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High-Temperature Sulfidation Behavior of 2205 Duplex Stainless Steel
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ABSTRACT
High-temperature sulfidation behavior of 2205 duplex stainless steel (2205DSS) over the

temperature range 500~900 in H
2 
/ H

2
S and H

2 
/ H

2
S / H

2
O gas mixtures was studied.  In general,

the corrosion kinetics followed the parabolic rate law in both gas mixtures, and the corrosion rate
constants increased with increasing temperature and the presence of water vapor.  The scales
formed in H

2 
/ H

2
S mixed gases were complex and heterophasic, consisting of the outer layer of

mostly iron sulfide (Fe
1-X

S or FeS) and iron-nickel sulfide ((Fe,Ni)
9
S

8
), while the inner layer was a

heterophasic mixture of Fe
1-X

S FeCr
2
S

4
CrMo

2
S

4
Cr

2
S

3 
, and minor Mo

2
S

3
.  The scales formed in

the H
2 
/ H

2
S / H

2
O gas mixture were similar to those of in the H

2 
/ H

2
S gas mixture, and no evidence

of any oxides was found.  Platinum marker were always located at the interface between the inner
and outer scales, suggesting that the outer scale grew by outward transport of cations (Fe, Ni, and
Cr) and the inner scale grew by the inward diffusion of sulfur.
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1. 2205DSS (Wt.%).

Table. 1 The chemical composition of 2205 duplex

stainless steel.

2. 2205DSS 

(K
p

, g2/cm4/sec) 

(Q , KJ/mol).

Table. 2 Corrosion rate constants and apparent

activation energies of 2205DSS in H
2
/H

2
S and

H
2
/H

2
S/H

2
O gas mixtures.

1. 2205DSS .

Fig. 1 Optical micrograph of 2205DSS.

(a)

(b)

2. 2205DSS 

(a) H
2
/H

2
S, (b)

H
2
/H

2
S/H

2
O.

Fig. 2 Parabolic plots of the corrosion kinetics of

2205DSS in (a)  H
2
/H

2
S and (b) H

2
/H

2
S/H

2
O

gas mixtures at 500-900 .
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3. 2205DSS 

.

Fig. 3 Temperature dependence of corrosion rate

constants of 2205DSS in H
2
/H

2
S and

H
2
/H

2
S/H

2
O gas mixtures.
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4. 2205DSS H
2
/H

2
S 

(a) 600 , 21.2 , (b) 800 ,

3.88 .

Fig. 4 Topographies of the scales formed on

2205DSS in H
2
/H

2
S gas mixtures exposed (a)

for 21.2 hr at 600 (b) for 3.88 hr at 800 .

5. 2205DSS H
2
/H

2
S 800

9hr X- .

Fig. 5 XRD analyses of the scales formed on

2205DSS exposed for 9 hr at 800 in H
2
/H

2
S

gas mixtures.

(a)

(b)

6. 2205DSS H
2
/H

2
S/H

2
O 

(s) 600 , 41.18 , (b) 700

, 16.83 

Fig. 6 Topographies of the scales formed on 2205DSS

in H
2
/H

2
S/H

2
O gas mixtures exposed (a) for

41.18 hr at 600 (b) for 16.83 hr at 700 .
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7. 2205DSS H
2
/H

2
S/H2

2
O 500

120 XRD .

Fig. 7 XRD analyses of the scales formed on

2205DSS exposed for 120 hr at 500 in

H
2
/H

2
S/H

2
O gas mixtures.
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2
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2
S/H

2
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.

Fig. 8 (a) BEI micrograph and corresponding X-ray

maps of (b) Fe, (c) Cr, (d) Ni, (e) Mo, (f) S of

2205DSS corroded for 120 hr at 500 in

H
2
/H

2
S/H

2
O gas mixtures.
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(a)

(b)

(c)
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2
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2
S 900

1.5 (a) , (b) (a) 

, (c) XRD .

Fig. 9 (a) BEI micrograph of plan view of the surface

of 2205DSS sulfidized for 1.5 min at 900 in

H
2
/H

2
S gas mixtures, (b) higher magnification

of (a), and (c) corresponding XRD analyses of

(a).

(a)

(b)
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2
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2
S/H

2
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2 (a) XRD (b) 

.

Fig. 10 (a) XRD analyses of the scales of 2205DSS

corroded for 2 min at 900 in H
2
/H

2
S/H

2
O gas

mixtures, (b) corresponding topography of (a).
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(a)
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11. 2205DSS H
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/H

2
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13.6 (a) , (b) 

, (c) BEI .

Fig. 11 (a) Parabolic plots of long-time sulfidation of

2205DSS sulfidized at 900 for 13.6 hr in

H
2
/H

2
S gas mixtures, (b) surface morphology

of (a), and (c) cross-sectional BEI micrograph

of (a).

12. 2205DSS H
2
/H

2
S 500

X- .

Fig. 12 XRD analyses of the scales formed on

2205DSS at various durations of exposure

time at 500 in H
2
/H

2
S gas mixtures.
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13. 2205DSS BEI (a) H
2
/H

2
S,

500 196 , (b)  H
2
/H

2
S/H

2
O, 700

16.83 .

Fig. 13 BEI micrographs illustrating the position of Pt

marker on 2205DSS corroded for (a) 196 hr at

500 in H
2
/H

2
S gas mixtures and (b) 16.83 hr

at 700 in H
2
/H

2
S/H

2
O gas mixtures.

14. (Fe, Cr, Ni) -S-O 900

.

Fig. 14 Superimposed stability diagram of (Fe, Cr, Ni)

-S-O at 900 .

-97-

2205 

Log Po
2
(atm.)

Lo
g 

P
s 2

(a
tm

.)



-98-

93 3


