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� QmK,, ʉĠ+�ķɆʏħȉ�9Àǩǟ'�%ţ¶�<;ʅÊǟô�+ȧ

ȇ&�:, ʊʎ+3)9�ʧʊșʉĠ+Ɇʏħȉ*,�%ǳǨ�;. 2�, ƅ

ɰ&,, ĵƞǟ+·ʇ*,�%ǚÒǕ7ʤǝŌĵƞǟ>ǐɀ�, ôÊ��6+

6QmK'å-<%�;. ��&, ʉĠȘʏ�9ǳǨ�;QmK,, Óų*á

2<;ȴǽŒ·�9ǨŒ�<;(1-1). vŶ, ĵƞǟ>ǐɀ��QmK,, µǦĘ

ɠ&�;ÚǝŌĵƞǟ+Ǖ·7MrJnuY7öăȑ+ʤǝŌĵƞǟ+Œ·�

9ǨŒ�<;. �)=!, QmK,, �+ÊĎȟŒ.ùƳ7ʋǽ>ĻŒ�;ù

ǥx+¬ȝŅǧ+¬');fKf'ʧĬ*ʭ��%�;(1-2). 2�, ƱÜǴ*Ù

��9�Ǫ�<%�;Ǝų&�;HmQ6ʅÊǟ>ǐɀtôÊ�%Ɇɷ�<%

,:, �+ǘ*,�%,QmK'ʭ��%�;(1-3). �)=!, QmK,8.�

+ɀ�,, ʊʎ7HmQ'�"�ƎųħĎǴ)·ʇ+3)9�, ĵƞǟ)(+

ǧā·ʇ7ōŽ+ɥǎ'�"�ùǥȅĎǴ)·ʇ*6İ.;ʆɈ�#İƹ)Ǿ

ȌĘɠ&�;.  

� ɰį, ʊʎ7HmQ'�"�ƎųħĎ·ʇ&,, Ɇç+ʵƫȳÊ.ɹ59<

%�;. Ã�%, ūƢƀ+ǧāʄő+Ɍǘ�9 CO2 ¾ǉ.Ƹ59<%,:, c

pSQ+ÅǣÊ, ʵȘĳÊ.Ƹ59<%�;(1-4). ʵǋ&ūƢ�;ʊʎ7HmQ

+·ʇ*,�%, QmKɀ�,, ʅÊtɿ¬+Õŋɶĳ7QmK+ǁÇ'�"

�ĨɋǴ*ɉ�ÿÞ+ǖ³&+Ǝų+ȈÇǤɠ>Ȱ�;x&ʆɈ)ǅ�Ǝų&

�:, ¬ȝ·ʣ7Ȳǔǟ/+ǃɴ'�"�ņɋǴ)¬ȝ+ǟɤȈÇ*6ĺ�ʕ

{�%�;(1-5). �+�'�9, QmKɀ�+ǟǦÊĎǴŌɤ>cpSQ*Ę�

%ƅɽÊ�;�5+ʵƫȳÊ*#�%+ǾȌ.ɹ59<%�;.  
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� vŶ, ǧā+·ʇ*,�%,ĵƞǟ*8;ǧāƺƗ.ǆ½*)"%�;., 

�<,�ʭ.ȁ�ǀÇ>ì4ʘ:*,�%ȣȤǴ*ǳǨ�;éʬ&�:, ŞȤ

Úȳ)ȁ�+ǳğ/à�%, õÐ�*,�%,6'8:õʞǴ)ƕȟ3*,�

%, ɢǎnNBJo, CO2+ţ¶ʈɊ¼7ƆĔǟɤ+µǦtďđÊ'�"�×:

ȟ3.ɹ59<%�;(1-6). �+~&, ĵƞǟ>ǐɀµǦ�%ǉĕÊtǙĔÊ�

;�5+ǾȌ.ɹ59<%�;. 

� QmK*,, ʊʎǨǩx+Àǩǟ'�%ǳǨ�;6+'ǚÒǕ7Ǚƫô�+

ĵƞǟǐɀµǦ�96ǳǨ�;6+.�;. ʊʎǨǩcpSQ*,�%,, Ɇ

ʌħȉ&+Óų+ 3 Á, Ɇʎħȉ&+ț 1 Á.QmK'�%ǳǨ�;. �<9

+QmK,, JIS ɊƜ*đ59<�SirY+ʴƎ7ɨǵƎ'�%´»Ǫ+ɼ

.ǿȍ�%,:, ǧāɡȽ+Ĝ��ɢǎŅǧƎų'�%+vȏ6ś"%�;

(1-7). vŶ&, ĵƞǟǐɀµǦ�9ǳǨ�;QmK*#�%,, ĵƞǟ~+ƆĔ

ǟɤ>ʒ�ɯ5�x&, öƊħ�7ĶȔħ�Ǫ+ɢƎ'�%+´»Ǫ.Úȳ'

�
�', �9*,ĵƞǟµ·ʈ�ǉ+Ɍǘ�9, ĵƞǟǐɀµǦ+ɐǭ.ɹ

59<%�;.���).9, Ýù&µǦɓ¨+ě°'Ķɓ.Ɂ=<�6++, 

ƆĔǟǐ¶Ōȳ+ďđ��ɊƜ>Ǎ��QmK>Ń;�'.&�%�)��6

Ć�, ɐǭɵ:*ĵƞǟQmK+´»Ǫ.Ēŷ&�)��'*8"%, ĵƞǟ

µǦ+MQY.��3, ĵƞǟ+ǐɀµǦȵ�>ĵƮ�;ȵƼ�6¶%��

(1-8). �+8
*, ĵƞǟǐɀµǦ*8;ɢǎŅǧ,8.ǧā¡±>ɹ5;x&

+Ɍǘ�9, ƆĔǟ+ǐ¶ýǏ>Ǎ��ĵƞǟQmK>ďđǴ*ǨŒ�;�5

+ǐɀǖ+ɺɪƏ�7QmKɀ�+ǠŌ*ʕ�;ǾȌ.ɹ59<%�;(1-9).  

� QmK,, ʊʎtHmQtĵƞǟµǦ'�"�·ʇ&İ�ǾȌ+Ęɠ'�<, 

Ēʞ*»Ǫ�<%�;*6��=9�, �+ƥɷ7ǟŌ*#�%,, șȢǴ*
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Í·*ɎŻ�<%�;',ɏ�)�. �+Ɉï'�%, QmKɀ�.ʵǋ+ǅ

�&�;�'.Š�9<;. QmKɀ�+ǟŌ7ƥɷ,�+ǟɤ>ƥŒ�;Ó

ċ7·ċßĄ+Ƿʕ�9ǦɎ�<;., QmKɀ�~&Óċʔ+Ƿʕ,ɇʢ&

�;.Ƶ�7ô�+Ʀ*, Óċʔ+Ƿʕ.�;ȉĳ�ǌ&�;ǡŐ&�<-, Ǧ

ŎÊ��ƥɷ>Ŏđ�;�'*8"%, �+jXo>¬*ǟŌ+ŧǌ.&�;.

���).9, ǅ�&,ǦŎÊ��jXo.ǿȍ�<%�)�.2�, QmK,

Ãǜ*8;ǷąÊ&ǅ�ǡŐ');�'�9, ƶǐǅ+8
*ǐĊ'ǐɤ*·

�%Õŋ7ǟŌ>Ơɑ�;�'.&�)�x*, QmK+ȟŒ*8"%, ǟŌ

.ć��ąÊ�;.Ã�%, QmKɀ�+ǟŌ+ǌđ,ʵǋy&Ɂ
ŉɈ.�

;�'�9, ȗĳǌđ+îɪċ)(*�ǪÚȳ)ĒʳƎų*6¼ʘ.�;�5, 

ɽǪ&�;ǾȌŔƽ+ʨ&+ñʤ6�;.�+8
)�'�9, QmKɀ�+

ƥɷ7ǟŌ*#�%,, zŻ)ǘ.Ć�, Ǥø6ȘÂǴ*ǾȌ.ɹ59<%�

;. 

� QmKɀ�+ƥɷ*#�%, ƱÜǴ*,HmQ+·ʇ&�șǴ*ǾȌ.ɹ5

9<%��. �)=!, HmQ,ɀ�+ƥɷ>¡"�ǡŐ+ô�&�;'�%

×:ŕ
�'&, ƥɷɎƒ)(.ēǋ&Ɂ�;�9&�;. �<9+ǻɉ�9, 

HmQ+ƥɷ*#�%+jXo,, ņȠƃjXo'\WYquJjXo.Ũè

�<%�;. ņȠƃjXo,, Randall*8"%Ũè�<�6+&, HmQ+ƥ

ɷ, 20 � �y+ņȠƃ.ʧƃɤfYnWJQ*8"%#)."�ƥɷ&�;

'�
jXo&�;(1-10). 6
vŶ+\WYquJjXo,, Zachariasen*8

"%Ũè�<�jXo&�:, SiO4íʨ�. O>²Ɔ�, wƬ¬Ǵ*�#ǙȆ

ı*ʄȮ��ƥɷ>';'�
jXo&�;(1-11). (!9+jXo*,�%6, 

X ȩîřª)(+ĒʳXuU>ɛŻ&�;�'�9, Ǥø*,�%6��<.
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Ư���*#�%Ƞɜ,Ń9<%�)�. ���, (!9+ÿÞ*,�%6, 

ɀ�~+ƥɷ>Óċʔ+Ƿʕ&�;Ǽɧʣ, Óċð+~ɧʣ, Ȭ:ɱ�ƥɷ+

ʐɧʣ+ƥɷ*·�%Ȱ��ÿÞ, HmQ~&,, ~ɧʣƥɷ2&Čø�;'

�
Ȱ�&vȷ�%�;(1-12).� ��&, ƌǾȌ&,, HmQ+·ʇ&İ�ŬŞ

�<%�;\WYquJjXo>ŤǪ�, ǾȌ>ɹ5%��.  

� \WYquJjXo&,,ʼƬ¬Ǵ)\WYquJ>ĻŒ�;�5+ȠƃĎ

Ǵɉù7ÝÊÞǟ+HmQĻŒȳ+ʕ *ʕ�;ǻɉ�9Ȱė.ɹ59<, H

mQ+Œ·>ĿÁ*ŋ��ʼ#*·ʭ�%�;. �+·ʭ*,�%, Sun ,ʅ

Êǟ>_m_m*�;+*ŉɈ)ɎʣE\oIu'ʄ�Ű+ƴ>Ǫ�%Ȓ¶�

�M-OÐȠÞĺĳ>şƨ'�%Ǫ�%�;. �+şƨ. 80 kcal/mol�x&�

; M-O ȠÞĺĳ.ĺ�ʅÊǟ,, ÐǢ&ʼƬ¬+ȪǶ>ĻŒ�
;ʅÊǟ'

�%·ʭ�, ȦǶĻŒʅÊǟʸNetwork Former: NWFʹ'��. �<9+ʅÊ

ǟ,, ǐɀ�~&äò+ʅȝ'+ȠÞ>ȥŞ�;''6*, ¬ȝ+ʦċɩɼ*

ŋ��ďđʄȮ>';'Ȱ�9<;. vŶ&, M-O ÐȠÞĺĳ. 60 kcal/mol

�y+ʅÊǟ,ÐǢ&ȦǶ>�;�'.&��, HmQ+vŒ·'�%ȦǶĻ

ŒʅÊǟ.�;ȦǶ~*°:, Ōɤ*ľʪ>Ô1�ƫȳ>Ɣ��'�%, ȦǶ

£ʱʅÊǟʸNetwork Modifier: NWMʹ'·ʭ��. �<9+ NWM,, ��

-(1-1)ķ*Ȁ�8
*QmK~*,�%ĕż*Ɏʣ�, ÐȜ)ʛBFr'�%

Čø�;''6*ʅȝBFr>�ȡ�;.  

!"!! ↔ 2!"! + !!! �  ························ (1-1) 

� �x+8
*·ʭ��ʅÊǟ'ȗŌ+ʕ *#�%, NWF ' NWM +ʻ#

+Œ·>á4ʻ¬ș*#�%+ƥɷ,, �;ȉĳ+Żǿ)ǻɉ.{�9<%�

;. ��-, NWF&�; SiO2HmQ*, NWM&�;Na2O>ě°�;ÿÞ+
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ƥɷąÊ,Ƭ+8
*);. ¬	SiO2 +3&ƥŒ�<;OnGHmQ~+ Si

Óċ,, �<>ò4ʽ¥+ʅȝÓċ>��%, ʟŦ�; 4¥+ SiÓċ'ȠÞ�

%�;. �+ Si-O-SiȠÞ., Na2O+ě°*8:, Fig. 1-1*Ȁ�8
*¸Ŵ�

<;. ��&, ʻ¥+ Si*ȠÞ��ʅȝʸO0ʹ,ȦǶ+ĻŒ*Ė{�, Ɩƪʅ

ȝy Bridging Oxygen: BO '́å-<;. vŶ&, ʺ¥+ Si*ȠÞ�, NWMB

FrʸNa+ʹ'ʦȽ_mrQ>¡"%�;ʅȝʸO-ʹ,ȦǶ+ĻŒ*Ė{�%

,9�, ʧƖƪʅȝʸNon-Bridging Oxygen: NBOʹ'å-<;. NBO>��

%Ǩ�;ȦǶʔ+ǷÅ�Ǫ,ƣ5%ĸ��'�9, ǐɀ�+ȗŌ, NBO +Á

Þ+Ăć''6*�y�;'ǦɎ�<;.  

� vŶ, ­*���ʻ#+ʅÊǟ+~ʔ*��; 60
80 kcal/mol +ȠÞĺĳ

>Ş#ʅÊǟ*#�%,, NWF +Ʀ*ÐǢ&HmQ>ĻŒ�;�',&�)

�.���).9, Ə�*8"%, NWF +vʂ'Ȯ�ũ="%, ȦǶ+ĻŒ*

Ã=;�'.&�;. 2�, Ə�*8"%, NWM '�%+ĿÁ6Ɣ��ÿÞ

.�;'�%, ~ʔʅÊǟ6��,}ŌʅÊǟ'å-<;.~ʔʅÊǟ*,, Al

7 Fe,8. Ti'�"�ɾȈʉĠ¬ȝ.á2<;. ��-, Al2O3,, ĀýŌɀ

�~&,ʅȝ 4ʄ�ƥɷy AlO4 >́'"% NWF'�%ŠÇ�,  ɳ*ʅŌ+ɀ

�~&,ʅȝʾʄ�ƥɷʸAlOʾʹ>'"% NWM '�%ŠÇ�;�'.ǻ9

<%�;. Fig.1-2* Al. NWF'�%ȦǶĻŒ*Ė{�;ÿÞ+ȦǶƥɷy @

og]OnLuYʹ+Ʃķó>Ȁ�.ʦȽ. 4+&�; Si'ʦȽ. 3+&�; Al

+ʦȽĩʸ1+ʹ>Ʌ«�;�5+ʛBFrʸFig.1-2 ~+ȨȺ&Ȁ��ʛBF

r .́ŉɈ');�5, NWM'�% NBO+ǨŒ*Ū=;ʛBFr.ǉĝ�;

�'*);. 2�, ó*Ȁ�8
* AlO4.ÐǢ&ȦǶ>ĻŒ�;ÿÞ' AlO4

' SiO4 '.Ǉø�%ȦǶ>ĻŒ�;ÿÞ.Ȱ�9<, ~ʔʅÊǟ>á2)�
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ÿÞ'ƴɫ�%ȗĳ*{�;ľʪ,ɇʢ');.  

� �9*, á2<;~ʔʅÊǟ.ɾȈʉĠ¬ȝ+ÿÞ*,, �Ű+ąÊ.ƥɷ

*Õž�<;. ƌǾȌ&Ęɠ'�; Fe ,, ʅÊǟ'�% 2 �&�; FeO ' 3

�&�;Fe2O3.Čø�, ǋĳ7ʅȝ·÷*8"%FeO-Fe2O3ʔ+ĮɃ.Oa

Y�;.FeO, NWM&�;+*Ę�%, Fe2O3,~ʔʅÊǟ&�;�5, ʅÊ

ʊáƆQmK+ƥɷ,@og[OnLuY8:6�9*ɇʢ');.  

� �x*ɲ0%��8
*, ʅÊʊáƆQmK~*,�%,, Ə�*8:

FeO-Fe2O3+ĮɃ.ąÊ�;�'*Ã�%, Fe2O3.~ʔʅÊǟ&�:, NWF

'�%š;ȸ
ÿÞ'NWM'�%š;ȸ
ÿÞ.�;�5, ʧĬ*ɇʢ)ȗ

ĳąÊ>Ȁ�. Ƭʫ&,, �<2&*þã�<%�;ʅÊʊáƆQmK+ƥɷ

Ô.ȗĳ*ʕ�;þã�>2'5;.  
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  Fig. 1-1 Schematic illustration of non-bridging oxygen generating  

  mechanism. 
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Fig.1-2 Schematic illustration of the increasing complexity of structures by 

presence of intermediate oxide in melts. 
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/−0� +�,���
�	'��-����� ! 

/−0−/� �*	
 $��-�� ! 

� ʅÊʊ>á4QmKɀ�*ʕ�;ǾȌ,, ʊʎ7ùǥȅĎ,8.HmQ+·

ʇ&, Ý	+·ʇ&ƾǶ�;Ōɤ*ʕɸ��ǾȌ.ɹ59<%��. HmQ+

·ʇ*,�%,, Óų~*á2<;Fe*8:, HmQɆç.ǹȺ�;�'.é

ʬ');. �+�5, Fe*8;ǹȺ'�+¼ń*#�%ǾȌ.ɹ59<%��.

HmQ~+ƆȺBFr+ǳȺ,, (a)Óċ�, (b)ʄ�Ű, (c)ʦċɾȈ+·Ģ*8

"%ąÊ�;(1-13) �'.=�"%�;. 

� Óċ�*#�%,, Ù��9əɞ�<%,:, Hugo9, 1953į*ƵǷ~+

CO2/CO >ąÊ��;�'&ʅȝ·÷>¼ń�, FeO >á4 CaO-SiO2QmK

~+ Fe *#�% Fe2+/Fe3+ƴ.ąÊ�;�'>þã�%�;(1-13). QmK~+

Fe , Fe2+' Fe3+&Čø�, ʥòƵ+ʅȝ·÷>Õž��ĮɃǡŐ*,�%Č

ø�;�'*Ǳ�+�ù,)�'ɏ�;. 

� vŶ&, ʄ�Ű'�
ǘ�93;', ɗȞ,Ż9�*)"%�;',ɏ�)

�. Fe3+.HmQ~&ʅȝ 4 ʄ�ƥɷ'ʅȝʾʄ�ƥɷ>';'�
þã,, 

Levy 9. 1976 į*þã��(1-14)Ł, Ć�+ǾȌȱ�9ŬŞ�<%��. ��

�).9, 5 ʄ�+ÚȳŌ(1-15)7ʄ�Ű>Ȱő�� Fe3++ʛBFr>�đ�%

�;ǾȌ�6�;.�<2&+þã�9, Fe2+,ÐǢ+ʛBFr'�%Čø�, 

Fe3+,ÐǢ+ʛBFr'�%Čø�;ÿÞ'ʅȝ 4ʄ�ƥɷ'ʅȝʾʄ�ƥɷ

>';ÿÞ.�;'ŧė�<;. ���).9, ģǫ9, 2014 į*ŭĚ®>

Ǫ��ƚ²ʶů�' XAFS·ƒ+ȠƔ�9, Fe3+,ʾʄ�>×9)�'þã�

%�; (1-16). �+8
*, QmK~&Fe.';ƥɷ*#�%,, ĭİ�·ʇ&

ʐįǾȌ.ɹ59<%�;6++, Ƌ *ɗȞ.ɎŻ�<%�)�. 
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� ǐɀ�+ȗĳ*#�%6, Ù��9ǾȌ.Ɂ=<%�;. ȗĳ,, ǁ�+ǁ

<7ǟɤȈÇ*ć��ľʪ�;ïċ&�;�'�9, ǐɀǖ+ɓɐ7¼ń*ʞ

�%ʆɈ)ǟŌ¦&�;. �+�5, ȟŒ�9ȗŌ>á4ǟŌ¦>ŧȒ�;×

:ȟ3,ȣȤǴ*Ɂ=<%�%,:, 1980į�ʗ*ʘđ�%6, 10Ȋʭȉĳ+

ȗĳŧȒķ.ŨƝ�<%�;. �<9+ȗĳŧȒķ+Șĳ>ȢvǴ*ɔ��;

�5, Ȼõ NPL(National Physical Laboratory)+ Mills 9,, ǐɀQmK+

ȗĳŧȒ*ʕ�;õʞǴǾȌmCrZp`r(ROUND ROBIN)cpPDJY

> 1997~2000 į+Ɖʔ&Ēŷ��(1-17).�+cpPDJY&,, |ǮÝõ+Ǿ

Ȍȱ.ŨƝ�;ȗĳŧȒjXo*#�%, Ȣv+ýǏǟɤ>Ǫ��ȗĳǌđ¦

'ƴɫ�;�'&, ȗĳ+ŧȒȘĳ>ɔ��%�;. vȹǴ*, ȗĳǌđXu

U+zǿ��,�20
30ʷ'�<%,:, �10%&�<-, ʵȘĳ'¹Ŵ�<

;. �+cpPDJY*,�%, ŧȒȘĳ+ʵ�"�ŧȒķ>Ǫ��ÿÞ, �

20%&ȗŌǌđ¦>´Ǥ&�;'þã�<%�;.�+8
*ȗĳ+ŧȒķ,

Ć�Ũè�<%�;., ȗĳ+ŧȒȘĳ>ʵ5;�5*,, ȗĳ>Ŭʄ�;ɀ

�+ƥɷ*ʕ�;ǦɎ', �+ǻɉ+aAuZ_WJ.ŉɈ&�;. � �  

� HmQ>ǙƫʆÞ�'Ȱ�;', ȗĳ, NWF.�;\WYquJ+ʆÞĳ

'ȠÞĺĳ*�Č�;. NBO.Ă�;�'&ȗĳ.�y�;�',, �+Ȱ�

&ɛŻ�;�'.&�;. �+�5, ʊ+8
)~ʔʅÊǟ>á4QmK+ɇ

ʢ)ȗŌąÊ+ǦɎ+�5*,, Fe+ƥɷąÊ>ǦɎ�;�'.ŉɈ&�;'

ɏ�;. ʊ>á4QmK+ȗŌ*ʕ�%,Ù��9þã.�;.1970 į�ŁÎ

�9 1980į�¿Î*,, G.H.Kaiura(1-18)97 Seki(1-19)9. CO-CO2ĮɃ*8

:ʅȝ·÷>¼ń��ʥòƵy*,�%ǌđ��CaO-SiO2-FeO-Fe2O3ș+ȗ

Ō¦+þã.�;. 2�, ßƀƉ*ɍǫ9(1-20), CO2 ǐɎĳ.ȗŌ*Ô1�ľ
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ʪ>þã�%�;.,  Fe +ƥɷ'ȗŌ+ʕ *#�%Żǿ)ɉɎ.Ń9<%

�)�"�. �+Ł6 Dingwell(1-21)9)(*8:, ȗĳ> Fe +äòƥɷ*8

"%ɛŻ�;ɕ3.)�<%��.���).9, �<9+þã*,�%6Ǻ

Ǹǘ.Čø�, Kaiura97 Seki9, FeO/Fe2O3ƴ+ĂÃ*�"%ȗĳ.xź

�;'�, Dingwell9+þã&,FeO/Fe2O3ƴ+ĂÃ*�"%ȗĳ.ǉĝ�;

'�%�;. �+8
*, ʅÊʊ>á4QmKɀ�~&+Õŋ, ,8.�<*

8;ȗŌ/+ľʪ*ʕ�;ǾȌ,ɹ59<%�;., ƋɎŻ)ʂ·.Ć�, ș

ȢǴ)ĒʳXuU'ƥɷ*ʕ�;ǻɉ.ŀƇ�<%�;.  

