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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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1.2.2  
(a)  

29 32 4
 

 
(b) 29  
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5



 1-3 

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.  

Ta

Ta

NaOH Ta

 

29

 

 
2.1  

NaOH Ta

NaOH
±

±

 

 
2.1.1  

NaOH NaOH

Autolab ±

PGSTAT128N+FRA32M AMETEK

PARSTAT3000A ± 1µ 1MHz 0.2 mV
0.35 V

2.1.1-1 3  

 
2.1.2  

NaOH Ta
AirBlade5000

500µ/hr

2.1.2-1  

 
2.1.3  ±  

NaOH Ta



2-2 

± ± ±HPC-20

2.1.3-1  

 
2.1.4  

NaOH

500ml ±

± ±

2.1.4-1  
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 2.1.1-1 Autolab ±  

 
±  

ü  10 µHz 1 MHz 

ü  0.003 % 
ü  10 V 

ü  1, 5, 15  

ü  0.2mV 0.35V 
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2.1.1-2  AMETEK  

 
±  

ü  10 µHz 7 MHz 

ü  30.4fA 

ü  6 V 10V 

ü  0.1mV 
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2.1.1-3  

 
 

ü   X ±

EDS  
ü   10 50  

ü  30kV 

ü  1.2nm 
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 2.1.2-1  

 
 

ü   1mm/hr Si  

ü   8mm  
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 2.1.3-1 ± ±  

 
 

ü ±   

ü ±  0~100nm  
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 2.1.4-1  
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2.2  

2 1

NaOH

 

 
2.2.1  

 
a  
2 1 2 Ta NaOH

NaOH ±  

Ta 1.5×100×100mm

× 2.2.1-1 2.21-1  

1.5×10×10mm
1.5mm ± #1200

±

± 0.1mg

1 3  

NaOH ± NaOH 0.3
1 3 6mol/L 24

± 24 48 168 NaOH 1 3 6mol/L

6mol/L 336

± 50 3mol/L NaOH

24 2.2.1-2  

±

± 0.1mg

 

mm/year 2.2.1-1
 

    !" = ∆%
&∙(∙)   (2.2.1-1 ) 

CR (mm/year) ΔW (g) S
(2.6 cm2) t ( ) ρ (16.65 g/cm3)  
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b  

2.2.1-

3 4 NaOH

2.2.1-2 2.2.1-3 5 2.2.1-6

3 2 1
 

2.2.1-2 NaOH 24 Ta

2.2.1-5 6mol/L NaOH

Ta NaOH

24hr Ta

Ta 2 2 3

 
2.2.1-6 50 10

 

6mol/L NaOH

336 NaOH
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2.2.1-1 Ta (%) 
×  C O N H Nb Fe Ti 

 <0.03 <0.03 <0.01 <0.0015 <0.10 <0,.02 <0.01 
×  W Si Ni Mo Ta   

 <0.01 <0.02 <0.02 <0.02 Bal.   
 

 

 
2.2.1-2  

 NaOH
(mol/L) 

 
(hr)  

 0.3, 1, 3, 6 24   1, 3, 6 24, 48, 168, 336* 
 3 24 50  

* 336hr 6mol/L NaOH  
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2.2.1-1  
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 2.2.1-2 NaOH  

RT  

 

  

24hr, RT 
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 2.2.1-3 1mol/L  

 
  



2-15 

 

 

 

 

 

 2.2.1-4 3mol/L  
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 2.2.1-5 6mol/L  
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 2.2.1-6 3mol/L NaOH 24 hr  
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2.2.2  

2 1 1 NaOH

NaOH

Ta ±

 

±

 

 
a  

2 1 1 NaOH Ta

±  

2 2 1 Ta

φ2mm ±

± #1200 ±

± #2000 ±  

0.3 1.0 3.0mol/L NaOH

20 mV/min ± -2.0V ±

+2.0V  

3.0mol/L NaOH

-10mV +20mV
0.167mV/sec -

30 200

100 NaOH

NaOH 1mol/L NaOH

Hg/HgO  
± 0.03 0.3 3.0mol/L NaOH

10mV 10mHz

100kHz ±

NaOH Ir  

 
b  
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NaOH Ta 2.2.2-1 3

NaOH

± ±

NaOH 0.3 1 3 mol/L 6	10-9 7

	10-8 1	10-7 A/cm2 NaOH Ta
NaOH Ta

NaOH

 

