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�`�/ #,`��� 2�`6 �3 ���; "/ �6��H E��? $ ,�/ ."/ 2��!�`3 ��
 >h���#,
� �`0�� #%`!D ���Y �!�!C)� 2�B�)*3 �9 ��/ #,� 
/,!' /� S!�� �9 ,�8�B P!����; �3 I,� S
,7D Z�Y �� $ #�%9

 F`N� �; Z)`*J� �3 �!�!C)� Q�$�|� �I;)�`<�
�� �; �`
 $(
�`̀�/)S-`̀ ��.($ 5`̀ 
� �`̀ �/� Q�)R`̀ 3 "=9)`̀ 
�=' 2�`̀ B�)*3

�0��5
� �8	%& �/%? ��!�" �� ,�/ .E��a �	�3 �)�  
%D
�B �`9 �
A�`�  
/ �� �`� P.`< �`3 �`B ��)`H)S-`��(/ ,`�D��7+ ":

�2%!	�)' �2%!	$%8
$#%KY2/���/� I�!�2/2,`�� PB 2"/)� �
F7.� $. �9$%!' ���3%a ���Y �3 �B�7� �/� �`�/,�� 2�B 5`!� $

�`B"=9)
�=' 2,�3 ��1�� �`� /)D ̀ � �`|!8� �� ,P`B 25`!�; $�
,��3 #,� ��|
/ �N&�� .
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,*6��#��N� �����3 ����z"/,�/ >
")D #��
%9)�	 2��  
)!�$/ $  �9$%!' ��!�!C)� 2�B. . .m�

83�D���9 "/ �')-�$%-!� %
$�RD)� A�� �� #,� #,B�.� 2�B �!8!�!C)�)� ��PPL(:n�/ (��!�" �� �8	�
 �)*7D 2�B�)*3�.!� "/ 2/ 2
�!�!C)� �9 ����.K.D;�8	�
�)*7D ��!�" �� S-��)H 2�)*3 Q�)R3 �B,�/ .�� �+%	 ���9 Q�)R3 �9 ��/ �7!� 57� A�� �3 2�)*3  �9$%!'

��/� �)�Y A�� .�(����; �3 I,� S
,7D S!�� �3 �9 �!�!C)� 2�B�)*3#)�? A�� �3 P!,�/ #,� %B�� 2/ .�� S-� �)H ���9 Q�)R3  �9$%!'
��/ ]�.� A��  8�.

83�EA�� "/ �')-�$%-!� %
$�RD �)� �� ��1�� �� #,� #,B�.� M!*!� "/ ��7�/ %
" 2�BPPL . ��  
)`!�$/ $  �9$%!' ��!�!C)� 2�B�)*3
 �)*3 ���� Q�)R3 A��  8� ,��/� �)�Y ]�.� 2�B .*3��!�" �� �0��5
� $ 5
� ��/� Q�)R3 "=9)
�=' 2�B�) #/%`NB �`3 2%!	�)`' �	�3 �3 2/

 �9$%!' ��/� �)�Y �0��5
� 2�B .�	�3 A�� �� #,� #,B�.� 2�B�B:n�/ (� �2%!	$%8
$ �	�3 (� �2%!	�)`' �	�3 (Q �F7.`� �`	�3 (�`	�3
� �2/ #%KY :PB 2"/)� �	�3� �2,�� (��/� I�!� �	�32/.

��%��(�� 
��)N� %`4��+ ,!�`9/ %`V� "/ �`!�$�/ �<�
�� �?%� SY�� 2�B

 �� �*4/#%8�& �C56 %4��+ "/ #��K8�/ �3 $ �
%KD)�	 $ �
%KD 

�/�)N� ��Nb/Y�3 �7�� Zr/Ti $ �8!�)`�	 �`
%KD G�3 �� 
�
,!C)	)�!8!�
)�(�� �/%? �B ,�%!&)S-��n�/.( !`��NB 

2%�  !!fD 2/%3 !�"�!N!� A�`�  
/ ,�)� 2�N&�� �
 "/ �`B
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�%|� %!�� I/%
/ ����� ���9 $ ������)*3 �*|� �X

