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Dispersion strengthened nickel-base alloys (80% nickel - 20%
chromium) have been prepared by the mechanical mixing of Ni-
chrome and thorium oxide powders. Extruded bar stock was
prepared by powder metallurgical technique; and is presently
being evaluated with respect to mechanical properties and

microstructure.



INTRODUCTION

Dispersion strengthening has been applied successfully to a variety
of pure metal matrices including aluminum, copper, iron, nickel and
platinum. In terms of the properties achieved, it has been found
that a stable dispersion retards recrystallization up to the melt-
ing point of the pure base metals when an ultrafine dispersion is
achieved. In addition, the flat slope of dispersion strengthened
alloys on stress-rupture plots indicates that such alloys become
increasingly superior with increasing times and temperatures as

compared to the base material.

Some of the more important variables in dispersion strengthening
have been shown to be a fine particle stze of metal powders, an
ultrafine particle size of the dispersed second phase, and the
volume percent of the dispersed phase. In addition, the detailed
study of & number of dispersion strengthened materials has indi-
cated the importance of the purity of the matrix. If, for instance,
the base metal contains an excessive amount of oxygen or in some
cases, a very small amount of other impurity elements, the stabil-
ity of the dispersoid was decreased markedly due to vaxrious dif-

fusion reactions.



The strengthening of nickel by dispersion hardening techniques
has received considerable attention during th; last few years.
Although remarkable high temperature properties have been
achieved for dispersion strengthened nickel, it is desirable to
exter. . the work to solid solution nickel~base alloys, First,
one will get a combined effect of solid solution strengthening
and dispersion strengthening. This is of importance when con-
sidering room and moderate temperature properties. Secondly,
the oxidation resistance of nickel-base alloys, such as nickel-
chromium is much better than that of pure nickel whereas the

fabricebility remains essentially unchanged.

The lack of availability of fine solid solution powders has been
the primary barrier to dispersion strengthened solid solution
alloys. This problem has been partially solved during the past
years by the development of various grinding and atomizing tech-
niques that allow for the preparation of fine metal powlers of
micron size. Furthermore, these alloy powders can be obtained
with a high purity level.

Recent experiments with stainless steel powders have also shown

advantages of producing complex alloys without a dispersoid by



powder metallurgy techniques. Consolidation of alloyed powders
have shown improved mechanical properties without significant
loss in ductility or formebility. On this basis, the fabrica-
tion of complex nickel-base alloys by powder metallurgy tech-

niques seems attractive.

Three areas of investigation are contemplated during this program
and include the processing, extrusion and evaluation of the fol-

lowing types of alloys:

1. A standard Udimet 500 composition prepared as minus

250 mesh powder with subsequent extrusion to bar stock.

2. The Udimet 500 composition without titanium or
aluminum, prepared as a fine powder and subsequently
strengthened with dispersoids such as thorium oxide
introduced by such techniques as mechanical mixing

or thermal decomposition of oxide bearing salts.

3. A dispersion«strengthened Nichrome prepared by

mechanical mixing and thermal decomposition techniques.



RESULTS

During the pregsent report period, work was conducted on disper-
sion strengthening of the Nichrome composition (80% nickel - 20%
chromium). The Nichrome powders were received from Acieries de
Gennevilliers, France. The compositions and principal fabrica-

tion variables of five extruded alloys are shown in Table I.

Alloy BNW-1 represents the base line alloy for the Nichrome
evaluation. The extruded alloy was a direct powder extrusion
of as received powder without any intermediate processing. The
average particle size of the powder was 9 microns. Alloy BNW=-2
was also fabricated to provide a base line for comparison with
the dispersion strengthened Nichrome alloys. However, this powe
der had an average particle size of 4 microns as a result of
comminution in an attritor mill. The powder grinding was con-
ducted in alcohol and-traces of the solvent we.r wenwved before

extrusion.

Alloys BNW-3, 4, and 5 were prepared to determine the effect of
volume percent of oxide on subsequent properties. The alloys

contained 5, 7.5 and 10 volume percent thorium oxide respectively.



In all cases, the Nichrome powder had an average particle sige

of 4 microns as prepared by comminution in an attritor mill.

The thorium oxide was prepared by decomposition of thorium nitrate
at 1500° F, X-ray line broadening techniques showed the thorium
oxide particle size to be 0.023 microns. The thorium oxide and
Nichrome powders were mechanically mixed in a high-speed blender

prior to direct powder extrusion.

These alloys are presently being exemined with respect to their
mechanical properties aend microstructure. Specimens are being
prepared for tensile tests at room temperature, 1800°, 2000°,
and 2200° F. Stress-rupture data will be obtained at 1800° F

with the more promising alloys being evaluated at 2000° and 2200° F.
WORK

The evaluation of the extruded Nichrome alloys will be conducted
according to the schedule discussed above. In addition, disper-
sion strengthened Nichrome alloys will also be processed utilizing
the techmique of thermal decomposition of oxide bearing salts.

Udimet 500 powders are expected from the supplier within a few
weeks and work will be initiated on this phase of the program.
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