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Effect of Trace Amounts of Salts on Properties of Passive Films Formed
on SUS 304 Stainless Steel under Atmospheric Environment

Rock-Hoon Jung*, Hiroaki Tsuchiya* and Shinji Fujimoto *

* Division of Materials and Manufacturing Science, Graduate School of Engineering, Osaka University

Passive films formed on SUS304 stainless steel that were covered with thin water layer containing various kinds of
salt and exposed to atmospheric corrosion environment of 90% relative humidity and 60°C were characterized using
X-ray photoelectron spectroscopy (XPS). Thickness and Cr content of passive films were affected by a minute
amount of salts provided on the surface as a thin water layer. Thickness of the thin water layer on the surface of the
steel seemed to be controlled by the equilibrium relative humidity of saturated solution of chlorides supplied on the
specimen. Namely, the thickness of the thin water layer containing chloride with low equilibrium relative humidity
was larger compared to that containing the chloride with higher equilibrium relative humidity. As a result, the selec-
tive dissolution of Fe is stimulated under the thicker water layer to be the more Cr containing passive films. Chlo-
rides enhanced the formation of more Cr enriched passive films, but more concentrated chloride caused localized
corrosion. In particular, passive films formed with the thin water layer containing suitable amount of sodium chlo-
ride occasionally exhibited high localized corrosion resistance. Sulfates also accelerated the selective dissolution of
Fe and increased Cr content in passive films, resulting in stable growth of passive film without localized corrosion.

Key words : passive films, relative humidity, thin water layer, chloride, X-ray photoelectron spectroscopy, selec-
tive dissolution, chromium enrichment, pitting corrosion
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18%THHDIIx L, NMHREEEFTIE 40%:E< £ Tl
fil, SOITKBEFICHELWA + B3 EEh 5 & &2,
CrigfidMetE I N s Z LWL L. ZDEE, K
B2 Fe A 4 ¥ 29K 72 v LiddE b & L TRAT
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7z, AbZFAME % Table 11273, Ik, 10x10%x3
mm3 OREZY Y H L, SiC #KT 2000 F T Trz M
L7z, ko EREERE TR AR, REK
2w LiX 0.1 M @ NaCl, MgCl,, CaCl,, Na,SO, Ki&i
50ul ZF 10 BBEPTTHT L. ok, lEX
¥ya—%—%HWwT2000 rpm. THEESE2, Zhk
D, W FLKERITHBETNZHES 2%, BEHITR
BL, WA VBRI IR AR, Mk Rw
LIZ SR OWMEREZ R L Twb, Yo k)i
Hefi L7238 %2 R.H. 90%, 60CIZHIMH L 2% HAe: (&
800 cm?®) WIZIFFL72. 512, BERTFT Vv L
2R 5720, EHiRERP RO & FIREC, B3R
HABHDLWIET NI VT A BHAEGAICER L. 2
D& E, HARAEIE 1~3 ml/min, F£I7i1E 1 kgf/cm? &
L7z, B, BETAZMBELI-L ZOFMAIHRES
JEASIZIT 100 % &7 505, TIVI U HA
HRDOBIIAVR & 52 2R L TG
L72bFTIEHwoT, HIZAHTH S
B, —~EDRBHERT V¥ v VMR L
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Na,SO,, CaCl, DAL Zr o7z, B, MEBRET VT
VAR E R IRT A LR ERADIT) HRRE .
ANEREZ RO KZEAL % Fig. 2 \2R9. 22T, H
MmERPORFE 1 HE L 7 HEOREHIDWT, IMijER
JED KB L RE v & AL REh O Cr 54 v i ae %K
PR TS LR L2, $ TS LAE )1, M1
WHZZWE &, RH. 90%, 60C OEIRE BRI PR
Bl O FH TIL BB T O ASERE R b 12 Cr 2%
#iLTWA70 Cr 7 FF v 4 RI3 KB LY g T —3% 40
at% UL &5 T b, BBEL420~30at%Th 5D
WAL, fEIREREREE T ORFRESE I E o TAMRE R 5
h Cr A F4 V3K T L, $RicmitwEho Cr 7 F
F I TSRO Cr 5% EF%SEOB X Z 15~20
at% L e o720, —F, KRR TIT- 72, HWHH THICE
BB CHRE L2561, RERLBdo Cr &

Table 1 Chemical composition of SUS 304 stainless steel employed in this study.