 �/�)N�Th ���3 �7 Co �`�)N� �9 #,� #��K8�/ �� �`B #%8�`& 
�8	%& �/%? T�3 P!��8' $ �8!�)�)�,�/]�����[)S-���.(

A�`� 2/%3 #,� P�� ���� �9�H %4��+ 2)0�/ ���%3 ��-
��)N� �NB ���1�� �8
%KD 2�B /� A`�B�NB b=��`9 ,�$� F
 �B

 �� I�.��B�,]�zW�X[)S-�mn�/(���� �9�H %4��+ "/ �9
 F7�(LREEs) ��a  !0�`� ���`� �9�`H %4��+ "/ $ �&,�

(HREEs) ��D #,�B� I�.� $ ,��/� �&,� PB 2I�)`3 �`N&��
 ��)N�  
/���B .P9/%D 2T�`3 ��!�3 2�BLREE  !
�`' �`6�� �

�$i ��a #�08��H F
 �3 �.�3 %4��+ "/ #,�LREE I�.`� /� 
��,B� .��D "/ �&,`�HREEs �?�`3 %0��`!3 $ �`���& I,`���

 ��/ �$i ���KD ��  9%
" .�`�a "/ �&,`�LREE �`3 �7�`� 
HREE �R�.� A�`� 2�`-B; $ �
�`!*? 2�`B �`�/ �
�`!*?

]��W��.[�7�� I�)3 T�3LREE/HREE #,�B� I�.� T�3 2
�7�� I�)3CO2/H2O$ �N&�� ,!�)D %8.!3 �N+ �#�08��H �� 

08��H ����& #� �`�/ G
/,`6 #,`
,' �
 $ �8!�$"%� �/� .�`8?$
 �� �`���& �)`6$ S!�� �3 �%!& Q�)4 2%8.!3 :�N+/ �� �$i

 %4��+ ���9  
/ #�08��HHREE I; �$�$ "/ $ #�%9 >N6 /� �B
�$i "/ #,�;%3 Q�f
�� �3 �`� 2%!&)`*6 �.`�3  
/%3�`�3 �,`�9

 �7��LREE/HREE �� GB�9 ���KD "�	 �� ,3�
 .��a �&,`�
 "/LREE �3 �7�� HREE #,�B� I�.� �)*7D 2 !
�`' �.�3

 �$i ��
" �N+ $A�`� �� �.�3 M!*!`� "/ ��7`�/ %`
" 2�`B
��/ ��1��.

A�� �D)7-�+ �/�)N� P�� �)V�� �3 ���; ���1�� 2�B
,�,� ��|��3 �
�,�9 �3 �7�� .�9�H %4��+ �&,�9/%' 2)0�/

A�� �� �����D$�K8� 2,Y �D n*8�� 2�BA�� $ ,��1�� 2�B
 %4��+ "/LREEs ��a�� I�.� �&,� ,�B�)S-�m�.(

�9�|�;"/LREE "/ %D��&"���� 2,Y �D �BHREE ,�8�B �B
]��[��)&%&� %�/ �� ��/  -N� �A�� �� �
�N&�� 2�B 2�B

 ,���3 #,� 59%N8� ��1��)S-�mn�/.(��a �&,�Th�Rb 
$Ba )P!��8' #$%& %4��+ (���.�%D 2�
 I��-
%!a �!�$/ E!9

�8�)' �&�)�;�)f4 �h 2/]�m[,
�� �
 $PB25!�; 
�B�N&����.

83�Fn�/ (�/�)N�Zr/Ti �3 �7��Nb/Y"/]��[� $(�/�)N� Th�3 �7�� Co]��.[

83�Gn�/ (�/�)N� REE �
�,�9 �3 �7�� #,� ��|��3]�z[� $(�7�� #,� ��|��3 �D)7-�+ �/�)N� �!�$/ �8�)& �3 ]��.[
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,*6��#��N� �����3 ����z"/,�/ >
")D #��
%9)�	 2��  
)!�$/ $  �9$%!' ��!�!C)� 2�B. . .��

�/�)N� ��2��|�B�� � S-���7�� Pb $��a  !�< PB -
�� �&,�Cs�� #,
� ���9 �� �9 �)�2��|�B�� �7�� �K�� 

��Ta �Ti$Nb8�)' �3 �!�$/ 2�N&�� �&�)�; %0��!3 �2 
%
" 
]��[Q$�K8� E!9%D �3 %0
� 2�N&�� F
 �3 L=8H/ 5!� $��/ .

