>) �)'�!3 ��D(� =�6 !3�" �'ppmYaa p6�>F 

��#3�
.
�� �0F1>
R0@ �1>f  M#>: �>
  -�E�� !
���� ��
' !3 � 0:

��, #>>
!@�>>�D(� =�>>6��>>E ==c�>>3 �.�>>� �>>3 �'!>>86 13�>>
 
Cr/Cr +Al2�$>>� �#>>(6� ���>>� =�>>8"�� �>>F �>>%' 2J =

��� !F �>�C�� H
 �' ec�8<C' ��D(� =�6 �' �>�, =Al �$>
� 
�%' �<	!" .��� !F ec1T' �'#�� ='�'� =�6Al 45�>(� �� c�3 

�#>>(3�
 Q!<�>>"��>>r�  �1>>G �$>>@ =�>>	�
 �>><K
� =�>>6 
��#�1)]^X.[��� !F �� �.�� �
' =c�3 �'#�� �
'!3�(3 =�>6

 ��� !F *�+$, M#: ��%�!3 ��1� 45�(� ��>E =�>6 �� '� 13�>

�� *9�� 45�(� ��1&(
'���% .

M!K
��>@ ��<�� !F *�+$, ��F  ��% ��1>� �1>(6 �<>)1" 
�%' �%�!3  xr3 .;#� �>,  �$>�3 �1N., ��� ' =�6 �(�$>�
 ��'#" *P'� �� �1N3 �<>%1�@ �1>5 �3  pP!E ;�C �� ��� ' =

�� *��) '� �<)1" �� �
�8"�� =�6'!9� �� �1f1� �1>)]^^y
^_ .[;#� ��� !F !�P' =�6 �3 '� M!K
��@ =�6 ;1w>r� 2'1>(:

��'#>>" 2�>>�� �$>>(F' >>�� ' =��>>�1, �<>>)1" ��, #>>
!@  �
��#(6�]^byZX.[;#�  �>8"�� �&<���J *��) �
�6/!>�W �>


 ��'#" 2�13 |0<P' *3�G �' !��	  �(W =�6Si ��'#" 2��� �
 =
�>%' �#>) ���($>�@ -�� ���) ��	  �,�+�N�%]Z^yZ].[�><K"

�� �+
R�1��<� ��� !F ���F �F �1))�' �(WCr ( �>NC!� �� =
M �  *�+$>, p�'� !>	 !>3' �>
 �<�(��13 2 � =�6�8"�� �(A
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 ��'#" *�+$, �' �>(W =Cr �>� '� #>6� ]ZY�Z_.[��'#>" =�>6

 �>>�� ' �<�(��1>3)MgO>10 wt% ( � #>>C �>>3)ppmXYaay
Xaaa Cr~] (Zby]b[��'#" �3 ��
��� �� � ' �<�'��>3 =�>6 �>�

 � #>C �>3 �<>)1" �' �#) 4<$� !&
�)ppmYaay^aa Cr~ (
]]`�]\[�' 2�1>3 �(W �3Cr #>(	 !A� .�>3 �>f1, �>3 �
'!3�>(3

 #T��Cr2O3 MgO -��  c�3 TiO2 Al2O3�1f1� ��
�@ 
��� !F �
��8�) V�F!, �� �>�D(� =�6 ��>E =�>� 13�>
 2'1>,

 �<>)�&� �>(�E �>�AG1� �>3 ���>��F �
' ��� !F �K" 4>�8:
��� !F ���.�� �� �6 �<��1�	' =)��, #
!@ =�6 �#) �+��1<+, (

�� 2�$�  ��'� ��'1�86 d1>� �' ec�>8<C' ���� =�8"�� �F #6�
��'#" �<�s�1, =Mg  c�3 Ti �>%' ��1>3 ��
�@ .�>3 �>	!5 �'

