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1.� ,��� 
1.1 äwĊĆ 
Í¬¾ûń6ş¨ª!�3Ä�klÿÒĺ$

 &é�%ah]äŦøã}(İbŧ%�.

$¶ľé�}(�Ňé�%Ěğśß6¤Ò�]äy�%ĖŘġœþ6P�4¼Ĳ�	4�śßr

"� &7J9IõòŦíŒxBAI8Fŧ}(ĐŒ�Ă
254��ĂklÿÒĺ&ħŢ¾%

µ
áùÏûń}(ánĮāÂû6�-îŤĐŒõò6�3Ä�x EHLA!	4�.é�%

ÚÏ"� ĥĐŒ¾$g5�<?LK<ŕ�;J:C8F}(>L>J�^Ă�5 
4���

52%ÚÏ%��>L>J&[÷´%7J9IíõòR$

 °ó!/ħŢ�4�Ħ¾�	4�

śß]ä&ŎŅØŘ$ëņ�5'å. ĎØŘ!	4��7J9Ilÿ¸%ĬŠ$&>L>J%

ħŢāÂû�VČ��ĥŢ¾$·š6}+��Ħ¾&�£!�#
�,��Öň%ďĕ$

 �

íĝ%�õŚ���
�ÚÏ&����íĝœ�»œ!	� /ÕŘ%Ğŏ""/$ÚÏ%éâ

Ćü¾�[P��4�"����5��¹Ü�º� ��txTŃ%ąāÛX	4
&Ō­f�

$ř�4čĳ&é�%ĥŢ¾Ħ$·š�4ŒxćĨ%æŊ�Ę¯Õ"�çŦÐ�ŧ!	4"
�

qÊ!	����>L>J$�
 &klÿÒĺ%é�%ah]ä%·š6��æŊ�tx�4

�Ħ¾/	4�.�ahðv%j§6ĉĵMđĿ�4�.$/ÅīĆčĳ6�º� 
�¼Ĳ�

	4� 
ÙTä!&��ĂklÿÒĺ!^Ă�5 �ēĥĐŒÚÏ%��ĄÚÉ�Ġ�Ã6æÂ�4>

L>J$�
 �øãMİb]ä$Z�śß]ä%·š6�� Ğ²txTŃŦħŢ}(íĝ�


xŧ�ā�4�"�Á½�54�"�2��]ä�>L>Jıé�%ĥŢ¾}(éâĆü¾[

P$}+�·š$ř�4ÖÐÅīĆčĳ6�ŝMĩĔ�4�"6ĊĆ"�4� 

 
1.2 Täj§ 
1.2.1 ħŢ$ř�4Ľţďĕę%¤Ò 
(a) ĽţįĢ%Îd 
>L>J�7J9Iõò$�2�5�%�$îŤĐŒõòR!^Ă�54��$��%Ā��

x�}+�>L>J%ĥŢ¾)%·š6Ô2�$�4�.�íŒxBAI8FR!7J9IħŢ

��ÛX!%>L>J%ĬŠćĨ%¾ý}(�5�íĝ��$Q�4·š6nÝ��7J9IĀ

�%ĬŠćĨ)%·š6ŀ*4�ê
!�7J9IħŢ¸$¤éĀ�6èÌ��ĐŒõòR!%

ħŢĽţ0Şìx Ľţ6Ī
�7J9IħŢ$}+�·š6đĿ�4Ľţ6¤Ò�4�Ľţ&

±Â 29²´�2±Â 32²´,!%Ũ²ķă!¤Ò�4S£!	4��OĹj§6¢ō�4�.
%ĽţįĢ6Îd��� 

 
(b) ±Â 29²´¤Òj§ 
� ĬŠćĨđĿĽţ 
íŒxBAI8Fõò$ñö�7J9Ilÿ6Ī��¸%>L>JĽţú6ı]��SdĽţ
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"� ĬŠ¾ý6nÝ� 7J9IlÿÛXŦ÷´�ó´�ÕŘęŧ"%ř`6ŀ*�� 
	 Şìx ü¾Ľţ 
OĹ%Ľţú6Ă
�Şìx Ľţ6SdĽţ"� ¤Ò��Şìx ü¾)%7J9Ilÿ

%·š6ŀ*�� 
� ħŢĽţ 
íŒxBAI8Fõò$ñö��7J9IlÿR%>L>J%ħŢĽţ6Ī
�7J9Ilÿ

¸%ħŢœ}(íĝ��œ)%·š6ŀ*�� 

 
1.2.2 íĝ�
x$ř�4Ľţďĕ%¤Ò 
(a) ĽţįĢ%Îd 
7J9IõòR$
�4>L>J%íĝ��Çv"�íĝ��¸%Õu$14éâĆü¾)%

·š6Ô2�$�4�.�íŒxBAI8FR!%>L>J%íĝ��Çv$�
 �ñöÛX

"��íĝœ"%ř`6nÝŀà��íĝ����¸%ÕuuÞ$14éâĆü¾)%·š6Ô

2�$�4�.%Ľţ6¤Ò�4�Ľţ&±Â 29²´�2±Â 32²´,!% 4²ķă!¤Ò�
4S£!	4��OĹj§6¢ō�4�.%ĽţįĢ6Îd��� 

 
(b) ±Â 29²´¤Òj§ 
� ��íĝœô£Ľţ 
íĝ��%·š6đĿ�4�.%ĽţįĢ}(íĝ��Õ%Ŕ®ĬŠ%ýÀ6ãĸ�4�.

%Şìx ĽţįĢ6Îd�4""/$�Îd��ĽţįĢ6Ă
 íĝ����Ľţú6ı]

��íĝ��œ%ô£6¤Ò���#
�Ľţú&Ĝ>L>J6Ă
4""/$�ëņ"� ¤

éċ¶%ĄÚÉ�Ġ�ÃÚ$©� /Ľţ6¤Ò��� 
	 éâĆü¾$}+�Õu%·šđĿĽţ 
OĹ%Ľţú6Ă
 �Õuq}(Õu¸%íĝ%Çv6ŀà�4""/$Õu$14éâĆ

ü¾6ô£�4�.%ĽţįĢ6Îd�4""/$�Õu%·šđĿ%�.%SdĽţ6¤Ò�

�� 

 
1.3 ¤Ò\p 
Ùäw&��ėďĕŗąïUÓÙ{�sďĕŗąéæŦWP��{�séæ�"Ĺ��ŧ¡hď

ĕ=L>N�¤Ò���ďĕäw¤ÒĤ&��* ¡hďĕ=L>N%ÙwĤ,�&iwĤ"��

{�s�Ē¯ ďĕ=L>N"ŋË� ¤Ò���{�s�Ē¯ ďĕ=L>N&�@N>%È

�6Ī�/%!�¡hďĕ=L>N�È���@N>%ãĻMļ_6Ī�/%!	4� 
ÙTä$`4ďĕķă�ĽţÑï}(�º��@N>%ŉÔ¾}(¥Ķ¾6ť.4�.$�¡

hďĕ��Y%P$ĺ�4{�séæW�%«Ŗ¦$14«ŖőY6ĺĢMŎ���×ŁĤŦ5
�ŧ�2%¿ĳ6|ģ"�4""/$ÅīĆcŠ�2%KDGN6����#
�«ŖőY6æ
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Â�4×ŁĤ%Őm$Ŝ� &�{�sĴp³"zł���,��2�%«ŖőY6ŗe��� 
�2$�oĈċ~"#2#
1�Ù�ěØŘR&ÙĽţďĕ%¤ÒÆ¶Ĥ&ĭĴpc�2kl

ÿÒĺ!^Ă�5 
4ÚÏ$ř�4Ğ²�xďĕ6¤Ò�#
�""��� 
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2.� ƜǛ(Ǎ�8ƭǜŲŽ 

� ƜǛ(Ǎ�8ƭǜŲŽ%*�RqRoǠTaǡ�<oBnŔŎ(�6�9 )!(ńǝŴǄŔŎ

z%�ŧ�98Ò»(��)ťÕ×¬�´/� Ta )ƘǛĄ-)þǘ;Ģ6�(�8 2�łǄ

¬ZXn?jǠNaOHǡz%<oBnƜǛ� Ĭ�%) Ta )ƢǖŬƝ)ĄŠ´,�9�łƌÁ

¶(y�8þǘ;¢Į��<oBnťÕ)ƢǖŬƝ-)þǘ;Ư.8�Ļ
%�<oBnƜǛÿ

(ãĺťÕ;ĸĖ� ŴǄŔŎz%)ƜǛƭǜ4ǔŁ¬ßƭǜ;ơ
�<oBnƜǛ(´/�þ

ǘ;ŵƮ�8ƭǜ;ãğ�8� 

� öć 29 ÷ø*�vƫ�æ;áǀ�8 2)ƭǜƣƕ;Ě��8&&3(�Ě�� ƭǜƣƕ

Ɓ;ŧ
 ��ƭǜ;ãğ� ���ƭǜ&�$�ƢǖŬƝŵƮƭǜ�ǔŁ¬ßşĄƭǜ´,Ɯ

Ǜƭǜ;ãğ� � 

 
2.1� ƭǜƣƕ)Ě� 

� NaOHłŔŎz%<oBnƜǛ� Ĭ�%)RqRo Ta)ƢǖŬƝ)ĄŠ´,�9�łƌÁ

¶(y�8þǘ)¢Į;ŭū&� �<oBnťÕ)ƢǖŬƝ-)þǘ;Ưİ´, NaOH łŔ
Ŏz%)ǔŁ¬ßƭǜ;ơ� 2)ƢǖŬƝµăƨĮƣƕǠǔŁ¬ß>qb±SqNƭǜƣƕ´

,ǔÝǚāǉǡ�ŬƝ)ĝǖĄŠ;Ƭ��8 2)Ǉïĝǖāƍ©óƣƕ´,ǇïƢǖI±V=

qGƣƕ;Ě�� �0 �<oBnťÕ;ĸĖ� ƜǛƭǜ;ãğ�8 2)ƜǛƭǜƣƕ;

Ě�� � 

 
2.1.1� ƢǖŬƝµăƨĮƣƕ)Ě� 

� NaOH łŔŎťÕ�´/�ƢǖŬƝ-)þǘ;Ưİ�8&&3(�NaOH łŔŎz%)ǔŁ

¬ßƭǜ;ơ� 2)ƢǖŬƝµăƨĮƣƕ&�$�Autolab ŸƤǔŁ¬ß>qb±SqNƭǜ

ƣƕ PGSTAT128N+FRA32M ´, AMETEK ŸƤgVqLlCo_]NRUX

PARSTAT3000A;Ě��Ǡ>qb±SqNŒâ�Ķǣ1µ�61MHz)ÄňęƇÊ%�0.2 mV�
6 0.35 V)Đõ)�Ŋ�¹(58Œâ�¸ƙǡ�ǔŨė¡ÐƳİÐ¢ĮǔÝǚāǉ;�ŧ�Ƣǖ

ŬƝ)ĄŠƧè(�ŧ� �Ě�Ɓ;ơ" ºƣƕ)ØƧ;Ë 2.1.1-1�6 3(ŷ�� 

 
2.1.2� Ǉïĝǖāƍ©óƣƕ)Ě� 

� NaOHłŔŎz%<oBnƜǛ� Ĭ�%) Ta)ƢǖŬƝ)ĝǖĄŠ;Ưİ�8 2�Ǉï
ĝǖāƍ©óƣƕ&�$�Ġſ^>VFƤ>AqinqGƣƕ AirBlade5000;Ě�� Ǡ©ó

