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. �

Ï�>²f "Öz>²~ *Vz� �ÿj W. :Ê� *�j ÒÏ~� ;** ª�»b� 25oCf 200oC »Ö>Ï�
öB G;~&
. 25oCöB Ï�>²~ Öz>wf *���öB~ *¶*�³êö ~�~º >w³ê�' æV>w�î

. ��¾ Nê& R¢6ö V¢ Ï�>²~ *Vz� �ÿf >w³ê�' æV>wöB {ÖæV>wb� æ~&
.
�N Ï�>² ��öB � &æ "Ï� ò� Ò
f b~ Öz& �·>º ç* **öB Ï�>²~ Öz>w� /
Ï® *Ú�º ß�� **'�� &V>î
º 6�
. � *çf W. *���ö >Öz�N~ �Oö V�� ©b
� �'B
. >�ö "Öz>²~ ãÖ, Nê& Ã&�ö V¢ Ã&~º {Öê>� �� *~&ê~ Ã&¢ B�~�
º Nêö V� *�>w~ «W� æzº ��æ p~
. 

Abstract : The electrochemical behaviors of dissolved hydrogen and hydrogen peroxide at a platinum disk electrode
were investigated in boric acid solution by potentiostatic polarization method at the temperature of 25 and 200oC.
The oxidation of dissolved hydrogen at 25oC was kinetically controlled reaction, the rate of which depends upon
the electron transfer on the electrode surface. As temperature was raised, however, the electrochemical characteristics
of dissolved hydrogen were changed from a kinetically controlled reaction to a diffusion controlled one. One notable
feature, with dissolved hydrogen at high temperature, is that an abnormal potential range was observed, where the
oxidation rate of dissolved hydrogen rapidly decreased just before starting potential of water oxidation. We think it
is caused by the deactivation of the electrode that results from the adsorption of hydroxyl ion on the surface of
the platinum disk. On the contrary, a definite change with temperature was not identified in the case of the hydrogen
peroxide except for the increase in current density that was due to the increasing diffusion coefficient with an increase
of temperature. 
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1. B �

>Ï�öB Ï�>²f "Öz>²º Ï�~ Öz~ö ç�
¢ Ö;~º 7º� ��j �
. >²º ¶�� Öz>�B .
³Òò¢ �^~º ·Ïj ~�, "Öz>²º ¢>'b� �N
öB Ö²VÚ� ª�>Ú .³j Öz�Ê�¾ .³�N~ Ö
z>¢ ¸�º ��j �
. � v z�«
f �N �v~ ê
Û, ß® B*Ï ö¶� ¢N ï'êÛ >î&Ò¢ *~� JÑ
ÿn ÒÏ>Ú z
. ��¾ �" ��òvÚ~ Ë"Vz� ï
'êÛ~ �>"V& ËVz>� ö¶K ª¢~ n*�B ;z
� ö¶� ï'> &Ò& �
 êÏ�öö V¢ *Ò î�Ú

Bv~ z��. VF� º�>� ®
. 
æ.ræ, >Ï� 
îöB~ Ï� >²ö &� "º ��ª
¢º >²�O" Òò~ >²�W(hydrogen embrittlement)ª¢
�
.1,2) ß®, ��ò b�Òò� æ�zª �." �>V(steam
condenser) Òò� �æª �.f &�'� >² �WÒò�æ
� ö¶K Òòª¢öBº �ö &� ��& ÷7'b� >¯
>Ú z
.2) �ö j~� "Öz>²f Ï�Ö²ö &� ��
º JÑÿn �� ª¢öB 
·� .³ö &~� �9² >¯
>Ú z
. Ï�Ö²f "Öz>²~ >wz
î¾ ��3,4)¦V

.³~ ¦�,5) bBBB �Ò� Ï�Ö² ~ö>wj �Ï� w
ÏVF6)ræ JÑÿn *Vz�¶
~ &�j Ajz
. ��
¾ �ÚöB~ �N �{ >Ï� ��öB~ *Vz�' 7"
f �N V&*� �/VF~ ÚJæ" �þ V.��~ jº