 ��
�@ #T�� �3 �f1,Al2O3��� !F�� �1f1� �>�D(� =�>6 =
�8$E �F �
' ec�8<C' �I(N@ �#(3�
 Q!<�" 45�(� �� -�� ����-
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#NfX\���8) �X����3XZ\a �%�!3���F =�6�%�() y��� !F !
�Pi �
��8�)1LR . . .���

�>�� !F ��
��8�)1LR ��"#
� �' �<�>3'  =�>6 �
!,c�>3 �>3 
p�3 ��
�@  �<)1" =�6 p�3 �
!, �<>%1@ =�>6 �>%1���G' =

!>>T�(: �.�>>� ='�'�Cr/Cr+Al ��>>3 Y/a�>>, _]/a�.�>>�  
Cr/Fe ��3`/X�,`/^>C�� ��%' ����>�� !F �>F ='�'� =�>6
�.�� p�3 �3 �#) ��
 !T�(: !,c�3 =�6 4�8: =�6 �<�>3'  !,-

#�']Z.[O'!>��l, �.�>� �>3 �>f1, �3Cr/Cr + Al ���>��F �� 
�8$>E ��� !F ��>3 I>(N@b^/a�>, b\/aO'!>��l, �.�>�  

Cr/Fe ��3 b/^�,X/Z�� ����$� �
' �F �K" 2'1, |�.,�' =�6
 E ��� !F �+�<�R�8$ p>�3 �>3 I(N@ �<>)1" ��
�>@ =�>6 =
�%' �<�3'  ���G1	.
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��>>�� 2�1>>3 c�>>3 !>>&
� v!>>5 �'Cr2O3)��&��>>�� �>>3
\Z/]^ (%  MgO)��&��>>�� �>>3]^/^^ (% �1>>N., �' �>>
�+C

��� !F �f�� �3 �
�8"�� �' �6 �>3 �>F �>%c�3 �$>�3 � i =
��, #
!@ �%' �<�3'  4�8: =�6]Ya.[=�6���>��F *�+$, '��

 ��E �<�� !F �8$E  13�
 ��&��>�� �>3 I(N@Cr2O3Z]/]_ % 
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�8"�� �' ��'1>�86 �#>) ��>
 =�>6
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��� ��>>E �>><�� !F !
�>>Pi �
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 �'��>��F ���1	#, �{�J ��� !F �����F )��&��>�� �>3%ZX/Y` ~

Cr2O3�%XZ/X^~Al2O3�%\`/X^ ~MgO  b_/a~
(Cr/Cr + Al)] (YX[2J =�!3��F  �
��8�)1LR �6�.) �'� �6

�� 2�$� ��1	#, �<�� !F �����F �3#6� .

������ ��)��� �$%�& 
��'����� ��� 67��� ���� � ����-
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��>P �' ���>F H
 ��� !F �+(
' �3 �f1, �3 *(�{>%' ��'1 �>3 �>6
�!<�>>" ��!<�>>" �
��8�>>) V>>�F!, =�>>9�<� �� ��>>%' ='

 �� '� �:1(<� �<A(T =�6�!3��F �>	!" !>h� �� 2J ='!3 2'1, .
#>>��1, ='!>>3 =R�1��>><� g
�(>>T �� �>>�� !F �!3��>>F �
!<$>>�3
 *3��� �� M ��� V�F!, H
 p�� M !F 2J �� �F �%' M !F !	

� '� �>>�!"  p
�>>% ��"��1>>P �p
��>>F'��']Y^[=�>>6R���J  
�� #��1, �N<�� d'1�' �' =��
��1) .��� !F �� M!K
��>@ =�>6
 �>3 ->�� �<��1>�	' =�>�<	�.86 �8$>E �>�(, 2'1>(: �>>�� !F =

�3 �'#"!
�Al2O3>20wt%  ��
�>@ �6J �Cr2O3 + Al2O3

> 60wt%]YZ�Y][�8$E  ��13 =�>6�!3��F ='!>3 �8�� =
�3 =R�1��<�Cr2O3>40wt% �>�  �.Cr/Fe ��>3 ^/^�>, ]

�� ���C �3 -��#(
J]Y].[

�>>�� !F �<A(>>T =�>>6�!3��F ��>>E 45�>>(� =�>>6  13�>>
 
�8$E �� �T0P !
� ~!$3 I(N@#�1) :2�>+�' ='!3 M�c |!)