2��|�B��+ �K�� %R�P�� S!�� �3 ,�/)DG
/,6 #�)3 �!D�'; 
,��3.

�D)7-�+ �/�)N� ����|��3 P
��3 %R�+ ��
�,�9 �3 #,� 
2��|�B���� I�.� �7�� ,B� .���D ��)
 ��f� %V� "/ P
��3

��/ P!��8' �3 ��
��� S3�? �*4/ %R�+ .P
��3 �9 �|�; "/ 2/�/�
3 �!	%�%8.!��/ P!��8' "/ �*!�$ �3  
/%3��3 Q�7!9%D �
P!��8'�� ~%RD �/��)� .#�/��� I�.� �%8�� S3�? 2�B -

�9 ,�B� P
��3�3���9 �� �7�� P!��8' 2�B %D�$" �9 �/�
�� S!-.D��/ %8.!3 �,�)�.
A���
/" A��2�B �
�!*? �� %3#,�%!& #,!�!'  
%D
�Y�7� P*+ ����� A�� ��/ $S�/)+ %�)� %3 �N&�� I)�NB 

��N+ ���.	 ����_%� �$i�.�3PB �25!�;�,�$� �G
T; 

��)&%&�2�B %4��+�*4/ $���!N� 2�B)0�/  !�"�H�� -
��
�N&� $�13/� I; �3 I��" $(�|�/%� �!K*D  
/SC��� �3 

2�)h �� SN�� $,!
�D #,��� %0
,�
 ��3�,�����%3 2�B
A���
/" ��)� %V� ��/]��.[

U!J�  !!fD 2/%3 !�"�8H��-.D A��,�)� 2�N&�� S!
W"/ ���1�� 2�B ��*�� �/�)N�TiO2 - 10MnO - 10*P2O5

]��[��/ #,� #��K8�/ �)S-�mn�/.(�/�)N�  
/�U!J� 2�B 
�8H��  !�"��/"�3 2/%3 /� n*8�� �3 �B#%8�& M!*!� 

�mWm�%�� F!-KD PB "/,�9 .%
���� �87�/ 
MnO-P2O52/%3 I�%9 #�%8�& #%8�& �� �X�#,� �%

��/ .�1H G
/5	/ E7� �<%& ��9  
/2�
5|D �� 2/ ��/ ��)�
�1H  
/ ��)lN.< S3�? $ ��!� ��
" I/,�< ��/ .��)N� 2�B
��)� ���%3 �!Y�� �� ��/"�3 2�B�
�!*? ��)��!?/ %
/56 

)OIA (�� �/%? ,�%!&)S-��n�/.(�/�)N� ��  !��NB
U!J� F!-KD 2/%3 2%0
� 2�B�8H��  !�"��/"�3 2�B

�8.'��)��!?/ I�!� 2�B (MORB)��/"�3 ��JK4 I$�� 2�B -
"/ ��)? %
/56 $ 2/PB)S-���(��)N� #%8�& �� �B 2

�JK4 I$���� �/%? 2/,�%!&.
2�B�N&���
�!*? �3,�Q%
" ,���� �M!*!� "/ ��7�/ 

�!�/"�3�
%KD ��B!�$/ 2�B�N&�� n*8�� �/)�/ $ �B�2"/ ��a 
�8'�� bT)Nf� P!�I$�8�)& �
T�3 �N+ �� $���P9zX

�� S!-.D 2%8�)*!9,�)� .�7�� �3 �6)D �3 !�" 2�B -
2�N&�� ����N8Y/ >7�� ��
�!N!� #,�;%3�8�)& "/��a 2�#,�

S�!l�/W�8!�$"%� ����& )�N+ Z��f��X�D�XX2%8�)*!9 (
��/ #�)3]�z.[

P8�!� ��
" �/,fD �3 �6)D �32�B �08��� $G*�& �� 

I/%
/ 25�%� Z�N� $�%a I/%
/ $��.	 #,�
/5	 $�3�)� �� "/ 

��%Y PB/%& $��/��$���JK4 �3%+ $��%�/ 2�
�� d%8�&
_%� �3 �8�)' I/%
/  !�" ��/$ ����%Y E!9%D ��)�2�B 

�*�& $2�8�/� >
")D ���; �7�� �3 ��!.!3 G�D��/$ %3 ��1�� 

��,�/)D N�� G������!��f	
�N&����M'"/��)H%3 �� 

I/%
/ �8�/� ,��3.

