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L�!KD"�-� ��L�h�� C*���> =�> L-*%.�> �� o'?
6-� �*:�.
�h�� HblS Hbl5 Hbl^ Hbld Hblb Hbla
8D'�*� "��1; �:�� �:�� ��1;" �*��� "��1; 

SiO2 S�/dd bb/d^ da/da `_/db �b/da `b/da 
TiO2 Sd/5 b_/5 dS/S ^a/S ^d/S ^5/S
Al2O3 5]/SS `^/SS 5d/� ^]/S_ ^d/] S5/]
Fe2O3 _�/d S]/d �]/d ^`/d `d/5 ^5/^
FeO `d/� 5^/S_ _d/a ��/` b`/SS S]/SS 
MnO S�/_ S�/_ S�/_ ^`/_ da/_ d�/_
MgO 5b/S^ ]^/S5 d^/Sa ]d/Sd b5/S^ ad/S^ 
CaO `]/S_ b]/S_ ``/S_ ]5/S_ S`/SS _^/SS 
Na2O S_/5 ^b/5 S5/5 5b/5 Sd/5 _b/5
K2O d5/_ db/_ d]/_ bd/_ db/_ b_/_
Total S`/�a a_/�] S^/�] a5/�] a�/�] ^�/�] 

L�!KE"�-� ��L�h�� C*���> � L-*%.�> �� �/
6-� �*:�.
�h�� BiotS Biot5 Biot^ Biotd Biotb
8D'�*� �:�� "��1; �*��� �:�� �*��� 

SiO2 ^]/^] dd/^] b5/^` d^/^` _d/^] 
TiO2 ]]/^ `5/^ `b/^ a_/^ `]/^
Al2O3 5`/Sd d]/Sd ]d/S^ b^/Sd a]/S^ 
FeO ]a/S^ ba/S^ a^/Sd d`/Sd �_/S5 
MnO S_/_ _]/_ Sd/_ S5/_ S^/_
MgO ]a/Sb _`/Sa d^/Sb d�/Sb aS/Sa 
CaO __/_ __/_ _^/_ __/_ S5/_
Na2O d5/_ ^�/_ d�/_ d^/_ 5]/_
K2O Sb/� __/� d]/] __/� d5/]
Total �S/�b `d/�b ^5/�d _]/�b �b/�^ 

L�!KG"�-���L�h�� C*���> �|! L-
%.�> �� %|;'
6-� �*:�.
�h�� PlgS Plg5 Plg^ Plgd Plgb Plga Pla` Plg] Plg� PlgS_ 
8D'�*� "��1; �*��� �*��� �*��� �:�� "��1; �*��� �*��� �*��� �:�� 

SiO2 5b/ab 5^/ad S5/ab d`/a^ aa/ad ^`/a^ ^b/ab 5�/ab S^/ad 5`/a^ 
TiO2 _S/_ _S/_ _S/_ _5/_ _S/_ _^/_ __/_ __/_ __/_ _5/_
Al2O3 5]/5^ d`/5^ ^b/5^ S]/5d 5`/5^ b�/5^ �]/55 `a/55 ^_/5^ d�/5^ 
FeO 5_/_ SS/_ S_/_ SS/_ S5/_ 55/_ S^/_ S^/_ S5/_ S^/_
MnO _S/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_
MgO _S/_ __/_ __/_ __/_ __/_ __/_ _S/_ _S/_ _S/_ _S/_
CaO 5`/d ]S/d b5/d a5/b b`/d S]/b 55/d �^/^ aa/d Sa/b
Na2O b`/` d_/` ba/` ^_/` `b/` db/` ]S/` �b/` `b/` S5/`
K2O a^/_ a�/_ `b/_ da/_ bd/_ bS/_ `S/_ `b/_ a5/_ bb/_
Total 5^/S_S `^/S__ dS/S_S Sa/S_S �5/S__ ^b/S__ 5S/S_S ]5/S__ b�/S__ `b/S__ 
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 L�!KI"�-� ��L���> *�h�� C-L(;*!'1*! &'?��#+ �� 0�;�#*=�> 0�;�#*�'?*:�.
�h�� CpxS Cpx5 Cpx^ Cpxd Cpxb Cpxa Cpx` Cpx] Cpx� CpxS_ CpxSS CpxS5 CpxS^ CpxSd
8D'�*� "��1; �:�� �*��� "��1; �*��� "��1; �:�� �:�� �*��� �:�� �*��� �*��� �*��� �*��� 