Ąƙ�ĶǣLnIqķœƭĜ(ê�$�500µ/hr)©óƼø%ĝǖāƍ©ó�¸ƙǡ�Ě�� ƣ

ƕ)ØƧ;Ë 2.1.2-1(ŷ�� 

 
2.1.3�  ǇïƢǖI±V=qGƣƕ)Ě� 

� NaOHłŔŎz%<oBnƜǛ� Ĭ�%) Ta)ƢǖŬƝ)ĝǖĄŠ;�ǔŨė¡ÐǔÝǚ
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āǉƁ;ŧ
$¢Į�8ǒ(�ǕìǔĄ)ƭĜÌâĹƚ´,Ǆ¬ŞŬƝƁ(58]>O)þǘ;

Çǂ�8 2�ǇïƢǖI±V=qGƣƕ&�$ůžW_>NƤANi?jI±R±HPC-20;

Ě�� �Ě�� ƣƕ)ØƧ;Ë 2.1.3-1(ŷ�� 

 
2.1.4� ƜǛƭǜƣƕ)Ě� 
� <oBnťÕ;ĸĖ� ƜǛƭǜ;ãğ�8 2�łǄ¬ZXn?jǠNaOHǡ(ê�$Ǟ


ƘǛĄ;ħ�8Vcpq�û;ơ" 500ml)P`mdocmNI�ǃŊŧ)IqWqK±´,

ƭǜŝÌâŧ)VcpqŅ�%ĵć�9 ƜǛƭǜƣƕ;Ě�� �0 �Īƭǜƣƕ*hqX

oa±R±;ŧ
8�&%ƭǜŔŎ)©ś�¸ƙ%�8�Ě�� ƜǛƭǜƣƕ)ØƧ;Ë

2.1.4-1(ŷ�� 
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Ë 2.1.1-1� AutolabŸƤǔŁ¬ß>qb±SqNƭǜƣƕØƧ 

 
>qb±SqNƣƕ�Ķ 

ü ÄňęƇÊ ǣ10 µHz�6 1 MHz 

ü Äňę¢ƨƙ ǣ0.003 % 
ü ĦÙǔÍƇÊ ǣ10 V 

ü �ŧ¸ƙ�Ŋ�¹ ǣ1, 5, 15K>qň 

ü �ŊĐõƇÊ ǣ0.2mV�6 0.35V 
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Ë 2.1.1-2�  AMETEKŸƤgVqLlCo_]NRUXØƧ 

 
>qb±SqNƣƕ�Ķ 

ü ÄňęƇÊ ǣ10 µHz�6 7 MHz 

ü ǔŊ¢ƨƙ ǣ30.4fA 

ü ¯©ǔÍƇÊ ǣ�6 V´,�10V 

ü Ħí�ŊĐõ ǣ0.1mV 
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Ë 2.1.1-3� ǔŨė¡Ð¢ĮƳİÐǔÝǚāǉØƧ 

 
ǔŨė¡Ð¢ĮƳİÐǔÝǚāǉ�Ķ 

ü ĳ¡Æ  ǣ�ĻǔÝ�µëǔÝ�şĄXƓǠ@\oE±¢Ę¢Į

ǠEDSǡŧǡ 
ü Ƨè�Ţ  ǣ10�6 50u� 

ü ©ƼǔÍƇÊ ǣĦÙ 30kV 

ü Ƨè¢ƨƙ ǣ1.2nm 
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Ë 2.1.2-1� Ġſ^>VFƤ>AqinqGƣƕØƧ 

 
>AqinqGƣƕ�Ķ 

ü ©óƼø  ǣ1mm/hrǠSi(ê�$ǡ 

ü ©óƇÊ  ǣõ 8mmǠĝǖ©ó)Ò»ǡ 
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Ë 2.1.3-1� ůžW_>NƤANi?jI±R±ØƧ 

 
ƣƕ�Ķ 

ü I±V=qGƝ ǣANi?jƝ 

ü I±V=qGð°� ǣ0~100nm¸× 
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Ë 2.1.4-1� ƜǛƭǜƣƕØƧ 
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2.2� ƭǜƣƕ)ĄƙŵƮƭǜ 

� 2ƀ 1Ɔ(�
$Ě�� ºƭǜƣƕ(#
$��)Ąƙ�<oBnťÕz(��8ƢǖŬƝ

)þǘĳƪ�ǔŁ¬ßŒâ´,ƜǛƭǜ�ãğ¸ƙ%�8�&;ŵƮ�8 2�łǄ¬ZXn?

jǠNaOHǡłŔŎz(��8�ƜǛƭǜ�ǔŁ¬ßƭǜ´,ƢǖŬƝŵƮƭǜ;ãğ� ��

w(�)ƭǜĞŇ´,ƭǜƑį(#
$ŷ�� 

 
2.2.1� ƜǛƭǜ 

 
ǠaǡƭǜĞŇ 
� 2ƀ 1Ɔ 2Ǚ(�
$Ě�� ƜǛƭǜƣƕ;ŧ
�ƊRqRoǠTaǡ(ê�$ NaOHłŔ

Ŏz(�
$�NaOH łŔŎŗø�ƭǜĤǌ´,őø;`mk±R&� ƜǛƭǜ;ãğ� � 

� �ƭī*�[mIƤ)ƊTaĭīǠ1.5×100×100mmǡ;ŧ
 ��ƭī)¬ßƏć)Ʀı�Ǡx

ƊŞ×ƌ)vǐ�ǡ;Ƣ 2.2.1-1(�ƜǛƭǜŝ)ØƧ;Ë 2.21-1(ŷ�� 

� ƜǛƭǜŝéŇ* 1.5×10×10mm&��£ĝųű;ŧ
$Ų§ÿ�ƭǜŝ;ǈ7w�8 2)
1.5mm)ż;®vYno($ǋ� �ƭǜŝ©óÿ��)Ƣǖ;Ƙł@kn±Ƌ($#12000%

ŲŶ� �ŲŶ� ƭǜŝ*ƈƤł´,@R]±oz(�
$ƴǗňŉŋ(58ƛƚ Ť;ơ
�

ůžWLH±Rz%}Ŝ� ÿ�ǔÝÚŹ;ŧ
$ 0.1mg0%)ƈø%ƭǜ¨ǅǆ;Œâ�$�

6ƜǛƭǜ(�� �ƭǜę*Œâ�)+6#�;ƗĆ� 1Ĭ�� 7 3ƭĜ&� � 

� ƜǛƭǜĬ�*�NaOH łŔŎŗø;`mk±R&� ƭǜ%*�NaOH łŔŎŗø; 0.3�
1�3´, 6mol/L&��ƭǜőø*äő�ƭǜĤǌ; 24Ĥǌ&�$ơ" �ŌŕĤǌ;`mk

±R&� ƭǜ%*�ƭǜĤǌ; 24�48�168Ĥǌ&�$NaOHłŔŎŗø* 1�3´, 6mol/L�

ƭǜőø*äő%ơ" �6mol/L (#
$*�6( 336 Ĥǌ0%Ōŕƭǜ;ãğ� �ƭǜő

ø;`mk±R&� ƭǜ%*�äő&)ŀƶ&�$�50��3mol/L)NaOHłŔŎz(�


$ 24Ĥǌ)ƜǛƭǜ;ãğ� �ƜǛƭǜĬ�;Ƣ 2.2.1-2(ŷ�� 
� Ĉâ)ƭǜĤǌÿ�ƭǜŝ)ƜǛ(58ǅǆŐîǆ;ļŵ(Œâ�8 2�ƭǜŝƢǖ(�Ű

� ŃľŬƝƁ)Ǒ²;ŭū&� ƈƤł´,@R]±oz(��8ƴǗňŉŋ;ãğ� �ŉ

ŋÿ)ƭǜŝ*}Ŝ) 2ůžWLH±R(�ƅ)ÿ�ǔÝÚŹ;ŧ
$ 0.1mg0%)ƈø%ƭ

ǜÿǅǆ;Œâ� � 

� 0 �ƭǜÿ)ØƧ�ů;ĕþ� �ƭǜÿ)ǅǆ×¬�6ƜǛƼøǠmm/yearǡ; 2.2.1-1ù
(57Ƅ¡� � 

    !" = ∆%
&∙(∙)   (2.2.1-1ù) 

��%�CR*ƜǛƼø(mm/year)�ΔW*ƭǜ¨ÿ(��8ƭǜŝ)ǅǆŐîǆ(g)�S*ƭǜŝ
ƢǖŻ(2.6 cm2)�t*ƭǜĤǌ(÷ĔƄ� 3))�ρ*RqRo)çø(16.65 g/cm3)%�8� 
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ǠbǡƭǜƑį 

� ƜǛƭǜÿ)ǅǆŒâ(57Ā69 ƜǛŐǆ´,�)Ƒį57Ā69 ƜǛƼø;Ƣ 2.2.1-

3& 4(ŷ��0 ��96)ŒâƑį57Ā69 ƜǛŐǆ´,ƜǛƼø)NaOHłŔŎŗø

�ÞĄ;Ë 2.2.1-2(�ŌŕĤǌ�ÞĄ;Ë 2.2.1-3�6 5(���$őø�ÞĄ;Ë 2.2.1-6(

ŷ��0 �<oBn Ť�łƌÁ¶ǆ(´/�þǘ(#
$*	3ƀ 2Ɔ 1Ǚ� łƌÁ¶ǆŒ
âƭǜ
(ƫ�� 

� Ë 2.2.1-257�NaOHłŔŎz( 24ĤǌŌŕ� Ta)ƜǛƼø*�)ŗø&&3(Ö©�

8�&�Ģ6�('" �tĞ�Ë 2.2.1-557 6mol/L)NaOHłŔŎz(�
$*ŌŕĤǌ

)Ö©&&3(ƜǛƼø�Őî�8�&�ŷ�9 ��96)Ƒį*�Ta*NaOHłŔŎŌŕ
(57Ŕ¡;��ƜǛ�ŪŦ�8��ĤǌƐǁ&&3(Ŕ¡ǆ)Őî�':!ƜǛ�Ŧ�Ǔ�'

"$
8�&;ŷ�$
8��)±È&�$�ŌŕƭǜǋÜ�6 24hr0%(TaƢǖ(Ŧć�8

ƜǛŬƝ��ưū'�ŧ;�8�%�ƜǛ;ĉ¦� ¸ƙĄ�Ɨ�698��9(Ǎƾ�$�Ɯ

Ǜƭǜÿ(�
$ TaƢǖ(Ŧć� ƢǖŬƝ;ŵƮ� ƭǜƑį(#
$* 2ƀ 2Ɔ 3Ǚ($

ƹ.8� 
� 0 �Ë 2.2.1-6 57�ŔŎőø� 50�%*äő)Ò»&ŀƶ�$ƜǛƼø� 10 ��vÖ©

�$�7�őø)vġ&&3(ƜǛ�©Ƽ�98�&�ŷ�9 � 

� �v)Ƒį57�Ī÷øĚ�� ƜǛƭǜƣƕ* 6mol/L0%)ǞŗøNaOHłŔŎz(�


$3 336Ĥǌ0%)ǊĤǌ)ŌŕƜǛƭǜ�¸ƙ%�8&&3(�©ś� NaOHłŔŎz%

3ƜǛƭǜ�¸ƙ%�8�&�ŵƮ�9 � 
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Ƣ 2.2.1-1� ƊTa)¬ßƏćƦı�(%) 
×ƌ C O N H Nb Fe Ti 
Ʀı� <0.03 <0.03 <0.01 <0.0015 <0.10 <0,.02 <0.01 
×ƌ W Si Ni Mo Ta   
Ʀı� <0.01 <0.02 <0.02 <0.02 Bal.   