83�Hn�/ (��*�� �/�)N�TiO2- 10MnO- 10P2O5]�X[�`!Y�� �� ���%3 ��)� ��1�� 2�B ��)N� �9)OIA(%`
/56 �
�`!*? 2�`B �`�/"�3 �
��)��!?/(OJA) ,�%!& �� �/%? .�(�/�)N�Ti �3 �7�� Zr]��.[�/�)N� $� %B ���� �/%? �JK4 I$�� #%8�& �� %V� ��)� 2�B ��)N� �,�%!&.
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�%|� %!�� I/%
/ ����� ���9 $ ������)*3 �*|� ��

 ��!.!'GB$O'2�B �8	%& Q�)4 I)�/%!' ��=�/ #%
56
I�.��9 ��/  
/ y,�B� �+)N|�  
/ �� F
 �)? �N&��
�
M'2��)H%3 S-��8	%& ��/]�z[���/ %8.!3 2�B�/�)N� 
�5�$%3���%3 ��)� %0��.� ���.K.D; �!��f	I$�� K4"/ �J

 ��)��!?/ �)�,�8�B)S-��.(A��  
/ ,�)� 2�N&�� �B
*!�$ �3 bT�N8Y/�2/,!' #/�  !�" �1� �3 �..9 2�B$%!� 

��/ #�%9 .�
�'%3 ���%32�B ����+ ��
/%J4 �8H��  !�" 
2/��� S�& bT�N8Y/ �&,�;%3 $ ~�-�  
/ #,� ��|
/W:;

2�8�/� �3 �,7�&ENE- WSW ��/ .�& $ �08�-�*�2��
 
 
/ $ ��/ #�%9 SN+ �..9 Q�)4 �3 #,�%�/���� ,�/)D

 ��1�� �&�"T�3 �3 L�7D�/M',��3 2��.	 "�	 "/ .

������ ���	
 �	� �(CSD) 
#�/� 2�BCSD �/�)N� F
 %3 �)*3 �8��7�/ ���0< P8
��0�(n) 

�3 �7�� �)*3 ,f3  
%8&�53 (L) �`� P�� �)`� . `
/ 2$� %`B
 
" �B%8�/��'�+)N|�% �`�f
 �Q�`+=h/ "/ ��a %8�/��' F
 "/ 2/
 #"/,�/ >
")D �)*3 2(CSD) ,�8�B .��/� ,`f3 $� %8�/��`'  `
/ :

�)*3 �/,fD $ #"/,�/]�.[���0<�8��7�/ 2�`B�)*3 �/,`fD S��`� 
P|Y ,Y/$ �� ���9 F
 #%8�& �9 ��/ "/ �
�B n`
%fD #"/,`�/

���)�]����X.[$"/�13/� n = dn/ dl3�� ��� ��`9 ,`
;
 I; ��n$ �`B�)*3 �/,fD dl#"/,`�/ 2I;�B�`� . `
/  !`��NB

�13/� "/ %8�/��'2n = n0 exp(-L/Gt) �`�/ �7��J� S3�? 5!� 
I; �� �9n0�8�B I/5!� �
��� 2,�3)��/� #"/,�/ �?=D SJ�-

���0< �)J� �3 �B�8��7�/(G$ �)`*3 ,�� _%� t�`��?/ I�`�" 
�)*3 ��/ ]�.[�`1�� �`
 UH  
/ [/,7� "/ \%+ ��)`H%3 �`3 I; 

���0< �)J��8��7�/ �8�`B ���0< �3 %3/%3 5!� �`!�$/ 2,`�3N0

��/ .#"/,�/ ,Y/$ #"/,�/ 2/%3 2%!& �B�)*3 2mm ���0< 2/%3 $
�8��7�/ �;��mm-4 ��/]����.[

�!K!9CSD �B S4/ �� ��)N� #"/,�/ �3 )�`B�)*3 S9 �/,fD (
��/� �08�`̀3 .�`̀
 G�!`̀'�&,`̀!NH 2�`̀B�/�)N� �� CSD �`̀3 
�
�B,�
/%	 �08��7�/ I)< �P9/%D ��)*3  8	�  !3 "/ $�08�!�; 
�!fN6 �)*3 �
��� 2,�3 �8�B $ 2�)*3 2�B %�/ �� �`
 �`�'"�3 