SiO2 b5/bS �a/bS ^�/bS `]/b^ a�/b^ ]_/bS �a/b5 SS/b^ SS/bS ��/bS `�/b5 da/bS a^/bS a5/bS 
TiO2 5a/_ 5d/_ 5�/_ _]/_ SS/_ 55/_ _]/_ S_/_ 5S/_ ^S/_ S5/_ 5d/_ 5�/_ 5S/_
Al2O3 _`/^ �^/5 __/^ b`/S `]/S ba/5 ]^/S �d/S Sd/^ b^/^ _�/5 ]5/5 5]/^ a`/5
Cr2O3 __/_ __/_ __/_ __/_ __/_ __/_ _S/_ _5/_ __/_ __/_ __/_ _5/_ __/_ __/_
Fe2O3 a�/5 �`/S ``/S ]_/_ _^/S d`/5 ]]/S `^/S ^b/^ ]_/S �5/S S�/^ Sb/5 �S/5
FeO �b/b `5/a ^5/] `a/a d^/a ``/a ]d/b ^a/a d^/a `a/a a_/a ^b/b d`/a dd/b
MnO ^^/_ ^5/_ ^d/_ 5]/_ ^_/_ ^S/_ ^5/_ ^S/_ ^d/_ 5�/_ ^5/_ ^S/_ ^^/_ ^^/_
MgO ^]/S5 5b/S5 a`/SS 5]/S^ 5d/S^ 55/S5 5d/S^ SS/S^ �5/SS _a/S5 aS/S5 b`/S5 S�/S5 d�/S5 
CaO d5/5^ dd/5^ ]S/55 �d/5^ �5/5^ da/5^ ]d/5^ `_/5^ SS/5^ ^b/5^ aa/5^ b]/5^ 5a/5^ aS/5^ 
Na2O `b/_ `d/_ ab/_ ad/_ `S/_ a�/_ a`/_ a�/_ `�/_ ]a/_ `a/_ `b/_ `�/_ `]/_
K2O __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_
Total ^`/S__ b]/S__ 5d/S__ S^/S_S 55/S_S b_/S__ ab/S__ _a/S__ d_/S__ �b/S__ ]]/S__ 5]/S__ ^�/S__ _`/S__

L�!KM"�-���L���> *�h�� C-L! &'?��#+ �� C?6 .1(?��'� *=�> 0�;�#*�'?*:�.
�h�� Hbl] HblS5 HblS^ HblSa Hbl5_ Hbl5S 
8D'�*� C?6 .1(?��'�)"��1;( C?6 .1(?��'�)�*���( C?6 .1(?��'�)"��1;( C?6 .1(?��'�)"��1;( C?6 .1(?��'�)"��1;( C?6 .1(?��'�)"��1;(

SiO2 bd/dd a^/dd 5`/dd ��/dd SS/db 5�/db 
TiO2 a_/_ `�/_ a`/_ a^/_ bb/_ a]/_
Al2O3 _^/SS b]/S_ d5/SS bd/S_ 5]/S_ �S/�
Cr2O3 _5/_ _S/_ _S/_ _5/_ _a/_ __/_
Fe2O3 b^/5 bd/^ a`/^ �5/^ 5�/5 aa/5
FeO �5/SS 5`/SS aa/SS d�/S_ `5/SS aa/SS 
MnO 5�/_ 5]/_ 5`/_ ^_/_ 5a/_ 5�/_
MgO S`/S5 ��/SS ]b/SS d`/S5 ^�/S5 d`/S5 
CaO S_/S5 ]d/SS _a/S5 �`/SS _d/S5 S^/S5 
Na2O S`/5 `b/S _5/5 ]_/S �`/S ]]/S
K2O b]/_ a]/_ aa/_ d]/_ b^/_ dd/_
Total �d/�` ^b/�` ba/�] aS/�` 5_/�` dS/�` 

