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A study on the high temperature oxidation behavior of
Al-diffusion coated X-40 alloy

Sun Dong Lee and Gil Moo Kim

Department of Materials Engineering, Chungnam National University
220 Kung-Dong, Yuseong-Gu, Deajeon, 305-764, Korea

Aluminum was coated by pack cementation process on the Co-based superalloy, X-40, to
improved oxidation resistance at high temperature. Isothermal and thermal cyclic oxidation
experiments were carried out at 900~1100 C to study the effect of Al diffusion coating on
the high temperature oxidation of X-40 alloys. Coating thickness formed in the X-40 alloy
was about 150 i, The results of isothermal oxidation of X-40 alloy showed that weight gain
due to oxidation increased with increasing temperature, However, those of Al coated X-40
alloy showed that weight gain was decreased with increasing oxidation temperature. It was
believed that less weight gain at high temperature was due to the rapid formation of a-Al0s.
The results of thermal cyclic oxidation of X-40 alloy showed that weight loss due to spallation
of oxide scale was occurred by the accumulation of the growth stresses and thermal stresses
and decrease in adherence of the oxide scale with increasing thermal cycles at high
temperature. However, Al coated X-40 alloy showed that there was no appreciable weight
change with increasing thermal cycles at high temperature probably due to the formation of a
-AlOs;. By the application of Al diffusion coating to the X-40, high temperature oxidation
resistance was improved mainly by the formation of Al:Os layer.
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Table 1. Chemical compositions of X-40 alloy (wi%)

Ni Cr |Co| W] Fe|C | B
X-40 10,0 | 25.0 | bal [ 8.0} 1.0 |0500.01

Table 2. Pack cementation process and powder compo-
sition in pack

. Powder composition
Pack cementation process in pack
reaction tube [Incoloy 825|source powder
- 5 wt%
reaction pack | SS 310 Allaa=1)
atmosphere Ar gas |activator powder
- ) 3 wt%
reaction time | 4 hours NH.CI
reaction temp'| 1100 C filler powder 92
heating time | 1.5 hours AlO3 wt%
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Fig. 1. Surface morphology of Al-coated X-40 at 1100 C
for 4 hours
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Fig. 2. XRD pattern of Al-coated X-40 at 1100 C for 4
hours

Table 3. Comparison of parabolic rate constants of X-40
and Al-coated X-40 isothermally oxidized at 900 to 1100
C for 100 hours

log Kp ( mg® /em* - hour)
900 C 1000 C 1100 T

X-40 -7.14 -6.94 -5.90
Al-coated X-40 -5.00 -6.41 -7.15
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Fig. 3. Cross-sectional morphology and compositions of Al-coated X-40 at 1100 C for 4 hours
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Fig. 4. Isothermal oxidation results of (a) X-40 (b) Al-coated X-40 at 900 to 1100 C for 100 hours
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Fig. 7. Cross-sectional morphologies of (A) X-40 and (B) Al-coated X-40 isothermally oxidized at (a) 900 (b) 1000 (c)

1100 C
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Fig. 9. Surface morphologies of {A) X-40 and (B) Al-coated X-40 cyclically oxidized at (a) 900 (b) 1000 (c) 1100 C
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