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Effect of Mo-Al and Al-Si Coating on High-Temperature Sulfidation of 310
Heat-Resistant Steel
C.Y. Bai, Y. J. Wu, and W. Kai*
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ABSTRACT

High-temperature sulfidation of AISI 310 heat-resistant steel coated with Mo-Al ( contain-
ing pure Mo, Mo-20, or Mo-32at.% Al) and Al-7wt%Si ( without or with preoxidation treat-
ment ) film was studied over the temperature range of 700 ~ 900°C at 10"'atm. sulfur vapor.
The Mo-Al and Al-Si coating was prepared by the R. F. magnetron sputter deposition and hot
-dipping, respectively. The corrosion kinetics followed the parabolic rate law, and the sulfidation
rate constants increased with increasing temperature in all cases. The scales formed on 310
heat-resistant steel coated with Mo-Al coating layer were duplex, consisting of an outer layer
of mostly iron sulfide (FeS/Fe;_S), Cr,S3/Cr;S, and minor (Fe,Ni)sSg and an inner complex
scale of FeS/Fe _,S, Cr;83/Cr3Ss, MoS,, and minor amounts of Al,Ss;, Fe; sMogS; 7, and
Alg ssMo,S,. The scales formed on 310 heat-resistant steel coated with Al-Si coating layer
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were mostly consisted of aluminum sulfide (Al,S;), and minor amounts of FeS/Fe;_S, Cr,Ss/
Cr3S4, and (Fe,Ni)gSg, while the scales formed on 310 heat-resistant steel coated with Al-Si
coating with preoxidation treatment consisted of Al,Os, SiO,, Al;SiOs, Al,;S; and minor amounts

of FeS/Fe,_,S, Cr,S;/Cr3S,, and (Fe,Ni)gSg

Key words: 310 heat-resistant steel, sulfidation, Mo-Al coating, Al-Si coating.
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Table 1. Compositions of AISI 310 Heat-Resistant Steel.

Fe| Cc [ Ni (Mn| Si | C P| S
51.96/25.57(20.04| 1.77 | 0.58 | 0.02 | 0.03(0.003
51.15|27.0318.77{ 1.77 | 1.1 |0.09 | 0.05[0.005

Elements
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at.%
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Fig. 1 Sulfidation kinetics of 310H-R.S. with coatings at (a)
700°C, (b) 800°C, (c) 900°C atPs,= 107! atm.
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Table 2. Sulfidation Rate Constants (g%cm‘/sec.) of Testing

Samples.
vﬂl};mﬁpﬂ 700°C 800°C 900°C
[~

310 H-R.S. 6.15x10° | 1.03x107 | 8.69x10”
/ 311?u13e;§&i' T 2.99x107 | 4.54x107° | 2.49x107
311815-2%2 T 159x1070 | 1.87x10° | 3.84x1078
311?4§§§§i t | 286x10™ | 231x107° | 2.07x10°
31%{.— I;ISS{ T ] 231x102 | 3.01x10™ | 1.90x107°
SLOH-RSHAL | 5 150107 | 9.14x10™ | 7.90x10°

7Si-preoxidation.
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Fig. 2 (a) EPMA cross-sectional micrograph and X-ray maps
of (b) Fe, (c) Ni, (d) Cr, (&) Al, (f) Si, (g) Sof
the 310H-R.S. coated with Al-7wt.%Si corroded at
800°C, Ps, = 107" atm. for 38.83 hr.
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Fig. 3 XRD analyses of the scale formed on 310H-R.S. coated
with Al- 7wt. %Si exposed to air at 900°C for 1 hr.
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Fig. 5 SEM plan view of the scale formed on 310H-R.S. coated
with pure Mo corroded at 900°C for 1.1hr.
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Fig. 6 SEM plan view of the scale formed on 310H-R.S. coated
with Al-7 wt% Si corroded at 900°C for 13.22hr.
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Fig. 8 BSE cross-sectional micrograph of 310H-R.S. coated

with Al-7wt.%Si with preoxidation treatment corroded
at 900°C for 118.33 hr.
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Fig. 9 BSE micrographs illustrating the position at Pt marker
on 310H-R.S. coated with Mo-20at.% Al after exposed
at (a) 900°C for 5.9 hr. (b) 800°C for 10 hr.
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Fig. 10 XRD anaylses of the scale formed at the initial tran-
sient stage of 310 H-R. S. coated with Al-7 wt.% Si
corroded at 900°C.

