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A Study on the Analysis of Crevice Corrosion of Stainless Steel

Based on pH Measurement with a Semiconductor Chemical Sensor

ABSTRACT : Stainless steel, which is one of the corrosion resistant materials, has corrosion
resistance due to the passive film formed on its surface, and it is widely used in various applications.
However, if the passive film is locally destroyed in an environment containing Cl-, local corrosion
such as pitting and crevice corrosion will occur. Crevice corrosion is more likely to occur than pitting
corrosion, and its occurrence and propagation cannot be confirmed from the outside. Therefore,
there are many situations where crevice corrosion is a problem.

The potential, current and pH in the crevice are thought to be interrelated in the propagation and
repassivation of crevice corrosion. However, as the crevice gap is as narrow as 10 um or less, it is
difficult to directly measure the pH in the crevice using glass electrodes or indicators. Therefore, in
this study, a measurement method using a semiconductor chemical sensor was applied to the pH
measurement for crevice, to realize analysis of the pH change in the crevice during the propagation
and repassivation of crevice corrosion. The AC photocurrent signal of the sensor was measured at
the same time as the potentiostatic polarization of SUS304 stainless steel in artificial seawater
(ASW) at room temperature, and the processes of “propagation” and “repassivation” of crevice
corrosion were analyzed based on the relationship between potential, current, and pH in the
crevice.

Chapter 1 stated the background and purpose of this study.

Chapter 2 described construction of a pH measurement system using a semiconductor chemical
sensor and its application to the study of crevice corrosion. The sensor was manufactured by
forming a 50-nm-thick oxide film and a 50-nm-thick nitride film on a 200-um-thick n-type Si
substrate, and evaporating a metal film as an ohmic contact electrode on the back surface of the
sensor. To obtain an AC photocurrent signal (), a red LED with a diameter of about 3 mm was used
as a modulated light source, and a saturated silver/silver chloride electrode was used as the
electrode. Using this setup, 4 was measured while continuously changing the bias voltage (V4), and
the L, — Vb curve was obtained. In order to simulate the environment in the crevice during corrosion,
two series of solutions were prepared. One series of solutions were prepared by adding maximum 3
mol dm3 of Fe2+, Cr3* and Ni2* to ASW, and the other series were prepared by adding hydrochloric
acid to ASW to achieve the same pH as those of the former series. I, — 14 curves were measured for
those solutions, and the parameter W was calculated, which represents the displacement of the
curve along the voltage axis. The shift (X) of 74 per unit change of pH was 59 mV « pHL. This value
almost agreed with the theoretical value derived from the Nernst equation. From this result, it was
experimentally confirmed that the pH measurement method using a semiconductor chemical sensor
can also be applied to pH measurement in the crevice in a concentrated metal chloride
environment.

In Chapter 3, metal dissolution and pH change in the crevice during the propagation of crevice



corrosion were examined. By using a semiconductor chemical sensor as a crevice former, a
metal / sensor crevice structure was formed. By measuring /, — W curves with this setup at the
same time as potentiostatic polarization, the temporal changes of the current of the specimen and
the pH in the crevice (pHc) during the propagation of crevice corrosion can be simultaneously
measured. The pHc: decreased as the current of the specimen increased in the course of the
propagation of corrosion. In addition, when SUS304 stainless steel was potentiostatically polarized
at £'= 349 mV, the pH value after the corrosion propagated throughout the crevice was confirmed to
be extremely low (pHc< 1) both in ASW and 1/10 ASW.

Chapter 4 discussed on metal dissolution and pH change in the crevice during the repassivation
process. After the corrosion propagation, whether the crevice corrosion continues to propagate or
repassivation occurs is thought to be determined by the competition between the production of H*
by hydrolysis of Cr3* and consumption of H* due to the reduction of hydrogen that occurs in the low
pH environment. Inner crevice corrosion caused by hydrogen generation reaction is completed
inside the crevice, therefore, the current density (in) associated with this reaction cannot be
measured by a conventional electrochemical test. After allowing corrosion to propagate throughout
the entire crevice by potentiostatic polarization, the specimen was left in an open circuit state, and
the temporal changes of the potential of the specimen and pH: were measured. When the pH.
increased to 2.5 to 3.0, it was considered that the corrosion propagation turned to repassivation.
From the result, the pH increase rate (Zn) associated with inner crevice corrosion caused by
hydrogen generation reaction at pH:<3 was estimated to be 2.02X 104 pH - s'1. A current density of
105A - cm2 was used as the threshold between corrosion propagation / repassivation, which
corresponds to a sufficiently small corrosion rate of 0.1 mm * y'l. The repassivation potential (£r)
and repassivation pH (pHr) were obtained from the relationship between the current density, pHe,
and the potential. As a result, £r of SUS304 stainless steel in an open air condition at room
temperature was estimated to be 80 mV and 120 mV in ASW and 1/10 ASW, respectively, and the
pHr was estimated to be 2.5 to 3.0 in both environments. In addition, it was possible to estimate the
value of 7n associated with internal crevice corrosion caused by hydrogen generation reaction from
Ryn. Furthermore, the critical current density for crevice corrosion (Zut.crit) was estimated to be 4.52
X103 A - em2in ASW when pHr was 2.5.

In Chapter 5, the potential distribution inside the metal / sensor crevice during potentiostatic
polarization was estimated based on the analysis of the I, — W curves obtained with the
semiconductor chemical sensor. The potential distribution was due to the IR drop by the anodic
current going out of the crevice, and it was dependent on the conductivity of the solution. Using a simple
model of the IR drop, the crevice gap could be estimated from the potential distribution.

Chapter 6 summarized the results obtained in this study and stated the prospects for the future

developments.
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Fig. I-1 Corrosion cost in 1974, 1997 and 2015.
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MEMEIOOE S THH AT VAL, Cr % 105% Uk, C % 12% LLTFOEE
THLAEH L ER SN, TORMMIREND Cr ZEEKETD nm A—F—DFF)
RERZIELC & » TN AMEZ RS 2 L0 n, B inCEEge, BB, ghEr o
Hi72 b O n, BEEEY), &7 TN, RBESEOCEEEEY 2 IR <A S
TW%.

AT L AR BN B S D AMEREREIE, AKFnAS S okibsn (=& L CTCrO- OH -
nH0 +FeO + OH + mH,0) & KFR{kA) (Cra0s » xHaO + Fe0s « yH0) 7572 % & &
TH VY, ESCAIZ K D NMBRELNEODMATIZ L > TRIEH~D Cr OIRMEDHERR ST
%9, T ORBRERY, B CEEIESREZ AT L, BN CHEIF D Cr & KK OmER,
KDL, NERERE A R TR 2 ™10 (Fig. 1-2) .

When the passivation film breaks, chromium in steel o ) o )
reacts with oxygen and water in the atmosphere A passivation films is immediately formed.

OH, OH, OH, OH; OH; OH, OH,
I _OH_ I OH OH I | _OH_ 1 OH : OH_ |
i - \C — . . \C - ~ C ~ . -
_Cr e Lr Cr(OH)*(H,0) /Cr\ Cr Cr . Ir /Cr\
I 0 | oH OH; | I o | oK™, 0 |
o] o] o] o] [e] ' o]
| | | | | |
pars | |

The passivation film regenerates
many times, so it does not rust

OH, OH, OH OH
- I/OH\C\/OHZ\(\: _OH 1
/Cr\ o r\ ol r\ /Cr\

| O | oH, | o |

o] s} fo) o

|

Fig. 1-2  Self-repair model of passivation film of stainless steel. (GCik 7, 10 & % & Z/ERR)
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(2 Ko TR OSEZ TR D725, RN B EfR LIy 2k m & LT
BOEITT D 9.
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Localized Corrosion
Others

Fig. 1-3  Types of corrosion of stainless steel.
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Fig. 1-4  Schematic illustration for determining the usage limit of the material by
comparing the critical potential (Vc) of local corrosion with the spontaneous

electrode potential (Esp) 2.



1. 4.1 TXEEREORAE - ERAD=X L

AT LASIOTE FEAIZBEI L TUE, 1940 D SBEICED LT, TDOA T =KL
AR T E DML BT DR ZE I Z bt T D, 20T & R OFAEE
1%, (1) TF FHNOBFRFEDOHEE, (2) T EPRTOBKERMDRNL, (3) CT iR
ED EREFTEFEN pH OBAEREL pH LU TF~DIKFnb7e 5 DEFfiE ST,

TE AR EOBSHERINE Fig 15 (\ORT. fI2IE, TEEHEL L OAT VLA
AR KIS L7235, RHEER LT & ERAARE & bICMEREL L, AMBiRes
DRERAAE O NMBRELRIFEIRIC 2 & O BAFIER OEITLE L S (Fig. 1-5@). LavL, T
T EITEOMIRBRIEF IS, T X EFNORARFRITEFHCTHE SN, TEERNRT
=R, TEENEKMMBHI Y — RERDT /) — R/ Y — ROGHHISEENAEC L2 & &
725 (Fig. 1-5(b), (¢). SBIZ, TEXERNDT / — RRISOEITIZ L - TT & EHITEH
THEBBA A NTK L, BERIFYESRGE LRI OITHENLEREFR O CI R EDT =4
URTEENIKENTHZ LT, TEENO CHREN EAT 5. FFRHNCT & ENITEH
L7248 B A A OIKDIRE)GIZ L - T H BER S, 7% N0 pH MK T 5 (Fig.
1-5 (). ZNODORICHETL, T FEN pH HAMEENL pH LTE TR TT5 &R
BRI I S, T FERENHEAE - #1755 (Fig. 1-5 ().

—HA X EFRPBELTRZIE, X2 FEN% active (7 / — R), & FHMHZ passive (7
Y —R) &9 % active — passive cell DFERLIC L 5, PASHEMIE R (occluded cell corrosion) 2
LD,



( a ) Immediately after immersion

0, 0,
Sea water o cr
Crevice gap
Passive film ©O2 2 cr 0, \L
. Reduction of
Stainless Steel dissolved oxygen

0, OH

L5

( b ) Consumption of dissolved oxygen in the crevice and ( c ) Separation of anode / cathode positions

Cathodic reaction
O, + 2H,0 + 4e- — 40H-

e & - Anodic reaction
M — M+ ne-

( d) Increased Cl- concentration and decreased pH in crevice

Cathodic reaction
0, + 2H,0 + 4e- — 40H-
cr migration ™M™ o Crr M CIF Mo+
o - + Mn+ Mn+
2 02 CI H

- Hydrolysis reaction of metal ions
Mr+ + nH,0 — M(OH), + nH*

w -

Son e - i i
Stainless Steel = TTm-----77 IV/|\ 'fd;,,rfi_cﬁ',?;_ ]

( e ) Occurrence of crevice corrosion

Cathodic reaction
O, + 2H,0 + 4e- — 40H-

migration

Hydrolysis reaction of metal ions
M+ + nH,0 — M(OH), + nH*

w - Anodic reaction
; -~ e —e
Stainless Steel ~  ~--___%____-- M — MP*+ ne- ]

Fig. 1-5 Schematic illustration of crevice corrosion 2324,



1. 4. 2 TEXEFEROIESLE & e

AT v L AHHOMS & FREMEA NS 2 L (1) RiERBE, (2) X
bk, ICKRBls .

(1) RHEABEOH L LT, EHOEEEL b OBIEROT E FEHMZ 27 L A3
BEOWHND D —E L7 THLO, MK & OmEMEREIRIE L UGROR/ AR L%
L% 051k (ASTM G78-83) 2690, D 6 % HbH — SRRk T & IR
SURFE (CCT : critical crevice temperature) 2K % H{E (ASTM G48-11) YR L < AV S
h5. Fi-, BBRIAKIEREZTINT S Z L1tk - T, B Y — PGS ZREE S8 2 0mk
FRBRE B0 2 B bRt ST E T
(2) BERALFRBRETIE, cyclic polarization ZFH L7z AT v L AFHOB AT L HA
ERE(LEALAIE 75 (1S G 0592:2002) 32X > T Ercrey 2RO D FTENEL THS. T
TEBEOYE, T& FEREAEN Vecrey (EBRNIRFFABR TREERPIE L <22
5 TIRAOEN EEFRESND P) L, BET X EHAERERN Beev (ERLOOH
59 & FFRMEIET DB B—%T 2 LShbh T, MEOMMT & EE RO
ik & L TR VBTN G ¥4,

F72, TEEBERICET D TIE, RBOBA A —E IR 2 EEAEE V7
IR INZHIB T b TW A, BlZIE, MGG D1, [N TR 228 % 7o 52
Bral 2, & EE RN & BRI TR ORBIOR KT & FIFRERS OBGRN S
WE BRI ZHEE LT D, S BICTFETIE, & FEEMICAET T ZARBH AR Y A
FIRALT 7Y b— b, BRI CTORERR O SCERILFRR D 7 EOE R
AR TEEND insitu BEA RIS 272 D AFREHED B, T FEROFADED
HERMEZEEDA SN SN2 oH 5.

—HT, TEEEFROBESHERE, FHMIRKIZE, 3% ZTNRROEN L €O/
DHEEMOBIEMINTERY Y, TEEFRBEHZHONTTH72012T, T EFROE
Ji& L [FIRFIC & SN ATEMICHET T2 L ENRHH L EBEZ BILD.



1. 4. 3 FTXFEN pH OEEM L T X FANREICERT H0ERME

142 THRATZLDIZ, TE FERBGIIEN & OBTEMED &<, BTG THERED
FAE R, S OICT—HEAR LIRICREAHEIC L > THE ENA MR LT 2 FA
fihfefk, © 3 SOEALEEIGERH D, 2 b —EOFEN I G-I HBRERT- & LTI,
FTEEND pH X CI R, BWARRREST I ERRRENRZTOND.

TEFEREORAMETIE, T ENOBFREOHRITMZ, BWHLI&BA A0
IARGRZ Ko THEEN pH AMEFL, MIRERNEA H 12Xk - TR L, e
ERFFCERL DI ETHEENEAET S, Z0LETORA pH IIWAEREL pH

(depassivationpH, pHa) &FFIILD ). RIBEOHMIZEI L, pHa AR L LIS B 2450

BIpbiuTk Y 39 SUS304 @ pHy 1TB L% 2 Hifh Y LGS Tna.

IHIZ, TEEFRERERE T, T ENEID TERED R RESRIE AR

(LIt%, anolyte & J.5%) AVERKSHL, K pH 2Ol O LR EE TRk 5.

—77, T EFEREOERIFEN S0 B IR LIEFE TIL, anolyte (D3 & FHMDILHUT
KDFRZE ST, TEFEND pH 1F LA L, CI EBENEDTDH. 612, TF /N
MO TE ENEHAOEIFIRFEORABFRRHIEZ 52 & C, X FNRREOBREMMIT
THEBEZOND. £, TEEFRERS IO MgE(LEfEOT X ENTIE, @EOD
FARIZAE D KRN, 884 A L TERR EDRISZ NN S pH WEEL TV D EB X 5
o P,

ZOXHIE, TEEEFRORE, HEEBLOHMIELOWTIOBRIZBN T, T
TEWN pH BERICEGT 52806, TEEN pH 1ZTEEFED A I =X LEH DT
DOBEEREEOOE S EEZ DR, ZHE TIZE L OIFFEEIC L - TEBRST 3 Z
b T&ET.

NG DL, AT VAR ICT S E 2B LAYy & RULVCRI, &8
NEFEMEO NLE y MR pH ° AN LYy MAIZHENE LTc&RA 4, CI 258 L,
AEHZ B E T EN pH & OBR, SR A A &L CI ORRIZ OV TEEHIC
BETL TV D. ZOMZED pH JIEIZIE, pH BB FHO ST S, F72 Suzuki 5 3 1%

10



ALYy b, NFILO 51T, AT L AOT X EEEOETLVIERE LT, B - B=
T Bl LT B A T S8R A 55 T e\, EBRIAEML DORIR D pH <> CI R &
EONTHZEICkoT, ZORMBEIZHONI LTz, EB6 VNE, T7F FHEH
LIRS A AT 288 A AW RERRAZ B 220, T EERICHEY T FEN
@ pH X° CI 2, WEAALIZOWTRETL, SUS304 A7 > L AEHOLE, T ENOD
pH X 25~4 FTIERTTHZLE2MERL WD, ZNHDOHFETIE, pH ORIEIZITH
7 A®EM pH A —ZBNHWLITND.

—J5, W7 AEMADD pH MIEEE LT, R pH 040 2 HE 5 IR
PSR (scanning chemical microscopy; SCHEM) % V=9~ & FE RO pH /047
BT 228 b3 Z72biu CT& 7=, SCHEM (2L % pH HIEE T4, Hafeman & 22X~ C
B X 7= LAPS (light-addressable potentiometric sensor) % i L72H D THDH. 2D LAPS
ERH UIARE S D OMFZETIE, ATV LARBA LT LY o Fa—T TR a1 &
EHTEETO pH A ORI LA R D Z LIZRIIL T 5.

Fiz, FETEEMOMWMELE(E in situ THET HTEE LT, (EFHA A=V T Ol
ZINH LT B D 53T 5. Nishimoto 1%, X M Th 5 A5k L7
EEZHWT pH & CI (XL, ENEFUTTERAN ST D a2 A e 28 qm L
WA A=V T L— R B LY. ZO7L— M HWEIRICE > T, BaRE
D pH > CUIREED in situ BIEINFIREL 720, LRZEA L 75T X FEAFART
% pH 28 04 FTRIMTUKTL, CriEET 4M ETERTLZ NG SE 9. &
BT, TEFXBROFAICKT DER pH LEER CIIREOFED MR S5 6499
728, FTE EBEORAEMERINC ST DRI AMED STV 5.
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1. 5 9&EWN pH HIBICBITHiRE

WERBFFERLT X END insitu BIER YD, pH R0 CI 1ITE A LizT & £NBRELOD insitu
ETFEDBE AN L - T, & F &) PHSHZERMITA U 2B 52 ) -5
b0, BISMRADOT-DDOEER - TH LT EXEN pH OREIZITN < D OFEN % &
N5,

SAEBERYFIEMEE (SCHEM) % VW oiFE ¢, 3% FEUrtso pH JIEICE &
£V, BEXUEFHE L OFRFFIE S NEETH -T2 LD, BRI\ A—ZThoE
MREMATER D ZENTERNWEWOIFEN DT, FTe, A A=V T T L— &M
WTZAFSE 49T, EBRILTARIE & T & 5o pH X° CI OFRIHRHASFTRETH 5723,
ZOEMITT & FFERAEE CORMBERICIE SN, T EEFERAER, BREOERIIMY
WIBEENEGT D K5 ZefRiB~ O HITEE L.

—J7, FEMESE Y LAPS (25 % pH HI7E & B FHRE D RIFRHIE 22 928 L7238
EORRFIZL - T, TEFEEADA A— 0 ZIZEET D098 68 syt s h, 3%
TR OB N TEOOEDIZR Y 9Oh 5. ZOHFEIERHNEET L LD
7RIREETY pH OHENFIRETH DH. LL, EROWE - FTETIT pH £1kiX 6 2
EETLOMEX HIT 7, X FFRMIEA~OMEH DT DIZIX, JEFESIRTED
WRENEEN TV
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1. 6 ABFEOBEREBIE

R E CICbh 7= X 912, pH 1ZAT v L ASHOT & IS Z2H 5N\ 5 £ T,
HERRKTF-O—2THY, TEEFRORAE - R IOEMIE LO-—#HOZEE)IL,
AL, BB IO EEN pH O 3 REPSHAICBELEG . £oT, T & EEEZEE)
DESRDFADTZDOITIE, ZbD 3 K% FRHIHRE 2 D HIE FIEOHENL & Z OIS
WEETHLEEZR NS, SHIZ, FHREMICRKIT LT EERRORAIL, ToE L
BET BN ETAUTFESBELIZY, b LIIRAE L THERER LIZ WEeRR
Al - SFERTE O R R O TREIN~OIEN S B ETETEE L L TSNS,

& ZTAMIZETIE, REARAT L AHITH S SUS304 A7 2 L A8 (18Cr-8Ni) %
My, FEFEEEIZBT D pH D insitu JIE & BXUCFRIES K 58N < B OFRIRHHIE
ZFEHL, TNOORRE S LICTE FREOERB LB MIRER 2 LNNCT 5
ZEEREME Lo, 61, PRS- O AIGH L, pH LIS OHTT- 725
fiiEfROE 2 R¥E L7z,

AFwll, AT 6 BT SND. FEOEEA Fig. 1-6 12”7

B 1 ETIE, AT UV AHORHR & Z DIFEIZREIZ OV TR, AWFEORSRTH 57
X FEEICET AR A B L, Z0 T, AWFEO BH), AFHSTOMERIZ OV TR

~7=.

2 HETIE, AWEDOEL 58K oL D pH JIEIEEZMEEL, €O
PEREAFHE 5. F/o, T EFRERTOTIENREIL, BRI THRHLE
SUS304 A7 » L ZHIZHIRT 2D Fe', Cr'" BLU Ni** I EO®RJEA A 2 DN EilRE T
T2 2 EPMEE SIS AMETFEDT & R ~DuE MO rIREM: % RO 5729,
YD pH BHFHEC B JITT 2N OREA A OFEZH BT 5.

