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As 7/� j/�� �H H/� �� H/� H/� � �/� �/Hj �/HH l/l �/� 7/� j/7 l/� 7/7 l �/l �/7 H/H �/�l
Ba j��� 7jH� �7�� �7�� jH� �kl jH� 7�� �7� jH� j�� 7H7 j�� lH7 jlj �� H�� �H�� ���� ���� j7j ���
Be l/� 7/� � l/� l/� j/� k/� �/� H/� k/� �/� j/� �/� �/� � l/� �/� �/� �/� H/� �/� �/�
Bi j/� 7/� �/� >�/� �/�< >�/� �/�< �/�< H/� >�/� �/�< >�/� l/7 �/�< �/�< 7/� �/�< >�/� 7/� �/�< �/�< 7/�
Cd �k/� �k/� �/� >�l/� �l/�< ��/� �l/�< �l/�< H�/� j/� ��/� >�l/� ��/� 7l/� �l/�< 7H/� �k/� �H/� ��/� �l/�< ��/� ��/�
Ce �k/� �/�� �/�� H�/k kl/k HH �/�� �/7� l/�� l/�� 7/�� 7/Hj 7/H� �/H� j/jk �/� �/j7 H/H� �/jH �/Hl �/7l j/��
Co �/7� �/7� �/j� �/H� 7/j7 j/j� �/7l j/7� �/Hl �/l7 �/lj �/7j �/H7 l/jH �/j� k/H� �/j� jl j7 �/H� H� �/j7
Cr 77j �k� ��H �k� 7HH l� j�H �k 7Hj 7�� 7�l �l �� �l �� 7�� 7l7 7j �l 7�H ��H j7l
Cs �/� �/� l/� �/� j/� �/� k/� �/� j �/� �/� �/� �/� �/� l/� j/� � �/� l/� �/� l/� �
Cu �/�7 �j �/�7 �/l �/j� �/j� �/jH �/�k �/k l/j� k/� �/�H 7�ll l/7�7 �/�j j/7H� �/H7 �/7� k/7j k/� �/jl l/�l�
Dy �j/H �7/H �7/H �/7 �l/j k/�� ��/H kk/� ��/j ��/j Hj/j �l/� ��/� �l/� �7/� H/j ��/l jj/� ��/l �/� jk/� ��/H
Er ��/7 ��/7 H7/7 ��/� k�/� ��/� jl/7 ��/H �k/7 l7/� �k/� ��/H ��/H ��/j k7/j �H/7 �H/7 7�/H �j/j Hl/H kH/j 7�/7
Eu H7/� H/� ��/� �H/� �7/� kl/7 ��/� �7/� ��/� jl/� 77/� k7/� ��/7 �k/� ��/� kj/� j/� ��/� kk/� 7�/7 H�/� �l/�
Ga �/�� �/�� H/�� �� �/�j �/77 �/�k l/7� 7/�H 7/�k �/�k �/77 �/7� H/7� 7� j/�l l/�� 7/7j �/77 7� l/�� �/��
Gd �7/H l�/H H/j ��/7 7/7 �j/k �/7 7�/l k�/7 �l/j 7/j 7H/� 7k/� �l/� ��/l H7/7 �l/H �/� ��/� ��/� �k/l �l/j
Ge �j/� k�/� ��/� �H/� ��/� ��/� kH/� �k/� ��/� ��/� �l/� ��/� kH/� �j/� �7/� �l/� kl/� �j/� �H/� k�/� kj/� �j/�
Hf j/� 7l/� �7/� 7�/� 7/� ��/j l�/� 7�/� k7/� H7/� l�/� j�/� �7/7 �l/7 j�/� jj/� ��/� l�/7 �7/7 ��/7 �7/7 ��/�
Ho ��/� �k/� k�/� �/� �l/� 7�/7 kl/� Hj/� ��/� �/� ��/� Hl/� lH/� jl/� jk/� �H/� �l/� l�/� �l/� lk/� jl/� k7/�
In 7/� 7k/� HH/� �/� jk/� �j/� 7�/� 7/� �H/� �k/� ��/� �/� �j/� �7/� ��/� �H/� �k/� �l/� ��/� �7/� ��/� ��/�
La H7/j ��/j lj/j �l/j lH/j H/7� �k/H 7/�7 �k/j 7j/� �H/� �/�k �/77 l/�� j/�� jj/j �l k/�H �/�l 7/�� �� �H/H
Li �/ll �/l7 H/lj 7/j7 �/�� �/�� H/�k H/� �j� �/�7 7/�l k/�7 �/lj 7H j� �/�l �/�� �/7� �/�� �/l� �/7k l/j�
Lu 7�/� 7k/� 7j/� ��/� ��/� �l/� 7�/� Hk/� 77/� ��/� �7/� H�/� j�/� jj/� j�/� 7l/� j/� H�/� 7l/� l/� Hj/� 7�/�
Mo H/� H/� H/� 7/� j/� �/� 7/� l/� 7/� H/� H/� 7 �/� �/� l/� j/� k/� k/� �/� k/� � 7/�
Nb �/7 l/7 j/7 l/j �/H j/�� �/H �� j/j l/l k/l l/�� �/�� 7/�� k/�H k/� k/�� 7j �/�� 7/�� k/�� �/j