L�!KN"�-���L���> *�h�� C-L"'�D .1(?��'� -L! &'?��#+ �� *=�> 0�;�#*�'?*:�.
�h�� Hbl` Hbl� HblS_ HblSS Hbl55 Hbl5^ HblSd HblSb HblS` 

8D'�*� �:�� 
"'�D-L

�:��
"'�D-L

�:��
"'�D-L

�:��
"'�D-L

�:��
"'�D-L

�:��
"'�D-L

�:�� 
"'�D-L

�:��
"'�D-L

�:�� 
�D"'-L

SiO2 dd/^d d5/db �`/dd ``/dd `_/d5 `S/dd _5/db d]/dd ]_/db 
TiO2 a�/_ bd/_ bb/_ a`/_ `]/_ a_/_ ab/_ a`/_ ]_/_
Al2O3 �`/SS 5a/S_ 5�/S_ ^d/S_ ]�/SS bd/S_ `b/S_ __/SS Sa/S_ 
Cr2O3 _d/_ _S/_ __/_ _S/_ _S/_ _S/_ _S/_ __/_ _S5/_
Fe2O3 ^^/d _b/^ ]a/5 _b/^ ba/^ bb/^ 5`/5 d�/5 �a/5
FeO S^/SS S`/SS 5�/SS dS/SS aS/SS SS/SS _5/S5 _b/S5 5`/SS 
MnO 5`/_ 5b/_ 5]/_ 5`/_ 5�/_ 5a/_ 5`/_ 5`/_ ^_/_
MgO bd/SS b^/S5 b5/S5 5a/S5 ^]/SS 5]/S5 5b/S5 �`/SS ^`/S5 
CaO _5/S5 S]/S5 _�/S5 _]/S5 _S/S5 _^/S5 S_/S5 _]/S5 __/S5 
Na2O ]`/S a�/S �^/S ]S/S �`/S ]a/S _S/5 __/5 `]/S
K2O ad/_ b5/_ bb/_ bS/_ a]/_ ba/_ ad/_ aS/_ ^_/_
Total �^/�` a5/�` ^5/�` S`/�` ]`/�a b_/�` ��/�` a5/�` ]b/�` 
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L�!K 9*�*N"�-���L���> *�h�� C-L"'�D .1(?��'� -L"��1; ���L! &'?��#+ �� 3> C?6 *=�> 0�;�#*�'?*:�.
�h�� HblS] HblS� Hbl8 HblS5 HblS^ HblSa Hbl5_ Hbl5S 
8D'�*� - "'�D �:��L - "'�D �:��L C?6 "��1; �*C?6 ��� C?6 "��1; C?6 "��1; C?6 "��1; C?6 "��1; 

SiO2 a5/dd aa/dd bd/dd a^/dd 5`/dd ��/dd SS/db 5�/db 
TiO2 aS/_ `S/_ a_/_ `�/_ a`/_ a^/_ bb/_ a]/_
Al2O3 ^�/SS `d/S_ _^/SS b]/S_ d5/SS bd/S_ 5]/S_ �S/�
Cr2O3 S5/_ _b/_ _5/_ _S/_ _S/_ _5/_ _a/_ __/_
Fe2O3 a5/5 �`/5 b^/5 bd/^ a`/^ �5/^ 5�/5 aa/5
FeO ]^/SS a^/SS �5/SS 5`/SS aa/SS d�/S_ `5/SS aa/SS 
MnO 5`/_ 5]/_ 5�/_ 5]/_ 5`/_ ^_/_ 5a/_ 5�/_
MgO �_/SS S_/S5 S`/S5 ��/SS ]b/SS d`/S5 ^�/S5 d`/S5 
CaO _a/S5 _b/S5 S_/S5 ]d/SS _a/S5 �`/SS _d/S5 S^/S5 
Na2O �^/S �`/S S`/5 `b/S _5/5 ]_/S �`/S ]]/S
K2O ad/_ d`/_ b]/_ a]/_ aa/_ d]/_ b^/_ dd/_
Total ��/�` aS/�` �d/�` ^b/�` ba/�] aS/�` 5_/�` dS/�` 