,�/)8�/ �8	�3 �)*3(Ostwald ripening) �� #�/� �7�� �)`�
]��[.G�3 2��J�/ P9 �
 P!�8�� CSD ��,`�/)D d"�`
/$ �/�

,�#�)�  !!fD I; >h��D SJ� $ E!� $.>h�`�D �`3 �`�J�� 
%3/%3 �!fN6 P9/%D �)J� �3Ln(n) E!� $I;�3 %3/%3(-1/Gt) 

��/ .F
 �3 �)*3 F
Gt F
 �3 �)*3 F
 $ ��53 T�3 Gt � !
�' 
F<)9 �`�/]�.[�8�`B _%`� �`13/� "/ 2,`�3 2J = n0G�`3 

�� ��� �9 ,
;G$ ,�� _%� n0�8�`B ���`0< �`�/ 2,`�3 .
���9 2/%3 ,�� _%� %
���� ��/ Q$�K8� n*8�� 2�B �`9 2/%`3

 �9 �!�!C)� 2�B�)*3 ,`��/� �`7f-� ��8H�� �`3 Z��`f� �:�:��
 
)`̀!�$/ 2�`̀B�)*3 2/%`̀ 3�m/�:�m/�:�]�[2�`̀B�)*3 2/%`̀ 3 $

 �9$%!'  !0��!�%
���� �)h �3 2�#�%`9 �7`��J� �8`� P`
/
 �3 %3/%3�:�:���/ ./� Q�7��J�2/%3 (�`|�/ n`*8�� 2�`B�)*3 
#�/�P
/]��[$(�|�/%`� $ #�%`9 ��`
��� P`B �`3 /� c
�`8� �`3

��/�%3 2�B#,!�� %
"P
/:
�����	�:�� E��a Q�)R3 ���9  
/�NB �')-�$%-!� >h��� 

S3�? #,� �!�D #,B�.���/ .���� $%-!� >h�`�� "/ ��')-`�
 ���&/,6 �)13 �B�)*3  
/ S-��`� P`�� �)`� .M`'"/S`!*JD 
�/5	/ (%� "/ #��K8�/ �3 %
)RDDigimizer�#�/� �/5`	/ (%� ��/$ �B

CSD Corrections ,�$ #(�|�/%`� 2�`B�/�)N� CSD P`�� 
�� �)�)S-��n�/.(�`�J�� "/ #��K8�/ �3 #,`� P`�� 2�`B�
�� U`H E!� I/)D d"�`
/$ ̀9 ]�.`� /� $ #�% �`�� �� �`3

 %
����  8�/�G����!�; �� �N&�� ���?/ I��" /� �
�`N&�� 2�B
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� �� �)�)�!�!C)� $ 5
� 2�B
 S-� �� �9 �����F`!-KD S3�? PB "/ ���$� �3 n�/ ,`�/ ($
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� %8� �*!� .Q�)R`3 E`*a/  �`9$%!' 2�`B�)*3
�8�-� �/,`� �)`6$ �B�)*3  
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'���F#�/� 2�BCSD��1�� �!�!C)� 2�B�)*3 "/ #,�; ��� �3 .
!������� ��  !���,�� ��  
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!��� G = 10-11 
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m/��� �/�� �/��W�/�X X�/�m/�mWSa-4.3 (Lc) 
�/�� �/�X/�zWSa- 5.2 b(Lc) 
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�%|� %!�� I/%
/ ����� ���9 $ ������)*3 �*|� ��

 '���G#�/� 2�BCSD 2�B�)*3 "/ #,�; ��� �3 ��1��  �9$%!'.
�%�$� 0�%�)'�* (!��� ��

G = 10-11 
��M% �� N�O ����6%

G = 10-10 
��M% �� N�O ����6%(Lnn0)

mm-4 
L�� 

(-1/Gt) 
�z/��� ��/�� m�/�X z/��WS-5 (Px) 
��/��� ��/����/�X�/��WS-2 (Px) 
��/�mz z�/�m ��/�� �/�XWS-3 (Px) 
�m/��� ��/�� �X/�� �/��WS-4 (Px) 
X�/��� �X/�� �m/�� �/�zWSa-4.3 (Px) 
��/��� ��/�� m�/�� �/��WSa- 18 (Px) 
��/��m m�/�� m�/�� �/��WSa-20 (Px) 
��/��� ��/�� �X/�� �/�zWSa- 20 (Px) 
z�/��� �/�� ��/�� �/�zWSa-L.5 (Px) 
m�/��� �m/�� ��/�X -�/��WSa-L.6 (Px) 
z�/��� �z/�� m�/�� �/�zWSa-L.7(Px1) 
��/�z� ��/�z ��/�� ��/��WSa-L.7 (Px2) 
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 #,`� I��%&� Q�)R3 �B�)*3 #,`
� �`� ,�)`� .�� �`B�)*3  `
/