FARERE » RSB 107 KRR - BEH
& 700-900°C 2 [ #9 & k1T B 8 ST AR B
o FEEhE AR BE R & 8 hnkk o

.ERERNRRILREER _BRE
AEEEEHAE (FeS/Fe, xS) RHif
$ (Cr,S3/CrsSy) » LB MERIBBRRCY
(Fe,Ni)Ss; W/E BHEMAESH  TEEER
b8 (FeS/FexS) ~ Mfbg (CraSy/CraSq) ~ Hi
{t$H (MoSy) AR BHFRILER (ALSs) ~ #isH
Bt® (Fei.2sMogSq.7) HEESARMID
(AlpssM0Sq)

B ERENRE  HAERENE(ERY
BELEE (ALD;) ~ &L (Si0y ~ K&1LiE
B (ALSIOs); FftEVRIF ERMILEE (AlSs)
R BHIBLIR (FeS/FexS) ~ Fiftgh (CrSy/
Cr3S4) EESRIRFRILY) (FeNi)oSg o

. BEEEMRRAREZE - B EIEHR
$E/E > 310 HEVEH - @RI B RE
BB (8- 8- 8%) BErrasERRS MAE
BitwnE kil 2E (FR) BFrRRESHR
;Z'g( °

27—

F;IEF

E-
N

%1-

A AAREM FREME (NSC 86-2216-
019-001) - BB EIEHEASMH TR
FEH AR PVD 1K » REEEPHERER

R ERVIESUIZ ) Al-Si BRI - R LEEH o
2% UM

1

[=))

O

10

11

12

13

14

15

. W. Kai, D.L. Douglass, and F. Gesmundo, Oxidation
of Metals, Vol. 37, Nos. 5/6, (1992) p.389.

. S. Mrowec and K. Przybylski, High Temperature Ma-
terials and Processes, Vol. 6 (1984) p.1-79.

. S. Mrowec and K. Przybylski, Oxidation of Metals,
Vol. 23 (1985) p.107.

. H. Habazaki, J. Dabek, K. Hashimoto, S. Mrowec, and
M. Danielewski, Corrosion Science, Vol. 34, No. 2
(1993) p.183-200.

. Z. Grzesik, H. Habazaki, K. Hashimoto, and S. Mrowec,
Corrosion Science, Vol. 36, No. 9 (1994) p.1499-
1511.

. S. Mrowec, Oxidation of Metals, Vol. 44 (1995} p.177.

. W. Kai, and R.T. Huang, Oxidation of Metals, Vol. 48,
Nos. 1/2, (1997) p.59.

. JL. Smialek, Corr. Sci., 35, 1199 (1993) .

BBE - BREAEMHBIBWREAELAX
(1996) -

BEE - BEASEMBNIEWRERFAELSRX
(1997) o

. B. Gleeson, D.L. Douglass, and F. Gesmundo, Oxida-
tion of Metals, Vol. 33 (1990) p. 425.

CHER REE BERE B ¥ PBLTE » Vol
11 (1997) pp.15-24.

. E.T. Turkdogan, in : Physical Chemistry of High Tem-
perature Technology, (1980) .

.EM. Levin, HF. Mcmurdie, and M.K. Reser, Phase
Diagram for Ceramists, Vol. Il { The American Ce-
ramic Society 1975) .

. S. Mrowec, Oxidation of Metals, Vol. 44 (1995) p.201.
16. G. Wang, D. L. Douglass, and F. Gesmundo,
Oxidation of Metals, Vol. 35 (1991) p.349.



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

