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Electrometer Zero-shunt Ammeter

Fig. 3-1 Experimental apparatus
a: SCE reference electrode, b: type 304 stainkess steel in 1.5 M NaCl +

0.5 MH,SOy , c: type 316 stainless steel (or Pt) in x M FeClg + 2x1073 x
M FeSO4 + 0.5M HoSOy4 + (1.5 - 3x) M NaCl, d: salt bridge
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Fig.3-2 Variation of maximum pit depth with time on stainless steel in x M
FeClg + 2x103x M FeSOy + 0.5M HoSOy4 + (1.5 - 3x) M NaCl solitions.

x:5x 10 1(a), 1 x 102 (b), 5x 1073 (c), 1 x 1073 (d)
T: 298 K
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Fig. 3-3 Typical variation of corrosion potential of stainless steel in x M FeClg +
2x1073x M FeSOy4 + 0.5M HySO, + (1.5 - 3x) M NaCl solitions.

x: 5x1071(a), 1 x 102 (b), 5 x 102 (¢), 1x 1073 (d)
T: 298 K

Table 3-1 The values of Tand E_;, for each potential drop in Fig. 3-4 and observed pit depth (h).

The order of h was expected Lo correspond to that of <.

Mark of potential :.drop e h a b c d e f c’
T (s) 63 60 50 48 45 42 30 21 15

E,. (mV) 196 208 211 214 206 207 226 231 246

h (um) 10.3 9.0 9.0 8.2 8.0 7.7 6;9 6.1 5.6
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Fig.3-4 Typical variation of corrosion potential with time in 1 x 10 M FeClg
+2x10°3 M FeSO,4 + 0.5M HySO4 + 1.497 M NaCl soliion at 298 K.
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Fig. 3-5 Cathodic polarization curves on type 316 stainless steel in x M
FeClg + 2x10°3x M FeSO4 +0.5M HoSOy4 + (1.5 - 3x) M NaCl solitions.

x:5x 101 (@), 5x 1073 (b), 1 x 103 (c)
Solid symbols : with agitation, Open symbols : without agitation
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Fig. 3-6 The comparison of cathodic polarization caracteristic between type 304
stainless steel ([ ]) and type 316 stainless steel (H) in 1 x 103 M FeCI3 +

2x1073x M FeS04 + 0.5M HZSO4 +1.497 M NaCl salition
T:298K
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Fig. 3-7 Variation of potential (A) and anodic current (B) for type 304 stainless steel in
1.5M NaCl + 0.5M H,SOy4 solution galvanically coupled with type 316 stainless steel

in x M FeClg + 2x103 M FeSO4 + 0.5M HoSO 4 + (1.5 - 3x) M NaCl solition.

x:5x1071(a), 1 x 1072 (b), 5x 1073 (¢), 1 x 103 (d)
T: 298 K
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ERAID A A > BE S MR TH D, HIMMBICHTEERE RT3 -0I00E, &
(DA 7 > PEEMENAE S TR BV — RARICE DR EMEINDHEND S,
IOk, Fig. 3-3 IRLEL DI, SUDA A > EREIMENER P Tiddk 0 28
REMETNELS EBPTES, |

Table 3-2 1&. Fi4 OUEE DEALIIDER T T T o KRR B W T, kS
WMOSMAMEE LTEHEINAELSE S, RBBICNELELE Y MBEOBSAE
PBEMEEEZERLUTORLTWS, TOERID., BREREL CHEINZEBRNE
BOLARECIIEL TNWD Z ERBEMT 5Nz,

Table 3- 2 The relation between the total Coulomb based on Galvanic current and the total pit volume

Concentration of Fe**  Total coulomb  Max. pitdepth ~ Max. pit radius Total pit volume*

(mol dm?®) (© (pm ) (pm ) (©
5x10™ 3.01x 10? 49.8 100 2.9x107
1x10? 1.56x10° 25.6 32 1.5x10°
5x107 574 x 10™ 20.5 23 6.4x10™
1x10° 539x 107 9.7 11 6.9 x 10°

