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Fig. 1  Cyclic voltammograms of Ptflag electrode in

various sulfuric acid concentrations
-1
Sweep rate : 50 mV's .

Toledo ; 53 f#RE 0.5 ug) WX VMELA. 4B, EHEEER
OHRWICE LTIk, BRAFKBIREF~ A 7015 VA
(EQCM, PAR, QCM922) % BV Mg b Tor. %72,
FsA gy - PRAOKRIICE L TiX, HiEEY ¥ - 74
A 2 B (RRDE, HR-200, dt3FETH) 2HWTITo 7.
BRREDOBERHHIE, CCD YA 270 X3—7 (inf
500-DA, Scopeman ), T ANV F—5EE X O ERE
BEXETHMEE (SEM-EDS, JEOL #, JSM-6060A,
JED-2300), X #BETFH LS EE (XPS, JEOL #,
JPS-100SX) 2k o7z, BRBWOSHICE, FHEHEES
W7 5 X = RN EE (ICP, SPS4000, Seiko )
W JEZTRTERTTITo 72,

3 FERELEL

3-1 WMBRBEOEE

TRERIEEE % 0.5~ 18 mol dm ™ > DHEHPFTEZ T, ¥4 72
Ny ZRVE A M) — (V) PERTTo72. Fig. 11
WRERTH, NIV 05~14moldm *HEFTIX 0.5
mol dm ™ BB & MO BER 2 CVE LN B, L2
555, 14~18 mol dm™° DHE T, CV OBRITIHHIICE
It¥5%. BEEM<+04L2VTHEHLNE T b VEEDT
J— FEIE, HERBEDO LAITHEWAERD, 18mol
dm P TREETS. ZoZtid, SEERBTTRAS
BB LEO7O N VIEBREMNRI DI RBIEERLT
W5, TREEETAR, Fig. 1IWORTEMHEBET, 15 FREEE
BLTEMEEEZT->/2L IS, 14moldn ® Tt 1ug
DEERPIZH LT, 16 mol dm ® Tik 44 ug DWA %~
L7z. $%bbH, 16 mol dm * W T, BAIERICK
DPLDBEBBEDICRI LI ENGND. FIT, KIZ
16 moldm *HEICIEE L, Pt BBOBRILERELER

KAGAKU Vol. 57 (2008)
1k 4
o increase
€ 05} 4
(&) .
< decrease
€
-~ 0 | |
¢ decrease
increase
-0.5 { 4 0 { +
® E
_ 20 | .
c
5
o 10 - - . A -1
=
(0]
2 of of |
1]
5 - D
S -10} "B .
ol ;
= - > C
_20 1 1 1 1 1
0 0.5 1 1.5 2

E/Vvs. SHE

Fig. 2 = Upper diagram : cyclic voltammogram of the
Ptflag electrode in 16 mol dm™° sulfuric acid during
successive potential sweeps at the rate of 50 mV s ™.
Lower diagram : weight change of the Ptflag electrode
in 16 mol dm ~* sulfuric acid

Lines A~ D denotes successive potential sweeps in the
potential range and, E and F denote controlled poten-
tial electrolysis, each for 3 h.
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CNERIET 572012 16 mol dm ° REEH TROER %
To7z.
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Fig. 3 CCD camera images of Pt-flag electrode (5 mm diameter)

(a) Electrolyzed at —0.08 V vs. SHE in 16 mol dm~? sulfuric acid for 3 h ; (b) The electrolyzed
electrode (a) at +1.52 V vs. SHE in 16 mol dm ~? sulfuric acid for 3 h

9, #V—TFHHELEMEZ -008VICEEL, 7/
—FHDELEBMZELESE, SHEEMNEEROBRE
BEMZWE L. ZOHKRZ Fig. 20 TR A, B, CIZ
AT, MPICRENLBSE, BUEEHEEZRT. B
EEHMAT-0.08 ~+092V THBLE (Bo A FEE
BmL, 7/ —FHDELEMA+1.32VEE (5 B,
C) CTEERDEZAL. B4 B CORELIL, ETR
EL7Z+1.32V TR, +1.82~+1.92V O#BEIC Pt
BROBRDVFELET D L0505,

WIZ, 77— FEFDELEBMNZ +192VICEEL, &
V=N ELEMEELESE, BURTI 2K 4 3 BEAT
WEEBZHEL. CORBHREE Fig. 2 TRIO®S C,
DIZRY. AV—FHYELEMAS+0.08V L) -0.08V
THHII)VEEFDPFIKRIBTHL LD, HV— 5
BTEREMEZME) BB, 7/ — F3ELZED
PtAMEBRTLEEZONS. RIZ, EEEMEZES
A= RGBT ORBIZOWTHRARS.
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Fig. 4 Xray photoelectrbn spectra of Pt-flag elec-
trode

(a) Electrolyzed at —0.08 V vs. SHE in 16 mol dm™°
sulfuric acid for 3 h ; (b) The electrolyzed electrode (a)
at +1.52 V vs. SHE in 16 mol dm~® sulfuric acid for $
h ; (c) new Ptflag electrode
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Fig. 5 RRDE voltammograms obtained in 18 mol
dm™? sulfuric acid

Potential sweep rate of Pt disc electrode was 50 mV s~
Pt ring electrode was fixed at +0.52 V vs. SHE.

