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@ Method for producing high density tungsten-rhenium alloys.

A method for forming dense bodies of tungsten-rhenium
alloys is provided. A semi-dense body is formed by low
pressure plasma deposition and the body is rendered fully
dense by heat treatment for one hour at at least 1800°C.
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METHOD FOR PRODUCING HIGH
DENSITY TUNGSTEN-RHENIUM ALLOYS

BACKGROUND OF THE INVENTION

The present invention relates to a method of
forming a dense article of tungsten-rhenium alleoy. More
particularly it relates to a method for forming articles
containing tungsten~-rhenium alloys with full density and in
a great variety of configurations.

The tungsten-rhenium alloys are refractory alloy
materials which have numerous uses at elevated temperatures.
A principal use is in the targets of X-ray machines where an
incident beam or burst of high velocity electrons are made
to impinge to induce emission of X~-rays. The rhenium has
been a beneficial additive to the tungsten in limiting
thermal damage from the impinging high energy electrons. To
limit thermal damage to such targets they are rotated at
about 10,000 rpm in conventional X~-ray apparatus to spread
the location on which the high energy electrons impinge.

These materials have been formed intc articles
such as the targets from the powder by sintering the cold
pressed powders at elevated temperatures. For example, it
has been found possible to form such articles by cold
pressing the tungsten-rhenium alloy particles and by then
sintering them at about 2400°C for about 5 hours. Articles
having densities of about 91-93% are formed by this process.

It has long been desired to make articles which
have higher densities and to do so without excessive heating
of the articles to be formed.

Surprisingly it has now been found possible to
form such articles and to raise their density from about 90
to about 100Y% of the theoretical by relatively short time
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heat treatments at temperatures in the range of 1800 to
2100°C.

BRIEF SUMMARY OF THE INVENTION

It is accordingly one object of the present
invention to provide a method for forming articles with
tungsten-rhenium alloys in a wide variety of configurations
and at high density.

Another object of the present invention is to
provide a method which permits articles containing
tungsten-rhenium alloys to be formed at approximately 100%
of theoretical density from a powdered form.

Another object is to provide a method for rapid
and efficient densification of tungsten-rhenium alloys
formed from the powder.

Other objects and advantages of the invention will
be in part apparent and in part pointed out in the
description which follows.

In one of its broader aspects the object of the
present invention may be achieved by plasma spraying a
tungsten-rhenium alloy onto a receiving surface and then by
heat treating the deposited body at a temperature of between
about 1800 and 2100°C for 1 hour.

DETAILED DESCRIPTION OF THE INVENTION

Example 1. A fine powder of an alloy of tungsten
and rhenium preferably one containing 90% tungsten and 10%
rhenium is provided. This powder is employed in a low
Pressure plasma deposition apparatus to deposit a body of
the alloy on a receiving surface. The grain size of the
material as it is deposited on the receiving surface is of
the order of 1 to 2 microns.
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Example 2. The deposit of Example 1 was subjected
to a heat treatment at 1500°C for 1 hour and it was observed
thet there was no increase in the grain size nor was there
any increase in the density of the spray deposited body.

Example 3. A body as prepared in Example 1 was
deposited as described above and was subjected to a heat
treatment at 1800°C for 1 hour. 1t was found that the
composition was substantially densified by this treatment.

Example 4. A sample of plasma spray deposited
body prepared as described above in Example 1 was subjected
to a heat treatment at 2100°C for 1 hour and it was observed
that the density of the deposit was raised from a value of
about 90% to the value of about 100% of the theoretical
density. '

With regard to the 1800°C treatment and the 2100°C
treatment it was observed that the grain size of the
deposited body was increased from the original as-deposited
grain size of about 1 to 2 microns to a grain size of about
15 microns following the heat treatment.

The finding of the densification of the
tungsten-rhenium plasma spray deposited alloy at the
temperature of 1800°C and 2100°C for the short period of 1
hour is quite surprising and unexpected. This observation
is particularly true inasmuch as the sintering of cold
pressed tungsten-rhenium powder at 2400°C for 5 hours did
not result in a densification to the 100% figure and in fact
the product had relatively low density in the range of 91 to
93% of theoretical density.

The percentage of rhenium included in the
tungsten-rhenium samples of the above examples was about
10%. However values of between 2% and 37% rhenium may be
included in samples which may be successfully densified by
the method of this invention.
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A rhenium concentration of between 2 and 25% is
preferred.

It has been determined that the densified
compositions of this invention may be employed successfully
for targets of X-ray machines based on production of X-rays
with the alloys in a simulator apparatus.
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CLAIMS

l. A method for forming fully dense

tungsten-rhenium

articles which comprises providing the

finely divided powder having the desired concentrations of
tungsten and rhenium, subjecting the powder to low pressure

plasma deposition to form a body on a receiving surface,
concentrating and densifying the body at a temperature of at

least 1800°C for

2. The

of densification

3. The

concentration is

4. The

concentration is

5. The
concentration is

approximately 1 hour.

method of claim 1 in which the temperature
is between 1800 and 2400°C.

method of claim 1 wherein the rhenium
greater than 2%.

method of claim 1 wherein the shown
between 2 and 37%.

method of claim 1 wherein the rhenium
between 2 and 25%.
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