 

 

 
Ƣ 2.2.1-2� ƜǛƭǜĬ� 

ƭǜ½ NaOHłŔŎŗø
(mol/L) 

ƭǜĤǌ 
(hr) ƭǜőø 

ŗøþǘĳƪ 0.3, 1, 3, 6 24 
äő 

ŌŕĤǌþǘĳƪ 1, 3, 6 24, 48, 168, 336* 
őøþǘ 3 24 äő�50� 

* 336hr)ƭǜ* 6mol/L NaOHłŔŎ)1ãğ 
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Ë 2.2.1-1� ƜǛƭǜŝ)ØƧ�ů 
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Ë 2.2.1-2� ƜǛƼø)NaOHłŔŎŗø�ÞĄ 

Ǡ�ǏËz(ŷ�ƭǜĬ�(�
$�äő*	RT
&Ƣƫ�8ǡ 

 

  

24hr, RT 
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Ë 2.2.1-3� ƜǛƼø)Ĥǌ�ÞĄǠ1mol/Lǡ 
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Ë 2.2.1-4� ƜǛƼø)Ĥǌ�ÞĄǠ3mol/Lǡ 
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Ë 2.2.1-5� ƜǛƼø)Ĥǌ�ÞĄǠ6mol/Lǡ 
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Ë 2.2.1-6� ƜǛƼø)őø�ÞĄǠ3mol/L NaOH�24 hrǡ 
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2.2.2� ǔŁ¬ßşĄƭǜ 

� 2ƀ 1Ɔ 1Ǚ(�
$Ě�� ǔŁ¬ßƭǜƣƕ(#
$�NaOHłŔŎz(��8ƢǖŬƝ

þǘ)ƨĮ´,ƜǛď«rĺĵ)ƨĮ�¸ƙ%�8�&;ŵƮ�8 2�Ĉâ) NaOH łŔŎ

z(�
$ Ta (ê�8ǔŁ¬ßŒâ&�$�¢ĴŒâ�ƜǛċĊŒâ´,>qb±SqNŒâ

;ãğ� � 
� ¢ĴŒâ*īĜ)łŔŎŌŕťÕ%)ƜǛ)�ģ��ƜǛ�Ü08ŔŎĬ��łƌ�ŪŦ�8

ŔŎĬ�´,ƜǛµă)ēâ��ƜǛċĊŒâ*īĜ)ƜǛƼø&�)ƐĤ×¬;łŔŎŌŕť

Õ%�)ÒƨĮ����$>qb±SqNŒâ*łŔŎŌŕťÕ%īĜƢǖ(Ŧć�8ŬƝĵƽ

)ƐĤ×¬)ƨĮ�¸ƙ%�8� 

 
ǠaǡƭǜĞŇ 

� 2ƀ 1Ɔ 1Ǚ(�
$Ě�� ǔŁ¬ßƭǜƣƕ;ŧ
�NaOHłŔŎz($ Ta(ê�$¢

ĴŒâ�ƜǛċĊŒâ´,>qb±SqNŒâ;ãğ� � 

� �ƭī&�$�2ƀ 2Ɔ 1Ǚ%�ŧ� 3)&¼Ķ)[mIƤ)Ɗ Ta;�ŧ� �ºǔŁ¬
ßƭǜ(ŧ
8ƭǜPo)ýŠ)¦Ɖ�6�ƭǜŝýŠ*�¢ĴŒâ%*ĭī�ƜǛċĊŒâ%

* φ2mm){Ĳ�>qb±SqNŒâ%*ĭī;�ŧ� �¢ĴŒâ´,ƜǛċĊŒâ%*ƭǜ

ŝƢǖ;Ƙł@kn±Ƌ%#12000%�>qb±SqNŒâ(#
$*ƭǜŝƢǖƟ�)ŒâW

±R-)þǘ;ƗĆ�#20000%ŲŶ��@R]±o%ƛƚÿ(ºźƭǜ(�� � 

� ¢ĴŒâ*�0.3�1.0´, 3.0mol/L)NaOHłŔŎz(�
$�äő($ãğ� �ŌŕŮ
ÿ)ƞřŌŕǔ�;¤Ĩǔ�&�$�­�-)đ¯&Ʊ�-)đ¯;¥�)Œâ&�$ãğ� �

đ¯Ƽø* 20 mV/min&��¯©ǔ��³ŚǔĴ(ê�$BQ±Y¢Ĵ%*-2.0V�<]±Y¢

Ĵ%*+2.0V&'" Ĉ%Œâ;Ǝ~� � 

� ƜǛċĊŒâ*�3.0mol/L) NaOHłŔŎz(�
$�äő%ãğ� �ŒâĬ�&�$�

ǔ�đ¯ƇÊ*ŒâĤ)ƞřŌŕǔ��6-10mV;ǋÜǔ�&���)ǔ��6+20mV;Ǝ~
ǔ�&� �ǔ�)đ¯Ƽø* 0.167mV/sec &� �Œâ�9 ǔ�-ǔŊŮƓ)��)ƺę;

ƜǛċĊ&�$Ƭ�� �ƜǛċĊŒâ*ŌŕŮÿ�6 30¢��(»Ʃ 200Ç�ŌŕĤǌ(�

$100Ĥǌ)Œâ;ãğ� �ƜǛċĊŒâ*ǊĤǌ)NaOHłŔŎ)Ōŕ�Ăƥ&'8 2�

NaOHłŔŎz(��8Œâ)àâĄ;ŭū&�$�³ŚĴ&�$ǔƨŎ( 1mol/L NaOHłŔ

Ŏ;�Ô� Hg/HgOǔĴ;ŧ
 � 
� >qb±SqNŒâ*�0.03�0.3´, 3.0mol/L) NaOHłŔŎz(�
$�äő%ãğ�

 �ŒâĬ�*�ƞřŌŕǔ�(�
$ħª�Ŋǔ�Đõ; 10mV��ŊÄňęƇÊ; 10mHz

�6 100kHz0%&� �>qb±SqNŒâ%*�ş(³ŚǔĴ)ǔ�àâĄ�ǅƥ&'8 

2�NaOHłŔŎz(�
$àâ'>nM?jǠIrǡ;³ŚǔĴ&�$�ŧ� � 

 
ǠbǡƭǜƑį 
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� ºNaOHłŔŎŗø(�
$¢ĴŒâ(57Ā69 Ta)¢ĴĥƓ;Ë 2.2.2-1�6 3(ŷ

��NaOHłŔŎŗø)Ö©&&3(ƞřŌŕǔ�*­�(LcX� �ƞřŌŕǔ��Ʒ)<

]±Y´,BQ±Y¢ĴĥƓ)��)�Ř�6Ƭ�%�8�ǇïƜǛƼø)Ďķ&'8ƜǛǔŊ

çø*�NaOHłŔŎŗø� 0.3�1´, 3 mol/L&Ö©�8&&3(��9�9Ɖ 6	10-9�7

	10-8´, 1	10-7 A/cm2&vġ� ��9*�NaOHłŔŎŗø)×¬(57Ta)ƜǛťÕ�
×¬��0 NaOHłŔŎŗø)vġ*Ta)ƜǛƼø;Ö©�8�&;ŷ�$
8��96)

ŒâƑį57��96)ƭǜƑį57Ě�� ǔŁ¬ßŒâƣƕ´,ƭǜPo;ŧ
 NaOHł

ŔŎz(��8¢ĴŒâ�ãğ¸ƙ%�8�&;ŵƮ� � 

� Ļ(�ƜǛċĊŒâ(57Ā69 ǔ�−ǔŊĥƓ;Ë 2.2.2-4(ŷ��0 �Œâ(57Ā6
9 ĥƓ)���6Ā ƜǛċĊ)ĤǌƐǁ;Ë 2.2.2-5(ŷ��Ë 2.2.2-557�ƜǛċĊ*ƭ

ǜǋÜŮÿ%*Ɖ 1.35kΩ)Ǟ
�;ŷ� ��30¢Ōŕ%Ɖ 5kΩ(Őî� ÿ�ĤǌƐǁ&
&3( 5 �6 10kΩ )�;ŷ�##ĤǌƐǁ&&3(Ö©�¿&'" ��)Ƒį*�Ta )

NaOH łŔŎz%)ƜǛ*Ōŕ�6ĤǌƐǁ&&3(�)ď«�×¬�8�&;ŷÅ�$
8

&Ɨ�698�0 ��96)ŒâƑį57Ě�� ǔŁ¬ßŒâƣƕ(57 NaOH łŔŎz
(��8100Ĥǌƾƒū'ǔŁ¬ßŒâ(58ƜǛ´,ŬƝŦćď«(Ǎ�8Œâ�¸ƙ%�8

�&;ŵƮ� � 

� >qb±SqNŒâ(57Ā69 ºNaOHłŔŎŗø(��8f±YƓË;Ë2.2.2-6(ŷ

���)f±YƓË57��)ýŠ* NaOH łŔŎŗø(56��Äňę´,ǞÄňę�(�


$âô�)>qb±SqN;ŷ�ýŠ;ŷ� ��6(�Ɖ 0.1�10Hz(��8>qb±Sq
N)ÄňęăƂ*łŔŎŗø(56'
�&�6�NaOHłŔŎŗø&&3(ƜǛƼø�Ö©;

�83))�ƜǛ)ǒ(Ŧć�8ŬƝ)ĄŠ* NaOH łŔŎŗø(56'
¸ƙĄ;ŷÅ�$


8&Ɨ�698�0 �Ā69 f±YƓË)Äňę�ÞĄ*�ŬƝ)ħ�8ċĊ��æǆ´

,ŬƝ&ŔŎŨǖ)ŔŎċĊ�6'8Ɓ�ÇƵ%ƨĮ�¸ƙ%�8�&3ŵƮ�9 ��v)>

qb±SqNŒâƑį57�Ě�� >qb±SqNŒâƣƕ* NaOH łŔŎz(�
$Œâ
�¸ƙ%�8�&;ŵƮ�8&&3(�ƭǜƑį;ŧ
$ŬƝŦćď«;ĳƪ¸ƙ%�8�&�

ŷ�9 � 
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Ë 2.2.2-1� 0.03mol/L NaOHłŔŎz%Œâ� Ta)<]±Y¢ĴĥƓ 

 

  

0.03 mol/L NaOH 
RT 

�! ��1�

2 
��42���	��8 
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Ë 2.2.2-2� 0.3mol/L NaOHłŔŎz%Œâ� Ta)<]±Y¢ĴĥƓ 

 

 

  

0.3 mol/L NaOH 
RT 

�! ��1�

2 
��42���	��8 
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Ë 2.2.2-3� 3mol/L NaOHłŔŎz%Œâ� Ta)<]±Y¢ĴĥƓ 

 

 

  