− 2.2.2-4
2.2.2-5 2.2.2-5

1.35kΩ 30 5kΩ
5 10kΩ Ta

NaOH

NaOH
100

 

± NaOH ± 2.2.2-6

± NaOH

± 0.1 10Hz ±

NaOH

NaOH

±

± ± NaOH
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 2.2.2-1 0.03mol/L NaOH Ta ±  

 

  

0.03 mol/L NaOH 
RT 

1

2 42 8 
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 2.2.2-2 0.3mol/L NaOH Ta ±  

 

 

  

0.3 mol/L NaOH 
RT 

1

2 42 8 
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 2.2.2-3 3mol/L NaOH Ta ±  

 

 

  

3 mol/L NaOH 
RT 

1

2 42 8 



2-23 

 

 

 

 

2.2.2-4 Ta 3mol/L NaOH -  

100  

  



2-24 

 

 

 

 

 
2.2.2-5 Ta 3mol/L ( ) 
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 2.2.2-6 Ta NaOH ± ±  

 

 
  

0.03mol/L 

0.3mol/L 

3mol/L 

0.03mol/L 

0.3mol/L 

3mol/L 
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2.2.3  

2 2 1 Ta

SEM X

XPS

Si ±

±

 

 
a  
2 2 1 Ta NaOH

1 6mol/L NaOH 24

168hr Ta

SEM

NaOH 50 3mol/L NaOH
24hr Ta  

2 2 1 Ta 6mol/L

NaOH 24 48 168 hr

XPS  

XPS Ar Ta
× 1

XPS XPS

× ±  

Si

4kV 100µm 30 1mm/hr
 

±

± ±

± ±  

 
b  

NaOH Ta SEM 2.2.3-1 3

50 3mol/L NaOH 24hr Ta SEM

2.2.3-4  
NaOH 1mol/L

3mol/L NaOH
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50 3mol/L

 

Ta ± XPS 2.2.3-5 2.2.3-

8 Ta (Ta2O5 )
Na ± XPS 2.2.3-9

NaOH Na

2.2.3-1 2

Ta ±

± Ta
 

Ta2O5 Ta

± 2.2.3-10 13

Ta2O5 ± Ta ±

Ta2O5

Ta2O5 ±

 

XPS Ta2O5 ± SiO2

± 2.2.3-14 17

1 Ta2O5 Ta
SiO2 ISO17019 ISO/TC 201/SC 4

± 1/2

2.9nm

4 6nm NaOH 2

NaOH Ta
24hr  

Si SEM 2.2.3-18

1mm/hr

Ta
 

± ±
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39k ±

SEM EDX

2.2.3-19 ± ±

 

 
 

 

 
 

2.2.3-1 , 60, 394 401 2011  

2.2.3-2 A. Robin, J. Appl. Electrochem., 34, 623 (2004) 
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 2.2.3-1 NaOH Ta SEM 1mol/L  

  

24 hr 

48 hr 

168 hr 

10µm 

10µm 

10µm 



2-30 

 

 

  
 2.2.3-2 NaOH Ta SEM 3mol/L  

  

24 hr 

48 hr 

168 hr 

10µm 

10µm 

10µm 
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 2.2.3-3 NaOH Ta SEM 6mol/L  

  

24 hr 

48 hr 

168 hr 

10µm 

10µm 

10µm 
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 2.2.3-4 NaOH Ta SEM 3mol/L 50  

 

  

24 hr 

10µm 
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2.2.3-5 Ta XPS  
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2.2.3-6 Ta XPS 6mol/L 24hr  
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2.2.3-7 Ta XPS 6mol/L 48hr  

 

  



2-36 

 

 

 

 