 

/−0−0� ����.��'
� 

� ĵƞǟ*,ƆĔ)Œ·>á?&�;6+.Ć�, ĵƞǟ>û5ȍ%µ·��

Ł*ƆĔǟɤ.ǐ¶�%ǧā>ƺƗ�;�'>ʖƮ�;�5*, vĳǐɀ�%

QmKôÊ�'�%ďđÊ�;�'.&�;ʵǋǐɀµǦ.ǻ9<%�;. �

�-, ǚÒǕ~*,ĵƞǟ~*á2<%��ʆʉĠ)(+ƆĔǟɤ.ǒȫ�;

�5, �+22û5ȍ%;*,éʬ.�;. Ǡ*ǚÒǖ+ţƵș�9ţ¶�<

;ʯǕ*,, ƶǐŌ+Œ·.Ć��5, ǠºȓǦĵƞǟ'�%ǐɀµǦ>á4

Ǡđ+Ŷƽ>Ǫ��ôÊµǦ.ȯÈ$�9<%�;. vŶ&, ǐɀtôÊ�<

�QmK&,, ƆĔǟ.QmK+ƥɷ~*ʒ�ɯ59<;+&, ƶǐŌ.��

);. �+�5, Í·*ƶǐŌ.��QmK*#�%,, ɨǵƎ)(ĶȔƎų

+vʂ'�%´»Ǫ.Úȳ&�;. �+8
*, ǐɀµǦµǦ*8:ĵƞǟ>

´»Ǫɢǎ*&�;�'�9, ǚÒǕ>Ęɠ*ǐɀµǦ.İ�ƂÔ�%�;. 

2�, ǐɀµǦ,, µǦ&�;ĵƞǟ+ĭ.İ�, ·º)(+¿µǦ.ŉɈ)

��'�9, Ìǲșĵƞǟ7ŭĚŌĵƞǟ)(+Ñʚĳ+ʵ�ĵƞǟ+µǦ*
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6ǀǪ�<%�;(1-21).  

� HmQ7QmK,ďđŌ.ʵ�, ʐƉ*ŭĚŌƚȊ>ʒ�ɯ59<;�'�

9, ŭĚŌĵƞǟ+ǐɀµǦ,ƆǪ)ŔƲ&�;.�)=!, ǐɀµǦ&�;ĵ

ƞǟ+ȝƎ+ĭ.İ�, Ʉ-�>�
ĵƞǟ+·º�Ƣ*ɻć)ÄÂ>Ɉ�)

�)(+»ǘ.�;. 2�, ǐɀ��ǡŐ&Nrco>Ť×�;�'&, ĵƞ

ǟ~+ŭĚŌƚȊʈ>ǌđ�;�Ƣ., ćĭ*ȕǯÊ�<;'�"�»ǘ6�

;. �+�'�9, ÓċÂǳʦœ7ʕɸǾȌƫʕ'6*ǐɀµǦ+ě°.Ơɑ

�<, ǐɀ�Ô.QmKŌȳ*ʕ�;ǾȌ.ɹ59<%��. ÓċÂǳʦœ&

,, ɚěÃǜŶķ+ǐɀǖ+ě°.Ć�ɹ59<, µǦƀ+ŭĚŌƚȊ+ȈɁ

ŠÇ>ť;Ɍǘ�9Ć�+ǾȌ�.�;(1-22). vŶ, ǾȌƫʕ&,, ÓċÂƫ

ƥÓċÂȅĎǾȌœʸŹŸƌÓċÂǾȌœƑǂǾȌœʹ*, ŭĚŌĵƞǟ>ǐ

ɀµǦ�;�5+cmRfǐɀɓ¨(1-23)., ßćƿǾȌœ*ɚʦÃǜŶķ+ǐ

ɀǖ(1-24).ě°�<%�;. ÓċÂȅĎǾȌœ+cmRfǐɀɓ¨,, 2ton +

ĕʈ>Ş!, ĵƞǟ>ǐɀtôÊ�;'²*, �+·ƒɕų+Ť×>ǶǴ'�

%�;. 2 MW +ʧȈɁúcmRfYuVʻƌ>¨�%,:, ÃǜŁ*ǐɀǖ

>©Ç��%, ʍú*ǁ�ɯ4ƥɷ')"%�;. ĵƞǟ,, 200 LZmhȭɖ

+22cWOku*8:ǖ³*Ś�ɯ2<;. �+�5, QmKȟŒ*,ŉ�

ʆʈȟŒ&ț 10%ȉĳ+ʊ.á2<;. ɓɐƲʝ�9, QmK+ǐ¶ǣ7ƅɽ

)ɺɪƏ�>ť;�5+ǾȌʓǳ.Ɂ=<%��., Ēʞ+ɓ¨>Ǫ�%ɕɺ

ɪ>Ɂ"�ȠƔ, ĵƞǟ*8:QmKɀ�+ǁÇŠÇ.ǰ);�'.=�"%

��. cmRfǐɀǖ&QmKɀ�+ǁÇŠÇ>ąÊ��;Ɉï,��#�Ȱ

�9<;., ć�)Ɉï,, �ĵƞǟ&�;�5ȟŒ.Żǿ&)��',  �Z

mhȭ&Ř°�<;�5ʊ+áƆʈ.Ć�QmKȟŒ*);�', �Ãǜǎ*
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cmRf>Ǫ�%,:, Ř°7ţ¶+ʞ*cmRf+ǘǔtǄǔ>Ȭ:ɱ��

5ʥòƵ.vđ&)��', &�;. �*#�%,, ǚÒǕ+8
*Na7K'

�"�@oGnʉĠáƆǣ+Ć�6+7, MrJnuY+8
* CaO áƆǣ

+Ć�6+)(ĭİ�ȟŒ+6+>µǦ�;�'*8:ąÇ�%�;�5&�

;. �*#�%,, ʊ.}ŌʅÊǟ&�;�'�9, �+ʅÊɿ¬Õŋ*�"

%ɀ�+ǟŌ.ɇʢ)ąÊ>Ȁ��5&�;.ƅŁ*�+cmRf>Ǫ��ʥ

òƵ*#�%,, Ƶ�.ʦʣ�%�;�5, ʅȝ·÷>ƻ5;�'.ñʤ&�

:Żǿ&,)�.���, cmRfʥòƵy&,, HQâÖʈ.ǰ);.�<9

+�'., cmRfǐɀǖ³+QmKɀ�.,ɇʢ)ǁ�ŠÇ>Ȁ�Ɉï')

"%�;'ŧǌ�<;. cmRfǐɀǖ*8;ǐɀµǦ+ƠɑƲʝ+ǾȌ*,

�%, Nakashima9(1-25),cmRfǐɀ&Ń9<�QmK~+ʊ>iQ_C@

·®*8:·ƒ�, Fe2+&�;�'>þã�%�;. �<,, cmRfǐɀǖ

+cmRf.ǛĚ�<%�;ʂ·+ʥòƵ+ʅȝ·÷.���"��5'ŧǌ

�<;. �+�'�9, ǐɀǖ³&,ʅȝ·÷.ć��ąÇ�%�;'ɏ�;. 

�x+�'�9, cmRfǐɀǖ*,�%ď±)ɺɪƏ�>ǿȍ�;�5*,, 

ǐɀQmK+ȟŒ7ʥòƵ*8;ǟŌąÊ*#�%+ɗȞ)ǻɉ.ŉɈ&�

;.  

 

/−1�  !�� 

� �x&ɲ0%��Ʀ*, ʅÊʊ>á4ǐɀ�+ƥɷ'ǟŌ¦*ʕ�;ǾȌ,

Ù��9Ɂ=<%��., ��-, ʅÊʊ>á4ǐɀ�+ȗĳ*#�%,, 

FeO/Fe2O3+ĂÃ.ȗĳ*{�;ľʪ,ǌđȱ*8"%ɳ+©à');XuU

.Ȁ�<%�;)(, șȢǴ*ǻɉ.űǦ�<%�;',ɏ�.��+.Ǥǡ
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&�;. 2�, ʥòƵHQȊ.ʅÊʊ>á4ǐɀ�+ǟŌ¦*���;ľʪ*

#�%6Ƌ Żǿ)Ƞɜ,¶%�)�. �+�'�9, ĵƞǟǐɀµǦ+ď±

Ōàx+�5*,, ʅÊʊ>á4QmKɀ�+ǟŌąÊ*#�%+șȢǴ)ǻ

ɉ.¸Ƈ�<%�;.  

� ��&, ƌǾȌ&,, @oGn,8.@oGnöʭʉĠ>á3, �#ʅÊʊ

>áƆ�;QmK*#�%, ʥòƵ>ąÊ���ÿÞ+ȗĳ+ąÊ*ʕ�;ș

ȢǴ)ǻɉ+Öʡ', Feƥɷ.ȗĳąÊ*{�;ľʪ>ɔ��;�'>ǶǴ'

��. Ã�%, Ǥøéʬ')"%�;ȃĥ*,�;ʙƗĵƞǟ+ǐɀµǦ*ɢ

�;�5, Cs>á4QmK*#�%, Cs+ȈÇ>ŗ¼�;ʅÊʊáƆQmKș

+ŨƝ>ɕ3�.  

� ƌɜŲ,, �y*Ȁ� 5Ȏ�9ƥŒ�<%�;.  

� ȐʺȎ&,, ʅÊʊ>á4QmKɀ�+ȗĳ'ƥɷ,8.ĵƞǟ+ʵǋǐɀ

µǦ*ʕ�;łƐ+ǾȌ>Ƥǯ���ƌǾȌ+ǶǴ'�+ŏȯ>Żǿ*��	
  

� ȐʻȎ&,, ȗĳǌđŶƽ+ǿȍ'iQ_C@ǌđ*8;ƥɷɎƒŔƽ+Ơ

ɑ*#�%ɲ0�.  

� Ȑ ʼ Ȏ & , , @ o G n ʉ Ġ > á 4 30R2O-60SiO2-10Fe2O3(mol%) 

(R=Li,Na,K) ʼŒ·șQmK*#�%, ȗĳ+ǌđ,8.ßșHmQ+iQ_

C@ǌđ>Ɂ�, ʅȝ·÷>ąÊ���ÿÞ+ƥɷąÊ'ȗŌ+ąÊ*#�%

+ǻɉ>űǦ�;''6*, Fe2+/Fe3++ĮɃʕ 'ƥɷąÊ*#�%Ȱė��.  

� ȐʽȎ&, , @oGnöʭʉĠ>á4 30RO-60SiO2-10Fe2O3(mol%) 

(R=Ca,Sr,Ba) 3Œ·șQmK+ȗĳǌđ, ,8.ßșHmQ+iQ_C@ǌđ

>Ɂ�, ʅȝ·÷>ą��ÿÞ+ƥɷąÊ'ȗŌ+ąÊ*#�%+ǻɉ>űǦ

��. Ã�%, @oGnʉĠ'@oGnöʭʉĠ+ÿÞ+ƴɫ>Ɂ
�'&, 
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ĵƞǟµǦ*ɢ�;�5+ǻɉ>șȢǴ*2'5�.  

� Ȑ 5 Ȏ&,, ŭĚŌĵƞǟ'�%ľʪ+ć�� Cs >á4 3 Œ·ș+ʅÊʊ

áƆQmK+ȗĳǌđÔ.iQ_C@ǌđ>Ɂ
�'&, @oGnʉĠ>á4

ʼŒ·ș+XuU>ŜĹ�;''6*, Cs+ôđÊ>ǶǴ'�%, ~ʔʅÊǟ

>ȐʽŒ·'�%á4 4 Œ·șQmK*#�%+ȗŌǌđ>Ɂ�, �+ɽǪŌ

>Ȁ��.  

� ȐʾȎ&,, ƌǾȌ&Ń9<�ȠƔ>ȧŝ�, �+ŏȯ>Żǿ*��.  
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.−-� &��� 

� ƩČ,Ů�x&ǵ±ȅ?�Ǹ�<ȕ*ê>=<D[mHr'�%ðƸ�=<. 

2�, Ů�?ĥ�ĀŚƌboPO*��%,, boPOx+ƁǢƛ±?§Ė�

<ȃǎ)ƁƆȅ&
<. ��&, ƩČ+ŵð,, Ů�x/�:�+ǵ±ȅ?¸

¬��+ǵ±ȅ+å³?ŵð�<ĻŬ&ǅ>=<(2-1).  

� ȥŴǄ�+àÆ,, ŵðł+ŴČ¼.Ǆ�+½Ěĝ+ÎȠ�:, ŵð*�ƈ

&�<ōĺ7ŵð+ĻŬ�§ȓ�=<. �=2&*ƒ:=%�<, ȥŴǄ�+

ƩČŵðĤŬ'�%,, ÒǨ�ƣŬ (2-2), ÒǨĭ±Ŭ (2-2), ĭ±ſŬ (2-3), ǁƅ

Ŭ (2-2) ���
<. �=:+x�:ņǺ)ŵðŬ?ǽð�<ęǎ�
<.  

� ������ƩČ,, ŴČ7ƯĢ?½Ł�%Ćĉ�å³(10-4~102Paqs) (2-4)

�<. ŋƔƟ&,, Ȃ³ȇ?ÉŇ�, �#AmFl¼.AmFlØȡȆûȂ³

Ɓ?É4ƯĢ+OkJ*õ�%, γÕŧx+Ȃƭ£Ù?å³���àÆ+ƩČ

?, Ç±+ǊƷ&ǳƲƌ*ŵð�<ęǎ�
<. �+�5, �����, ��

����Ćĉ����������, ȥŴγÕŧ§Ėu��ƩČŵð�ǳƲƌ

*ǅ�<ÒǨ�ƣŬ?ƈ�%, ƩČŵð?ǅ"�.  

 

.−-−-� �,�%���� 

� Fig. 2-1 *ÒǨ�ƣŬ+şčÖ?Ƙ�. ÒǨ�ƣŬ (2-2),, Ç±+ÒǨǩ?Ň

�<æƣȨ���ȩ'�ƣȨoTYȩ+Ȑ*Ű�?�ī�, ��=�±Ļ+�ƣ

?ÒǨ���àÆ*ƛ±�<ǵ±ȅ+å³?ŵð�<ĻŬ&
<. ÒǨ�ƣŬ

*,, (a) æƣ?ÒǨ��%�ƣ&+XmI?ŵð�<ĻŬ', (b) æƣ?×ð

�%�ƣ?ÒǨ��<ȕ*ęǎ')<XmI+å³?ŵð�<ĻŬ+ȫ#+Ĥ
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Ŭ�
<. æƣ?ÒǨ��<ĻŬ,, Ʃĝŵð+ºƆ*9;ěñ&
<�, æƣ

+ÒǨ?ȥŴu&§Ė�<ęǎ�
;, ǊƷ�Ǎȗ*)<. ±Ļ, �ƣ?ÒǨ�

�<ĻŬ,Ŝǲ�Mpbm&
;, ǊƷ+γÕŧ§Ė�óŀ')<. ŋƔƟ&

,, ŸǄx*Ȃƭ£Ù?å³���ȕ+ƩČ+å³?ƪČƿ�ŵð�<�'*

yƑ?��, �ƣ?ÒǨ��<ĻŬ?İƈ��.  

� ƩČ?Ū5<�5*ęǎ)ǊƷ+ðķ,, ƩČŞŷǘĺ?�"%�Ģ��ř

ȅƴ?ƈ�<řȅƴŬ?ƈ�<�'&ƹġ��. 2�, ȥŴu&ŵð?ǅ��

'*ǤÓ�<ōĺ+žƼĎ*#�%,, ǔƥ*9"%ǋŢ�%�<. ƩČ�+

ƥ¢Ĥȟ,, š+9�&
<. 2�, ȥŴ&+ƩČŵð©*, òŴ*��%ƩČ

Şŷǘĺ(MlLrpEBm,  ƩČƧÕ:0.05~1.0Paqs) ?ƈ�%, ƩČ'Xm

I�+ȑ�?ŵð�, řȅƴ?Ǘð��. �+řȅƴ?ƈ�<�'&, ����

�+ǐ��+ƩČ�’�����u+č�:Âƺ')<. 

 

η = !
!!"!

!
!!!
− !

!!!
� �������Ȩ2-1ȩ 

 

��&���’: ǐį�ƩČ, M: XmI, ω: �ƣ+ÒǨǱČ, h: �ƣ+Ǆ�/+ů

Źű�, ri: �ƣ+µē, ��� ro: ������
<. (2-1)č&,ÒǨë+�ȝ

ĻÈ, #2;ÒǨ*ÜƎ)ĻÈ+ǵ±ȅ+�ĳ�:ƩČ?ǔƥ�%�<. ƩČ

+ŵð*��%,, ÒǨë�Ů�*ı�<�0%+ȝ+Ēη?ƹ�<ęǎ�


<�5, »ô*,, Ċȝ+Ēη6ƹġ�<ęǎ�
<. ŋƔƟ&ƈ��ƩČŞŷ

ǘĺ?ƈ��řȅƴŬ&,, řȅƴ?�Ģ�<ȕ+ŵð��Ċȝ+Ēη?É@

&�;, ñȕ+ƩČ?ǔƥ�<ȕ*6ƹġ�=%�<. š*, ȥŴu&+ŵð*
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9;ƋƇ�<ÒǨë+žƼĎ+ǋŢ*#�%ǜĿ�<. �����ōĺ�žƼ

Ď�<�5, č(2-1)*��% h, ri  ¼. ro ���å³�<�5, �=?ǋŢ�

<ęǎ�
<. žƼĎȨ!ȩ,, �+Ȍ�? !!!'�%, čȨ2-2ȩ+9�*Ǉ��

'�&�<.  

 

! = !! 1+ !"  �����������Ȩ2-2ȩ 

 

��&, 	
 : ƴžƼĎ�ķ, T: ƱõŴČ&
<.  

9"%, (2-2)č?(2-1)č*���<�'*9;, ǘĺ+Ɛ+ƩČ�,, �’?ƈ

�%(2-3)����������.  

 

η = �’
!!!" ! � ����������� (2-3) 

 

��&, ���ō*6!��Pt-20mass%Rh+ƴžƼĎ�ķ,, 9.0×10-6K-1&


<�'�:, 	
 <<1 ���'ǫ��<', (2-3)č,(2-4)č+9�*)<. ��

���(2-4)č�:Ɛ+ƩČ?ƥ¢��.  

 

η = �’
!!!"!  ����������� (2-4) 
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Fig. 2-1 Schematic illustrations of the rotating cylinder method. 
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.−-−.� ��!����&���*( 

� ŋƔƟ&ƈ��ƩČŵðǊƷ?Fig 2-2*Ƙ�. ǘȤǊƷ,, ŵðƫ'¬žƫ

�:ŜĢ�=%�<. ŵðƫ*,, ǊƷ��&γÕŧ?§Ė�<�'?ƹġ�, 

irRr¼.XmIǔ�Lp^IX*2'2"�Ŝǲ?ī#Ăǡ+ƩČǔ?ƈ

��. ¬žƫ,, MoSi2?Ƌž�'�<δŧĩħż�:ŜĢ�=%�<. Ƌž�

,, żĘƦÌÕ*6ŋȁƷ�=%�;, 45mm+ÛžĄ?�ȪK+ƪČ&ĕ<�

'�Âƺ&
<. )�, ǘĺŴČ+ŵð*,, żĘƦ�+����Ȁ*ǗƷ��

R-Typežδõ?ƈ��. żĘƦ*,, ID�80+ƵôǢ+AmfZƦ?�ƈ��. 

żĘƦuȀ?Ũ¡��ôȎÝ+`kpN&×ð�, tȀ+ŵðƫ?É5�Ȁ£

?AIlm+ȢȒ&Ǐ��'&, ż�+γÕŧ?§Ė&�<Ŝǲ'�%�<. 

ǘĺÃ,uȀ*ǗƷ��irRr*9;, żĘƦuȀ+ôȎÝ`kpN?ǰ�

%, ¬žx*tuÂƺ)Ŝǲ'��. γÕŧx+Ȃƭ£Ù*#�%,, ĮGO+

¢Á*CaO ïðÝ ZrO2 bora?ǗƷ�, ĮGOx+Ȃƭ£Ù?ŵð�<�

'&ż�+Ȃƭ£Ù'��. ņĔ*, OkJ'Ǝıı�<ÒǨë¼.mUd*

#�%,, ����ďČ?Ƴī�, žƼĎ�ù��, �������½Ěĝ+�

� Pt-20mass%Rh ÆȆ+6+?ƈ��.  

� ŋƔƟ&,, �t*ǜĿ��ǊƷ?ƈ�%OkJǄ�+ƩČŵð?ǅ"�.  
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   Fig. 2-2 Schematic illustration of the viscometer with gas tight furnace. 
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.−.� ��
�
�� 

� OkJ+9�)ȥŴǄ�+Ŝǲ7Ģ£+³îƝ+å³*#�%+ƔƟ&,, 

�6�6Ű�+ŜǲǓő�ș���'*¬�%, ȥŴ&Ǆ�?�ī��ƃĠ&

+ŵð�ęǎ&
<'��Ôș��
<. 2�, ȥŴ&ŸǄ��ǘĺ?ƎıŜ

ǲǓő�<�5+ĦǆȏƋ,ƄÚǴǅx&
;, Ŋ ŸǄOkJ+ŜǲǓő*

ƈ�<�',óŀ&,)�.  

� ���)�:, �=2&+GkO+Ŝǲ*ȑ�<ƔƟ�:, Ȃ³ƁǄ�?´

£*ľ�ǱČ&¡¹��GkO*#�%,, ȪšƏǨƛ?Ƙ��, Ŝǲ+ ȁ

Ʒ�Ňğ*Ǥ�:)��'�ƒ:=%�<. �+�'�:, ŸǄOkJ?Ĝ¡

�%�ǌ��GkO+Ŝǲ�ȥŴǄ�+Ŝǲ?½Ł�%�<'�ð&�<. ŋ

ƔƟ&,, ƩČŵð'Ç�ƯĢ+OkJ?, Ç�γÕŧ*��% 4 łȐŸǄ�

�Ĕ*Ĝ¡�%ĕ:=�GkO?ŜǲǓő+õǟ'�%ƈ��.  

