ABSTRACT

" High temperature oxidation has been an important scientific and

" technological subject for many years, since it is a life-limiting factor in

most equipment operating at high temperature.
In this work the oxidation behavior of both inconel alloy 600 and
coated system (Pt-modified aluminide coating) was investigated in three

different environments (air, high purify Carbon dioxide CO, gas, and pure

water vapor H;O) at temperatures between 700 and 1000 C.-

Identification of oxidation kinetics was carried out by using weight gain
measurements, while scanning electron microscopy (SEM) and x-ray
diffraction analysis (XRD) were used for microstructural morphologies
and phase 1dentification of the oxide scales. _

The weight gain measurements results suggest that the oxidation
kinetic of inconel alloy 600 and its coated system follows the parabolic
law in most experimental tests under the different environments. Only in
one case, where the oxidation kinetic follows a linear rate law, which was
clearly noticed for the oxidation of inconel alloy 600 which was carried
out under CO; gas at 700 "C for up to 50 hours. The linear rate constant
obtained for this case is £, =2.67 x 10 " mgem s~

In case of inconel alloy 600, the parabolic rate constant (kp) values
obtained at 900 'C in air, CO,, and water vapor are: 1.16 x 10 5,
1.72x 10 ™and 2.1 x 10 *mg?cm s respectively. In other word, the
oxidation behavior of this alloy is similar in both COy and water vapor
environments, and the k, values was approximately two orders of
magnitude larger than that viewed in air. Inconel alloy 600 is a chromia
former, so that, the inconel alloy 600 is less aggravafed under these

environments at temperatures lower than 900 DC._ High purity CO, gas
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avironment shows the more aggravated effect, which was strongly

tiributed to the presence of chromium and ‘ifon carbides that are less
m'.tective, so that Spalling of oxide scales at higher temperatures was
A;:take.n place in this case.

| At 700 'C, water vapor does not have a significant effect on the
spalling of oxide scales from this chromia former alloy. The major effect
of water vapor at this temperature was exhibited as a selective oxidation
- of chromium of inconel alloy 600. |

At 900 'C, water vapor causes spalling of the oxide scales during
isothermal oxidation of inconel alloy 600. The amount of degradation is
much lower than that obtained in the case of CO, gas. Therefore, it is
concluded that this alloy should not be used above 900 C in €O, and
water vapor environments. | |

An attempt was carried out to study the effect of the above-mentioned
environments on void formation in inconel alloy 600. Large voids were
found at the oxide scales-substrate interface and at grains or at grains
boundaries. Their presence seems to be the consequence of depletion of
elements such as chromium in the alloy due to the outward diffusion
toward the oxide scales. This will lead to the formation of vacancies. The
mechanism of void formation has often been attributed to the vacancy
condensation. The results strongly suggest that the high oxidation rate
under the water vapor or CO; gas was due to gaseous transport across
voids and pores as carrier of gases that are formed at oxide scales-
substrate.

Pt-modified aluminide coating was applied to Ni-based superalloy
(inconel alloy 600) by using single-step high activity pack cementation
method. Isothermal oxidation at 800 and 900 °C of the coated sysfem has
been carried out in air, CO,, and water vapor. The weight gains during

oxidation of coated system follows the parabolic kinetics in all
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nvironments. At 900 'C, the parabolic rate constant for the coated system
,.wﬁs_found to be nearly one order of magnitude lower than that for inconel
loy 600 oxidized in these environments. o

The p!étinum- modified aluminide coating is much more effective in
"inhibiting the adverse effect of environments on spalling of oxide scales.
The oxide scale growth does not appear to be strongly affected compared
~ with that obtained in the case of inconel alloy 600, it was concluded that,
water vapor and CO, gas exhibit little effect on the Pt-modified aluminide
coating. Oxide phases that formed on coated system during most of the

oxidation exposure conditions are: Al;O3, NiAl,Oy, Cr;0s, and NiFe,Q,.
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