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0��16���5��=>� ��2 ��=>� c�� 80 � �'�'5�8" i��B�# )	���* C�=- �1�(��H_ W�V�# ��?
@�'.
�
78����'�"�� 
��9 ��
��9A
��9B
��9C
��9D
��9E

���5��2 (°C) A�� ��� ��� ���� ���� 
��=>��'5W�V�# ��? �8" i��B�# 

��H_
@�'
A-2 
A-7 

B-1 
B-14 

C-10 
C-33 

D-12 
D-17 

E-11 
E-8 

c�� 80 

]pp[
5YR 6/6

�� ��H
Z� T �1 9
5YR 7/6

�� ��H
Z� T �1 97.5YR 7/4*�=-�7.5YR 7/3,7$�� 8
*�=- �1 9�
2.5Y 7/4��H

0c�� I
��%n 37=B��*(g/cm3)��/���/���/���/�A�/�

*�H#8�# !$ 5��%n ���=>� �P=E U�� �1 �'��5��#8��B7# F�7# 1 � i_ �� ASTM C20-92�	 ! W�V�# .

0��1:�B�
GK* a$9XRF .����
�0# 8-�� C�=- �1  $85# 1 �5^Z?  -�&e �)MnO �P2O5�S(8\#� �1 ppm1$�8" +��7#.
��=>� ���>" SiO2 Al2O3 Fe2O3 CaO Na2O K2O

A-2 ��/�� ��/�� ��/� ��/�� A�/� A�/�
B-1 �r/�p r�/�� ��/� ��/�A ��/� ��/p

C-10 A�/�� ��/�� �p/� p�/�A Ar/� p�/p
D-12 �A/�p �r/�� ��/� �r/�� A�/� p�/p
E-11 ��/�p ��/�� �p/� �p/�� ��/� �r/p

MgO TiO2 MnO P2O5 S L.O.I 
A-2 ��/p ��r/� ��� Ar� �� �p/�
B-1 �A/r ��r/� ��� Ap� p� p�/�

C-10 �p/r ��A/� ��� A�� �� ��/p
D-12 �p/r ���/� �r� A�� �� ��/�
E-11 ��/r ���/� ��� ��� r� A�/�

<*=2���d* �#�=>��SiO2-Al2O3-CaOdT=� �$!�# T �$ 5��=>� '�57� 1 ��=� �# �� 
�#�=>� ;)� B�!CaO`�1 .(
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8G?p����>" �rZ$
�2 ��r������# 	 �f>0 �7� 1 F�7# 1 @
��0# 3$K� �� ��2 8&
# 	 5�'. . .���

=7 H#�
�
�=[\ � %
+=�'5&� � ;'_ $Z
7� 1 �� �I��#�=>� 
���d*�CaO-Fe2O3-MgO ]pr[dT=� �$!�# T �$ 5��=>� -
�'5��=� 7� 1�# �� 
�#�=>� ;)96"p(6.* +�6�# �$9

�'H�	5�
�2=$�=B7`� �8$]=^_ � �
1 #� �$�7 H# @
�	  �'H
� I'# 	����_.

��������9 ��
���#�=>� �1 t=1 � 7� 1�TGA)96"r(+�>' �0 ��=!

� ��JB�#���=>� ����'5�'��� �� �8" �B�2 5A�� ���� 
�?��B��7 ��# ! �� �� B�!��� 5��� �* p��B��7 �?�� �-

"�� +H� @'�0 ��# !�� +�.� #� �1=P� �� L H# �� 8&'�

ZV*
��1 �
�5H�	 �'5�� �*�&1 0 ��� � B�!�
1$;��� �* 
���B��7 �?�� ��7# �8'�.� 91�T �# ! .# 15��=>� �'5�1
���5H#  *`�1 ��2 ����?�� B��7 $�# % �1$.$�&�$+#Z
b*$$�H� C# ��p%� �8'�.���=" .

��� �̀ =>d�58"� H�E_ ����# 	�'5# 	 
��2 8&)�?=* �1
0 �1$,$��_ 	 �5# �#=� ��$��#� �H#8�# �� � �dST ����� ��'

'��� ! c&'_�(��8\A��B��7 �?�� ��7# �# ! .��� ��5
H#  *`�1����B��7 �?�� ���# !�H$1 �&�96")"$�.#5(

�� @
#Z	#81�
 ]��[.