7�
�
 =	�"/
��4A� AN-1 AN-2 AN-3 B-1 B-2 CH-1 CH-2 CH-3 C1-4 DA-1 DA-3 PL-1 PL2-1 PL3-4 PL4-2 P3-L-2 P3-L-3 PO1-1 PO2-2 PO4-2 PO5-2 2-W-1

Nd �j/k ��/� 77/k l�/� l�/� �/7� 7k/k H/�� j/k H/�� j/�� �/7l �/7k k/7H 7/7j H7/� �/�� 7/7� �/7� H/7� �/�� ��/k
Ni k� �l �� ��� ��j 7j ��l j� ��� k� �� jH Hj H� Hk �7k 7j 7� j� �l H� k�
Pb 7/�� �/�H �� � H/� �/77 j/� �/H �/� k/�� H/k� l/l j/�� � �/7 H� k/�� 7/H k/l 7/j H/l� k/�
Pr ��/� �l/� lk/� 7�/� jk/� �7/� ��/� kk/j �/� Hj/7 H�/7 k/l 7H/� H�/l ��/l H�/� �k/H ll/l lH/H ��/� �7/j ��/�
Rb 7/k� l/�l 7/7l �/H� k/�� �/7k H/7k l/�� 7/k� �/�H �� l/�� H/7� �/7j �/�H 7/H �k �/7k �/7� k/j� �/7j �/jk
Sb 7/� j/� k H/j j >�/� �/� 7/� H/� H/l �/l 7/� �/� H/� �/�< 7/� 7/� �/� �/� �/� �/� H/�
Sc j� j� jj �k 7j H� 77 j7 jj �� 7� 7� j� 7� 7� 7� j� j7 7� 7� 7l jl
Se 7k/� 7�/� 7�/� ��/� ��/� ��/� H�/� Hk/� 7�/� 7k/� 7k/� �k/� ��/� �j/� k/� jk/� jk/� k7/� ��/� Hj/� �/j j/�
Sm �H/7 H/j j j7/7 �7/� lj/k k/7 77/l �H/7 HH/j Hj/H �l/� kj/� �H/� �/� �/7 k�/H �k/� kl/l ��/� �j/l �H/7
Sn k/� �/� �/� �/� �/� l/7 �/� �/7 k/� k/� k/� H/� �/� 7 j/� �/� �/� �/7 k/� H/� j/� �/�
Sr 7�� 7�H jHH 7�7 ��l j�� 7�7 77� j�H ��� �lH ��� �7H Hl� ��7 7kk jjH ��j� ��k j�7 77j j�H
Ta �j/� �j/� �7/� 7�/� 7H/� � 7l/� �k/� ��/� jj/� jH/� �k/� � �H/� k�/� ��/� �k/� jj/� �j/� l�/� ��/� 7�/�
Tb �j/� ��/� �k/� Hk/� H�/� �H/� �l/� �/� �/� lk/� �/� 7/� j�/� �l/� �l/� l�/� k�/� 7k/� ��/� j�/� ��/� �l/�
Th ��/� 7/� ��/� �l/� 7j/� �7/� 7�/� ��/� �j/� Hl/� l/� j�/� ��/� ��/� k�/� �k/� ��/� k/� ��/� ��/� �/� j�/�
Tl H/� j/� �/� 7/� �/�< H/� �/� �/�< 7/� j/� j/� >�/� 7/� 7/� �/� >�/� j/� l/� H/� j/� j/� 7/�

