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Morphology of Hot Corrosion

Figure 1(a) shows the concave surfacé of a Nimonic 100 first-stage turbine bl'ade
from an Olympus engine after 401 hr running at approximately 870°C. Figure 1(b)
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Figure I (a) The corrosion on the concave surface of a Nimonic 100 first-stage turbine blad¢|
from an Olympus engine after 401 hours running. (b) An unetched section of a similar blad¢
in a badly affected region. (¢) ¥he corrosion product morphology: an outer layer of porous
oxide, a thick layer of mixed metal and oxide, and an inner layer of fine sulfide particles
in a metal matrix. ( x 250) (d) The innermost layer, showing the sulfides. It is clear that the
oxide particles have been formed by the oxidation of the sulfides. (x 1050) [Figures frof
Smith et al (7).] : '
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Figure 2 Heavy internal sulfidation at the trailing edge of an originally pgck-aluminizcd Nimonic 105 turbine blade
I{Om a Proteus engine. [From Condé (6).] (Crown Copyright Reserved). : :
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Figure 3 Condensation temperatures for Na,;SO, as a function of concentration and Ppressure. [From

Bessen and Fryxell (23).]
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HOT CGRROSION OF l-ll(?H-TEMI_’ERATURE ALLOYS

. Table 1 Approximate composiiions of alloys mentioned in the text

- Alloy Ni Co Cr Al Ti Mo W Ta Other
B1900 bal 10 8 6 1 6 — 43 —
FS414 _ 10.5 bal 29.5 - - — 7 — 0.35C
Hastelloy X bal LS 22 - - 9 — - 18 Fe
IN 100 bal 15 10 55 47 3 - - 1V
713C bal = 12.5 61 08 42 — - 2 Nb

- IN 738 . bal 8.5 - 16 34 34 18 26 138 I Nb
Mar-M 421 bal 9.5 15.8 42 18 2 3.8 — 2 Nb
Mar-M 432 bal 20 15.5 28 43 - 3 - 2 2 Nb
Mar-M 509 10 bal 24 - 02 - 7 35 - 06C
Nimonic 80A  bal - 20 1 22 — = - -
Nimonic 90 bai 18 20 14 24 — - - —
Nimonic 100 bal 20 11 5 1.5 5 — - .=
Nimonic 105  bal 20 15 45 12 5 - - —
Nimonic 115 bal 15 15 -5 4 35 - - —
Udimet 500 bal 18 19 29 29 4 S — -
Udimet 700 bal 18.5 15 42 35 52 — — —
Udimet 710 bal 15 18 25 5 3 1.5 — —
Waspaloy bal _ 135 195 14 3 43 — — —

- X-40 10 bal = 255 - - — 7.5 - Q.5C

" good hot corrosion resistance with high strength levels, examples being IN738,
Mar-M 432 and Udimet 710. All of these contain 15.5%, chromium or more. ,
There is a view that cobalt-base superalloys are superior to nickel-base, although
they have lower strength, particularly at intermediate temperatures. When engines
are converted from aircraft use to industrial or marine applications, it is common- .
to replace the relatively less-stressed nozzle guide vanes with vanes of a cobalt-base
alloy, such as X-40 or Mar-M 509. For the very severe conditions experienced
by hovercraft engines, even the rotor blades have been made of X-40, despite
the strength penalty. However, these alloys have significantly higher chromium
Contents, and it is not possible to conclude from in-service experience whether the

cobalt matrix in itself confers any superior corrosion resistance.
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