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1 Claim., (ClL 75—213)

This invention relates to the preparation of . metal
parts by powder metallurgical techniques. More par-
ticularly, it relates to the preparaUOn of metal parts from
the hydrides of metals such as zirconium by powder
metallurgical techniques,

Zirconium - is an interesting engineering material be-
cause of its high melting point (about 1860° C.) and its
high resistance to most corrosive media. However, ‘its
use in the manufacture of machine parts or other types
of parts by the normal casting and working methods is
impractical and most difficult because of the high melting
point of zirconium. Furthermore, since high purity zir-
conium metal is very expensive,  machining losses are
prohibitive. For this reason powder metallurgical tech-
niques have been resorted to advantageously in the manu-
facture of such zirconium parts. In accordance with
these techniques paris can be manufactured by pressing
and sintering at temperatures considerably below the
melting point of the material and furthermore there is
practically no material lost. Since these techniques have
been developed to a very considerable extent it is normally
possible thereby to achieve high speed production of parts.
In normal powder metallurgical techniques the material
which is pressed and sintered is a comminuted or chemi-
cally prepared powder of the metal which is to be made
into a part. Although this works quite satisfactorily
with most metals, zirconium presents a distinct problem,
for, although it is possible to produce the zirconium parts
in this manner two major difficulties are encountered.
One, finely divided zirconium is pyrophoric and therefore
requires very skillful and careful handling if large losses
are not to occur. Two, the metal from which the
powdered zirconium is obtained by comminution is so
ductile as to make it relatively difficult to prepare fine
particles of a suitably high bulk density which combina-
tion is most desirable for obtaining the most dense mate-
rials by powder metallurgical techniques. Chemical
means of preparing finely .divided zirconium powder yield
such a voluminous and low bulk density of the powder
that an impractically large sized pressing die is required
to -contain the powder during pressing.

It is an object of this invention to provide a method
of making zirconium or other metal parts which is not
subject to the extreme fire hazard normally encountered
in making zirconium or other pyrophoric metal parts by
the normal powder metallurgical techniques.

It is a further object of this invention to provide an
improved method by means of which it will be readily
possible to make dense zirconium, zirconium alloy, and
other metallic products by powder -metallurgical tech-
niques.

It has been found that these other.objects and advan-
tages which are incidental to its apphcatlon can be ob-
tained by using powdered hydride of zirconium or other
metal as the starting material to form by powder metal-
lurgical methods a- compact metal article.

The zirconium hydride powder which isto be used for

10

2 :
massive pxeces of crystal bar zircenium friable by heat
treatment in purified hydrogen. This can then be ground
to form a powder which lies within the range of 6 to 10
microns in partlcle size. If desired, however, the aver-
age partlcle size of the hydnde can be reduced to two
microns since the hydrogen treated crystal bar is qulte
friable. The powder so formed can be handled in the air
without danger of it igniting, contrasted with zirconium
powder which is normally handled in the air omly in
especially moist condition or under a suitable organic

. liguid. The zirconium hydride powder may be com-
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this purpose can be prepared, for example, by rendering

pacted in the normal manner by being placed in a die
and needs no binder nor any lubrication of the die wall.
The compacting pressure, as is true in normal powder
metallurgical work, varies somewhat with the character-
istics of the particles and upon the shape and dimensions
of the part and upon whether or not the pressure is to be
exerted from both top and bottom. In practice it has
been found that the zirconium hydride powder is equally
as compressible as zirconium powder under the same
pressing conditions and that the hydride compacts to ap-
proximately the same percentage of the density of zir-
conium hydride as does the zirconium powder compact to
the density of zirconium. ‘Furthermore, in actual opera-
tion it has been found that although the density of the
compact itself increases steadily with the applied com-
pacting pressure between 20 and 75 t. s. i. the application
of pressures above approximately 50 t. s. i does not
measurably affect the density of the compact in the sin-
tered state.

