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ABSTRACT
The high-temperature corrosion behavior of Co-Al binary alloys (containing Co-2, 5, and

10wt.% Al) was studied over the temperature range 600-800 in H
2
/H

2
S/H

2
O gas mixture.

Generally, the corrosion kinetics of all the alloys followed the parabolic rate law, and the corrosion
rate decreased with increasing Al content. The kinetics inversion was observed between 700 and
800 for higher Al alloys (>5%Al).  The scales formed on the alloys were duplex, consisting of
an outer-layer of Co

9
S

8
and of an inner-layer of mostly Al

2
S

3
, Al

2
O

3
, and minor amounts of Co

9
S

8
.
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1 EDS 

Table 1 EDS analysis of Co-Al binary alloys.

2 (g2 cm-4 sec -1)

Table 2 Parabolic rate constants (g2/cm4/sec) of Co-Al binary alloy at

different corrosion environment.

1 Co-Al (a) Co-2wt.%Al (b)Co-5wt.%Al (c) Co-10wt.%Al

Figure 1 Microstructure of Co-Al alloys (a) Co-2wt.%Al, (b) Co-5wt.%Al (c) Co-10wt.%Al.
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Figure 2  XRD analyses of the matrix on Co-Al alloys (a) Co-2wt.%Al, (b)

Co-5wt.%Al, (c) Co-10wt.%Al.

3 Co-Al 

Figure 3 Co-Al phase diagram.
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(a) Co (b) Co-2wt.%Al (c) Co-5wt.%Al (d) Co-10wt.%Al

Figure 4 Corrosion kinetics of Co-Al alloys at different temperatures (a) Co, (b) Co-

2wt.%Al, (c) Co-5wt.%Al, (d) Co-10wt.%Al.
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(b) BEI 
Figure 5 (a) Surface micrograph and (b) BEI cross-sectional micrograph of Co-

2wt.%Al corroded in H
2
/H

2
S/H

2
O gas mixture at 700 for 11.43 hrs.
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15.20 (b) 700 10.05 (c) 800 20.33 
Figure 6  BEI cross-sectional micrograph of Co-5wt.%Al corroded in H

2
/H

2
S/H

2
O gas

mixture (a) at 600 for 15.20 hrs, (b) at 700 for 10.05 hrs, and (c) at 800
for 20.33hrs.
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(b) (a) 

Figure 7  (a) Surface micrograph of Co-10wt.%Al corroded in H
2
/H

2
S/H

2
O gas mixture

at 800 for 280.63 hrs, (b) the white region of (a).
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Figure 8 (a)  Surfacemicrograph and (b) BEI cross sectional micrograph of Co-

10wt.%Al corroded in H
2
/H

2
S/H

2
O gas mixture at 800 for 90.9 hrs.
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Figure 9 (a) BEI cross sectional micrograph of Co-10wt.%Al corroded in H
2
/H

2
S/H

2
O

gas mixture at 700 for 90.9 hrs, and X-ray maps of (b) Co, (c) Al, (d) S, (e)

O.
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Figure 11 (a) Surface micrograph and (b) X-rays analysis of Co-5wt.%Al corroded in

H
2
/H

2
S/H

2
O gas mixture at 800 for 20 minutes.
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Figure 10 (a) Surface micrograph and (b)X-rays analysis of Co-5wt.%Al corroded in

H
2
/H

2
S/H

2
O gas mixture at 700 for 3 minutes.
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Figure 13 (a) BEI surface micrograph and (b) X-rays analysis of Co-10wt.%Al

corroded in H
2
/H

2
S/H

2
O gas mixture at 800 for 40 minutes.
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Figure 12 (a) Surface micrograph and (b) X-rays analysis of Co-10wt.%Al corroded in

H
2
/H

2
S/H

2
O gas mixture at 700 for 3minutes.
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Figure 14 BEI cross sectional micrograph of Co-5wt.%Al corroded in

H
2
/H

2
S/H

2
O gas mixture at 800 for 3.83 hrs.

15 Co-S-O Al-S-O 800

Figure 15 Combined stability diagram of Co-S-O and Al-S-O at 800 .