 
2.2.3-8 Ta XPS 6mol/L 168hr  

  



2-37 

 

 

 

 

 
2.2.3-9 Na ± XPS  

  

6

 



2-38 

 

 

 

 

 

2.2.3-10 Ta ±  

  



2-39 

 

 

 

 

 
2.2.3-11 Ta ± 6mol/L NaOH 24hr  

  



2-40 

 

 

 

 

 

2.2.3-12 Ta ± 6mol/L NaOH 48hr  

  



2-41 

 

 

 

 

 

2.2.3-13 Ta ± 6mol/L NaOH 168hr  
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2.2.3-14 Ta  
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2.2.3-15 Ta 6mol/L NaOH 24hr  

 

  



2-44 

 

 

 

 

 

2.2.3-16 Ta 6mol/L NaOH 48hr  

 

  



2-45 

 

 

 

 

 

2.2.3-17 Ta 6mol/L NaOH 168hr  

  



2-46 

 

 

 

 

 

2.2.3-18 Si SEM  

  

500µm 



2-47 

 

 

 

 

 
a ±  

 
b ±  

 
2.2.3-19  

  



2-48 

2.3  

NaOH NaOH
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3. P a  

M P a Ta P

a P a tr e NaOH M Ta

P

P a P a a  
29 a a P

P

 

 
3.1  

NaOH P a Ta P a

P a NaOH M Ta P

P a P a

P Ta
Ta P a

3.1-1 3P  

Ta P a a P

a 3.1-4 5P
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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 

 

  



 3-3 

 

 

 

 

 
� 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 
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 3.1-3  

 
 

ü  15V 
ü  1A 

ü s  

 

 

  



 3-5 

 

 

 

 

 

� 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  

 
 

ü  5 kN 

ü  0.001mm/min 1000mm/min 

ü  JIS B7721 0.5 P  
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3.2  

3 1 P P

P P P

 

 
3.2.1  

3 1 M a NaOH

Ta

Ta  

 
a  

NaOH M TaP a a 2 2 1 M

1 3 6mol/L NaOH P 24 48 168

P Ar
800 M

100K/hr  

P 0.3 1 3mol/L NaOH

P 24

P

P#600 M M nr P

3.2.1-1P 3.2.1-1P  

a Ta P a P

a 0.5

10mm Ta P 0.9 tr e NaCl M 100A/m2

1hr 100mass ppm a

Ta 800

M 100K/hr  

 
b  
Ar NaOH M Ta

3.2.1-2 4P i 500 900 M a

a M

 
P NaOH P aTa

3.2.1-5 7P NaOH M P Ta
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a 48 M a  

NaOH P

3.2.1-8 11P i 200 500

800 900 M Ta i a

NaOH
Ta 24hr P 3.2.1-12P NaOH

P P a P a Ta a

Ta TaP

a

aP P a M NaOH

P a a a  

Ta P Ar

M 3.2.1-13 14P

Ar M 106mass ppm M

3.3mass ppm

M a P Ta P a

a  
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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 

 
  



 3-11 

 

 

 

 

 
� 3.2.1-3 NaOHâîéèïıő¸4Ta�B¹BE*âĖÆ�ÏĚŕ3mol/L�¤ìŖ 

 
  



 3-12 

 

 

 

 

 
� 3.2.1-4 NaOHâîéèïıő¸4Ta�B¹BE*âĖÆ�ÏĚŕ6mol/L�¤ìŖ 

 
  



 3-13 

 

 

 

 

 
� 3.2.1-5� Ta4âĖŁ1ġŐÎń14Ņuŕ1mol/L�¤ìŖ 

 

  



 3-14 

 

 

 

 

 
� 3.2.1-6� Ta4âĖŁ1ġŐÎń14Ņuŕ3mol/L�¤ìŖ 

 

 
  



 3-15 

 

 

 

 

 
� 3.2.1-7� Ta4âĖŁ1ġŐÎń14Ņuŕ6mol/L�¤ìŖ 

 

  



 3-16 

 

 

 

 