L7-#&%% Fig. 6 [R5

Fig. 6 () 1%, S2YEBICHHT HEMD +0.02V I
20 B, AT L7- SANEM 3 5 BALD +1.52 VIT 40 ],
B L CREICBMNRT v 7L, PoiERBOERELE:
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B Q (mC) 2WMELL A SEFRCHEML, fEHED
EE Anm (ugem™) SAELLAESS LEVICHMLT
W5, ORI, BV FHBICX L2 ST/
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BRE - ERL T 2D EEZONS. SHERHZ 10
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7z,
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—EABEHET, BEEEHLICERL TV I LR
RETWT, fEABOBHRIZALPOHEABICL Y LEW
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Fig. 6 FElectrolysis charge at Pt electrode and mass
change at quartz crystal microbalance in 18 mol dm~°
sulfuric acid

Applied asymmetric square wave : (a) +0.02 V vs. SHE
for 20 s and +1.52 V vs. SHE for 40 s, (b) +0.12 V vs.
SHE for 20 s and +1.52 V vs. SHE for 40 s
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CHEENDEEZOND.

3.6 EFRERYMOIIT
PeEBOBEZLZ L VHRICTE-01C, EERD
L7z Pt O % RAA. #F5IHE 100 mV s~', BRI
B -012 ~+1.11V, EBHERHE 30 KO RKHBEME
EEFERL:. Z0ORE PUEABRERICIZBGYE
BATL, FAPCTREISEL L, ZROVESICHETE
o T, KIZHE, BELE. FO5BBETHI Y F—¥
avl, BOBIWE TSRS REEESEL, SEMEDS
G EToKRE Fig. 7187, ThrbBaWyEIE,
Pt 10wt.% &8T5 SILEWTHY, OIXEHRTES
EESRWCEAHBA L 2B, BOBRGEEE 0.5
mol dm > IZFHR L ICP AW 21T o -8R, PLBHFE.
FEEORMEE (0.015 mgdm™) 2 TFED, P2 Rw
BEIEeRnTELDPol. 2T, DL, TOBAEL:
Pt BSEECREEEFICEB L2 ThE, ZoFREBT
O PRI 0.068 mg dm ’ LEIH I NE DT, EBEOK
HWEERZ EED), MREENTHIWETTHE ozt
X, BELZPtDIILA LR, BOaPWEBICHEETSS
EERBLTWAS.
ZOENHEBMEETE SN BaWE D BLILZEE

4’%&

+—+——1 30 pm OK

Fig. 7
electrolyzed in 16 mol dm~? sulfuric acid for 30 h

S K

h—ﬂ-—ﬂEDﬁm

SEM and EDS elemental analyses of the deposited material on the Ptflag electrode
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Fig. 8 Cyclic voltammograms at porous micro-elec-
trode packed with the deposited material (solid line)
in 0.5 mol dm "’ sulfuric acid '

Dashed line and dotted line denote cyclic voltammo-
grams obtained at Pt and Au microelectrodes of 50 {tm
in diameter, respectively. Sweep rate : 50 mV's™ .

RFRDB7D2, B4 7 uBED T 2 V2B
Tofz. ToL&OWmKk~A 7 uEMIE, ERE 50 um O
Au R Ty F UK D REWICHEE 15 um DL R/
bOTH5. ZRFICECWELZREL, /EHARE L.
BIFIC 0.5 mol dm ° HRERKBE, SHREMIC Ag/AgCl
ARV, B3EE 50 mVs ! TCVIEllE LR Fig. 8
WRY. KR, B0z CBFER R TRIE L7 Pt
AuBBD CV 2RT 25, WINd Pt & Au TR R
VEEZTAERLTWAD, BEYE%THE L 7-/ERE
® CV X, 0.5mol dm ° FRERAKEW A CTHIE S N5 EE %
PtEWORN Y E7 T 4 (Fig. 1SR) LBRIEERTWS
25, BN PLEBOETICEN L2 EREELTWAY,
COMRRIE, SEZLSACRBNTISERPLEZERL
TWAILEEBERTLDDTHS.

PEDZ M5, 16 mol dm ™ ° HiEEFF TOEMIESIC X
5 PtEBBOEHIZ, YV — F5E (-0.08~+0.02V)
BRICEB LA-SHEEREED, 7/—-F (H+1.32~
+1.92V) SBRFICPCERTAIEREERL, 5l&#H<
HV— R F+1.12~+1.32V) 12X PR 5
BENEZONSL, BRLEPUEECI V- FoE (W
+0.72~+052V) TAHZLI2LY, PeS ZEMBEICHH
35,

4 =
4 I'?:l: =

BB T PERLENICEET 2R 2 RMWIC
R, PtEBOS Y — FOBRICSArTHL, B|ICT
= F3BT5ESVERTAHLAKFICPLEEIRI S
ZEWG,oT. SONE - BEBFERLE ZDFIERIE
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Pt electrode corrosion in concentrated sulfuric acid has been studied by a series of electro-
chemical measurements in combination with instrumental analyses. It has been found that
the cathodic polarization of Pt in 16 ~ 18 mol dm~° H,SO, generates sulfur deposition on the Pt
electrode. The following anodic polarization induces sulfur dissolution and Pt corrosion.
SEM-EDS, XPS and EQCM results well-supported that the electrochemical behaviors occurred at
the Pt electrode. The sulfur deposition was proven to take place by HsSO, reduction at —0.08
~ +0.02 V vs. SHE and sulfur dissolution at +1.32 ~ +1.52 V vs. SHE, which indirectly causes
Pt corrosion. The RRDE result confirmed that Pt corrosion takes place via a two-step electrode
reaction at +1.62 ~+1.92 V vs. SHE and +1.12 ~+1.32 V vs. SHE. As a result of Pt corro-
sion, no Pt was detected in the electrolytic solution, but was found to yield a Pt-S composite accu-
mulated on the electrode. The Pt corrosion mechanism in the concentrated sulfuric acid was
thus found to be complicated, which is far from the simple Pt ionization predicted in the
Pourbaix’s diagram.

Keywords : concentrated sulfuric acid ; platinum electrode ; electrochemical corrosion ; sulfur
deposition ; successive potential sweep.
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