� GkO,, Ɠǥα+ƂðŜǲ?ī#�, xqȌǥα+ÌŉŜǲ?ī�)��

5, ��Ŝǲ?ū5<ĤŬ,ìÚ�)�. �=2&*ŜǲǓő?ǅ��5*Ǻ

ƈ�=%�<ĤŬ,, 	ºë+ȁƷ?ŵð�<ĻŬ, 
ưÆƃĠ?ŵð�<Ļ

Ŭ,  �ưÆƃĠ?½Ł�<�ƭ+D[mHr?ŵð�<ĻŬ, +Ȭ#*£ȡ

�=<. 	ºë+ȁƷ?ŵð�<ĻŬ,, ºë+ȁƷ?±ēȑķ'�%Ū5<

ĻŬ&
;, XƴÒĨ, xĝëÒĨ, XAFS'�"�ĤŬ�
<. �=:+ĤŬ

,, GkO��+Ŝǲå³?':�<t&, Ňƈ&
<(2-5). ���)�:, ď

Č+ď� X ƴ, xĝëƢ?¦ƈ�<�5*÷ƈ+ļǗ�ęǎ&
<�'7, Ȭ

š�ȁƷ?Ȫš�+±ē£ăȑķ'�%':�<�5*, ėù)å³,¤¥�

$:�'�"�ŠŽ6
<. 
+ưÆƃĠ?ŵð�<ĤŬ,, FTIR7kep£

�?ƈ�% Si-O )(Ƃð+ưÆ+ƃĠ?ŵð�<ĻŬ&
<(2-6). Ƃð+ưÆ
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+ƃĠ*#�%,, ǙƮ)WrR�ĕ:=<�, (!:6£ëĭ±?ŵð�%

�<�'�:, ŵð�Âƺ)ƫ,ťǪƌưÆ�ĿƖ&ĭ±ŝč�ȓ:=%�<

�'�ǎ�')<. �+�5, Ű�x+BEp+9�*, ƢĻƌ*ưÆ�%�

<ƫ*#�%+Ğß,ĕ:=)�. ŋƔƟ&õǟ'�%�< Fe *#�%,, 

Fe2+ ƃĠ&, NWM '�%ĭ<ƾ��'�ƒ:=%�;, ¶�Ŝǲ�è��

å³�<Âƺĝ�
<�'�:, Fe+Ŝǲ?ūð�<ƍƌ*��%,vÈ�&


<. �+ưÆƃĠ?½Ł�<�ƭ+D[mHr?ŵð�<ĤŬ,, Ƃð+�

ƭ+ī#D[mHr�ÌÕ+ưÆƃĠ*9;å³�<ȅ?ŵð�, �+ÌÕŜ

ǲ?Ǔő�<ĻŬ&
;, ƍƌ'�<�ƭ+δëǧǷD[mHr7ºëŖD[

mHr+å³?ŵð�<. δëǧǷD[mHr+å³?ŵð�<6+*,, 

XPS7UV-Vis�
<. ºëŖD[mHr+å³?ŵð�<6+*,, NMR7

hO]CA£��
<.  

� ŋƔƟ&,, Fe+Ŝǲå³�Ǆ���+Ŝǲ?½Ł��Ɓĝ&
<ƩČ/w

�<Ēη?Ǟ�<�5, Fe+Ŝǲå³?ǙƮ*Ǔő�<ęǎ�
<. �+9�

)Ž�:y*�+ưÆƃĠ?½Ł�<�ƭ+D[mHr?ŵð�<ĤŬ,, Ň

«)ƔƟĤţ&
<. δëǧǷ?õǟ*ŵð�<ĤŬ'�%ƈ�:=< XPS

&,, δëƴ?ƈ�%õǟºë+ǧǷD[mHr+M`X?ŵð�<. UV-Vis

&,, �+Ê¾�=<ŭȌ�:D[mHrŷ�+å³?ŵð�<. ��=+Ĥ

Ŭ6Ǆ�ŜǲǓő*ƈ�:=%�<ĤŬ&
<. ���)�:, ŋƔƟ&õǟ

'�%�<9�) Fe źČ�ȥ�ƫ*,Ǻƈ&�)�. ºëŖD[mHr?õ

ǟ'��6+*#�%,, NMR 7hO]CA£��
<. NMR ,, Ƃð+º

ë+ơȫǫı2&+úģŜǲ?Ǔő&�<£őĤŬ&
;, AmfZMlKr

X+ŜǲǓő*��%, Ȝą*Ňƈ)ƔƟĤŬ&
<�'�ßË�=%�<
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(2-7).���)�:, æȀ�:Ɨà?���Ȧ��<�'&, ŖƗŧ?ŵð�%

�;, ŋƔƟ+ȇ+9�*Ɨĝ?ī#�ƭ?É4ƫ*,Ǻƈ&�)�.  

� hO]CA£�,, õǟ�ƭ+ĴøĝÇ���:Ĵø�=<D[mHr�ƴ

?ƈ�%, �ȦÊ¾��<�'&, Ŗ+D[mHrå³?ŵð�<. Ȇû, Ű

�x+ȋ�)(ŵðõǟ*#�%+§Ƭ6)�, �ķ¼.ȁ�ķ?ŵð&�<

�'�:, GkO+9�*ȌÌŉ+Ǒ¨Ŝǲ?ī�)�ōĺ+Ŝǲ?Ǔő�<

t&, Ň«)Ĥţ&
<. ȇ?É4OkJx*��<Fe+�ķå³¼.ȁ�ķ

ŵð*ȑ�<ßË�(2-8)(2-9)6ç�. �+�5, ŋƔƟ&,, hO]CA£�Ŭ

?ƈ�%, GkOx+ȇ+ƃĠ¼.ȇ+ÌÕŜǲ?Ǔő�<�''��. 

 

.−.−-� ��
�
��������� 

hO]CA£�Ŭ,, ºëŖ�Ĵ¢�<�ƴ�¥+ºëŖ*�ȦÊ¾�=<

ªÆ?ŵð�<£�Ŭ&
<. ºëŖ+ŷ�,, �+ºë+³îƃĠ7ȁ�ķ

)(?½Ł�<�5, �=:+Ğß?ĕ<�5*¦ƈ�=<. �u*hO]C

A£�Ŭ+ºƆ?Ǭ0<.  

ºë,ºëŖ'ǧǷδë�:ŜĢ�=, ºëŖ,xĝë'Ȕë�:ŜĢ�=

<. �=:+ǵ±,ȅë«î?ƈ�%ǖǬ�=, D[mHrŷ�,ȅë³�=

�'.'.+�?'<. ºëŖ, ºë'6*, æȀ'D[mHr?7;¿;�

�àÆ, ®Ǥ¼.ƻ®Ǥ�<. æȀ'+D[mHr+7;¿;,, y*δƗŭ

?ǰ�%ǅ>=, ºëŖ+ƻ®Ǥ&,Gpeƴ�Ĵ¢�=<. ®Ǥ,Ǯ+ǶƜ

');, �ƴ)(?Ê¾�, D[mHr+ȥ�ŷ�/Ǽƛ�<. ��&, Ç�

ºëŖ&,Ç�D[mHrŷ�?ī#�'?ƹ�<', Fig2-3 *Ƙ�9�*, 

�Ļ�ƻ®Ǥ��ȕ*Ĵ¢���ƴ?, �+ºëŖ�Ê¾�%®Ǥ�<'��
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ǶƜ�ƹ�:=<. ���, �+ǶƜ,óŀ*,Ǥ�:)�. �+ºÓ,, º

ëŖ'δƗŭ'+Ə}�ƈ+ȕ*ǵ±ȅ?�ì�<�5*, ºëŖ�&½Ǧ�

Ƈ�, ºëŖ+ŷ�Ȑ+D[mHr+±Ȁ�ǵ±D[mHr'�%ê>=%�

<�:&
<. #2;, ½Ǧ�)�Ĵ¢�=��ƴ?¦ƈ�<�, �+½Ǧ&

ê>=�D[mHr£?�:�+Đ&ǋá�<�'&, Ç�Ç��+ºëŖ�

Ĵ¢�<�ƴ?Ç�Ç��+ºëŖ*Ê¾��<�'�Âƺ')<. hO]C

A£�Ŭ&,, ƍƌ�ƭ+ĴøĝÇ��?�ƴŶ'�%¦ƈ�, ǘĺ*õ�%

�ƴŶ?©Ĕ*ƛ±��<. hO]CAǊƷ+şčÖ? Fig. 2-4 *Ƙ�. ǘĺ

��:ǒŵ�<', ƛ±��%�<ĴøƴŶ�:Ĵ¢�=<�ƴ+D[mHr

,, YTbkr¯Œ*9"%±ð+D[mHrƧÕ&âų�<�'*)<. �

+9�*ƴŶ+ƛ±ǱČ*9"%, Ĵ¢�=<�ƴD[mHr?±ðĆ&ǣŔ

�, ǘĺ��ȦÊ¾�<D[mHr?ŵð�<�'*9"%, ƴŶ'ǘĺ*É

2=<Ç���ƭ+ºëŖŷ�+Əõƌ)å³?Ŀ:�*�<�'�&�<. 

�t� hO]CA£�Ŭ+ŵðt+ºƆ&
<(2-10).  

ºëŖ'ǧǷδë,Ə}�ƈ?�%�;, ÌÕ+δëŜǲ+ǹ�*9"%º

ëŖ+D[mHrŷ�,å³�<. D[mHrŷ�+å³? Fig2-5*Ƙ�. �

+9�*, ºëŖŷ��ǧǷδë+Ēη*9"%À�<å³,, hO]CAO

cIXmt&�ȦÊ¾D[mHr+M`X'�%Ǉ�=<�5, ABQerM

`X( Isomer Shift:I.S.)'Í-=%�;, �u+č&w�:=<.  

 

δ = E!! − E!! = !!
! !!

! !!" − !! !! 0 ! − !! 0 !   ��� (2-5) 

 

��&, Ea0, Es0,Ê¾�'ƴŶ+D[mHr, Z ,ºëƊÄ, Ris, Rg ,®Ǥƃ

Ġ�9.ÞĊƃĠ+Ŗ+µē,  !! 0 ! − !! 0 ! ,Ê¾��9.ƴŶ+Ŗ
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�ǫ+δëôČ&
<.  !!! !!
! !!" − !! +Ȁ£,, ŖƝ�ū2=-±ð+�*

)<+&, I.S.+�,Ê¾�'ƴŶ+Ŗ�ǫ+δëôČ*9"%ū2<. ȇ+à

Æ, !!" − !! +��Ǡ*)<+&Ê¾�+Ŗ+2>;+δëôČ�è��)

<1(�+�,Ǡ+Ļ/ƛǅ�<.  

¬�%, ºëŖȀ£&+δëôČ,, ºëŖ+D[mHrŷ�+£ǉ'�%

6Ƅ=<. O_p�Ȫ�t+ºëŖ,, δŧƌÑśirhpX?6"%�<. 

�+ºëŖȀ£+δëôČ*9"%δà²ȁ�ƋƇ�%�<àÆ, D[mHr

ŷ�+ƶǭ�Ǔ�, δà²ȁ*ť��%OcIXm�£ǉ�<. �=?Ñś£

ǉ (Quadruple Splitting: Q.S.)'��. �+δà²ȁ,, ǧǷδë, ȖıBE

p)(��<δà²ȁ'�Ťδë+8�3?ƈ�%,  
 

Eq = Eq!"#$%&$ 1− ! + Eq!"##$%& 1− !!    ���� (2-6) 
 

��&, Eqvalence,Ŗæºë�δë+�<δà²ȁ, Eqlattice,ȖıBEp

)(+�<δà²ȁ, R ,æŤδë*9<�Ťδë+£ś¯Œ+è��?Ǉ�

�ķ, !!,BEpqȁ�ë*9<�Ťδë+£ś¯Œ+è��?Ǉ��ķ&


;, R ¼.!!!,MjVmp\Ber+ǻǂðķ'Í-=<. Ñś£ǉ+è��

�:, ȁ�ƃĠ?Ĳð�<�'�&�<. MjVmp\Ber+ǻǂðķ,, 

Ŗæδë¼.BEpqȁ�ë*9<�Ťδë+£ś¯Œ+è��?Ǉ��ķ&


<(2-11).  

� �+�*ºëŖ+ī#Ɨŧ+¯Œ�:£ǉ�Ǥ�<�'�ƒ:=%�<. �

��)�:, Ȍǥα+Ǒ¨?ī�)�Ǆ�Ŝǲ&,, Ɨŧ*9<£ǉ,ǐ3:

=)��'�:, ŋƔƟ&,, hO]CAŵð*ƈ�<GkOǘĺ�, ŸǄ�

+Ŝǲ?�ī�%�<�?, Ɨŧ£ǉ�)��'�:ƖǛ��.  
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Fig.2-3  Schematic illustration of the principals of Mössbauer effect. 
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� � Fig.2-4  Schematic illustration of Mössbauer analysis equipment. 
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�  Fig.2-5 Schematic illustration of relationship between the energy level �  

�  and Mössbauer spectra. 
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.−.−.� ��!����*(����� 

� ŋƔƟ&6!��hO]CAǊƷ+şčÖ,, ©¢+ Fig. 2-4+ǰ;&
<. 

ǊƷ,, ƴŶ, ƴŶ+ƛ±ǊƷ'ǘĺ, �9.ř¢Ð�:)<. ƴŶ*,, 57Co

? Pd*Īī���6+?ƈ�%ǯǶŬ&ŵð��.  

� ŜǲǓőƈ+ǘĺ, , ƩČŵð?ǅ"�Ŏ�'Ç�Ŏ�(γÕŧ , ŴČ

1773K, ƯĢ)&, 4 łȐŸǄ��OkJ?ȉŐt&Ĝ¡�<�'&ĕ�GkO

ǘĺ?ƈ��. RpJOVpFr]BYǌ+|Ȉ?ƈ�%ƨƕ��GkOǘĺ

ƙȅ�, ǘĺǈ+ȝƞ*õ�%, Fe źČ� 11mg/cm2ƜČ*)<9�*ǝĸ�

ö���6+?, hO]CA£ő*ƈ��. ƏõǱČ,, Fe Ƥ+ŵð?ǅ�, 

�+Ê¾+�?ƈ�%ŕŢ��.  

� ŜǲǓőƈ+ǘĺ�GkO³�, ŸǄ�'Çŝ+Ŝǲ?�"%�<�'?Ɩ

Ǜ�<�5, ȇ+ưń³*�"%ƋƇ�<Ɨŧ£ǉ?ĬŞ'�%ƖǛ?ǅ"�. 

�Ǉǘĺ*#�%�12mm/s +ƧÕ&ŵð��ưŒ, Ɨŧ£ǉ,3:=)�"

�. �=*9;, ŜǲǓőƈ+ǘĺ,GkO³�%�;, ŸǄ�'Çŝ+Ŝǲ

?�"%�<�'?ƖǛ&��. �+�'�:, ŵðƧÕ?�4.5mm/s +ƧÕ

*ȓð�, Fe+�ķå³¼.ȁ�ķå³*#�%ǙƮ*ŵð�<�''��.  

� ĕ:=�hO]CAOcIXm*#�%, Fe2+, Fe3+(Td), Fe3+(Oh)*õĚ�

<Ȭ#+ÑśëSanTX?ƈ�%ŭĐ£α?ǅ�, �+ȝƞť�: Fe2+, 

Fe3+(Td), Fe3+(Oh)+Å�+ìÚť?ƥ¢��(2-12). Å�+SanTX*,, o

rnpUȑķ+õƚ)SanTX?ƈ��. OcIXm+Ǔő*,, hO]C

AOcIXmǓőƈQ`XMosswin?ƈ��(2-13). 
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.−/� '+ 

� ���������hO]CA£�ŵðĤŬ+řǕ?ǅ"�. ƩČŵðĤŬ

*,, ������ƩČå³*õĚ&�<�'¼.γÕŧ+§Ėĝ?ƹġ�%, 

�ƣ?ÒǨ��<ÒǨ�ƣŬ?İƈ��. �ƣÒǨ�ƣŬ'γÕŧ?§Ė��

ȥŴż?Ư3Æ>��γÕŧ§ĖÝ�ƣÒǨčƩČŵðǊƷ?ƈ�<�'*9

;, ơ 3 ���, AmFlȆû?Ų¬��Ȃ³ȇÉŇOkJ, ơ 4 ���, 

AmFlØȡȆû?Ų¬��Ȃ³ȇÉŇOkJ+ƩČŵð?ǅ"�. 2�, ơ

5 Ơ&,, PMCgȂ³Ɓ'Ȃ³ȇ, �9.ơÑĢ£'�%xȐȂ³Ɓ?ÉŇ

�< 4 �ƫOkJ&
< SiO2-Fe2O3-Cs2O-(Al2O3,TiO2)ƫǄ�*#�%, ƩČ

+ŴČå³*#�%+ŵð?ǅ"�. 

� hO]CAŵð*ȑ�%,, GkOǘĺ+�ǌĻŬGkO³+ƖǛ, ŵðŎ

��9.ŵðƧÕ?ūð��. �+ŵðŎ�?ƈ�%, ơ3Ơ, ơ4Ơ�9.ơ

5Ơ&,, OkJx+ȇBEpÌÕ+Ȃƭȁ�ķ'ȂƭưÆƃĠ?Ǔő��. 
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@−>� 86 

� CjHiǩï�Ɨ., üłũŠƱRhMw,ßǨ,Åı�@?�)�čæ�

@?�Ɨ(�?. ŧ·ţ,. Na ) K �ß�ãÓ�(3-1), IhRË�Ƌ,. Na

�ãÓ�?. �-�)�=, üłũ-ŠƱ£Ű,��'.ŠƱRhMw,Cj

Hiǩï�êǎ)�'Å5@?.  

� CjHiǩïǧ±ũ. ÕŸ+NWM(�>, ơŹŅǜw- Si-O- SiƛÂB

¦ħ�?!8, Ƒû+*-RhMũČ,u�?ăǼ.à��. pĨ, Fe .ǣƄ

ǩï�Ɨ(�>, ǺâǑǠ�=ƥ�?), 6+ 
 2� -ƏÏ-¸â�B)?�

)�(�?. Ćķ-Žƈ�=, ŠƱ�w- Fe-�ģ. Fe2+, Fe3+(�>, GJ

Tǧ)�'ĝŝ�@?ǪǧDGm !"!! !!-¸â�(�? Fe6+.ØÆ�@'�

=�(3-3), Fe. 2�5!. 3�B)?. ���, Ǧ�Ņǜ,%�'., Fe3+ � 4

Ǧ�) 6 Ǧ�B)?�).ØÆ�@'�?9--, Fe2+-Ņǜ,%�'ǁ¹�

@ ' � ? 9 - . ƽ ā ! = + � . � - � ) � = , Fe2+, Fe3+, 

Fe3+(Td):[Fe(3)O4]5-(3-4), Fe3+(Oh): [Fe(3)O6]9- �RhMw-Ǫ-Ăď)�'ƥ

�=@?�, ��@-Ăď(*-<�+øƴǰ�,�>, Ƒû,ê�'*-<

�+ăǼBu�?�,%�'., ƓƝŸ,Ī=�,+$'�+�.  

�  �(, ĵƉ(.ǧ±ǪBÅ7r�ƓCjHiQiNo[Ʊ�-ƑûBŝæ

�, CjHiǩï-ƆȀ�<0ǧƗ¥Ò,<?Ƒû-Ý±BĪ=�,�?. 5

!, ǧƗ¥Ò�Ƒû,u�?ăǼBŅǜŸ,Ī=�,�?!8, gR_EC¥

ĻBƲ�, ǧƗ¥Ò-Ý±,<> Fe2+, Fe3+�*-<�+ǧƗǦ�ŅǜB¼$

'�?�BĪ=�,�?. �@=-ƛļB×,, Ʊ�w(-ǧ±nǤ�»ĊB

Ī=�,�?))9,, Ƒû2u�?ăǼBƥé�?.  
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@−?−>� 0#	
 ,  

@−?−>−>� 7'	
 �5 

� ĵŽƈ(., 30R2O-60SiO2-10Fe2O3(mol%)(R=Li, Na, K)r�ƓRhM,%

�'ƑûŝæBƲ$!. RhM-§ĳƚĐB Table3-1 ,Ɓ�.  RhM-ǊĤ

,., SiO2 ) Fe2O3 -¸Ħ)�'ǧ±ũB, CjHiǩïǧ±ũ-¸Ħ,., 

ťǧÚȄLi2CO3, Na2CO3, K2CO3ȅBŲ�!.��@-ǆƯ9ŪƖB�Ų�!.  

 5�, ǆƯBĒæ-¬Â,ƂǨ�, {ǬBŲ�'³¥,řÂ�!. ć=@!ř

ÂƐĴBPtjXe,�@, ǺŐĖĕŤBŲ�' 1873K-àŐw( 30¥ǯŠƱ

�!ą,, ǭĺ±,Ŗ�¤�'ċ¢�!. �-ņ,�ƺ�!_jL�BƐž�

!9-BƑûŝæŲǆĦ)�'Ų�!.  

 

 

Table3-1� Initial composition of R2O-SiO2-Fe2O3 slag (mol%)  

 

 R2O 
SiO2 Fe2O3 

 Li2O Na2O K2O 

LiSF 30   

60 10 NaSF  30  

KSF   30 
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@�?�>�?� , %< 

� Ƒûŝæ., Pt-20Rh BOmUL[fYiCj)�!¡ƌÍǒýƑûŝæƸ

ƤBŲ�'Ʋ$!. ƸƤ-ǇƘ,%�'., ƊȇƉ(Ɓ�!ǚ>(�?.  

� ƑûŝæŲǆĦƐĴBPt-20Rhƺ-jXe,�@'Ť¡,ǄƤ�, 3.1K/min

-Ǜû( 1773K5(ĩŜ�!. 1773K( 120min�ę�?�)(, Ʊ�-åæ

±BƲ$!. Ʊ�,Ĝ�+�ūď(lW\BÍǒ��!ą, jXeBz�!Ġ

ę¿B;$�>)±ĩ��', lW\BƱ�Ƶǻ,Ĝǀ��!. lW\-ŗš

Ř�., lW\�Ʊ�ƵǻĜǀ�!�Ƥ�=±ĩ��!Ġę¿-Λ�(ǊĤ�, 

10.0mm)�!.   