#"/,�/ U�)8� 2�B��Dm/��/%`? A�`�  8`� �� 2%`8� �`*!� 
$ ,��/�2/%3 (�|�/ ���%32�B CSD ,�8�B E���� .#��K8�/ �3

 2�B�/�)N� "/CSD )S-���(#�/� $��� �3 I; "/ �9 �
�B
 %
��`̀��  8`̀�/� ��`̀!8H/ �� �`̀ 3 $ �`̀�/ #,`̀�;G�%
��`̀�� t$J

�7`̀��J�,�,`̀�)Z$,`̀6�.(�)`̀*7D 2/%`̀3 ("T I�`̀�"  !0��`̀!� 
��  
)!�$/ 2�B�)*3��W�X G=��$,Y �XX Z�� $�8�`B _%�-

2,�3(J) 2/%3 ���; ��/����/ I��" ,Y/$ �� �8�B .
S-�2�Bz��$�X�A�`� �� #�%`3 (�`� 2�`B�)*3 >`
")D 

/�)N� FD FD 5!� $ �B�)*3 "/ #,� P�� �%h 2�B�CSD P`�� 
 
)`!�/ $  �`9$%!' ���`!C)� ���9 �� 2/%3 /� I; �
�' %3 #,�

 A�� �� �� I�.� ��1�� 2�B,�B� .>`
")D �7!9%D 2�B�/�)N�

 ���9 2/%3 2�)*3 #"/,�/ S-� �� �B���/ #,�; .c
�`8� �`��%3
 2�B�/�)N� "/ #,�; ��� �3CSD ��/ %
" ��/)� #,�B� I�.� :

�(8�� ����" #%8�& $� �$,`Y n`*�XX S!-.`D 2/%`3 Z�`� 
��/� "/ %8N9 ���� 2�B�XX �`�/� ,`�� 2/%`3 Z�� 5`
� 2�`B

 ��/� �)6$ �!�!C)� .F`
 "/ 2���; �!fN6 $� �)6$ ���.�  
/
 ��/ ,Y/$ A�� F
 �� ���9 .�� %�/  
/ E!9%D S!�� �3 ,�/)D

 �`
 $ I��" $� %B �� ���9  
/ �)*7D ($/,D $ Q$�K8� 2�N&�� $�
 3 L)3%� I/�)`	 (�0�B $ F
�)*D/%8�/ �*Y%� $� �h ���9 �)*7D �

,��3 �/}� .�(�$,Y �)*7D I��"  �9$%!' 2�B�)*3�XX Z�`� 
�� I�.� ,�� 2/%3 /� 2/%`3 #,`�; ��,3 I��" �3�.� �9 ,�B�

 ��/ �!�!C)� ���� 2�B�)*3 .�!fN6 F
 �� U�	  �9$%!'
 ��/ �1H I; �/�)N� $ #,� %B�� 2���; .�(2�`B�)*3  
)`!�/

 �$,`Y ����" #%8�& ���XX ���!`�; �� $ #,`� �)`*78� Z�`� 
�8�/� ���?/ �!�`!C)� 2/%3 #,�; ��� �3 I��" Z��f� �9 ,�/-
��/� 2�B��/ 5
� .

'���H#�/� 2�BCSD2�B�)*3 "/ #,�; ��� �3 ��1�� ��  
)!�$/ .