Tm j�/� jl/� j/� 77/� 7l/� kj/� j�/� l�/� 7k/� �k/� 7/� lH/� l/� Hl/� l/� 7k/� jk/� l�/� jk/� l�/� l7/� j/�
U ��/� �l/� ��/� ��/� ��/� ��/� �/� H�/� �l/� �l/� ��/� H�/� �j/7 jj/� �7/� ��/� �H/� 7H/� 7l/� ��/� j�/� Hl/�
V j�l 7l� 7j� ��l 77j Hll 7j� H7� 7�H 7j� 7jj j�H jkk j�� jl� 7�k j�� �7� 7Hl 7H� j�� j7H
W k/� l/� H/� >�/� �/� 7/� �/�< H/� >�/� >�/� �/� j/� j/� H/� 7/� >�/� j/� 7/� 7/� 7/� 7/� �/�
Y �/77 j/7H H/7� k/�j �/�l ll 7/7� k/jj H/�k �/�j �/�l k/jl �/jk �/j7 7/jH �/�k j/7l H/jl 7/7k 7/H� �/j� l/�k

Yb H/7 �H/7 k�/� jk/� Hj/� kl/H ��/� j�/j ��/� �H/� �H/� 7/j kH/7 lk/7 k�/7 �7/� 7l/7 j�/j 7�/7 �/j �H/j �H/�
Zn 7�� 7�H 7ll ��� 7j� ��l �7� l/k� j�7 j�j jk� �/�l H�� �jj �l7 �j� l/l� Hk� j�H 7�� jH7 j��
Zr j� jH j� j� j7 �� l7 j7 �H Hj Hl 7� l� l� jk HH lH �j �� �k �k jH
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)��/l��7/���  +Q�� �(+&@�/)I +]�(+&/� -�1� �8�<
2+]
J�A"�� ��2!' 
r!" �,
"+�.��82#�G -g#
$�%2 

]j�[.>!	
+&2+]
J�A"�� �
2 �8 
;&% $�/�+' -> ��O� -
+�2�#=&� +� � r%4: .��2�4A� �� Al2O3/TiO2��, �)� 

TiO2)X6'H{�]j�[(� x�1���4' .
Na2O2.	2 �,
JSiO2�4TQ +� � �<�+, �8 ��2� #X

-> -�4, ��"��%���%2)X6'l`�2(]j7[.2.	2 �,
JMgO 
����
!�Ni  Cr2.	2 
� J�
+&,�)X6'�/<l^ {(�, �8
>!	
�/+&<�45): 2+]
1�YZG 
58 ��Z84#G4&#$�8 !/�"  �
�2#4
+&@�/ ��"��% $]jj �jH[.R�bD% �, �A"�� �4TQ 

��#�$2+]
J�A"�� <	�� #� �� 9�2  +/�
��8 $��/
2+]
J��
+&,���4D, 
��6Ni�2 �� #4
 $Cr �� 
58#G4&#�%2 ��"��% $�8 !]jH[.2.	2 �,
JMgO ��2+��Nb 

� J/�8�
� -�1� �8 +,��+/� �8 ��4, 91S ��A"�� 
=�>#�%2 �+1� �45)@� I4)��
=�> !"2 2!#�4: I4)#��4, �+' +
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+5]7����A' �j.#
�G ��j��$#��  �A#';&%;&% �
2� -�".�!/ -�@%2 �� yN2  �.�!/ +���% <��,�
� <�/ �l�

Nb�] �4S �� 2� <���2�)X6'lV(]jH[.J/�8 �,Mg# 
;&% ���/<�
��,�<%�!, ��4� ���2+�� Cr2.	2 �*!% �, 
J

)X6'�`�2(�Fe2O3t2.	2 
J)X6'�^( Al2O3A8 �
� J/�8�
+,�)X6'�{(.2
?: $##' V2!#A#�
��, �2+]
J

�45,
�2 B��C $#4
$/58#G4&#���� �2!A/ �, $�8 !
A8 !�

YZG
 �Z84- +,:#@&0�4��@#+&@�/ ��"��% �]jl[.J/�8 �,
Mg#2
;&% $��/ �2+��TiO22.	2 �*!% �, 
J
�@	�)X6'

�V(+&/� -�1� �8�<+� � -�4, B��C 2+]
1�
58#G4&#$�8 !�%2 ]jl[.