3 mol/L NaOH 
RT 

�! ��1�

2 
��42���	��8 
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Ë 2.2.2-4� Ta) 3mol/L NaOHłŔŎz(��8ƜǛċĊŒâ%Ā69 ǔ�-ǔŊĥƓ 

Ǡ100ĤǌŌŕĤǡ 

  

�	�
���
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Ë 2.2.2-5 Ta) 3mol/LłŔŎz(��8ƜǛċĊ�)Ĥǌ×¬(äő) 
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Ë 2.2.2-6 Ta)NaOHłŔŎz>qb±SqNƭǜ%Ā69 f±YƓË 

 

 
  

0.03mol/L 

0.3mol/L 

3mol/L 

0.03mol/L 

0.3mol/L 

3mol/L 
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2.2.3� ƢǖŬƝŵƮƭǜ 

� 2ƀ 2Ɔ 1Ǚ(�
$ãğ� ƜǛƭǜÿ) Ta(#
$Ƣǖ(Ŧć� ŬƝ)ŏ�Ğ¿)Ą

Š;ŵƮ�8 2�ƳİǔÝǚāǉǠSEMǡ(58ƜǛƭǜÿ)ƭĜ)ƢǖƧè´,XƓ�ǔÝ

¢�ŇǠXPSǡ;ŧ
ĳƪ;ơ" �0 �Ě�� Ǉïĝǖāƍ©óƣƕ(#
$ƣƕķœƭ

Ĝ%�8LnIqǠSiǡ;ŧ
ĄƙŵƮ;ơ" ��6(�ǇïƢǖI±V=qGƣƕ(#
$
ǕìǔŞƲ%�8CmNƢǖ(I±V=qG;ãğ��ìǔĄ�Ā698�&%ƣƕ)ĄƙŵƮ

;ơ" � 

 
ǠaǡƭǜĞŇ 
� 2ƀ 2Ɔ 1Ǚ($ãğ� ƜǛƭǜÿ)Ta)��Ƣǖ(Ŧć� ŬƝ)ĄŠ-)NaOHłŔ

Ŏŗø&ŌŕĤǌ)þǘ;Ưİ�8 2�äő) 1�6 6mol/L)NaOHłŔŎz($ 24�6

168hr )ƜǛƭǜ;ãğ� Ta (#
$ƜǛƼø)Ƭ�´,ƢǖŬƝ¢Į;ǎå�8ŃľŞ)

Ǒ²;ŭū&� ƴǗňŉŋÿ( SEM ;ŧ
$ƢǖƧè;ơ" �0 �Ƣǖ(Ŧć� ŬƝ

)ĄŠ-) NaOH łŔŎ)őø)þǘ;Ưİ�8 2�50�) 3mol/L NaOH łŔŎz($
24hr)ƜǛƭǜ;ãğ� Ta(#
$3¼Ķ)Ƨè;ãğ� � 

� 2ƀ 2Ɔ 1Ǚ($ãğ� ƜǛƭǜÿ)TaƭĜ)��Ħ3ƜǛ�Ŗ�
&Ɨ�69 6mol/L

)NaOHłŔŎz($ƜǛƭǜ;ãğ� ƭĜ)ƭǜĤǌ� 24�48´, 168 hr)3)(#


$�XPS(58ŏ�Ğ¿)ŬƝĄŠƨĮ;ãğ� � 

� XPS;ŧ
 ŏ�Ğ¿)¢ĮĞŇ*�w)ƻ7%�8�0��Ar>Aq;ƜǛƭǜÿ)TaŬ
Ɲ(Śë�8�&%ŬƝ)×ƌ;N`UR�8�&%ŏ�Ğ¿(ŬƝ;Ē7�1 Ç)N`URĿ

(ţ98Ƣǖ)XPSNeFXo;·Ā� ���$Ā69 XPSNeFXo(�
$�Űŭ�

8×ƌ%)Ƒ»Šą(êă�8b±Füø)N`URÇę�ÞĄ�6Ǆ¬Ş°�;Ƭ�� � 

� Ǉïĝǖāƍ©óƣƕ(#
$�ƣƕķœƭĜ%�8LnIqǠSiǡ;ŧ
�ķœ)©óĬ�

Ǡ©ƼǔÍ 4kV�©ó¾¡ǆ 100µmǡ(�
$ 30¢)©ó;ãğ�ĝǖ)©óƼø� 1mm/hr
�ŵ��9$
8�&ŵƮ�8ƭǜ;ơ" � 

� ǇïƢǖI±V=qGƣƕ(#
$�ĄƙŵƮƭǜ&�$ǕìǔĄ)Ǆ¬ŬƝ;ĸĖ� Ǖì

ǔŞƲ)CmNƢǖ(I±V=qG;ãğ��I±V=qGÿ)CmNƢǖ(��8ċĊ�;W

MRohoTk±R±($Œâ� � 

 
ǠbǡƭǜƑį 

� äő)ºNaOHłŔŎŗø(��8ƜǛƭǜÿ) Ta) SEMƧè�ů;Ë 2.2.3-1�6 3(

ŷ��0 �50�) 3mol/L NaOHłŔŎz% 24hr)ƜǛƭǜ;ãğ� Ta) SEMƧè�ů

;Ë 2.2.3-4(ŷ�� 
� �96)ƧèƑį57�NaOHłŔŎŗø� 1mol/L)Ò»ƭǜŝ)ŲŶũ�ƜǛƭǜÿ3Ľ

7ǚƠ'ƜǛ�Ŧ�$
'�" �0 3mol/L�v)NaOHłŔŎŗø%*
�9)ƭǜŝ3



� 2-27 

ƜǛƭǜ(57Ƣǖ)ƭǜŝ)ŲŶũ�ōÛ���ǖƜǛýą;Â�$
8��ƜǛýą(Ōŕ

Ĥǌ(58Ģŵ'×¬*169'�" ��)Ƒį*�Ƣǖýą)ºƭǜĬ�(58×¬�í�


�&;ŷÅ�8&&3(�ŬƝĄŠ;Ưİ�8 2(*Ƣǖýą)1'6�ŏ�Ğ¿)Ưİ�

Ăƥ%�8�&;ŷ�$
8&Ɨ�698�tĞ%�ŔŎőø; 50�&� 3mol/L)ƜǛƭǜ

%*�äő)ƭǜ&ŀƶ�$57öÏ'Ƣǖýą;Â�$�7�ŔŎőø)vġ*ƜǛ(58Ŕ

ƨ;�ƿ�8�&�ŷÅ�98tĞ�ƭǜŝƢǖ(�
$Ģŵ'ƜǛŦćŞ�ŃľŬƝ´,Į¡

ŬƝƁ*Ƨè�9'�" � 

� ºŌŕĤǌ)ƭĜ(��8Ƣǖ)Tab±F(Űŭ� XPSNeFXo;Ë2.2.3-5�62.2.3-

8(ŷ���96)NeFXo57�ƢǖŬƝ*âĄū( TaǄ¬Ş(Ta2O5&ēè)%ĵć�9$

8�&�ŷÅ�9 �0 �Nab±F(Űŭ� XPSNeFXo;Ë 2.2.3-9(ŷ���)

Ƒį57�ŌŕĤǌ�ÞĄ*169'
�NaOHłŔŎ(Ōŕ�8�&(57ƢǖŬƝ(Na�

¬»Ş&�$ÞÎ�$
8�&3ŷÅ�9 �ĪƨĮ%*ǁ²(ŲŽǠ³ 2.2.3-1´, 2ǡ%ÑÃ

�9 Ta )ÀłADQǄÓ)ÞÎ;ŷÅ�8b±FƁ*Ā69'�" ��9*�ƜǛƭǜÿ

(ƭǜŝ(ê�$ƈƤł´,@R]±o(58ƴǗňŉŋ;ơ"$
8 2�ŃľŬƝ%�8Ta
)ÀłADQǄÓ�Ǒ²�9  2%�8&Ɨ�698� 

� �96)ƭǜŝ(#
$�<oJq>AqN`UR;Ɣ7Ƹ� ǒ) Ta2O5´,Ǉï Ta)b

±Füø)×¬(Űŭ� ŒâƑį;Ë 2.2.3-10�6 13(ŷ��
�9)ƭĜ(�
$3N`

UR¤Ĩ%* Ta2O5)b±F�|%�" 3)��N`URÇę)Ö©&&3(Ǉï Ta)b±

Füø�Ö©�8�¿�169 ��)Ƒį*�ƭĜƢǖ;ĵć�$
8ŬƝ*Ta2O5�|%�

8�&;ŷÅ�8&&3(�N`URÇę&Ta2O5b±Füø&)Ǎ�;Ưİ�8�&%Ōŕƭ

ǜ(58ŬƝĄŠƨĮ�¸ƙ%�8�&;ŷ�$
8� 

� Ɣ7Ƹ�N`URÿ) XPS ŒâƑį57Ā69 �Ta2O5b±Füø&N`URŏ�ǠSiO2

ķœƭĜW±R;ŧ
 ĔƄŏ�ǡ&)Ǎ�;Ë 2.2.3-14�6 17(ŷ���Ç)��ƭǜ%*�

1 Ç)N`UR(58 Ta2O5´,Ǉï Ta )N`URŏ�)Ƭ��ÉǓ%�"  2�ŏ�(#

$* SiO2)N`URƼø%Ƅ¡� �0 �ĪŒâ%* ISO17019� ISO/TC 201/SC 4($

ƃâz)Ʀı(œČ��Ǆƌb±Füø�Œâ�9 ĦÙ��6 1/2&'" N`URŏ�;Ǆ

¬Ş°�&�$âƖ� �ǕŌŕ)ƭĜ(��8Ǆ¬ŬƝ°�*Ɖ 2.9nm%�Ōŕƭǜÿ)ƭĜ

(��8Ǆ¬ŬƝ°�*Ɖ 4�6 6nm&NaOHłŔŎŌŕ(57Ɖ 2�)°�&'" ��Ɯ

ǛĤǌ(��Ģŵ'×¬*169'�" ��9*�NaOHłŔŎŌŕÿ Ta(Ƣǖ(Ŧć�8
ŬƝ)°�� 24hr�Ǐ%Ù��×¬�'
¸ƙĄ;ŷÅ�8&Ɨ�698� 

� Ǉïĝǖāƍ©óƣƕ;ŧ
©ó� Si ) SEM Ƨè�ů;Ë 2.2.3-18 (ŷ��ƧèƑį5

7�ĝǖ)©óƼø� 1mm/hr�ŵ��9$
8�&�ŵƮ�9 ��)Ƒį*�Ǉïĝǖāƍ

©óƣƕ� Ta Ɓ)<oBnŌŕ(57Ŧć� ƢǖŬƝ;āƍ©ó�¸ƙ%�8�;ŷ�3)
%�8� 

� ǇïƢǖI±V=qGƣƕ;ŧ
I±W=qG;ğ� CmNƢǖ)ċĊ�;Œâ� Ƒį�
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Ɖ 39k�&'7ìƻ�ŵƮ�9 ��)Ƒį*�I±V=qG(57ǕìǔĄ)Ǆ¬ŬƝ(ìǔ

Ą;č � SEM ´, EDX Ɓ)ŬƝ)āƍĵƽƨĮ(�
$�¹]>O;�w��Ǟƈø'ƨ

Į�¸ƙ('8�&;ŷ��Ë 2.2.3-19(ĩI±V=qG´,I±V=qG� CmNƢǖ(�

�8ċĊ�)ŒâŠņ;ŷ�� 

 
 