��*Vz�²æ, B 7 ², B 1 ̂ , 2004 15

Wö &� ��¦�b� �~�, � �Ò& ^æ pb� �N
ï'> ßWö &� V>���
º &¦ª �N ï'>ö �
ÂB Òò ^B�Öj *� .³ ¦���& >¯>Ú z
.7)

� ��öBº �N *Vz�>w ��öB V�� >º �
¦ V&*� �;VFj ¦Æ~&�, �¢ Ú¦Ï�� �z KCl
� f/"zf(Ag/AgCl) *�ö &~� 'Ï~&
. �Ò� Ï�
>²f "Öz>²& '' �Ò~º 200oC »Ö>~ *Vz�
' ßWj �«~V *~� W.*�öB~ ª�ßWj çN

þ Ö"f jv~&�, �N 
þöB �J�¢ � b~ �Òê
æzf *Vz�
þöB F~�¢ � Ò�ö &� Þ/~&

. � ��Ö"º ö¶� ¢N ï'êÛ z��.VF Ëçö
jº� �N >z� V>VF �»ö V�� ©b� ÒòB
.

2. �N ��öB~ V&*� �;

�N >Ï���öB *Vz� G;ö ÒÏ>º V&*�f
�N" �{Kö &� &�W� ¸�, 
þ
öB £² B·�
&Ë� f/"zf V&*�j "� ÒÏ�
. f/"zf V&*
�j ÒÏ~� �NöB ;{� **¢ G;~�, G;� *V
z� 
þ¶ò¢ ��� &ê�j �Ï~� �N>w .G" �
Cö �Ï~V *�Bº V&*�ö &� Nê�;� jº~

. V&*�f >wV Ú¦ �N �{ ��ö ç7 ÒÏ~º
ãÖf >wV �¦� �Â�B çNöB ÒÏ~º v &æ O
»� ®
. *¶� Ú¦ V&*�(internal reference electrode)
~ ãÖöº V&*�� >wV Ú¦ö *~~� V&*�" >
w
î *ö NêN& ìbæ�, Nê Ã&� �� f/"zf �
&*�**(Eo

Ag/AgCl(T)) æzf �Nb� �� "²�N~ �ÿ
ê æzò �;~� B
. ��¾ �NöB B�~º f/"zf
*�~ ®ÊrÒ�Ê(hysterisis) *çj b~� ËV ÒÏ � *
�~ Ú�W {�¢ *~� &¦ª~ ãÖöº �¦ V&*�
(external reference electrode)j j��
. �¦ V&*�öB
�;~�¢ � �Ïf "f/"zf *�**~ Nê 'Ë"
(Nernstian thermocell potential), "�N �Ú7/**" (isother-
mal liquid junction potential), "��Ú 7/**" (thermal
liquid junction potential) �Ò� NêN�ö V� f(Ag).³~
**N� "Thompson Î""& ®b¾, �N �Ú7/**f
Thompson Î"º 
� 'Ëö j~� � �V& ��~æ�,8)

NêNö &� f/"zf *�**f ��Ú 7/**ö &�B
ò �;� "� ®
. �¦ V&*�~ Nê�;ö &�Bº D.
D. Macdonald �8)� 250oCræ~ f/"zf Nêf (thermocell)

þÖ"f "²�N~ �ÿêö &� æ�W ®º &;j Û
~�, V&*� Ú¦ "zf ³ê 0.005~ 0.505 M º*~ N
ê �;~¢ ÖÂ~&
.
� ��öBº V&*� Ú¦Ï�b� �;8� rJææ p
f �z KCl Ï�j ÒÏ~&bæ�, � (1)~ �;�j �Ï
~� �¦ V&*�j �z KClö &~� �;~&
. � (1)
f ^ò9)~ Ö"¢ ;Ò~� �
 *�~² �*� ��
.

