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Results:

A novel gas atomization reaction synthesis (GARS) method was developed in this project
to enable production (at our partner’s facility) a precursor Ni-Cr-Y-Ti powder with a
surface oxide and an internal rare earth (RE) containing intermetallic compound (IMC)
phase. Consolidation and heat-treatment experiments were performed at Ames Lab to
promote the exchange of oxygen from the surface oxide to the RE intermetallic to form
nano-metric oxide dispersoids. Alloy selection was aided by an internal oxidation and
serial grinding experiments at Ames Lab and found that Hf-containing alloys may form
more stable dispersoids than Ti-containing alloy, i.e., the Hf-containing system exhibited
five different oxide phases and two different intermetallics compared to the two oxide
phases and one intermetallic in the Ti-containing alloys. Since the simpler Ti-containing
system was less complex to characterize, and make observations on the effects of
processing parameters, the Ti-containing system was selected by Ames Lab for
experimental atomization trials at our partner. An internal oxidation model was developed
at Ames Lab and used to predict the heat treatment times necessary for dispersoid
formation as a function of powder size and temperature. A new high-pressure gas
atomization (HPGA) nozzle was developed at Ames Lab with the aim of promoting fine
powder production at scales similar to that of the high gas-flow and melt-flow of
industrial atomizers. The atomization nozzle was characterized using schlieren imaging
and aspiration pressure testing at Ames Lab to determine the optimum melt delivery tip
geometry and atomization pressure to promote enhanced secondary atomization
mechanisms. Six atomization trials were performed at our partner to investigate the
effects of: gas atomization pressure and reactive gas concentration on the particle size
distribution (PSD) and the oxygen content of the resulting powder. Also, the effect on the
rapidly solidified microstructure (as a function of powder size) was investigated at Ames
Lab as a function of reactive gas composition and bulk alloy composition. The results
indicated that the pulsatile gas atomization mechanism and a significantly enhanced yield
of fine powders reported in the literature for this type of process were not observed. Also
it was determined that reactive gas may marginally improve the fine powder yield but
further experiments are required. The oxygen content in the gas also did not have any
detrimental effect on the microstructure (i.e. did not significantly reduce undercooling).
On the contrary, the oxygen addition to the atomization gas may have mitigated some
potent catalytic nucleation sites, but not enough to significantly alter the microstructure



vs. particle size relationship. Overall the downstream injection of oxygen was not found
to significantly affect either the particle size distribution or undercooling (as inferred
from microstructure and XRD observations) but injection further upstream, including in
the gas atomization nozzle, remains to be investigated in later work.
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