O3 ETIE, ATHEKTIZEITS SUS304 27> L A4 % F At EEfRIc BT
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LRl e T EEN pH 2 ONNCT D701, RIERFEID in siu BI53B X
OWEBNTBF OFREVEG & T % £ pH ORIFAIEZ B Z 72\, BEERFOEN - &
B LOTEEN pH OBHRIZOW TS,

# 4 BT, & R AEREOHAMIREE 2 BN T 7201, BAL B
FOFEEN pH OFEZ S L1T, T ERFRICEAET L2508 L BB Icks LIET
AN OWTELEL, ANTHIKHPICIIT S SUS304 A7 L AFHD B AEREL B CHA
BiReft pH , SANBTHE SN D EREEL L TEEN pH & ORERIEIZOW TR~ S.

5 BT, CHEMEE Y oEREZRIF L, T EERIRICRIT 2T E EW
pH DS ORHIFEIR & LT, &g/ b4 & &SR 2 EBMIMERZR O & EWN

BNLAT, & FRIFEHEE DO ATREMEIC W Tl 5.

%56 ETIL, AWFTEDRCR L S BRDEFICOWTIENS.
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Fig. 1-6  Outline of this study.
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%2 B ERFEENCED pH BHIEV AT AD
BELTEEERFE~DEH

2. 1 ¥&=

VIERIINED /X7 A—=2 DOEDTHD pH 1L, WEOLFIMEE 237721 Tl b
FIOSICRBWN TR TEERKFTH Y, W7 T v M Efkx 7035000 TRIE &
TV 5. pH OREFEIIIFICOR R, O@BEME, @ 7 AEMRE, @FEK
B HEREDRDHY, ZOFTH AT AEMEIFFHERNZ: pH JETEE LT HARPEERE

J1SZ8802) VTHHM bz, —HIIC L HVWLNDMELETHD. ZDT T AEM
EIZ K DHIEE, PIERSEIED pH RSB =726 ORIELAHEE LTWD. LarL, #
ZNTAEMORBLUERSFRE B2 £ O X O IZ/FHINC pH 22T 2 RPUIH%E <, =0
X R R LTz pH A& RIEd 57734 A & L CLAPS (light-addressable potentiometric
sensor) 2 ENTZ. 2D LAPS ZHW = pH A A—V L 7 OWE LB I bl TR
039, FEAEROREHED OIS BIFSE e ENIGH L7l b 2 8ol S Tun 589,

AT LA T 72 E OB LAIEIL, REITIEA S 1D MBRERNRIC & - Tt
PWEAETLME TH LD, 25 pH LT TIEZORENES NS Z LML TED,
Z O pH IIHAMEREL pH (pHa) EFEEND. @ pHa 1F, T FEEBORAEL LER
(ZBBE L, £OEEMD pHa TR A0 272 it TV 218 Z 6 difgE T,
pH Zffi % 28 SET RS0, I & TR 22T o L ARRE AR L, )
KEREE T BIRBEN ORFEIZL)N S pHy ZRE L THE2, Wb pH ORIEICIE
T AERHBHNHILTND,

L, AWFZEORRTH LT & EEAIL, TOT X LRMIEA 10 um FREE & fid Tk
<, —RANTHWON D T ZEMTITE RIS E L TWDS T E ENEIKD pH % [EHE

21



WES D ENTE RV, —FHT, ITF, TEENOEIRE insiu THETL2FEE LT
pH <° CI BEIC L - CHEATHREL B LIk v 7 7 L— M+ & TREMICH
WHZ LT, TEEEARAERO pH X CI REZHET 2 FESHE SN, T EER
IR OBIGFREIANE A T2 Z D 19 7e R ikIT T & AR AVM O bidie 2
DHIENTEDEN, TEEEROERICHE, TEENRENIEALTLE D & 205
MREEE 70D, 22T, ZNOORELMFLL 52 pH HIEES LT, FHEMuTE 0
IZ& % pH JIEFEITHEH L.

ARETIE, EMeF e LD pH MES AT LAOWELL T2 9 & & bIZ, TD
PEREZREM L, 9 & ERMIE~DiEH O ATt OV TR L7z,
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2. 2 LAPS OH|ERH

2. 2. 1 LAPS OEAFHE

LAPS ~CI, EEIRSER R U2 S OMRRIRA FiiE L 7= & D% pH o3

LTHW, ' oFRima B E iR & #fihS & EIS (Electrolyte — Insulator — Semiconductor)
Wi 2T 5 (Fig. 2-1).

Electrode
Bias Voltage _LZ
7T
Electrolyte
Z\) Y Insulator (SisN,, SiO,)
Photocurrent [ - ‘
J P \ N n-type Semiconductor

Depletion Layer
Modulated Light

Fig. 2-1 Setup for LAPS measurement 2.

OIRAE T 2 & RHBORN A T ABEAFIINT 2 &, HINEEIDS U TERIRRE,
77w MUK, ZEZAREE, RORRRE L BMbT D, LIS, EZIEOELITEMENIC X
STET 5. n BPEEROEE, HERE RS U ORRICIEOBIEZHIINT 5 & &
WRREL 700, WICADBEEANINT S L2252, RARRBEICZELT 5. n APEER ) BAPE
FUEC BT B EMEN & N FHEEA Fig. 22 (R 9 1917, EIS fiEh od-Ekiz, N
REy » TU LD F—2 RO BT 5 &, Al i v U7 8RN E 2
ZIBIZIED - TR L, Z2ZJBNOBRIC L > TEMOSEENB 20, IR 72BN
5 (Fig.2-3a). o ZORETLRFNAZELT D L, REARICE > TEZEMHHIELL
PIEE L, BT & FAEET 5 2 & TR & 130 5 O 72BN D (Fig. 2-3
b). TOLIIZ, —EDEMICEFEORE & IR 240 KT 2 L1 KV INHERSIZAS
Pt (AC photocurrent, DA%, I, LZKiLT %) 2iLd.
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insulator

accumulation layer electrolyte B semiconductor
/«—4 conduction band
Se.® 0 o ® & o |
/"'—: EC c
S —— e |\ =

Electron energy , E

valence band

(a) Accumulation (b) Flat band @ electron
O hole

inversion layer

depletion layer \ ldepletlon layer

. ;x

—INl® e o . W

b E
i """"""""" E;

(c) Depletion (d) Inversion

Fig. 2-2 Energy band diagrams of an electrolyte - insulator - semiconductor (EIS) structure 17,
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Electron energy , E

valance band

insulator @ clectron
O hole
electrolyte \ depletion layer \
/ ., semiconductor — .
| i
| (%. :
\:A e —— O E \‘: Q@ — o £
""" E‘“““““'{'" = -----E-- e
: hot itati hv !
i prorosrd a||on i recombination
B\' E, é\' E,
\OO «— O<«—O0O \ 00

(a) Light irradiation state (b) Non-light irradiation state

Fig. 2-3  Behaviors of carriers in the semiconductor layer of a LAPS with and

without light irradiation 7.
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LAPS ORI Fig.2-4 (IR HEKE TR SN, SRR D 2SO ER & €€
DR T A= LOBERIT 2.1) XTmEnsd 8. 21) RiTBWT, L IZMBERE T
TR VD ARV, Lohoto 137 B CRAET HLEIR, G IXMERERNE, Cal3EZ

JEEEZTRL TN,

G
Iy = Iphoto X C 1y (2.1)

HEERZ B U CHRICHIIN 2 EEIC L > TEZBEANZE L, BHIhD L
AT D, R AHAEL U CIRIZE o3 7 ABELFIN LIZSE, N2 FEIEX

MEEITZeZ, ROERREBICE LT 5. EZREETIY, ZBZRIEAOERE L HIT Ca HVIS
7RBHZELIZE-T L I, MERIKEE C2EZ @RI d 5 Z LI kv L, bfafnd
D, AT REE L, W ERTLT D) FERINCELI RN D L ZHlETH L
T, Vo & L, OBfRZ R ER-EER (LR, L1 fhif LRI D) LD, 2
T, ZRAF =N REE -V HfROBIHRE Fig. 2-5 (TR

Bias voltage | Z'

~
I, \ A

G

Insulator
7Z1 N
Depletion |
Lnoto epletion layer

I, : AC current flowing in the external circuit
Iohoto © Photocurrent generated by photoexcitation

G, : Capacitance of the insulating layer
C4 : Capacitance of the depletion layer

Fig. 2-4 LAPS equivalent circuit 7.
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AC photocurrent , I,

Inversion Depletion Accumulation

accumulation
layer

depletion
layer

valance band

® clectron O hole

— <« Biasvoltage, V,/ mV — +

Fig. 2-5 Relationship between the energy band structure of an EIS system and

the [, — V' curve of a LAPS.
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2. 2. 2 ZLEERE®D pH ILE

LAPS (28T, &4 L EEMERT 58 o ORFEITIE, ) 3 2 b5 (SisN,)
MEESN TS, ZOEEEE, KEERF T 7 2 (Si-OH) ZIERkL, KK O
7a hCORE, DFED pH ICLo T T 7 AVHEN 22) BEIW 23) KoL 2128k
% 1920 EEMEMICIT Si-OHy 3% <, WA CIX Si-OH, 7L U BETIE SiO 124
7 5.

Si—OH," 2Si—OH+H* (2.2)

Si—OH 2 Si0~ + HY (2.3)

iz, PEAETLHT I A (Si-NH) BFEERZ 24) BEW 2.5) LEKD pH IZXD
b 5.

Si—NH;* 2 Si— NH, + H* (2.4)

Si— NH, 2 Si— NH™ +H* (2.5)

Site-binding®) £ 7 /U L 5 &, B HEREREOERD 22) ~ 2.5 OXHIZ pH ITX
STEL, TOREEN E 1F Nemst X ((2.6) 2 12HE.

E=E,+ %ln%‘:‘ 2.6)

Z T Eo IHMEHEBMENL, R IFRMEER, n ISINETE, F 1377 77—, ax
BLO o FGETCHOERETH L. (2.6) NofbiEcfiz H OfF&E (an) ORT
&, RmEME 2.7) XTRIh, 25CO%E, pH BEIL -59mV - pH! L 72 5.

RT RT
E = const. +?ln ays = const.—2.303 X TPH (2.7)

ZHUX pH 25 1 235 Z ECHEEND S99mV Bk 52 EEEIRLTWA.

Fig. 2-6 {Z/R9° L 912, LAPS THIEEND L — b BRI, B DREIZEAML TS E
TR pH (Zhis U TREMETIF A 7 A EERAAN, 747 VT A 7 A EE
ENC> 7 ML, 2037 &l pH 28 1 26T 5Z2&12 39mV §O07 M52 L
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2%, ZOFRMEZRML, ASHOCERO A 7 AEERAEZS S Z LIk, btz
HS L7 JRpTiEo> pH IED AIRE L 72 5.

Low pH High pH

& =

AC photocurrent , I,

— <«—— Bias voltage , V,/ mV —— +

Fig. 2-6  Bias voltage shift of [, — I, curves with pH change on the sensor surface.
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2. 3 LAPS 2k % pH BIERDEL D

2. 3. 1 EKEE T ORYE

LAPS Z#FIf L7z pH JIEIZIHWTC, EERTMOOE D ThH 5 Pl b P2l
ELT-. Lk, ZOY-ERbFe o2 L TR SRS, B2, Table2-1 1R
HEARD n B Si PERIENR BT, #ifgE L LT S B KO SisNg A 2 E 4k
50nm ORI LT, FD%, KktaAIES 200 um & 725 FCHEIL, SEmffEREIC
L7, ool z Fig 2-7 1R

Table 2-1  Specification of Si wafer used as a sensor.

Conductivity type n-type
Crystal orientation <100>
Size 4 inch
Resistivity 1-10Q * cm
Orientation flat (110)
Orientation flat length 32.5+2.5mm

I <—— Silicon nitride film : 50 nm ) )
-— . . . Insulation film
Silicon oxide film : 50 nm

<— n-type Si wafer : 200 um

Fig. 2-7 Cross-sectional structure of a sensor.
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FICHIE LT- SiOy BEOBAVIFEIZR I, Bl Ogiestic X ok s, K
ARRUC KD O 2N H Y, £ ORHEE ik P % Table22 IZHHLT-. 205 H, K
WFETIE, BEOMEIEORNES REZR BT A i K D EE2 M L-. SivT
RIS 5 SiO2 1F, FR LSRRI L b3 b FEamakiail AR TUrw R D2
RERRETE D2 Lnh, (1) MENEFICZEL TWD, (2) Si/SiOr OGN
DIERIT RN E WD RN B 5 2.

F72 2 JEHD SNy %, JHE CVD ¥£ (LP-CVD) ([ZTHMR L=, ZOREITIEN,
BUE T CRXIAGZ 2 &8, U RIREZHR S5 7ETH L. EMEEICT 5
Z T, RIS AT OB HITENR LS 22V, T AREDOL—MRER, KA O]
HBRRG L7120 Z Lin, ROB—MELEPEMEITEND LW > T2 R85 2. LP-CVD
EE R LT A 7 mny7y (SiHCh) b LI 7 U A (SiHa)
ETUEZT (NHy) LZ2URSED 2 DD H Y, 00 & Fiffia Table 2-3 |ZHEEL
L.

S HIZ, SEiEmE Cf L7 RIS, A — X v 7 EMmE L TIER 3 mm @ Cr-Au
TR E Y Y OERIRE L. ZOX 5T LTEYEL 7= Y0484 Fig. 2-8 1777
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Table 2-2 Methods and features of oxide film formation on Si water >,

Name of
oxidation Methods Features Applications
method
Capable of forming Formation of gate oxide
Dry Oxidation with high-
extremely high quality film that requires high
oxidation purity dry oxygen
oxide film quality film
Wet Formation of thick field
Oxidation by steam Very fast oxidation rate
oxidation oxide (~1 pum)

32




Table 2-3  Deposition method and characteristics of Si,N, film using LP-CVD method 2,

Reaction temperature

Reaction Characteristics of film formation
and pressure
Temperature Excellent uniformity in film
@ 3SiHxCl, +4NH3 700~800°C thickness and mass productivity,
— Si3N4 + 6HCl + 6H> Pressure but by-products are generated and
0.1~1.0 Torr cause nano-sized dust.
Temperature
Film uniformity is difficult to obtain,
@ 3SiHs+4NH; 800~900°C
but has the advantage of not
— Si3Ns + 12H» Pressure
producing by-products
0.1~0.5 Torr
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Ohmic electrode

Fig. 2-8  Appearance of the fabricated semiconductor chemical sensor plate.

Sensing surface made of SisNj (top) and rear surface of the sensor (bottom).
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2. 3. 2 AN ERAEEEOBLE

LAPS ZFIH L7 pH HIEE I 272 9 7201, HIEEOBWES KOS EETTRE
BEEME LT, B E A TERE RV OIMBIZ Fig.2-9 1T, HIEE/ITRES
ST, T VAMEIEROE LT, WREANDTZOORLVAKBLORLE, IHIC
FX Imm O SUS304 A7 L AFIREE R L— LD 4 SO OREKRSNS. 'L
TR EEE T L— MOXER 28mm OREARITTHY, EOEIHI LT P EmITAT
JeE U C & 2REEIC o TN .

HIEE NV OMASL T 7 a—% Fig. 2-10 (9. 9, BV FEHRICESY L— & EE
L, @7 L— BV EEOA—I v 7 EMEERT L — M SE 5 2 & TER
PR L2, DWW, 77 UBIIEHO Oaing  (HhA X S-30) ZIXOiAALTTEL
AR Z Y oW Bk, BARKE FEE 280 b« Ty b CHifgE U CRIER L2/
Tl wAoEICE, MERE, SREMRS XOSHEZ Y 15 RERTTHY, Zh
B A IS EDONERR TRIE CE HIEIC /> TND. ok, B VOREmICHEME L
7= SizNg 875 pH IS S U THERE L, = 0 FiaE & RBRIAK & OFEMEEEIT ¢ 30 (K
7lem?) ThHD.

WIZ, RPSEERMEEES Fig.2-11 (R, ZeORAEIRIZIE, JRE LED (B
#) 3mm, ¥R 640nm, JGEE 500 med, fEMIMA 60 ) 2V, TAVANT TS
VxR —4 (A X 7 REEE T v v 7, A% DF 1906) (21 Y 2500 Hz T
ERShitze o VEEICRE Lz, ALEE CHIE SN D IEEIE, HUNasZimEik T
BV, EPRAGTE YR OB CHEENr S5, F 7B OIS DLENE S
L, SHRIZITsafngR / vt vz, IE S D R EREZ EBIRA 7Y 7 v
At X = 7RG 7 v v 7, ARRLI-76) CHE - EIEA#L, HlfHl PC TIX
L1 B, AZFOCERNERTNER /L, U7, LED 7 LA 7 E O —R %

Al T —/L K BOX PTG L, BRREE CATEEIMORIE B 28> 7-.
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Fig. 2-9  AC photocurrent measurement cell with a semiconductor chemical sensor.
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Nut

Modulated light
irradiation area

Conduction plate

(a) Place a SUS304 conduction plate (b) Place the sensor on the conduction plate
on the bottom of the cell

Cell body for containing solution

(c) Place the cell body on the sensor (d) Fix the cell body and the bottom with
with an O-ring sandwiched between bolts and nuts
the sensor and the cell body

Fig. 2-10  Assembly flow of the AC photocurrent measurement cell.
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Cell holder
Electrode
Yo

g}eamplifier"‘

Fig. 2-11  System for measuring the AC photocurrent signal. LED array for irradiation

of modulated light beams (top) and arrangement of measuring equipment (bottom).
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2. 4. BUYO pH BHEH2

2. 4.1 BHY

LAPS Z M\ /2 pH HIETIE, & & BHEOFEEMND K 99mV Z{kd 5 & pH
N1 B LT B END. £ 2T, FilclCBYE Lo o O FHIT T 2 729, 3k
O pH EHER T L- Ve BRROPEEZ B2\, A THEons I, D W IKF
PEL pH A HERE LT,

2. 4. 2 EBOHE

(1) BUREORTL

APIECER ST, TS SisNa AR Uizt Y 24 258, SisNg BRIER THED
TREERE T P BB I CHERE L 7o IR Emi e SiNe ZBRET 2 BT, PIEIOBEIERTIC
7 B ERFERE S E 5 FIENHW DD, 2 2 TARIFFZETIE, A LTH 5%
7 AKEFRIAIE T (46~48 % 7 AWKFREAARFELL T 1/10 IZAIR LR 12 1 47
R S 72k, A FERIT IV,

(2) HBREK

T Y OVERBRHI D 7= O DOFREREIEIZIE, L O FEE pH 128K (pH 1.68), 7 Z /L%
i pH AFVER (pH4.01) I K OPEY 8t pH AR (pH6.86) O 3 FEfHD pH FEUE
i (WFih, BIEEPAERY) 2R RIEAVEL TV DT X ENIL, pH 2ME T
DN, PHE~EREBRBE A R YD pH MR Z R LT

(3) RWHMERDNSA T REEEEE (- Vs B8R DEIE
Fig. 2-9 (TR L= L 912, BV ZHAAATHIE VISR ERA R = AN, 'k
B L OV NZ P Ui, BBRIRIK 40ml 2572 I B VNICIEA LT, B P 258
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FIECERRIEH DY —/L K BOX WNIZERE L, B TOENMEZREEL LT oW Lol
(T2 W Z2 -1600mV 225 0mV O TEIZHEMIC SmV HRTEAL,
L~ Vo BRRAIE Ue, Pl I 3BafngR / i beReEmMm A - e, 7ods, L— 1o HifRo 1 [A]
OHEICETDHEIZR L Z 100s THS. ZNHO—HEOFEERIT, 2 TRREOKRKK
TCHEM L.

(4) I,-Vy, HIEROEYTHIE

2. 4. 3 EBER

pH 1.68, 4.01 BL 6.86 & pH HEAEFROHALIED L — Vs Mifk% Fig. 2-12 127
L—Vo BT, RO pH (2L > T 7 REEHGAIZT 7 R L, pH6.86, 401 BLO
1.68 DIAT/ A 7 ZABEFHO FEMHEMNZT 7 R L. 51T, pH Z{LIZfEH /3T 2
—X4 W @ pH #fFE%E Fig 2-13 1”3, W ITRBRIAIKRD pH 12k L CEARMICEL
LTHY, MEZEFIL L TROZAE (X) 1% 58mV -pH! &72o7-. ZOffilL, Nemnst
ORE VEHINHHFRME S9mV -pH! LIEFITAVMETSH Y, BYEL 7= % pH H
EDTZDDF53 et Eie 2 A LT D Z L DR STz,
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1.2 ———

0.8

0.6

0.4 N\ I\

0.2

Normalized AC photocurrent , I,

- --=----

-1500 -1000 -500 0
Bias voltage , V,, / mV

Fig. 2-12  Normalized I, — Vs curves for different pH different pH standard solutions.
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v,/ mV

(Measured by semiconductor chemical sensor)

-200 p————————————

Numerical formula y=a+b-X

Intercept -895.3£5.3
[ Slope 57.8+1.12 ]
-400 | — . 4
Coefficient of determination(R2) | 0.99962

-600

-800

PR EEEEEEEREREEEERN

Solution pH

Fig. 2-13  pH dependence of 4’ at which the photocurrent is half the maximum.
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2. 5 BUVD pH BREFEREICBRIETEBA A DRE 2D

2.5.1 BHY

ABFFET pH HIEDRIR LT 59 & EFEEITIE, BREROERIZHE O EREDRIEA 4
YINEHT D EEAOND. ZOX D REEE T TH R IS X D pH IED
HRIREINE O D EfERT D72, B0 pH MHEREICRTT 8B A A4 OB OV
THRRSLTZ.