(mass%)
rEZONS. Dok pEiiER C Si Mn P S Ni Cr Fe
BRI THr W PR3 L 72321230k 2 L 0.07 0.46 0.78 0.029 0.006 8.06 18.16 balance
DL, EHISHAKIC TS - Rk,

X BOCETH63C L Y o L=, )s e
—EBOFHEHZIOWT, BA Lz 25CTD RO

3.5 mass% NaCl KW TILEEN & = £ 2 1}41_((11

W L7z, RBx BAREM T 10 70k F2op 1 Faop [ NSO, -

B, HREM»SEMTIEE 20 2 Z | e <

mV/min T7 / — N IC B A5 %m- ‘gm'fffffff:t:5="

L, fLEFEBMZE L. Bk E E

LT, ZHEMICIE AgCl Z fafll &7z (a) Oxygen supplied (b) Argon supplied

3.33 M KCl Z N#fi & 3 % Ag/AgCl & W= 5 ¢ ¢ 7

W%, RERIZIEH 5X5 mm?2 DS %
iz, KR coEBENIZZ DS
WEmELEE L2z L. &b,
Ak RBH D EILEEMZE 4 13O
EL7.

XPS il % 12 1% Rigaku XPS-7000 % JH\»

[
=3
=

2 3 4. 5 6
Exposure time / day

2 3 4,
Exposure time / day

Thickness of passive films formed on SUS 304 stainless steels for up to 7 days
exposed to atmosphere of relative humidity of 90% and 60C with thin water
layer containing various kinds of salts.
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JERIE AT E L7z, BNz ARY bV & ok f’ 6
EHML, FEONINTTIRELE .« 1%, . e
O LAMOFNT, EHIES L HKEE 5 . 5 .
WL 724.6.7) = w0} 2 L b - = 20} L] -
;-g :.-5 .
E 0 N N s N g 0 " 2 N N
3. i ﬁ ﬁi % Na,SO, NaCl MgCl, CaCl, Na,SO, NaCl MgCl, CaCl,
32 100 — : . . S 100 — . v .
E (b) B Oxygen supplied E (d) B Oxygen supplied
31 KRFIRETENRTIEBERED = 80p Aft'er 1day| e Argon supplied = 80FAfter 7 days| ® Argon supplied
B2 - ﬂ‘ﬂﬁ} ‘ g 6 -Ox1de layer . é 6 Oxide layer
HHREBUREW 23 T, RH 90%, X = . °
60C DIRIRIAMISEIC 7 HE CTRIFLA: 54T @ . SY = ° ¢ .
AEHAER L 22 AR EOIE S % Fig. = 5 L = -
LIRS, BRER LT VI @ 5 5 )
K& BT RE R IREE S e & & I =0 Na,SO, NaCl MgCl, CaCl, NaSO, NaCl MgCl, CaCl,
o N ] > GES LA
DI PIRL T2, T7, HHOP Fig.2 Cr content in passive films formed on the specimens exposed to atmosphere

BZOWTIE, NaCl KB ZH T L7z
EhmbIEL, UTBBE MgCl,,

of relative humidity of 90% and 60C with thin water layer containing various
kinds of salts for (a), (b) 1day and (c), (d) 7 days.
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FoF VAERIZ 20~50 at% L), ThbBEEIE Cr ik
WS B2 D0 s. 72, CridEidmEma X
DT7NITVBROFVPREAMIZH 5. 7 H R
D7\ LGEIINT D KARHEOR RO Fig. 2 12
R X ) ICHIBE TR WA, bWz oW Tid CaCl, T Cr
SRR KE L, DWT MgCl, NaCl DJIEE 75> Tw
b, ThiE, BICERTHENS L) ISR P
LR S ERIB LTV 5.

3.2 KFRERBICRELAAT U LABMOESREERE
EHBER

TE AR BRI TR R O — B8O RN IR EE £
OFEPR SN0 TEEETHMSEIC ROz BILL
7z. Na,SO4 3 & U° NaCl KRB = F L7z FHI 2w,
FLETEIZRD SN h o725, MgCl, B X O CaCl, 7k
W2 T L7223 BRI o Tid, Fig. 3 1I2RT X 9124l
HEORENTER SN, 2T, MgCl, & 5\ CaCl,
KEBWZWH T, RH. 90%, 60T ofHEiREREREIC 7 H
F ORI LR 2O MR L, BAELTwaAl
BEOBZHEB LR % Fig. 4 1087, JLEOFELKIZ
REBHIPEVIETIERELC RS EEHIZ, MgClL i TRt
BT T7TVITVBRADIT) DILEOTAEKE A4 LK