 

 
Ǡ³Ɨěšǡ 
³ 2.2.3-1� Īòǟě�ñĪļú�īĜ&ťÕ, 60, 394Ǣ401Ǡ2011ǡ 

³ 2.2.3-2� A. Robin, J. Appl. Electrochem., 34, 623 (2004) 
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Ë 2.2.3-1 NaOHłŔŎzƜǛƭǜÿ(��8Ta) SEM�ůǠ1mol/L�äőǡ 

  

24 hr 

48 hr 

168 hr 

10µm 

10µm 

10µm 
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Ë 2.2.3-2 NaOHłŔŎzƜǛƭǜÿ(��8Ta) SEM�ůǠ3mol/L�äőǡ 

  

24 hr 

48 hr 

168 hr 

10µm 

10µm 

10µm 
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Ë 2.2.3-3 NaOHłŔŎzƜǛƭǜÿ(��8Ta) SEM�ůǠ6mol/L�äőǡ 

  

24 hr 

48 hr 

168 hr 

10µm 

10µm 

10µm 
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Ë 2.2.3-4 NaOHłŔŎzƜǛƭǜÿ(��8Ta) SEM�ůǠ3mol/L�50�ǡ 

 

  

24 hr 

10µm 
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Ë 2.2.3-5� TaƭĜƢǖ)XPSNeFXoǠƜǛ¨ǡ 
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Ë 2.2.3-6� TaƭĜƢǖ)XPSNeFXoǠ6mol/L�24hrŌŕÿǡ 
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Ë 2.2.3-7� TaƭĜƢǖ)XPSNeFXoǠ6mol/L�48hrŌŕÿǡ 

 

  



� 2-36 

 

 

 

 

 
Ë 2.2.3-8� TaƭĜƢǖ)XPSNeFXoǠ6mol/L�168hrŌŕÿǡ 
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Ë 2.2.3-9� Nab±F(Űŭ� ƭĜƢǖ)XPSNeFXo 

  

�6��

 ����

�����

������
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Ë 2.2.3-10� Tab±F)N`URÇę(58×¬ǠƜǛ¨ǡ 
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Ë 2.2.3-11� Tab±F)N`URÇę(58×¬Ǡ6mol/L NaOH�24hr�äőǡ 
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Ë 2.2.3-12� Tab±F)N`URÇę(58×¬Ǡ6mol/L NaOH�48hr�äőǡ 
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Ë 2.2.3-13� Tab±F)N`URÇę(58×¬Ǡ6mol/L NaOH�168hr�äőǡ 
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Ë 2.2.3-14� TaƢǖ)Ǆ¬ŬƝ°�ƨĮƑįǠƜǛ¨ǡ 
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Ë 2.2.3-15� TaƢǖ)Ǆ¬ŬƝ°�ƨĮƑįǠ6mol/L NaOH�24hr�äőǡ 
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Ë 2.2.3-16� TaƢǖ)Ǆ¬ŬƝ°�ƨĮƑįǠ6mol/L NaOH�48hr�äőǡ 
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Ë 2.2.3-17� TaƢǖ)Ǆ¬ŬƝ°�ƨĮƑįǠ6mol/L NaOH�168hr�äőǡ 
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Ë 2.2.3-18� Ǉïĝǖāƍ©óƣƕ%©ó� SiķœƭĜ) SEM�ů 

  

�����

500µm 
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ǠaǡĩI±V=qG)CmN 

 
ǠbǡI±V=qGÿ)CmN 

 
Ë 2.2.3-19� CmNƢǖ)ċĊ�ŒâŠņ 
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2.3� 0&2 

� ƜǛ(Ǎ�8ƭǜŲŽ%*�RqRo�<oBnŔŎ(�6�9 )!(ńǝŴǄŔŎz%�

ŧ�98Ò»(��)ťÕ×¬�´/�RqRo)ƘǛĄ-)þǘ;Ģ6�(�8 2�łǄ¬

ZXn?jz%<oBnƜǛ� Ĭ�%)RqRo)ƢǖŬƝ)ĄŠ´,�9�łƌÁ¶(y�

8þǘ;¢Į��<oBnťÕ)ƢǖŬƝ-)þǘ;Ư.8�Ļ
%�<oBnƜǛÿ(ãĺť

Õ;ĸĖ� ŴǄŔŎz%)ƜǛƭǜ4ǔŁ¬ßƭǜ;ơ
�<oBnƜǛ(´/�þǘ;ŵƮ

�8ƭǜ;ãğ�8�Ī÷ø*��) 2)ƭǜƣƕ;Ě��8&&3(�Ě�� ƭǜƣƕƁ

;ŧ
 ��ƭǜ;ãğ� �0 ���ƭǜ&�$�ƢǖŬƝŵƮƭǜ�ǔŁ¬ßşĄƭǜ´

,ƜǛƭǜ;ź�)ŗø%)NaOHłŔŎz%ãğ��
�9)ƣƕ3NaOHłŔŎz(��
8Œâ�¸ƙ%�8�&;ŵƮ� � 
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3.� âĖ(��PŅ%aıőĄĊ 

� ÓĄĊM5�GaJ`îéiP� aRdRaŕTaŖ4âĖ��Ä�1�âĖ��¸4Î�P

AaßÚÿö¾84·ŌFÍB�P%a*>�âĿ�tr`e[ŕNaOHŖâîéiM4 Ta 4

âĖ��Ä�P.�/�èïÕm1��âĖŁ14ŅuF�ÖĴØ#�âĖ��#*¸4Î��

×PAaßÚÿö¾84·ŌFÍB�P%a*>4ıőF£Ë%a� 
� ­Á 29 ®¯5�gį|¥F¡ļ%a*>4ıőħĜFÇx%a11?P�Çx#*ıőħĜ

4¾ĞĆĳıő1#/�âĖ��Łí¢ıő�7ßÚÿö¾P�;%Î�4·ŌİtıőF£Ë

#*� 

 
3.1� ıőħĜ4Çx 

� NaOHâîéiP� a Ta4âĖ��Ä�1�âĖ��¸4Î�PAaßÚÿö¾84·Ō

FÍB�P%a*>�NaOHâîéiM4 Ta4âĖ��Ä�P.�/�èïÕm1��âĖŁ

14ŅuF�ÖĴØ#�âĖ��#*¸4Î��×PAaßÚÿö¾84·ŌFÍB�P%a*

>4ıőħĜ1#/��ái�7GaNdiP��/ Ta i4âĖŁFí¢�Ğ2ł«iâĖŁ
í¢ħĜ�7 Ta PâĖF��"'a*>4Ŋá� ıőħĜFÇx#*�Çx#*ħĜ4�Ĭ

F� 3.1-1�B 3PĈ%� 

� <*�âĖF��#* Ta 4ôÎ�PAaßÚÿö¾84·ŌFÛĮ%a*>P�ôÎ�F£

Ë%a*>4¿ìÝ�7±²ıőħĜFÇx#*�Çx#*ıőħĜ4�ĬF� 3.1-41 5PĈ

%� 
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� 3.1-1� Çx#*Arŉ�áhł«iâĖŁí¢ħĜ�Ĭ 

 
Arŉ�áhł«iâĖŁí¢ħĜkÜ 

ü í¢ŉ�á ŗķŒē¯GaNdKP 

ü �ôì  ̄ ŗÐŒ 1000� 

ü âĖÛ�hŇ ŗ0.5 mass ppm 
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� 3.1-2� Çx#*�áŉ�áhł«iâĖŁí¢ħĜ�Ĭ 

 
�áŉ�áhł«iâĖŁí¢ħĜkÜ 

ü í¢ŉ�á ŗ�á 

ü �ôì  ̄ ŗÐŒ 800� 

ü âĖÛ�hŇ ŗ0.1 volume ppb 

ü âĖí¢bdO ŗ10�B 10000 volume ppb 

 
 

 

  



 3-4 

 

 

 

 

 
� 3.1-3� Ŋá� ıőħĜ�Ĭ 

 
Ŋá� ıőħĜkÜ 

ü �ºŊ�Đ� ŗ�15V 
ü �ºŊæĐ� ŗ�1A 

ü �º]es ŗŊ��º�7Ŋæ�º 
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� 3.1-4� ¿ìÝ�Ĭ 

 
Ŋá� ıőħĜkÜ 

ü �ºì¯Đ� ŗ40�B 300� 

ü Ý|ŉ�á ŗ�á 
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� 3.1-5� ±²ıőħĜ�Ĭ 

 
±²ıőħĜkÜ 

ü Ð�Ķģ¥Ł ŗ5 kN 

ü ıőĻ¯Đ� ŗ0.001mm/min�B 1000mm/min 

ü ıő�í¢đ  ̄ ŗJIS B7721� 0.5ĕPĽ� 
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3.2� ıőħĜ4¾ĞĆĳıő 

� 3ċ 1ďP/Çx#*ıőħĜP.�/)4¾ĞĆĳFĥ�*>�âĖ��Łí¢ıő�7ß

Úÿö¾P�;%Î�4·ŌİtıőF£Ë#*�lhP)4ıőÊä�7ıőę×P.�/Ĉ

%� 

 
3.2.1� âĖ��Łí¢ıő 

� 3ċ 1ďMÇx#*âĖ��Łí¢ħĜ�7Ŋá� ıőħĜ4¾ĞFĆĳ%a*>�NaOH

âîéèï¸4 Ta 1ýÔÅ�Ô4âĖŁí¢�7Ŋá� ıőħĜFü�*âĖS^eO¸4

Tai4âĖŁí¢F£Ë#*� 

 
ŕaŖıőÊä 

� NaOHâîéiMèï#* TaP� aâĖ��ŁFĴØ%a*>�2ċ 2ď 1ōM£Ë#*

ġŐıő4�,�¤ì4 1�3�7 6mol/L NaOHâîéiP��/ 24�48�7 168Îń4ġ

ŐıőF£Ë#*ıőõ�7àĹ1#/ÒèïÔP¨#/? Ar ŉ�áhł«iâĖŁí¢ħĜ
Fü�âĖ��ŁFí¢#*�âĖ��Łí¢Õm5��ôì¯Đ�F¤ì�B 800�<M�Ì