2. 5. 2 ZEBOHE

(1) R

SR T D BRSIE, 5 3 ELEOTE ERERBICHW D NTHKE L, 1405
HAKICESREERBAT 727~V o O\ SHEY) 28 Lok, SBROERNC
0.13N DOKEE{tT F U 7 LEHET pH % 820 (ZFfHE L7z,

Y0 pH BT D 8B A 4 DR EEHERT 52O DORBRIAKRIY, & %
JEEDOHERRITEN SUS304 AT 0 L ASHOFEZN /3 T D Cr', Nitt BL W Fe?™ 23R
ECHEHT2Z L2 EL, ZhbO&RA 40 &2 N THKIZENE 001, 0.1, 1 BX
O 3moldm?® L7225 X 9IRML, IR LIZ. ZORBEERA A IRINARE L5 Zh
5 OWROTFIL, B0 k7 v s (D ASAF) (CrCl - 6H:0, FER#R),
b= v (1) AAKF (NiCl, Fifk) L OME(EEE—8% (11) DUAKF4) (FeCl, - 4H:0,
Fifk) &z, <UL, CFF 2R CIRIN U754, CrCl YRS C RIS 5 £ T
(I Y ORI A A5 Z LD, RIS O RFFEREALETHD 2. 22T,
Cr* BROY N LRI U728, TR ., BPARARIC AL 500 h B E/WEATC TR
FLIEbD% -V HIERORIEIZHAW. £72 F' 2RI 2R0E, Fe? Offb%
TINZ B72012, L~V BiERRIEDBERTNZFTHEE L=,

ERA A IR D pH 1%, LV BBHAEDERNC, U7 A (Rl DKK pH A
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—Z—) ZHOTHIE L. 512, ZUHDERA 4 IR EFC pH 261 54
JBA T BERIEERE, AN T KIS (Ba b, k) AU CIgg L7e.

(2) L~ Vo EBROAEIE

L~ Ve HIFRORIENL, £l TN E YRl a2 Hpe Liztk, slBRAE 40 ml
ZEVAITIEAL, B3 EXHREICEIINT S 1 &2 -1600mV 225 0 mV O CTHf]
MBI 5mV R CEET 5 2 & TH#AET. ok, FRITE TERORKBM T
TRIleol. i, Bbhiz - M#roOR, ST ITs L% Ol E Az,

2. 5. 3 FEBERBIUEE

(1) pH ZRBXIETEBA 4 O

T AEmCRE LT-EEA 4 IR pH % Table 2-4 (254" Table2-4 [ZxL
72 pH 1E, L~V MifREDOERNIHE LI Th 5. £z, @BA A IREL pH DR
f%2% Fig.2-14 \R"T. BJRA A BIVEKD pH 1 7.82 ~ 042 OHFBFIZH Y, &JEA
A ARFENE L 72 D223 T pH 1T T L7z, ATHEKIZ SUS304 AT 2 L AEHD T HK
DTHD CPT, N2 BEIO Fe?t 2N L7128 A A4 U IINEIRIZIW T, ERRICHW
0.01 ~ 3mol dm® OWTHNDOREIZIBNTEH, CrF ZHIN L7 D pH 235 IRV Vil
L.

44



Table 2-4 Metal ion concentration and pH of metal ion-added solution

measured by a glass electrode 2.
pH measured by glass electrode
[M™] mol dm? ] | N2 | [Fe
0.01 3.78 7.82 5.35
0.1 2.85 7.17 4.27
1 1.10 5.84 2.35
3 -042 4.16 1.52

o 10 Ty

3 Artificial seawater + [M"*] |

- | | 1 |

Ssp e -

[0} - a Ni<*

") | Q\ I 3

o | S

— B b N -

o | 2 9

- °\ Fe?* N

al S PN

o ? * ?

© 4F 0\0\\ ””” ® .

3 Ui

g, e I e
EAFIO O PO A ML REL A -, .
I N

5| o

S Ok i N -

5 o

o I | | | |

D L ke e
1073 102 10! 10° 10!

Metal ion concentration , [M"*] / mol dm™3

Fig 2-14 Relationship between metal ion concentration and solution pH.

(3CHR 25 2 & & ATHERR)
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Fig.2-14 |TR LT & 91T, @A F OfAIZ L 6T ZDORENE L 7251220 TC, pH
(HMETF L7z, Zhug, (2.8) RUTRTRIBA AL ONKGRIS LD bDEZEZ BD
S, NZKDREOGIZ &5 Fe', Crt B N2 ORE pH (3F N1 6.64, 1.53, 6.0927
THHOIZKIL, WITNHERERER CIZINLLTET pH METL, &<Ig, Cf i
BSIRCIE, ZOIREED 3mol dm™ EIFFICEIREIC /8D &, pH IE 0 LLFE TR T L.

M™ +nH,0 2 M(OH),, + nH™* (2.8)
F72, pH 1T 29) X TRENS.
pH = —logvy, - Cu+ (2.9)
—NZIE, A A AR P OTEERE v (TR TOA A E I, TRED, ZOBRIE
AR DY A TE Debye — Hiickel ORRBRAI ((2.10) ) 1TV, A AL BREDHKIC
NSRRI v 1< D B2 BN,
logy, = —AyI, (2.10)
LonL, BERAEER LIZRRED ST & FNTHRE SN D £ 5 RIRERRT T, IHERK
v OEFEILBMARE SN TRY 32, C & OH ZFEMNLT D851 4 DB S D 2
LIZEDHEDBEZLNTND 0. ZHoDREIZE ST, @A 4 IINEI T 1Z
EIRD pH NMEF LI b D EFZZ 5.
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(2) BUY D pH BRHFHEICRK KIETRBA T DR

Fig. 2-15 12, @A AW ORISR D LL— Ve W2 ~9. RO pH 23[FE
—Thiu, ©RAFT L OEBICEOTHESND L-Ve HFHTITFEL L, RO pH
TR -V BRI NS 7 AEEEAANC > 7 R L.

1.2 1.2
'\? 1 T NCL 1 T —
= s \ S ” \*\ ASW (pH:8.20)
o \ ASW (pH:8.20) o X\
5 08 ‘ D - S 08 ) \{/ !
% 3M-Cr3* \ \\ 0.01M-Cr3* § MNP /\ \\ ?égly-sl\lzi;*
. ' o - /.

Y] SR VA livuard S 06 (pr:4.16) \‘/ |

8 +0.1M-Cr3* (@) ‘ 0.1M-Ni?*

%: \ /\?(pH:Z.SS) -f, (pH:7.17)

E 04} \ \Q . L 04F \

© . ©
: NN : \ \
S 0.2 N\ : S 0.2 i \
=2 ~ =2 &
solid line : ASW+Cr3* } \ ‘. solid line  : ASW+Ni?* 3
dotted Iir:e : ASW+:—|CI \T\_S ~ dotted line : ASW+HCI .
0 0 i i
-1500 -1200 -900 -600 -300 0 -1500 -1200 -900 -600 -300 0
Bias voltage , V, / mV Bias voltage , V, / mV
1.2
=~y -
o N~
c .
(9] : N\ ASW (pH:8.20)
S o0 \ \ ' =
3 , \ \,/0.01M-Fe2+
5] 3M-Fe?* ) © (pH:5.35)
-g_ 0.6 [ (pH:1.52) \ . \
(@) \ \ + 0.1M-Fe?*
< \ (\/(pH 14.27)
o
N O4p \
©
£ \ \\ )
o 0.2 N \ :
= solid Iine‘ : ASW+Fe2* \ M
dotted line : ASW+HCI \h\_ ~

0
-1500 -1200

-900

-600

Bias voltage , V,, / mV

Fig. 2-15 Normalized Ip — V, curves for test solutions of artificial seawater with

and without metal ions added,; top left), Ni“" (top right) and Fe”" (bottom).
d with 11 dded; Cr** (top left), Ni** ight) and Fe?* (b
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RIZ, 2.5.2(1) TIEE L@@ A A ISR L Oeg A A4 A BRINsiE R, 5
AEMMC LD pH HIEMEE LD pH HIEE S ZH# Lz, 12 UOI, H T A E
THIE L7=FImIRD pH & L Ve RN HRD = 1y & ORER% Fig. 2-16 [~ T, W4
T&RA A DFEIZ L ST RVVEBERZ R L, Wik pH ZMKITfES W D
7 hE (X)) 1T 59mV - pH! 720, Nemnst DXLV EH SN AHEREELE LW 03D
o7z,

F72, Fig.2-16 OO K91, T RAEMmME LD pH HIEMRIE, Z Ot
FEERRBWZ &5, 211) RUTEY - RO 7 FEND pH ~DOHFE A ATHE &
7%, BRI, IERRBIRE THD pH820 D ANTHEKD W ZHUHE e & LT,
FRRAED W Lo pH EE (X=59mV - pH!) ZHWTEHEINS.

Ay W' =W s
H = 8.2 —=8.2 _ 2.11
pHaps) = 8.20 + e 8.20 + = (2.11)

2T, HIABRMCLD pH HIEME 2.11) RTHE LZ® kD pH HIEMH
L OBRE Fig.2-17 (¥, WEOREMBMICITERERSH D, ZOMEEXMTE 1 Th
HZ 00, BEMERELIKEOTEENTHEHESND L 572 3moldm® &9 IEFIZ
BVVEEA AR, HyD pH<0 ORMK pH fkE T, Ke 0 L 14 HfRORIEIC
FoTRED W &2 211) RURATDHZ LT pH ITHERRETH D Z LIRS NI,

PLEDHFERING, K307 AdEMmE FRRIC HY OEEZRETE, 7D, pH K
IR TdH D SiaNg % H Skt 9 28RS <, 7% FEAEREE BT 5
SUS304 27 > L AR D Crt, Ni¥* 3L Fe** OBRA 407 & ENTIEMET 5
CI DFBEZIF RN LG, ArHicks pH MEFEL, T EEaER R
JE 4R EERBEC b TR T 5 2 & SRR STz,
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~200
_ Solid symbol : ASW + [M"*]
§ Open symbol : ASW + HCI ‘ )
§ <00
5 uNEE ,Oé) Z
o -600F e = S S S S O O@ WA s -
> 2 , 3 3 3 ; : ]
€ 3 | | -~ |
S B N P
L 0O [ | | NS = nH-1 1
= E -800F R o SR X559 mVipHT ]
& i N O} | | |
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g 1000 ® 1@ N
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-1200 NP DR | 1 1 N TP
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Solution pH

(Measured by glass electrode)

Fig. 2-16 Relationship between /,” measured by semiconductor chemical sensor and the

solution pH measured by glass electrode for artificial seawater containing various metal ions

of Cr**, Ni?* or Fe*" 22,
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& 8F T I T B ety é) ————————— -
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Fig.2-17 Relationship between the pH values measured by semiconductor chemical sensor

and glass electrode 2.
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3 E ERERBRICBTSREMEL
$TEEAN pH &L Y?

3. 1 #=

TEERRIL Fig3-1 [ITRT RO, $EENET /—F, 7&FNE2hYy—RELT
ERTLIFHEETHY), & FEEOERBRIZIWT, B, 7/ — NEfFEER, 5
XFEN pH EDOHWEIZIE Fig 3290 L 9 R s 5. T FEROERICELST
— NEEFREBIROEINZAENT E FNOEBBA A AREN LH- L, ZOIKSMEEINZ K>
TH' WER SN, TEFENO pH K TT5 (Fig.3-2 ). 2o pH KT, &EEHE
WA NsEs (Fig32 @). Mx T, 7FFENOEREAA (ITF4Y) RBENER
T 5728, BRIPHESRIEEROTZOIIEND Cr 7o EDT =4 34 & NI HKENT
DI, TEEND CIREN EFT 5. ZNOOED KT 22 12k >T, %%
NI pH , & CI BRBE L 7220 X FWRNER LFiT 5. £, B & EROBRIL,
GBOT ) — NEfEFETH Y, B ERIZ EREENRITIEMNT 5 (Fig.3-2 )

ZOL L, TEFFEROEEBRE CEN, B, pH SHAEICEELH S Z&0n, £
OHERAEB 2 ST D720, T D OZ{bAFRHCIET 2 Z ENEE L 225,

ZIZT, AETIE, (1) EBNOE PR 29X FERERZEEND in situ JCFBIE
L, (2) M o 2T & FREM & L THWZRICET 2Bk 55k
BIERETXEN pH ORBHIED 2 DOERL B2, ATiEATICBIT5
SUS304 A7 > L Z$fiD & e ezed) & et Rrh oEN - BB LT E N

pH & DBERIZOW TR L7z,
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High CI- & low pH
— Occurrence of crevice corrosion
Cathodic reaction

[ 0, + 2H,0 + 4e"— 40H- ]

Cl migration

Cl-

Stainless Steel

[ Mr+ + nH,0 — M(OH), + nH* ] [ M — M™+ ne” ]
Hydrolysis reaction Anodic reaction

Fig. 3-1 Schematic illustration of crevice corrosion. (3Ci#k 3 % & & IZ/ER)

Potential

® Anode polarization
characteristics of metals

Anode dissolution
Current

@ pH decrease due to hydrolysis _ .
of metal ions @ Increased dissolution current

Cr3+ + HZO — CI’(OH)2+ + H+ due to lower pH

pH in the crevice

Fig. 3-2 Relationship between potential, anode dissolution current, and pH in the crevice.

Lk 4 2 % &ITERD
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3. 2 ZEBIk

3. 2. 1 HE%FEB X OBkloRT LR

HEEAACITERE 17mm O SUS304 A7 > L ASHOIkEE V2. DLy %
Table 3-1 27”7

EBA MBI 51 & ZIERERFEEND in sin YFBEI AW TZRHEIR &30k
SNl Fig.3-3 1R L, EEARIZ L D50RER & T £ pH ORIKHALEZ V2R
BHEAR & aABMBL A Fig. 3-4 1 ORT. WP HER 12mm Oy FRER ARSI
L, = ERpkmiEim4 1000 P LT E Uiz, E£70, 3% £ & SOHAl oW 2
%, &2 BT T3l 2 LI TEH L9, M3 ORTIUIN LA L.
ZDIED, Fig. 3-3 1R LT insitu 58I OREN T, Bl WIZIRY 1T 5720,
I EIERKI & BOMA O M I 0 LA hE L7z,

HEREHE, 7' b T 10 B ERTER A o7tk MERRLALEE L LT,
50°C, 30%DRSIEIC 1 BERILL EEE SH 7. Z OMBIRE(LALERD BRI, BRI
Lo FEERBRTIC, P SRE DT E ERRELSN TR AT 52 & 21T
BT, AEFRRICRE R MBRER A TR S &5 2 & Th 5.

Table 3-1 Chemical composition (mass%) of SUS304 stainless steel.

C Si Mn P S Cr Ni

0.068 | 0.48 1.84 | 0.029 | 0.027 | 18.65 | 8&.11
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Fig. 3-3  Schematic illustration (top) and photographs (bottom) of the specimen for in situ

optical observation of crevice corrosion.
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>t e

50 ¢
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Fig. 3-4  Schematic illustration (top) and photographs (bottom) of the specimen for

simultaneous measurement of pH and potentiostatic polarization.
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3. 2. 2 HRBOAK

BRI 1T, Nk O\EER SRS HE, @RERRBRAT 7 7~V ) &, 110
(AR L7z 110 ALk e, ALK O b5y 9 % Table3-2 129, ALK
131 A K BIEERBH T 7 7~V U EEEL, BEETHD 200 & L7, &
BABROERNZ 013N OKEET MU U AR T pH % 820 ITHFE LD THS. =

ORISR D CI B, EXUREHRB L pH % Table3-3 IT7-7

Table 3-2  Chemical composition of artificial seawater used in this study .

Chemical composition Weight (g)*
MeCl, 104.07
CaCl, 23.18
SrCl, 051
KCl 13.89

NaHCO, 4.02
BrCl 2.01
H,BO, 0.54
NaF 0.06
NaCl 490.68
Na,SO, 81.88

*Content when adjusted to 20L

Table 3-3  Chloride ion concentration, specific conductivity and pH of each test solution 2.

Artificial seawater 1/10 Artificial seawater
CI ion concentration (mg * L") 19700 1960
Specific conductivity (S * m™) 523 0.63
pH 8.2 7.2
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3. 2. 3 EEMOSEFICKITZTEEIEEEREHO insim JFEE

NTHKHIZERT D SUS304 27 LA (LI, #lktE L5 o3 & FEattRsE)
ZHHINTT DO, TEENO~ 7 B BIEENATRER T E RIS 92 T,
TEBN MR E T2 END insiu HFBEE B o7, T ERABEM L ORI %
Fig. 3-5 \ORT. ZOT & FERBEM /UL, B4 & £ A I Wk 2 St L
T T AR LM%, T AL XE) ZFRSE TR/ AT AT EEEEZIRL, T
TABUICERIE /T AT T M TRAET I AERRNZBIEE TS OMEL 2> TW 5.
B, TEEEAERBONFEEICIE, Yt a v b 3D EREIER (KEYENCE 1,
VR-3000) % FH\ 7z,

Quartz glass plate
Metal/glass crevice

Reference electrode Counter electrode (Pt)
: z e N
\
i !
! 1
: 1
1! Working
b —.:—Q: electrode
— 1 (SUS304) ;
7 i
1 — !
. —
- - $ \ )
209 ‘
Acrylic cell with outer screw 340 Aluminum ring with inner screw

Fixed pedestal

Fig.3-5 Schematic illustration of crevice corrosion observation cell ©.
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TEFEEFERIE, BN —EDEMZHINT 2 EEBM MO FEEZEHA L., T%
FERARROERNS, VT A L7 Hilblama B 41000 THEL, BRI O
ABRERNR A bR E LTe. A%, EHISHREIEZ 3 & SERBIEA v VICE (1, BAE
NOBEZBAA L=, HIRFENA -1 £ 10mVvs. SHE (LM%, BALTHALZ mV CTHKild

%) \ZEE LIRS CREIWO BN 2R T v a A MIT 349 mV OENITHREEL,
BN MR AR 2o . SRR A LK TIEK 2.7h, 1/10 ATiAKH TR 12h
Tho. EEMmpmE, AEHIRN D ERAEGlET 5 & & bl, Vervay b 3D
TERRE SR DG EARCEAEZ VT, 12 FRITHER L2 T AL Rl A 10 ~ 60 s
R C—ERH Z & IRz L, T FEROERRILAZBIZE LT,

INHDO—EHDERIZIBNT, XRIIZEeEMm, ZMREMmRIZI IR / B REMm 2
W, SRS E HAE L U TR O BAL 2l L, 308k & RN i 2 B 2 e L7z,
FFERRITEE, RGBT TRl
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3. 2. 4 EENIWHFOREIERE TEEAN pH OFFFHE

TEERRERBRICBIT T EENRELZHAONIT D720, TEEEARARE T
XEN pH OFRFFIEA I Z 72072, ZOFEERTIL, T A HER b 3 (U
%, By L LS 2V, b RICEBSRZRET L L TRE/ v & i
AR L. BT OREERR & & o X A ARG B ORFERE 2 3 2

ZET, TEFEHENER L TCOAREOTEEND pH 2bz ) T A LTI
LT EMAREE 2D,

Fig. 3-6 \ZEROY Y M7 v 7 2R, T FRERET, e BB LRk
2, BN —E DENLZ NS 2 EEAL RO FEEZEH L. 3% R ARBROERIIZ
BN Y LT DA TR #1000 THREE L, SUBHRHEIZIR Lo AMBIRE 52
PrE L7, 20tk BBRIEK 40 ml 2372 Lo B VNO® o RICEBIOMHE R AT %
LOITRREL, @B/ T BRI L%, HRBANONEZRM L. BHR
BATAK) 10 ~20min [EIE L, HIRERDS -1 = 10mV (ZEE L 7R CRlBto B %
T va RSy MITHiA OEEMEICORE L, EEMMI L 5T & FERRRE B

DAY

Potentiostat
RE WE CE Metal/Sensor

crevice

seawater

Insulator(SizN,, SiO,)
n-type semiconductor

(Variable voltage)

1
1
1
1
1
1
1
1 Artificial
1
1
1
1
1
1

______________________

sensor 7 \
Modulated Light 0-ring SUS304 plate

Fig. 3-6  Schematic illustration of apparatus for crevice corrosion test and AC photocurrent

measurement in artificial seawater V.
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& E AT

(a) N TLHF/KH CToOMREN %2 2 7-iBR,
NTHF /K CoOMREN % [F—EBAr L LI2ilBRO 2 SO AR 2 72~ 7-.

