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It has been recognized that bond coat oxidation could be a critical factor which limits the
lifetime of thermal barrier coatings (TBCs) [1]. Also, it has been reported that TBCs
generally fail when the thickness of thermally grown oxide (TGO) which forms on the bond
coat surface reaches a critical thickness, in the range of 3 to 10 um [1,2]. Therefore, it is
reasonable to project that developing new methods for decreasing the rate of TGO growth is
important for prolonging the life of future TBCs. It was postulated that a thin a-Al,O; layer,
if it could be directly deposited on the surface of a Ni-based superalloy, René N5 (without a
bond coat), would guide the superalloy surface to form a TGO that would be more tenacious
and slower growing than that which is attainable with state-of-the-art bond coatings.

As has been reported, AI’" cation would diffuse faster in 0-Al,03 than in a-Al,O5. Also, the
growth rate of 0-Al,O3 as a TGO is reported to be about an order of magnitude higher than
that of a-Al,O; [3-5]. Therefore, it is desirable to form a-Al,Os as early as possible to
reduce the TGO growth rate, so CVD techniques were used for alumina deposition on the
alloy surfaces. TEM samples were prepared by focused ion beam milling using a Hitachi
FB-2000 FIB. They were examined in a Hitachi HF-2000 FE-TEM. Figure la [6] suggests
that the as-deposited CVD-ALO; layer was 150 nm thick, and consisted of a-Al,O;3 as the
major phase with a minute amount of 6-Al,0;. As shown in Figure 1b [7], the TGO-metal
interface was highly faceted as the TGO grew towards the metal interface once the mature
TGO microstructure (i.e., stagnant) was developed. The faceted feature could be attributed
to the plastic deformation of the alloy to accommodate the inward growth of the oxide at the
metal-TGO interface. It also implied the TGO mainly grew at the metal-TGO interface as
O” became the dominant species diffusing along grain boundaries. The formation of the
surface ridges has been attributed to AI’" outward diffusion along short circuit paths (i.e.,
grain boundaries in the TGO and microcracks formed in the TGO due to the phase
transformation of transient oxides to a-Al,O3) during the transient oxidation stage [8,9].

As shown in Figure 2, by comparing the 50h oxidation samples, the average thickness of the
TGO formed on the as-polished René N5 surface without the CVD-ALO; layer was ~2.1 um
thick as shown in Figure 2a. The classic duplex microstructure was observed for this sample.
Strikingly, the average thickness of the TGO layer was ~0.7 um with the CVD-Al,O; layer.
The TGO morphology was clearly columnar. These results demonstrated that this thin o-
AlLyOj3 coating concept could be used as a novel means of favorably altering the TGO growth
behavior and consequently increasing the oxidation resistance of Ni-based superalloys. [10]
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René N5

FIG. 1. FIB cross-sectional TEM images (a) as-deposited CVD-Al,0O3, and (b) TGO
formed at 1150°C for 50 h. Top layer is FIB-deposited W layer to protect sample.

FIG. 2. SEM images of fractured cross-sections of TGO at 1150°C for 50h (a) without
CVD-ALO;, and (b) with CVD-AL,O;.
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