*The volume (V) was converted into Coulomb according to :
Q=VF/m

where F is Farady constant and m is mean electrochemical equivalent.
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Fig.3-8 The relation between galvanic current and potential in the coupling
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pitting until repassivation was reached. Cathodic polarization curves in Fig. 3-
5 are also drawn for comparison.
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Fig. 3-9 Cathodic polarization curves for Ptin in bx 103 M FeClg + 1x10° M
FeSO4 + 0.5M HySO4 + 1.497 M NaCl solition at different scan rate.
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Fig. 3-10 Variation of potential (A) and anodic current (B) for Type 304 stainless steel
in 1.5M NaCl + 0.5M HoSO4 solution galvanically coupled with Pt or type 316

stainless steel in 1x10-3M FeClg + 1x10™2 M FeSO + 0.5M HySOy + 1.497 M NaCl
solition at 298 K.
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(b)
Fig. 3-12 SEM pictures of pits grown in 0.5 M H,SO, + 1.5 M NaCl solution on
SUS 304 stainiess steel coupled with SUS316 stainless steel (a) and Pt (b)in
5x10° M FeCl; + 1x 10° M FeSO, + 0.5M H,SO, + 1.485 M NaCl solution for 300

sec at 298 K.
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Fig. 4-1 Stepwise cyclic polarization curve for type 304
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Fig.4-2 Typical variatibn of corrosion potential of type 304 stainles steel with
growth of pits in in 0.5 M FeClg + 0.001 M FeSO4 + 0.5 M HoSO4 solution at

298 K.
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Fig. 4-4 The pofential response after 1500 sec of potential control at (a)
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HoSO4 solution at 298 K.
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Fig.4-5 The potential response after potential control at 196 mV for (a) 5 sec
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circuit condition in 0.5 M FeClg + 0.001 M FeSO4 + 0.5 M HoSO4 solution at

298 K.
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Fig.4-6 The potential responsé after potential control at 196 mV for (a) 120 sec
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condition in 0.5 M FeClg + 0.001 M FeSOy4 + 0.5 M HySO4 solution at 298 K.
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Fig.4-8 The potential responsé after potential control at 196 mV for (a) 30 sec
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Fig. 4-9 The potential response after potential control at 196 mV for (a) 30 sec
and (b) 60 sec for stainless steel with pits grown for 600 sec under open circuit
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condition in 0.5 M FeClg + 0.001 M FeSO4 + 0.5 M HoSO4 solution with

agitation at 298 K.
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Fig.4-10 The potential response after potential control at 196 mV for (a) 30 sec
and (b) 60 sec for stainless steel with pits grown for 600 sec under open circuit
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bz thBRE L7z,

5. 2 £EEBRAE
5. 2. 1 BB |
JEX 2mm OWERO SUS304 25> L A% 10X10mm IZGWiL. TAY —
#6/0 BFETEHAWEL., Y b, AY /- IIBIOEEKDIEIZ 5 HET OB
FikEEAE Uz, KICHBEL = 2M HNO3s T 10 D BIAREs{LAL 27 - 721, &
BATH 0.283cm? 238 U THIL Y = — L5 — 7 (& 100 wm) TH#E L T PTFE ok
W —ICEELUE. 22T ANEmE{LALEIIHRE EELE ) — T OBRICHK
B ENTEET 20 <O OUETH 5, BB OLEHE O EIZL T
HDTHB. 18.18 Cr, 9.05 Ni, 0.043 C, 1.02 Mn, 0.65 Si, 0.032 P, 0.002 S, 0.16
Mo, 0.15 Cu (wt %)

5. 2. 2 BEER
ABRAIR & 60cme /= L7z WA 100cm? D)5 Ly 27 ABE — H — ), %
298K ODOfEIRFEIC AN, 2RI O OLVBREM(SCE). ASdBB LB 2ty
MUz RBRAIIMEBUEL CHE2OTIORETIIESICARIZEC N, F2
T, ABREZEET S0 0mVvs.SCENZH 2 BESEBL -, ZOBMEICKD
FEAEDBEILEN I~ BIERERE L,