(b) ATHEAKEBLN1/10
(@) BILWK (b)

DIFEAIK % Fig. 3-7 (-7, (a) OFEBRTIL, E=199, 249 BX W 349mV TH 20h
l—‘—nf'f»{i

AR A TR Tl & SERFEAER) B 2h,

HH)24h & Uiz, MR E Bl
WD/ A T A&
EEA AR / M ER AR A U,

Potential , E

Current , I

SN SN Ay

AR E 2 HE L7z,

(@) Experiment in ASW

F72 (b) OFEBRTIE, E=349mV (2 TEBND
1710 A\ Lk Tl

ZRE BN AIARIC K D3RR & RIRFC B I X DAL
725,

hb—

TR L, oAb
TE RN RRBH AR

HEOFEBRIC TR A4 B, S

=i, KRRFIETTRBIR-o7.

(b) Experiment in ASW and 1/10 ASW

E=199,249,349 mV(SHE) | w E=349 mV(SHE) !
. . = * O
! o . . !

| ) | 1 !

t,;2h —————————> S 1tp:2h |

| ° I — :

! o : — t,;24h —

t,: propagation time ! | t,: propagation time !

- ASW | i

‘______--.I = : ,a'l. 1/10ASW !

, | 5] [ ! ————Q

’ i ol | o Pl i

\ ’ ! =RKY o ’ !
‘\* N l~__ _/l |

tincy : incubation time ll”mcu - incubation time

Time , t

Time , t

Fig.3-7 Schematic diagram of polarization pattern of potentiostatic test.

(a) Potential - time curve (top) and current - time curve (bottom) at £ =199, 249 and 349 mV in

artificial seawater. (b) Potential - time curve (top) and current - time curve (bottom) at £ =349 mV

in artificial seawater and 1/10 artificial seawater V.
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3. 2. 5 WHEEROBIE

(1) -V BBRORIEFE

ZRIEER (LM%, L, &FRKidd b)) OWEICE, EREORSRIZRE LED (BEAK
3mm, 5 640 nm, Y 500 med, FRAIA 60° ) ZHV, 77y /v ar YRkl —HT
2500 Hz (2 L7 A o PEEN G Lo, ZFofSt L RIRHC, & & it
FUCEIINT 234 7 AEE G, 1h ERLT D) 2B FOREBIZS U T, 2000 &L
I -1600mV 726 0mV OHFH TAMMNSEMNZ SmV BETEEL, L, © W KA
(LM%, LV HifRE R 2) Z2WE L. 2o, JEDE Y b7 v 71X 232 ITRL
7B Th 5.

oY ERHWERETIE, LV RFTIZ pH OfE#REZ1S 5 72 OICEF O RERIC L—
PRHWONLGERL. LnL, AR TIIATDEOMSAIE L L TEAK 3mm O
LED ZHW\WTWAZ LD, REIZE>THOND pH 1F7 X FHOITTHROER
3mm OFEROYEE)7Z: pH L7025,

(2) I- Ve BABROFRNTHIE

pH ZAIZfED L — Ve HIFROD/ A 7 ZAEERS MDY 7 MEZ RO L7201, JIES
niz I, & L—Ve BEROBEFRPIIIGC T, Vb=-1900 205 0mV & L<IE V=-1500 2>
5 0mV #PHICEIT D [, ORKETHRT 5 Z LIcX 0 BRE L. Mg -1 i
BUZBNT =05 &5 Kb 5 UM%, e W LRiLT5) & pH kIS U TE
b4/ "F A =2 LTEM LIZ. 7ok, AWIFETHW B HIZBWT pH 2 HicfE D
W O/ T REFERSOT 7 M X 1L, 5 2 BETRDZLIIZ S9mV-pH! THS.

KREBRDOLE, L—Ve MERAIEHET, BV RICRRE Ui B I —E O BN/
SNTRRE L 725 TWND . 2T, L— W RO CIX, EBA O MRBHAAEAZ I ZHIE S
Nz L -V B2 MR E U, RO 1 THD W &3 7 AELEFH O
V7 MOBIRREER L. TOXIICLTRELEZ We & W &b LI, EBM

HlzkiF 59X ENO pH Z{bE (ApH) % 3.1) KicLv&HEH L.
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ApH = 220 _ (%' - ') (3.1)
X X

EBIZ, TEEN pH (L%, Zha pH,, (cerevice) &Kt 5) 1%, REBRIKOWIS pH
ZHEIT (32) REHNWTHE L.
pH. = pH + ApH (3.2)
I, — Vo ke pHe OHEEDT=DIZMET: W BEY Y OWRERHAIK % Fig. 3-8 1
R

during polarization immediately after starting
potentiostatic polarization

Normalized AC photocurrent, I,

Vb'\ \~--rzl&ﬂ-

Bias voltage , V, / mV

Fig. 3-8 Schematic diagram of I, — V4 curves and determination of parameters

required for estimation of pH in the crevice (pHc).
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3. 3 EBRERBIVEE

3. 3. 1 EEMIEPICRIT DTS EERERZEE

Fig.3-5 | IR LIz T X FERBIEHE LV EZ W, ATHKB IO 1710 ATHKFIZIHB
T, E=349mV TEBNIIHR L7256 OBV & [RIFHCBIEE Lo 3 & SROEFBIELH
%% Fig.3-9 (3. EEAwEAE, FEHIIRAL D Bt ERHORSE & & HIZh L
To. ZOBEFIL, BWEIORBERIEOMRICER T b0EExHND 1. D%,
TEENOFBEEEGPICT X FERORM HE SN BAN B TR SN, =
O EZ BHIC L 2T X FERFARM ) ERFLT 5. i ITA KT T 2405, 1/10
NLHKF T 340s THY, BRESEFORENEWNEE T & T RITERFRHTRAEL
To. tvi LARE, WFREIORGE & & 6 ITEFILP 200NTHN L, EiRoOEne & IBand
TEREERITTEEAICERL, ATHKB IO /10 ALK E SICEBN RS 1L
ERNCITT & TNARICERSER Lz, 2RI, S am 25 W23 & 2ER
HEREIFR] © propagation time (LA, 4, LRl D) DEEHEL, & 6 BT TEEER
ORI A T D &, 4, DRI TH-TH /10 AN THEAKHFIZEEAR AN TR F O 5N
T & FEROEREFEE S, RBREERTO CI RENEWIZETE EERILER LT
<, MZ CI REMRWE T FEREOERICRHZET 5 Z LRGN E R o7 Y.

7o, TEEERERTIGURHIMN 2 EIE, ATk~ 1710 ALK T
TR EZ 1 HHEVMETHER L=, A THKkOBSIERIL 523S - m! THLHOITHIL,
1/10 A THEKIE 063 S m™ & A THAKIZHATH 1 MRV Z &0, B < <,
TEFRRERFRICEZEL VWD b0 EEZ 6ND.
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Artificial
seawater

=

s

seawater

Initiation site

1/10Artificial

101
102
103 f

104F o oY

Current ,I/A

10-5 eemmedae e ad deh i

10

‘Metal / Glass crevice , RT S X
E = 349mV : #ty
'

107
10* 107 107 10 10° 10t

Time,t/h

Fig. 3-9 Temporal changes of the anodic current (bottom) and optical images of the surface
of'the specimen (top) during potentiostatic polarization of SUS304 stainless steel at £ =349mV
in ASW and 1/10 ASW. #vi is the time at which crevice corrosion occurred (determined by

visual inspection) and ¢, is the propagation time (#, = ¢ — tv1).
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3. 3. 2 HABMREPIZRITD L - Ve HIRROE(LZEE)

oY ERWE L WEICE>TELND L1 Mk, B HFRED pH 12X > TN
A 7 AEEMGINZ 7 ML, pH DSERMEICZA T 5 L llifid S 7 AR AR
VIS, Lo T, TEEEENERL, TEENO pH METITIUL, LV Hh
BRIZANA 7 ABEEGT A7 h 50 LB HND.

XU, TEFEENBAELRNWEME LT, Fig3-6 X ITEZ2 Y BICEE
LCaR /o & SEA R L7 RBO £ £, B0 AREM ORI L I, -
AR A [RIRELIIE L7z 2. BARENLORINZS b KO L— Ve BiBRRIER] & 3Rtz 0 & &
FERkim OSMEA Fig. 3-10 1277

AN THEAK RIS 2 RS S B 718, HARBMIIRRIORE L & Hic&{bL, 20h T
9 120mV FTEL L. FBRE THROREIOT & TIEHEICIE, RBRBIAARF O
ENIT-E 0 LS TV TS ERRITMERIN R 206, HEHIAMEREL L T
Wb EEZ LD, —J7, BIREN ERIRHIAE LT LV BIgRE, 21 7 A Bk
AHEIH 60mV > 7 FLTEY, XFN pH 1T 1 BREKFLZZ LRIz .
B AR EA LT D MEEERIRIC T, MR RO AR, 5 RIS
FECTEY, BREMNRIETOTEEN pH ObTRIE T, ZO8RRMNKGTE
CTe&BA A4 ONUKGIRFOSIZ E Db D EEZ Hb.
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400 = j j j j

SUS304 / Sensor crevice

Potential , E/ mV vs. SHE

300 | Artificial seawater ,RT N
20f o e o
‘ After 6h After 12h After 20h
After 1h \\ |
100 F N\ e @Y v\ .
0 - ”'”'”"””"””'} """""""""""""""""""""""""""""""""""""""" -1
\Immediately after
| starting measurement | | i
-100 1 1 1 1 1
0 5 10 15 20
Time, t/h
1'2 T T T T
ND'
v 1 R e e T A R .
() Immediately after
|- .
o starting measurement
3 0.8 S e a
o
-
o
Soe6fp ]
Q
<
T 0.4
Q m after 1h
= m— after 6h | : [N
g 02k | after 12h|
= m— after 20h 1 1 .
) i
= 0 i
-1500 -1200 -900 -600 -300 0

Bias voltage , V, / mV

Fig. 3-10 Temporal change of the spontaneous potential of SUS304 stainless steel placed in a
crevice structure (left top), I, — Vb curves measured by semiconductor chemical sensor (left

bottom) and the optical image of the resulting surface (right).
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3. 3. 3 TXIFERERBEOSEREML TXEN pH OBR

(1) & EBWARFRERME O SBEARTMHE

Fig.3-6 \ZRLicty M7 v 72 M, ALK TE=199,249 331 08349mV T 20h
TE RN U 7= 35 A OEVER ORI & Fig. 3-11 \ 7. 3UEHTHN 2 EiftlE, insitu
SFBIER DO FERAER & R BN B AAT, SR MBI D BRI > Tl L
7o, FEENZRE L, S DICRHRARE T 5 & EIRIIEINIER T, £ ORI ORE
& & BTN LT 7o, FBIAMEIN Lased DR A4 & I IR (incubation time,
Lth, tveu EFKALT D) 0EHpd &, BIROMED S E=199, 249 B XY 3499 mV
IZBT D mneu 1F, ENEIL 157, 024 BRI 0.09h EHEE SN, SREMRERIZE
mneu (3L, T FEEBITERRICORAET D Z ERaEnTz.

10° ! ! ! ! !
SUS304 / Sensor crevice | | | ]
10" E=Artificial seawater , RT:es Ebesetbiasdalk el e 1
102 — F = 199mV """""" """"""" 1
— F = 249mV ! .
< 103 m—Emomy L L v: 1
~ f 1 ¥ p k
_,: 104 2
C
o
c 10°F - — vy
5 r 1
O
100 e SN AR 2
107 EEEEEEEEEE tincw 1 h tinew | tmes 3
s | 50.09h | 1z0.24h | %1.57h
10-8 i i ) Y LY i
10 1073 1072 10! 10° 10t
Time ,t/h

Fig. 3-11 Temporal changes of the current during potentiostatic polarization of

SUS304 stainless steel at £ =199, 249 and 349 mV.
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(2) BEERIZHES T EN pH OSREMEFN

ANTHEKFCRENE E=199, 249 LN 349mV T 20h EEMOM L 7= & & Otk
BRI &, RRFTHIE L7 - s KOSRE 04 & $HO/MIT R4 Fig
3-12, Fig.3-13, Fig.3-14 ([ZENEIURT. BBHIMAL DB, WO RSB
TH mvcu DB LEHT, T EENBERICEENERLI-bOEHEESND. 2D LD
7RORRERIE T CRUBHEDE & RIRHZIIE L7 L— Vo BRI, ancu DARE, FEEIORGHEE &%
(23 7 AEERE ST AN 500mV LLEH T 7 B L2 &b, T EF EFND pH 1TkE L
KFLTWebDEEZ BN,

ERNMRIZHE LTz LV #ifRZ S &2, 32) R&EHWT pHe Z:Red7-. i
Zib L pHe ORI LA %t 8728 D% Fig. 3-15 1T” 7.

E=199, 249 BXLUV 349mV (28T D meu 1F, THLEN 157, 024 BLT 0.09h T
HY, ZORHTTEEERENBELLZLOEHEESNDD, WTHOBEMICBNTEH 2
DRI TIL pHe DEAKITRIZIZE A ERRH STV, —F, mev BB, T2 EER
DOHERILEOGENI I D BN 5 &, pHe 13RA K F L2 E=199mV DA,
tncu 726K 3h T pHe (X 1.0 FTIRF L, 0MBLGH% 10h DURITFEA LT 1.0 THR
L7z, E=249mV DA, tnue 22H#) 5h T pHe 1 0.1 ETIKFL, oMEEIAAE 10h
VIBIZF LT 0.1 THEB LT-. &5 E=349mV DA, vcu 7°H%) 12h T pHe 1E
03 FTIETFL, /0BG 5 10h LIREITFEA LT 0.7 THRB L7z, WIhoENICE
WTh, tnou BT IZIFREREE L, T2 FNARITE R HERE L72REED pHe 13 1.0
ITOIK pH THERE L, IOWRENLNE721ZE pHe 13K pH THEE T 5 Z LG E 72

7.
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107 F Artificial seawater , RT , E=199 mV
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Normalized AC photocurrent , I,
o
a

0 1 D s Z
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Fig. 3-12  Temporal change of the current during potentiostatic polarization of SUS304
stainless steel at £ = 199 mV (left top) and 7, — V» curves measured by semiconductor

chemical sensor (left bottom) and optical image of the resulting surface (right).
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Fig. 3-13 Temporal change of the current during potentiostatic polarization of SUS304
stainless steel at £ =249 mV (left top) and /, — V» curves measured by semiconductor

chemical sensor (left bottom) and optical image of the resulting surface (right).
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Fig. 3-14 Temporal change of the current during potentiostatic polarization of SUS304
stainless steel at £ = 349 mV (left top) and /, — Vb curves measured by semiconductor

chemical sensor (left bottom) and optical image of the resulting surface (right).
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Fig. 3-15 Temporal change of the current during potentiostatic polarization of SUS304
stainless steel at £ = 199, 249 and 349 mV (top) and temporal changes of pH in the crevice

(pHc) (bottom).
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(3) BRERIIMEORBERE TXEN pH OREF

FTEEFAMERICMES EIRE pHe & OBMREH LT L7010, BRUSGRNE
2 NTHEK, 110 N LK D 2 FEEOER I Z VY, E=349 mV O[Rl—@E(L CEBN A
B 78 o7, Fig.3-16 |2, Kk 25lktoERA b & pHe 2bZ 7. AN T3fK
FCiX 6 [, 1/10 ALK TlE 3 [8], FEBRA#DIRLT-.

ANTHKIB LN 1/10 ATIHARDOWTHOEEFIZBO TS, 33.3(2) OfGFR L [FIERIZ,
T FEARAR, BAEERICES> GRENIRN D B0 E & HIT pHe 1ML T L7
EHIC, BREMOL A I TNRENNEE pHe DK FARL, BfiZEbs: pHe OZEBh
I —F LT

—J, ABHIN 2 EIE, A LK CIEBN O MRBGEL 2h 2121 1027 A F
TEEFELTWADIZKIL, 1/10 ALK TIIEBMIMmEZ 24h L TH, BlET S
BT 10°A OA—F—ThHV, NLIKTOEEDK 1/10 FRE LANERRITIIL 0
7o b, AN 28T & RIRHCHIE L7e pHe 1E, A THEKH CIEEBN /o mBiG
%, HHAERRE (BXZ 1h) TLREL, TOMEIE -1 ~0 OIREEETHER LD
*HL, 1/10 AT TIX pHe 2ME T LLE L THERR T 5 £ TIZ 10h UL EORIRF#Z 2
L, TOEEFEBLRNRL 0~1 THE L. ZOFERELT, 331 THELELELD
12, 1/10 A TH/KOELRURERIIN THKIZHEARTH 1 MRS, BRATAIUI S WZ &R
JEEHERS pHe DR FITEL TWDHHDEEX LS.
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Fig.3-16 Temporal changes of the current (top) and the pH in crevice (pH ) (bottom) during

potentiostatic polarization of SUS304 stainless steel at £ = 349mV in artificial seawater (left)

and 1/10 artificial seawater (right) %
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(4) BEBREROTEEN pH &1t

T FEBOHFEICBNT, & FERFEARD pH 1% 04 £ TRIKIIETTH 0D
WENRHLH W, LovL, Fig3-15 IR LEL 91T, AR TCIET E ZERNBAE - ERET
5 E=199, 249 3L 349mV OWTHOEN CEBMNBAE B Z o785 1, fincu
FEETO pHe ZHIZHT N TH Y, T EFFAFAERTORM pH K FIEMLSh T
W, ZOERE LT, TEEBROSOEMICHT 5 pH BIEEROMERE X 5
N5, WS DO LD L, &F /0T AT & 53882 = A Kz ks
% SUS304 27 > LA, E=399 mV DOEBMNERIZBNT, T FERIEROE
REFEIL, EREER 660s X% T 001 cm?, 1500s #LiEE TH 0.045cm? L@ S
TW5. —J, ABETIE, LV BfROREIZB W TEFDOLRICERS 3mm @ LED
AV, REOIRFHRICEF AR LD Z s, HESND pH IZES 3 mm
DOFEKO T E B2 BD. BN TERBIER LW S RE LTIZGATH, AR
SEORIEIII L2 007 em? &72 0, T& FEEFRAFES ORI THR Y A
V. EDT, TE FERFEAERO BT pH Z{LERIBETE Dol b D B2 B
5. MAT, TEEFBRIFTEEOFRELLY 3 EFEND (mouth) 1TITV VG TORAEDN
ZW P ZERRESNTEY, v DI, BEPTEENRKICHERL, §& ENRKD
pH 2ME T3 2 DICHXS R A2 B9 2 2 & Haiie pH K P2 Sh72n - 7 ZE- O
DeorEZLND.

(5) BEEEREBEOTEEN pH £k

A2 N LK T E=199, 249 B LW 349mV DEBNIZ, 1710 ALK T
E=349 mV OEENIR LIZ5GE, WIhOHE DS, vy LAE—EORFIMRET 2 &
pHe 1XIFIE—EMCTHERS L7- (Fig. 3-15, Fig. 3-16). ZOIRIETIE, BANT X TR
ICHERLTWbD B 6N, pHe 1T 1.0 ~-0.7 FTIKF L.

Z®D pHe DIETFIL, (33) K~ (3.5 XWITRT LI, & FPITEAH L7= SUS304
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ATV AOFEER Sy T D Fe*', Crt B Nt O&RA A OAKREEIENT K
HHDLEBEZBND.

Fe?* + 2H,0 @ Fe(OH), + 2H*  pH = 6.64 —%log [Fe?*] (3.3)
Cr3* + 3H,0 2 Cr(OH); + 3H*  pH = 1.53 — ~log[Cr®*] (3.4)
Ni?* + 2H,0 2 Ni(OH), + 2H*  pH = 6.09 —~log[Ni?*] (3.5)

ZNBDEREA A DIKREIGD 9 B, pH & FIZZET201EFELE LT Crt &&
Z5H, (34) XTHHIND ZENZND. L, BALOHFEIC UL, SUS304 =
TV AOTE ENEIERD pH KT, 3.6) USRI IIKIIREIE O — BRI S
NEGLTWND LHESNTEY 9, BEOERIZHENTEEND Cr BER EAL, 3.6)
RDNIKGFEFOSIZ L > TH IRESEML, & FEANO pH NMETT2HDEHE X 6
5.