ìĻ¯F 100K/hr1#*� 

� <*�àĹ1#/£ßĂµ4ýÔÅ�ÔP.�/?�¤ì4 0.3�1�7 3mol/L NaOHâîé

iP��/ 24 Îń4ġŐıőF£Ë#gĺ4âĖ��Łí¢ħĜFü�/âĖ��ŁFí¢#

*�<*�Òèï4ýÔÅ�ÔP.�/?àĹ1#/âĖ��ŁFí¢#*�ıőõ5ġŐıő

�P#600 <M4I\`eĔMĄć¸GnrdP/Ġğåç~úFĥ-*�£Ë#*ġŐıőÕ

mFĦ 3.2.1-1P�ýÔÅ�Ôıőõ4Þ°�F� 3.2.1-1PĈ%� 

� Î���7Î�¸4âĖ4Ä�FĴØ%ajFāÿ1#�Ta PâĖF��%a*>PÇx#

*Ŋá� ıőħĜ�7�áŉ�áhł«iâĖŁí¢ħĜ4¾ĞFĆĳ%a*>��0.5�

10mm4 TaĚÔP¨#/¤ì4 0.9Ŕ��tr`e[ŕNaClŖâîéiMŊæ¦¯ 100A/m2�

1hr4âĖS^eOıőF£Ë#Ē 100mass ppm4âĖŁ12aA�ĴÇ#*�âĖS^eO

¸�Taıőõi4âĖŁFí¢#*�âĖ��Łí¢Õm5��ôì¯Đ�F¤ì�B 800�<

M1#�ÌìĻ¯F 100K/hr1#*� 

 
ŕbŖıőę× 
� Arŉ�áhł«iâĖŁí¢ħĜFü��NaOHâîéiMèï#*Ta�B¹BE*âĖÆ

�ÏĚF� 3.2.1-2�B 4PĈ%�âĖÆ�4Yei5Ē 500�900�4ńM�ù%a!1�Ćĳ

"E*�<*�ġŐıő¸4ıőõi4âĖŁ5�¹BE*Æ�ÏĚ4ŋĉFĉ�%a!1Mİ

t#*� 
� âĖŁí¢PAC¹BE*NaOHâîéèï¸P� aTaâĖŁ1ġŐıőÎń14ŅuF

� 3.2.1-5�B 7PĈ%��&E4NaOHâîéñ¯M?èïÎń11?P Tai4âĖŁ5�
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�%a��48Îńlg4èïM5âĖŁ4��Ł5ë©%ay��=BE*� 

� àĹ1#/£Ë#* NaOH âîéèï¸4ýÔÅ�ÔP¨#/£Ë#*âĖŁí¢ıőAC

¹BE*âĖÆ�ÏĚF�3.2.1-8�B11PĈ%�ýÔÅ�Ô4âĖÆ�Yei5Ē200�500�

�7Ē 800�900�4ńM�ù#/�C�ēTa4Æ�Yei1ý2ay��ĪBE*�¹BE*

Æ�ÏĚACİt#*ýÔÅ�Ô{q4âĖŁF NaOH âîéñ¯14ŅuF�ÒèïÔ�7
ē Ta4 24hrèï¸4âĖŁ11?P� 3.2.1-12PĈ%�!EB4ę×AC�NaOHñ¯4�

�11?PýÔÅ�ÔP� aâĖŁ5��y�P�a��âĖ��Ł5ē Ta 1àĹ%a1©

2�İt"E*�!E5�ýÔÅ�Ôi4Ta4��Ł�©2��TaPâĖ���"E/?ýÔ

Å�Ô{q1#/4Ī� 4ñ¯1#/©2�İt"E*?41ĝ�BEa�ýÔÅ�Ôi4â

Ė�¬Fİt%aP5�ÌìĠňPAaâĖñ¯+ M2��ýÔÅ�Ôi4âĖ�¬FNaOH

âîéèï¸Pİt%a»ĩ��a1ĝ�BEa� 

� Ŋá� ıőħĜFü�/âĖS^eOFĥ-*TaĚÔP.�/�Arŉ�áhł«iâĖŁ

í¢ħĜ�7�áŉ�áhł«iâĖŁí¢ħĜM¹BE*âĖÆ�ÏĚF� 3.2.1-131 14P

Ĉ%�Arŉ�áMí¢#*ıőõ�B5 106mass ppm4âĖ�Æ�"E*���áiMí¢#
*ıőõ�B4âĖÆ�5 3.3mass ppm 12CâĖ4Æ�����Ã�"E*�!E5��á

iM�ô"Ea!1PAC Ta ĦŋPûÁ#*Ŀ�ĀĢ�âĖ4Æ�FÃ�#*!1FĈ�%a

1ĝ�BEa� 
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Ħ 3.2.1-1� ġŐıőÕm 

ıő� NaOHâîéñ¯(mol/L) ıőÎń 
(hr) ıőì  ̄

ēTa4âĖ��Łí¢ 1, 3, 6 0, 24, 48, 168 
¤ì 

ýÔÅ�Ô4âĖ��Łí¢ 0.3, 1, 3 24 
 

 

 

 

 

 
� 3.2.1-1� ýÔÅ�Ôıőõ¶÷4Þ°�ŕgŖ�7�ĬŕhŖ 

 

  

50

66

151

R-SUS304ULC Zr

Ta
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� 3.2.1-2 NaOHâîéèïıő¸4Ta�B¹BE*âĖÆ�ÏĚŕ1mol/L�¤ìŖ 
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� 3.2.1-3 NaOHâîéèïıő¸4Ta�B¹BE*âĖÆ�ÏĚŕ3mol/L�¤ìŖ 
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� 3.2.1-4 NaOHâîéèïıő¸4Ta�B¹BE*âĖÆ�ÏĚŕ6mol/L�¤ìŖ 
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� 3.2.1-5� Ta4âĖŁ1ġŐÎń14Ņuŕ1mol/L�¤ìŖ 
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� 3.2.1-6� Ta4âĖŁ1ġŐÎń14Ņuŕ3mol/L�¤ìŖ 
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� 3.2.1-7� Ta4âĖŁ1ġŐÎń14Ņuŕ6mol/L�¤ìŖ 
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� 3.2.1-8 Òèï4ýÔÅ�Ô�B¹BE*âĖÆ�ÏĚ 

 
 

  

���
�� �����
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� 3.2.1-9 NaOHâîéèï¸4ýÔÅ�Ô�B¹BE*âĖÆ�ÏĚ 

ŕ0.3mol/L�24hr�¤ìŖ 

 

  

���
� 
0.3mol/L NaOH 

RT, 24hr 
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� 3.2.1-10� NaOHâîéèï¸4ýÔÅ�Ô�B¹BE*âĖÆ�ÏĚ 

ŕ1mol/L�24hr�¤ìŖ 

 

  

���
� 
1mol/L NaOH 

RT, 24hr 
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� 3.2.1-11� NaOHâîéèï¸4ýÔÅ�Ô�B¹BE*âĖÆ�ÏĚ 

ŕ3mol/L�24hr�¤ìŖ 

 

  

���
� 
3mol/L NaOH 

RT, 24hr 
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� 3.2.1-12� ýÔÅ�Ô4âĖŁ1NaOHâîéñ¯14Ņuŕ¤ì�24hrŖ 

�� ÒèïÔ5ēTa�7ýÔÅ�Ô�&E?ÓĄĊMü�*ıÈ4í¢v 
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� 3.2.1-13� âĖS^eO#*TaAC¹BE*Arŉ�áhM4âĖÆ�ÏĚ 

ŕ0.9%NaCl�100A/m2�¤ì�1hrŖ 

 
  

Ta, 0.9%NaCl 100A/m2 1hr charge 
Ar����������
 



 3-22 

 

 

 

 

 
 

� 3.2.1-14� âĖS^eO#*TaAC¹BE*�áŉ�áhM4âĖÆ�ÏĚ 

ŕ0.9%NaCl�100A/m2�¤ì�1hrŖ 

 
  

Ta, 0.9%NaCl 100A/m2 1hr charge 
������������
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3.2.2�  ßÚÿö¾P�;%Î�4·ŌĆĳıő 

� Çx#*¿ìÝ�7±²ıőħĜ4¾ĞFĆĳ%a*>�3ċ 2ď 1ōŕbŖM£Ë#*Ŋá�

 ıőħĜFü�/£Ë#*âĖS^eOPACâĖF��#* Ta P.�/�ßÚÿö¾P�

;%Î�4·ŌFÛĮ%a*>��áŉ�áhMôÎ�Fĥ-*¸�±²ıőF£Ë#*� 

 
ŕaŖıőÊä 

� ıőõ5��0.5mm 4ē Ta ĚÔ4ĦŋF#600 <MI\`eĔMĄć#�GnrdP/Ġğ

åç¸�âĖS^eO�ôÎ��±²ıőP±#*�ÒS^eO4ēTaĚÔi4âĖŁ5Ē 1.0 

mass ppmM�-*�âĖS^eO5 3ċ 2ď 1ōŕbŖMĺ9*Õmŕ¤ì�0.9ŔNaCli�
100A/m2�TaiâĖŁFĒ 80ppmPĴĨŖM£Ë#*�<*�àĹ1#/ÒS^eO4 TaP

.�/?àĹ1#/ôÎ��7±²ıőF£Ë#*�ē TaĚÔ5�Č 2ċ 2ď 1ōMrü#*

?41�č4X_MĨ4ē TaFrü#*�Ħ 3.2.2-1P TaĚÔ4� ĘÁīÙvF�� 3.2.2-

1PĚÔ4�Ĭ}ăFĈ%� 

� ôÎ�5�¿ìÝFü�/ 100�4�áiP/ 12�24�500�1000�7 2000hr£Ë#*� 
� ±²ıő5�Â¢4ôÎ�Îń¸P�¤ì4�áiP/Çx#*±²ıőħĜFü��icP

ZTsPYes 0.5mm/secŕS&=Ļ¯ŗ8.33�10-4/s ĂµŖM£Ë#*�±²ıő¸�ıÈ4

ąÉŋ�7wŋF SEMPACĬ§#*� 

 
ŕbŖıőę× 
� ±²ıőPAC¹BE*�ıÈ4¼��S&=Ě�F� 3.2.2-2�B 13PĈ%�âĖS^eO

Ô�7ÒS^eOÔ�&E4ıÈ?�{/4ôÎ�ÎńP��/¼��S&=Ě�P� aąÉ

o74ph�Ð�±²³"4���7ņn¼�4��5=BE2�-*� 

� #�#2�B�¢¾ÿM5�a�ņn4Ä�PôÎ�PAa���=BE*�ÒS^eOÔM

5�&E4Î�ÎńP��/?�í¢"Eaģŀ�´¾×Fķ�a1½ð2ģŀ4ph�û$�

ÍĆ2gņnò�7hņnò�¼��S&=Ě�PùEa4P¨#�âĖS^eO#*ıÈM5

1000hrlg4Î�Fĥ�1ņnòlņP��/ģŀ�:;f¢P2aŎ×�ùE*�!E5�ņ

nlņ4�¶Ä���Ta iPâĖ���%a÷ãM4ôÎ�PAC��#/�a!1FĈ�%

a1ĝ�BEa� 

� !EB4ę×5�ÓôÎ�ÕmM5âĖFS^eO#* Ta � 1000hr lg4ŃÎńôÎ�F
� a1ņnÄ�4���Ĉ�"Eaę×�¹BE*�!4ę×5�ACŃÎń4ôÎ���a

�5Œì4ôÎ�PACŏĤ2ßÚÿö¾4���ùEa�Ğ¾FĈ�%a1ĝ�BEa� 

� ±²ıő¸4ıőõAC¹BE*ąÉŋ�7ąÉľwŋ4SEMĬ§}ăF�3.2.2-13�B25

PĈ%�âĖS^eO4Ñó@ôÎ�4ÑóPAB&��&E4ıőõ?Ē 70%lg4Éŋë©
øFĈ#/�C�Éŋë©ø4ĬòP��/?ÓôÎ�ÕmM5ÍĆ2ßÚÿö¾4��FĈ�

%a��5=BE2�-*�fÊM�ąÉŋ¶ÀM5âĖS^eOÔP��/�ÒÎ�Ô�7Î
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�Ô4�&EP��/?±²ĸÊ�Pê�ĵ4A�PĬ§"Eaœ�Mdr_Pr�Ĭ§"E*�

!4ąÉŋĘěþû��4Ĳė5ùÎòMÍB�M5ó�����"E*âĖ4ª��PAaª

Âÿ2Ta4ßÚÿö¾4��FĈ�#/�a�Ğ¾��C�âĖS^eO¸4TaP� aâĖ

4��÷À@��ĎÂFİt%a!1�!4ąÉŋ¶À4ĭÖP��/ŀĩP2a1ĝ�BEa� 

� lg4ıőę×AC�Ó®¯Çx#*ıőħĜFü�âĖS^eO#* Ta P¨#/ôÎ�ı
ő�7ôÎ�¸4ßÚÿö¾4��FĴØ%a!1��ĞM�a!1�Ćĳ"E*�  
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Ħ 3.2.2-1� ēTa4� ĘÁīÙv(%) 
zĖ C O N H Nb Fe Ti 
īÙv <0.03 <0.03 <0.01 <0.0015 <0.10 <0,.02 <0.01 
zĖ W Si Ni Mo Ta   
īÙv <0.01 <0.02 <0.02 <0.02 Bal.   

