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The Sulfidation Behavior of AISI 310 Stainless Steel and
High-Chromium Cast Steel

Y.J Wu, C. J. Leu, and W. Kai
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ABSTRACT

High temperature sulfidation behavior of AISI 310 stainless steel and high-chromium cast steel (Fe-
27 wt.% Cr) was studied over the sulfur-pressure range of 107~ 1 atm. at 700-900°C. The sulfidation
kinetics of both alloys followed the parabolic rate law and the sulfidation rate constants increased with
increasing temperature and sulfur pressure. The variation of the parabolic rate constants related to sulfur
pressures is fit to the relationship of K,~(const.) * Ps,"", where n=5.8~6.7 for AISI 310 stainless steel and
n=2.2~-2.8 for high-chromium cast steel. The scales formed on both alloys were duplex and multilayered.
The outer scale of 310 stainless steel consisted of mostly (Fe,Ni)oSg, FeS/Fe;.xS and minor Cr,8;/Cr;S,,
while the inner layer consisted of Cr;S;, Cr;Sy, NiCr,S,4 and FeS. The outer scale of high-chromium cast
steel consisted of mostly iron sulfide (FeS/Fe;.xS) and minor chromium sulfide (Cr,S5/Cr;S,4), while the
inner layer was a heterophasic mixture of iron sulfide and chromium sulfide. Platinum-markers of both
alloys were located at the interface between the inner and outer scales, suggesting that the outer scale grew

by the outward transport of cations and the inner scale grew by the inward transport of sulfur.
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Table 1. Compositions of testing steels.
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Fig.1 Optical micrographs of (a) 310 stainless
steel, (b) high-chromium cast steel.
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Table 3 Sulfidation rate constants of testing steels (unit :

g’/em*/sec.).
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Fig.3  Sulfur-pressure dependence of parabolic

rate constants for both steels at 700-900 °C,
(a) 310stainless steel, (b) high-chromium
cast steel. ‘
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Fig.4
stainless steel corroded at 800 °C, Ps, =
10 atm. for 8.2 hr, (b) high-chromium
cast steel corroded at 700 °C, Ps,=107
atm. for 3 hr.
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Fig.6 (a) Backscattered electron micrograph and
X-ray maps of (b) Fe, (c¢) Cr, (d) Ni, (&) S
of 310 stainless steel exposed at 900 °C, Ps,
=10"" atm. for 0.9 hr.
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Fig.7 (a) Backscattered electron micrographs

and X-ray maps of (b) Fe, (c) Cr, (d) S of
high-chromium cast steel sulfidized at
900 °C, Ps,=10" atm. for 1.45 hr.
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