Cr3* + H,0 2 CrOH?* + H* (3.6)

UL, 4 CriBFEDY 0.1 moldm® DA THH-TH, BlET S pH 1% 2.5 FE 9L
HEINTBY, FERNITEBEH L CFF OMKDERSTE T TIEAMIE CE L L
1.0 ~-0.7 O pH IZIFBEEL 2720 pHe 25 1 LFETIRFLZERE LT, T&FEN
WSIRDA A L FREEORINAE S HY OTEEARE (IR, we LRLT D) ORPBBEE L
TWNDHEBZBLNTND I F7- IRRGHIVR LT CCl EIRIRRE & 77 REMIZ L5
WD pH FEHNE & ORER 19005, pHe =0 DA, T FHNO ' AL 1 mol dm™
PLbEEHEES LD, Crf REDY 0.1 moldm?® LLETIE, 7 r Y REEKREZEAMT S & bl
SNTEY BB FXFFROERIZL - T, TXENPEREOSBEERSIZZE/L
L7282 ED yme OEERSS Cr" OIKGERINIINZ, 7 v ) RESEEARL L 2 DK
IMRES 5 RN 72N BT E ENEAD pHe = 1 DK pH IZE-T-bDEEZHN5.
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=
3. 4 [=l=]

ANTHIKHFIZEIT S SUS304 A7 > L A0 T & A ERROSEER L T F
N pH ZMLAEBI DT 272012, T X FERERPORBIERE O in sitn 852, EBAL
HRRA DFEVEDE & AZCEIAIEIZ L D L — Vo HifRORIFHAIE 236 22 o TofE R, L
T ORI,

(1) EEERESEE o2+ & SR, &8/ o1 % SHEE TR LI RiET

TE RN OFELER & ARV EEMIIEIZ LD I, — Ve HARORIRFAIE 235 2 72 - 724

R, TEEEREREBROMEIER S TEEN pH (pH) OFRFFZE(LZET S EHM T
ZEITEI LT,

(2) EENMBPICERT DB oERZE S pHe ZUITAHEIZBERE L HY, HREERIC
L D BIHEINIAE pHe 2ME T 2582 329 & T T A .

(3) =, KRB TOANTHKFIZBNT, E=199, 249 BI O 349 mV CTEEN Y

MWL, T RPN (new) 13BN BT LM, R TR 28

LTz £, tnvou DBETICRREIARGE L, 3% SNARICTE RS ER L7RIED pH.

£ 199 mV Ti& pHe=1.0, 2499mV Tl pHe=0.1, E5HI2349mV TiE pHe=-0.7 THFR
OYRRENI AN E TR IE S pHe 1K pH CHER L 72,

(4) ATHEKRBED 1710 ATHAKFIZIBNT, E=349mV O[R—FEN CEBN /3 L

T8t T E EEAROERIZE S CREHIFIL A BRI 1/10 A THEKH TlE A Tk T
IZHATHRY 1710 FRE, S BT S FNARICERED R L LHEE S DIREED pHe 13
ANTHEKRFT -1 ~0, /10 ATHAKRPTIL 0~1 L7220, Cr IBENMRWNEET X FER
PHER LIC W EVRENTE. ZOERE U URAROBRLEROENFEL D
DEZEZBND.
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(5) TEENBIKIEREDER LIORBEOTE ENIT, pHe<1 DX pH &705 2 L &5
BrCH LT Lz, ZOERNT, CPF OIUKDIRESISIINZ, 3 & ENEIRDOA A 50
OEEIMZEE D HY OIEESREL yue OHEK, 7 1V RESROIERK & OMKGFEEIGT K 5
EEZ L.
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4 E FAMBLERICRTSRE®L
$TEEAN pH &L Y?

4. 1 =

%3 ETE, TEERRERBEOSERMETEEN pH L OBRIZOWTIRGET L
7o TEEBEORAE - ERITEN & OBJEM RS, 5 1 ETHRZ LI, 5%
SRR TIE R AR VENL (Verey) & 0 B2 CREEMNRAEL, Vorey £V H2EN T
BRIIBAELZNWEEZ DD, £, T FREFAERNTERFEDH Y, EAL
WNERIZEERH CTHENRAET 2 2 ENER ORI TWDM,. 512, FaEREE
D& JREEREL, BA-ERDOT / — NI L, BN ERIZEEREITER L
<, BAREMOGEIIIERITINHI SN, S OIS H0EREN T, oA EAE)
BBLICED B2 bND.

TEFEREORAEBN. Verey) 13, T ERFRBOMRIFIEN. (Er) O FRIEIIZIE—
T 2200, TEEFBERMEOERIFARHMIESL LT (AT U L AHDFET&
FHABRELENHIES L) 23 2002 4542 JIS 1k (JIS G 0592) O SHLTW 4. JIS TAIC K
LR EEHS] & 3 S 7 — > % Fig. 4-1 (R 9. JIS EIC KD Ercrey OWETHEIL, F
FEAAFTIHEE 30 mV - min! OBEYEAE TREHIITN ST/ — REHS 200 pA [ZE]E
T 5% CEMEELSHE, 200 pA (CEE LR CEBRRFHCYIV X, 2h T3
ZETTEERBELNESED. 20K, BV — NHMICEREAIZEEM R L, EEA
IR 2EHROT / — RHE~OHEIMEA 280 5 e < 72 5% Ercrev & LT
HETDHETH D, ZOHIEE, O&>ORECHEMIEIZ Ercrev 23K E D7,
Ercrey IFDOEMTHTE FEROMEDRN TV DHERHH T L0, B MIRELIC
TEERROBEOBMERE, & EWNHREEROAINGET 2 2 L3R ShTnb
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Initiation Propagation Repassivation
Sweep mode Galvanostatic mode Potentiostatic mode

N \ ' \ i /
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o
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E ! 1 ~
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" » | |
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4mm 1 Fal
Bolt,nut,washer (Ti) i i i i i N

v

Time
Fig. 4-1 Schematic of the specimen for crevice corrosion test (left) and schematic diagram of the

temporal changes of potential and current in the measurement Er crev according to JIS G 0592

(right) °.

JEEBLIZHBWT, BALIISET / — NEROBEN 1 Th Y, &EREMIZET /— NE
WOMERT 5. TEXEFBREOYLAIL, 7/ — NEROEKIZHENT EENOEBA 4 R
FERS EH-L, CT REN EFT 5 & & BIZE8BRA AL OIKGIROGIZE - T H JREM
ERATDHZLTTEEND pH ITEF UBESERT LY. WIS, REAHFICL>TE
NBRBALT D &, 7/ — RERITEADT 5. 612, & pH AL LTS ENREROTE £
NAOYLESR?, T EEANDD T EENIKOBEFBEMRAT L Z L2 8T & NG
PRERMSND &, TEEND pH 2 EF LEMIBLT 56D EBEXHND.

ARETIE, &, ERBIOTEEN pH O (bE#hE2 ¢ LI, =R, K&K TFOAN
T ARHPIZIHIT D SUS304 AT L Ao FA@Rg{b &N 3 X OV R ER&{t pH
(RepassivationpH, LA%, pHr &3l T %) #HIONIT 2D &L bIZ, BB LRI
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OUNCEEINZEBZE LT, 7ods, BAAMBIRE(L 25T 5 SUSBW T, A9t s IS 15 (IS
G0592) O LRI CTH DN, HAMEEICENOFHMTEN R 5720, IS IETHELND [
BT E EEMIBLEN Ercrev) ] & XBIL, AFZECIIENMIBE VBN 2 I Er &K
L5,
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4. 2 EBIE

4. 2. 1 BB ZURE ORI

HEMICIEE 3 ELERERICER 17mm @ SUS304 AT > L RO AEZ HE
12mm Or vy REOREHZIKIIN T L7zt OZ2 Wz, 3% FRam IR # 1000 HHEE
fEEFE L, & FEekm & SOHA O 2 IR b -2 B A5 7= ik 2 42 Uik
TE5HL), M3DORVIINLZNM Uiz, Z0Of, 51T Table3-1, ERA725EHIZIR
IX Fig. 3-4 \I/R LY THD.

HEREHT, 787 T 10 B ERIES& 3 272 o 1otk NMERELALEE & LT 50C,
30 % ORSEETIC 1 BEELLRIRE S

4. 2. 2 HRBREK

REBRIAIRIZIE, 5 3 BEEEREIC ALK, BIXOANTHEKE A A 230K T 110 (2
WUk 2 FEA W, 26 ORBRIAKRD CI B, BXERB IO pH 1T

Table 3-3 IZ/R L7218 THAH.

4. 2. 3 PEROEY N TS

SUS304 A7 > L A8 (L%, k& L5 O & EEAERE OB RMEE L 5Eh 2 Mt
T 57202, ERILTFABRIC X 5B OENL, BEIRORIE L, pHe ORIE Z[FIRFIZI8 2 72
ol TEEEREHITITE 3 mEFERICEE M G, Bl 15) M,
Fig. 3-6 | IR LIzt y M7 v 7 W TERYLZER &[RRI CASROEEREIE 23 2720,
SEWHNFEWOO /A T ABIRAFIE (PR, L— Vo #ifR &£ 5) ZEfF L7z,

FERT, BRALFRBROERNS, B Y LB B A T # 1000 THFE L,
ABRE O NMBRER IR A FRE Lic. 20k, BBREKR 40 ml 2372 LizceErmNot o4 b
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(CERBIOWTEEm 2T 5 KO ICRE L, @/ v & IExIPk L-%, BIRENL
ORPEZFILE LTz, BIREN AR 10 ~ 20 min [RIE L, HREAH -1 = 10mV vs SHE
(LIt%, BALITHIC mV CTHEiLT D) ICBE LRSS CTREOEBEMNERT v a AX v b
T~ OFEBMEICREF L, EBMOMICL T EFERABREB I oz, £, —
DFERIL, RRIC e, SR e / B vIREMRZ V), =R, KRBT Tk
ol

4. 2. 4 BRILFERBR

AN LRI 59 % FIEEHEEL OB M LERE A MG 572012, Table4-1 12
N2 DESIEFRER A 2o T

Table 4-1 Purposes and test conditions of experiments.

Experiment Propose Method of polarization Solution

To study the repassivation
Potentiostatic polarization
I process after the growth of ASW
— Ecor measured
crevice corrosion

Two step potentiostatic ASW
I To determine E£r and pHr

polarization and 1/10ASW

ASW : artificial seawater

(1) T FEASEREOENMIELEROBRINER

T X FERBFRAES O AR R 2 W5 5 T2 O OB E ORI % Fig. 4-2 12
Y. £, ALK TE=349mV CTEBNOML, FEHIRN 2 B I EE U7z
R 24 & BRI (incubationtime, LM%, fncu &EFEIT5H) Y& L, Z ORI
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5 2h [FIEN CHMEESED 2 & T, TEENARIERZERSE. 2014,
EBN R AEIE L, 24h (272 BREMNZRE LTz, 2 b —EOER L35 & [F
RE Z A EBIAE B 272 -1 IifREBUS L, X FWN pH ZRoH7-.
KEBROY v b7 v 7T, et oL & HICT & EETERT DB O1F
NZ, AL L 7-BEHAIR 23 R 49 20 mm FREE IS O7- 0 BRBRIAIRICIRIE S v kaE &
IRDT2, ZORETES DB, & FEMOBAL L ML L7 OEAL
DIFRBALE 72> TLE D, 22T, (1) OFEBRTIE, EBMOE L% O BRENHIE
[ZBWT, NMERELREBOREHAIE OB L YR 5720, REHAmcAary 'Y 2%
fil, #EREE L7 b DA REIZHW.

E=349 mV(SHE)
W ., . t; : 2h, t, : 24h
_TE ! ' E
5 : IO o vaanne ®
6] | | |
& < ty 3 t; !
~ .
8 \\~ 4 ts: polarization stop time

. tINCU

Time , t

Fig. 42 Schematic diagram of potentiostatic polarization in the experiment I for
the test of SUS304 stainless steel in artificial seawater. Potential — time curve (top)

and current — time curve (bottom) .
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(I ¥ IESERROBMIBLEN & BB pH (2B 5ER

& FE AR OB AMBELEN (Er) 3 LOFAEEL pH (pHr) (2R3 2 FE8RIL,
TEERRERESELEE L FRAER S LB TEMEELSED, ZBOEENMY
9 DFEE .

ANTHEKFIC BT 20 EO X % Fig.4-3 |~ T. T FERL2RE - HBESYE
LEFETIE, E1=349mV TEBMOML, TEEERAERIEZ. B TOHHRK
() 1% tncu 205 2h & LT, 20, “BHOENM (E2=-1, 24, 49, 74, 99 BL
149mV) IZZEEL, 20h () (7> TEENMMBAME L=, KIZ, 1/10 AR
2B D EOAIN 2 Fig 4-4 (v d. 9, ALK E[RERIC E1=349mV C
EBN A 36 272\, ZONE (1) Z 24h (—#fJ4h) & LT, T+ EHERKIC
BRAERSE-. 20%, —BHOBENM (E=74, 9, 114FBLN19mV) I[ZEFHL,
20h (n) (Zblco TEBMPMRAME LTz, b —EomER b7k & FRHC AL

BIEE B 2 L- Vo g2 BG L, 3% FEWN pH 2R
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E;=349 mV(SHE)

W[ 9
= ! E,=-1, 24, 49,
L ! 74, 99, 149mV(SHE)
g | | ,
g 4 ! t; |

< 2h ><—— 20h ———>

E t_ : potential change time
~ ! 4 :
g AR i
3 \\ Y : !

l tINCU I I

Time , t
Fig. 4-3 Schematic diagram of two-step potentiostatic polarization in the experiment II for the
test of SUS304 stainless steel in artificial seawater. Potential — time curve (top) and current — time

curve (bottom) 2.

E,=349 mV(SHE)
o
“{ E, =74, 99,
= 114, 199mV(SHE)
= . ;
3 : i
8 tl 1 t2 :
<—— 4 or 24h —>i 20h !
- | :
o t. : potential change time
< A 1
2 A3 :
3 N A ;
tincu

Time , t

Fig. 4-4 Schematic diagram of two-step potentiostatic polarization in the experiment II for the
test of SUS304 stainless steel in 1/10 artificial seawater. Potential — time curve (top) and current —

time curve (bottom) 2.
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4. 2. 5 YEMEPZEELHICLBTEEN pH HIE

(1) L-W BBRORESE

R, LFRiLT D) OREIL F 3 7, Fig.3-6 |InLicty 7y 7 &2 Hn
TBI ol EAFCORGHRIZARE LED (EAAK 3mm, R 640nm, JE 500 med,
fRmf 60° ) MW, Ty rvarYaRxL—H T 2500Hz TERM LIt E Y E
725 MRS U7-. 5o RS &[RRI, B oW & SsHBFICEIING 234 7 A EIE (LI,
Vo EFRFLT D) UV OREIZE LT 2000 1 L< I -1600mV 25 0mV O#iFH%
A HEMLZ SmV BB CTEEL, LW HRERE Lz, Zoft, JEDEY T v
71X 232 (R LTZED THD.

(2) I~V BABROFRNTHIE
pH ZAIZPED L— Wy BIRROD A T REEE D> 7 M EEZRD D201, JIES
7= I, & Vo=-1800 & L<IX -1500mV 25 0mV OFEPFAIZIITD [, DRKE TR S

TR OB L LT B bRD L— Ve HIFROTIYE [,=05 L7225 K (BIE, =
N& VEERiLd %) & pH BILIES RXTA—F L LTEHA L. ok, AFETHWY
oo pH 2GS W O T AEE#ISG MO 7 b&: X 1%, 5 2 ETRD

72£912 59mV - pH! TH5.

ARIBROYE, I, - Vo BREHAIERZ, BoW RICERE Lz A7 o U ABEH BRI RE
t LT EDBMITMENTREEE 2o TS, ZDT=8, I, — Ve HifRD/ S 7 2
JEET DY 7 M EAERDDIZDOIEREL 725 L— W FRONLENL, BRI F BRI
JGU T DX S ITRE LT,

Fig. 4512, (1) ¥ & FERIEREOFNMEBLERROBFFRICIS T ko B2
fb&, L-Vo MO 7 b 2R U7X % 7~ 7. Fig.4-5 /£ TR E=349mV DEE(
IR RT D L-Ve BERO L7 FEER L TCWD. EENOMmFIL, EEN MR E
WHIE STz - Bl (336 2 HEL L=, ZoREIRO W % s & TET 5.

—J, Fig.4-5 £ FENE, EBEOE %O AREBAET IR T 5 LV Hif
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W) DOVT R ERLTND. ZOHEE, EENMERMEHTO B ARENIE & [RRHRE

Lf: Ip_Vb EHEI?(@% (g_éi‘%?%) é’%@k L/7LC :@%@Iﬁﬂ?{ﬁ?@@ Vb’ ic“f Vb’(Ecorr) kﬁ%‘@‘é

Potentiostatic polarization mode

- -

I

1

1 §

! ¥

! §

! i
Ecorr ( §

Potential , E/ mV vs. SHE

during polarization jmediately after starting after polarization stop

potentiostatic polarization

E...- before
potentiostatic polarization

iy
f

H
L
|
1

Normalized AC photocurrent , I,
i
~

Normalized AC photocurrent , I,

vy’ \\ Vy'(s)

RN

o
!
|

o
1

Bias voltage , V,, / mV Bias voltage , V,, / mV

Fig. 4-5 Schematic diagram of /, —  curves and determination of parameters required for
estimation of pHc. Temporal change of the potential (top), I, — Vb curves and determination of
Vv’ during potentiostatic polarization at £ = 349mV (left bottom), I, — V4 curves and

determination of V4’ zcom during measurement of Ecor (left bottom).

94



wiz, () 7= FERERE OB AERELEN & BB pH IZB7 5 TR0,
T, ZBUEEN IR ORBIOBREENM &, FERIZHBITD L-Ve W07 oA
% Fig.4-6 |8, AL By CEBNOSWHO L1 thiko > 7 N EIL, EEAOMERAE
ERIZHIE SN L-Th MifRa el LRz, L 722 -4 #hifR (Fig4-6 LN
DI O W & Vosy EERTD.

—J7, TEPEH OB E, TEBNMOWFD L, -V, RO 7 hEEZRDDT-ODHE
LD W ATLLTOFIRIZ L VRO, £F, EAL E1 THOMBAMERTD B IRENAE
D I — Ve BifR (Figd-6 £ FTRIDOEFER) 1D Weom &, Ei WBILAER O L— 1
HifR (Figd-6 /2 FTIXOEER) 7O Wy 2RO, ZOH, Weon & W) ZTNE
NOBENMIZHLTTry L, ZOM%E 41) XNCTHIETLZELT W OEN (E) #KHF
PRk, T ORMRAUC B A OE BN RE (E) ZRAT 52 LT Wy HEELT.

V' =W @eorny Vo' (s1) = Vo' Ecorn)
E— Ecorr El - Ecorr

(4.1)

' s1) = W' (Bcorr)
Vb,(SZ) = VbI(Ecorr) + E —E X (Ez — Ecorr)
1 corr

FREDOFHIETH BRI TR IBT D L— Ve MfRORENE 2 RD-1%, 4.2) X

ICEST Wy T EENO pH 25k (ApH) ZEH LI
AVy (Vb'—Vb'<s>) (4.2)

ApH = —2 =
PR ="y X

@42) KFD Vs 1%, BRBAIEFIE W Eom , E1 CEBNMMEHIL sy, S HIC
Ey TEBNOBHIT Wy &85, £72, 7&FEN pH (LM%, pHe &KL T5) 13,
RERAIR OV pH 26 &1 @43) REAWCRE LT

pH. = pH + ApH (4.3
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Potential , E/ mV vs. SHE

E

corr

During polarization

Normalized AC photocurrent , I,

Immediately after starting
potentiostatic polarization

E, = 349mV

Potentiostatic
[ polarization at E;

_—— ==

E, = -1~199mV

Potentiostatic
polarization at E,

_—— o ——

Immediately after starting
potentiostatic
polarization at E;

Predicted reference curve
for polarization at E,

Time , t

at £,

"l 14 During measurement of
2 E...- before potentiostatic
o / polarization
[
=]
)
o
D
o
=
o + =05
<
o
Q
N
©
I
g Vb (Ecorr)
o
z L —

Bias voltage , V, / mV

Bias voltage at I, = 0.5, V,"/ mV

Vb'(Ecorr)

Vp'(s1)
0.
1
Ecorr E1
i 1
i i
y ¥

’ Approximate straight line

. W'(s2)

Potential , E/ mV vs. SHE

Fig. 4-6  Schematic diagram of [, — V4 curves and determination of parameters required for

estimation of pH . Ip — ¥, curves and determination of V4’(s1y during potentiostatic polarization at

E=349mV (top), temporal change of the potential (center), determination of /4’ (s2) by interpolation

between Iy’ zcomyand ¥y’ s1y (right bottom), and predicted reference curve for polarization at £ (left

bottom).