5. 2. 3 EERAR
DARTICIRE L@ AnT, B85 % 208 K® 1.5 M NaCl + 0.5 M H,SO, &
W (Ze G 12 B GRER A & IR SUS316 48) % 298 K @ x M FeCl, + (0.002
%) M FeSO, + 0.5 M H,SO, + (0.5 -x) M NaCl ¥&ili (Ze&faf) 1w@ L. HMiEEn
UTCHERRERK L /-, ERERZBIENERTZHANT, BRFOEMNZLL Y
FOAXA—=FZHAWTSCE IZ&d U THIEL =

5. 2. 4 ATHhYV—RICXsHERR
208 K® 0.5 M H,SO, + 1.5 M NaCl i&%# (Z2&88f1) # 100cm®iz, RERA.
fF1h 0 AV BEEM (SCE) BRI Pt MEEREL. RBHOEMEI S Ea—
SIS NIRRT aAxAdy NERWTHBELZ, ®ETo 75 A0 EE Fig.
5-1 K7 O0—F v — NCRT. TOFILKE,. FORELEATF S LAMETO
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Input of i - E relation:
ical = f(E)

Measurement of corrosion potential :

Econ

Eset = Econr
| '*' |
Eget =Eget- @ Potentiostat mode : Eset = Eget+ @
f Eset M
/ Read i / |
ical = f( Eset)

o = F(ogicg - 10gi)

Fig. 5-1 The flow chart of the program for control of potentiostat.

Fe** o v —RofaRett 4 = {(E) NAKnEINTEY, EEMAHAERETHFE SN
HEMEBMOBEARNE,. ANEINTHWSHY — R0 1 - ERfRE BT DX
SIRAZEa—INERBNEZEHIELLIITR>TVWS, RFaAxFy b
WHRABHRART > a A&y 2000 2N, N—=YFH)a>ta—%F & GPIB A
=T A RERBLTHIBLZ, 2 7)) 2T L — M3 160ms™ TH 5.
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5. 3 HRLER

Fig. 5-2 1. 4 DRED Fe* 25 ORIRPICRIE L B OB BB OKE
ZLDHIZRL TS, 2B, BEIIEBRAF EICTAENEEL., BANABITET
Lih Rz t=0 IZ&>THD. ILENEAFBLL THURBEMIEBICREIET S
FTORTEREHLUTHRLTNWS, KRiZ®mELELDIZ, 0.5 M @ Fe*tid 300
R (EBEILE SICERFET) LBRETEICRELRT 508, 0.006 M Tl 120
PWREET, 0.001 M Tid 60 BPEETEHAHELLZ. dRBOABOERRNESIL,
0.5. 0.005 BLW 0.001 M TERZNHK 50, 23 BLWX 10um THo7. 0.005
BEW 0.001M @& Tl MEBRFE 2O L THABRKIIENT ANRALE
BT EALERIL Uo7, LENFEEL THSBHAEENL T S E TOERMIC
W3R H o0, BEEESCAREDOSENTNNED, Fig. 5-2 IZ;RLEFHILD
LU ELRDT ERBN T,
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0.005 mol dm3

Potential / mV vs SHE

200
0.001 mol dm-3
O | 1
0 100 200 300
Time /s

Fig. 5-2 Typical variation of corrosion potential of type 304 stainless stéel exposed
into x M FeClg + 0.002x M FeSO4 + 0.5M HoSO4 + (1.5 - 3x)_NaCI solutions at 298 K.
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Fig. 5-3 Variation of potential (A) and anodic current (B) for type 304 stainless
steel in 1.5M NaCl + 0.5M H2804 solution galvanically coupled with type 316

stainless steel in x M FeClg + 2x1 03 M FeSO4 + 0.5M HoSOy4 + (1.5 - 3x) M NaCl
solition at 298 K.
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Fig. 5-3 3. SUS316 25> L 2% Fe¥ & TAMHKIC. SUS304 X5 > L A8
BRI F 2 S ERWERICE L. MELER LI EEOEMN & IEKER DR

ZEERL TV, EKARICB T 2BEORKELIL. BERBRICBI22NhE
E<HERU~E, 0.5 MIZBITHENMETN Fig. 5-3 ITBWTRPRATHDMN, i
WHHRELZAEBEROZEICGERT 5, Fig. 52 TIXERMNAIE TERWDIZH L, Fig.
5-3 TIIEBHRENHIE TEDL I ENKERFHETH S, 300 BilBitg, BHME THIE
bf:?LﬁkJ:é?’é%%%@ BICHYTAEREIL. EBROEKERDODBELRELF
F—-® L7,

