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ABSTRACT OF THE DISCLOSURE 

A particulate tungsten-rhenium alloy powder having an 
average particle size of from about 0.5 to about 4 microns 
and having an homogeneous distribution of tungsten and 
rhenium in each particle is disclosed. Additionally, a proc 
ess for producing the tungsten-rhenium alloy powders is 
disclosed. The process comprises forming an aqueous solu 
tion of tungsten and rhenium sources, spray drying said 
solution and heat treating the resulting powder under con 
trolled atmospheric and temperature conditions. 

BACKGROUND OF THE INVENTION 

This invention relates to tungsten-rhenium alloys. More 
particularly it relates to tungsten-rhenium alloy powders 
having extremely small particle sizes and having a ho 
mogeneous tungsten and rhenium distribution throughout 
the particles and further relates to processes for produc 
ing these homogeneous tungsten-rhenium powders. 

Heretofore, tungsten-rhenium alloy powders were pre 
pared ‘by mechanically blending tungsten powder and 
rhenium powder in a preselected ratio of tungsten to 
rhenium. While the composite powder had the correct 
ratio, for example 95% tungsten and 5% rhenium, the 
individual particles were either tungsten or rhenium. In 
general, the alloys produced from such particles can only 
be made homogeneous by prolonged sintering and holding 
the material at elevated temperatures. As can be appreci 
ated, the uniformity of the resulting alloys is dependent 
to a large degree upon the uniformity of the blending of 
the two powders. Another method used to make powders 
that are subsequently processed to form tungsten-rhenium 
alloys is to deposit rhenium in form of a vapor onto tung 
sten powder. In most instances, the rhenium is more 
evenly distributed throughout the tungsten than when 
mechanical blending is used because most of the particles 
of tungsten contain some rhenium. However, the homoge 
neity of the alloy is dependent upon the diffusion of rhe 
nium into the particle of tungsten. The time required to 
achieve adequate diffusion during the sintering step can 
be excessive. Alloys having homogeneously distributed 
low concentrations of either tungsten or rhenium are 
believed to be unachievable by either of the beforemen 
tioned prior art methods. Additionally, 'both processes use 
conventional tungsten powders, hence the typical particle 
sizes of the powder are from about 4 to about 6 microns 
(Fisher Sub-Sieve Size). The time required for the sinter 
ing step of the alloy is longer than would be required if 
the size of the powder particles were smaller. It is be_ 
lieved, therefore, that a powder having a homogeneous 
distribution of tungsten and rhenium throughout each 
particle, regardless of the small amount of tungsten and 
rhenium present and that has a smaller particle size thus 
reducing the sintering time and improving the uniformity 
of the alloys, would be an advancement in the art. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of this invention, there 
is provided a tungsten-rhenium alloy powder having an 
average particle size of from about 0.5 to about 4 microns 
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(as measured by Fisher Sub-Sieve Size) and having a 
homogeneous distribution of tungsten and rhenium 
throughout each particle. The powder is capable of being 
processed to the ?nal alloy ‘by conventional powder metal 
lurgy techniques in substantially less time than was re 
quired by the prior art processes. In accordance with an 
other aspect of this invention there is provided a method 
for producing said powders, said method comprising (a) 
forming an aqueous solution comprising water, a water 
soluble tungsten source, and a water-soluble rhenium 
source, (b) spray drying the aqueous solution to form 
tungsten-rhenium alloy powder having the rhenium and 
tungsten sources relatively homogeneously distributed 
throughout each particle and (c) heat treating the alloy 
powder under controlled atmospheric and temperature 
conditions for a time suf?cient to convert said tungsten 
and rhenium sources to metallic tungsten and rhenium 
without an appreciable loss of rhenium. 

For a better understanding of the present invention, 
together with other and further objects, advantages and 
capabilities thereof, reference is made to the following dis 
closure and appended claims in connection with the above 
description of some of the aspects of the invention. 