(OTik 2, Fig.6 IZiBRD)
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4. 3 EBRERBIVELR

4. 3. 1 EBMHBTEIOORELZEOTEXEN pH

(1) EEMHEBTORBERSETEEN pH &1k

T & FERERE OB MBI LIEBTE ORGSR (Table4-1, Experiment ) (28T, %
THREE E=349 mV OENIRE U CTEBEM I L 23 BMER E L AEICLD L -
Vo BiBROFRIRFAIE 23 Z 720y, T EEatERPoOREIER S pHe 2HIE L7z, EBAL
IR OFEIOREIAL L, L — Ve BERN DR pHe OFFMZ L% Fig. 4-7 (TR
Fig. 4-7 EBICITREIOER, TEHIZIX pHe OB LFE 2 2 ThuR LTz,

EBALIIBBHARTE RS, RN 5 B I MBRBR ORI T2 L B2 b D E
MO BBIER SN, D%, TEXEHFROBEL & HITERITIEMERL, TE2F8
BOMERE & & HIZERITEN L, EBAIAEL 1.5h % TITERIT 102 A £ TR
L7z, ZOFEBROYE, tneu 13 766s Tholo. EEA R E [FRHCHIE L7z pHe 13,
TEEERIAL, BIROEINHAMET L, EEBMN/RBLAH%K 1.3h DRERIXITE—E
720, ZFOEIT -1.3 LK pH THERE L7, E&EAo o pHe OIKTIL, 5 3 T
HER LT E O, BRERICHENTEENTAEH L. CFF oK RRE 1900, 3
EFENRIROA A TBEOHINIAE D H OTERARE e OIGR 1Y, 71 U REERTZAL
& EDNMKRELIE D 22 LI2 KD b D EEZ B,
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1076 l_ ) ,,,,,,, SUS304 / Sensor crevice ]

. Artificial seawater , RT , E = 349mV
oy = 7665
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g °F Q . ]
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@
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9, | |
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Fig. 4-7 Temporal change of the current during potentiostatic polarization of SUS304
stainless steel at £ =349 mV (top) and temporal change of the pH in the crevice (bottom)

in the experiment I. (3THK 1, Fig.8 & & & IZ{FRkK)
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(2) EEMIWEIEROBREMNETXEAN pH A1

Fig. 4-7 IR L7 L 91T, E=349mV CTEENMIWT 5 Z & TTE ENAERITGR 21
JESH, pHe 25 -1.3 DIFE—EE THER L7oRED B otz 1 L, BBl BRENL & I
DOREZ[FFRHZIS 720, LV WA EG L7z, BREN & L— 1 5RO pH.
D2 % Fig 4-8 (9. Fig.4-8 LFEHCITRBI OB A, TEHUIIT pHe DORFEZA L
XN LTC.

EBNM MY pHe (XITFEF—ED pH THRE L TW=Z b, T FFRVLEL
THRLTWbDEEX NS, ZOREBTEEMIWAIEILL, BHREBAOHEIZ
Wz DL, EEBMNMELEZOBRENMIE 12mV 2R L. 0%, BALIRHHO
TR & & IR EAL Lt S, EBAM T 1L 2.5h #121E -152mV £ THAL
L7=. —7 pHe 1%, EBEMAREPIC -13 DIk pH £ TR T LIREED S, i 1k#%
100s $I21E 1.3 ETRMIC EA L, ORI & & HITHEMT EA-LZ. 20 100s
EWVVI BRI, pHe Z3RD D202, Ve 7Y -1600 ~0mV OFPFHD L— 1, HifR% 1 [BH
I DIdICE LR TH D,

-152mV ETHAL L7 BRENIL, Z0%, FHORKE & & bITHECNIZELL, EE
PO IERLRD 24 h Tl 25mV £ CTEIL L. 2O, pHe I1XENO ERIEENT 2 X
N EH U, RHEHIZ 42 FTER L.
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400 = T T T T T

SUS304/Sensor crevice

300 Artificial seawater , RT

ool |

100 b v

Potential , E/ mV vs. SHE

200 bt B e e

5 10 15 20 25
Time , t/h

10 = T T T T 7

pH in the crevice (pH.)

Time,t/h

Fig. 4-8 Temporal change of the potential of SUS304 stainless steel in artificial seawater

(top) and temporal change of the pH in the crevice (bottom) in the experiment II.

(SCHk 1, Fig.8 & EI/ERR)
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TE BN S L ORELOENL & pHe ORI LA S L1C, T X FEAERZOEE
(oo 1L 1% O P AMBIRE LA DUV TRt L7z, Figd-8 (s L7oAE R4, Bl &,
fithhiz pHe 272> FL7Z2B L, Fig.4-9 [ 29, 728, Fig.4-9 121, X (44) ([RdK
SERASUG OB (H 1 H) & OFE L. KEFAUE O THrEAL L 0 W58 Tl

44) RKOAMEOIENET, H NEILSNT H PMRETS.

2H* 4+ 2e” 2 H, (4.4)

E=349mV CTEBNMBF D pHe 1X, s IEaii -1.3 TR FL, ofRis B
OFEBOEAIL 12mV Z/R LTz (Fig4-9 @©). ZOFENIL, H/Hy OFHEM LD B
60mV HTH Y, EEND D D7) Hy FEAEDERE ) & HEE SN D.

—J5, EBNIMEIE 100s O pHe O L5 (Fig.4-9 @) 1, ZORICA L=
KREFERAERISIZE > TTEEND H WMHESINZZ LIZE2b0EEZ 615, 100s
#%, pHe 28 13 L2 -Hp S0 HARENIL 0mV THY, H/Hy OFEEM LY LK
80mV ETholz. ZD%, pHe & BIRENLE, H'/Hy OArENL - pH BRI > TE
fEL7z (Fig.49 ©®). ZOiafETlL, & pH {L L7z X EFNTOERERMLES H D
BOIED, EEEROMEE CT & TPCER L RESRIE AR (L%, anolyte & X
&) OFE FHA~OPEHL - HRELEN RN D, pHe X EF LIz L HEESNS.

TEENOE LS., SOIZHRENARGE L, pHe =25 L7225 L, BARENIZ H/Hy O
B L bE LR, RO E & HICEMIS HICE L (Figd9 @).
pHe = 2.5~ 3.0 Z5lZ, JBREOEROHMIBIICIE L D EBEZ HD. pH 0
2.5 ~3 OfEE, FA- pH K ETIE Cr ORI FTREL 72 HETH Y D),
pHe 28 25 ~3.0 THAEER(LBGSNI-bDEBZ 2 OND. £io, EEBMIEIEE
DOFREREGRFRIZIIT 2T X FNAOLSUER & ZOFEIIC OV TIE, Bl 433 TEET
5.
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pH_ = -1.3
(E=349mV, t, = 2 h)

350F @

pH. = 2.5~ 3.0
Repassivation

Ul
o O

Potential , E/ mV vs. SHE
U
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1
1
1
1
1
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1
1
1
1
1
1
1
1
1
1
1
1

-100 gfutl

-150 F sus304/sensor crevise
Artificial seawater , RT

-200
-2 -1 0 1 2 3 4 5

pH in the crevice (pH,)

Fig. 4-9 Relationship between the open circuit potential (Ecor) and pHc of
SUS304 stainless steel after stopping potentiostatic polarization.

(SCHk 1, Fig.10 (2i85D)

102



4. 3. 2 BARERBRLENE BAERL pH

T X FIEEOER, FARERLOBRRIZBW T, EBAL, BB LSO pHe 2SFHAIZ BEhE
LdH D
THEMEE 10°A - em? %, pHe 1% pHr & L7236, oo 3 W dsEEas

DORAFRE SR LT % Fig. 4-10 \Z”d. B Er L0 b+
K&, pHe 1 HE pH AAERF U RERITHER SIS,
A, BIEEIT/ NS, pHe 1 pHr LV &R0,

ns.

Current
density , 7

pH in the crevice

Potential , E

(PH¢)

Corrosion progress
E>>FE, Near Eg

Repassivation
E << E,

. B RHER HAMEE L OMIE A BT Er, SEIRISE LD 0.1 mm - y!

_FE.
gaN-— v

v
v

\ 4

(ZAH

Corrosion progress

Repassivation

Corrosion progress

>

———————— = — | - - - — - — — = 105A/cm?( ©0.1mm/y)

\ 4

>

Repassivation

Repassivation

<

——— b= — ===l === === - pHg

Time , t Time,

S

Corrosion progress

Fig. 4-10 Thresholds in potential, current density and pH in the crevice (pHc) that

determine progress of corrosion or repassivation.
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(1) ERBELTEIEN pH OB

TEEERMERZLD Er L pHr (2B 2 “BEEN/MBOIER (Table 4-1, Experiment
) 2N T, ATHKFTIE E,=149,99,74 BE Y -1 mV, 1/10 A THEKF T E2=199,
114 BEQR 74mV GO TRE SN-3BOEREE & pHe ORRZE(L, RO
SMBIEE % Fig 4-11 BEL O Fig. 4-12 I[ZZENTHRT. MEREEE HI2 B DERIZEEN
BEREIRE <, pHe XK pH THERE L7-. 2L THoORBRSEIFICRE T, 3Bk T4

OFREHI T & BRI ER L.

ANTHEKHFIZBNT (Fig. 4-11), E2=149 B3I 9mV & L7358, BREEL pH.
IXZNENH 2 X 103, 9 X 10°5A - ecm?, pHe = 13 BLW 22 THB L. —77,
Ex=74mV D55, B EITENELEEZED LD Ui, ZAUSKET 5 X 912 pHe
(TN EF/ LTz, By ZBHEE&K 10h RICERBEL, BEER HAMEeboRE s

L7z 10°A-em? % FEIV, pHe 1% 4.3.1Q2) TEaT L= FAMERE(LpH T&H 5 2.5 ~ 3.0
#ERloTe. B WEBIZRREMNTHD -1mV OEE, EIEEITEMNA T #ERC
10°A - em? Z FEIY, pHe (X pHe = 3.0 THERS L 7.

1/10 N THEK T (Fig. 4-12) TiE, E2=199mV DA, BIREEILR 3 X 10* A« em?,
pHe= 1.7 THERE LT=. —J5, Ex=114mV OB, BREEITBMNEFHEL LD List
i, R AR OB L EFR LT 10°Aem? TR TT 5L pHe > 3.0 L7
0, EIREEOBNIS U T pHe X EH- L7z, B, WELIZRARENTHD 74mV DO
A, ENEEBESD pHe (X 3.0 2 WY, B bR Ll 7-.

ANTHEARB L 110 ATHEKT & BIC, B SHANEE B ZEH%, BEORE S &b
BIEE ORI & pHe O _EAPES, FAERELOBIEICEET 5 2 LovrS .

F7o, NTHKTFORERE LT, B2=74 BLO 49mV OFMATHLI-EBEREBE L
pHe OBRICIHNT, MiEDNAICE L LRI 2 LR L, Figd-13 (ORrd. #lkHC
TN D EIEEL, K93 ~4 X 10°A - em? % FlE15 &b L, EiEEOZkIc
KT B E DI pH D EF IR L=, pHe D_EFIE, 3001 TEZ Y, 43.1Q)THEL
T-EAMERE L2 BtE SN D pHR=2.5~3.0 & IXF K L 7=
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PLEDOFERD S, ATHEKEB IO 1/10 A LHEKBRES OV N OBRERIZRBW T EN,
BIREIER L O pHe & ORNCEHERBIENH Y, & ATEIRBEN 105A - cm? DA —4F
— CEAMEEE L A e - LAV R ST
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Current density , i / A - cm™

10t T T T T
3 Artificial seawater , RT
E, =349mV =E,

[EY

o

N
i

=
o
w

""""""""""" \ —149mV 3

E,=99 V
104F I S URENR SN S —— / ,,,,,, 2 m ,,,,,,,, i
1 /52 74mv ‘
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-
—= O
o 4

pH in the crevice (pH,)

E,=149mV

2 a ; ; ;
0 5 10 15 20

Propagatiom time at E,, t, / h

Fig. 4-11  Temporal changes of the current density during potentiostatic
polarization of SUS304 stainless steel at £> in artificial seawater (left top), temporal
changes of pH in the crevice (pHc) (left bottom) and optical images of the surfaces

(right) in the experiment II ?
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Current density , i / A - cm™
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pH in the crevice (pH.)

w02 E=399mVoE o
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10

[y
Q
)}

1/10Artificial seawater , RT

E,=114mV

[y
o

Propagation time at £, , t, / h

Fig. 4-12  Temporal changes of the current density during potentiostatic
polarization of SUS304 stainless steel at £> in 1/10 artificial seawater (left top),
temporal changes of pH in the crevice (pHc) (left bottom) and optical images of the

surfaces (right) in the experiment IT %,
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Current density , i / A - cm™

10_4 T T T 6 10_4

5
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e <
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> >
10°° 45 g 10°
[} Q
E ©
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T I
33 5
O
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Propagation time at £, , t, / h Propagation time at £, , ¢, / h

Fig.4-13  Change of current density and pH_ in artificial seawater at £, =74 mV (left)

and 49 mV (right) vs. SHE 2.
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(2) BALLTZEN pH DOBR

ANTHEKIB LY 1/10 N THEKHIZI T D580 ENL & pHe & OBHRAFEEE L, Fig. 4-14
I[ZRT. 72% Fig.4-14 |TI% Fig3-15 BL O Fig 3-16, Fig.4-11 BX O Fig.4-12 @ E I
BIF5 pHe Ofix~7 1> b LTz, KEMIZEIT D pHe 13, pHe DIIF—ETHER L=
EXFDOWENEE, pHe DRFHOREE & & HIT EH-L, pHe N EEZ R I WA
AABRB O D D L, BaER BB EoRIE S U TER LcBIREE
10°A - cm? ([ZEE L7 L XD pHe ZZNENOEMIIH L TT ey L. pHe 1, &
P EF SRS, WITEMARRTEEL< 2D, EIREED 10°A - em? L7225 &, pHe
X 3 LEETEALE.

B LENOVWTENL, JIS 1£° Tl 2 RMOEBNIRRF CERDOT / — RIFH~D
FENMER A58 B < 72 D fe b R BN A BRI X EHAERELEN. (Ererev) & LT
RODD, AW CITEREEOBRIEIINZ, § & ENOWEMEEZ T pH (pH.) & DB
b LT Er RO, TORE, NTHEKPIZIIT 5 SUS304 A7 2 L A Er 13
#80mV, 1/10 ALYZKHCIEKI 120 mV  EHEE S 4, SBAIRT O CI REMRVNEE
Er 13 E72D, CLREEE Er OBIRIZIERAIZE &AM —E L7219, Cr IREE L Er DB
RICOWTIE, TEFENRGE & BITHE 434 TEET L.

—J7, pHr (ZATHEAK, 1710 NTIAKE HIT 2.5 ~3.0 EHEIN, 43.1Q2) TEZEL
T TEBN IS L% OTENL & pHe OBIRNOEDNIMEE —E L72. LovL, AFEBRCH
LIV pHr 1F, TERHE STV D ERO N TKFICEIT H SUS304 27 > L AFHD
MEjRE(L pH, pHy=1.80"" LV b EVMEL e o7z, ZOBADUESE LT, TFFAD
Cl BED_LAOEENE 2 bih. BREERE, pHe 252.5~3.0 &7 THHIREDS
TEAND CrREE, RREGOVR L CORE & ABifEk pH & OBk Vb, X%
15~3mol dm?® LHEE i, FEBREK CHHANLTIHAKFO CrIRE (8 05mol dm?) @
3~6 FOREITHY T 5. ZIUTEREOERIZMAENT & EICITERME L 7o B A A )3
SRS, BRIIFPELZHERFT 572012 Cr 3T & EPNITKEN L7/ER, T2 N0 Cr
BREDS EH L, AR LIS WEREICE L L2 SIck D LEABND.
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e ——
r SUS304/Sensor crevice 1
8 L. Opencircle : E; for 2h (ASW) , for 24h (1/10ASW) .+ | -
Solid circle : £,(349mV) for 2h , E, for 20h (ASW) E
E,(349mV) for 4 or 24h , E, for 20h (1/10ASW)
Fi=10%A-cm2 |, i=105A-cm?2 ]

N7

pH in the crevice (pH,)

- ASW 1/10ASW
2F =80mV || =120mV
al Y

-100 0 100 200 300 400 500
Potential , E / mV vs. SHE

Fig. 4-14 Relationship between the potential and pH in the crevice (pHc) for
SUS304 stainless steel in artificial seawater (ASW) and 1/10 artificial seawater

(1/10ASW). (3Cidk 2, Fig.2 [ZiBFD)
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4. 3. 3 SRPMEELTEEN pH BUICE S BMIBLBRDEL

431 BELU432 OMFNCE > T, pHe IXEN TR F D ERBE L BHELRERRH 5 2
EBRABMNE IR0, 2T, TEEFROHEROIGIE L 72 5 B O BRI O BNH)
NTHHEN, EHIT pHe O 3 W OEACZEE DT X NG & B MBS RFRIZ >
WTHBLET D,

(1) FEERRICHESTIREEHFMIRLICE XIETRE

AFRO L DT, @R/ HFeRTELMELILEOTE FEAERERIZTE EN
S CH U B Ffi A ORISOBNX % Fig. 4-15 1”7, & FFROMERITH AL D B
1%, TEENTIT OREFER, @3 E2ENTO H” OECENR, TEF/H4TIEL OF
MR COVIAIESR OIRCEN & OMBRERRFER ST biILd. SHICTEENTIE
FREIDIA T O LIc@&EA A2 OIKRDIREISIZ L D HY D4R, © anolyte D
X FINTADOIER » FROEESOENAE T TEY, T FEROMERE R (FE
REfL) 1%, ZHODIGDNRT AL >TIREL LD EEZBND.

TEBNITRCINT, T FAMB TR SN D BERE foa & T 5 &, TONRIL 4.5)
AN TRSND.

Itotal = fout " Ain + (ip — i02) * Aout (4.5)

ZZT, o [ FEREIRII - TONT TN SN D EIREEE, An 137 TR, § (X
ABRECRIFEEIE L, ion |XBMFIRR DIRITEIREE, Aw 1TTEEINERTH L. EIL,
BB ER L O pHe OZ() D HAEIEGERZ BRI 2Ih20, T ZERICEE
T5EE O ~ ® OMGEZDOEBIOW TG L.
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Iigtal = iout * Ain + (ip —lp2) * Aoyt

A
passive film|
N
CE

o - SuUS304
i, 4=~ . _. .
P < \\ @ Imetal =lout + Iin

. OH’ . I

® gy M M"++ne,f ~q

0, 3

HYh+ (1,
‘@@ @ 2H*+ 2e- — H,

Diffusion

® . ..
Dilution
(H;0) ’

2
— Cr(OH)2* + H*

Fig. 4-15 Schematic illustration of various reactions inside and outside of the crevice.

(C#k 2, Fig7 &= &I2HERR)
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(1. 1) JTEIERTELLIBEXILZRS

AWFZE TRV SUS304 AT > L AFAD L& @infit e (7 /7 — RS 1%, (4.6) ~
4.8) XTREND.

Fe — Fe?* + 2e~ (4.6)
Cr — Cr3* + 3e” 4.7
Ni — Ni?* + 2e” (4.8)

JERIHE D 2R BEIREREIE (%, e &FRFCT D) (X, ANB TR FTREZR EEIRES L
(LAMR, fow EFKFLT D) ITINA T, AN CITMR AR WTREZR 9~ & SO HY OiRThU: ((4.9)
X, Mg im &ERELT D) BH Y — FERLGBEEREE (LIME, in &FKLT D) N
BHEL TN,
qn=mb1#+e—e%H2 (4.9)
ZOBERBUGE TNEVKERATR (h=in)] £ T2, ina 1% 4.10) XTEHEZ HND.
imetal = fout + lin (4.10)
H" OR7TbUG 13, +& EEROERIZH S & ENEREO pH {KIZINZ T, IRdrop
IZR S TTEENHOBMNEL O L, Hy BEBMNERSTRRELDBDEEZZ B
5. R, HFAL N, EENARHREETT & RN b OKIaDI A 2R L T
BY, Ziux 4.9 RorT H OBRITCONMI L > TER L H SIS, ZOK
S, SOSOMETIE S H B SN T pH N EFT52 5, H OBETUSTHEA
BB LIBFRICRE ST H D EBEZBND.