� ƑûŝæĬ-Ķ�B Table3-2 ,Ɓ�. ŝæĶ�., ŜûB 1773K (pæ)

�, Ƒû-ŝæBƞƟ�!ūď(, Ar-1%O2,  Ar, Λƕû Ar , Ar-1%H2IRB

Ų�'ǧƗ¥ÒBÝ±��?�)(, ÁǹÏŐ(-ƑûBŝæ�!. ÁǹÏŐ

(-ǧƗ¥Ò., ǺŐŤ¤¾,ǄƤ�! CaOåæÕ ZrO2clobǧƗSmP

oBŲ�'ŝæ�!. ǹÏŐB¦>į�!ą, pæĬǯŎ,ȈÍ-ŝæB��

+$!. ȈÍ-ŝæ[jL-øÔ�B -ǧƗ¥Ò- -Ĭǯ,��?ŝæ�

)�!. ƊȇƉ(Ǘ3!<�,, �-ŝæ�B�=��8�Đ�'��!ŃǨ

Ƣ-ý,���, ƽ��-ƑûBő8!ą, jXe¹0lW\-ŨƦÿ-ăǼ

BƹŌ�?�)(, Ƒû-�Bć!.ŝæ�!Ƒû-ŝæǉô., �ȉ%ƅû(

�$!.  
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Table3-2 Experimental conditions for viscosity measurement 

 

Atmosphere Ar-1%O2, Ar, High purity Ar , 

Ar-1%H2 

Temperature 1773K 

Sample weight 50.0g 

Contact Material Pt-20Rh 

Revolution speed 30rpm 

Immersion depth 10.0mm 

Distance between bob and crucible 10mm 

(bob:�15mm 

crucible: �35mmID) 
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@−?−?� ���	�,  

@�?�?�> 7'	
 �5 

� ĵŽƈ(., ŠƱ�-ŅǜBƿĻ�?!8-ǆĦ)�', IhRǆĦBŲ�

!. ŅǜƿĻŲ-ǆĦ., ƑûŝæBƲ$!Ķ�)Ã�Ķ�(ǹÏŐ, Ŝû

1773K, ƚĐ)(, 4 ĬǯŠƱ�!RhMBǭĺ±(ċ¢�?�)(�ƺ�!. 

UmMRYmHo_D\ƺ-{ǬBŲ�'Ɛž�!IhRǆĦƂǨ�, ǆĦƶ

-ǻƇ,ê�', FeŢû� 11mg/cm2ƅû,+?<�,ǊĤ�ë��!9-B, 

gR_EC¥Ļ,Ų�!.  

 

@�?�?�?, %< 

� gR_ECŝæ,., Pd,ėę�! 57CoƢŞBŲ�!. +�, ƢŞ-Ƅ°Ǜ

û., �4.5~4.5mm/s -ƏÏ,Ǆæ�!. ġìƢǱǍ-!8,ǄƤ�@'�?

ŊËÇÏ-ǫǢƮB¼>ǲ�!ą, ƸƤ,ǆĦBSW[�!. ǙǟĄ., �

12mm)�!. ƸƤ,ǆĦBǄƤ�!ą,, 57Fe�ġ¤�? 14.4keV-�Ƣ�

Ǚǟ�'�?�), ¹0 14.4keV�Þ-F]jKo-�Ƣ-Ń¤�+��)B

ſǈ�, Ń¤Ë-Ń¤F]jKo÷-ǊĤBƲ$!. ÃĬ,, Ń¤Ë-ģ�ƭ

)�Ĭǯ�ƸƤ-ǄæƏÏ¡(�?�)Bſǈ�!. ǫǢƮBƲ$!ą, ǂģ

��Ɣ 30 q�±ſ�(�?<�,ŝæĬǯBǊĤ�'ŝæBƲ$!. Ǜû�

,ǰ�'., æĳŸ,�Fe ƍ-ŝæBƲ�, ć=@!`oLB�Fe -Ǜû�

)�?�)(, ǆĦ-ǛûǓBľŌ�!.  
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@−@−>� 0#	
 :1����$ 

� Fig.3-1
Fig.3-3, 30R2O-60SiO2-10Fe2O3(mol%)(R=Li,Na,K) r�ƓRh

MƱ�-ÁǧƗ¥Ò©ĈǹÏŐw,��?Ƒû-Ĭǯ�ãČBƁ�. ��@-

ƚĐ,��'9, ǧƗ¥Ò-��ǹÏŐ2Ý�?), Ʊ�-Ƒû.�t�'�

>, ǹÏŐBĞ�!źą,à��śî�?�Ä.ƽ=@?. ��@-ǹÏŐ,

��'9, ǹÏŐ-Ý±�= 60
90¥ªą(, åæ�!Ƒû��ć=@!.  

� Fig.3-4,ǧƗ¥Ò)Ƒû-ǰ�BƁ�. Ƒû�., İƙŸ,åæ�!Ƒû�

)�', ÁǹÏŐ( 90 ¥�ę�!ą- 30 ¥ǯ-øÔ�BŲ�!. ��@-C

jHi,��'9, ǧƗ¥Ò-�t,�$', Ʊ�-Ƒû��t�?�)�A

�$!. 5!, CjHiǩï-DGm´Ą�à��4*, Ʊ�-Ƒû�Λ��

)�A�?. Ý±-¬ÂBĪ=�,�?!8,, İ9ǧƗ¥Ò-��Ķ�-Ƒ

û!!!"!!"!!%!!B×ş�!Ƒû-Ý±ǨBƑû-êģ-ô)�', �t-ý,<

>ő8!.  

 

Δ!"#$ = !"#!!! − !"#!!!"!!"!!%!!							 (3-1) 

 

Ƒû-Ý±Ǩ)ǧƗ¥Ò-ǰ�B Fig3-5 ,Ɓ�. !! .ÁǹÏŐ(-Ƒû�(

�?. Ð<>, ǹÏŐȄǧƗ¥Òȅ-Ý±B½�'ű�?Ƒû-Ý±., CjH

iǩïƆ,<$'ŷ+?�)�¥�$!.  
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Fig.3-1 Effect of melting time on the viscosity of 30Li2O-60SiO2-10Fe2O3 

(mol%) melt.  

 

 
Fig.3-2 Effect of melting time on the viscosity of 30Na2O-60SiO2-10Fe2O3 

(mol%) melt. 
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Fig.3-3 Effect of melting time on the viscosity of 30K2O-60SiO2-10Fe2O3 

(mol%) melt. 

 

 

       Fig.3-4 Dependence of Partial Oxygen Pressure on Viscosity  

       of 30R2O-60SiO2-10Fe2O3(mol%) melt. 
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 Fig.3-5 Partical oxygen pressure v.s. viscosity change on  

         30R2O-60SiO2-10Fe2O3 (mol%)(R=Li, Na, K) melt. 
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@−@−?� ;�
�	
 *9 

� Fig.3-6
Fig3-8,�4.0mm/s(ŝæ�! 30R2O-60SiO2-10Fe2O3(mol%) 

(R=Li,Na,K)IhR-gR_ECRdL[j¹0 -ŔĂ¥ǸƛļBƁ�. Ð

,Ɓ�!<�,, ��@-IhR-RdL[j9, -0.3mm/s, +0.8mm/s ¹0

+2.1mm/s -Ȉ%-`oLBę%RdL[j�ƾŝ�@!. 5!, ƛĭ±,<

?ƀŐ¥ƷBƁ�`oL�6=@+��)�=, �3'-ǆĦ(Ʊ�ŅǜB»

ī�!IhRǆĦ(�?�)Bſǈ�!. gR_EC`oL., Ȇ%-`oL

�Ȇ%-ūďBƵ�ǅ(.+�, VbkW[)�'ȇ%-`oL�Ȇƚ)�'

ů@?. -0.3mm/s,)+0.8mm/s -`oL., x, Fe3+ȄTdȅ) Fe3+(Oh),, 

+2.1mm/s -`oL. Fe2+,öï�?. �@=Ȉ%-`oLB, ȈƚȊĵ-`

oL)�' LorentzǰģBŲ�' Fitting�?�),<>, ŔĂ¥ǸBƲ$!. 

`oL-Λ��=ǻƇBő8,  -ǻƇŏ�= Fe2+, Fe3+(Td), Fe3+(Oh)-¬Â

BƎ¤�!.  

 Á�-CjHiǩï�ƗBÅ7Ɠ,%�' , ǧƗ¥Ò-Ý±,<?

Fe2+/Total-Fe¬Â-Ý±)Fe3+(Td)/Fe3+¬Â-Ý±BFig.3-9,Ɓ�!. Ð<

>, Fe2+/Total-Fe ¬Â,%�', ǧƗ¥Ò��t�?,�$', Fe2+-¬Â�

Û®�?�)�¥�?. pĨ(, ǧƗ¥Ò,ê�? Fe3+(Td)/Fe3+-¬Â,%�

'., ǧƗ¥Ò,ê�'Īſ+�Ä�ƽ=@+�$!.  

� gR_EC¥Ļ,<?áāČBſǈ�?!8, , ±ä¥Ļ(ć=@!

Fe2+/Fe3+ŏ)gR_EC¥Ļ,<? Fe2+/Fe3+ŏBŏǔ�!. ±ä¥Ļ,<$

', IhRǆĦ-ǧ±ƊpǪBæǨ�, Fe2+/Fe3+ŏ-Ǝ¤BƲ$!ƛļ)-ô

,%�', ŃǃBƲ$!. ±ä¥Ļ(., Fe3+w-Ǧ�ģ-ôB²¨�'æǨ

�?�)�(�+�. ���+�=, Fe2+) Fe3+-ǡ�,%�'., ƒûƪ�
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ő8=@?!8, ù��A@'�?Ĩœ(�?. Fig3-10,gR_EC(ć=@

! Fe2+/Fe3+ŏ-êģ)±ä¥Ļ(ć=@! Fe2+/Fe3+-ŏ-êģ-ŻǰBƁ�. 

Ðw-źƢ.±ä¥Ļ)gR_EC¥Ļ-ƛļ� 1:1(êĊ�?hDm(�?. 

Ð<>, K -ZoU,��'pŦ�Ä���Ǹ�!ZoU�ƽ=@?�, gR

_EC(ć=@! Fe2+/Fe3+ŏ-êģ)±ä¥Ļ(ć=@! Fe2+/Fe3+-ŏ-ê

ģ,., ƪ�Żǰ��>, *#=-ēœ,��'9 Fe2+/Fe3+ŏBŝæ(�?�

)�ſǈ�!. 5!, ±ä¥Ļ)gR_EC-ZoUBŏǔ�?), ±ä¥Ļ

-Ĩ� Fe2+Bß8,ƽƇ?�)�¥�$!. 5!, Fe2+Ǩ�Û�?,Ć$', 

±ä¥Ļ�)gR_EC¥Ļ�-ô�à��+?�Ä�ƽ=@?. 

� ŋ,, Fe3+(Td)) Fe3+(Oh)-�ÄB6?!8,, Fe3+(Td)/Fe3+)�äŸÚ×

ûȄ	
 thȅ-ǰ�Bĥŭ� (3-5))ŏǔ�!ƛļB Fig.3-11 ,Ɓ�. Ð<>, 

Fe3+(Td)/Total-Fe3+., ĥŭ�)Ãņ-�ÄBƁ�'�>, �ã�Ɨ-�äŸ

Ú×û-±ĩ,�$', Û®�?�)�¥�$!. !", Fe3+,�8?Fe3+(Td)

-¬Â,%�'., S.Sumita=-ƛļ(. 75
90%(Ý°�'�?-,ê�, 

ĵŽƈ(., 58
66%,Ŷ5$!.  -ŰŴBƥé�?!8,, Fe2+, Fe3+(Td), 

Fe3+(Oh),%�', CDTfoQa[(I.S.))Ìń¥Ʒ(Q.S.)-ǰ�BǊ3!. 

Fig3-12,Ɓ�. Fe2+,%�'., I.S.-Û®,<>, Q.S.-śî�ƽ=@'�?. 

pĨ(, Fe3+,%�'., ƻǷ+Ý±BƁ�'�?. Fe3+(Td)-Ĩ�, I.S.-Ý°

÷�à��, Q.S.�à��9--, Fe3+(Oh))Go_ohWc�'�?ǿÖ9

ƽ=@?.  

� I.S.., ¸âĿ�Ƥ(-Ǻâ¥õBƁ�'�>, Q.S.., ÇÏŅǜ,<?Ǻŵ

-Ā�BƁ�'�?. Fe2+-ǺâǑǠ., [Ar](3d)6 (�>, Fe3+-ǺâǑǠ

[Ar](3d)5<>9, dǑǠ-Ǻâ�1%ß�.  -!8¸âĿÇǕ-ǢƮ¯ļ�à
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��+>, Fe2+- I.S.� Fe3+,ŏ3'à��+?. 5!, ÇÏŅǜ,9ĢĎ,+

?. �+A#, DǑǠ., 3dxy, 3dyz, 3dzx, 3dz2, 3dx2-y2- 5%-ǑǠ��>, ÁǑ

Ǡ,Ǻâ�ÔƋ,Ǧ¥�@'�?. Þǥ-ăǼ�+�@/, ȉ%-ǑǠ.ƣǘ

�Ãp-F]jKoB¼?�, Ō�ǻ� 6 Ǧ�ū,Ƌ�� 6 �-Ǧ�â�, Ǫ

DGm,ǖ&�'��) , ǽŦĨÄ,à�+¥õBę%ǑǠ(�? 3dz2, 

3dx2-y2-F]jKoş��±�>, �-ǑǠ-F]jKoş��t�?.pĨ(, 

ŌÌǻ� 4Ǧ�(., 3dxy, 3dyz, 3dzx-F]jKoş��±�>, �-ǑǠ-F

]jKoş��t�?. �-<�,Þǥ-ăǼ,<>F]jKo,Ý±�ǐ�

?. �-ǑǠ-Ý±., Fe2+) Fe3+(�ǚ(�?�, Fe3+-ÙÂ,.,ǑǠ-ģ

)Ǻâ-ģ�Ã�(�?�=, Ǻâ�ÁǑǠ,ÔƋ,Ǧ¥�@?-6(�>, 

Fe2+(.Ǻâ�ÔƋ,Ǧ¥�@!ą, ō>-Ǻâ�İ9F]jKoǾ�-��

ǑǠ,�?!8, Fe2+-Ĩ�, ÇÏŅǜ-Ý±,<?ǑǠF]jKo-Ý±,

ĢĎ,»Ċ�?(3-6). 

� Fig3-12,Ɓ�<�,, Na� Fe2+,%�'Þ@'�?ZoU��?�, Fe2+.

ǹÏŐ)�ã�ƗBÝ±��?�)(, I.S.�Û®�?) Q.S.�śî�?ǰ�

�ƽ=@!. �-�)., Fe2+-ÇÏŅǜ�Qmcj+ŅǜB�'�>, ǹÏ

Ő�Ý±�?�)(Ý±�? O2--Ûś), �ã�Ɨ-Ý±)�Ãņ,¸âĿ

�Ƥ-Ǻâūď,»ī�@'�?!8)ƥ�=@?. �-�)�=, Fe2+.R

hMw(pæ-Ǧ�ŅǜB¼=�, ƧŴ+DGm(ãÓ�'�?)ƥ�=@?.

pĨ(, Fe3+,%�'.,pæ-Ǧ�ŅǜBƠę�'�?!8, ǹÏŐ-Ý±,

<? O2--ăǼ:�ã�Ɨ-ăǼ.Ǻâūď,źĜ»ī�@�, ºĨ-¯ļB

Å8!ƻǷ+Ě°BƁ�)ƥ�=@?.  
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Fig.3-6 Fitting result for 57Fe Mössbauer spectra of 30Li2O-60SiO2-10Fe2O3 

(mol%) glass which melted (a) at Ar+1%O2, (b) at Ar, (c) at high purity Ar, 

(d) at Ar+1%H2. 
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Fig.3-7 Fitting result for 57Fe Mössbauer spectra of 30Na2O-60SiO2-10Fe2O3 

(mol%) glass which melted (a) at Ar+1%O2, (b) at Ar, (c) at high purity Ar, 

(d) at Ar+1%H2. 

 

  

50 

60 

70 

80 

90 

100 

-6.0  -4.0  -2.0  0.0  2.0  4.0  6.0  

Tr
an

sm
is

si
on

 /%
�

Velocity /mm/s�

50 

60 

70 

80 

90 

100 

-6.0  -4.0  -2.0  0.0  2.0  4.0  6.0  

Tr
an

sm
is

si
on

 /%
�

Velocity /mm/s�

50 

60 

70 

80 

90 

100 

-6.0  -4.0  -2.0  0.0  2.0  4.0  6.0  

Tr
an

sm
is

si
on

 /%
�

Velocity /mm/s�

50 

60 

70 

80 

90 

100 

-6.0  -4.0  -2.0  0.0  2.0  4.0  6.0  

Tr
an

sm
is

si
on

 /%
�

Velocity /mm/s�

(a)� (b)�

(d)�(c)�

Fe3+(Td)�
Fe2+�

Fe3+(Oh)�
Fe3+(Td)�

Fe2+�
Fe3+(Oh)�

Fe3+(Td)�
Fe2+�

Fe3+(Oh)�

Fe3+(Td)�
Fe2+�

Fe3+(Oh)�



 49 

 

 

 

 

 

 
Fig.3-8 Fitting result for 57Fe Mössbauer spectra of 30K2O-60SiO2-10Fe2O3 

(mol%) glass which melted (a) at Ar+1%O2, (b) at Ar, (c) at high purity Ar, 

(d) at Ar+1%H2. 
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   Fig.3-9 Effect of oxygen partial pressure on Fe2+/total-Fe ratio  

   and Fe3+(Td) /Fe3+by Mössbauer fitting. 

 

 

        Fig.3-10 Correlation between Log(Fe2+/Fe3+) value by Mössbauer  

        and Log(Fe2+/Fe3+) value by chemical analysis. 
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       Fig.3-11 Comparisons of the Fe3+(Td)/Total-Fe3+ ratio between  

       literature(3-5) and this study. 

 

 
     Fig.3-12 Relationship of isomer shift and quadruple splitting  

     on Fe2+, Fe3+(Td) and Fe3+(Oh). 
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� ŋ,, ǧƗ¥Ò-�t,��, Fe2+) Fe3+-ǯ-øƴǰ�,%�'�t,ƥ

é�?. Fe2+.µŬ-ǴDGm(�?�)�=,(i) Fe2+) Fe3+(Td)¹0,(ii) Fe2+

) Fe3+(Oh)ǯ-øƴBŃǃ�?. Á�,»ĊýB, �t,Ɓ�. 

 (i) Fe2+
Fe3+(Td) 

4!"# + !! + 10!!! = 4 !"!! !!											(3-2) 

4!"!! + 14!!! + !! = 4 !"!!(!") !! ! 							(3-3) 

(ii) Fe2+
Fe3+(Oh) 

4!"# + !! + 18!!! = 4 !"!! !!											(3-4) 

4!"!! + 22!!! + !! = 4 !"!!(!ℎ) !! !!							(3-5) 

±-»ĊýB, øƴæģ(Ƶ�),  

! = !"!!(!") !

!"!! ∙!!!
!
!∙!!!!

!
!
																	(3-6) 

! = !"!!(!!) !

!"!! ∙!!!
!
!∙!!!!

!!
!
																	(3-7) 

)+?. !!!!.ǧƗDGm-ŕǨBƁ�. ~, ŕǨBŢû(ǖ��?),  

!!!! ≃ !!! 																				 (3-8) 

!"!!
!"!! ŏ)�'ĤŰ�, vǕ-êģB)?),  

 

!"# !"!!
!"!!(!") = − !

! !"# !
!! − !

! !"#!!! − !"#$	(3-9) 

 

!"# !"!!
!"!!(!ℎ) = − !!

! !"# !
!! − !

! !"#!!! − !"#$	(3-10) 

 

)ĤŰ(�?.  
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� ý(3-9)¹0ý(3-10),<>, Fe2+/Fe3+(Td)-êģ)ǧƗ¥Ò-êģǯ-ǰ�

¹0, Fe2+/Fe3+(Oh)-êģ)ǧƗ¥Ò-êģǯ-ǰ��=, RhMw- Fe2+)

Fe3+ǯ-»ĊBĪ=�,�?�)�(�?. �,, gR_EC-ƛļ(., Fe2+

��8,ƽƇ9=@'�?�)BƁ�!. Fe2+)-ǰ�BǇƘ,6?!8, 

Fe2+/Fe3+,%�'.±ä¥ĻƛļBŲ�, Fe3+(Td)) Fe3+(Oh)-¬Â,%�'

., gR_EC¥Ļ�=ő8!ŏŮBŲ�'ǌǋBǞ8?.  

� Fe2+/Fe3+(Td)-êģ¹0 Fe2+/Fe3+(Oh)-êģ,%�', ǧƗ¥Ò)-ǰ�

B Fig.3-13 ,Ɓ�, ǧƗ¥Ò-�ģ(�?-1/4 -hDmBÃĬ,Ɓ�!. 

Fe2+/Fe3+(Td)-êģ) Fe2+/Fe3+(Oh)-êģBŏǔ�?), Fe2+/Fe3+(Td)-ê

ģ-Ĩ�<>-1/4 ,ǖ���BƁ�!. �-�)�=, ǧƗ¥Ò-Ý±,�$

' Fe2+) Fe3+(Td)�, 
 

 4!"!! + 14!!! + !! = 4 !"!!(!") !! ! � 											(3-3) 
 

-øƴǰ�,�?)ǁ�?. 
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(a)                             (b) 

   Fig.3-13 Effect of oxygen partial pressure on (a) Log (Fe2+/Fe3+(Td)),  

   and (b) Log(Fe2+/Fe3+(Oh) )ratio. 
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� Ʊ�w-ǪDGm-ŅǜÝ±�Ƒû,u�?ăǼBĪ=�,�?!8,, 

Fe2+Ǩ)Ƒû-ǰ�,%�', Fig.3-14,Ɓ�. Fe2+Ǩ�ß�+?,Ć$', Ƒ

û-�t�ƽ=@!. �@., Fe2+� NWM)�'�?!8)ƥ�=@?. Fe2+

�Ƒû,u�?ăǼBĪſ,�?!8,, 30Li2O-60SiO2-10Fe2O3 (mol%)¹0

30K2O-60SiO2-10Fe2O3 (mol%)- O1sǑǠ- XPSŝæBƲ$!(3-7),(3-8).  -

ƛļB Fig.3-15,Ɓ�. �@,<?), ǧƗ¥Ò�t�?,%@', NBO�Û

®�'�>, Fe2+� NWM )�'��, ơŹŅǜB¦ħ�'�?�)BƁ�'

�?. �-�)�=, RhMw,��', Fe2+.µŬ-ǴDGm(�>, NWM

)�'Ě°�?�)(, ƑûBt�?)ǁ�?. 

� ŋ,, Fe3+-ăǼBǊ3?!8,, Fe3+(Td)¹0Fe3+(Oh))Ƒû-ǰ�,%�

'Ǌ3!. Fe3+(Td)/Total-Fe)Ƒû-ǰ�B Fig.3-16,Ɓ�. Fe3+(Td).Ǩ�

ß�+?,%@', Ƒû-±ĩ�ƽ=@!. �-�)�=, Fe3+(Td)�ơŹŅǜ

-ĂĐ,èu�'�?)ƥ�=@?. Fig3-17 , Fe3+(Oh)/Fe3+ )Ƒû-ǰ�

,%�'Ɓ�.� Fe3+(Oh)Ǩ�ß�+?,%@', Ƒû�śî�!. �-�)�

=, ơŹŅǜ-¦ħ,èu�'�?)ƥ�=@?. �@=-ƛļ�=, Fe3+(Td)

. NWF(�>, Fe3+(Oh). NWM(�?)ǁ�?. 

