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Abstract

The corrosion resistance of SUS304 stainless steel before and after electrolytic treatment with aque-
ous solutions containing fluorine was investigated and the FE-TEM, XPS and TOF-SIMS analyses were
conducted to the passive film. The corrosion resistance of the steel in acidic 6.0% FeCl; solution was
enhanced to more than twice by the electrolytic treatment, and the pitting potential of 2B surface in
1.0 M NaCl solution increased from 283 mV to 363 mV (vs. SSE). The enhancement is likely related
to the formation of a stable, dense and uniform passive film, which should be attributed to the enrich-
ment of chromium and the formation of stable chromium fluoride in the passive film, the removal of
impurities and inclusions, and the suppression of specific adsorption of chloride ions due to the elec-

tronegative repulsion of fluoride.
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Table 1 Chemical composition of SUS304 steel.

Material | C Si | Mn P S Ni Cr Co

SUS304 | 0.06 |10.42{1.11]0.031|0.003 | 8.03|18.04 | 0.22

Table 2 Conditions of electrolytic treatment.

Electrolyte . .
Method | (Neutral aqueous | Voltage Style Effective value  Treat time | 1, 't treatment
: of voltage (sec/side)
solution)

(0] Water washing
and dry
Na;CH;0; and ]

F1 c1%*NaF AC 18V 5 Waf;dwgfhmg
(PH=7.5) y
Na;CH;0; and ]

F2 2% *NaF AC 18V 5 Waf;dwgrs o
(PH =6.0) y
Na,SO, and )

F3 % Nar | ACDC gy 5 |Watervashing
(H = 6.4) perimp y

*e3>cl >c2

2 2
o &
= 60Hz 3 60Hz
s S
\3,7ms/
0 8.3ms \ 83ms | 83ms " Tooms \/ 10.6ms "
Time, #/ms Time, t/ms
(a) AC (b) AC-DC superimposed

Fig. 1 Voltage variation of AC (a) and AC-DC superimposed (b)
styles, applied in mop electrolytic treatment.

L 1

Power supplier

Fig. 2 Schematic drawing of mop electrolytic treatment.
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Fig. 3 Corrosion rates of SUS304 steels before and after
electrolytic treatment when they were immersed in 1/20 M
HCl and 6.0 mass% FeCl; solution at 308 K for 24 hours.
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Fig. 4 Steel surfaces before and after electrolytic treatment, after
the immersion in 1/20 M HCI and 6.0 mass% FeCl,
solution at 308 K for 24 hours.
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HIZIZEAEED LRV, F2L F3EMULIOYEI2IEZ
NZNILEEMA LA L7z, 5912, F3EMLIIZE - TO
MofLaEs (283 mVyvs.SSE) XY 79 mV 5 o 362
mV & o7z, —F, 20000 O¥4 Tk, Fl, F2Effus
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Fig. 5 Anodic polarization curves of steels before and after
electrolytic treatment, obtained in 1.0 M NaCl aqueous
solution at 303 K.
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400
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300 | 281 sy 2
250 I I
Fig. 6 Pitting corrosion potentials of steels before and after

electrolytic treatment, obtained in 1.0 M NaCl aqueous
solution at 303 K.
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Treatment (F3)

Fig. 7 Steel surfaces before and after electrolytic treatment of F3.
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o FE-TEM R85 513 FIMLPE L 7= 300 (s 70 B i s
W TELZEZREMNITITVDE, T2, WEEO RIS
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P2 il S 7 2o 722B MR 0 ZET ML 65 T b B BLAVE
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¥—bsh7z (Fig. 9 (by, byo DT &1L, Fig. 712HS
N72J@HE (a, b) ERBICHABRBILIEZ 5722 & &R
THOT, THIE > T FIUHERERR i &5 L L7z

Not treated (O)

Treatment (F3)
(b) 2B-F3

Substrate

Substrate

Fig. 8 Cross-sections of passive film and the nearby substrate in
grain of steels before and after electrolytic treatment of F3.

Substrate]

Substrate

Fig. 9 Cross-sections of passive film and the nearby surface ditch
of steel before and after electrolytic treatment of F3.
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MROMIEICLDE, KbFDOTvFEAFVIE, AT VLA
LT T OFRLEOMALY & KB & UG L C ol a8
A+ 2 LTSI RAG I 39 sbhot, $72,
ToFEAFVEZ vV EDORIBIREEB TS —T,
ToFEAFVEZOLERWEEA TV I2R DI, R
WY 187 v AL 7 BT REEASE Y L i X T

100 100
(a) As polished (EP) (b) F3 treated (EP-F3)
90 90
80 ] Eezps 80 :’293
T i o o B PO oo0 0|
70 = R

Atomic concentration, c/at.%

Fig. 10 Depth profiles of various elements from the utmost surface
of steel before and after electrolytic treatment of F3,

analyzed by XPS.
40 40
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o Cr{Cr-0) F
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g 10 i
2 Film
F
0
0 1 2 3 4 3

Depth, d/nm

Fig. 11 Depth profiles of F and oxidized chromium from the
utmost surface of steel before and after electrolytic
treatment of F3, analyzed by XPS.
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Fig. 12 Depth profiles of element bonding states from the utmost
surface of steel before and after electrolytic treatment of
F3, analyzed by XPS.
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Fig. 13 Depth profiles of various ions from the utmost surface of
the steel after electrolytic treatment of F3, analyzed by
TOF-SIMS.
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Fig. 14 Schematic drawing of the condense passive film formation
and the enhancement of corrosion resistance.
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