<*=3�7 �#�=>� �*�
2$;�0�  F�7# 1 �'CaO-MgO-Fe2O3dT=� �$!�# T �$ 5��=>� '�.Wo :�=B7`�$��Ens :*�B��#$��Fes :
7� 	$G$��Di :�
�2=$�8Aug :]=^_
��Pig :2$�=w%$�)e=��G0$2=&$;�0� .(

<*=>GK* �#�=>� $9TGA��=>��'57� 1 ��=� �.
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����E=�����# +# 
# �7�&" ���0 � �7�&"�=G1 �GV� ���

��������"*���*�*�'�"�� ?@�� AB�/� ��
6.*$" H�	 9$�.#5�'H�	 @'�0 �5�=G1 
�  J� H# ;� �#8�

��#� �H#8�# �� �'7� 1�c&7��%�5�7# �8'�.� 91�T )96"
�.(�� �8&&0 2 ���� +#=&e �1 Z*�#=0�H$�&��=>� �'�
�8��-

#Z	# �1 �0 �="
��� @5�B7�0 �	�1 �� +_ �=[\ H# ���2 
�7# �8" .# ��
��=>� ;b* ��'$$c��  �H$�&#Z	# �1
H# ��� @

��
��=�� c�� �1 Z� T 5)� �0 �7# �8'�.� 91�T ZR7 �-
�� �1 8�#=*$6.* 9$�G0 8"� � 9$I)7$G$C�6�'5+=n 

�
�2=$2 � 8$;�0� %>' �0 �'��'H�	 H# 5���5i=�K� `�1 
��8"�1 �8�="]��[.�0#$8�'5;'_ �=� H#*�>' $�)�?=* �1

K� �1$��0# ��2 3
@(�1 �C�=-�L=G0�'5�
� Z'� !�
0# 2 �	�1 �� 96"�8&8�# .`�1 8-�� �=?�5CaO# �� 
;

��=>�6.* W8e �e�1 �'$B&%� 9$� k�,7 �	�1 �� ���=" 
]p�[.

0 * �1 �?=* �1$" 4$>$��
 �* 
��R
��=>� +��6 ��'�
�8
��#Z	# �1 �0 �="
��� @5� ���2 $6.* +#Z$1 H�	 9�96"
)��=�_ (���H$�&#Z	# 
�7 �#8�� � @
�Z*�#=0 8&��� �'H�	  

@'�0
�7# �B	� .


 "#�� $
���5*XRD 
P$u�'5XRD��=>� �'H�	 �# >' �1 �'5�7�&" vL�" �


96" �� ��8"�k�8? �� � �8" ��#� +�.� ��'H�	 8-�� 5
�=G1
�7�&" ;�
��=>� �� �8" *�R7�K� U�� H# ���,B7# �1 �'�

�
�7# �8" �^#�# �8G,B.

<*=:=�* 
��=>� NH�� OP���  u�# g�' (�H$��=>� �&A-2��� �1 5��2 A��B��7 �?�� �i ��# ! (�H$���=>� ��&C-10 ���� ��15���2 ��� 
B��7 �?���Q ��# ! (�H$��=>� �&E-11��� �1 5��2 ����B��7 �?�� ��# !)�=� : %.RST)GK*$ %G.(
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8G?p����>" �rZ$
�2 ��r������# 	 �f>0 �7� 1 F�7# 1 @
��0# 3$K� �� ��2 8&
# 	 5�'. . .���

<*=C��� �#�=>�
��#5P$u�'5XRD��=>� �#H g�'
�2θ�GT �1 t=1 � �'5G-# � '
�'H�	 H# :5�7�&" �
# �� �8" 
��=>� ;v�.� �'
 �7# �8")Qz : �Z*�#=0Ab : R�_$��Di :�
�2=$�8Geh :&G!$��Wo :�=B7`�$��Aug :]=^_
��Fas :^�7�	$��Hem :*�>'$�(.

0��1C�B�
GK* a$9XRD��=>�  ' 8-�� C�=- �1 �'*�R7�K� U�� F�7# 1 �H�	 ��
8G,B .��se�'5���BL# 5:Qz : �Z*�#=0Ab :R�_$��
By :1$�=^�B$��Geh :&G!$��Wo :�=B7`�$��Di :�
�2=$�8Aug :]=^_
��Fas :^�7�	$��Hem :*�>'$��*GOF :�$=6�
UH# 1 .