  �±-ƛļ<>, Fe2+) Fe3+(Td)�øƴ�'�>,  Fe2+¹0 Fe3+(Oh)-Ƒû

B�t��?¯ļ), Fe3+(Td)-ƑûB±ĩ��?¯ļ�Ęĕ�?�)(

Fig3-18-<�, Fe2+/Fe3+-êģ,ê�', Ƒû-Ý±�ǐ�$'�?�)�

Ī=�)+$!.  

NWF)�'ě?Ʃ� Fe3+ȄTdȅ., ÇÏ,ǴDGmBǵ��?�)�ƁÉ�

@?.  @., Fe3+ȄTdȅ) SiO2Ìǻ�Bŏǔ�?), Fe3+.�«+ǏǺƬB

ę#, �-ǏǺƬBwÈ�?!8-ǴǺƬ�ĉƼ(�?�=(�?. 



 56 

 

 

            Fig.3-14 Effect of Fe2+/total-Fe on the viscosity  

            of 30R2O-60SiO2-10Fe2O3(mol%)� (R=Li,Na,K). 

 

 

 

Fig.3-15 Comparison of O1s XPS spectra of 30R2O-60SiO2-10Fe2O3 (mol%)�

(R=Li, K). 
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             Fig.3-16 Effect of Fe3+(Td)/total-Fe on the viscosity  

             of 30R2O-60SiO2-10Fe2O3(mol%)� (R=Li,Na,K). 

 

 

 
Fig.3-17 Effect of Fe3+(Oh)/Fe3+ on the viscosity 

 of 30R2O-60SiO2-10Fe2O3(mol%)� (R=Li,Na,K). 
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Fig.3-18 Effect of Fe2+/ Fe3+ ratio on the viscosity 

             of 30R2O-60SiO2-10Fe2O3(mol%)� (R=Li,Na,K). 
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� İą,, �ã�?CjHiDGm-ăǼBƥé�?. CjHiǩï-ƆȀ)

Ƒû-ǰ�,%�'., CjHiǩïǧ±ũ-ǴDGm´Ą�à��4*, Ƒ

û�Λ�+?�ÄBƁ�!. ǪQiNo[RhM,��'., CjHiDGm

�ÝA?), Ã�ǧƗ¥Ò(9, ǆĦw- Fe2+/Total-Feŏ�ŷ+?!8, Ƒû

2-CjHiDGm-ăǼ) Fe2+-ăǼB¥Ǹ�?ĉƼ��?.  �(, 

Fig3-14,Ɓ�!ǧƗ¥Ò-Λ�3Ŧ-Fe2+/Total-Feŏ-�BźƢǖ��?�

)(, �3' Fe3+(�?ÙÂ-ƑûBĝŝ�, CjHiǩïŎ,ŏǔ�!ƛļ

B Fig.3-19 ,Ɓ�. ǪBÅ5+�ÙÂ)9ŏǔ�?!8, Ã� R2O/SiO2ŏ(, 

Fe BÅ5+� 33.3R2O-66.7SiO2(mol%)-ĥŭ� (3-9)9Ɓ�! . Ð<> , 

30R2O-60SiO2- 10Fe2O3(mol%) (R=Li,Na,K)�<0 33.3R2O-66.7SiO2(mol%)

)9,, CjHiǩïǧ±ũ-ǴDGm´Ą�à��+?,ǝ@, Ƒû�à�

�+?�)�A�$!.   

 �@., CjHiǩïǧ±ũ-ǺŐǳČû�ȂŁ,u�?ăǼ,ǐÎ�'�

?. Fig.3-15 ,Ɓ�! XPS -ZoU,<?), BO �Ɓ�ƛÂF]jKo

(534eV)�, K BÅ7ÙÂ,., ΛF]jKo�2Qa[�'�?. CjHiǩ

ïDGm. Si-O-Si-ƛÂB¦ħ�, NBOB�>¤��, NBO)CjHiǩï

DGm.ǺŐŸ,þ�Â�.  -ăǼ. Si-O ƛÂBǚ�', ĽŉǧƗ) Si -

ƛÂ,9¹1)ƥ�=@?.   -!8, ǴDGm´Ą�à��, ǺŐǳČû-

í�� K� NBO)ǺŐŸwČB�ę�?!8þ�Â$'�?ÙÂ., Si-O-

ƛÂĀû�Ā�+>, Ƒû�à��+?)ƥ�=@?.  

� 5!, Fig.3-19�= Fe2O3-Ś®,<>, 33.3R2O-66.7SiO2(mol)-Ƒû��

t�'�?-�¥�?.  Fe2O3�ãÓ�?ÙÂ, CjHiǩïǧ±ũDGm-

ǴDGm´Ą�à��+?), Ƒû-�tǨ�í��+$'�?. Ƒû-�t
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Ǩ,ê�?ǴDGm-ăǼBæǨ±�?!8,, 33.3R2O-66.7SiO2(mol),ê

�? 30R2O-60SiO2-10Fe2O3(mol%)� (R=Li,Na,K)-ŻêƑûBƎ¤�!.  

� Fig.3-20 ,ŻêƑû)ǴDGm´Ą-ǰ�BƁ�. CjHiǩïǧ±ũ-Ǵ

DGm´Ą�à��+?,%@', ŻêƑû�à��+?�)�¥�$!. �

@., CjHiǴDGm-´Ą�à��, ǴDGm�ǧƗǯþ­�í���Ɨ

-Ĩ�, O2-Bß��Ɯ�?. �+A#, (3-3)ý,Ɓ�!»Ċýw- O2-�Û®�

?�),<>, »Ċ�À2Ǟ7�)( NWF )�'�� Fe3+(Td)-¬Â�ß�

+?!8,, ŻêƑû�à��+$!)ǁ�?.  
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Fig. 3-19 Effect of cationic radius on the viscosity 

   of 30R2O-60SiO2-10Fe2O3(mol%)� (R=Li,Na,K) melt. 

 

 

 Fig. 3-20 Effect of cationic radius on relative viscosity. 
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@−A� 26 

� 30R2O-60SiO2-10Fe2O3(mol%)(R=Li,Na,K)Ʊ�-ƑûŝæBƲ�, ���

hRBgR_EC¥Ļ,<>ƿĻ�!ƛļ, �t,Ɓ�żƽBć!. 

 Ƒûŝæ-ƛļ�=, Ƒû., CjHiǩïDGm-DGm´Ą�à��+

?,%@'Û®�?�)�A�$!. Ƒû-Ý±BŅǜ-Ý±�=ƥé�?!

8, Ǫ-gR_EC¥ĻBƲ$!. gR_EC¥Ļ-ƛļ�=, Fe2+¬Â., ǧ

Ɨ¥Ò���4*Û®�, CjHiDGm-DGm´Ą�í��4*Û®�?

�)�Ī=�)+$!. 5!, gR_EC¥Ļ(ć=@! I.S.¹0 Q.S.-Ý±

�=, Fe2+.ÇÏ-êƃČ,Ā�ăǼB½�?�)�=, ƧŴDGm(�>, 

Fe3+.Ǧ�ŅǜBę%�)BƁ�!. 

� 5!, ǧƗ¥Ò,ê�? Fe2+/Fe3+ŏ-ƥé�=, Fe2+. Fe3+(Td)), �t-

(3-3)ý(Ƶ�@?øƴǰ���?�)�Ī=�)+$!. 

4!"!! + 14!!! + !! = 4 !"!!(!") !! !				 (3-3) 

Fe2+, Fe3+�Ƒû,u�?ăǼ,%�', Fe2+., NWM)�'ě?Ʃ��)(,

ƑûB�t��?�), Fe3+.Ǧ�ģ,<>ě?Ʃ��ŷ+> Fe3+(Td). 

NWF )�'ě?Ʃ�, ƑûBÛ®��?�, Fe3+(Oh). NWM )�'ě?Ʃ

�, ƑûB�t��?�)BĪ=�,�!. �@,<>, Fe3+(Td)� NWF)�

'ě?Ʃ��)(, Fe3+(Td)ÇÏ,ǺƬBƹ��?!8-ǴDGm-ãÓ�ĉ

Ƽ)�@?�)�ƁÉ�@!. 

� İą,, ŠƱ�w-ƚĐ-ăǼ,%�', ŷ+?CjHiǩïBÅ7ÙÂ-

Ƒû-ŏǔBƲ�, Ƒû�CjHiǩï-DGm´Ą)ƪ�ŏ�ǰ�,�?�

)BƁ�, DGm´Ą�à��4*, Ƒû�à��, 5!CjHiǩï-DG

m´Ą-í��4*, Fe2O3�ãÓ�?ÙÂ-ƑûÝ±�à���)BƁ�!. 
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1D0� <�=��������?��
��6��2%	
 ,; 

D�A� :8 

� AhFgÄǟǉä�Ž-, íįŔr*Ñ�¹2=<LjIgkX,±ă¡�

CaO &�<�'6�;, ŋƕ�ř,ßƳ'�<Ì¶, OfJr*- Ca � 60%

Ŭì¹2=< (4-1). 2!, čáþ�Ž'�%-, Ĭ¡ƛŚăŔ'�%Śăŗ�

Ò��Sr,ń�7čáƆ,ǁƓƋ¦�Ǣ�ǁƓĤ'�%ś�:=<Ba6ń�

�wÿ�=, ŋƕ�ř*��<ßƳ�Ž'�%ƉĂ�<ûƠ��<.  

� AhFgÄǟǉä6, �Èş) NWM 'Ɖ.:=%�;, çı®Ē'�%

CaO �Ñ��ś�=<�'�:, Ǌǎ7GfO,ƞƾŘÌ*��%-, ÍÊì

'�% CaO/SiO2?ś�<Ì¶6Ñ�. �=-, CaO� NWM&�;, Si-O-Si

Ĵƾ?¢ē�, Ÿì)(,OfJŔþ*q.<'Ɖ.!Ì¶*, Ŕþ,Ïª?

Ə�ƯĘ&�%�!�'?Ũ�%�<.  

!"# ↔ !"! + !!! 											(4-1) 

î(4-1),ĵ*, AhFgǉä�Ž'·ĵ*, AhFgÄǟǉä�Ž-, OfJ

r&Üę* O2-?č �<'Ɖ.:=%�<. �,9�*, OfJr*��<

AhFgÄǟǉä-, OfJr&,°ü¯.OfJ,Ŕþ?Ɖ.<o&, ǆƠ

)^@ISk&�<.  

�  �&, ģű&-, ǅªǊ?¹4AhFgÄǟNgKkXƕ�,Ÿì*$�

%, ¹2=<AhFgǉäŭ¯.ǅŽ¡Å*9<Ïª?Ę:�*�<. ǅŽ¡

Å�Ÿì*q.<ôǝ?Ĵƾş*Ę:�*�<!5, dO\CA¡Ĩ?Ɩ�, 

OfJr&, Fe ,ǅªǂ�°ü*��ĴƾÏª*$�%ƉÞ�<''6*, 

AhFgǉä?¹4Ì¶',ĻƷ?Ɩ#!.  
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D�B� #@*- 

D-B-A� 2%�." 

D-B-A-A� 9)��7 

� ŸìňÚ,ßƳ,ƕ�ſă-, 30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba)

'�!. ƪĒƕ�ſă? Table 4-1*Ũ�. OfJ,Ʊđ*- SiO2, Fe2O3,®

Ē'�%ǅªŔ?, AhFgǉä,®Ē-ŏǅÍǤLi2CO3, Na2CO3, K2CO3ǥ

?ś�!. ��=,ƪƔ6ŕż?�ś�!. 2�, ƪƔ?ĄÚ,¥¶*ũǈ�, 

vǌ?ś�%«¡*ń¶�!. ø:=!ń¶ŷĢ? PthUb*�=, ǚļćĆ

Ŏ?ś�% 1873K ,Òļr&ŋƕ�!. lÚĚǐ�ĉ÷*, hUb?± �, 

Ł� �ý��<�'&OfJø!. �,ĵ*�ƞ�!OfJ?ŷť�Ÿìň

ÚśƪĒ'�%ś�!.  

 

 

Table 4-1� Initial composition of RO-SiO2-Fe2O3 slag (mol%) 

 RO 
SiO2 Fe2O3 

 CaO SrO BaO 

CaSF 30   

60 10 SrSF  30  

BaSF   30 
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D�B�A�B� ."'> 

� ŸìňÚ-, Pt-20Rh ?LjSIXcVgAh'�!ÀƵîŸìňÚƜƈ?

ś�%Ɩ#!. Ɯƈ,ƫž-, ųǦű&Ũ�!Ƽ;&�<.  

� ŸìňÚśƪĒŷĢ? Pt-20Rhƞ,hUb*�=%Ŏ�*ƨƈ�, 3.1K/min

,ƽì& 1773K2&ėŇ�!. 1773K& 120min.�ĉ�<�'&ƕ�,ØÚª

?Ɩ#!. ƕ�*ċ�)�Ŗā&iTY?ÀƵ��!÷, Čĉ´?8#�;'

oė��%, iTY?ƕ�ƙǜ*ċƥ��!. iTY,ŃŌǏ�-, ċƥ�!

�ƈ�:oė��!Čĉ´,Ǣ�&Ʊđ�, 10.0mm'�!.   

� ŸìňÚĚ,ĥ�? Table 4-2*Ũ�. ňÚĥ�-, Ňì? 1773K&lÚ'

�, Ÿì,ňÚ?Ƃƃ�!Ŗā&, Òļ, Ar-1%O2, Ar, Ar-1%H2GO?ś�%

ǅŽ¡Å?Ïª��<�'&, µǙÂļ&,Ÿì?ňÚ�!. µǙÂļ&,ǅ

Ž¡Å-, ǚļŎ ³*ƨƈ�! CaOØÚÈ ZrO2`ik_ǅŽQjMk?ś

�%ňÚ�!. ǙÂļ?¢;Ğ.!÷, lÚĚǐĺ*, ǧÀňÚ�?ư3±#

!. ǧÀ,ňÚXhI,ëÇ�? ,ǅŽ¡Å&,ňÚ�'�!. ųǦű&ƹ

/!9�*, �,ňÚ�?�:��5�ă�%��!İǈƆ,î*~��, ơ

��,Ÿì?Ľ5!. ơ��,Ÿì*ß�%, hUb¯.iTY,őƌð,ô

ǝ?ƝĹ�<�'&, Ÿì,�?ø!. �,Ĕľ&ňÚ�!Ÿì,ňÚƮè-, 

	
 ǩ%Ŭì&�#!. 
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Table 4-2 Experimental conditions for viscosity measurement 

Atmosphere Air, Ar-1%O2, Ar, Ar-1%H2 

Temperature 1773K 

Sample weight 50.0g 

Contact Material Pt-20Rh 

Revolution speed 30rpm 

Immersion depth 10.0mm 

Distance between bob and crucible 10mm 

(bob:�15mm 

crucible: �35mmID) 

�

 

 

 

 

�
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D−B−B� ���
�." 

D�B�B�A 9)��7 

� ģŤů&-, ŋƕ�,Ĵƾ?ƤĨ�<!5,ƪĒ'�%, GfOƪĒ?ś�

! .ĴƾƤĨś,ƪĒ- , ŸìňÚ?Ɩ#!ĥ�'·�ĥ�(ǙÂļ , Ňì

1773K, ſă)&, 4 Ěǐŋƕ�!OfJ?, Ǎħo&ý��<�'&�ƞ�!. 

SjJOVjFk\BYƞ,vǌ?ś�%ŷť�!GfOƪĒũǈ�, ƪĒƚ

,ǜŮ*ß�%, Feōì� 11mg/cm2Ŭì*)<9�*Ʊđ�à��!6,?, 

dO\CA¡Ĩ*ś�!. 

 

D�B�B�B� ."'> 

dO\CAňÚ*-, Pd *Ĉĉ�! 57Co Ɔŉ?ś�!. Ɔŉ,ū©ƽì-

-4.5~4.5mm/s ,ŶÂ*ƨÚ�!. čáƆǒƲ,!5*ƨƈ�=%�<ķ¾»

Â,ǋǁƓ?±;ǔ�!÷, Ɯƈ*ƪĒ?QTX�!. ƻƿö-�12mm '�

!. Ɯƈ*ƪĒ?ƨƈ�!÷*, 57Fe�č �< 14.4keV,�Ɔ�ƻƿ�%�

<�'¯., 14.4keV �Ð,D[hHk,�Ɔ,İ �)��'?Ŧƭ�, İ

 ¾,İ D[hHkê,Ʊđ?Ɩ#!. ·Ě*, İ ¾,Đ.ƒ'�Ěǐ�

Ɯƈ,ƨÚŶÂ�&�<�'?Ŧƭ�!. ǋǁƓ?Ɩ#!÷, ƧĐ��Ż 30m

�oŦ�&�<9�ňÚĚǐ?Ʊđ�ňÚ?Ɩ#!. ƽì�*Ǒ�%-, Úġ

ş*�Fe Ŵ,ňÚ?Ɩ�, ø:=!]kI?�Fe ,ƽì�'�<�'&, ƪ

Ē,ƽìƶ?īĹ�!.  

�
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D�C� 4+��5$ 

D�C�A� 2%�<3� �!& 

Fig.4-1
Fig.4-3*, 1500
*��< 30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, 

Ba) n�ŹOfJƕ�,µǅŽ¡Å¤ùǙÂļr*��<Ÿì,Ěǐ�Öþ

?Ũ�. ŸìňÚr-, ÒļǙÂļ&ǦĚǐ, ǅŽ¡Å?p�!ĥ�&-, Ǩ

Ěǐ�ĉ�%�<. �/%,ſă¯.ǙÂļ&, Ěǐƀƿ'6*Ÿì-�p�

%, 01lÚ*);, ÛǠĥ��&Ÿì��ØÚ�!. ſă*9#%ǀ��3

:=<6,,, ÒļǙÂļ&-, ĳ+ 40min.��*, ǅŽ¡Å?p�%ǙÂļ

?Ïª��!Ì¶*-, 90min.Ŭì, Ǐ�%6 180min.&ØÚ�!.  

� Fig.4-4 *ǅŽ¡Å,ßĐ*ß�<Ÿì?Ũ�. Ÿì-ØÚ÷,Ÿì?ś�

%, ßĐ&ƙ�!. ��=,ſă*��%6, ǅŽ¡Å,�p*�#%, Ÿì

,�p�ơ:=!. ſăr,AhFgÄǟǉä&ĻƷ�<', CaO ,ǅŽ¡Å

�ğ6��Ő&, lǃƺƵ�!WkS�ø:=%�<�, ��ş*BEj¬ö

�Ò��0(, ƕ�,Ÿì�Ǣ��¸�ơ:=!.  

� ǅŽ¡Å�Ÿì*q.<AhFgÄǟǉä,ŭǟ*9<¨ĩ?Ę:�*�<

!5*, ğ6ǅŽ¡Å,��ĥ�,Ÿì?ÊŊ�!Ÿì!!"!!"!!%!!,Ïªŗ?

Ÿì,ßĐ,è'�%, �p,î*9;Ľ5!.  

 

Δ!"#$ = !"#!!! − !"#!!!"!!"!!%!!							(4-2) 

 

Ïªǈ'ǅŽ¡Å,Ǒ�?Fig.4-5*Ũ�!. !! -µǙÂļ&,Ÿì�&�<. 

Ã9;, ¹2=<AhFgÄǟǉä*9#%, ǅŽ¡Å�Ïª�!ǖ,Ÿì,

Ïªì¶��ŝ)<�'�¡�#!.  
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�

Fig.4-1 Effect of melting time on the viscosity of 30CaO-60SiO2-10Fe2O3 

(mol%) melt.  

�

Fig.4-2 Effect of melting time on the viscosity of 30SrO-60SiO2-10Fe2O3 

(mol%) melt. 
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�

Fig.4-3 Effect of melting time on the viscosity of 30BaO-60SiO2-10Fe2O3 

(mol%) melt. 

 

� � � � � � � � �

         Fig.4-4 Dependence of partial oxygen pressure on viscosity  

         of 30RO-60SiO2-10Fe2O3(mol%) (R=Ca, Sr, Ba) melt. 
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� � � � � � �

� �     Fig.4-5 Partical oxygen pressure v.s. viscosity change ratio  

        on 30RO-60SiO2-10Fe2O3 (mol%) (R=Ca, Sr, Ba) melt. 
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D�C�B� =	���,;�

� Fig.4-6
Fig.4-8*	
 4.0mm/s&ňÚ�! 30RO-60SiO2-10Fe2O3(mol%) 

(R=Ca, Sr, Ba)GfO,dO\CAOaIXh¯. ,Ŀó¡ǘƁĩ?Ũ�. 

��=,GfO,OaIXh6, -0.3mm/s, +0.8mm/s¯.+2.1mm/sǧ$,]

kI?ĉ$OaIXh�ƣň�=!. ŧļ¡ƛ63:=)��'�:, ƪĒ,

Ɓěª6ơ:=)�#! . �=:,]kI? , ǧſǪģ,]kI'�%

LorentzǑĐ?ś�% Fitting�<�'*9;, Ŀó¡ǘ?Ɩ#!. ]kI,Ǣ

��:ǜŮ?Ľ5, ,ǜŮĻ�: Fe2+, Fe3+(Td), Fe3+(Oh),¥¶?ŵ �!.  

� µ�,AhFgǉä�Ž?¹4Ź*$�%, ǅŽ¡Å,Ïª*9< Fe2+/ 

T-Fe¥¶,Ïª¯.Fe3+(Td)/Fe3+¥¶,Ïª?Fig.4-9*Ũ�!. ǅŽ¡Å�

�p�<*�#%, Fe2+,¥¶�Î§�<�'�¡�<. 2!, ğ6ǅŽ¡Å

,�� Sr,WkS?ǔ�%-, �Ö�Ž,BEj¬ö�â��0(, Fe2+,¥

¶�Ñ��¸��<. lĔ&, ǅŽ¡Å*ß�< Fe3+(Td)/Fe3+¥¶,Ïª*$

�%-, ǅŽ¡Å*ß�%ĘŦ)�¸�ơ:=)�#!. nű&Ũ�!ĵ*, 

dO\CA*9< Fe2+/Fe3+&-, Fe2+�ã)5*Ʃ��=<. �,!5, ª×

¡Ĩ?Ɩ#% Fe2+/Fe3+Ļ?ŵ �!Ɓĩ? Fig.4-10 *Ũ�. ǅŽ¡Å*ß�

%, Fe2+/Fe3+,ßĐ-Ə�šƆþ?Ũ�, ǅŽ¡Å��p�<*�#% Fe2+,

¥¶�Î§�<�'�Ŧƭ�=!. 

