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Introduction

Reactive Air Aluminization (RAA) was developed for solid
oxide fuel cell (SOFC) systems, where they have shown
very promising results. SOFC systems use ferritic stainless
steel, so RAA was optimized for coating this material.
However, the High-Temperature Hydrogen Reactor
developed by our partner operates in higher temperature
harsh conditions. Therefore, our partner wants to use
Inconel 617 instead of ferritic stainless steel. PNNL's
patent for RAA does not specifically mention Inconel 617
but it does cover nickel-based alloys, so this effort
evaluates RAA coatings applied to Inconel 617. The results
presented here include XRD, EDS, and SEM analysis
data. The RAA process forms a good alumina protective
layer on the surface of Inconel 617 with a chromium-
depleted reaction band underneath the alumina layer. This
suggests great potential for long-term stable operation.

Objective

To provide a stable, electrically non-conductive, and non-
reactive layer for hermetic and strong glass sealing.
Moreover, to prevent chromium volatility and maintain
stable electrical insulation.

Issue and iIdea

For a strong and hermetic glass seal that is gas-tight, the
substrate should not form a weakly bonded scale or react
with the glass seal material. Inconel 617 contains
aluminum already, so, it is interesting how the pre-existing
aluminum in the alloy reacts with the RAA. The resulting
strongly bonded alumina provides an electrically insulative
layer that does not react with the glass seal material and is
stable during high-temperature reactor operation.

Table 1 - Limiting Chemical Composition, %,
of INCONEL alloy 617
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As expected, chromium oxide forms on the surface and
alumina forms discontinuously under the chromium oxide
layer. This is not good for long-term stability in high-
temperature conditions.
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summary

Inconel 617 has 0.8-1.5 wt% aluminum in the alloy. Such a
composition would be expected to form alumina on the
surface during high-temperature operation. Therefore, a
special heat treatment schedule was adopted to form
alumina on the surface. However, it did not form a
continuous stable alumina layer. The polished and heat-
treated sample’s EDS map shows that thick chromium
oxide forms on the surface with some discontinuous
alumina. This is not desirable for long-term operation.
Since the Inconel 617 contains aluminum in the alloy, the
RAA process parameters were adjusted and reoptimized.
The RAA process creates a 20-30 um reaction barrier and
a good 0.5um alumina coating on the Inconel 617 surface.
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