(1. 2) FEHTELIBERILFERE
TEESAMBE T, @11 RURI AR OB & NBRE A e 32 AR

JERELTTEY, AFEBRIZBWTHMIRELIZRE JITT I 0 OREE R 5 LER
5.
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0, + 2H,0 + 4e™ - 40H™ (4.11)

2T, FEBSRO N THEAKHCHIE L7z SUS304 A7 2 L ASHD A V) — RBXOT / —
Roytilifi % Fig. 4-16 1T~ d. HIERMAIL, sili#RORIE E RN # 1000 OB
CHRIET 2 AFEE U= 2w &, AMBRELER (30 %, SOCOREEETHIC 1hizlf) Ko 2 &
L L7z, 3 & H BRIt O R URHAN T IR HE 2 A55E L 7 BB L ALBRFR 1f D 43 Ak R
(Fig4-6 7 & RO MY (23T, ERENL L 0 B2 BNk CIRE TR OIE TR,
B FEAL R CII A BIREARFFE T S BIA S TV D REBR TR L7 & BAL oy i
-1 ~349 mV DOFEECTIE, AR OECEREE L%, in LRKLT D) BIOMERE
TREFEIEE (LM%, & &R0 T2) 1L, WInd 107A - em? LLFTH Y, ERICfl
TWDT X EHNEFE (dow) 7.54 cm? ZBJE L THMRH SN DEIRIT<100 A FRE & RS
bid. ZOffE, BEHERFHABREEOMMEE ER L 10°A - cm? (& ENHE
MR UTZ BB dow X Ain=1.13 X 105 A ) (AT 1 ML /&S, RERICBVTH
MERE IR A BEET 2 LT i BRO i, OFBIBETE LD LYW LT,

102,,,,
F ' Immediately polished surface | ]
-3 3 | |

N 10 R \ (Eqra@bout 15min) | e T
£ i ! | : i i 3
© 10 AR e e o S B 1
N S RN e o et
~ 10°6 L Passivated surface”™ | ‘ 1
> F (Eoe30min) ‘ | | ]
i) [ : : ‘ : ]
— L2 L V2 | TR 4 (0 T O RO S S I
8 10 r | Passivated surface 1
1) - i (Ecorr i i :
T 1% e St 2 T e oot 2
2 ; | | 1 | | i
s
- F 1 1 1 : 1 E
3 10 [ ' ' ! ! ! i
O 10Fsussoa e bt bt 1
F Artificial seawater (pH8.20) | E
10°1! | Open air, RT U O T N O Y S W N T -
F Scan Rate 20mV - min™! 3

10°12 [ MR BRI B R R B SR

-1500 -1000  -500 0 500 1000 1500
Potential , E/ mV vs. SHE

Fig. 4-16 Anode and cathode polarization curves of SUS304 stainless steel in artificial seawater 2.
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(1. 3) FTEENOBHERIL

I, TEFFRBRTEL DT EENOBWREINTHOWT, ZORELKFTD. 5
3ETHOBRANCL DG, T EEROERITHVT S EMITIE SUS304 A7 > L AFD T
FLHETH D Fe*t, Cr" BLO N BNEHT 20, ZhooeEA 4055 pH KT
IZHFGTHDIEEL LT CO" ThY, 2O 4.12) RITRTIRIFEER S DE
—B RS 1M EEZ STV,

Cr3* +H,0 2 CrOH?**+H* (4.12)
Fie, H 04T, T2 FAO pH K FICERT 22 0D, CFF ORI IS
B L BB LIc R E B2 B KT, SUS304 A7 > L &4l (18Cr-8Ni-74Fe) O
Y5tr, Fe (U7 55.85), Cr (18 52.00) 3L Ni (& 58.71) ORETFEIGIEE
NI 0733, 0.192, 0.075, “FHMEUT 2.19 THD.

—J5, anolyte D3 & EWNERD LANBA~OILHL - AL, T2FENO H & CF BELK
TSELZ enn, TEENRENEMSN, BAMIELAEe D EEZX BN, YL
FROFEEIZONTEL, A%k 433 2) TBEET 5.

(2) WEHAKRBREERLTEEN pH OLAHEE

Fig. 4-8 (/R L= EEN WS L2 OB OEN & pHe OEFEIZE LA B L2, & FEW
i pHe O_EFEEIZOWTHE Lz, 1XUHIS, EEM M % OB O BN &
pHe DZEAL, & ENRISOBRK % Fig.4-17 (=T, ZOEBRIT, sUBHMAITH 2k
LCRY, TEEAAHRE LD in & i 13 0 EARED. R EEMOME IR I
[FEFEE LTWD 2 E0h, BRILTE EWNEI TR dNEIKERERBETHY, SMTT
RSN D BIREE fo=0, imew =itz =in & 705,

Fig. 4-17 (TR LT2 BN RE 1B OFCEFOBENL & pHe ORIREFRT 7 1> ML, pHr
EHEE L7 pHo 2.5 ~3.0 28t L LT, i A BXLO B I3 ohnd. #lE A T3,

BALE pHe 25 HY /Hy OFEZ A AR 9 KO LTERIELTRY, H D&k ((4.9)
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R) & RBIEMEROG A RO D NEVKR AR Rt L TWeb o LB bd. &
7=, TEBAIMME T, RFRORGE & & BITIKOMMERISIZ & 5 HY Epid » bt
JRICE D HY OWENEL Y, T ENO H BEMETL, pHe I#Rx I ER L2
DEBEZBND. H ARE D BHEDNZ RLER OV EDE LT, 2eRnfiFsIr L
T, MKGIRSOSCF G5 CF OEIGN 0192 LbnWZ En3iFons. —7, 43.1
THLHEZELL O, Kk A 22D B ITIEUAEMETHD pH 2.5 ~3.0 OfEkIE, Cr
DFEAL - pH XD BT Cr OKEBALMIEEL, DF D MBI e & 725 pH Ik
ThodH. —MANTIL, pHr (FMAERE(L pH (pHa) &F—& BRI ND 2 LNV, &
BEEORKAE BB T, SUS304 27 2 L AHOAMBRE pH 23 2.5 ~3.0 &<
RHTEPHEINTEY D, SREIOFERE BT 5.

PLEDOFERN S, NEKFRAEFREIL H OETTKIGMNI L > T HY BNEESh, 5%
NO H BEDHD, 7205 pHe O EFDMER, BARBNCRBRELICES Z L5, 4
ERIN SN ZHIINLEET 220 RY ,, T EEROERAMERF CE NI ERFERRITRS
.
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150 ; ; ; ;

100F SUSBO4/Sensor crevise k
Artificial seawater , RT , Open air

Potential , E/ mV vs. SHE

1 2 3 4 5
pH in the crevice (pH.)

(A) o SUS304 (B) o
. v /’_--~~\, 27N
coatin . X .
e N
H* -
Mn+ H, |i> «— Mt 2 Bh
<« Mn+ H+ e
e ! H,O
10 crsv 4 1,0
— CrOH2* + H*

Fig. 4-17 Relationship between the potential and pH in the crevice (pH.) for SUS304
stainless steel after stopping the potentiostatic polarization in artificial seawater (top) and

schematic illustration of reactions in the crevice (bottom left (A) and bottom right (B)).

(3Cwik 2, Fig9 &b & 2fERk)
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WIZ, EBANGE, BAREGIRIESE Uiz & & OFEBRTH LN pHe ORFHZLE S L1,
pHe O_EFEEIZHOWTHGETT D, Fig. 4-18 ([ Zs LIZEBN 5% D pHe ORFEIZKIZ
BWT, pHrR=3.0 ZRfiE 45 &, pHe < 3.0 OFEROTE TN TE L D E2BURIENED
KFEIAEIG R, HAMERELIED pHe = 3.0 TIE, T anolyte DYLEEL « FRAME L TV
HHDEEZ LD, Fig 4-18 (2R LTz pHe ORFZE(LE &1, WE ORRE ERGT
LlL, EOEEEZRDDHZ LT H OEEEE (pH EHAHE) OHEENFAIRETH 5.
pHe = 3.0 OFAMERELAEID pHe D EFHEIL anolyte DYLHK - ABGEE (DA%, Roin
ERFLT D) AT IENTE, TOWEL 1.19 X 10°pH + s Tho7z.

—77, pHe <3.0 DFEMERFARD pHe FAEEE (L%, R &RLT D) 1F, 2.02%x10*
pH's' TH Y, pH. EADOKH % HY ORITTILDHD TND EE X HIVD. R 1T Roisr
IZHARTR 17 5 RE <, pHe < 3.0 OFETIIILROZEIT NS W EB 2 HND T2
BRI Z BT 5 L CIHEROREIIZER LWl & & L.

6 ———— 1

[ SUS304/sensor crevice

5 - Art|f|C|aI seawater RT Open air :

I (Mam reaction : D|ffu5|on of anolyte)
[ Rpig= 1.19%10° (pH - s1)

pH in the crevice (pH,)

—202><104(pH<sl) ‘
(Maln reaction : Hydrogen reduction)

0 5 10 15 20 25
Time , t/ h

Fig. 4-18 Time dependence of pH in the crevice (pH.) change after stopping the polarization 2.
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(3) BMBLCBIETIXEN pH LEREEOEE

433 (1) BLD Q) OFHI LT, FEEHFREROER - HAMIRMERIZIT, &R
VRIS, HY OETTRIE, S5IC COF ONMKDREIGHAEL TV Z L AVRENT-.
T 2L, ERU7Z pHe &AM TR SN D B L (iow) 38 KON E DBRA S &1,
P AIRe iR 2 B2 LT

(3. 1) HEARBERRICL 2CBEBMAER (i)

WHKBRAIFEIMED i 1, 7/ — RIS, 7Y — RIS E BICTEENTEMET
5128, SMBTIIME TE R0, 22T, 433Q2) TRD= pH EHHEE (Rn) b L1
W OBEL TR TITHE TE R in (=) ZHEET S, 7ok, T 2 Tl MEREL
W, 37pbb pHe=2.5 A OEEE RIS 5720, pHe <2 OBEICEE LR HIHE
TRy ITOWTIEIBE LR o 72,

TEEND H IRENTEENPH (pHo) THY, T EMR d 1ITBT 5 1s Ho H
THERE (L%, Rue LFFLT D) 1F, @13) NTrsh2.

Ryy = 107PHe - (107Relt — 1) - d; (4.13)
H" OiEms (49) ) TiE, H CREOETFNHESNDTZD, Ree OEELT,
433(2) TRO7 Ru=2.02 X 10*pH *s! %, dy DEIZITRET Y / —/VEEIEZL > T
Ko7/ oI & LRIROFEFERE do=10um %, £7- F=96485C - mol! &9
&, s MICHNERERATT R L > TRDEI in 1L 449X 10CPHIA - em? L7275
((4.14) ).

inp = Uiy = |Rys| " F = 4.49 x 10~ G+pHo) (4.14)

(3.2) EWEELTEEN pH OBHR

TEXENTO H AEE, 4.12) RITRLUEZ CF ONKSIERIGIHEIET 5 & & %

119



HND. ZORISOWEERIT K=1037 LIEFIT/NE O, FEEFFEOMERIZE > T
BHLEZ €8 05 L, DI DB LS LRWEEZ bILD. —JF, MK
k=14~70 X 10*s" LIEFITHL 2, NEKRIEFEICHE S E LIS T H AHES
NTHTIT H DERESNLDbDEEZEZBND. LrL, ZORIGELZ EMIZKRDH Z

EIFEHE LN, FERILTE dw & pHe 205, CrO7 OMKIRD LLd S OFREE 2 K 5>
MRS o &L, TOEEZRODLZ L E LT

SUS304 A7 > L AFHO ¥ A 2.19, Cr DR TEIAZE 0192 &35 L, 4R
BIELE it (= dow+in) DO H Cr™ BZITFFOEIAIT @15 NTHEME, 4.12)
AR LTRGBS % CP" OEREBE (L%, ooy &Fi0T5) 13 (4.16)
N TRSND.

(Cr3* AffiiEk)
(SUS304 2T > L A SO FHi%k)

x (Cr DJFTEIA) = (2 ?19) x 0.192 = 0.263 (4.15)

lCr3+hy = 0.263 - ({out + ijn) - @ (4.16)
F7o, TEENT—ED pH ZHERFT H720I21E, THY OER=THE ] L 72D ERH D,
icarhy =i =in &5 &, NMKSRE o 1£ @417) XTHEZX LS.

_ iin
* = 0.263(ig + i) (4.17)

Fig. 4-11 TR L7c ALK IZ 31T D B E BN D FHRARE RN T, Er=80mV (2
PV B2=99mV Tl, iow & pHe IXZE LIEZ/R L TV End, HY OAERRETHE
BEIN EoTWebDEEBEZBND. ZOEED g 19 X 10°A~cm? , pH.=22 Th
D, ZOWED i 1T @.14) XD =283 X 107A~cm? L7025, ZDIT jow & in B
FO (417) Rz &-T, C°F OIUKGFEE o 1X 1.19 X 102 & REL b, Zhbo

FERNG, (4.14), (4.17) KB XL pHe=-log [H'] DEHEDD, ion & pHe DORERIE (4.18),
4.19) X THZ L.

iout = 1.43 x 10~ (2+pHo) (4.18)
pHe = —1.84 —log(iou) (4.19)
AN THRFIZEBNT, HBAEHEGERRICEITT D pHe=25~3.0 &£725 jw 1T (4.18)
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XLV, pHe=2.5 DL X jou=4.52 X 105, pHc=3.0 DL X 143 X 10°A - cm? L7210,
DN TR S D T & SRR (LM, fuei EFRALT D) EBEZADILD.

Fig. 4-19 (2 A THKHF KON /10 A THEKFIZIIT DENL, jow BEL P pHe DEIRE %
NZIRT. 728, NTHKPORERIZIE, 4.18) A oHEMH L7 pHe - log(ion) BRD
OFRE L7=. log(iow) & pHe IXEMRBHRIZH Y, ZOMAITIEHME & R < —& L T
5. dow=107A - cm? TO pHe 1%, ZOBENOLREUKRTLTNDD, T X FEaER
(ZPE D VERARIL yoe DR 101D 00 1 ) REEA A0 DR & DNIKSfE 1019 70 L3
pH IKTIZHLELTNWDHZ &Itk b B bNG. B, FKIZHEWT, BRER/H
AMERELDOBIEZ 105 A - ecm?, pHrR=3.0 EEFKT D &, TOEbEFENIMEE 1~y
FHEns. I (E>E) T, dow 23 dowei £ HKREL, 72, pHe b pHr K VK
W2 EDE, TEFERMME L Wbl EZONRD. —F, E<E L7RDMEEINT
1L dout DY douterit <0 B/ISL, pHe D EFZLENR S EAMERE L (FEED (2R -72%
DEBEZ NS,
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pH in the crevice (pH,)

10

bk B B B b Bk |

SUS304/Sensor crevice
Artificial seawater , RT , Open air

L Solid symbol : E<Eg(=80mV) b L i
Open symbol : E>E(580mV) ‘ ‘

: SUS304/Sensor crevice ‘
| 1/10Artificial sawater , RT , Open air | !
| Solid symbol : E<Ex(5120mV) L L A
I Open symbol : E>Eg(%120mV) ‘ :

e ——————— '

‘ ‘ O 349my/ 1 1 1 ] :
) H R T rimarr i et MR I IR AT BRI |
107 10 10° 1073 1072 10t 107 10°° 10° 10 1073 1072

Current density , iy, / A - cm™

Current density , iy, / A - cm™

Fig. 4-19 Relationship between current density (iout) and pH in crevice (pHc) of

SUS304 stainless steel in artificial seawater (left) and 1/10 artificial seawater (right) 2.
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4. 3. 4 FHAMERBLIZBXIET O BEORE

Fig.4-19 TR L7 & 918, E=349mV CTEENMOIWE I 272> 72355, pHe (T URIATR
FO ClEICE O PIRIFRBREDME L 225728, dow 1E 1/10 A THEAKHF TIEATHEAKH
([ZHEAT 10 R L S e o To. ZIUTRBATR O BRIBEROEICL 5D &
E2HND.

—F,E=349mV O, T ENRITEREDER L7OREBOTEENIL pHe <1 F
TIRFL, ALK, 1/10 AR & BT & PTG RLRE v DB L 19 2R
BEREMIEREE L 7eo TV D LD EBZ NG, 2O L) IR TI, BAASFELTH
AU et 1IN CI IREZICE D TTRRRE L ZE X 6D, TEEREICHET D inew 13,
imetal = four+ i & TAUE, 1/10 AN TR FIEA THEAK I AR TRIROBELSURERIMRN 2
& T ot DVNELTRY ) et 1 THDD i DEIGNHELRDBDEEZBND. TORER,
in \2X 2D H OWHEENE X, BAMEEL LT 20, B BATIEKFO 80mV (2
AT /10 NIRRT 120mV EEREMIZR>T0b D EFZ HLS. AT, anolyte
OYLEL « HRPEZ DTN & SR L LT < RDEREEZ HND.
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Ot i 2 ZL ST & AR A I 2720, SBtOBACERE E ORIE &
SEFNEETREIZ LD L — Vo HFROBIGEFRHIIB 229 Z LIk - T, TEERNAAK
(R ST OSBRI 2EME LR L O & W pH (pHe) DA LA
fx, b 3 WFOFEAEL b & HNMERE ST O M vlaE & 72 o 7z,

ZOFELH, BB LOEREE, pHe O bZE 2 b &2, ANTiKY, =6,
REBABTIZIT % SUS304 AT 2 L AGHODFAMBIRELIEFR I Z OV TRRET L7z, € DRER,
LN ORIRZ R

(1) ATHKFIZEBNT, TEEFENLHoERL, pHe 75 -13 £ TR T L TWDIREE
IND EBN T E 1L LIZ35A, WEIOBALE pHe IZWNEVKERERR () 2fED H
DIHE & anolyte DT & EHNDILHZ N2 B L, pHe 2.5 ~ 3.0 THAMEREL
IZEE U2 b o EHEE ST,

(2) TEFENHCTERBIGSNTRET 2 in (38 E OBEXILFARER TIIHE TE 2V MET
HHM, TXEEEERZICHREE E L pHe ORFEIZ LGS, ATHKHPIZEBITD in
I% 449X 10670 L FUSEE B, pHe Z#E|T 25 2 & T in OHEENAIREL 725 7.

(3) TEERTHEH LT CFF ORGSR LD HY AEL Y b, PERKFERAEE
B Gn) 12fEY H WEENZTIUE, pHe 13 EF UREICHEMBRELICED b D L&
2D, ZNHEET /ML LTERER, ALKV THN Tl S 412 BEIE L (iow)
& pHe OBFRIT pHe = -1.84 — log(iow) T/RS4L, dow & pHe DOSEHNEOMEM & L < —F L7z

(4) ANLHAKRB IO 110 ANLHEAT E H1Z, pHe 78 25~3.0 £ TLEFT5 L FEAERE
et b D EB X BND. o ANTHKRPIZIBT 53 X FEREENEREE Gouwei) 13,
pHe=2.5 DL & 452 X 10°, pH=3.0D L X 143 X 10°A - ecm? & HEL STz,
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(5) ALK LON1/10 AKX TOFMBRE LEN (Br) 1ZZ 4 80 mV, 120 mV
&2, REBSETO Cr REMRWE EERE L Ro7. CI REMEWGS, &R
VSIRFETAE L (imew) (29D DNEKFERAE R () OFIGDLL, H OHEENHEZ
5HZ e THMIBIL LT <R, AT anolyte DYEHL » ARBSEZ Do W2 & b
REREL LT 2D EREEZ DILD.
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5 E FEKMeFrI AV
& ENENLHOHEE Y

5.1 5

INFETHNEL DI, AT VAHOMT & E L2 2 FEL LT, AT
L ABDIE AT & - ARERELEMRIE AL (1S G0592:2002) 2 AL U, EREAL R
EDOBLRALFAER O BNHW LN HEAN L. EERICEBRTHOW O &R/ &b L<
IR/ EERE A ERA DY T & A 5HBRAL, 20T & EMEA 10 um FRES LI
IR, 2oL ) il 2 O CEBMN AR 25 &, T ENENBINBIZE
ERNEND Z LI L > T, & EMIC IRRdrop ML D, 2D IRdrop X, T&FD
FIREABRNTE, EREEOBERIEEEMEEERE L, §& FERIREE S Rz )
INCONTEMAEL 7o T KO RDMANEL D EEZOND. EBM/H O3 &
FERNDOBMAANZONTIE, B T 2 L—3 3 TS AL D3 iiE Sh TV,
TEBN AR FIZ381T 59 & O BRI & TR BN LIZARIEIE & A S,
—77, ABETIE, BHGER CH DT EEANO pH JIEIEEM LS YIc LD pH
WEFEZIGHL, T0O pH 2 b3 & FEEOMERE - FAEBEEBIC OV THRE L
T&. ZOWEEE, BV REBICHEIE L SNy 72 & OMERIEOREERD, &
D> pH T U CEAbLT 2452 FIH L2 H1E 39 Ch 2 2 Linh, ZOFEAZISHT 2
LT, TEENTELLENMERE TE DA S L LEZBND.
FITARETHE, TEENOFRICBNTOEERMEEE Y CIE, BrdE L5 (12
FIIE N EEE, SN OHINT 554 7 R EFE L& £hmE TO IRdrop 31 EES
NIEbDIZR D Z EE2FIAL, L—Ve B0 NSA 7 ZAEE GO 7 MENGTEEN
DENSFEHEET D L &b, T&F EMRBOHEEIZOWTHRET L.
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5.2 ZEBRJk

5. 2. 1 43R X OSEloRT LR

HIESEHTIZE 3 BRI O 4 W E[AERIZ, SUS304 A7 > L ABHOIEZ VY, H
£E12mm, £ 50mm Oy RETZRIINT L7z b O RERE e Lz, vy REECE
(ZBWT, R P &P 59 & TR EA# 1000 AR B & LTz,
Flo T X ERHE & OHMUDOWIEIZIE, A -2 B (T 73 e r i TE %
9, M3 OxVFINTLaHE Lz, FEMARRRE KOUMBLTEE 3 & (Fig.3-4) (R L7
DTH5.

F72, WEREHIT & R T 10 o E e L7, 50°C, 30 % OREEEHIZ 1 1R
[ & A B AR AL 2 fis L7

5. 2. 2 HBIAK

BRI II AN TR Z_R—A L L, A A4 ZHKT 1/10, 1/100 1IZFR L2 b 0% A
7o, 2D ORBRIAIKDOELRILERIS IO pH % Table 5-1 (Y. BRUSERIIER
#t, pH (347 2A&EM pH A—XZHNCTHELZETH 5.