EWE(200oC) = ∆E(meas.) -∆Ethermo(200oC)
             + [EAg/AgCl(200oC) - ESHE(200oC)] (1)

EWE : 200oC SHE V&b� ÖÂB ·ë*� **
∆E(meas.) : f/"zf �¦ V&*�b� G;B **
∆Ethermo(200oC) : 200oC Nêf(thermocell)~ ** N

EAg/AgCl(200oC) - ESHE(200oC) 
  : 200oCöB f/"zf *�" SHE *�~ ** N

�VB �ç ·~ 8j &æº ∆Ethermo(200oC)º D. D.
Macdonald8)~ thermocell G;Ö"¢ �z KCl �ÿê� 2.74
Mö &~� �ã~� 1.4 mV� �~&b�, Eo

Ag/AgCl(200oC)~
8f 0.034 VSHE� F. King9)~ ��BöB �Ï� Greeley~

þ~¢ ÒÏ~&�, Nernst &ê�j �Ï~� [EAg/AgCl

(200oC) - ESHE(200oC)] �~ 8f -7 mV 8j áj > ®î
.
V¢B 
B ·ë*�~ ** EWE(200oC)º KCl �z f/"z
f �¦ V&*�b� G;B 8ö £ -8(= -1.4 - 7.0) mV¢ �
;~�¢ �
. �;";öB �z KCl~ �ÿêº Nêæzö
�² æ~æ pº
� &;~&
.8) 

3. 
  þ

�N *Vz� **ª� G;Ë~º *Vz� 
þÏ �N >
wV, ��V� BÚ>º ;**V(potentiostat) �Ò� Nê�
.� &Ë� �N�(furnace)� �W~&
. �N >wV~ ·ë
*�f çã 2 mm W. /(rod)j FÒ&b� /~� ~¦��
� Ï�ö �Â(0.03 cm2)>ê� B·~&�, &w*�f çã
1 mm W. F(wire)j &�ì� ÒÏ~&
. �N V&*�f
¢>'b� �N 
þö ÒÏ>º f/"zf �¦ V&*�9)"

ÿ¢ Bvb� B·~� ÒÏ~&�, Ú¦ Ï*Ï�f �z KCl
Ï�j ÒÏ~&
. >wV~ Òîf �æª�� Ú¦Ïïf 1
ÒV�î
. Fig. 1ö �N >wV~ BÛê¢ ê�~&
. **

Fig. 1. Schematic of high temperature reaction vessel for
electrochemical measurement: a, pressure vessel; b, Pt working
electrode; c, counter electrode; d, reference electrode; e, cooling
water jacket; f, solution outlet; g, gas outlet; h, purge gas inlet; j,
thermocouple; k, teflon cup; m, safety valve; n, pressure gauge.
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�. 5 *~G;j *� ;**V�º EG&G PARCÒ~
Versastat¢ ÒÏ~&
. 
þö ÒÏB Î� »Ö>Ï�~ ³ê
º »²ö²¢ V&b� 2,000µg/ml (0.185 M)b� �.~�
ÒÏ~&
. >wV Ú Ï�>² ª*Vº 
þ * çNöB
99.999% >²VÚ� 1�* �ç >wV Ú¦� ®Ú"Ú Fæ
�V�, "Öz>²º ³»Ï�j »Ö>ö �C�B ÒÏ~&

. � 
þ��öBº Nê çß � {K�.j *~� Ï�
Ú VÚ¢ > Nf VÂ�Êæ�, >wV Ú¦º Ï�>²f "
Öz>² ª*V� '' Fæ>æò, � ³êº ;{~² �.
>æ p~
. ª�
þöB �&**~ *Ïf 10 mV�î� ·
ë*�ö **¢ �&~� 2. ê~ *~¢ G;~&
. Ö"
öB ê�� ª��F~ **º Nê�;j ~æ p~�, 25oC
f/"zf �¦ V&*�ö &~� G;B **(Vext)¢ �&�
��~&
. 