 �3 =R�1��<� g
�(T �� ��� !F �' ���K<%' M !F !	 #��1, �1h(�
 =c�3 �'#��Cr2O3���F �� �>�� !F =)]_�>3 �>
 #>T�� !,c (
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� v!5 �'  �%' �.�� ��
�3Cr/Fe *G'#>C �Z�>3 X
#)�3]Y].[�� �
��8�) g
�(T �� ��� !F �!3��F ='!3 ��>
�3

 �'#��Cr2O3���F �� ��� !F =)]]!,c�3 �
 #T�� (�.�>�  
Cr/Fe �' !<$�3 Y/X#)�3 .��� !F �
'!3�(3 ��E 2��A� =�6 13�


 !F #��F' ='1<r� ��&���� �3 M XY/YZ =c�>3 �.�>�  #T�� 
�6J �3 M !F)��&����\(�� �+
R�1��><� =�>6�!3��F #>(�'1,

#()�3 �<)'� �
��8�) .
��&��>�� �3 �f1, �3Cr2O3)Z\/]^ (�.�>�  Cr/Fe b/^

�,X/Z��
�>@ !
����  Al2O3)�' !><8FX^�>��  #>T�� (��
�8$E ��� !F ��#A� ���� >�� �#) ��
 ��� !F �I(N@ ='!>3 -

�%' ���K<%' *3�G �
��8�)  =R�1��<� =�6�!3��F.
��� '!>	 #>��1, �� ��� !F �' ���K<%' ='!3 M�c |!) =�>6

 �(��1�J �'#�� �'#"!
�^Y�,Za%��� !F ��1� �� �F �%' =�6
��E �3 13�
 ��� '!>	 #��1, 2�+�' 2J �'#�� 2�13 ��
�@ *��� =�>6
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� .
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('�� 
B�� I(% =�6#C'  �
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�:189� �3 �' -.% I(N@ �>%�,!F �>% �>3 �' -.>% �<��1>�	' =
��, #
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� =�>6 ���$>K$,J =�>6
�%' �#) 2�%!"�.

��D(� �� �8$E =N@��>E  I>( ��1>, 13�>
 �><�� !F =�>6
 ��1>, �>3 �+
�-� �6'!86 �<
R�13���>6  �><�� � �&(>% =�>6

#��'�.��� !F �	�3  ��<P�% �>� '� �#) ��
 45�(� =�6 2'1>,
 �	�3 B�� � !"  � �3 �!>F B��>�, �>
1��U  ��� ' =�6 .2�>�� �'

�>>	�3 �>>	�3 ��>>�� ' =�>>6 �>>�'� �BF'!>><� =�>>6 �� 2�$>>	'  =' 
�>��FI(�>>�D(�  � !>>6 �>�� !F =�>>6*>>3�G �#>>) �>%�!3 =

�%' �#6�$� .�
c �	�3 �2�>3-�� I(% �3 �9
�#, �!� ='�'� ='
 �>	�3 �' =�1&�' �)1P  �&(N@ �%1@ �=�'1� �	�3 g
�>) =�>6

 �!�Pi �� ��(, ��� ' ��E ��� !F ��#A� =H.$>� �>	�3  13�

 �8$>E �>�� !F �����F �� e'!wr(� ��� ' �	�3 I>(N@ �#6�$>�
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' �>6
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�@ 
��� '!	#(<��� V%�(� c�3 ��K�F �3 �'#"!
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�%' ��13 .I(�>��F �
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!>><8�� �I>>(N@

 �>3 =R�1��><� g
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�%' .��� '!	 #��1, ���� �' �'#"!
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