���5��2 (˚C) Qz. Ab. By. Di. Geh. Wo. Aug. Fas. Hem. GOF 

DCE A/��  �/A r/��  �/� r/A �/� �/��  �/� r/p �pr/�

FEE �/��  �/��  - A/� �/� �/r p/�r  �/� �/r �r�/�

FCE �/p�  �/��  - �/��  A/A �/� p/p�  r/� r/� �r�/�

2EEE A/p�  �/��  - �/pr  A/� p/p �/pp  �/� �/� ���/p

2ECE �/�A  �/��  - �/��  r/� �/� �/pA  A/A �/� ���/�
*Goodness of fit :#
� B�#��2 ;
���_ k8� :5h2 ��RS�# �0 �7# 
 5���� 
1 V*  �)��H_
'�%.�(=%�# �152$1 @$&�� +�.� #� �8" �8'�.

.�#���� <�
�
� ���XRD 
B���$;Z^�\ �B6� >'#$� @'�0 ��#8�#Z	#  /# �� Z*�#=0 
@

��=?� �1 ��� �* �R�� 
��R 
8-�� +��6SiO20 * ��K� H# $4
"$>$��
���>'��=>� �7# �')96"�.(��&n���* �� �6
 

c&7��%�5�$Z�
� �8��="��#� ��'5�� Z*�#=0 �H$�&� �
��#�Z
8&B�'!8&0# 2 ��
BL#=&6�8��#� �	�1 90 �� .�
+�=1 ��#�Z

#
ZV* �1 H�	 ;
#Z	#  /#  1 +_ �
� @���� 0 :>0 �7# 4R7 �
�8" �0 �7#�7�&" �#8���
� �� +_ �8" ��5���� �?�� 
B��7���� �1 �R�� �# !5A�� ��8\ ��?�� �/p@'�0  1# 1 


81� .ZV*
ZV* ��&0�� Z*�#=0 �
7 �$G$C�6�'57��K� �$3

R7�&��# 1 5H�	 8"� 1�96"� I'# 	 ����_ .�J\s� �Y��&n
����0 �e=>V� �� ��="��'5�7�&" �
��0 ��8" �7���1

>� I.n�# � ��=L
�\ �B6� ;0�ZV* H# 
# �
��0 ;�P �'�
��# 9\# �$# 	 �
�7# ��2 8& .ZV* �1
	 �$7=G$G$C�6 �1 ��'

�8*
H�	 a1�96"#Z	# 
@��
�81�2 ����=>e 9�G�* +_ �
� I0 �	�1��=" .���
9�G�* 8-�� ����=>� �'��� �� �'5

A�� ���� �����B��7 �?�� �%B�R>' ��# !�,&� ��$+�
#
� #�  B�#��2 �� ;� +�.�8'�=� �
# 8
�1 �0 �7# 4GS� ;

#Z	#
��� @5� @'�0 9�G�* ���2 �
81�)96"�.(
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����E=�����# +# 
# �7�&" ���0 � �7�&"�=G1 �GV� ��p

<*=G� �#�=>� $�G#5��� 
�B� F�7# 1 Z*�#=0 �#8�� ��
7� 1 a��'5XRF �XRD.

<*=H��=>� 9�G�* 8-�� �#�=>� ��� �1 �R�� �'51 ��2 9�G�* U�� �V&7�?$�&R� 1 9�G�* 8-�� g�=5�$%��$���=>� �� 9�G�* 8-�� ;
�� ! H#�'5A)���5A��B��7 �?�� ��# !(�C)���5���B��7 �?�� ��# ! (�E)���5����B��7 �?�� ��# ! (�7# �8" U�#Z!.

# 1 ��se
ZV* �1 ;
�'H�	 �57$G$�=�_ � �*�6$7=&$G$C�6 ��'

+=�'5Si4+�Al3+K� �� $# " � �8" �#H_ 3
# 1 35

6.*$9����# 	�'5� �� ��2 ��5� I'# 	 47�&� ��=" .�=&*
# ��
0 * ;$8? C�R
�=[\ �1 8
&Y>' � �=[\ W8e �$;

*�0 �#8��$+=�'5�G0 $&� �I$Z
%B�1 ;'_ � I���#� ]p,��[.
�1 �?=* �1���8&15#
��=>� ;�# 7 �� ! �� �'$:�'5&E�

�G0 H#$I)�B� F�7# 1
aXRF� �$�G0 +#Z$8-�� C�=- �1 I
�0#$851$;��/�� �* �r/�� d* 8-��$$�7# �8" ;(�

����# 	�'5��2 1$ B.�G0 �� ! �� $I)7$G$C�6�# T �' ��-
!$8�  .�G0$I)7$G$C�6�'5�7�&" �
# �� �8" 
��=>� ;�'

H# 8&*��Re :�=B7`�$�)CaSiO3) (����d��(�&G! $�
)Ca2Al2SiO7) (����d�p(2 � �$;�0� �'5�
�2=$8
)CaMgSi2O6) (����d�r(]=^_ �
�

((Ca,Na)(Mg,Fe,Al,Ti) (Si,Al)2O6))^�7�	 �$�
(Ca(Mg, Fe2+)Si2O6
�Ca(Fe3+, Mg)AlSiO6).c&'_

b*$$ ' C# 
# H# :
�'��� �� �'H�	 ;5���Z>' � uGB�� �
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8G?p����>" �rZ$
�2 ��r������# 	 �f>0 �7� 1 F�7# 1 @
��0# 3$K� �� ��2 8&
# 	 5�'. . .��r

#� ���_ �=[\���� +#=* 96"A7 * C�=- �1 $>��J\s�
�=>� .

1) CaO + SiO2→ CaSiO3

2) 3SiO2.Al2O3 (amorphous mixture) + 6CaO →
3Ca2Al2Si2O7

3) 2SiO2 + CaMg(CO3)2 → CaMgSi2O6 + 2CO  
�G0 �1 �S1#� �� �?=* 91�T �B6�$I)7$G$C�6�'5����# 	 

�� ��2���5�2 �`�1 
�#85�7���_ .�'H�	�
&G! 8&��� $� �
*�=�_$� ����� ��8\ �� 8&�#=*5A��B��7 �?�� ��# !
6.*$�'��� �� � �8" 95H#  *`�1 ���� ��?�� H�1ZV*
�
"8�=�
+=�'5�=* �� ���_ �8"�#H_ $�'H�	 858?
858&��� 

�=B7`�$8�� ! � �� �]p�[.
1 t�R*�#$&G! H�	 �� ;$�)�=B7`� $96" �� ��+�.�

��#��7# �8" .��&n �6�
�8��� ��=>V� �� ��="$&G! +#Z$��
6.*$1 �8" 9$�=B7`� H# @$��7# �1$.$�&�� +_ �#8�� 
���5����?�� B��7 ��# !�7# �8" �R/ .#Z	# �1
���� @

"$b* 4$$&G! C# $�#Z	#
� @�
81�# �
�� H�	 ;�����?�� 
B��7$>0 �1 �# %$�=L �#8�� �&��87�) �*
�Z� ��R
 ,- �1 :.(
# ��
# " ;
1 3$ B.
# 1 �#8�� ;5�=B7`� H�	 $�R/ �1 �
7�$�7# �8.

�B�
GK* a$#� 9
"H��)�#Z	# W � �1Minitab ver. 16 (
����
]=^_ H�	 ��  
^�7�	 � �$�'��� �� �5�uGB�� 

%B�R>'�1 �R�� $# ;
� +�.� #� H�	 �� ;�8'� 
) �
%B�R>' 4�=���/�+ � �1
�#��&d� 45(p-value) 

���/�.(" k=� 	 �'�R" �1 �?=* �1$>$��
#
�H�	 �� ;
��B� +#=*$�	 �� �0 �	 ! �V1 H���#� H � � 96"# " �'
3

6.*$]=^_ 9
#Z	# �1 � ��=1  *8e��� �
^�7�	 ���� @$� �$Z
�7# �� 0 8"� .&n$�  J� �1 ;�*�0 �0 87�$+=�'5;'_ 

"����2�� H# 
�#85*�>' $#Z	# �1 �
�=G1 ��BL�7 �� ���� @5
]=^_
^�7�	 � �$�8" � �� �8�#)96"��.(

<*=I#=\ P��#5�'H�	 @'�0 � 8"� c&'_ H# 5�
�2=$&G! �8$�=B7`� ��$]=^_ ��
^�7�	 � �$����� ��1 ��?=* �1 �
�� ����_ �8�" �R�7�K�  
GK*$9XRD.

<*=Jb* �#�=>�$$&G! �#8�� C# $�(Geh) )�=B7`� $�(Wo)��� 4�\  1 5��2 .
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����E=�����# +# 
# �7�&" ���0 � �7�&"�=G1 �GV� ���

<*=2Eb* �#�=>� $$]=^_ �#8�� C# 
�(Aug) )^�7�	 $�(Fas) 4�\ 1��� 5��2 .

�
�2=$8*�0 9��\ +#=&e �1$+=�'5&�$Z
��8\ H# IA�� 
B��7 �?���96" �# !��!$� �� ����� �1 �?�� 1$.$�&

� �=L �#8���87�)96"��.(������ �?�� B��7$�# %
# �#8��
@'�0 H�	 ;��
81� .
+=�'5&�$Z
H# �8" �#H_ I

ZV*
# �
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