4. Ö" 5 Æ~

Fig. 2º 25oCöB »Ö>Ï�~ ** ª��ÿj >²VÚ,
î²VÚ, �Ò� �V�z ç�öB W.*�j �Ï~� G;
� Ö"�
. >²VÚ& �Ò~º ãÖöº Ï�>²~ Öz>
w" b~ ~ö>wb� Öz~ö **º -0.45 VSCE¢ Fæ~
&
. Ï�>²~ Öz>wf b� Öz>º **'�ræ Öz
**& Ã&�ö V¢ *~& Ã&~º *ç� &V>� ®º
�, �º 25oC, &V{öB~ Ï�>²~ Öz>w³ê& >²
ö¶öB W.*�b� *¶& *�>º ³êö ~�~� ®r
j ��"� ®
. ®�WVÚ� î²VÚ� ^;(purge)� ã
Ööº, ~ö'�öBº b~ ~ö>wb� >²VÚ~ ãÖf
ÿ¢� ª�ßWj �&b¾ 0.50 VSCEöB -0.45 VSCE Ò�~
**'�öBº ÖzF > ®º z�«� ìbæ�, ��ï~
Öz~öB~ �Ò�ê Öz~ö **& �² �ÿ� > ®º
ç�¢ ��� ®
. îæïb� �V�z ç�~ ª��Ff
�V 7~ Ö²& »Ö>ö Ï�>Ú 0.5~-0.5 VSCE **'�ö
B Ï�Ö²~ 9f Öz*~¢ ��� ®b�, ¾ rJ^ ®�
�3,6) >w³ê& Ï�Ö²~ {Öö æV'� ßWj ��"�
®
. �Ò� Öz~ö **& O2 + 2H2O + 4eó4OH- ï;>
wö ~~� Ö;>� ®rj ��&
. 

Fig. 3f 200oC �N »Ö> Ï�öB W.*�b� G;�
Ï�>² FZö V� *Vz� ª��F�
. çNöB G;B
Ö"f jv~� * **'�öB *~~ ·� 10V �ç Ã&
N� &V>î
. ®�W VÚ� Arb� ^;� ãÖ~, Öz~
ö **º Ï� Ú �Ò~º >ÖzÒÒ~ 'Ëb� ~ö**
OËb� £* �ÿ~&b¾, *>'b� çNöB~ ãÖf F
Ò� ª��ÿj �&
. >�ö, Ï�>²~ ãÖöº Öz'
�öB Ï�>²& Öz>º � *~& &V>î�, -0.25~
0.70 Vext **'�öB *~~ ºÿ(hysterisis)f �®b¾ ï�
'b� �&**ö ~�~æ pf ¢;>&~ Öz*~& &V
>î
. �Ò� 0.70 VextöBº Öz*~& 7¶V 6²~&

& 0.75 VextöB b~ Özf �þ 
� BB® Ã&>º ß�
� *ç� &V>î
. 
çNö j~� ¸f *~ 8f, *���öB~ *¶*�>w
" >wbî~ {Ö³ê& �NöB �¢ê
º ©j ~��
.
�º *¶*� >w³êf {Ö³ê& Nê çßö V¢ Ã&
~º Ò
" ¢~~º Ö"�
.10,11) Ï�>²~ ãÖöº &ö
B ��öB {K çß� Ï�ê¢ Ã&�B >w³ê¢ Ã&

�Êº º�ö ��B
. -0.5~-1.0 Vext **'�öB b~ ~
ö*~& Ï�>²& ®º ��öB 'f ·�æò *Ú�º ©
f, � '�öB B�~º Ï�>²~ Öz*~ ò¢ çê>V
r^b� �CB
. -0.25~0.70 Vext **'�öB Ï�>²~ Ö
z>w� çNöBfº �Ò >w³ê& {Ö æV'� ©b�
&V>º ©f Nê& Ã&�ö V¢ H2(dissol.)� 2H+ + 2e
>wöB W.*�öB *���ö �OB >²ª¶�~ *¶
*� ³ê& Ï�>²~ {Ö³ê�
 ç&'b� Ã&~V r
^ö ¾æ¾º *ç�¢� �'B
. V¢B çNöBº *�ö

Fig. 2. Potentiostatic polarization curves at a Pt electrode in
0.185 M H3BO3 solutions saturated with air(::), N2(11 ) and H2(ðð)
at 25oC. Exposed electrode area is 0.03 cm2.

Fig. 3. Potentiostatic polarization curves at a Pt electrode in
0.185 M H3BO3 solutions conditioned with Ar(11) and H2(ðð) at
200oC. Exposed electrode area is 0.03 cm2.
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B �OB >²�~ *¶*�� Öz>w ³ê¢ æV~�,
200oCöBº Ï�>²~ {Ö� Öz>w ³ê¢ æV~º Ö
"¢ ��"� ®
. 6�, 0.7 VextöB Öz*~& 7¶V *
Ú�º *çf W.*� ��ö >Öz�N~ �O*çb� V
�B
� 6�>Úê
. ¢>'b� W.*�öBº >Öz �
N� W.*� ��ö �O>Ú Pt-OH ;�� n;~² �Ò
~º **'�� ®
� rJ^ ®
.12) 
þÖ"�¦V 0.7 Vext

�ç~ Öz **'�öBº W.��~ >w¶Ò(reaction site)
ö >Öz�N~ �O� Ï�>² �O�
 Ö^~�, �Ï'�
b~ Öz>w� B�~V *ræº Öz**& Ã&�öê ®
�~� ¢�'b� Öz*~& *Ú�º *ç� B��
� �
CB
.

