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ABSTRACT
The corrosion behavior of Ni-base Ren  77 superalloy was studied in H

2
/H

2
S and H

2
/H

2
S/H

2
O

mixed gases over the temperature range 550-850 .  In general, the corrosion kinetics followed

the parabolic rate law in both gas mixtures, and the corrosion rate constants increased with

increasing temperature.  The scales in H
2
/H

2
S mixed gases were duplex and temperature-

dependent.  The outer-layer scale formed at T † 600 consisted of mostly nickel



sulfide (Ni
9
S

8
/Ni

3
S

2
), cobalt sulfide (Co

9
S

8
/Co

6
S

5
), and minor CoMo

2
S

4
, while the inner-layer scale consisted of mostly

Ni
3
S

2
, CoCr

2
S

4
, and minor amounts of Cr

2
S

3
and Al

2
S

3
.  At T ‡ 700 , minor amount of NiCo

2
S

4
was also detected in

the outer-layer scale, and the inner-layer scale was composed of the same sulfides at 600 .  On the other hand, the

scales formed in H
2
/H

2
S/H

2
O mixed gases were triplex and temperature-independent, consisting of the outer-layer of

nickel sulfide (Ni
7
S

6
/Ni

3
S

2
), cobalt sulfide (Co

9
S

8
/Co

3
S

4
), of the middle-layer of Ni

9
S

8
/Ni

3
S

2
, Co

9
S

8
/Co

6
S

5
, and minor

amounts of CoMo
2
S

4
, CoCr

2
S

4
, and Cr

3
S

4
, and of the inner-layer of Cr

3
S

4
, CoCr

2
S

4
, Al

2
S

3
, and minor Al

2
O
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1 . René 77 (wt.%).*.

Table 1. Chemical compositions (wt%) of René 77

superalloy.

* (GDS) 

.

2 . René 77 ( H
2
/H

2
S/Ar/H

2
O 

H
2
/H

2
S/Ar ) (

kp, g2/cm4/sec ).

Table 2. Parabolic rate constants ( g2/cm4/sec ) of René

77 at different mixed gases.
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1 . René 77

(a) H
2
/H

2
S, (b)

H
2
/H

2
S/H

2
O.

Fig.1 Corrosion kinetics of René 77 in (a) H
2
/H

2
S, (b)

H
2
/H

2
S/H

2
O mixed gases. 

2 . .

Fig.2 Temperature dependence of corrosion rates.
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( b )

3 . René 77 X 

(a) 600 H
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2
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195.4 (b) 800

H
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2
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2
O 1.42 .

Fig.3 XRD spectra of the scales formed on René 77

corroded (a) in H
2
/H

2
S mixed gas at 600 for

195.4 hr, (b) in H
2
/H

2
S/H

2
O mixed gas at 800

for 1.42 hr.

( a )

( b )

4 . René 77 (a)

800 H
2
/H

2
S 3.65 hr

(b) 800 H
2
/H

2
S/H

2
O 

1.42 hr.

Fig.4 Micrographs of René 77 samples corroded (a)

in H
2
/H

2
S mixed gas at 800 for 3.65 hr, (b) in

H
2
/H

2
S/H

2
O mixed gas at 800 for 1.42 hr.
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5 . (a) Ren  77 700 H
2
/H

2
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31.85 BEI 

(b) Ni, (c) Co, (d) Cr, (e) Mo, (f) Al, (g) S 

X- .

Fig.5 (a) EPMA coss-sectional micrograph of Ren

77 corroded in the H
2
/H

2
S gas mixture at 700

for 31.85 hr, and X-ray maps of (b) Ni, (c) Co,

(d) Cr, (e) Mo, (f) Al, (g) S.
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19.92 BEI

(b) Ni, (c) Co, (d) Cr, (e) Mo, (f) Al, (g) S

X- .

Fig.5 (a) EPMA coss-sectional micrograph of Ren

77 corroded in the H
2
/H

2
S/H

2
O gas   mixture at

700 for 19.92 hr, and X-ray maps of (b) Ni,

(c) Co, (d) Cr, (e) Mo, (f) Al, (g) S.
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7 . (a) René 77 700 H
2
/H

2
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5 XRD (b) 

.

Fig.7 (a) XRD analysis of the scale formed on René

77 at 700 in the H
2
/H

2
S gas mixture for 5 min,

(b) the corresponding topography of (a).

( a )

( b )

8 . (a) René 77 700 H
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5 XRD (b) 

.

Fig.8 (a) XRD analysis of the scale formed on René

77 at 700 in the H
2
/H

2
S/ H

2
O gas mixture for

5 min, (b) the corresponding topography of (a).
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9 . (a) René 77 H
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Fig.9 BEI micrographs of the scales formed on René

77 (a) corroded at 800 , H
2
/H

2
S mixture gas for

3.65 hr, (b) corroded at 700 , H
2
/H

2
S/H

2
O

mixture gas for 19.92 hr.

1 0 . Cr-S-O 700 .

Fig.10 Stablity diagram of Cr-S-O at 700 .
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