80�@�2`��2�4A� Nb/Y�, �)�� Zr/TiO2*0.0001 ;&% <2!, �%�!, ��4� <��,�
� <�/]7k[.^��2�4A� SiO2�, �)�� Fe2O3t/MgO  
��4A� <2!, �%�!, ��4� <��,�
� <�/]7k�7�[.{�;&% y
�4: V2!##?: �2�4A� !, �%�!, ��4� <�/Al2O3/TiO2�, �)�� TiO2J
2+] �8 

�� -�1� 2� �
�A"�� +/�]j�[.!G4: �!
2� :��4A����S4: �!
2� hm5�� ��O �6A� +)&" <�/ :��4A����S4: �5�� hm5T� +&, �6A� +)&" <�/ :��4A� -
!G4: �5�� h-2+�� �6A� +)&" <�/ :��4A����S4: y,!� h �40�2 �6A� +)&" <�/ :��4A�!G4: y,!� h�." �6A� +)&" <�/ :��4A� �6A� +)&" <�/

<�4� h��,�2� :A���4�fAO �6A� +)&" <�/.

80�A<�/�2�4A� SiO2<+#�82 !
���� �, �)��)���  +Q�� B�M !, (`�2�Na2O MgO <!|&* !
���� �, �)�� )B�M !,ppm  ( �^
V  {�B#:!: �, Ni �Cr  Nb��4A� <2!,�%�!, ��4� <��,�
� <�/ .X6' �,�1� mFZ*H.
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�4G <+AM2 ��@%4G �<4p:!� �3+�� <+AM2 -2!
2 �%�&' ���8  �%�&'�45, �5L� �lk

80�B<�/�2�4A� Mg#)�� <!|&* !
���� �, �)B�M !,ppm (`�2�Cr <+#�82 !
���� �, �)�� )���  +Q�� B�M !, (V  { �^��,
<�/�2�4A� B#:!: Fe2O3t�Al2O3 TiO2;&% <2!,�%�!, ��4� <��,�
� <�/ .X6' �,�1� mFZ*H.

;&%�/<�
��,�<%�!, ��4� ��2�2�<Mg#  = �l�7l 
+&��� ���"��%�� !Q�&*Cr )ppmj7l �7j( Ni )ppm

��l�7j(?@�#!+&@�/)I +]7(2 �8
���� $
� -�1� !�-
2 �8 +&/�
;&% $�2 �/
� 2 ^2�� 9#!G �, I��T: �� �
: +#�

�@'4"2<'����+1� +�2]j�[ �,�45): 2+]
1���
-.�� 9
�A"���
�� �� #%� !#�� bD% �, -+#�@	!" �2!N $+�2 .2
$
;&%�/<"�� �A�
2�2� �<����
!e�, d�@)�� <Zr/Y)Hk/j�

�l/�(�G d�@)�� �#
$Zr/Nb)HH/7H��H/�( La/Nb)kk/��
�H/�(!:e�, d�@)�� �Th/Ta)7�/H���/�(�����
!e�,<

Th/Yb)l�/��7l/�( Ta/Yb)HH/���l/�(��� ��
�, �� 
��2��,�/<@1G �<�#N2 -�#%4�����* <)���� �,
!:!: �,#B

�H/7��l/j� ���/���l/���H/� �l7/�h]j�[(+&@�/ .2
$
����
pT, �,�1� !���2��, �/<1�2� !	 ���2��, ��/<�4M �<

��2��,  (4N �1G�/<� o@1G #N2 -�#%4���&C��+' 
+&@�/ .