L�!KO"�-� ��L���> *�h�� C-L�|! 
! &'?��#+ �� %|;'*=�> 0�;�#*�'?*:�.
�h�� PlagSS PlagS5 PlagS^ PlagSd PlagSb PlagSa PlagS` PlagS] QtzS
8D'�*� "��1; �:�� �:�� "��1; �:�� �:�� �*��� �:�� �:�� 

SiO2 ]5/b� S`/b` b�/b` da/a_ `5/ba _S/b` S_/b� ^_/ba S]/b` 
TiO2 _5/_ _S/_ __/_ _S/_ __/_ __/_ _5/_ _S/_ _5/_
Al2O3 ]`/5d ]S/5a ]b/5b aa/5d _b/5` dS/5` ^�/5b ^^/5` SS/5a 
FeO SS/_ _�/_ S5/_ _�/_ _b/_ _a/_ S_/_ _]/_ _`/_
MnO __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ _5/_
MgO __/_ _^/_ _S/_ _S/_ __/_ _S/_ __/_ __/_ _S/_
CaO _^/` aS/� �a/] ]5/a _�/S_ __/S_ �d/` 5S/S_ a^/]
Na2O `S/a d�/b _b/a _S/` dd/b b_/b d5/a d`/b 5a/a
K2O bS/_ ^_/_ ^^/_ d_/_ S]/_ 5S/_ ^^/_ 5b/_ ^5/_
Total _a/�� d�/�� �_/�] db/�� bd/�� 5_/S__ ^_/�� ab/�� b�/�] 

L�!K 9*�*O"�-���L���> *�h�� C-L�|! 
! &'?��#+ �� %|;'*=�> 0�;�#*�'?*:�.
�h�� Qtz5 PlagS� Plag5_ Plag5S Plag5^ Plag5d Plag5b Plag5a 
8D'�*� "��1; �*��� "��1; "��1; �*��� �*��� �:�� "��1; 

SiO2 a]/ba d]/bd S5/bb b�/b` 55/b] ^_/b� ^S/bb bb/b` 
TiO2 _S/_ __/_ __/_ _S/_ __/_ _S/_ __/_ __/_
Al2O3 db/5a Sd/5] aS/5` ]5/5a S5/5a 5b/5a `�/5` �b/5a 
FeO _b/_ _`/_ SS/_ S]/_ _�/_ S^/_ _�/_ _�/_
MnO __/_ _S/_ __/_ __/_ __/_ __/_ __/_ __/_
MgO __/_ _S/_ __/_ __/_ __/_ _S/_ __/_ _S/_
CaO S]/� ^b/SS aa/S_ b�/� a^/] `�/] �]/S_ `5/�
Na2O ]a/b �`/d 5�/b �_/b 55/a __/a �5/d `^/b
K2O ^d/_ S]/_ 5S/_ 5�/_ 5`/_ ^`/_ Sa/_ ^_/_
Total b`/�] 5_/�� __/�� ^]/S__ bb/�� ]b/S__ 5^/�� ^b/S__ 

L�!KP�:�
�h�� C*���> �-L!'<�- *! �� 0�;�#*%.�> 0�;�#
�.L�!KQ�:�
�h�� C*���> �-L=�> *! �� o'?*%.�> 0�;�#
�.
�h�� HblS Hbl5 �h�� PxS Px5 Px^ Pxd Pxb Pxa