� ĸ*, Fe2+, Fe3+(Td), Fe3+(Oh)*$�%, ABRckN^X(I.S.)'¿Ĳ¡ƛ

(Q.S.),Ǒ�?Ʊ/!Ɓĩ? Fig.4-11*Ũ�. Fe2+, Fe3+(Td), Fe3+(Oh)*$�

%��=,WkS6, I.S.,Î§*9;, Q.S.,ņã�ơ:=!. �,�'9;, 

ǅŽ¡Å,Ïª¯., �Ö�Ž,Ïª*9#%, Ǌ,Ĵƾ-Ò�)Ïª?²�

�, Ĵƾ'�%-lÚ,Ĵƾ?±#%�<�'�¡�#!(4-2). 
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Fig.4-6 Fitting result for 57Fe Mössbauer spectra of 30CaO-60SiO2-10Fe2O3 

(mol%) glass which melted (a) at Air, (b) at Ar+1%O2, (c) at Ar, (d)at 

Ar+1%H2. 
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Fig.4-7 Fitting result for 57Fe Mössbauer spectra of 30SrO-60SiO2-10Fe2O3 

(mol%) glass which melted (a) at Air, (b) at Ar+1%O2, (c) at Ar, (d)at 

Ar+1%H2. 
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�

 
Fig.4-8 Fitting result for 57Fe Mössbauer spectra of 30BaO-60SiO2-10Fe2O3 

(mol%) glass which melted (a) at Air, (b) at Ar+1%O2, (c) at Ar, (d)at 

Ar+1%H2. 
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� �

(a)                            (b) 

    Fig.4-9 Effect of oxygen partial pressure on Fe2+/Total-Fe  

    and ratio Fe3+(Td)/Fe3+ ratio. 

�

�

      Fig.4-10 Effect of oxygen partial pressure on Log(Fe2+/Fe3+) ratio  

      by chemical analysis. 
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�

�

     Fig.4-11 Relationship of isomer shift and quadrupole splitting  

     on Fe2+, Fe3+(Td) and Fe3+(Oh). 
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� ĸ*, ǅŽ¡Å,�p*��, Fe2+' Fe3+,ǐ,ëƘǑ�*$�%�p*Ɖ

Þ�<. ǧű&Ę:�*�!9�*, AhFgǉä?¹4ƕ�r,Ǌ,ǅªǂ

�-, Fe2+' Fe3+(Td)¯., Fe2+' Fe3+(Oh),ǐ,ëƘǑ�?Ɖ.<ûƠ��

<. °üî¯.ǅŽ¡Å�Öþ?�p*Ũ�. 

(i)Fe2+�Fe3+(Td) 

4!"# + !! + 10!!! = 4 !"!! !!												 (4-3) 

4!"!! + 14!!! + !! = 4 !"!!(!") !! !									(4-4) 

! = !"!!(!") !

!"!! ∙!!!
!
!∙!!!!

!
!
																		(4-5) 

!"# !"!!
!"!!(!") = − !

! !"# !
!! − !

! !"#!!! − !"#$ 	 (4-6) 

 

(ii) Fe2+�Fe3+(Oh) 

4!"# + !! + 18!!! = 4 !"!! !!												 (4-7) 

4!"!! + 22!!! + !! = 4 !"!!(!ℎ) !! !!								 (4-8) 

! = !"!!(!!) !

!"!! ∙!!!
!
!∙!!!!

!!
!
																		(4-9) 

!"# !"!!
!"!!(!ℎ) = − !!

! !"# !
!! − !

! !"#!!! − !"#$	(4-10) 

 

Fig.4-12 * Fe2+/Fe3+(Td),ßĐ¯. Fe2+/Fe3+(Oh),ßĐ*$�%, ǅŽ¡Å

',Ǒ�?Ũ� , ǅŽ¡Å,�Đ&�< -1/4 ,fBj?·Ě*Ũ�! . 

Fe2+/Fe3+(Td)' Fe2+/Fe3+(Oh),(":6 , 01·ĵ)��?Ũ�!� , 

Fe2+/Fe3+(Td),Ĕ�9;-1/4 ,fBj*Ƹ��'�>�#!. 2!, BEj¬

ö,â��ǕBEj,Ĕ�, ¢Œ�Ǣ�, Fe2+�Ñ��¸�ơ:=!. �=*



 80 

9;, AhFgÄǟǉä?¹4OfJr*��%6, Fe2+' Fe3+(Td),ëƘǑ

��ăŰ�<�'�¡�#!. 

 

 

 
(a)                                (b) 

   Fig.4-12 Effect of oxygen partial pressure on (a) Log(Fe2+/Fe3+(Td)),  

   and (b) Log(Fe2+/Fe3+(Oh) )�� �
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� ƕ�r,ǊBEj,ĴƾÏª�Ÿì*q.<ôǝ?Ę:�*�<!5*, 

Fe2+ǈ'Ÿì,Ǒ�? Fig.4-13 *Ũ�. ��=,ſă*��%6, Fe2+�Î§

�<�'&, Ÿì��p�!.�=-, Fe2+� NWM'�%�<!5&�<(4-3).  

� ĸ*, Fe3+(Td)�9. Fe3+(Oh)ǈ'Ÿì,Ǒ�? Fig.4-14 �9. Fig.4-15

*Ũ�. Fe3+(Td)-ǈ�Ñ�)<*$=%, Ÿì,oė�ơ:=!. �,�'�

:, Fe3+(Td)�ƄŠĴƾ,óă*Ýq�%�<'Ɖ.:=<. Fe3+(Oh)*$�%

-, WkS*\f$��3:=<6,,, Fe3+(Oh),ǈ�Î.<�'&, Ÿì

�ņã�<�¸�3:=!. �,�'9;, Fe3+(Td)- NWF&�;, Ÿì?o

ė��, Fe3+(Oh)- NWM&�;, Ÿì?p�<'Ʀ.<.  

� ĸ*,AhFgÄǟǉä�Ÿì*q.<ôǝ*$�%ƉÞ?Ɩ�. AhFg

Äǟǉä�Ÿì*q.<ôǝ?Ę:��<!5*- Fe2+,ǈ�lÚ&�<Ì

¶,ǡĭĴƾ?ĻƷ�<ûƠ��<. �,�'�:, Fe2+� 0.32
0.38 &01

lÚ'�!ƪĒ?�ƞ�, fcj¡�*9;ǡĭĴƾ,ĻƷ?Ɩ#!.  

� fcj¡�-, �,ďuĚ*ŞŚ�<úï)ǛòþďuǤfcjďuǥ,Ŀ

Ǐ?ňÚ�, �á�*ß�%(,ŬìĿǏ�N^X�%�<�*9;, ďu�

r,Ċ©Ĵƾ,D[hHk?İ �<ňÚĔľ&�<(4-4). KBǅÍGfO*

��%-, Si-O �ƇĊ©?İ &�<�'�:, GfOr, Si�O ,Ɓ¶Ŗā, 

$2;ǅŽ,ĪĶþ?ňÚ�<,*£ś�=%�< (4-5). fcjOaIXh&

ơ:=<]kI-, n�,ĪĶǅŽ?ĉ$ SiO4¿ǜ�Qn*ƴÁ�<. ĕõ,Ť

ů�:, µ]kI-OfJƕ�r,ĪĶǅŽ? n �Ġ�< SiO4¿ǜ� Qn*ƴ

Á�<. 850
870cm-1}Ƹ,]kI- Q0, 900
920cm-1}Ƹ,]kI- Q1, 950


970cm-1}Ƹ,]kI- Q2, 1050
1100cm-1}Ƹ,]kI- Q3*, 1065, 1200 

cm-1}Ƹ,]kI-Q4*éä�<�'�ţ:=%�<. (4-6),(4-7),(4-8). 2!, Fe&
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-, 920cm−1}Ƹ,]kI- Fe3+(Td)',Ëº(4-9)6�<. ø:=!OaIXh?

µ�,ĿĐ&]kI¡ǘ�<�'&, ]kIǜŮ�:µeZTX,ÖÆ¥¶�

Úǈª&�<. Fig.4-16*ø:=!fcjOaIXh?Ũ�.  

� {À-, Fe' Si,]kI�·�ǞÉ*�<�', 920cm−1}Ƹ,]kI*N

^X�3:=%�!�'�:, 1200 cm-1}Ƹ, Q4]kI*ŀŠ�!. Fig.4-17

*]kIǜŮ�:Ľ5! QǨ¥¶?Ũ�!. BEj¬ö,Î§''6*, Q4 ,

Î§�ơ:=%�;, ǆ¶ì�Î§�%�<�'?Ũ�%�<. �,Ɓĩ, O

fJr, SiO4,ǆ¶ì�oė�, Ÿì�oė�!'Ʀ.<.  
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� � � � � � � � �

Fig.4-13 Effect of Fe2+/total-Fe on the viscosity of 30RO-60SiO2-10Fe2O3 

(mol%)� (R=Ca, Sr, Ba) melt. 

 

� � � � � � � �

        Fig.4-14 Effect of Fe3+(Td)/total-Fe on the viscosity of    

        30RO-60SiO2-10Fe2O3(mol%)� (R=Ca,Sr,Ba) melt.�

-0.30  

-0.20  

-0.10  

0.00  

0.0  0.5  1.0  

L
og

(V
is

co
si

ty
, η

/P
a�

s)
 

Fe2+/Total-Fe /-�

CaO 
SrO 
BaO 

-0.30  

-0.20  

-0.10  

0.00  

0.0  0.5  1.0  

L
og

(V
is

co
si

ty
, η

/P
a�

s)
 

Fe3+(Td)/Total-Fe /-�

CaO 
SrO 
BaO 



 84 

� � � � � � � �

� � � �   Fig.4-15 Effect of Fe3+(Oh)/Fe3+ on the viscosity of  

� � � �   30RO-60SiO2-10Fe2O3 (mol%)� (R = Ca, Sr, Ba) 

�

�

� � � � Fig.4-16 Raman spectra of 30RO-60SiO2-10Fe2O3 (mol%)�  

� � � � (R = Ca, Sr, Ba) glass.�
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�

�

�

Fig.4-17 Effect of cationic radius on Q4 
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� �=2&*ø:=!Ɓĩ?Ê*, AhFgǉä'AhFgÄǟǉä,ĻƷ?

Ɩ�. Fig4-18 *ǅŽ¡Å?Ï.!Ì¶,Ÿì,Ïª?Ũ�. �/%,ſă&, 

ǅŽ¡Å,�p''6*, Ÿì��p�%�<. OfJ*¹2=<AhFgǉ

ä'AhFgÄǟǉä?Ņ§�!Ì¶,ŸìÏª*$�%, AhFgÄǟǉä

?Ņ§�!Ź&- Log�� 0.2 Ŭì,ŶÂ&Ï©�<,*ß�, AhFgǉä

?Ņ§�!Ź&-Ï©ê� 0.8 'Ò��)#!. ǅŽ¡Å,Ïª*9<ŸìÏ

ª-, ��=,ſă*��%6 Log�& 0.1Ŭì,Ïª?Ũ�%�<. Fig.4-19

*, ǅŽ¡Å�ğ6��Ě,Ÿì?ÊŊ*�!Ì¶,ŢßŸì,Ïª?Ũ�. 

ǅŽ¡Å,Ïª*ß�<Ïª,|Ĕ,ê-, AhFgǉä& 2
Ǩǣ&�<,

*ß�, AhFgÄǟǉä&- 0.5
7.5ǣ'AhFgÄǟǉä,Ĕ�Ò���

'�¡�#!. �,�'�:, AhFgǉä?¹4OfJ,ŸìÏª-ſă*

ĎĀ&�;, ǙÂļ,ôǝ-Ţßş*â���, AhFgÄǟǉä?¹4Of

J,ŸìÏª-, ſăÏª'·Ŭì*ǙÂļ,ôǝ?²�<'Ʀ.<. 

� Fig.4-20* Fe2+¥¶¯. Fe3+(Td)¥¶,ǅŽ¡Å*ß�<Ïª?Ũ�. ��

=,ſă*��%6, ǅŽ¡Å,�p''6* Fe2+-šƆş*Î§�!. �Ö

�<AhFgǉä, AhFgÄǟǉä,ŭǟ*9#%, ·�ǅŽ¡Å*��<

Fe2+¥¶�Ïª�%�<. AhFgǉä?¹4Ì¶6AhFgÄǟǉä?¹4

Ì¶6, BEj¬ö�â���Ž?¹4Ì¶* Fe2+¥¶�Ñ�)<�¸�ơ:

=!. Fe3+(Td)¥¶,ǅŽ¡Å*ß�<Ïª&-, ��=,ſă*��%6, ǅ

Ž¡Å,�p''6*, Fe3+(Td)��p�!. Fig.4-21*dO\CA¡Ĩ&ø:

=! I.S.' Q.S.,ǐ,Ǒ�*$�%Ũ�!. Fe2+, I.S.' Q.S.,ŢǑ*$�%, 

AhFgǉä?¹4Ì¶6AhFgÄǟǉä?¹4Ì¶6·ĵ*, I.S.,�p

*�#%, Q.S.�Î§�<'��·ĵ,�¸�ơ:=%�<. ���)�:, 
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Fe3+&-AhFgǉä?¹4Ì¶'AhFgÄǟǉä?¹4Ì¶&, ǀ��ơ

:=!. AhFgÄǟǉä?¹4OfJ&- Fe3+(Td)�9. Fe3+(Oh)'6*, 

Fe2+'·ĵ, I.S.,�p*�#% Q.S.�Î§�<�¸�ơ:=%�<�, Ah

Fgǉä?¹4OfJ&-, Fe3+(Td)�9. Fe3+(Oh), I.S.' Q.S.*Ǒ�<Ǒ

�-lÚ,�¸?Ũ�)�#!. �=-, AhFgǉä?¹4OfJ&-, 

Fe3+,D[hHkŖā�AhFgÄǟǉä?¹4OfJr9;6ƟǗ*Ïª�

<�'?Ũ�%�<. Q.S.,ŶÂ-·Ŭì&�<�: Fe3+»Â*Ǆ��<ǅŽ

,ßŪþ,Ïª-·Ŭì'�<', »Â,Ïª*ß�%, Fe3+,D[hHk�

Ïª�<,?Ô�<ǕBEj�ÖÆ�<�'?Ũ�%�<. �,�'�:, A

hFgǉä?¹4OfJr&-, Fe3+»Â*AhFgǉä�ÖÆ�ǚƑ?Ɲ�

�%�<'Ɖ.:=<.  

� ĸ*, Fe�Ÿì*q.<ôǝ*$�%ĻƷ�<!5, Fig.4-22* Fe2+ǈ*ß

�<ŸìÏª', Fe3+(Td)ǈ*ß�<ŸìÏª?Ũ�. ǧű&ƹ/!AhFg

ǉä?¹4OfJ,Ì¶6, ģű&ƹ/!AhFgÄǟǉä?¹4OfJ,Ì

¶6, Ÿì- Fe2+,Î§*�#%ņã�, Fe3+(Td),Î§*ß�%Î§�%�

<. �,�'�:, ǅŽ¡Å,Ïª�Ÿì*q.<ôǝ-, ǅŽ¡Å,Ïª*

9;Fe,ǅªǂ�ëƘ�N^X�<!5*Ś�%�;, Fe2+-NWM'�%Ÿ

ì?p�, Fe3+(Td)-NWF'�%Ÿì?oė��<'Ʀ.<. �Ö,AhFg

ǉä¯.AhFgÄǟǉä�ŝ)<Ì¶*6, Fe2+/Fe3+(Td),ëƘǑ�?�:

��'&, Ÿì,Ïª*ôǝ?¯1�%�<�'�¡�#!.  

 ğ÷*, �Ö�<AhFgǉä¯.AhFgÄǟǉä�Ÿì*q.<¨ĩ?

ĘŦ*�<!5,  Fig.4-23*ǅŽ¡Å,Ǣ� 3Ő, Fe2+/Total-FeĻ,�?š

ƆƸ��%Ľ5!�/% Fe3+'ÿÚ�!Ì¶,Ÿì', ¹2=<AhFgǉä
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¯.AhFgÄǟǉä,BEj¬ö,Ǒ�?Ũ�!(4-10).  ,Ɓĩ, Fe3+'�

Ú�!Ì¶,Ÿì-, �Ö�<AhFgǉäBEj¯.AhFgÄǟǉäBE

j,BEj¬ö'Ə�ŢǑ��;, AhFgǉä,Ì¶'AhFgÄǟǉä,

Ì¶&ŝ)<��,šƆ?±<�'�¡�#!. 
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� �    Fig.4-18 Dependence of partial oxygen pressure on viscosity of  

� �    30R2O-60SiO2-10Fe2O3(mol%)(R=Li, Na, K) melt and  

� �    30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba) melt. 
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� � � � � � � �

         Fig.4-19 Partical oxygen pressure vs. viscosity change on 

         30R2O-60SiO2-10Fe2O3 (mol%) (R=Li, Na, K) melt and     

         30RO-60SiO2-10Fe2O3 (mol%) (R=Ca, Sr, Ba)� melt. 

 

� �

(a)                                 (b) 

Fig.4-20 Effect of oxygen partial pressure on (a) Fe2+/Total-Fe ratio and (b) 

Fe3+(Td)/Total-Fe ratio of 30R2O-60SiO2-10Fe2O3(mol%)(R=Li, Na, K) melt 

and 30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba)� melt. 
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                  (a)                             (b)�

Fig.4-21 Comparison of  a relationship between I.S. and Q.S. on Mössbauer 

analysis at (a) 30R2O-60SiO2-10Fe2O3� (mol%)(R=Li, Na, K) melt and (b) 

30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba)� melt. 

�

�

(a)                                 (b) 

Fig.4-22 Comparison of a relationship between effect of Fe2+/total-Fe and 

Fe3+(Td)/total-Fe on the viscosity of (a) 30R2O-60SiO2-10Fe2O3(mol%) (R=Li, 

Na, K) melt and (b) 30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba) melt. 
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�

�

� � � � � � � �

� �    Fig.4-23 Effect of Fe2+/total-Fe and Fe3+(Td)/total-Fe on the  

       viscosity of 30R2O-60SiO2-10Fe2O3(mol%)(R=Li, Na, K) melt  

       and 30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba) melt. 
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D�D� 48 

� 30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba)ƕ�,ŸìňÚ?Ɩ�, ���

fO?dO\CA¡Ĩ*9;ƤĨ?Ɩ#!. §.%, AhFgǉä,Ì¶'Ļ

Ʒ?Ɩ#!Ɓĩ, �p*Ũ�ţơ?ø!. 

� 30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba)ƕ�,Ÿìŕþ'�%, Ÿìň

Ú,Ɓĩ, Ÿì-, AhFgÄǟǉäBEj,BEj¬ö�Ò��)<*$=

%Î§�<�'�>�#!. Ÿì,Ïª?Ĵƾ,Ïª�:ƉÞ�<!5, Ǌ,

dO\CA?Ɩ#!. dO\CA¡Ĩ,Ɓĩ�:, Fe2+¥¶-, ǅŽ¡Å��

�0(Î§�, AhFgBEj,BEj¬ö�â��0(Î§�<�'�Ę:

�')#!. 2!,dO\CA¡Ĩ&ø:=! I.S.¯. Q.S.,Ïª�:,Fe2+-,

»Â,ßŪþ*ñ�ôǝ?²�<�'�:, ƍŜBEj&�;,Fe3+-Ǆ�Ĵ

ƾ?ĉ$�'?Ũ�!. 

2!, ǅŽ¡Å*ß�< Fe2+/Fe3+Ļ,ƉÞ�:, Fe2+- Fe3+(Td)', �p,

(4-4)î&ƙ�=<ëƘǑ���<�'?Ũ�!. 

4!"!! + 14!!! + !! = 4 !"!!(!") !! !					(4-4) 

Fe2+, Fe3+�Ÿì*q.<ôǝ*$�%, Fe2+-, NWM'�%Ċ<Ǝ��'&,

Ÿì?�p��<�', Fe3+-Ǆ�Đ*9;Ċ<Ǝ��ŝ); Fe3+(Td)- 

NWF '�%Ċ<Ǝ�, Ÿì?Î§��<�, Fe3+(Oh)- NWM '�%Ċ<Ǝ

�, Ÿì?�p��<�'?Ę:�*�!. �=*9;, Fe3+(Td)� NWF'�

%Ċ<Ǝ��'&, Fe3+(Td)»Â*ǚƑ?Ɲ��<!5,ǕBEj,ÖÆ�û

Ơ'�=<�'�Ũ½�=!. 

� 2!, ŋƕ�r,ſă,ôǝ*$�%, ŝ)<AhFgǉä?¹4Ì¶,Ÿ

ì,ĻƷ?Ɩ�, Ÿì�AhFgǉä,BEj¬ö'Ə�Ļ�Ǒ�*�<�'
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?Ũ�,BEj¬ö�Ò��0(, Ÿì�Ò��, 2!AhFgǉä,BEj¬

ö,â��0(, Fe2O3�ÖÆ�<Ì¶,ŸìÏª�Ò���'?Ũ�!. 

 ğ÷*, AhFgǉä?¹4Ì¶',ĻƷ�:ĻƷ?Ɩ#!Ɓĩ, AhFg

ǉä?¹4OfJ,ŸìÏª-ſă*ĎĀ&�;, ǙÂļ,ôǝ-Ţßş*â

���, AhFgÄǟǉä?¹4OfJ,ŸìÏª-, ſăÏª'·Ŭì*Ǚ

Âļ,ôǝ?²�<�'?Ũ�!. 2!, Ǌ,»ÂĴƾ*$�%, AhFgǉ

ä&-, Fe3+,»Â*, »Â,Ïª*ß�%, Fe3+,D[hHk�Ïª�<,?

Ô�<ǕBEj�ÖÆ�<�'?Ũ�!.  �%, �Ö�<AhFgǉäBE

j¯.AhFgÄǟǉäBEj,BEj¬ö'Ə�ŢǑ��;, AhFgǉä

,Ì¶'AhFgÄǟǉä,Ì¶&ŝ)<��,šƆ?±<�'?Ę:�*�

!. 

 

�

� �
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�5(/�

4-1  ŲyƐÓ: “LjIgkXƅƢ”, ąƗĝǓ, Ħz, (1998) 

4-2  �Ǉ­Ď: “dO\CAk¡�×”, ×� œQjSk, Ħz, (1996) 

4-3  D.B.Dingwell: American Mineralogist, vol.76, (1991), p.1560 

4-4  ł³ÙÓ, ëæĜÕ: Ėģ¡�×�ňÚľNgkP 17 “fcj¡�ľ”,  

 ×� œQjSk, Ħz, (1988)  
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0F/� SiO2-Fe2O3-Cs2O-(Al2O3,TiO2)26��1 �(; 

F−B� :8 

� Âó¸ȯαŌǾ�8ưƪ�:ŃÿīĘũƣ)®ƨ®°=ūǽ�:t$, Cs*

ȤǷ'£Ǔ$
:. Cs-137 *Àƍŕ 30.1 ē$	
 Ĉì�, Ba-137m %'9

662keV )�ǖ=Ń¯�:. Àƍŕ� 30.1 ē%Ʒ4$
:�%%, �ǖ)BY

kFq�ɂ��%�8, Ǳ+�Ƒ%�#ƃĬ�ſ48;:. 1�, Cs *>kD

jȦă$
:�%�8ŽƓī)ɂ�¾Ëƣ�ð��%, �8(yǷ¾Ëƣ)Ǩ

żß���%��īȉ=ĸ"�%'&(79, äǾ®°6¹ơ®ƨŐ(Ôȼ%

':. �8(, Cs*U)ť°ǲ(��ť°ǲƪĭƣ%�#)ÄƦ�ñ���4, 

�)ť°ǲƪĭƣ)ƪĭėË�)Ĺű%�#ƫ�8;:. �)7�'īȉ�8, 

Cs *ŃÿīĘũƣ6ƾćǇrÂó¸ưȷĮ�ń(��ŃÿǛƀŢáå�8ư

ƪ�:Ęũƣ=®ƨp®°�:ȵ(Ĩ�Ôȼ%�;:£Ǔ$
:.  