C.� 
�45):2+]
1����� J/�8 �*�, 
��4A� �2�4A� !, !�/<�
��,�<

%�!, ��4����L&�,� �+' @'4" �, �)��<� 2 #� ����2 �4'

58 +� ���2+�2�<��4A� ?: 2� �/##A� !�+/�]j�[.@� ��#��L 
2
��4A� $�/<�
��,�<�/+)&" �2 <6A� �.�!/ +���% V �=@� 

���� �8
!@A8 !<2 �� 
+��2� �2�4A� $)X6'�`�2(�, �)��
��4A��/<���� �, 
!:e�, !,#2+] !@1
J
�@	�+�2 .����L&/<�/<
=&��2!, <Rb �Ta �Nb �Sr  Ti ���/�2�4A� <�� !Q�&* 
^�

��L&�,@'4" �, �)�� �+' �<� 2 #G ��#� ���&1��8 +&8
�/�A"��<+���% �<2
;&% $�/�%2 $6A� �2
@'4" 9�<
;&%�!82<+T: 
� J�2� !	 !\2 �� �+' X'��+&'�, �+' 

]j�[)X6'�`�2.(2 �@)�2
O [4�4� $-2+& �+&&8 y��N 
�#��.��L&/��<=&� �2
� W!P@��� d�@)�� !Q�&* $��, +�24:

��#��%!"� X�;&% 2.	2  �/
� J
��2� �� W!P@� !Q�&* !0
+'�,]jk[)X6'�`�2.(40�2�/<8�S !Q�&* ����� )REE(

2!,<�%�&' �
"�4�> ��@%4G 2<��8  �%�&'���0@%�S�#�, .
� ��8��4D, �+� �
��4A� �6�/<�@%4G w2.]2 r%4: �+' ��4�> -

2<�2!,<8�S !Q�&* �9)% ���� )LREE(40�2<&C� �+'
2!,<8�S !Q�&* �0&% ���� #$)HREE(40�2<-�1� v�Q
��+&/�]j�[.;&%�/<%�!, ��4� �8�S !Q�&* �2�4A� �� �

������L&�,�+&8 �, �)�� �+' 
�)X6'�^(�$
2 �8�L�> �2 
/40�2$
2!,�&, �+��2+� 2� �
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+5]7����A' �j.#
�G ��j��$#��  �A#';&%;&% �
2� -�".�!/ -�@%2 �� yN2  �.�!/ +���% <��,�
� <�/ �l�

80�D`�2 ���4A� <2!, �#� 2 o@'4" �, �)�� �+' ��L&�, ^�
�� !Q�&* �:4)6&* �2�4A� .�!/ +���% �2 �%�!, ��4� <��,�
� <�/ .^��2�4A� 
���� W�S !Q�&* �:4)6&*)REE (;&% <2!, �
�+&8 �, �)�� �+' ��L&�,�%�!, ��4� <��,�
� <�/ .�L&�, !
���� y]!� �2 �@	!"!, �+' �]j�[

+&@�/ .X6' �,�1� mFZ*H.

�@%4G �"�4�> ��O��+' <2+�2 .;&%���8 �, <�/ �%�&'
40�2 -��6
 ��0@%�S <�/REE +��2� �,�1� ]H�[.;&% ��-

<�/40�2 �%�!, ��4� <�/REE<�24� m/ J#,  m8 �, +�2
)X6'�^(�� �8 ����1� +�24:���8 <%�S �%�&' ��0@

+'�, ���> <2!, ��,�1� .<��L&/�� $#&�A/ +
+' �)�� <�/
Ba �K Pb<��L&/�� ��=&� <�/Nb  Ta)X6'�`�2( 
�&C m8 �"+'LREE)X6'�^(�� -�1���4A� �8 +&/� -

�@%4G �"�4�> ��O� �
�A"�� ��4"!"� �R ��%�!, ��4� <�/ -
�+' �=#=S <2 +�2]jk.[m8 d�@)�� !
����LREE �2 �pT, �� 

��4A� �/)X6'�^(!Q�&* � !S X#�� �, �%2 $6A� �LILE 
;&% ���%!"� �RV+� ��%�!, ��4� <��,�
� <�/ �2 aG �/
 +'�, ���> �&
.0
�]]jk[�+' -�%!"� �	�, �, $
2 �8 ���> <