�*8D'� �*8D'� ���*� ���*� �:�� ���*� "��1; "��1; 
SiO2 _a/dS _`/d^ SiO2 �^/b5 5`/b^ _]/b^ `a/b^ ^5/b^ 5_/bd 
TiO2 a�/S a�/S TiO2 S^/_ _�/_ Sd/_ _�/_ _`/_ S]/_
Al2O3 ]]/S5 ^`/SS Al2O3 b_/_ ^�/_ bd/_ b_/_ b_/_ ^`/_
FeO ab/S5 dS/S5 Fe2O3 S`/S ]_/_ b�/_ __/_ db/_ _a/_
MnO S`/_ S�/_ FeO ]5/S` ]�/S` 5S/S] _d/S� _`/S] 55/Sa 
MgO bb/S^ S_/Sd MnO �b/5 _b/^ ^_/^ ]5/5 ad/5 aa/S
CaO `^/SS ^b/SS MgO �S/55 __/5^ b`/55 S_/5^ b_/5^ ^d/5b 
Na2O �b/S ]b/S CaO 5`/S 5a/S 5`/S ]S/_ �S/_ da/S
K2O _d/S �`/_ Na2O _^/_ _d/_ _d/_ __/_ _S/_ _S/_
Total `S/�a ��/�a K2O __/_ __/_ __/_ __/_ __/_ __/_

Total `S/�� `�/�� `b/�� S^/S__ d`/�� d�/�� 
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 L�!KDD�Ah�� C*��A�> �
�A:��� �A*<'*+ L-
�
%.�> 0�;�#*!.

L�!RRKDF�AAh�� C*��AA�> �
�AA:� 9�/*(*AA6 uAA�+ � �
%.AA�> 0�AA;�#*! �� %|;'AA
�|! L-
&'?��#+ �� �/�> .

�h�� Biotd Biotb �h�� PlS Pl5 Pl^ Pld Plb Pla Pl` Pl] Pl� Fsp55 
SiO2 �d/^b  bb/^a  �*8D'� "��1; ���*� "��1; ���*� "��1; "��1; ���*� ���*� �:�� �<�/*(*6 B��; 
TiO2 ]`/^ ]`/^ SiO2 d]/b] a�/bb ]5/b` `]/b` ��/a_ dd/bb __/b` `b/b` b^/b] d_/db 
Al2O3 ]_/S`  b^/S]  TiO2 _S/_ __/_ _d/_ _d/_ _^/_ _5/_ __/_ _S/_ __/_ _S/_
FeO a^/� 5_/� Al2O3 S]/5a Sd/5` �`/5a S^/5a dd/5d ^b/5` S]/5a `�/5b 5^/5a 5d/^d 
MnO S5/_ S5/_ FeO S`/_ S]/_ S^/_ Sa/_ 5]/_ 5d/_ 5S/_ S�/_ S�/_ S]/_
MgO b�/S`  __/S]  MnO __/_ _5/_ __/_ _S/_ _S/_ __/_ __/_ __/_ __/_ __/_
CaO _S/_ _5/_ MgO _S/_ _S/_ _S/_ _S/_ _5/_ _5/_ _S/_ _5/_ _S/_ _S/_
Na2O dS/_ ^]/_ CaO b]/] dd/S_ ^]/� _`/� db/a 5a/S_ ^5/� a�/] `S/] 5_/S] 
K2O dS/� db/� Na2O d5/a d_/b �5/b _`/a d�/` `S/b Sb/a 5_/a S]/a 5`/S
Total ``/�d  S^/�a  K2O da/_ 5�/_ ^a/_ ^a/_ aS/_ ^b/_ ^a/_ dS/_ ^�/_ _d/_