� ���'�8, áźx)CsƗė* 3ppmǁė$
9, 
19ĉŭƱ(�ƫ�

;#�:£Ǔ$*'��4, äǾƩêÑȐ)Þí%)ÏǜƵ6¹ơ®ƨŐ)ł

ư, 
:�*Ǿ�-w
:ĞȺ'&, Cs (ȯ�:ƶǸ*ȸď(Ă'�. Ƥ(, 

ȿƚx)£ǓƗė)ĿƏ, Ǳ+�Ƒ%':Ǿ�)ƀŢ)ĳ³, �)ť°ǲƪĭ

ƣƗėĿø=ÇǛ(�:�4)®ƨ(��ǀǭƦ)ǿ�%�!�ǹƞ�8, Cs

)łư*ȤǷ'Ƥī$
:. Ƨà, ƾć=xħ%��ŃÿǛƀŢáå)ƩêÙ

ĥ=ƲƱ%�#, Cs=Î3ŃÿīĘũƣ)ƓǬ®ƨ(ȯ�:ƸǄ�γ48;#

�:(5-1).  

� ƠÁƚ, Þí, JnGjqU'&)Ęũƣ(ý�#, ƓǬ®ƨ*œƫ'įŹ

$
:. ƓǬ®ƨ*EiMÝ¾6NfnUÝ¾%*Ư'9, Ęũƣ�ï)řŉ

=ƌ¹��, ĘũƣǞȌ=ƓǬ�:�%�8Ęũƣȥ=ë6��%�'�, Ɠ
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¯ī)��MiH%�#®°Ő)ƩêĞȺ=�ƍ$�:. �)�4, ƠÁƚ'

&=ýȆ( , ĕ��ƫ�;#�:Ęũƣ®ƨŋƁ$
: . ���'�8 , 

1500�ǁė(¹ơ�, ɂƎ)MiH=İ��%�8, ƖàƱ(MiH)Ɣƅ(

7:ƙƛ6ǳǘ)vªËǈ(7:Ƣư'&)jMG�
:. ÷¨(®ƨ�ŭ=

ǭ��4(*, Ǝėǌƨ, º¶(7:ǔĭǌƨ�7,ǳǘ)fnSWnM=η

±(ǭ�ĨǷ�
:. �)�4(*, MiHǏė)ǔĭ, Ǝė�7,ȶÛż'

&(7:î¾)Ƥī=ĲŁ�:ĨǷ�
:(5-2).  

� ɇǆ$ƻ��7�(, >kDjKjIqUǬ�)Ǐė* Fig.5-1 (ƻ�7�

(@CnÀĠ%ŷ)ƴȯ�
9, @CnÀĠ)ñ��>kDj/&Ǐė�ɂ�

�%=ŏ8�(��. 1�, ȧ�©ô�:�%$Ǐė*�u�:�, Ǐė)�

uƦ5@CnÀĠ$Ňƨ�:�%�$�:�%=ƻ��. Fig.5-1(ƻ�7�(, 

ģ8;�Ƴǖ=rƞȬǖ$ƻ�#�: Cs )@CnÀĠ 1.7Å 1$ïĻ�:%, 

ȣ¾ȧ=Î3èË%Î1'�èË)Ǐė)��ȓȍ�:ÇǛī�
:�%�°

�:. 1�, ȧ=Î3>kDjKjIqUǬ�Ã,, >kDjÞȾKjIqU

Ǭ�$*, xȮȣ¾ƣ$
: Fe3+(Td)� NWF %�#ĺ:Ǡ�ȵ(, ȷǦǴ¡

)�4>kDjȦă=Ľļ�:�%5ƻ��.  

� �)�%�8, ŗǆ$*, 30Cs2O-60SiO2-10Fe2O3(mol%)("�#, Ǐė)

ƏøÃ,ůȗ)Ǻş=ǭ�, ȣ¾ȧ=Î3>kDjKjIqU)Ǐė%>kD

jȦă£Ǔ)ȯ�= Cs(ķě�:%%5(, Cs)łư=³Ĥ�:ƲƱ$ǇɈ

£Ǔ%�#xȮȣ¾ƣ=ƌ¹�� SiO2-Fe2O3-Cs2O-(Al2O3,TiO2)ǐØ£ǐMi

HǬ�("�#ǏėƏø=ǭ�, ȷǦǴ¡(7: Cs Ľļ»Š=ŏ8�(�:

�%=Ȁ2�.  
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� Fig.5-1 Effect of cationic radius on the viscosity of 30R2O-60SiO2-10Fe2O3  

  and 33.3R2O-66.6SiO2 (mol%)  (R=Li,Na,K) melts. 
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F−C� �A%* 

F−C−B� 1 �,� 

F�C�B�B� 9$��7 

� ǏėƏøƫ)MiH)²ŕǔĭ=Table 5-1(ƻ�. MiH)ȃŇ(*, SiO2, 

Fe2O3, Al2O3�7, TiO2(*ȣ¾ƣ=, Cs(*Ɲȣé(Cs2CO3)=ƫ��. ��

;5ƤǒȀǫ=�ƫ��. 1�, Ȁǫ=Įø)·Ë(ƿȥ�, }ȩ=ƫ�#¿

°(ƋË��. ģ8;�ƋËǎŖ= Pt kRc(§;, ȷżĵĴƜ=ƫ�#

1873K )ñżx$ 30 °ȮƓǬ��ġ(, ȪŞt(Ƈ�¯�#Ī­��. �)

Ű(�ǵ��\kG�=ǎƹ��5)=ǏėƏøƫȀŉ%�#ƫ��.  

  

 

Table 5-1� Initial composition of SiO2-Fe2O3-Cs2O-(Al2O3,TiO2) slag (mol%)  

Sample Cs2O SiO2 FeO1.5 AlO1.5 TiO2 Cs2O/SiO2 

CsS 33.3 66.7    0.5 

F10 30.0 60.0 10.0   0.5 

A10 30.0 60.0  10.0  0.5 

T10 30.0 60.0   10.0 0.5 

F20 26.7 53.3 20.0   0.5 

F10A10 26.7 53.3 10.0 10.0  0.5 

F10T10 26.7 53.3 10.0  10.0 0.5 
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F�C�B�C� ,�"@ 

� ǏėƏø(*, Pt-20Rh =JnPGUdSj>k%��ñżȶÛżƫ)ïǉ

Ùȍę)ǏėƏøǳǘ=ƫ��. ǏėƏøŐ)ś�= Table 5-2 (, �ƫ��

ǳǘ)ŮƮÜ= Fig.5-2(ƻ�.  

� ǏėƏøƫȀŉǎŖ= Pt-20Rhǵ)kRc(§;#Ɯ«(Ǿǘ��ġ, 1873

ɋ1$ŎƎ�, 1873K $ 90min.�ĸ�:�%$, Ǭ�)÷ø¾=ǭ!�.mQ

V)ƉƕƊ�*, 10.0mm%��.  ǏėƏø*, ȱƎȜǁ(��# 25K)Ȯȴ

$ÊǾøƎė(Ǒ 20min�ĸ��ġ, 3Ùǭ�, 3Ù)Əøȷ�ċ)Ēâ�=�

)Ǝė)Əø�%��. �)ȷ�ċ=
8��4�ĭ�#���ūȥǖ)ę(

�§�#Ǹľ�)Ǐė=ſ4�ġ, ÊƎė(��: Pt-20RhǵkRc�7,m

QV)ơǝě(7:ĞȺ=Ǵŷ�#Ǐė%�� . �)ġ , ¬,Ɯ)Ǝė=

1873K1$tŎ��, ǏėƏøġȀŉ=ȪŞt(Ƈ�¯�, Ī­=ǭ!�.  

 

Table 5-2 Experimental conditions for viscosity measurement 

Atmosphere Air 

Temperature range 1673K	1873K (25K) 

Sample weight 40g 

Contact Material Pt-20Rh 

Revolution speed 60rpm 

Immersion depth 10.0mm 

Distance between bob and crucible 10mm 

(bob:φ10mm, crucible: φ28mmID) 
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Fig.5-2 Schematic illustration of the apparatus for viscosity measurement. 

      (a) Detail of differential transformer for viscosity measurement. 

      (b) Dimension of the crucible and the bob for viscosity measurement. 
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F−C−C� �
��	,� 

F�C�C�B� 9$��7 

� ŗƸǄ$*, ƓǬ�)ůȗ=Ǻş�:�4)Ȁŉ%�#EiMȀŉ=ƫ��. 

ůȗǺşƫ)Ȁŉ*, ǏėƏø=ǭ!�ś�%Ì�ś�$, 4ŐȮƓǬ��Mi

H=, ȪŞt$Ī­�:�%(7!#�ǵ��. PnHMSnDq\@Vǵ)

}ȩ=ƫ�#ǎƹ��EiMȀŉƿȥ�, Ȁŉǰ)ȹǃ(ý�#, Fe Ɨė�

11mg/cm2ǁė(':7�(ȃŇ�þ§��5)=, fM\A>°ş(ƫ��.  

 

F�C�C�C� ,�"@ 

� fM\A>Əø(*, Pd (Ķĸ�� 57Co ǖƑ=ƫ��. ǖƑ)ǀ½Ȗė*, 

-4.5~4.5mm/s)ǍÛ(Ǿø��. Ŵ×ÑÛ)ȨȟǪ=Å9Ȳ��ġ, ǳǘ(Ȁ

ŉ=NQU��. ȔȜĠ*�12mm %��. ǳǘ(Ȁŉ=Ǿǘ��ġ(, 57Fe

�Ń¯�: 14.4keV)�ǖ�ȔȜ�#�:�%Ã,, 14.4keV�ï)BYkF

q)�ǖ)ū¯�'��%=ƺȂ�, ū¯×)ū¯BYkFqĐ)ȃŇ=ǭ!

�. ÌŐ(, ū¯×)ņ
ǧ%�ŐȮ�ǳǘ)ǾøǍÛ«$
:�%=ƺȂ�

�. ȨȟǪ=ǭ!�ġ, Ǽņ��Ǒ 30s�tƺ�$�:7�ƏøŐȮ=ȃŇ�

Əø=ǭ!�. Ȗė�(ȯ�#*, øŕƱ(�Fe Ǌ)Əø=ǭ�, ģ8;�]

qG=�Fe)Ȗė�%�:�%$, Ȁŉ)ȖėȎ=Ťŷ��. 
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F−D� 4&��5� 

F−D−B� SiO2-Fe2O3-Cs2O ��26��1 ���	
 +��3�!? 

� Fig.5-3(CsS, F10Ã, F20("�#Ǐė)Ǝė�ôī=ƻ�. Ǝė)ȓņ

(ý�#, Ǐė)ýņ*Ǣ�Ƴǖȯ�=ƻ��. �;*, Ǐė�ę(5-1)(ƻ�

>lXAMP@`)Ǝė�ôī=ƻ��%=ǯ�#�:.  

! = !"#$ !!
!" � ���������� (5-1) 

rǡ(, EiMȍǀƎė%Żȏ�#¿°ɂ�Ǝėå(��:ƥ�ƎėǍÛ$*, 

>lXAMP@`)Ǝė�ôī=ƻ��%*ƶ8;#�9 (5-3), 

Cs2O-SiO2-Fe2O3 (��#5ÌŰ)�Í�ģ8;:�%�°�!�. 1�, Ǐ

ė) 1673K	1873K$)î¾Đ* Log�$ 0.9ǁė$
9, ȣǓ°ß= 100	

10-12atm$î¾���èË)î¾Đ79ǥđñ��î¾Đ%'!�. 

� Fig.5-4 ( 1773K (��:Ǐė)ȧƗė(ý�:î¾=ƻ�. Ü79, ȧ)

Îœȥ�ë
:(Ģ!#, Ǐė�tŎ�:�Í�Ǹ8;�. �;*,ɇǆÃ,Ɉ

ǆ$İ!�>kDjȦăÃ,>kDjÞȾ)èË%Ư':�Í$
:. Fig5-1

(ƻ��R2O-SiO2Ǐė)ýņÃ,R2O-SiO2-Fe2O3$ Fe=¨# Fe3+%�ø�

�èË)Ǐė)ýņ)Ü=, RɊCs)èË=Î4#ķě��Ü= Fig5-5(ƻ�. 

Cs2O-SiO2)Ǐė*, R2O-SiO2ɄR=Li, Na, KɅ)Ǐė)ýņ�8ſ4�ȑ�Ƴ

ǖtɄƞǖɅ(
9, Li�8 Cs("�# R2O-SiO2)Ǐė)ýņ*, >kDj

Ȧă@Cn)@CnÀĠ)ë¹(�!#, ë¹�:�%�°�!�. rŋ$, 

R2O-SiO2-Fe2O3$ Fe=¨# Fe3+%�ø��èË)Ǐė)ýņ(ȯ�#, R=

Cs%��èË)Ǐė)ýņ*, R2O-SiO2-Fe2O3ɄR=Li, Na, KɅ)Ǐė�8~

ƏɄrƞȬǖɅ�;:�795ā���%'!�. ���'�8, Cs=Î3Ɉ
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"(R=Li, Na, K, Cs))TqP=ƫ��èË)Ǐė)ýņ%>kDjȦă@Cn

)ÀĠ)Ȯ)ƴȯ�ņ* R2=0.98$
9, Ǐė)ýņ%>kDjȦă@Cn)

ÀĠ(*ɂ�ŷ)ƴȯ(ùǖ)�Ǹ8;:. �)�%�8, R2O-SiO2-Fe2O3 )Ǐ

ė)ýņ(ȯ�#5, >kDjȦă@Cn)@CnÀĠ)ë¹(�!#,ë¹

�:%ǻ
: .��# , R2O-SiO2 )Ǐė)ýņ(��:ȑ�Ƴǖ%

R2O-SiO2-Fe2O3)Ǐė)ýņ(��:ȑ�Ƴǖ*, Cs@CnÀĠ$
: 1.7Å

795ā��ÀĠ$�ċ�#�9, Li, Na, K=Î3MiH$*, Fe=Î3ɇ£

ǐMiH)Ǐė*Ɇ£ǐMiH)Ǐė79�u�:�, Cs =Î3MiH$*

Fe =Î3ɇ£ǐMiH)Ǐė*Ɇ£ǐMiH)Ǐė795tŎ�:�%�°

�!�.  

� Cs �ï)>kDjȦă=Î3MiH$*, Si-O-Si ǕË=>kDj�±Ŋ�

:�%$, Si )ȤËė��u�Ǐė��u�:. ɇǆÃ,Ɉǆ$ƻ��7�(

ȧ=Î3 3 £ǐMiH(��#*, Fe2+* NWM %�#ĺ:Ǡ��4, Ǐė�

�u�, Fe3+(Td)* NWF %�#ĺ:Ǡ��4Ǐė�tŎ�:. Fe3+(Td)�

NWF%�#ĺ:Ǡ�ȵ)ǏėtŎ*, NWF%�#ȤËė=t�:ğ·=Š�

��%)�(, NWM $
:>kDjȦă=ȷǦǴ¡@Cn%�#Ľļ�:M

DanLgq%�# ��%$, NWM=ƍĂ��:�4(ƪ�:%Ǚ
8;, 

��;5Ǐė)tŎ(ûw�#�:5)%Ŀø�;:. �'< , F10$ Fe�

ôà�:(5ȯ<8�, Cs2O-SiO2%Ǐė�Ìǁė$
!�ƨƭ%�#, F10$

* Si )ȤËė=u�: NWM $
: Cs+= Fe3+(Td)�ȷǦǴ¡@Cn%�#

Ľļ�:�%% Fe3+(Td)� Si %©ȤË���4(ƪ�:Ǐė)tŎ%, Fe2+�

Ã, Fe3+(Oh)� NWM%�# Si)ȤËė=u�:�%$ƪ�:Ǐė)�u�

Ìǁė$
!��4%Ǚ
8;:. F20$*, Fe)ȥ�ë¹���4, NWF$
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: Fe3+(Td))ȥ5ë¹�, Si%)©ȤË�ë¹���%$Ǐė�ë¹��%

Ǚ
8;:.  

� Fig.5-6 ( , Cs2O-SiO2 ( Fe, Al, Ti = 5mol% ƌ ¹ � � è Ë %

Cs2O-SiO2-5Fe2O3( Fe, Al�7, Ti= 5mol%ƌ¹��èË) 1773K(��

:Ǐė= Fe, Al�7, Ti)@CnÀĠ=ŲȎ%�#ƻ�. 1�, Fig.5-7(, Ǐ

ė)ýņ)ċ%Fe, Al�7,Ti)@CnÀĠ)ȯ�=ƻ�. '�, Ǐė)ýņ

)ċ*, Cs2O-SiO2 ( Fe, Al �7, Ti = 5mol%ƌ¹��èË)Ǐė%

Cs2O-SiO2)Ǐė)ċ, �7,Cs2O-SiO2-5Fe2O3(Fe, Al�7,Ti= 5mol%

ƌ¹��èË)Ǐė% Cs2O-SiO2-5Fe2O3 )Ǐė)ċ=ƻ�#�:. 1�, @

CnÀĠ*, R.D.Shannon �çÐ�#�: 3 �ɈȢ�)�=ƫ�#�:(5-4).�

Fig.5-6 79, Ǐė*@CnÀĠ%ȇ)ƴȯ�28;, @CnÀĠ)ā�� Al

$ǘŀ��èË(*Ǐė�ɂ�'9, @CnÀĠ�ñ�� Ti $ǘŀ��èË

(*Ǐė���':�%�°�!�. 1�, Fig.5-779, Fe�©ô�:èË%

©ô�'�èË$*, Fe�©ô�:èË(Ǐė�ɂ�'!#�:�%�°�!

�.  
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   Fig.5-3 Temperature dependence of the viscosity for the Cs2O-SiO2 slag  

   and Cs2O-SiO2-Fe2O3 slag. 

 

 

 

� � � � � � � Fig.5-4 Effect of Fe concentration on viscosity. 
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Fig.5-5 Effect of cationic radius on the viscosity of 

   30R2O-60SiO2-10Fe2O3(mol%) (R=Li, Na, K, Cs) melt  

   and 33.3R2O-66.6SiO2 (mol%) (R=Li, Na, K, Cs) melt. 

 

 

Fig.5-6 Effect of cationic radius on the viscosity of 

            SiO2-Fe2O3-Cs2O-(Al2O3,TiO2) melts. 
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   Fig.5-7 Difference of viscosity of SiO2-Fe2O3-Cs2O-(Al2O3,TiO2) melts  

   by adding intermediate oxide. 
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F−D−C� >')<3-  

� Si )ȤËė�Ǐė(Ã0�ĞȺ=ŏ8�(�:�4idn°¥°ş=ǭ�, 

Si )ȤËė=ǯ�ȸšųȣǓ(NBO)Ɨė=ſ4�. Fig.5-8 ( Cs2O-SiO2 Ã,

Cs2O-SiO2-MxOy (M=Al, Fe, Ti))idnMbGUk=ƻ�.  

� ȊïÏÄMbGUk)ƏøǕŠ6ȷóȽĦφ(7:ǹüǕŠ%)Żȏ(5-4),(5-5)

�8, 800~1200cm-1Ȼå(Ƨ;:I@ȣéEiM)Êidn]qG*, Si-O�Ǘ

ĺ½(Ďă�:�%�ƶ8;#�:(5-6). Ê]qG*, MiHx) BO = n �œ

�: SiO4Øȹ� Qn(ȋÚ�:. 850	870cm-1�ȑ)]qG* Q0, 900	920cm-1

�ȑ)]qG* Q1, 950	970cm-1�ȑ)]qG* Q2, 1050	1100cm-1�ȑ)]

qG*Q3(, 1065, 1200 cm-1�ȑ)]qG*Q4(Ďă�:�%�ƶ8;#�9, 

�;�;)]qGȹǃ�8Ê SiO4 hXQU)ôà·Ë=Ŀø�:�%�¯Ŝ

:.  

� Fig.5-8 79, Cs2O-SiO2 )MbGUk%Żȏ�#, Fe =Î3MiH$*, 

920cm-1�ȑ(, Ti=Î3MiH$* 890cm-1�ȑ(ñ�']qG�Ǹ8;:�

%�°�!�. 1�, Fe�7, Ti=Î3MiH) 1100 cm-1�ȑ)]qG("

�#5, Cs2O-SiO2)MbGUk%Żȏ�#ɂƂņ�-)K^U�Ǹ8;�. Ti

) 890cm-1�ȑ)]qG*, Ti4+) Ti-Oĺ½$
9(5-7), Fe) 920cm−1�ȑ)]q

G* Fe3+(Td) (5-8)%)çÐ�
:. �;8% SiO4Øȹ�=ǯ� Q0	Q4)]qG

=EAMȯņ$^?QS?nH�#ſ4�]qGȹǃ=£(, Si Âó(ý�:

NBO·Ë$
: NBO/Si=ſ4�.  

� Fig.5-9 ( Cs2O-SiO2-xFe2O3) NBO/Si %Ǐė)ýņ)ȯ�ɄĊȎɅÃ,

NBO/Si% FeƗė)ȯ�ɄÉȎɅ=ƻ�. Ü79, NBO/Si)ë¹(�!#, Ǐ

ė*ë¹�:�, NBO/Si* FeƗė�ɂ�/&ɂ��%�°�!�.  
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� >kDjKjIqUx)NBO)Ēâ�*>kDjȦă%Si)molŻ�8Ǽ

ǋ$�: (5-9). ŗƸǄ(��: Fe=Î1'�èË(*, Cs2O/SiO2=0.5$
:

�4, ƨȄt)NBO/Si*1%':. ���, Fig.5-10(ƻ�7�(, Cs2O-SiO2

)NBO/Si* 1.3$
9, ƨȄ�795NBO�ð��%(':. �;*, Cs�, 

ȣǓ@Cn)ÀĠ%Cs)@CnÀĠ=ƫ�#Ǽǋ�:%ǅȮƱ( 12�Ȣ��

:�%�$�:(5-10)/&ñ�'@CnÀĠ=ĸ"�%�%�8, Cs��)>k

Dj@Cn)èË795, ð�) NBO (©œ�;:�%�ÇǛ$
:�4%

Ǚ
8;:.  Fe=ƌ¹�:�%$ NBO�ë
:ƨƭ*, Cs+, Fe2+, Fe3+(Oh)

� NWM %�#ôà�:�%$, Fe3+(Td)�ȷǦǴ¡)�4(ȳ@Cn=Ľļ

�ƍĂ�:ȥ=ċ�Ě�#5, ǕŠƱ( NWM )ȥ�ë¹���4, NBO/Si

�ë¹��%Ǚ
8;:. Ǐė�NBO/Si)ë¹(7!#tŎ�#�:ÂÚ*, 

Fe3+(Td)� NWF%�#ĺ:Ǡ��%$, NWF� Si% Fe3+(Td))ɆǂȾôà

�, ©ȤË�:�%$, Si )ȤËė�u�!#5, MiH¨�)ȤËė�t�

!��4%Ǚ
8;:.   