Fig. 5-4 [3ffi4 DRED Fe* 2 Z VBT T SUS304 X5 > L A L THIE L7z

71°)— RIS TH 5, Fig. 5-2 BEU 5-3 KB W T RBAALED L /6L,
Fig. 54 L:Ibbl'dibi& 7 xIVEBNICH B Z EnNbhs, 7B, Fig. 5-3 THI

SELUEEBREECBMOBE%%E. Fig. 54 OORBHBRICERSbE3 &, mEITE
<—*;’§Zb7‘:o

10° ¢

10*F
o i
g 10° . 0.5 mol dm-3

o

<§. > [ 0.005mol dm-3
~ 10°F :
Pan)
7 1
o 10 F
©
"E |
® 10°F
3 ;
© Lt 0.001 mol dm3

10 'F

10-2F . 1 s L L 1 . 1 N 1 .

-200 0 200 400 600 800 1000

Potential / mV vs SHE

Fig. 5-4 Cathodic polarization curves on passivated stainless steel in x
M FeClg + 0.002x M FeSO4 + 0.5M HoSO4 + (1.5 - 3x) NaCl solutions

at 298 K. Scan rate - 40 mV min’1
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Fig. 5-5 I Fe*' & & £ WAIKRH T, Flg 5-1IRLAETZ7O—F ¥y — MI-T
AVEa—5HBLERT > a3 RAFy ba{RENRR Fe“é:b“(ﬁfﬁfléﬁ'd%:ti
SRR TEHRINLZEMEBEROBREILZRLTWVWS, ZOHE. K7
aAyy MK BHIEIEMIE. FLBORERICHED BROEME EBIT Fig. 54 @
BIfR Mz T L DITHRITT T Ma<, BUNS SITRIZE > THABRLORMG%
g EABIEIREZEILL,. ERIIEE TS, ZNIZEOLETEMITIBUEIZY
JhaANB, ZOERICBNT, LRFEED SHABBEETORERML. BiE
HRCEKARTHEINEZGAEEERUTHh o=, £z, ERHBROGAE LR
BT, BIMEIBRICED < BRAROBIMICHN T 2858 . NEEROBLR

FlRnTnsbIEE L=,

Fig. 5-6 Il Fe* 1B E )Y 0.005M k:l’oﬁé 2@#5@?[1&7@5@'(5!5 U7zfL.&?D SEM
BEZRT, WTNORHETELZAED., BEREBEOKREIETHREL THFR
ek L=Z &0, Table 5-1 . Fig. 55 THIEIN/~BHROBHEE L
Tk&bfré@ﬁg&%%{ﬁkﬁﬂﬁLT:?LQ{JSFODEEQEW%HETT i E VE R
—HBLTWaI L5, BEERPILEREBRICHE L TND 2 AR I N,

DLEDOERFERN S, Fig. 5-2 IIRUERERRICBITAONEY / — REGRD,
HEABRBLUVaCEa SNV — REROBEIZBNTIEIFEHRIN TV S
EHERTE S,

Table 5-1 The maximum pit depth after 300 s polarization simulating various concentrations

of Fe* and total charge calculated based on current and total volume of pits.

Total charge
Designed concn. of Maximum pit depth  based on current  based on pit volume

Fe* (C) (C)
(mol dm™®) (um)
0.5 48 (50") 3.6x102 | 3.9x102
0.005 - 19 (23") 9.5x10™ 8.2x10™
0.001 12 (107) 1.1x10-* 1.0x10™

'The maximum pit depth after 300 s exposure into FeCl, solitions.
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Fig. 5-5 Variation of potential and current density for stainless steel polarized by

potentiostat that is controlled to simulate various concentrations of Fe3+ion
according to the program shown in Fig. 5-1 at 298 K.
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(@)

50 ym

(b)

Fig. 5-6 Photos of pits grown under open circuit condition in 5x10° M FeCl, + 1x
10° M FeSO, + 0.5M H,S0, + 1.485 M NaCl solution (a) and under controlled
potential condition in 0.5 M H,SO, + 1.5 M NaCl solution (b) at 298 K.
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