The compact may then be sintered under vacuum con-
ditions preferably at a temperature ranging from 1200 to
1300° C. and for periods of one to three hours. In the
vacuum sintering of zirconium hydride compacts, in con-
trast with zirconium compacts, the pressure increases
during the first half hour of the heating period. During
this period hydrogen is being given off and the pressure
may rise from a starting pressure of about 0.01 micron to
more than 25 microns. This occurs while the compact
is passing through the temperature range of about 500
to 900° C. The period of high pressure owing to the
escape of hydrogen varies, of course, with the amount of
hydride in the furnace. After the cooling period the
charge is removed from the furnace and it has been found
that the average sintered density obtained is the density of
zirconium; i. e. 6.54 g./cc. The vacuum during this
operation is preferably held within the range of 0.2 to
0.06 micron.

Another advantage of the process of this invention lies
in the fact that the zirconium dihydride and the zirconi-
um monohydride powder compacts attain the density of
zirconium metal (6.54 g./cc.) at lower sintering tem-
peratures and in shorter times than is possible with zir-
conium metal powder.

It has been found that the zirconium hydride compacts
may also be sintered in an inert atmosphere such as
argon but in such cases the density is not quite as high
although it is sufficiently close to being considered prac-
tically identical averaging about 6.4 g./cc. as compared
to 6.5 for the vacuum sintered material.

The zirconium hydride compacts can be sintered at a
minimum temperature of about 1215° C. for a time of one
hour as compared to about 1230° C. and a time of three
hours for zirconium powder. This is of considerable im-
portance in the case of a gas gettering metal such as
zirconium. ' For the lower the temperature and the shorter
the time necessary for accomplishing the sintering the less
opportunity there is for the zirconium to dissolve addi-
tional oxygen. Example: a crystal bar of zirconium is
made friable by heat treatment in purified hydrogen.
The friable bar is then ground to obtain a zirconium hy-
dride powder which lies within the range of 6 to 10 mi-
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crons. This material is then introduced into a floating
cylindrical die of a 0.789 diameter cavity. The massive
die block containing the cavity was guided during the
ﬂoatmg action by four vertical posts which pass-through
holes in its periphery, floated approx1mately ¥’ during
the pressing of 6.5 g. of zirconium: hydrlde to-a thickness
of 34",
sintered in a system operating in .the -pressure -range of
0.20 to 0.04 micron. When a.compacting: pressure.of 50
t. s. i. is used the density of the zirconium. hydride com-
pact is approximately 5.10.g./cc.

When this material is subsequently heated and sintered
at a temperature of 1230° C for a period:of .one hour
it achieves a density of 6.5 g./cc.

Although the description given above deals specifically
with zirconium hydrldes the:principal ob]ectlve of making
metal parts by using powdered metal hydride:as. the start-
ing material to form compact articles of- thermetal by
powder metallurgical methods can be attained-.equally
well with other hydride forming metals than zirconium,
since the hydrides are friable and since they.can be de-
composed to the metal under .suitable and attainable
conditions. Among other known hydride forming. ‘metals
of high melting points of over 1700° C. there.may be
listed columbium, chromium, tantalum, thorium, vana-
dium. These may all be handled advantageously ‘in
accordance with the herein described method.

While the above description discloses preferred -and
practical embodiments of the method. of .preparing metallic
parts from metallic hydrides. it will. be understood by those
skilled in-the art that the specific detalls descnbed are by

The compact so obtained is then vacuum
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way of illustration and are not to be construed as limiting
the scope of the invention.

What is claimed is:

The process of producing zirconium metal of theoretical
density which comprises heating zirconium metal in puri-
fied hydrogen to form zirconium hydride, comminuting
the ‘hydride to a .powder having a particle size in the
range 2 to 10 microns, compacting the powdered hy-
dride at room temperature to a.density approaching that
of zirconium metal, relieving the compacting pressure
and thereafter sintering the compacted hydride in an inert
atmosphere at a temperature in the range 1215 to 1230°

-C. for a time sufficient to produce zirconium of theoretical

density.
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