Table 5-1  Specific conductivity and pH of each test solutions.

1/100 Attificial 1/10 Artificial
Solution
seawater seawater
Specific conductivity (S * m™) 0.074 0.63
pH 6.35 721
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5. 2. 3 JERkDEY N TS

WEEM U (D, Br e LS IS DHIER THAT L ofx 10 L4
BEE%L Fig.5-1 (O d. B bEmICeARELCHmL, T/VIRMOEER - EMEE5 2
CIZE DB ETAIRE OFBEEMR L. oY LR AKREKTEH L ORICITE
S Imm @ PDMS > — R &/ Ny % b UTERAGAATE. BV B OEMA L ZIZIT,
WIEREE, SRREMmS L O%HREZ FEET 2 ] af% T, Bk &2 VRIRIC R O CREE
5 & CEMANE I [F— DAL E & —EO R A R L 7B TRIE T& DG L 72
S>TWN5D.

Wiz, ZiIEER (AC photocurrent, LAtE I, & &K501 %) ORIE & EBN/IHIERD
A% Fig. 52 (9. REEROBE TIL, ZHREMIZ Ag/AgCl avmnacy BT, %
M A4eEmA VY, R 830 nm OYERL—WIRAMNT, T4 P2V T 7Ty
arVzRrb—4 (RSt X =T REHRE 7 1y 7, B3 DF 1906) 12X Y 2500 Hz
TEREINIZL—THE T XA L, 2O EEZ L X TELELELDEE Y
HEICHF L2, EHICXY AT — VAR LEER A EAT D2 LT, B HofE
ONET L ZHETHZ EaRes 705, ok, NAERIZKIT S L, ORIE AT REdH %
128mm X 128 mm Th 5. ZHSEERIL, BRASIZTV T o7 @RSt X =7 [AlE
REtT vy 7, BERLL-76) THME - BEAHRZ IS I, T—Z 2k L. EEROH
EHEEIME A Fig. 5-3 (T AHEERET, > —/v F BOX WIZHIERL, 7V 7,
ZETCRERR A BE L, SN A AORA RIS 5 & & b ICHFRIRIE A MR L2 b —
EOREMNFTRETH 5.

i)

EBNITBORE TIL, BB AgAeCl amnacy TBFR, SHRIZITAEEMmE AV T,
SUS304 A7 LA (DA%, #UEHE 50 &kl & OICHL 2 BN L, lor &
Fid5) FUETD. —F, BV ORMMITEFIESRIES N TWDHT2H, o
D SEFE T2 Z LIC K> TN BRI L, DA, ERRTZENTED. L
WoT, BYDEETHD L, &, EENIB TG Lo |FEVNTHNZITHIET S 2 L&
MNTED.
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AL Solution cell
= - (Polyvinyl chloride)

A |
Sensor
Al plate
O O
> >
jL Bottom of cell
— — (Polyvinyl chloride)

Electrode holder

Aluminum conduction plate

eference
lectrode

unter
Bottom of cell electrode

Fig. 5-1 Schematic illustration of the AC photocurrent (/,) measurement cell'” (top)

and the appearance of the measurement cell (bottom) '?.
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[ Potentiostat ] E =150 mV

CE WE‘/\ RE

l ICOI’I'
SUS304 ﬂ_

Tiotal W I h:Crevice Gap
~ 7V _/> v
b
LAPS

N
1

X-Y Scanning

Fig. 52 Setup for simultaneously performing a potetiostatic

polarization and AC photocurrent (,) measurement .
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Modulated light
irradiation source

: Potentiostat | ‘
circuit =

Fig. 5-3 Appearance of the measurement system.
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5. 2. 4 EBUHBTORBERL -V HRROFERRE

(1) EENMIHAR

FRBRE AT HERELO & Rk O A 410X # 1000 THEME L, sUekER O~k
AR Uiz, 20tk HENITRBRIAIKR Sml 257 L72lE VKot o R
REL, &R/ oy TE EMERR L. CoRETREO BAREMARIEL, B
BALAY 200 £ 10mV (TR L7 Z & A8, #OBHS 150 mV OENZZHINL, EEA
SYRRIC & B RRBFET & RIS, ASFOEETRO A 7 ABEMRLAE (LI, LV e &
LT 5) ORFAEZBIG LTz, 7238, RECTRET 2EIE, AgAgCl gmnacy FEETH
5.

(2) L-VBIBRORIEHIE

EBN R, oV OEETHD L IZLATOFIETEY K URAE L. X0
(2, B ICHIINS 53 7 AL (L, h ERELT D) & -1400 mV [ZEXIE L, 2500 Hz
TER LI L—PHEHNT, SO 2OBERIINR> TV EREZER L. ZDA
v, L% 400 um O—EMRT X Hll EOMERE L U TRl L. 7 25 -1400 7>
5 -1000 mV OFIPFATIEL 50mV [EFE, -1000 ~0mV OFFHTIL 20 mV [HFETEF L723
No, Fl—(rEZGEVIRUERL, L, ZELZ. Zhb—HEOREMNET Lict, [F-—
METHIE S L, OEEEL, Ve OED -1400 ~0mV OFFHD I, — Vi BhfrZA(E
L7z, 20 Vi, OERL, EEMSP, £ 145s MRTHRYVIELBZZ2o72. Zhb
—HOBEEDORAX % Fig. 5-4 (-7
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I, measurement : X axis range

e 12.8mm

Scan at 400um intervals

SUS304

I, measurement : Y axis range
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12mm
i
1

Il o i

-~ ® () i

o 1

= o

o O

3 S

£ l ©

S ; O

Q (@)

S ] o

2 ; o

o

3 interval i interval OO

< 50mV i 20mV @)
! @)
!

-1400 -1000 0

Bias voltage , V, / mV

Fig. 5-4 Positions of I, - V', curve measurement along a diameter of the SUS304
stainless steel specimen (top) and schematic diagram of I, — V4, curve measurement of

semiconductor chemical sensor (bottom).
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5. 3 EBRFERBIUEE

5.3 1 TEEEEFEEHL I,- 1 EBROBR

1/100 A T3k iRz 2 G AakBiiE i 2 Fig. 5-5 (2. Fig. 5-5 (Tl BT - FF
FIHEER, 3 48 (a,b,c) (281D Ve RIS L OVEBN /% Rkl 9~ & E R O
PEEER L. a sUTREOB AT, b AUREOHL, o sUTREHAIETH D,
BT - R R, BN MBHAA ORI, 145, 1162s, 200265, 30031,
40036s D E~—7 LTEY, ZhbORICHIE SN L— Vs, #ifi% Fig. 5-5 (FE)
R LT

RELO R B ORBFEAN S, BIRSHINCER U 7Rl 2 9 & R

(incubation time : LA#%, mvcu &Kl T 2) O L AT L, ey 13K 1162s EHEES LD,
tncu DARE, BUBHZUEN 2 IR & & I mITm L. 2oL &, [FIRFZH
E LT L—W I T OZE 2R L2, a SR CIXEEBMNOMBILER D L -V HifR (R
2y ) & e EHETRES N L-Th #ifR (RET Yy b)) 2HEETD L, iy £T
DRI A T ABIEA T (O T ABEEM) (7 b L, Z0%, T EEROHE
JB L &bl T AEERE R (S T RAEEAM) 127 L b AT, ineu F
TOLEFGI~DY7 Mald a ALY bREL, mvcv BOLEFR~OT T MEIT a mUTH
NTUNEpoTZ ¢ BICBITD L— Ve HROEH~DT 7 I, a SERETH-T-
N, tincu VIBEDEETFIA~D T 7 M EIT a LD /S Dotz
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Fig. 5-5 Results of crevice corrosion test in 1/100 artificial seawater. The temporal change of the
corrosion current during the potentiostatic polarization of a SUS304 stainless steel specimen at
E =150 mV (top left), optical photograph of the corroded surface after 48132 s of the corrosion test

(top right) and I, — V4 curves measured at different points, a, b, and ¢ (bottom) .
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5. 3. 2 I,-V, BUBROfENT

EBNIBT D I, — Ve WIHROD/A 7 ZAEERIGF DT 7 M FENT O TE R REHT
L7z, EBRTHRONTS L— Ve MfROEBFEO T IUTFFOZ M (inflection point, LT
Ve LRALT D) AR L, MTOfRELE Lz,

BRI, PSR o NCEIN L T ESERILE L 2 (5.1) Rordryz
TAvIBEBTT 4T 47T HZET, BEMEICRIT KM Vie (=b) 23K
7=. Fig. 5-6 \ZfNTFEFO—FIE LT, 1/100 ATHAKFIZEBNT, E=150mV OEN T
BB A BIME LT E% O L, WEMEET—2 7 4 v T 4 U THERB LD Ve 2757

a
b= (1 + expVb—b)c)

(5.1)

03— ! ! ™
: : SUS3f)4 / Sensor crevice ‘, ]
1/100ASW , RT , open air
< 0-25 E = 150mV ]
= ! |
~
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= | |
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Fig. 5-6  AC photocurrent (/) measured at each bias voltage and the result of fitting

with a logistic function.
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Fig. 5-7 (2 1/100 N LifE/kH, E=150mV OEN CTEBMMSWMLT-EED L— W Hifi)
HRDIZ Ve OFRRFFELZ 78T, Fig. 5-7 EBIITT & FIEARARTOREEE, Fig 5-7
TEAZITT & AR LRBRIE T £ CORFMMEIRIZIS T 2 2 i i OFEHERIZ I -
T2 2B A R LT D,

Fig. 5-7 O _EBIIR L2 & FIEARARTORBIERD Ve OZEMSAIE, FIZFhoR
RO E R L, L, ORENEDFEIOMED HBENL D123V T Vi 138D L, BEOIZE
TR/ E 22572, Vi OZERSTARICEBNT, ZZRNRORDOALEL, TSR
BRAT, mneu TT E FIEEDFEAET HE TOR, FHORKEE & HIZHE< o T,

iz kd I, OREIZEBWT, EIS (Electrolyte — Insulator — Semiconductor) A (2 F]
IMENDELEE, N BE Y ERRFRICEIINEID T, B PFREO pH (2L - T
ZAb+ % Nemst BALOZEA(L, BLOTEEFRNLOLT & EAJRAUHTERERICE S IR
drop DEFHE AT ZENTE L. EEMNIMICIBNT, vy TTEEREDHET D E
TORMEETIE, X ENO pH K FITEHTE DIZE/NSWERET D L, Vi DZE
M5ARIET E ENO Rdrop ISEETHHDEEZBND. fnvcu LABEORIFEIIZ IV T
1%, EENARBA AT ABRE RN OWRG B A A4 L SRR OfGR & L bl &
FNICERET 2 2 L TERBEENE LR, ZOFRE IR drop /NS <72, Vie DR
TR oo bDEEZ LS.

140



'400 T T T T L)

1/100Artificial seawater , RT , open air
SUS304/Sensor crevice , E = 150mV

n

Inflection potential , V, ./ mV

500 gg

600 %Es ,,,,,,,,,,,, AadBSNTIEYS
\ : , IO \ o

19:339.0.
E \°\8§¢‘§:&gg
o, eESsl
o
; N ‘
i . SN L 90.9-9:99 :
700 % EiE St & |—9—290s ]
0., L | —0— 436s
~ PV A 871s
999 0 'Y | —0— 1162s
800 L : : : ; ; ;
0 2 4 6 8 10 12 14
Distance , x / mm
-400 T T T T T T T
| ; ‘ | o0
edge. tneu=1162s o
| Oy ! ! ! ! ! o~ 22A
E -600 ""'?'Q?G58:8g~8;","'"27/'"'?"""""'g;défd:gzérofe;o&ﬁ*’”'" 1
- i ovSBe86088600000808°9588 8
! 1 ) ; i -O°Y 7 !
£ | :Oio'oc:) .0-0-0-0:¢ .o.O'OO'Q'O.O.O e 3
> 800 _,,,,;,9",0\6.,,,:',O,'(,D,',C,),'?',?f,,,,,,,9:9,,,,,, ) 'C‘)ZO'O’O‘O:% ,,,,,,,,,,,,,,,,,,,,,, A
_ 0l ©00000000006000980Y
© bl 1 1 RRBOCT ‘ :
=] P 3 0,080 ! ' [~o—1162s
‘q:, -1000 B §"(’);6"O"n'f' """"" o L |—o—5084s | ]
5 N Y ‘ ; | ! |—o—15096s
a . 009 25101s
c . [ o] —0—30031s| ]
o 1200 Lo 35106s
5 L —0— 391665
O Do 400365
% -1400 | o0 e Peeeeeees e Frdoerodoopodeored 40906s|. 4
= ‘ - i/lOOArfificiaI seéwater , RT , opeﬁ air ‘
: SUS304/Sensor crevice , E = 150mV ‘
_1600 L L L L L L L
0 2 4 6 8 10 12 14

Distance , x / mm

Fig. 5-7 The temporal change of the spatial distribution of the inflection points

(Vinf) of I, — Vs curves in the course of the potentiostatic polarization at £ =150 mV

in 1/100 artificial seawater. The early stage before the occurrence of crevice

corrosion (top) and the later stage after the occurrence of crevice corrosion (bottom).
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5. 3. 3 EHAOEMSMETEXERERLEOBSR

Fig. 5-7 \ZR LT2 Ve OZEMAG % S &1, EENMTICRT 5 IRdrop (X5 &
FNDEBRLLGAMIONTHELET D, THLIE, BUZ THEA) KR LG EIRROFE
W7 N 2R L, BEALOZER M2 V) EFKiLT 5. S HIZ, W) ITEBmEl O 2
el L, iERRERIZEBWT M)=0 95, oV RICERE LIz BN T ) — RiZomm &
NDENCEBNMNOMBEIZ 725 &, BB DIt LIz BB 9 & ENE 28> T
T X FANERIC D THEAL, AEFE LT W) 13T F FHMoFuE EE <, Smabllmn ol
ONTERL 72 5.

TUHICE D L, ORETIE, W Tt IR EEREE LIS HEMR Ag/AgCl aM Ny
DFEMLE LTERSND. T& ENTEMOMOPMAET D%, o PREDRFNLET
EIS #EISICEIINESNDER A T A%, SMBBEINT 2 1V, & 3& EMICEL S Rdrop
DOF, OFY W+ W) EEZ BN, Fig 5-7 EBITR LT Vie OZEBSAIE, ZHH0
SBE M LTAEREEZ HN5. IRdrop 2AKEL, Vo) S@EVEREFREIE S, B
28D I, ORETHEOINZ L- Vo BIFRONA T ABEREFRA~DT 7 hIKEW, F
7o, PEHZIZSIREmAE FEHEIZ E=150mV O—EEMEZFIMLTWDA, T ERIAE
L% IRdrop (Z&>TTEENDRFNEIZIIT DA MENMNIT IR drop 7% 7 LS|
W2 150mV - Mr) 720, BEIOHNCHN I IFE EDIRENITR E 72D 5D EEZ B
5.

—77, tneu TTEFERENIAET D L, Fig. 5-7 FTEIORT I DI Vi 1K F LEAD 5.
& <UL, HBREICT & I CE RS S B O 7 O Vield, 39166s LA
FRIZRMICIR T LTS, ZHUEE 3 BR AU 4 ECTHLBELILLIIE, TFHA
DI RN T X ENITIEH LTz CP" OIIKGFERIGNZ K> T, X FNO pH 2
JKFLzbicka M 2eEZH0S (52) K.

Cr3* + H,0 2 CrOH?* + HY (5.2)
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5. 3. 4 TXERNENHAOHE

TEEFEFAE (nev) FIORRIGERICIBNT, TXFNO pH K FREHRTX 5I1F L
INSWEA, EBNITESOTEEND M) 1 L— Vs BRRO/SA 7 R E il 7 [~
D7 MEIZE LD EEZBND. 22T, t=145s, TENSOWEZD V1) ([2O0
TEETD.

FPE Y RICERE L7oab e L BROBIENE r & OBMRIZOWT, r=0 &3
B, r=R Z3EHRT & HEER L, T OBMAEELTLH L, M) 1X (5.3)
L ToREN 5.

V(1) = Ving(R) = Ving(r). (5.3)
(53) RK&EDH EIZFE L 17100 BEOY 1710 AN THEKHIZIS T 2 EEBNBBIAAE % O
V) % Fig. 5-8 (R T .72 BRFIZIIEIRR DESIRER GO L.

Fig. 5-8 IZBWT, WNr) 1TEEEE (BXRIsEER) 12X 5T 3B 6 Rz m 9
EFE®mL 2D, o, TDOEAE, 1/100 ANTHEAKFOTT05 1710 N TR EE~TE.
BEALE, TEFFERND IRdrop DREIWVIFEFENEZZONDZ L, Bl L7of5RIE
1/10 ANTiKOEZIEZRIT 1/100 A THEKIZEERTRE <, IRdrop 2A/hE N2 b b—
BLTWD. Ak, M) OHfmiTt Y RICERE LIcaBtoFulz g L U CTEARFRC
mBHEEZLND. LML, Fig.5-8 (TR Lz Vo) 13EAMFRTIERL, & IEREHG R
HCHIARDOIERIFRMED A Uz, 2B DOFER E LT, FEORRERIED O TR E 1T L
5 & RO AL, RO 78 £ 0358 2 D MFEIK ORFEICIXN - B 780 o 7z
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Fig. 5-8 The calculated potential distribution inside the crevice immediately after the
start of the potentiostatic polarization at £F=150mV in 1/100 artificial seawater

(1/100 ASW) and 1/10 artificial seawater (1/10 ASW) .
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5. 3. 5 TXERBOHRE

AMFFETIE, B 12mm, S S0mm, EHEK) 44g O SUS304 A7 L A&
FEICHEEICEE L, RBOAECLRE/ Bo T X ST 5 L T\5. ERHE
HLDTESWREICL > TESN DT EEMIREIL, EENETL2Z LIF# LS, =X
) —)VERER EIC LD IE LB IR TWinoled. 22T, 534 THETLTC
EENELED V1) &, SNF TR U723 UBHI it 2 REIRIE (L, foa & RFLT D),
BLOEHEZET ML, 20T EEMBEHEE Lz, SEFW-T & ZREHEEET L

% Fig. 5-9 |T/R7T.

C 1 ! SUS304

____________
-~

Crevice
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Fig. 5-9 The model used for estimation of the crevice gap .

EF7 /W Fig. 59 (ORT LIS B2 &S ERR b ZIEL, T7& 44 r, ES dr,
BIOmS (TXEME) h OFTEERCHLTEMRZE LD, T& FARKOERIR
BRY o LT 5L, WK Tz S A OWEE L SEEROBPUT (5.4) NTREND.

dr
2ntrho

Ir) 1%, ZOHZEMFEOINEENCIMANIHNAEIRE LTERT D E, r & r+dr O

(5.4)

® IRdrop 1%, (5.5) KTranb.
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dr av
~ o - I(1), I(r) 2nrho o (5.5)

BIZ jr) %2, BAEtOTEERKREN DT X FHANAENLERELE L TERT D &,
Z DOHRZEMENZAVAWUINEDGT dI 1%, (5.6) X THZHA.
dl = j(r) - 2nrdr (5.6)

dv =

(5.5) XBIY 5.6) XEMAAEDLED L, j@) 1T 5.7) XTRTENTED.

1 dI 1 dv d*V 1dv
jr) = ——=——[ 2nrho —| = —ho

- 5.7
2nr dr 2nr dr dr dr2+rdr (5.7)

T, FERTELNT ) ON0fE (5.8) RO TS5 7 4 v T 4 7
X, 58) XKFDORTA—% 4 BLONB #ROLHZLENTED.

(Y

V(r) =A—Br? (5.8)
d*V 1dVv
Z L 5.9
Tt = 4B (5.9)

(5.9) & (5.11) KEREADE, W) OFFRELNE, (5.7) AT\ TEREED
FAIRTE LW EWIRE L EMTH D Z Enbnnd. ZOLEOEREE j 1% B %1
WTLLFORXTH 2 b5,
Jj =4Bho (5.10)
S BT, TEENDLIRNDREIOER (MBRECRFFER)  fow 1%, (5.11) X TH
T, AT EEMRE b 2HEET 22 & AREE 12D,
Iiotal = 4BhomR? (5.11)
BT E FRBHTEET LV ERRET 572012, Fig5-8 (RLZ V) ©H 5, £V
BRI DI EFZ Z BID 1/100 ATHEKTIZRWT, E=150mV O E SN 537
L7ZERZICAE BN V) 2T, bl U7zt 2387 7=, Fig. 5-10 12, Mr) % (5.8)
KT U7 A2 R T. Vo) OEEERNSZDT 4 T 4V TRTA—H—D 4 B
L B OffixENEI, 0147V, 4140V - m? LEFE S, —0F, EBNIME R D
t=145s B CabBHIFiAL - EITIL, Fig.5-5 IORL7ZEIIZ 46 pA ThHo/=. Ll
DOEFNNTE P LB L TOHREIEROTE NN LIN L E &, RBRARICHE LT
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Fig. 5-10  The fitting of the experimentally obtained potential

distribution ¥ (r) with a parabola V.
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