Total 5�/S__ Sa/�� a^/S__ a5/�� ^_/S__ ^�/�� 5^/�� _a/�� 5d/S__ ^d/�� 

L�!KDE�:�
���> �*�':6�� C*6 B��; �� ��'6�#$ � �*(*/�> 9�/��$#+ &'?��#+ �� -L�6*(*9�/�/�> �.
�h�� WollS Woll5 Woll^ Wolld Wollb Wolla Woll` Fsp5S Grsd
SiO2 `_/^a _a/^` ]a/^` �^/^a Sb/^a �_/^b S_/^b da/^d _�/b� 
TiO2 _5/_ _S/_ __/_ _5/_ __/_ __/_ _5/_ _S/_ _S/_
Al2O3 `]/_ ]^/_ S�/_ `b/_ ``/_ `]/_ _5/S __/S S^/S� 
FeO _a/_ S_/_ _5/_ ^b/_ S_/_ S5/_ S`/_ Sb/_ _b/_
MnO _b/_ _]/_ _S/_ S_/_ SS/_ _�/_ S_/_ S5/_ _S/_
MgO _S/_ __/_ __/_ ^^/_ __/_ ___/_ __/_ _S/_ _5/_
CaO Sd/^5 ``/^S a_/^^ d5/^S `_/^S ��/^S _]/^S a`/^S dd/�
Na2O _�/_ S_/_ _S/_ S`/_ S5/_ _�/_ S_/_ SS/_ Sd/_
K2O __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ Sa/_
Total ]d/a� �b/a� a�/`S _`/`_ �d/a] �]/a] b]/a` b5/a` _d/]] 

L�!K 9*�*DG�h�� C*���> �
�:� L-
�$#+ &'?��#+ �� ��W6.(	L-.

L�!KDG�h�� C*���> �
�:��$#+ &'?��#+ �� ��W6.(	 L-L-.

�h�� Fspa FspS_ FspSa FspS` �h�� Fsp5 Fspd Fspb Fsp` Fsp] Fsp� FspSS FspS5 FspS^ FspSd FspSb 
SiO2 dS/aS _]/a_ ab/a_ ]S/a_ SiO2 `b/a5 _�/aa �]/ad ^]/ab ��/ab �d/ab ]�/ad a_/ab _d/aa ^a/ab SS/a` 
TiO2 __/_ _b/_ _S/_ _5/_ TiO2 _a/_ _^/_ _^/_ _d/_ _S/_ _b/_ _^/_ _5/_ _b/_ _^/_ __/_
Al2O3 b`/S` bS/S` 5`/S] aS/S` Al2O3 _a/5d S�/S� S5/S� ^b/S� d`/S� ]d/S] ]]/S] Sa/S� ]_/S] ^b/S� ]^/S] 
FeO Sd/_ ^5/_ _d/_ _d/_ FeO Sd/_ S`/_ _a/_ S�/_ _`/_ S^/_ SS/_ S^/_ _b/_ _S/_ _a/_
MnO __/_ _S/_ __/_ __/_ MnO _S/_ __/_ __/_ __/_ __/_ __/_ _S/_ __/_ __/_ __/_ __/_
MgO __/_ _5/_ __/_ _S/_ MgO __/_ __/_ __/_ __/_ __/_ __/_ _S/_ __/_ __/_ __/_ _S/_
CaO ab/] ]^/] ]_/] ]_/] CaO ]]/d db/_ 5]/_ bS/_ ^`/_ 5�/_ S�/_ ^5/_ _^/_ ^S/_ _d/_
Na2O 55/_ S]/_ 55/_ 5^/_ Na2O 55/] 5a/^ 5b/^ db/^ ]]/5 ]5/5 �5/5 S^/^ ^d/^ ^_/^ d`/^
K2O S]/_ S`/_ S]/_ S�/_ K2O bS/_ b�/SS d^/SS S�/SS S�/S5 ^�/S5 _]/S5 `]/SS ]�/SS a_/SS b5/SS 
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