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Preparation of Highly Oxidation-resistant Surface for Stainless Steel in Atmosphere
Containing Water Vapor by Molten Salt Electrodeposition

Michihisa FuxumoTo, Yasuhiro MATSUDA and Motoi HARA

Synopsis : Formation of a surface layer containing a high concentration of aluminum on SUS304 stainless steel was tried by electrodeposition of Al on

the steel using potentiostatic cathodic polarization method in NaCl-KCI melt containing AIF;. In addition, improvement in spallation resis-

tance of the steel was accomplished by electrodeposition of La in the same molten salt containing LaF,. The cyclic oxidation resistance of the

electrodeposited sample was investigated at 1273K in air containing water vapor. The deposited layer formed after Al electrodeposition uni-

formly coated the substrate steel, and was adhesive to the substrate steel. The deposited layer consisted mainly of Fe aluminides. The parti-

cles of La were observed on the surface of the deposited layer when the electrodeposition of La was carried out after the Al electrodeposition.

The cyclic oxidation test in atmosphere containing water vapor showed that for the untreated steel, a large mass loss was observed, while for

the steel with Al deposition, this behavior was largely improved. For the SUS304 steel with Al and La depositions, the mass loss became

small as compared with the steel with only Al deposit, showing that the cyclic oxidation resistance of the steel with Al and La depositions

was extremely high. For this case, it was found that a protective scale consisting of a-Al,O; was formed on the deposited layer surface.

Key weords: electrodeposition; molten salt; La; Al; water vapor oxidation; cyclic-oxidation; coating.
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Table 1. Chemical composition of the SUS304 stainless
steel.

Fe c Si Mn P S Ni Cr Mo Al N

Bal. | 001 | 052 | 0.97 | 0.03 | 0.002 | 958 |18.15 | 0.20 |0.002 | 0.043
Ar Gas Outlet
Cooling Water
_k\ ] )
Quartz Tube T
j Ar Gas Inlet
o )
o o
Furnace MiNtsiminitli
o] e .
° o Alumina
o ° Crucible
=] (=3
o [l -+ I et~ Thermocouple
Reference ° _Ullo
Electrode ° ° Counter
o]l e Electrode
Working .77 1|° UQ
Electrode ° ° [~ Molten Salt
o O

Fig. 1. Electrolytic cell for electrodeposition experiment.
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(a) Al electrodeposition

(b) La electrodeposition

NaCI-KCI-0, 3.5mol%AIF,

N
j=}
[=}
o

-1500 AlF, 0 mol%

Current Density, // A-m2

-1000
AlF; 3.5 mol%
-500 /
0 R
25 -20 15 10 -05 ©

Potential, £/V vs. Ag / AgCl

NaClI-KCI-0, 3.5 mol%LaF,

-2500 T T

0 mol%tLaF,
-2000

-1500

-10001 3.5 mol%LaF,

/ 1

0 L 1
-3.0 -2.0 -1.0 0

Potential, E/V vs. Ag/ AgCI

-500

Fig. 2. Cathodic polarization curves of SUS304 steels
measured at 1023K in the NaCl-KCI melt with and
without (a) 3.5 mol% AIF; and (b) 3.5mol% LaF,.
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Fig. 3. Cross-sectional micrograph and X-ray line scanned
profiles of Fe, Cr, Ni and Al across SUS304 steel

with Al deposit.

Nolz,
Fig. 2(b) {Z

M 6 7 —

1023K @ NaCl-KCI{ARIIE & Z 1ic
mol% D LaF, % VRN U 7= & AlE b (2
V= PR % /83, LaF, 2N L 22T,
AL, LaF, ZWIML T RWEA

‘?éwwmﬁmw

@ﬁ¢i@éwy~F%F£%k%<&oto:@F%;
D, LaF,OWFMIZ & D La** 4 v OB ITRIGAH# Z

EHER XN,

3.2 T|IRBOWES LUHERK
Fig. 312, 3.5mol% ? AlF, & /RN L 7z NaCl-KCLE R+,
‘W%mwmm%@iﬁﬁ%%m
DSEMEBE (RHEBEFHIE) 27T, SUS304Hi L
EERS LT 5BENEOERK P

~1.6VIZ3.6ks EEEN 7

W oz, X%ﬁ@?ﬁ <

—-15V

ZiF Al

48

(a) Al electrodeposit (b) Al+La electrodeposit

Fig. 4. Scanning-electron image of SUS304 steel surface
with (a) Al and (b) Al+La deposits.
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Fig. 5. Mass change-time curves of SUS304 steels with
and without Al deposit during cyclic oxidation at
1273K in air containing 19.8 vol% H,O0.
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Fig. 6. Cross-sectional micrographs and X-ray characteristic images (Fe, Cr, Ni, Al and O) of SUS304 steels with and without Al
deposit after oxidation for 864 ks at 1273K in air containing 19.8 vol% H,0.
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Fig. 7. Mass change—time curves of aluminized SUS304
steels with and without La deposit during cyclic
oxidation at 1273K in air containing 19.8 vol%
H,0.
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Fig. 8. Cross-sectional micrographs and X-ray characteristic images (Fe, Cr, Ni, Al and O) of aluminized SUS304 steels with and
without La deposit after cyclic oxidation for 864 ks at 1273K in air containing19.8 vol% H,0.
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Fig. 9. Cross-sectional micrograph and X-ray line scanned
profiles of Fe, Cr, Ni and Al across SUS304 steel
with Al+La deposits after cyclic oxidation for 864
ks.
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