 

 

 

 

 
� 3.2.2-1� �0.5mmTaĚÔ4�Ĭ}ă 

 

 

 

 



 3-26 

 
� 3.2.2-2� ÒS^eOÔ4¼��S&=ÏĚŕÎ��Ŗ 
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� 3.2.2-3� ÒS^eOÔ4¼��S&=ÏĚŕ100hr�12hrÎ�Ŗ 

 
  

 ����
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� 3.2.2-4� ÒS^eOÔ4¼��S&=ÏĚŕ100hr�24hrÎ�Ŗ 

 
  

 ����
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� 3.2.2-5� ÒS^eOÔ4¼��S&=Ě�ŕ100��500 hrÎ�Ŗ 
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� 3.2.2-6� ÒS^eOÔ4¼��S&=Ě�ŕ100��1000 hrÎ�Ŗ 
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� 3.2.2-7� ÒS^eOÔ4¼��S&=Ě�ŕ100��2000 hrÎ�Ŗ 

 
  

 ����

�����
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� 3.2.2-8� âĖS^eOÔ4¼��S&=Ě�ŕÒÎ�Ŗ 
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� 3.2.2-9� âĖS^eOÔ4¼��S&=Ě�ŕ100��12 hrÎ�Ŗ 

 
  

 ����

�����
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� 3.2.2-10� âĖS^eOÔ4¼��S&=Ě�ŕ100��24 hrÎ�Ŗ 

 
 

  

 ����

�����
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� 3.2.2-11� âĖS^eOÔ4¼��S&=Ě�ŕ100��500 hrÎ�Ŗ 

 
 

  

 ����

�����
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� 3.2.2-12� âĖS^eOÔ4¼��S&=Ě�ŕ100��1000 hrÎ�Ŗ 
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� 3.2.2-13� âĖS^eOÔ4¼��S&=Ě�ŕ100��2000 hrÎ�Ŗ 
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� 3.2.2-14� ÒS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 
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� 3.2.2-15� ÒS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��12ÎńÎ�Ŗ 
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� 3.2.2-16� ÒS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��24hrÎ�Ŗ 
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� 3.2.2-17� ÒS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��500hrÎ�Ŗ 
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� 3.2.2-18� ÒS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��1000hrÎ�Ŗ 
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� 3.2.2-19� ÒS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��2000hrÎ�Ŗ 
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� 3.2.2-20� âĖS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕÒÎ�Ŗ 
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� 3.2.2-21� âĖS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��12hrÎ�Ŗ 
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� 3.2.2-22� âĖS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��24hrÎ�Ŗ 

  



 3-47 

 

 

 
� 3.2.2-23� âĖS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��500hrÎ�Ŗ 
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� 3.2.2-24� âĖS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��1000hrÎ�Ŗ 
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� 3.2.2-25� âĖS^eOÔP� a±²ıő¸4ąÉŋ�7ąÉľwŋ4 SEM}ă 

ŕ100��2000hrÎ�Ŗ 
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3.3� <1> 

� ÓĄĊM5�GaJ`îéiP� aRdRaŕTaŖ4âĖ��Ä�1�âĖ��¸4Î�P

AaßÚÿö¾84·ŌFÍB�P%a*>�âĿ�tr`e[ŕNaOHŖâîéiM4 Ta 4

âĖ��Ä�P.�/�èïÕm1��âĖŁ14ŅuF�ÖĴØ#�âĖ��#*¸4Î��

×PAaßÚÿö¾84·ŌFÍB�P%a*>4ıőF£Ë%a*>4ıőħĜFÇx#�Ç

x#*ıőħĜ4¾ĞĆĳıő1#/�âĖ��Łí¢ıő�7ßÚÿö¾P�;%Î�4·Ō

İtıőF£Ë#�Ó®¯Çx#*ħĜ5âĖ��Ł4İt�7âĖ��#*¸4Î��×PA

aßÚÿö¾84·ŌFĴØ%a!1��ĞM�ajFĆĳ#*� 
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4.� Ñû��x#ģ�4ēÆ 

� ĝ�^#�}�5�Ñû
�ËÇìà­#|*�§Ĭ#ģ�4Èď7ĉ	ħ#Ė�4 ā
2

54�.�»ÁğĠycö 174�òÀĔÛ�c#���ġl�5��Ñûąx$�Áċ� à­

Đhðôc� ^Ģ��c�BYOC:Q7ăĔİ»Áĝ��cò$�c�$î`ăĔı��	 

� ÁBYOC:Q�ëĊ�5�ĝ�Â¹%��$��
Į¦tĠ7^« �4ğĠÂ¹7FZ@

GI ����
�ĝ�^#�Ù��Ñû
ËÇìà­#]
4§Ĭ#ģ�4ðô7~3[��

�3�Áðô�ïí���4 Ta %Ñû$�ÙĤ
�����ÙÑû
Ñû��x#��"§Ĭ

7]
4 ¶Ø�54�.ăĔ#14®�}Ĩ$¯Ā%��� ā
25�	b\#�à#Áð

ô#ģ�4Èď#Ė�4 ā
254��#�����$Éċ7ė)4	 

� s.#�¼óè��$zĪÐ#14�ēĔÛ
ĉ65�	�$^��©Ã$Ñû��xðô�

%�Ñû��xëæ$���ÑûĜİHCı
ěċ��4 �	$
oĘĒĕ����	���"


2�Ñû$ĝ�$ËÇìà­($§Ĭ#ģ�4äč
Ě#�5��Â¹$Ñû��x#��4

Ă­7Èď�4���ěċ"$%å��2in�4ÑûĜİHEı HC $Ï
ěċ��3�å

��2in�4ÑûĜ7ù¤ć�Đh�4¬ċ
�4� 
ñ�5�	+��ĝ�$Ñû��x

Ĝİ¥­d\�êv��d\÷ı% HE���Ò+4/$�%Ü��Ñû
ĝ�^#���4á

Ó�!$Ê"'�, Î0ß Î7��4� ��õ�"!$Ìĥ
�u�4� �/§Ĭ��

4� 
üa�5�	 

� Í#�ĝ�^#���4Ñû õ� $î`fç7ēÆ�4�.#¿ç"²Ô ���Ħī�

ÖÚ��İPALıØ�
�įm¡��$eĈÐ�2üa�5�	�$��$^��'�,~3Ý

Ğ7º��Ñû7�}���úğ#�ī�ÿÞ�#13õ�Ìĥ7�n��¨�ÝĞ��úğ#

��4PAL7Ø���ýÅ�ÝĞ×¤  /#PAL
�u�õ�$�¤ ���
Ø��Ą�

�4_
ñ�5�	+���$Ø�7Õç�4� ��õ�Ìĥ^#´â�54ÑûĜ/Đh�

Ą��4_
ñ�5�	 

� +��ĝ�^#��4Ñû$��á°7ēÆ�4²Ô ��£�ç�25��4�½×Ćĩč

ÄİTDSı$Ø�k ĎøËBPSXZBTY 7Õç�4� #14�Ñû$IUGMA9I

čÄÔ#��������$�èÐ13üa�5�	TDSDN?IW%�×¤#��4Ñû$·

qę¤ ��ª254	Ñû%Ê�"A9I#IUGM�54�.�Ø�HZF ��% 1�$

LZ?#Č
4HZF$^#�é"4IUGMA9I�2$·q7ñ�j�
ě"���4_


����527rĩ��čÄ�4� 
��5&�ĝ�$Ñû��xR<JEQ$äč
Ě-%

���4	üa_g�%�đĭ�ª25� TDS DN?IW7=:Dr¢ģ¸ ��rĩčÄ7

ĉ��Í#ĎøËBPSXZBTY#13rĩ���LZ?$pã7ĉ	� ��IUGM�5

�Ñû$;KW>Z0IUGMA9I�¤7Đh�Ą��4_
ñ�5�	 

� �52$��13�Áðô�FZ@GI ���48W<Vå��Ñû7�}��FYFW�

4�%éÂµ�þ²$�Ñû
|*�ËÇìà­($§Ĭ#����Ñû�}¾$'�,�4�

%ß Î7ā±�4 ��Ëå�#{��Ñû��x³w
Èď��4 ā
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}�5�Ñû$��á°0Ñû��xR<JEQ#����Ñû�}#14õ�Ìĥ$�učÄ

0TDS7ç��IUGMA9IčÄ
¿ç��4� 
ā
254	 
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5.� �Ě�Ğ��HBEK 

� Áæì�¦Æ��]ăb�©ýà�È«�ē�,��	*�æìĆÝ�ĊĨ·Ñm!o���

=K:�ĕ»¡m!�Ą¡0ĩ&,�&��j�dÌË��]æì�xU�M�Ĉ
,j�dÌ

Ë���Ğ��),^`Ø¸Ĉñ��hæì�ĞĚU0ĈöJėz��¿ďø	*�£Ă0l÷

��,��'�©ýà[ĥ	*�HBEK0p
�	þ 5-1��ĞĚU�x�Ïtm!§�0ç
�	 

� �¦ 29� 10¾ 30º�ğ\��î 19{��ĞĚU������RM�)��Ďĉ0��	 

• �Ä�Éć�òÆÎ��Čħ���Y�¼�NaOH�),Ta"��Ħ�ó���,ċ»

�����,
��Ä�Éć�Ġ�,Êā��Ì�WÜÃS�¢����,fh7?F3

����-*0Ĕ%��L��æì�:K6;>0¶Ø��ċ»��$��	 

• a��������)��7?F3��-,	0)�Éć�����æìĆÝ0í�,#

���,	Q�ĆÝ��Ta
�-,��7?F3�����,
�ßÂ°sô¨�á�ĩ

�~¡e�
e/���,���ßÂ°sô¨��Íģ
�|���	*�ÿ
V!��

-,qù¡'÷�*-,����-*0ĉX�,ĊĨ'÷�,�ā
�,)�� /-,	

�,��¹�Ęk�ü/-��,���- ��ċ»
�ā��.�	 

�¦ 30� 1¾ 30º�ğ\��î 20{��ĞĚU������RM�)��Ďĉ0��	 

• ßÂ°sô¨�¯Ü�u
�Ęk��¸�-�ĊĨ�òÆ�Î��yħ0±ç�,����

Čħ(Đč"�ÕÓ���·�Q{�}w����+��� /-,	 

• Á���}w��P��� Ta�Ö¡0ĉX���,
��Ì� Zr�Tam! SUS�ô¨
ËĖ��,���½ðà�����×0÷¥�æì0%�&�����
�ā��,�.