Fig. 4º çNöB �V(air), 0.003 M, 0.3 M ³ê~ "Öz
>²¢ '' Î&� »Ö>Ï�j 200oC� Nê¢ çß�Î
ê, W.*�b� G;� ** ª��F�
. b� ~ö>º *
*öB 0.3 Vext ræ 9f '�öB Ï�Ö²~ ~ö*~& &
V>î
. 
þö ÒÏB >wË~º Nêçß ";öB >wV
Ú¦VÚ¢ B��¢�b� Ï�Ö²f "Öz>²~ ³ê& ;
&~² �.>æ pæò, R«B "Öz>²~ ³ê& ¸j ã
Ö, ¸f ~ö*~& &V>îb�, çNöB~ ãÖf ?� {
Ö æV'� **'�� �Ò~&
. Öz~ö **º "Öz>
² ³ê& ¸f ãÖ ~ö** OËb� �ÿ~&b¾ *Ú'
b� ³êÃ&ö �² ~�~æ p~
. "Öz>²~ ³ê Ã
&º ~ö" Öz>w ³ê¢ Îv Ã&�Êæò, ~ö>wf
"Öz>²öB ª�B Ö²~ ~ö>w��, >w³êº Ö²
~ Ï�êf Ï�Ö²~ {Ö³êö ~�� ©b� 6�B
.
>�ö Öz>wf *;'� "Öz>²~ Ö²B� >w�î

. 'f ·�æò Öz~ö **~ æz(0.3~0.4 Vext)�¦V Ö
z~ö **¦"öB Öz>w� ~ö>w�
 "Öz>² ³
êæzö ¦ z "6~² ·Ï~º ©b� 6�B
. 
"zÒÒ" �Öj �Ï~� 1 mN ³ê~ LiOH, Li2SO4 �
Ò� H2SO4� '' Î&B »Ö>¢ çNöB Ï�>²� Î
v �z�Î ê, 200oC ��öB W.*�b� G;� ª��
Fj Fig. 5ö ê�~&
. b~ ~ö'�, Öz~ö ** 5 >
² Öz'�� pH æzö V¢ �ÿ>� ®rj " > ®b¾,
Fig. 3öB Þ/� Ï�>²~ Öz>w� >Öz�N~ �O*
çb� �~� /Ï® ÎÚæº **º pH& ¸f LiOH Ï�
öB £ 0.6 Vext� &Ë Ô~
. Li2SO4f H2SO4 Ï�ö &
�Bº b� Öz>º '� ¦"öB pHö V� ãËW� ¾
¾æ¾æ p~
. �©f W.��ö �Ö�N(SO4

2-)~ �Oß
W r^ö ¾æ¾º *çb� º;~¾, ;{� ��¢ *�B
º �
 ^&� ��& >¯>Ú¢ � ©�
. ÖWê æzö
&� Öz~ö **º ^ Ï�öB jÝ� N�¢ �&b�, 7
WÏ�j V&b� Ï� * £ 133 mV~ N�& &V>î
.
Ï�>²& �Ò~º »Ö>Ï�öB~ Öz~ö **º Ï�
>²~ Öz>w" b~ ~ö>wö ~~� Ö;>æ� Ï�>
²~ ³ê& ¢;� ãÖöº Öz~ö **º pHö ~�B Ö
;B
. 200oCöB~ b~ �Òç> Kw,200oCº 5.0Ü10-12�æ

� ^ Ï�~ pH200oCº '' 8.30, 5.65 �Ò� 3.0��,
Nernst �ö ~�B pH æzö V� **�ÿf 93 mV� êÖ
>æ� Ö, "VÏ�öB~ **�ÿf 7WÏ�j V&b� '
' 245 mV~ Ã&f 6²& .ç>¾, 
B 
þöBº
133 mV& G;>î
. êÖ~f G;~& �² N�& ¾º ö
�b�º, Ï�>²~ {Ö*~öB " > ®�� Ï�>² ³