 
� 3.2.1-8 Òèï4ýÔÅ�Ô�B¹BE*âĖÆ�ÏĚ 

 
 

  

���
�� �����



 3-17 

 

 

 

 

 

� 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 



 3-19 

 

 

 

 

 

� 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 NaOH 24hr  

Ta M  

 

  



 3-21 

 

 

 

 

 
 

 3.2.1-13 Ta Ar M  

0.9%NaCl 100A/m2 1hr  

 
  

Ta, 0.9%NaCl 100A/m2 1hr charge 
Ar���������� 
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 3.2.1-14 Ta M  

0.9%NaCl 100A/m2 1hr  

 
  

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

a 3 2 1 b M

P Ta P P

a M  

 
a  

0.5mm Ta #600 M M nr P

P± Ta 1.0 

mass ppmM 3 2 1 b M 0.9 NaCl
100A/m2 Ta 80ppmP M TaP

Ta 2 2 1 M

Ta 3.2.2-1P Ta 3.2.2-

1P  

100 P 12 24 500 1000 2000hr  
P P i

s s 0.5mm/sec S 8.33 10-4/s M

SEMP  

 
b  

P S 3.2.2-2 13P

P S P a

 

M a P P a M

P a × a

S P a P M

1000hr P P a ×

Ta P a M P a

a a  

M Ta 1000hr
a a a

P a a a  

SEM 3.2.2-13 25

P P 70%
P M

a M M P
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P P P a r r

M M P a

Ta a TaP a

a P P a a  

Ta P
a M a   



 3-25 

 

 
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 
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3.2.2-2 S  

 

  

(
))

	

(

 



 3-27 

 

 

 

 

 
3.2.2-3 S 100hr 12hr  

 
  

 



 3-28 

 

 

 

 

 
3.2.2-4 S 100hr 24hr  

 
  

 



 3-29 

 

 

 

 

 

3.2.2-5 S 100 500 hr  

 
  

 



 3-30 

 

 

 

 

 

3.2.2-6 S 100 1000 hr  

 
  

 



 3-31 

 

 

 

 

 

3.2.2-7 S 100 2000 hr  

 
  

 



 3-32 

 

 

 

 

 
3.2.2-8 S  

 
  

(
))

	

(



 3-33 

 

 

 

 

 
3.2.2-9 S 100 12 hr  

 
  

 



 3-34 

 

 

 

 

 
3.2.2-10 S 100 24 hr  

 
 

  

 



 3-35 

 

 

 

 

 
3.2.2-11 S 100 500 hr  

 
 

  

 



 3-36 

 

 

 

 

 
3.2.2-12 S 100 1000 hr  

 
 

  

�����	��

���



 3-37 

 

 

 

 

 
3.2.2-13 S 100 2000 hr  

 
 

  

�����	��

���
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3.2.2-14 P a SEM  

 
 

  



 3-39 

 

 

 
3.2.2-15 P a SEM  

100 12  

  



 3-40 

 

 

 

3.2.2-16 P a SEM  

100 24hr  

  



 3-41 

 

 

 

3.2.2-17 P a SEM  

100 500hr  

  



 3-42 

 

 

 
3.2.2-18 P a SEM  

100 1000hr  
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3.2.2-19 P a SEM  

100 2000hr  

  



 3-44 

 

 

 

3.2.2-20 P a SEM  

 

  



 3-45 

 

 

 

3.2.2-21 P a SEM  

100 12hr  

  



 3-46 

 

 

 

3.2.2-22 P a SEM  

100 24hr  

  



 3-47 

 

 

 
3.2.2-23 P a SEM  

100 500hr  

  



 3-48 

 

 

 

3.2.2-24 P a SEM  

100 1000hr  

  



 3-49 

 

 

 

3.2.2-25 P a SEM  

100 2000hr  
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3.3  

M P a Ta P

a P a tr e NaOH M Ta

P

P a P a a

P

P

a a M a  
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4.  

174

	 

Ta

	

	 

	

HC 	

HE HC

	

HE

	 

PAL 	

PAL PAL

	

	 

TDS

	TDS

	 1

	 TDS
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