�� +#F�: �4')X6'j.(40�2 <�/REE W�� <2!, <!\�� �2.,2 �
�]�� r
2!'<@�/ .#� ^ c +&]H�[.�]�� ���24� B5C2 �� <

�@'4" ��0@%�S 9
 m8 ^ c40�2 �%2 $6A� <2 <�/REE 
�@'4" ^ c <e�, +Q��  �@	�
 J
2+] d�@)�� �%2 $6A� <2

40�2 <�/REE �� > �4]4, 2� v�Q ]j�.[<40�2 �8�L�> �2
REE��4A� v�Q dZ��8 �
 �@	�
 J
2+] d�@)�� �%�!, ��4� <�/

$#,  ��4)� ���> ���� <�A"�� ��L#@� �� �+&@�/ ���M  � $
2 
�%2 ��!8 �,!L: 2� �D%4@� ^ c o]�� .�8 �%2 �+' �@="

 !
���� $
2HREE;&% �� �8 e�, d�@)�� �+
� <��,�
� <�/
�� +�4')X6'�^(-�1� 2� ����" �2 ��: ��0@%�S 9
 �
��;&% $
2 ���� <�/�A"��  +/�%�S 9
 �2 de�A@M2 �/ ��0@

�+�> �#: +
!G X&#f%2 <40�2 �, $
2 �8 +�2HREE v�Q d�@)�� 
�� +#F�: �4')X6'�^.(!
����REE �8+�2 V2!##?: �, 

+&@�/ �,�\ d�@)��)X6'�^(�� -�1� �
�/+� � $#&O �8 -
��4A� $
2 �8 +&/� �2 ��0@%�S m/ <!% 9
 �%2 $6A� �/

9
2�+'�, �@#K�4: <�/ .8 r#P� 9
 �� �8 c4=� <+T, �11
��!8 +�2]j�[.9O48 �=&� <��L&/��Eu �+&/� -�1� 

�Z84
YZG J
2+]]jH �H7[��4A� !@1#, <2!, ��4� <�/
�%2 �%�!, .�=&� <��L&/�� �4)�Eu�� ���&1#G �8 +&8

��4A� $
2 �2 <�2+T: <2!, �Z84
YZG J
2+] X,�N -2+&O ��/
 ��#� �]4:]j�[.

�!� 2�;���E FG�HI7��


�@%� �8 +��2� q	24: -2!01/ gG 9
2� <�/)X#% �
 (�<��,
;&% _!@�" m�� <�/!0��1����N �!8 +&@�/ ��!@�" <2

]Hj[.�@%� �$#&�A/ �5Q2 <�/2!L� <��, X#% �
 9
2� <�/
�@'4" I��@�2 <2!,�@%4G �, q#A* ��0@%�S �, �
�A"�� <<

��� 2!	  ��4, �
e�,y
!% �&
.0
�] <�/v�6' �� �A"�� �
�/
 $
2 h+&@�/ `#T� ���%!"� �, +��4, �4]4� J#G �2 �8

�� y��� e�A@M2 �+&
>!	�@%4G �"�4�> �8 �4' �5Q2 +&
>!	 <2
;&%�@%� X#61: <2!, �%�&' +'�, <��,�
� <�/]Hj[.!,

�2�4A� (�%2Th/Yb �, �)�� Ta/Yb)X6'kh`�2 ]j� �
HH[(�� �;&% �8 �	!" �L#@� -24: �%�!, ��4� <��,�
� <�/

�@'4" ��0@%�S 9
 �2��: <�&C �A8 �: �+' �'�� �+'
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�4G <+AM2 ��@%4G �<4p:!� �3+�� <+AM2 -2!
2 �%�&' ���8  �%�&'�45, �5L� ���

�+'+�2 .;&% ��2�4A� $
2 �� -�1� 2� �@)�� +� � <��,�
� <�/
���@%4G �"�4�> $#, �8 +&/� <2)C(�1
2+] �45):  )F(

�%2 .I�#% �$#&�A//N�  9
 �2 �+' �2�> ^2����1�2� !	 <
<e�, !
���� +#�4: �*�,Th $#
�G !
����  Nb�@'4" �� <2

�� -> <e�, �4']j�[.��4A� X6' �� �%�!, ��4� <�/k`�2
�
2�> �A�N ��<MORB �� �2!N 2��6'> ��L#@� ��  +�!#"