DESCRIPTION OF THE PREFERRED 
iEMBODIMENTS 

As previously mentioned, in the practice of this inven 
tion, tungsten and rhenium are relatively homogeneously 
‘distributed within each individual particle of the powder 
and the particles of the powder are relatively small, 
thereby enabling a more rapid sintering of the pow_ 
ders to form a homogeneous alloy when compared 
with the prior art processes. By relatively homoge 
neous it is meant that the percent of tungsten and 
rhenium in each particle varies less than about :10% 
by weight from the amount of tungsten and rhenium in 
the total composition. In most instances it is believed that 
the variation is appreciably less than 10%. For example, if 
a 20:80 rhenium to tungsten alloy is desired, the range 
in each particle would not vary more than from about 
12:88 to about 28:72. Electron-micrographs of particles 
indicate that the particles are completely alloyed, that is, 
the powder consists of particles that are combined of 
tungsten and rhenium. X-ray diffraction data also indicate 
the absence of separate lines for tungsten and for rhenium. 
Any water-soluble tungsten source can be used, how 

ever, it is preferred to use water-soluble tungsten con 
taining material that can be converted to tungstic oxide 
under atmospheric conditions at relatively low tempera 
tures, that is below about 300° C. Suitable tungsten 
sources include ammonium tungstate and ammonium 
metatungstate. 
Any water-soluble rhenium source can be used. As used 

herein, water-soluble means that at least 0.1 gram of the 
material will dissolve in 100 cc. of water at 25° C. Suit 
able rhenium sources include ammonium perrhenate, 
rhenium trichloride, rhenium hexa?uoride and the like. 

Materials with a relatively high water solubility are 
preferred since the aqueous solution containing the tung 
sten and rhenium is subsequently dried, thus the smallest 
amount of water that can be employed and still dissolve 
the appropriate amounts of tungsten and rhenium is de 
sired in order to minimize drying costs. 

After the aqueous solution containing the tungsten and 
rhenium sources is prepared, the solution is spray dried to 
form the solid particles. Since the solution containing the 
tungsten and rhenium sources is a homogeneous solution, 
the solid particles formed from that solution are also 
homogeneous. 
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Conventional spray drying techniques can be used, how 
ever, since rhenium oxide can be formed during drying, 
the temperature of the dried material should not exceed 
about 300° C. to avoid rhenium loss. In most instances, 
therefore, the heating medium used to achieve spray dry 
ing should not exceed 300° C. by an appreciable amount. 
As can be appreciated, the foregoing temperature limita 
tions are under atmospheric pressure conditions. Increased 
or decreased pressure conditions during the drying step 
can raise or lower the foregoing maximum temperature. 
Some rhenium oxides are relatively volatile, however, 

the rhenium and tungsten sources must be reduced to the 
metallic form without an appreciable loss of rhenium. 
Several methods can be used to achieve the reduction 
without an appreciable rhenium loss. One method is to 
preheat the powder in air at about 300° C, for about 2 
hours and thereafter the powder is heated at higher tem 
peratures under a hydrogen atmosphere as in a con 
ventional tungsten oxide reduction process. If desired, 
however, the particles immediately after spray drying can 
be heated in a hydrogen atmosphere at about 400° C. for 
about two hours. The volatile rhenium oxide does not 
form under these conditions and the powder can then 
subsequently be heated in a hydrogen atmosphere at a 
temperature between about 800° C. and about ll00° C. 
to complete the reduction. 

Powders containing tungsten and rhenium having essen~ 
tially any ratio of tungsten to rhenium can be produced. 
As previously mentioned, the process of this invention is 
particularly advantageous when relatively small amounts 
of tungsten or rhenium are desired in the alloy. It is par 
ticularly desirable to use the process when alloys having a 
tungsten to rhenium weight ratio of greater than 95:5 
and less than 5:95 are produced. In most instances, tungs 
ten base alloys with the smaller amounts of rhenium will 
be preferred. 