Argon

Fig.3 SEM images of samples exposed to atmosphere of relative
humidity of 90% and 60C for 3 days with thin water layer
containing MgCl, and CaCl,.
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Fig.4 The number of pits formed on SUS 304 stainless steel
exposed to atmosphere of relative humidity of 90% and
60C with thin water layer containing MgCl, and CaCl,.
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MBI 7 AR LR, (o) 25ColiA 3.5
mass% NaCl ZKEHE 12T — 100 mVpgaee 12T 3 BRI E
WAL L7238, S 512 (d) 2000 F O SiC #K TR
MEFFORBEE&SEHELL. Zhboileicon
T, 3.5 mass% NaCl K¥EH A TEy AL M X 0 il
52 L 7o fLEFSE B 2 IEH A 0 REERESE & L C Fig. 5
WCRY. LEBMEBBERIERSHICH > THiL T
BY, Zohduii (RFEMHERH 0.5 DL ZOFLEEM) 1
(@, (@, M), () DNEE %> TW575, NaCl Zii§ T,
fE R E R BB # L 723 (b) IS W Tk fLEEM
SR EL, MERRTELLBILEBMEZRT S
EWdHotz. —H, @~ £V, TheEh 1 ok
W CRERE R o Cr 7 F 4 ¥ 555 %
FEL7zE A, (a) 20 at%, (b) 40 at%, (c) 40 at%, (d)
28 at% TH - 72, it T, AR {LYIEHh o Cr
SEIILERVOGHOPRRMEEIIGLTBY, T4b
HCrm@ENLnIE)PERILEBEMERL TV,
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4.1 KEEPTONBERBEERICRETHRIEYD/E
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FTIRABR7Z2 L1, BERA P TOREELEOIE
SUFERMN AR T 2 KL & RE DR T 5. AH)
RERZ I S 2 TS B OB, AERER AN
£ 1, NaCl, MgCl,, Na,S0O,, CaCl, D& %25 TWw5b.
ZCT, BAtWITIER 5 &, KO RAUKE T A
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Fig.5 Accumulated normal probability plots of pitting potential
of SUS 304 stainless steels with various surface finish; (a)
exposed atmosphere with thin pure water layer, (b)
exposed atmosphere with thin water layer containing 0.1
M NaCl, (c) electrochemically passivated in 3.5 mass%
NaCl solution and (d) as polished.
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Table 2 Equilibrium relative humidity (R.H.) and solubility of
saturated solutions of various salts at 60°C® 1V,

Solubility
Salt RH (%) -
mass% [CI 1 mol / kg "
NaCl 75 26.4 3.75
MgCl, 30 35.5 431
CaCl, 15 453 479
NaySO4 88 219

DWVWT, TREN 75%, 30%, 15%TdH 5810, Wk
512 LI RKBER O - BIRBRE A RET L, KM
R O -5 AR R EE & KRS R B TR o3
PEAT HWELOMNIGEZHA LTS, T4bb,
CaCl, Ti¥ RH. 7% 15% L L CilfiE, $7hbbKREL ERK
T5., EHICRH PR T D EKBENEL 2B EEZLS
No. —J, FHHFEENREVEITE, T K&R
RH. ICTHIAT 5. - T, WLWIZoOWTIE, KFE
X% CaCl,>MgCL>NaCl DNEIZ > TWwB EEZ bR
5. Fig. LIORL7ABEREEE S L IRT 5 &, it
MBS D856, KEEAFEOIT &R R o B Rk
JEIREL BoT0D., —T, BESENEHVWE ZDIF
) HBAERER BZIE . FER OILHGHE B X O e R
IR X o TELT B, Lo L, WS KREDK
JRE S CIIBEFBEIFICHAIL Wb EEZ bh, —
75, RIEASHE T SRR X < 7 o TERE VIR 13K
T3 5. o T, BEROMIERE & ABRER IO K K&
EEOMIBIEEZIZL W, £ZAT, Fig. 1 & Fig. 2 &
D, BEEER RO Cr R & REEEY T S & % g
T2 L, DMEHREREH Cr DK & WIT &AM K
HEHWEAFRD SND. G- T, WA + ¥ 2T
THEE, KENPENITE Fe OBINGEIRATR  HAT
L, ") T7HRLDE CrifEORE RAERERIKE
AL, MREE L TABRBEBEoRE MR Shi &%
AbNb., TOZ L, FIIBESEIMENT VT E
SIRETHETH Y, WE OKBTIRE CABREE I
TIEMPMET ENE BTN L& bR LT
w5,

