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Hot Corrosion Behavior of Nickel-base Cast Superalloys
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Synopsis:

Hot corrosion behavior of nickel-base cast superalloys was studied for 10 alloys at 900°C for 7 h in the
combustion gas flowing at Mach 0.5 prepared from 5 ppm NaCl-containing air and 0.5%, sulfur—contain-
ing fuel. Tt was classified into two discrete types. The first was characterized by a heavy uniform attack

forming thin Cr—, Al- and Ti-depleted zone.

Extent of the attack was independent of Cr content. The

second was characterized by moderate localized attack forming thick Cr—, Al- and Ti-depleted zone and
extent of the attack decreased with increasing Cr content. The first was observed for lower Cr alloys and

the second for higher Cr alloys.

However, the corrosion for alloys with intermediate Cr content was in-

fluenced also by other alloying elements. The type of the corrosion expected for an alloy depends on
whether it forms a protective layer of chromium rich oxide or not.
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Table 1. Nominal Composition (at?) and heat treatment of the alloys studied.

Alloy Cr Al Ti Co w Mo Ta Ni Others
TM-340 8.0 13.1 1.0 8.0 4.0 —_ 1.7 Bal. 0. 37Hf
MarM247 9.4 12. 2 1.2 10. 1 3.2 0.37 0.99 Bal. 0. 50Hf
TM-321 9.6 11.5 1.1 8.6 4.2 — 1.6 Bal. 0. 33Hf
TM-155 1.2 6.2 7.1 15.6 3.7 — — Bal. —
TM-269 11.6 9.9 0.8 9.3 4.4 — 1.3 Bal. 0. 26Hf
TM-49 13.5 6.9 6.9 1.7 2.8 — — Bal. —_
TM-70 14.6 81 4.8 9.6 2.8 — 0.85 Bal. 0. 27Hf
TM-207 16.0 10.0 — 18.3 5.9 —_ — Bal. 0. 32Hf
IN738LC*? 17. 4 7.3 4.1 7.9 0.8 1.0 0. 55 Bal. 0. 27Fe, 0.53Nb
IN939*2 24. 3 4.2 4.4 17.9 0.6 — 0. 46 Bal. 0.1Fe, 0.6Nb

*1 Heat treated as 1121°C X 2hr+843°C x2h

*2 Heat treated as 1 149"C X 4hr+1 000°C X 6h + 900°C x 24h + 700°C x 16h
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Fig. 1. A schema of the burner rig.

Table 2. Operation conditions of the burner rig.

Alloy temperature 900°C
Gas velocity Mach 0.5
Sulfur content 0.5% (in fuel)
NaCl content 5 ppm (in air)
Time 7h
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Photo. 1. Appearance of the sample (TM-269)
corroded in the gas stream as specified in Table 2.

gas

2mm

Photo. 2. Cross section of the sample (TM-269)
corroded in the gas stream as specified in Table 2.
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Fig. 2. Surface recession of various alloys
corroded in the burner rig. Also shown are

the types of corrosion morphology (see Photo.
4 and Photo. 6).
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Two types of surface features of
the specimens corroded at 900°C for 7h in
Mach 0.5 gas stream with 5ppm NaCl in air
and 0.59% sulfur in fuel.
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Photo. 5. The detail of the corrosion morphology
of the specimen in Photo. 4.

Corrosion morphology (Type A) of MarM247 corroded at 900°C for 7h in Mach
0.5 gas stream with 5ppm NaCl in air and 0.59% sulfur in fuel.
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Photo. 6. Corrosion morphology (Type B) of IN738LC corroded at 900°C for 7h in Mach 0.5 gas
stream with 5ppm NaCl in air and 0.59% sulfur in fuel.

Photo. 7. The detail of the corrosion morphology
of the specimen in Photo. 6.
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(2) MarM247 (b) TM-70
Photo. 9. Two types of surface features of the
specimens oxidized for 7h at 900°C in still air.

Photo. 10. Electron microprobe analysis of the
oxide layer formed on the TM-70 alloy oxidized
for 7h at 900C° in still air.
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Fig. 3. Effect of Cr content on the surface
recession.
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