�	%��FP(³�õ�Ħ
���	���	0�,ë�äĂ���¬�����ā
�

,���Ô�	�÷���,	 

• Áæì�ßÂ°sô¨���� NaOH Ù����Q%��äĂ��Ô�Ù�0�Ē��

�¼�Ö�Ta�NaOHN�Ðï0)�vn�����Ħ
����¢��-,��.

ãâÓ��Øą���,	%�Ta�Ðï��h­g0ª���L��ßÂ°sô¨���

÷��¼��Ħ
���,�	���7?F3
ċ»��,�ú��÷���,	 
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þ 5-1� ^`Ø¸Ĉñ��hæì�ĞĚU�x�Ïtm!§�īµêÞĬ 

 t� c §� � 

PÇ ĜÀ� Ĥè ĝ�©ýé���� ´® 
��Ģ��æìé� j�d79<D�]���² 

�x åO� Ā �ġ��� ÖT´® 
��Ģ��æìé� B8A92I8@1FI5�² 

�x ûÁ� ¤r �ġ��� ´® 
��Ģ��æìé� C<F1GÚÛé��² 

�x Òę� đ Åi��� ´® 
��Ģ��æìé� ě�2AG4K���² 

�x Ī�� Z �ġ��� _´® 
��Ģ��æìé� Ù�J2AG4K���² 
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6.� ��
� 

ådî�$	�ďyzČÛŁ�kď�43�ĜīĘŎæ×#	�đæÑ�ħ�Ë6ðÊ�3E

\EZŨTaũ"���	Ćí]ĸojî#Ŝ"8Z<YĂþŨùŎ�LJY;TùĂþũ�&Ę

Ŏ6ď��Ĵ543�Æ©�43Śêjî#½Ţ6���ĥ¸��dŇŨİŤ�&ùģ���ũ


Ď�3��
ÉÂ�43���1	�jî
 Ta Ĺó�#īŤÃ�&óìēĉÃia"�*�
½Ţ"Ř�3áÙÌĵēĖĻ6�ŝ]ĳĝ�3��6ĕē���ªÛ��� 

 
İŤ"Ř�3ŃťėĞ�$	Ta 
8Z<YĂþ"�1�4�#�"úŦĘŎĂþc�kď�

43��"	�#č�¡�
�*� Ta #īŤÃ'#½Ţ6Þ1�"�3�-	ùŎ�LJY;
TŨNaOHũùĂþc�8Z<YİŤ��çf�# Ta #ĶšĔı#ÃĊ�&�4
ùģ��"

b
3½Ţ6|è�	8Z<Yč�#ĶšĔı'#½Ţ6Ņ(3�õ��	8Z<YİŤ¾"ª

óč�6òÓ��ĘŎĂþc�#İŤŃť/Šø�§ĉÃŃť6Ĵ�	8Z<YİŤ"�*�½

Ţ6ęń�3Ńť6ªÛ�3�·Ê 29 ¸¹$	`ŀx®6¨ŋ�3�-#Ńťķĩ6Ör�3

��."	ÃĭęńŃť���İŤŃť	Šø�§ĉÃŃť�&ĶšĔıęńŃť6ªÛ���

Ħé6ea"ŀ�� 

 
� İŤ"Ř�3ŃťėĞ#�-#Ńťķĩ#Ör���	İŤŃťķĩ	ĶšĔı�ÁĽèķ

ĩŨŠø�§:\P^F\CŃťķĩũ	ňë�Š¤ţÀœŨSEMũ	Ő³ØšÀĤ~µķĩ

�&Ő³Ķš?^I9\>ķĩ6Ör��� 
� İŤŃť�$	İŤŃťķĩ#ÃĭęńŃť���	Ta6ď��	NaOHùĂþą¹	Ń

ťßŗ�&Ā¹6NXU^E���NaOH ùĂþc#İŤŃť6ªÛ����#Ħé	Ta 

#İŤŊ¹$ NaOH ùĂþ#ą¹��." ~���_Ú 6mol/L # NaOH ùĂþ#�

�"$ýĄßŗ# ~��."İŤŊ¹
ÿ²����41#Ħé�1	Ta $ NaOH ù

ĂþýĄ"02İŤ
ĒĎ�3
	ßŗĥŌ��."Ta Ķš"İŤĔı
ĎÊ�3���
İŤ
Í}�43�Ī
143�+�	İŤŊ¹$Ā¹#`Ý��." ~�3��
5�

���e`�1	å¸¹Ör��İŤŃťķĩ"02 6mol/L +�#ŧą¹ NaOH ùĂþ

c"��� 336 ßŗ+�#Ŕßŗ#ýĄİŤŃť
�ĭ��3��."	~ć�� NaOH 

ùĂþc�.İŤŃť
�ĭ��3��6ęń��� 

� Šø�§ĉÃŃť�$	ĶšĔı�ÁĽèķĩŨŠø�§:\P^F\CŃťķĩũ#Ãĭ

ęńŃť���	NaOH ùĂþc"��� Ta #|ïā©	İŤÏÎā©�&:\P^F

\Cā©#�ĜŠø�§ā©6ªÛ����#Ħé	NaOH ùĂþ#ą¹"01�:\P

^F\C#i�üÕq�&ŧ�üÕq"���©¶p6Ě���+�	¿14�R^KĨ�

#�üÕl¦Ã#Ħé�1	Ĕı#Šø�§ĉÃ
Ľè�ĭ��3��
ęń����e`

�1	Ör��Ķš�ÁĽèķĩ6ď��	NaOH ùĂþc#ā©
�ĭ��3����

."	ĔıĎÊÐ�6íĿ�3��
�ĭ��3��6ęń��� 
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� ĶšĔıęńŃť�$	ňë�Š¤ţÀœŨSEMũ#Ãĭęń���	1Ū6mol/L#NaOH

ùĂþ"�İŤŃť6ªÛ��Ta"��� SEM6ď��Ķšļ¯6Ĵ�	3mol/Le`#

NaOHùĂþą¹�$TaĶš
všİŤ¼Ç6��3��
5����+�ĶšĔı"�

�� XĨuŠ¤|uûŨXPSũ6ď��|è��Ħé	ĔıĶš$ TaŎ�ĈŨTa2O5ũ�

ðÊ�4��3�Òā�4���1"Ör��Ńťķĩ#ÃĭęńŃť���	Ő³ØšÀ

Ĥ~µķĩ"���$ Si #~µ6Ĵ�ĶšĔı#ÀĤ~µ
�ĭ��3��6ęń���

+�	Ő³Ķš?^I9\>ķĩ"���$=XCĶš"?^I9\>6Ĵ�Ķš"±ŠÃ

Ĕı
ĎÊ��3��6ęń���e`#Ħé02å¸¹Ör���41#Ńťķĩ"02

ĶšĔıęńŃť
�ĭ��3��6ęń��� 

 
ùģ���"Ř�3ŃťėĞ�$	8Z<YĂþc"��3 Ta #ùģ��Ð��	ùģ��

¾#ß�"03óìēĉÃ'#½Ţ6Þ1�"�3�-	NaOH ùĂþc�# Ta #ùģ��

Ð�"���	ýĄçf���ùģŏ�#Řn6|èŅë�	ùģ����¾#ß��é"03

óìēĉÃ'#½Ţ6Þ1�"�3�-#Ńť6ªÛ�3�·Ê 29 ¸¹$	`ŀx®6¨ŋ�
3�-#Ńťķĩ6Ör�3��."	Ör��Ńťķĩ#ÃĭęńŃť���	ùģ��ŏā

©Ńť�&óìēĉÃ"�*�ß�#½ŢłmŃť6ªÛ���Ħé6ea"ŀ�� 

 
� ùģ��ŏā©Ńť#�-#Ńťķĩ#Ör���	Ő³cùģŏā©ķĩ�&Šø�§Ń

ťķĩ6Ör��� 
� ķĩ#ÃĭęńŃť���	¬Ā# 1Ū6mol/L#NaOHùĂþc� 24Ū168ßŗ#ýĄ�

�İŤŃť6Ĵ�� Ta #ùģÔ{àĨ6ā©��Ħé	ýĄßŗ��." Ta c#ùģŏ

$ ~�3
	48ßŗe`#ýĄ�$ùģŏ# ~ŏ$ÿ²�3t�
,14��+�Šø

�§Ńťķĩ#ÃĭęńŃť���	Šø�§ē"ùģGV^B6Ĵ�� Ta Ĩæ6Ĺj�

Ar ş�øaŐ³cùģŏā©ķĩ�&£øş�øaŐ³cùģŏā©ķĩ6ď��ùģÔ
{àĨ6ā©��Ħé	Arş�ø�$Ģ 100ppm#ùģ
Ô{�4�
£øş�ø�$)

�7 Ļ14!�����41#Ħé02Ör��Ńťķĩ�&ā©ķĩ"02ùģ��ŏ

#©ŏ
�ĭ��3��6ęń��� 

� óìēĉÃ"�*�ß�#½ŢłmŃť#�-#Ńťķĩ#Ör���	ÄĀñ�&º»Ń

ťķĩ6Ör��� 
� óìēĉÃ"�*�ß�#½ŢłmŃťķĩ#ÃĭęńŃť���	ùģGV^B"02ù

ģŏ6Ģ 80ppm"ŅĹ��TaĨæ6 100�#£øc� 12Ū2000ßŗćß�6ªÛ�	�

#¾º»Ńť6Ĵ����#Ħé	1000hr e`#Ŕßŗćß�6��3�řgÐ�#¡�

6Ě��3Ħé
¿14	02ŧĀ	Ŕßŗ#ćß�02ţĲ!óìēĉÃ#¡�
ċ43

�ĭÃ
Ī
143�e`#Ħé02	å¸¹Ör���41#Ńťķĩ"02óìĉÃ"

�*�ß�#½ŢłmŃť
�ĭ��3��6ęń��� 
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ùģ�����"Ř�3Ņë�$	ÜåőŒ�hĠ 174 �ěäņă£h"���Ŗs�4�

�ùģĮ�#�åĺ��ĉÃłmėĞh� cŗ��h�A\SB;T6Ĭņ���Ta�3�$đ

æÑ�ħË"���ùģ��ß#%�,�3�$ć´÷6ĪÈ�3�ªóč�"���ùģ��

�Ð�
íĿ��3��	+�	���4�ùģ#¦�ĊÇ/ùģ���U<MDT6Ņ(3"

$ùģ��"03ğ¥ôś# ~Ľè/ÝĀįŞĽèŨTDSũ6ď��JXHQ@:JĽè
ã

ď��3��! #Å�6¿�� 

 
ådî#ªÛ"����ėĞÊé#«ļÃ	wö�602ŧ-3�-"	5 �#¢ō°ŕ­�
1!3yzČÛŁĥ¸¡�ėĞ°ŕōh6Łĩ�	·Ê 29¸ 10â 30Ü"Ġ 1�ŨŉġĠ 19

�ũ	·Ê 30¸ 1â 30Ü"Ġ 2�ŨŉġĠ 20�ũ6Ŗs�	ėĞľĐ�&ėĞĦé"���[

OW^6���� 

 

 