4.2 AEERBEOHMEICXT 5 S02- DR

BT Tk _72 X 912, KEBEFOEY A 4 >~ 1X Fe
OBPBEMEZEAEL, AL FEP T CrigHEE 5
DLW —FT, HAWA Y IIBEIEL 2L ER
BREEELREL, RFEEZAELIERE D RS, A
BREE UL BT =4 VX o TREN LY, BES
N7z 525, 74 OB 5 BB
Cl->Br >I">F >S02 >NO, THALIZ LHMbhT
W51, SO2 1E Cl[AIEEIC Fe £ F » & OFSRIERKIC &
0, Fe OFEJHEMAMLAEL, NEBRZBETO Crigfbz
IS 525, AWFFETIT- - EB TR A% 55E
5 Eid Ao 72, Uhlig 5317 s b¥KEik b coil
HEMIZ SO DTEIMIZE > THIZEILT A EEZH S
PCLTBY, E5IMOT =F v ORREZRET L7k
B, FEEEEREE ZE L CREERZIHT 27 =4
Y ELTHEDMWIEL Y OH >NO, >S0.2- >Clo,~
ThHbEMREL TS,
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43 KEBERICEFhEEHLIVBEERRTEIEHE
BEOmEM

KRR AREWHERE T CERT 2 AERBEEDOE L & Cr
BEREOMEL L OEHOBERT Yy VIitkoT
ZALLTHBY, ZHILEHE DNV 7 DOKER T OAE)
RO E AAEDOEALTH > T, KAHEBEICBITS
FEFNTH VKT CORBRER A K b ERILEmEE I
M TR ENTWDS Z EDTD 5.

AWFZE T, EREREE CORFEETOILAEFRE R
MgCl, & CaCl, W F L7z 2oA RN, LaL,
WHOMEB X OMERT ¥ v b E LSRN & O/
WAZER IS 22 AR R S e - 72 (Fig. 4). NaCl i
ToOWE, FLEZIEL 2\, Table 2 1IR3 X912,
NaCl O fIfEEE A CaCly, MgCl, & TV S &A%
BLTWhEEZONS, L 2AT, HEiAERBREICHE
LA ofLAEMZ e Lzdy, JLAEEME R
i Cr s & i3shs LT (Fig.5). LaL, Hftw
EUIRKBR AT T LA, ERGAr AN TE
WILEBMZRTHEAESRH Y, WALWA + v L Fe £ %
VL DEMRIZRIAT Cr A 2 e L, X 0 s 2 A e
A AR T A 2 & a R L TE ) BRE .

ARHFFE 7 & OTHTTRY O 208 0T, KABREIITH—
AT FA PRAT VL ASNI AT B AE) 8 R I O Rtk
HME L7z NV 7 OKBEP OYE L AT, NEiE
BIEOE S, CrigEnZ LIZIEEICHTNTH > 7275,
TGS 2 WHDMT 75 L 72B221E, Fe O AIRIK
WZPED Crilfm o e Eds | o, AR BT RS BB
PO EEEZ RS2 L) ICEREIIR L TEELTw
AHZENHLNE o7,

5. ¥ & &

KABEPICTAT v U A4 RS 5 AN EHER
DR 2B & i Atk % A L7258, T2 &
o7z,

(1) SUS304 27 ¥ L ASHFKIM AR T 2 K IEE
AEWIE O BRI HIS L CE S ASREICHINST 5. £
DGR, KEFEDIE L AR X WIS Fe O BRINGFE AR
MR, MHEEKS O CrigfFidiE Ky 5.

(2) HREEA 4+ XA A A ~ L MBI Fe O BNAE
i 2 e e U CAMVBREZ B Cr 285 2 A%, REBE
BrEU 52 L CRERNMYRERE 2 TR L 7.

(3) KRERBRBEHCHER L 72 AN RE Bz B3 BR 1L g vp Cr
IREERIS U722 B 3006 s 2 % 374, Bk A + v 1F
T TR LB, FFcsuilflattz Ry
WENH o7,

B

AKWFZeid 7 a— 3L COE 7u 7o . [Hids - ¥nedk
HERE T A Y EBEWZERS CRIORSE) | o3RIz kY
FEhi X 7.
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