�%�$� 0�%�)'�* (!��� �� 
G = 10-11 

�%�$� 0�%�)'�* (!��� �� 
G = 10-10 ��M% �� N�O ����6% (Lnn0)mm-4 L�� 

(-1/Gt) 
X�/�X� �X/�X ��/X�/��WS-3 (Ol) 
X�/�� �X/��X/�� �/��WS-4 (Ol1) 
��/z� ��/z��/�� X/�zWS-4 (Ol2) 
��/�Xm m�/�X ��/�� �/�XWSa- L.7 (Ol) 
X�/��� �X/�� ��/�� �/�zWSa- L.7 (Ol2) 
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")D #��
%9)�	 2��  
)!�$/ $  �9$%!' ��!�!C)� 2�B. . .�m

83�P�3 %
$�RD �/�)N� 2)0�/ $ >h���  
/ �� �!�!C)� 2�B�)*3 >
")D ��')-�$%-!� g"�� >h��� "/ #,�; ��� CSD�!�!C)� 2�B�)*3 .

83�Q�/�)N� 2)0�/ $ >h���  
/ ��  �9$%!' 2�B�)*3 >
")D ��')-�$%-!� g"�� >h��� "/ #,�; ��� �3 %
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�%|� %!�� I/%
/ ����� ���9 $ ������)*3 �*|� ��

83�9R�3 %
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/ "/ F
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�8�)& �7�� I�)3 T�3 $ 2/CO2/H2O�� #�08��H ��/ $
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/ �)*7D $ �
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 �*Y%� $� %B��)&%&�2�B��/ �
�N&�� .�)*7D %0
� Z�N8Y/
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" �)*7D 2/%3 I��" �	�9��/ #�)7� .
%&/���!�; �,�9 SN+ "�3 P8�!� F
 Q�)4 �3 �
�N&�� 
���)� �
}�D $ %' ��/)8� �)13 ,�/)D .S�/)+ ��&,�%' I��" "/

�8	%& �/%? PB 2$� �9 �N8�!�$� �-
5!	 �3 ,�/��)&%&� 
�� S!-.D /� ���; �9 �D�f
�� %!!�D ,�B���,�9 .%&/,���3 

�N� �/%?%3 Z��fD ,��3 T�3 �
�N&�� :�D/ �&,�%' $ �)� ��f3/
 #,B�.� S3�? ,Y/$ �)*3 n*8�� ^��/ 2�B�)*3 2/%3 �-!��Y ��

���9  
/ �)*7D ���.� $ #�)3 �1H  
)!�/ $  �9$%!' �� U�	 �B
 �
�N&�� ��T �3 �N&�� �$�$ "/ �*Y%� F
��/ ."�	 ������ 

&�� �$�$�N���!C)�  �9$%!' $ ���� ��/� 2�B �3 �$%� �B
 $ #�%9 �)*7DM'�$,Y "/ rpp Z���D���!�; �3 �N&�� 2,f3 

��!C)� $ #,� ��/$ 
)!�/ $ 5
� ��/� 2�B �B)%!!�D S!�,3
 2�N&�� 2��� $ E!9%D�8�!�; (#,� �)*78�,�/ $M'�$,Y "/ 

rpp  !�" �1� �3 �N&�� �$%H Z�� #�/� _���/ .
�8�B _%�  !0��!� $ �!�!C)� 5
� Q/�i 2/%3 2,�3
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)�$,YrrI��" ,Y/$ �� �8�B (2/%3 $
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")D #��
%9)�	 2��  
)!�$/ $  �9$%!' ��!�!C)� 2�B. . .��

I��" ,Y/$ �� �8�B (��/ #�)3 . !0��!� �)13 M'rv�8�B
 #�)3 I,� �8�3 Z�Y �� �
�N&�� ��T �� I��" ,Y/$ ����/ .

��  
/ $ ��)N+ �|!8� F
 I/)�f3 ,�/)D��$;%3 �/,fD 2/%3 
�8�B ,!�)DD�-!*!� 2�B���T �� E!9%D �3 $ �N+ P9 2�B

,��3 ���8�/ S3�? 5!� ��/)� %
�� 2/%3 M!*!� "/ %!�	 .

������$ 
"/ �.�3����� I�`
�' $5`6 %��Y ,`��/ �`������9 2�`B �`���
P��H �`4  !`N� $ 2,!f`�  
%!`� �B �� �`9 �`�/ #�)`3 �J�

 �!�$�/ #�0.�/� #,!�� (�|�/ �3 ��/ .�`
�NY "/ #,��`
)� 2�`B
 �`?$ ~%`4 �`9 �*|� (%8J� I/�$/� "/ 5!� $ #�0.�/�  
/ ����

#�)N� ,�/�� ��/��,?,�9 .
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