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stress. This could be overcome by adding minute amounts of sodium saccharin
to the bath to reduce the tensile stress. Previous experience has shown that
the slightly higher sulfur content in the alloy from saccharin does not lead
to hot-shortness due to the fact that manganese chemically combines with the
sulfur - but only after a heat treatment.

If one examines the mechanical property test data reported in the
previous technical progress summary, it will be noted that Sample Numbers
NMS-6 and NMS-7 exhibited better yield strength performance than Sample Number
NM-15 up to a test temperature of 260°C (500°F) even though the latter alloy
contained more manganese. The NMS code for the former two samples indicates
that saccharin was present in the bath as a stress reducer. Stress reducers
normally contribute to finer grain size as well. This may be an important
factor in producing extremely high mechanical and yield strengths. In review=-
ing all mechanical property test data on nickel-manganese alloys produced to
data, the highest mechanical strengths for given manganese contents appear to
be associated with those specimens produced from a bath containing modest
amounts of saccharin. Test data from the series of nickel-manganese alloys
now in heat treatment should confirm these findings and provide data by which
we will determine if use of saccharine and reasonably moderate heat treatments
will provide our final alloy selection which will be (a) low stressed, (b)
strong as compared to Inconel 718, and (¢) ductile e ough for structural
applications.

A large number of specimens of nickel-manganese and nickel-cobalt-man-
ganese electrodeposits have been tested for mechanical properties before and
after heat treatment. These have been tested for hardness against the Rockwell
C scale - this scale having been selected on the basis that age-hardened
Inconel 718 has a hardness of approximately Rockwell C 45. Table I provides
mechanical property-hardness comparison data for nickel-manzanese electroformed
alloys. The samples are listed in order of increasing manganese content. While
a general tendency for hardness to increase with manganese content is shown,
there are obvious exceptions such as Sample Number NM-22 where a pulse plating
duty cycle of only 12.5% was used. This tends to promote a much finer grain
size which appears to be maintained through moderate heat treatments. Since
all of the listed alloys contain rather fine grain sizes, the elongations shown
for 2 inch gauge lengths may be misleading with regard to true ductility. Most
elongation occurs in a fairly short gauge distance. We expect to see very
satisfactory elongation results on round test bars to be made shortly. It is
also significant to note that several specimens could not be mechanically tested
due to cracking during machining. This is believed due to the fact that the
machining of test strips was necessary prior to heat treating since various
heat treatments were required with samples from a single electroformed panel.

It is interesting to note that none of the Rockwell C hardness values
were as high as 45 as expected in age-hardened Inconel 718; however, many of
the nickel-manganese alloys exhibited ultimate and yield strengths ecquivalent
to the hardened Inconel control material.

Table TII provides a similar comparison of mechanical property-hardness
data for our experimental nickel-cobalt-manganese electroformed alloys. The
elongation measurements are based on a 2 inch gauge length and do not reflect
true ductility for reasons previously discussed with nickel-manganese alloys.
The Rockwell C hardness values shown in both Table I and Table II are averages
of three readings. The mechanical property data for nickel-cobalt-manganese
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