Because the homogeneity of the alloys produced from 
the powders of this invention is improved, the properties 
of the alloys are also improved. For example, the due 
tility and bend strength of alloys are improved with 
improved homogeneity of the alloy. 
To more fully illustrate some of the advantages of this 

invention, the following non-limiting detailed example is 
presented. All parts, proportions and percentages are by 
weight unless otherwise indicated. 

EXAMPLE I 

About 27 parts of ammonium tungstate and about 1 
part of ammonium perrhenate are dissolved in about 83 
parts of water. The slurry is fed to a conventional spray 
tower and dried with air having a temperature of below 
about 300° C. The dried powder is screened to remove 
lumps and a sample of the powder after screening has a 
particle size of from about 0.5 to about 2 microns 
(FSSS). 
The powder is heated to about 300° C. for about 2 

hours and no appreciable loss of rhenium is noted. The 
material is then heated to about ll00° C. in a hydrogen 
atmosphere for about 5 hours. The powder is then sub 
jected to a wash of hydrochloric acid and hydro?uoric 
acid to remove any unconverted rhenium or tungsten 
compounds. Electron-micrographs of samples of the 
washed metal powder indicate completely alloyed parti 
cles, that is, separate crystals of tungsten and rhenium 
are undetected. Electromicrographs of sample of tungsten~ 
rhenium alloy powder produced by the rhenium vapor 
deposition method clearly show separate tungsten and 
rhenium crystals. X—ray diffraction data of the washed 
powder do not show strong patterns for tungsten and 
rhenium whereas X-ray patterns for the material produced 
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by the vapor deposition techniques indicate strong tungs 
ten and rhenium patterns. 

Substantially similar results are achieved when the 
powder after spray drying is pre-reduced in hydrogen at 
about 400° C. for about 2 hours prior to heating to 11000 
C. for about 5 hours in a hydrogen atmosphere to com 
plete the reduction. Additionally, the spray dried powder 
can be subjected to temperatures of 800° C. and ll00° C. 
in a hydrogen atmosphere without a loss of rhenium and 
without any appreciable change in product quality. 

After the reduction is complete, the powder can be sub 
jected to standard powder metallurgical techniques for the 
production of tungsten products. A high quality alloy is 
thus produced that exhibits improved properties of due 
tility and bend strength than tungsten-rhenium alloys hav 
ing essentially the same elemental analysis but produced 
by either the blending technique or the vapor deposition 
technique. 

While there have been shown and described what is at 
present considered the preferred embodiments of the 
invention, it will be obvious to those skilled in the art that 
various changes and modi?cations may be made therein 
without departing from the scope of the invention as 
de?ned by the appended claims. 
We claim: 
1. A process for producing a homogeneous tungsten 

rhenium powder suitable for powder metallurgy, said 
method comprising: 

(a) forming an aqueous solution comprising water, a 
water-soluble tungsten source and a water-soluble 
rhenium source; 

(b) spray drying said aqueous solution to form a tungs 
ten-rhenium alloy powder having the rhenium and 
tungsten relatively homogeneously distributed 
throughout each particle, and 

(c) heat treating said alloy powder under controlled 
atmospheric and temperature conditions for a time 
suf?cient to convert said tungsten and rhenium 
sources to metallic tungsten and rhenium without an 
appreciable loss of rhenium. 

2. ‘A process according to claim 1 wherein the weight 
ratio of tungsten to rhenium in the ?nal product is less 
than 5:95. 

3. -A process according to claim 1 wherein the weight 
' ratio of tungsten to rhenium is greater than 9515. 

4. A process according to claim 1 wherein said alloy 
powder is heated to about 300° ‘C. for about 2 hours and 
thereafter is heated to about ll00° C. in a hydrogen 
atmosphere for about 5 hours. 

5. A process according to claim 1 wherein said alloy 
powder is heated to a temperature of from about 800° C. 
to about 1100“ C. and in a hydrogen atmosphere. 
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