� Fig.5-10(, Cs2O-SiO2( Fe, Al�7, Ti= 5mol%ƌ¹��èË)NBO/Si

%Ǐė)ýņ)ȯ�=ƻ� .Üx)ƞǖÃ,rƞȬǖ* , aqM%':

Cs2O-SiO2)ǏėÃ,NBO/Si=ƻ�#�:. Cs2O-SiO2(xȮȣ¾ƣ=ƌ¹�

�èË, @CnÀĠ�ñ��/& NBO/Si �ð��%�°�!�. Cs2O-SiO2

) NBO =æƒ(Ǚ
:%, Al =ƌ¹��èË)2, rƞȬǖ)Ċ�(�ǘ�

#�9, NBO�ƍĂ���%=ƻ�#�:. 1�, NBO/Si�ð�èË(, Ǐė

����%5°�:. xȮȣ¾ƣ=ƌ¹��ȵ) NBO/Si )î¾("�#Ǚü

�:. Al3+*, ȣǓ 4Ȣ�ůȗɄAl3+(Td)Ʌ%ȣǓ 6Ȣ�ůȗɄAl3+(Oh)Ʌ=Å

:�%�$�:. Al3+(Td)* Si%ǘŀ�:NWF$
9, Al3+(Oh)*NWM$
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:. Al)Ȣ�ņ*©ô�: NWF)ĞȺ=Ĝ�Æ�:%�;, Al2O3/(R2O, RO) < 

1)ǍÛ)>keZKjIqU(��#, Al3+* Si4+795¢¤Ʊ(ȣǓɈȢ�

ůȗ=%:�%�çÐ�;#�:(5-11). ŗƸǄ$5 Al2O3/Cs2O < 1 $
:�4

Al3+* AlO4ůȗ%'9, NWF %�#ĺ:Ǡ�%Ǚ
8;:. ¹
#, ȷǦǴ¡

)�4 NWM$
: Cs+=Ľļ� NWM=ƍĂ����4, NBO/Si�ƍĂ��

%Ǚ
8;:. �)�4, NBO�ƍĂ�, Ǐė�tŎ��5)%Ǚ
8;:.  

� Fe =ƌ¹��èË*, ƌ¹�'�èË%/0ÌŰ)Ǐī$
!�. �;*, 

Si)ȤËė=u�:�4(�ƫ�;: Cs+= Fe3+(Td)�ȷǦǴ¡@Cn%�#

Ľļ�:�%Ã, Fe3+(Td)� Si%©ȤË���4(ƪ�:Ǐė)tŎ%, Fe2+�

Ã, Fe3+(Oh)� NWM%�# Si)ȤËė=u�:�%$ƪ�:Ǐė)�u�

Ìǁė$
!��4%Ǚ
8;:. 

� Ti=ƌ¹��èË(*, NBO/SiÃ,Ǐė)�u�28;�. Ti*, Ti3+% Ti4+

�ôà�, Ti4+* 4Ȣ�% 6Ȣ�=%:%Ǚ
8;#�:. EiMx$* Ti4+)

÷øī�ɂ��%�ƶ8;#�9, ŗƸǄ$*ñżȶÛż$ƓǬ�#�9, ȣ

Ǔ°ß�ɂ�ś�$
:�8ȣ¾ņ)ɂ� Ti4+$ôà�#�:%Ǚ
8;:

(5-12). 1�, Ti4+* CaO-SiO2-TiO2MiHx)ȷż�Āė)ƏøǕŠ�8, Ýø¾

�;#�:ȣǓ 4Ȣ�ůȗ%ǀ½ÇǛ'ȳ@Cn$
:ȣǓ 6Ȣ�ůȗ�
:

·Ë$ôà�#�:%Ǚ
8;#�:. �)�%�8, Ti=¹
:�%$ȣǓ 6

Ȣ�ůȗ) Ti4+@Cn�ôà�, NWM%�#ĺ:Ǡ��%$ NBO/Si��u�

�%Ǚ
8;:. ǕŠ%�#, Ǐė5ƍĂ��%Ǚ
8;:.  

 Fig.5-11 (, Cs2O-SiO2-5Fe2O3( Fe, Al Ã, Ti = 5mol%ƌ¹��èË)

NBO/Si %Ǐė)ýņ)ȯ�=ƻ��. Üx)ƞǖÃ,rƞȬǖ*, aqM%

': Cs2O-SiO2-5Fe2O3)ǏėÃ, NBO/Si =ƻ�#�:. Cs2O-SiO2-5Fe2O3
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(xȮȣ¾ƣ=ƌ¹��èË, @CnÀĠ�ñ��/& NBO/Si �Ă'��%

�°�!�. Cs2O-SiO2-5Fe2O3) NBO/Si=æƒ%�:%, Fe, Al�7, Ti=

ƌ¹����;)èË5rƞȬǖ)É�(
9 , xȮȣ¾ƣ)ƌ¹(7

9,NBO/Si �ë¹�#�:. Ǐė*, NBO/Si �ð�ŋ�, ɂ��Í=ƻ��. 

Cs2O-SiO2)èË%Żȏ�:%, @CnÀĠ% NBO/Si )ȯ�Ã, NBO/Si %

Ǐė)ȯ�%5(, ȓ)�Í=ƻ��.  �;*, xȮȣ¾ƣ�ȧ%©ô�:è

Ë(*, Si )ȤËė��$'�, Fe(Td)� NWF%�#©ȤË�:�%$Ǐė

=ë¹��#�:�%=ƻ�#�:. �)èË) Ti,% Al )ğ·("�#Ǚü

�:. Ti("�#*, EiM)ưǣ)ƸǄ(��#, Fe% Ti�©ô�:èË(

*, Fe3+(Td)(ȋÚ�:Ƕǣ)ưǣ�Ĝ�':�%�ƶ8;#�9, Ti-O-Fe(

7:5)%Ǚ
8;#�:(5-13). �)�%�8, Ti4+* Fe3+(Td)%ǕË�:�%

$, Fe3+(Td)% Si)©ȤË=Ȱú��5)%Ǚ
8;:. ǕŠ%�#, Ti% Fe

�©ô�:%, Ti4+) 6Ȣ�� NWM%�#ĺ:Ǡ��4, NBO/Si*ðĂë¹

�:5)), �)ë¹*�)xȮȣ¾ƣ�©ô�:èË%Ż.#ā��, �", 

Fe3+(Td)% Si)©ȤË=Ȱú�:�4(, Ǐė��u�:%Ǚ
8;:. Al*

©ô�:NWF)ĞȺ=Ĝ�Æ�:. Si%©ô�:èË(*, Si%©ȤË�#>

kDj=¢¤Ʊ(Ľļ�, Al3+(Td)%�#ôà�#��. ���'�8, Si, Fe

%��Ɇ")NWF%©ô�:�%$, ȣǓ 6Ȣ�ůȗ) Al3+�ë¹��%Ǚ


8;:. Al3+� NWM %�#ĺ:Ǡ��%$, Si ) Si-O ůȗ*±8;, 

NBO/Si *ë¹�:. ¹
#, MiHx( NWM �ë
��%$, Fe $*, 

NWM$
: Fe2+,Fe3+(Oh)�ƍĂ�, NWF$
: Fe3+(Td))·Ë�ë¹�, Si, 

Al%)©ȤË�ë
:%Ǚ
8;:. ǕŠ%�#,  Fe%Al�©ô�:�%$, 

NWM�ë
, Si)ȤËė�u�:(NBO/Si�ë
:)5)), Si, Al3+(Td), Fe3+ 
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(Td)%��ɇǂȾ) NWF �ȤË�:�4, Ǐė�tŎ�:%Ǚ
8;:. �

t)�%�8, Cs2O-SiO2-5Fe2O3(xȮȣ¾ƣ=ƌ¹��èË("�#*, x

Ȯȣ¾ƣ)ɇ�ɈȢ��Ǐė(ȯw�#�:�4, Si )ȤËė)2=ƻ�

NBO/Si%Ǐė)ȯ��ȓȍ��%Ǚ
8;:. Ti�ôà�:%, Fe3+(Td)%Ǖ

Ë�:�%$, Fe3+(Td)% Si)©ȤË=Ȱú�:�4, Ǐė�u�9, Al�ô

à�:%, 6Ȣ�)Al3+�NWM%�# �, NBO/Si=ë6�5)), Fe3+(Td), 

Al3+(Td), Si)ɇ") NWF�ȤË�:�4, Ǐė�t�:%Ǚ
8;:.  
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Fig.5-8 Raman spectra of CsS, F10, A10 and T10 quenched glasses. 

 

 

 
Fig.5-9 Relationship between NBO/Si and viscosity, and relationship 

   between NBO/Si and Fe concentration. 
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Fig.5-10 Effect of NBO/Si on viscosity of Cs2O-SiO2 melts added Al, Fe, Ti. 

 

 

 

Fig.5-11 Effect of NBO/Si on viscosity of SiO2-Fe2O3-Cs2O-(Al2O3,TiO2) 

melts. 
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F−D−D� =
���(; 

� SiO2-Fe2O3-Cs2O-(Al2O3,TiO2)ǐǬ�$*, NBO/Si�ë¹�:(5ȯ<8�, 

Ǐė�tŎ�:�%=ƻ��. �)ÂÚ%�#, xȮȣ¾ƣ) 3 � 4 Ȣ�)ǂ

�, NWF %�# Si %©ȤË�:�%$, MiH¨�)ȤËė�ë¹�#�:

�4%Ǚ
8;:. �)ȵ(, xȮȣ¾ƣ)ǔ2Ë<�$ Si%©ȤË�:£Ǔ

�Ư'9, Ti% Fe)©ôÃ, Fe)ǐ$*, Fe3+(Td)� Si%©ȤË�:. Ti*, 

Fe3+(Td)% Si)©ȤË=Ȱú�:. Al% Fe)©ôǐ$*, Fe3+(Td), Al3+(Td)

Ã, Si �©ȤË�:�4, "19, NWF %�#ĺ:Ǡ�£Ǔ)ņ�ë
:�

%$, Ǐė�tŎ�:�, 6Ȣ�)Al3+�NWM%':�4NBO/Si�ë¹�:. 

�;=ƺȂ�:�4, fM\A>Əø=ǭ�, Al � Fe %©ô�:èË)

Fe3+(Td)Ɨė("�#Żȏ=ǭ!�. fM\A>Əø)ǕŠ= Table 5-3 (ƻ

�. Al=Î3MiH$*, ¨ȧȥ(ý�: Fe3+(Td)* 56.64%$
9, Fe)2=

Î33£ǐ$*, 28.41Ƀ$
!�. MiH)ȧ)Îœȥ�Ư':�4, Fe3+(Td)

) Si(ý�:Ż=ǋ¯��. �)ǕŠ, Fe3+(Td))MiH¨�(ý�:Ɨė*, 

/0Ì�$
:�%�°�!�. �)�%�8, Al�Fe%©ô�:èË(Ǐė

�tŎ�:)*, y( Fe3+(Td), Al3+(Td)Ã, Si %�� NWF )ǂȾ)ņ�ë


:�4%ǻ
:.  
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Table 5-3�  Concentration of Fe2+ and Fe3+(Td) on SiO2-Fe2O3-Cs2O and 

SiO2-Fe2O3-Cs2O-Al2O3 melts. 

 

MiH 

NWM NWF 
Fe3+(Td)/Si 

[-] 
Fe2+ 

[%] 

Fe3+(Oh) 

[%] 

Fe3+(Td) 

[%] 

30Cs2O-60SiO2-10Fe2O3 5.42 66.17 28.41 0.0474 

30Cs2O-60SiO2-5Fe2O3-5Al2O3 15.03 28.33 56.64 0.0472 
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F−D−E� 6��(;� Cs
��������& 

� �;1$(, xȮȣ¾ƣ=Î3Ǭ�$*, ȳ@Cn)ȣǓ 4 Ȣ�ůȗ)ȷǦ

Ǵ¡=ǭ��4, Cs@Cn�xȮȣ¾ƣ)ÑÛ(Ľļ�;#�:�%=ƻ�#

��. ȅǻ$5Ȓ.�7�(, Cs*ť°ǲƪĭƣ)·Ë=ƻ��4(ȤǷ'Ĺ

ű$
:. �)�4, Cs=łư����"Ǐė=���"�%*ĘũƣƓǬ®

ƨ)÷¨ī=ƺ��:t$ȤǷ$
:. �)�%�8, ģ8;�ƶǸ=£(, 4

£ǐMiH(��: Cs )łưȥ�ƍ»Š=ƺȂ��. Fig.5-12 ( Fe/Si Ż%

Cs/SiŻ)ȯ�Ã, Fe/SiŻ%xȮȣ¾ƣ(IM))Ò/SiŻ)ȯ�=ƻ�. �)£

Ǔ%Żȏ�:�4, Cs2O-SiO2-10Fe2O3)ɇ£ǐ) Fe/SiŻ$*, FeƗė= 1/2

%��. Fig.5-12(a)(ƻ��ƞǖ*Cs2O-SiO2(��:Cs/SiŻ$
:. rƞȬ

ǖ*, ƓǬµ)ǔĭ) Fe/SiŻ=ƻ�. Fig5-12(b)(ƻ��rƞȬǖÃ,�ƞȬ

ǖ*, ƓǬµ)ǔĭ) Fe/SiŻÃ, IM)Ò/SiŻ=ƻ�. Fig.5-12(a)�8, Fe, 

Al, Ti�Î1;:��;)èË(��#5, ƞǖ)tȡ(�ǘ�#�9, Cs)

łư�ĳ³�;#�:. xȮȣ¾ƣ)ǂȾ$*, Al �Œ5łư)ĳ³»Š�ɂ

�, Fe, Ti$*Ìǁė$
!�. ŲȎ) Fe/SiŻ*, rƞȬǖ)Ċ�(°č�#

�9, Fe �²ŕǔĭ%�8.#, ƍĂ�#�:�%=ƻ�#�:. 1�, Cs/Si

Ż*, Fe/SiŻ���èË(���Í�Ǹ8;�. 1�, Fig.5-12(b)) IM/SiŻ

% Fe/Si Ż)ȯ��8 Ti, Al ) IM/Si Ż��ƞȬǖ)�ȑ(°č�#�9, 

Fe/SiŻ%Ë<�#Ǚ
:%, Al, Fe, Ti)x$*, Fe�łư�6���%Ã,, 

Al, Ti�Î1;:ǐ$*, Si�ƍĂ�#�:�%�°�:.  

� Fig.5-12(a)(b)=Ë<�#, Ǭ�)ůȗ%xȮȣ¾ƣ�ôà�:�%(7:

Cs@Cn)UiQ`»Š("�#Ǚü�:. Ti=Î3èË(*, Fe/Si)ƍĂ�

ñ��5)), IM/SiŻ*/0ƍĂ�#�'�. 1�, Fe/SiŻ)ƍĂ*, Fe)2
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)ǐ795ñ���, Cs/SiŻ*/0ÌŰ$
:. �)�%�8, Cs=Ľļ��

Fe3+(Td)% Ti�ǕË�:�%$, Ǭ�x(Ÿ9, NWM$
: Feǂ% Si�y

(łư�#�:%Ǚ
8;:. Al=Î3èË(*, Cs/SiŻÃ, Fe/SiŻ)ƍĂ

��)ǐ(Ż.#ĳ³�;#�:. �)�%*, Al=Î3MiH$*, Al3+(Td)

% Fe3+(Td))Ɇ") NWF�, ȷǦǴ¡@Cn=ĨǷ%�#�9, Cs+=�)ǐ

(Ż.#79ð�Ľļ�, łư=ĳ³�#�:%Ǚ
8;:. Cs)łưĳ³%

��ǹƞ�8*, Al�¢;#�:%ǻ
:.  

� Fig.5-13(, Cs/SiŻ%Ǐė)ȯ�=ƻ�. ƞǖ* Cs2O-SiO2(��: Cs/Si

Ż=ƻ�, rƞȬǖ* Cs2O-SiO2(��:Ǐė=ƻ�. ¤(Ȓ.�7�(, Al, 

Fe, Ti)��;)ǐ$5, Cs/SiŻ*ƞǖ795t(ôà�, Cs2O-SiO279 Cs

)łư�ĳ³�;#�:�%�°�:. ���'�8, Ǐė("�#*, Ti =

Î3èË)2rƞȬǖ)Ċ�(
9, Cs2O-SiO2 (��:Ǐė795��':

�%=ƻ�#�:. �)�%�8, Ti% Fe�©ô�:�%$, Cs)łư=ĳ


#Ǐė=u�:�%�$�:%���%�°�!�.  

� �t)�%�8, xȮȣ¾ƣ=Î3Ǭ�(��:Cs)łư*, Ǭ�)ůȗ%

Ĝ�ȯ��#�9, Ǭ�ůȗ(ȯ�:ƶǸ=ǩǃ�Ɔƫ�:�%$, ĘũƣƓ

Ǭ®ƨ)÷¨$»ƦƱ'țȍ(Ȉ�:�%�$�:%ǻ
:.  

 

 

 

�  
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      ɄaɅ                              (b)  

Fig.5-12 Effect of suppressing Cs volatilization by adding intermediate 

oxideɄaɅRelationship between Fe/Si and Cs/Si (b) Relationship between 

Fe/Si and Cs/Si. 

 

Fig.5-13 Relationship between viscosity of SiO2-Fe2O3-Cs2O-(Al2O3,TiO2) 

melts and Cs/Si. 
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F−E� 48 

� SiO2-Fe2O3-Cs2O-(Al2O3,TiO2)Ǭ�)ǏėƏø=ǭ�, �����=ƫ�#

fM\A>°şÃ,idn°ş(7:Ǻş=ǭ!�ǕŠ, �u(ƻ�ƶǸ=ģ

�. 

  ǏėƏø)ǕŠ�8, Ǐė)ýņ* 1673	1873K )ǍÛ$, Ǝė)ȓņ%

Ǣ�ȇ)ƴȯ�
9 , >lXAMã)Ǝė�ôī=ƻ��%�°�!� . 

30R2O-60SiO2-10Fe2O3(mol%)(��#, Cs*�)>kDjȦă)èË%Ư'

9, Fe)ƌ¹(79Ǐė�tŎ�:�%�ŏ8�%'!�. xȮȣ¾ƣ=ƌ¹

��èË)Ǐėî¾%�#, Cs2O-SiO2Ã, Cs2O-SiO2-5Fe2O3( Al, Fe, Ti=

ƌ¹��èË)Ǐė*, Al, Fe=ƌ¹��èË(*tŎ�, Ti=ƌ¹��èË

(*ƍĂ��. 1�, Ǐė)î¾*, ƌ¹��£Ǔ)@CnÀĠ%ƴȯ�Ǹ8

;�.  

ƌ¹��xȮȣ¾ƣ)MiHx$)ĺ:Ǡ�=ŏ8�(�:�4, idn°ş

(7: NBOƏø=ǭ�, SiɁŧ)î¾=ȃ.�. Cs2O-SiO2-Fe2O3)ɇ£ǐ(

��: Fe ("�#,  Fe =ë6�% NBO/Si �ë¹���, Fe3+(Td)� NWF

%�#ĺ:Ǡ��%$, Ǐė�tŎ�:�%�ŏ8�%'!�. 

� ƌ¹�:xȮȣ¾ƣ)ǂȾ(7:ĞȺ(ȯ�#, Cs2O-SiO2( Al, FeÃ, Ti

=ƌ¹��èË)NBO/Si*, @CnÀĠ�ñ��':(";#ƍĂ��.1�, 

NBO/Si)ƍĂ(��Ǐė)�u�Ǹ8;�. rŋ$, Cs2O-SiO2-5Fe2O3(Al, 

Fe �7, Ti =ƌ¹��èË) NBO/Si *, @CnÀĠ�ā��':(";#

ƍĂ�, Ǐė*tŎ��. �)�%�8, Fe )ôà)œƟ$�Í�ȓ(':�

%�°�!�. 1�, Ti)ğ·%�#, Ti*, Fe3+(Td)%ǕË�, Fe3+(Td)% Si

)ȤË=Ȱú�:�4, Ǐė)ë¹�ā��':�%=ƻ��. Al ) �=ŏ
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8�(�:�4(, fM\A>°ş=ǭ�, Fe)ůȗ=ȃ.�. Fe)2)èË

% Al% Fe�©ô�:èË$, MiH¨�%�#) Fe3+(Td)Ɨė*î¾�#�

8�, Al%Fe�©ô�:èË)Ǐė)tŎ*, Si, Al3+(Td)Ã,Fe3+(Td))ɇǂ

Ⱦ) NWF�ȤË�:�%(7:�%=ŏ8�(��.  

Œġ(, xȮȣ¾ƣ� NWF %�#ĺ:Ǡ�ȵ(, ȷǦǴ¡@Cn=Ľļ�:

�%= Cs)łưĳ³(ĩƫ�:�%=Ȁ2�. SiO2-Fe2O3-Cs2O-(Al2O3,TiO2)

) CsƗėî¾=ȃ.�ǕŠ, xȮȣ¾ƣ$
: Al, FeÃ, Ti�ôà�:�%

$, Cs)łư�ĳ³�;:�%=ŏ8�(��. łư)ĳ³»Š*Al)ƌ¹�

ñ���, Ǐė�tŎ�:�%�°�!�. Ti=ƌ¹��èË(*, Cs)łư

=ĳ³�:%%5(, Ǐė=u�:�%�$�:�%=ƻ��. ǕŠ%�#, 

xȮȣ¾ƣ=Î3Ǭ�(��: Cs )łư*, Ǭ�)ůȗ%Ĝ�ȯ��#�9, 

Ǭ�ůȗ(ȯ�:ƶǸ=ǩǃ�#Ɔƫ�:�%$, ĘũƣƓǬ®ƨ)÷¨$»

ƦƱ'țȍ(Ȉ�:�%�$�:�%=ŏ8�(��. 
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�+�'���� .  � , Fe3+(Td)�
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� ºô¹�� , 30RO-60SiO2-10Fe2O3(mol%)(R=Ca, Sr, Ba)ÉK�¼

{¤s+Ê� , �����������V��&(Ô��� . ¼{� , 

,>0=fòäy-/@�-/@\~�o	
�)��*�lY�)


��V��� . ,>0=4=3A8�b�� Fe2+]� Fe3+(Oh)�

NWM ��� , Fe3+(Td)� NWF ����)Æ�
�� , ¼{+m[�

���( , Fe2+Xa� , á¾Vg�JD]�-/@\~�w��,>

0=fò-/@�Tp�&(lY�) .  � , Fe2+� Fe3+(Td)�zÌ

êN$,>0=4=3A8�ka�b��	
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��V��� . ,>
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��V��� . B

� ,  ,>0=fòäy+c"5<2�¼{� , À�m[�bµ{�

ïe E�á¾Vg�m[�}ñ+`�)
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