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Effect of W/Ta Ratio on Hot Corrosion of Nickel-base Superalloy Single

Crystals in Combustion Gas Stream

Synopsis :

Akira IsnIDA, Atsushi TAKEI and Michio YAMAZAKI

Burner rig tests of nickel-base superalloy single crystals with various W/Ta ratio (W + Ta = 7at%)
were carried out at 900°C for 7h in combustion gas flowing at Mach 0.5, prepared from 5ppm NaCl-
containing air and 0.5% sulfur-containing fuel. The hot corrosion tests revealed that the alloys with
higher W/Ta ratio were severely attacked. The cross sections of these alloys with high W/Ta ratio were
characterized by a thin oxide layer, while that of the alloy with the lowest W/Ta ratio was characterized

by a continuous aluminum oxide layer covered by a thick NiO layer.

The hot corrosion behavior seems to

depend primarily on W content rather than on Ta content; the difference in hot corrosion behavior was
explained by acidic fluxing of NiO and Al,O; due to dissolution of tungsten oxide.
Key words : hot corrosion ; burner rig ; superalloy ; nickel-base alloy ; single crystal ; W/Ta ratio.
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Table 1. Nominal composition (at%) of the alloys

studied.

Alloy Cr Al w Ta Co Ni W/Ta
TMS-1 6.7 12.3 5.8 1.8 8.1 Bal. 3.2
TMS-12 8.0 12.2 4.4 2.7 — Bal. 1.6
TMS-17 8.0 11.3 3.4 3.9 - Bal. 0.87
TMS-19 8.0 11.0 2.7 4.4 — Bal. 0.61

Table 2. Conditions of burner rig test.

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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Fig. 1. A schema of the burner rig.
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Fig. 2. Effect of W/Ta ratio on surface recession

(W + Ta=17%).

a:TMS-1 b:TMS-12 c¢:TMS-17 d: TMS-19
SEM photographs of surfaces of alloys corroded at 900°C for 7h in Mach 0.5 gas
stream with S5ppm NaCl in air and 0.5% sulfur in fuel.

Photo. 2.
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Photo. 3. Optical micrographs of cross sections
of alloys corroded at 900°C for 7h in Mach 0.5 gas
stream with S5ppm NaCl in air and 0.5% sulfur in
fuel.
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Photo. 4. Composition image and X-ray maps of cross section of TMS-17 corroded at 900°C for
7h in Mach 0.5 gas stream with 5ppm NaCl in air and 0.5% sulfur in fuel.
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Photo. 5.

Composition image and X-ray maps of cross section of TMS-19 corroded at 900°C for

7h in Mach 0.5 gas stream with 5ppm NaCl in air and 0.5% sulfur in fuel.
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a:TMS-1 b:TMS-12 c:TMS-17 d:TMS-19
Photo. 6. EDX spectra of salts deposited on
surface of alloys corroded at 900°C for 7h in Mach
0.5 gas stream with 5ppm NaCl in air and 0.5%
sulfur in fuel.
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Fig. 3. NiO solubility in Na,SO, at 927°C!?,
The open circle shows the estimated solubility of
NiO in reagent grade Na;SO,. The arrow shows
the direction of modification of NayO activity due
to dissolution of acidic oxide.
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