�� �� �4S ��0@%�S �� 2� �1�2� !	 �24� �4pM 2!
� +&&8
 !
����Th  $#
�G Nb�, ��4A� $#&O <2!,  +��2� e��
�/

�@%4G �"�4�>�&C �
 <2 !, �A�� !#\�: ��1�2� !	 �"+'
$#���&C  ��2+� �/��,�
� $
2 �A#' �, ��&: ����> m8 �"+'

�&C X#���@'4" �"+' �%2 <2]j�.[��%�!, ��4� ��D&� ��
 �4]  a5R2 (4��#N2 +&��� ����, (4��#N2 �4]  <2!, <+/24'

��2+�;&% ���� <�A"�� �8 �%2 $6A�  �� �%�!, ��4� <�/
+&'�, �+' X#61: ��4&8 �!% <�
�� �#)' �D#P� .

��4A��)�� ��%�!, ��4� <��,�
� <�/ <�/Zr/Nb �2 �H/��:
HH/7H�� -�1� 2� $#
�G �8 +&/� o@'4" r%4@� !
���� �2 !:

�)��  +&@�/ �#� 2 <�/Y/Nb �2 H7/��:jj/��  La/Yb 
�2H7/��:��/k;&% �
 ����> �� �@'4" �2 <��, <�/ ����@�2 <
]Hj[��2� ��24�A/ �.;&% $#&O �8 �%2 �+' �@=" ��
�/

m@�#% �� <+T, J18 �R de�A@M2 ��!8 c4=� �	�6' <�/ +�2
]j�.[<e�, !
���� <2�2� B5C2 �/��,�
� $
2MgO)�&#1#, =
�/�7 r%4@� ����  +Q�� �k/�+Q�� ���  ( Mg#)�&#1#,

�� r%4@�  ���  +Q�� HH���  +Q�� (+&@�/)I +]�(
�+&/� -�1� !
���� $
2 �2 B��C �
�A"�� ��0@%�S 9
 <

�@'4" +&@�/ �
e�, <]j�.[r%4: ���0@%�S �� ����" �4)�
�@'4" ^ c I+� �2 �+�> �%+, U
�@���4A� <2!, <2 ��4� <�/

��� �2 ���=@%2 �, �%�!, !
�La/Sm �, �)�� Sm/Yb)X6'
kh^]j�[(��2 2!	  HREE�� +#F�: �4' .;&% U
�@�-

�� ���&1#G �/�01
���> �%�&' �@�2��, <�/�A"�� �8 +&&8
 r%4: �8 �%2 $6A� �
�#5N �A#�j���l^ c +Q�� 

�@'4" �#: +
!G +�4' +#�4: �
e�, <]j�[.m8 V�]��)��
+Q�� (�@'4" �#: +
!G ^ c2�#5N �2 �&C �@�2��, <�/�A"�� �<

�� +#�4: 2� +&&8]j�[�&C <40�2 9
  �� �"+'LREE 2� 
�� -�1� +&/�]j�[.m82!: �^ c J
2.	2 �,LREE �*!% �, 

�:j��� J/�8 +Q�� m82!: �!@1#, ^ c  +,�
REE �4D, 2� 

�A� !##?: ��]4: X,�N +/�]j�[.�� ��%�!, ��4� <�/��,�
�
P&� I4R�@%� ^ c �&�� m%� �#: +
!G X&#f%2 <2 +�4'

)X6'k^(�2 ��:�A#%!:  �/+� � $#&O �8 �!8 ���&1#G �8
�+' �'�� �@�2��, <�A"�� 9
 r%4@� ^ c �]�� �2 �8 +�2

�+�> �4]4, ��#: +
!G X&#f%2 +�2]j�[.�2�4A� ��Al2O3

�, �)�� Mg#)X6'kh{]Hl[(��2��, �!@�" �� �<�/
�4:;&% +&,!A8 �@#K�� �2!N $K8�> .)% +�!#" .���N �A/ �/

;&% <�/+&,!A8 �2 �6O48 V�TDN -�,.#� �4���, �4D, .)%
 $K8�>)�2 J#,j���J#G I�% -4#5#� (+&@�/]Hl[.��2
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