ê~ N�� �'� > ®Æb¾, �
 � º�b�º �NöB
~ �N~ �ÿê &~� �� pH N�~ »²� �'� >
®
. �NöBº �N~ �ÿê& ç�® &~>� ®
� �
�>� ®b�, ;Ö~ �Òêê çN�
 ç�® ·
� rJ
^ ®
.13) ��¾ �NöB~ �N~ �ÿê ê>f Ö, "V
~ �Òêö &� ¶òº jçræ ¢¦ z�bö &~� ��
>Ú ®bæ�, Öz~ö ** �ÿö &� pH 'Ëj ;{~
² �C~V *�Bº, Ëê �N z�b~ �Òêf �ÿêö
&� �9f ��& >¯>Ú¢ � ©�
.

Fig. 4. Potentiostatic polarization curves at a Pt electrode in
0.185 M H3BO3 solutions conditioned with 0.3 M H2O2(::), 3 mM
H2O2(11 ) and Air(ðð) at 200oC. Exposed electrode area is 0.03 cm2.

Fig. 5. Potentiostatic polarization curves at a Pt electrode in
0.185 M H3BO3 solutions conditioned with 0.001 N H2SO4(::),
0.001 N Li2SO4(11 ) and 0.001 N LiOH(ðð), respectively, under H2

condition at 200oC. Exposed electrode area is 0.03 cm2.
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5. Ö  �

Ï�Ö²f Ï�>²& �Ò~º çN »Ö>Ï�~ Öz~
ö **º ÖzB� ·Ï~º Ï�Ö²f ~öB� ·Ï~º Ï
�>²ö ~~� '' n;~² Fæ>î
. î²VÚ� ^;�
»ÖÏ�~ çN Öz~ö **º b~ ~ö>wö ~~� Ï
�>²~ ãÖf FÒ~² -0.5 VSCE ¦"öB Öz~ö **&
Ö;>îb¾, v~*~& 'Ú �ï~ ~öB�ê Öz~ö *
*& � �b� æzF > ®º ®n;� ç�¢ ¾æÚî
.
200oC ��öB "Öz>²º ÖzB� ·Ï~� Öz~ö *
*¢ ÖzOËb� �ÿ�Ê�, Ï�>²º ~öB� ·Ï~�
Öz~ö **¢ ~öOËb� �ÿ�V
. �©f çN~ ãÖ
f FÒ� ãË�¾, Öz ~ö*~º çNö j~� >� V
Ã&~&�, v~*~~ Ã&� Öz~ö **ê n;~² Fæ
>î
. �º Nê& Ã&�ö V¢ *¶*� >w³êf {Ö
³ê& Ã&~V r^b� ÒòB
. �NöB Ï�>²~ Öz
>wf çNöBfº �Ò, �&** Ã&ö &~� >w³ê&
¢;� {ÖæV'�� �Ò~� ®rj {�~&
. �º
200oCöBº W.*�öB Ï�>²�~ *¶*� ³ê& Ï�
>²~ {Ö³ê�
 ç&'b� �¢æº ©b� 6�B
. Ï
�>² Öz **'�" b~ Öz **'� Ò�öB Öz*
* Ã&ö &~� Öz*~& /Ï® 6²~º **'�� &
V>î
. �º b~ Öz>w ç* **öB W.��ö >Ö
z�N� n;~² �O(Pt-OH)>Ú �³'� Öz>w� ¢Ú
¾æ pº **'�� �Ò~V r^b� �CB
. �N »Ö
>Ï�öB Öz~ö ** æzö &� pH 'Ëf çNöBf
FÒ� ãËj �&b¾, Öz~ö **�ÿ~ �Vº êÖ~
�
 ç�® '² &V>î
. �ö &� ;{� �Cj *�B
º, Ëê �NöB~ Ö"V~ �Òêf �N �ÿêö &� �
�& >¯>Ú¢ �
.

ê V

� ��º "�VF¦ ö¶K ��BBÒë~ ¢~b� >¯
>îr.
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