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This invention relates to a process for the preparation
of metallic powders and, in particular, to preparing
powders of the refractory metals, W (tungsten), Mo
(molybdenum), and Re (thenium) and their alloys. (The
standard recognized chemical symbols of the refractory
metals and their alloys will be used throughout in place
of the fully spelled metals or alloys).

A common characteristic of these refractory metals
and their alloys is that they do not form stable combi-
nations with nitrogen at high temperatures (1000° C. or
higher), but do have solubility for nitrogen that increases
with temperatures over 1000° C. The particular metals
mentioned (W, Mo and Re) and their alloys may exhibit
considerable ductility at room temperature. Because of
this ductility, it is difficult to prepare suitable feed for
grinding mills.

The alloys of the refractory metals W, Mo, and Re in-
cluded by this invention are listed below. This invention
includes all the alloy combinations within the composi-
tion limits designated below.

All molybdenum alloys with:

W, all compositions Pt, up to 10 w/o

Re, all compositions Ir, up to 25 w/0

Os, up to 15 w/o * Pd, up to 10 w/o

Rh, up to 10 w/o
*ww/o=weight percent

All tungsten alloys with:

Mo, all compositions

Re, all compositions

Os, up to 15 w/o *

Rh, up to 10 w/o
*w/o=weight percent
All rhenium alloys with:

W, all compositions

Mo, all compositions

Os, upto 15 w/o *
*w/o=weight percent
It has been very difficult and costly to prepare good

Pt, up to 10 w/o
Ir, up to 25 w/o
Pd, up to 10 w/o

Rh, up to 10 w/o
Pt, up to 10 w/o
Ir, up to 25 w/o
Pd, up to 10 w/o

quality powders from these particular metals and their

alloys because they are not normally brittle. Not being
brittle, they resist conventional crushing techniques to the
extent that only after extensive energy application in
recognized crushing techniques is it possible to render
these metals and their alloys into powder forms suitable
for use in compacted forms of various shapes.

For example, a technique employed to embrittle other
ductile metals (U, Ti, Zr) is to expose these metals and
their alloys to an atmosphere of hydrogen at an elevated
temperature. The temperature employed is sufficient
to heat the metals or their alloys but not sufficient to melt
them. At the elevated temperature, some hydrogen dif-
fuses into the metal and a chemical reaction occurs be-
tween the hydrogen gas and the solid metals to form
hydrides. The resulting hydrides of these metals and
their alloys are brittle. However, Mo, W, and Re and
their alloys do not readily react with hydrogen to form
hydrides.

Another process used to condition metals for subse-
quent crushing and powder preparation is the coreduction
of metal oxides. However, by this technique the choice
of alloys is limited as dictated by the thermochemical re-
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lationships of the reactants in the process. An undesira-
ble collateral effect of these types of reactions is the high
level of impurities that contaminate the reacted metals
and very frequently the residual highly reactive surfaces
produced. The active surfaces are desirable from sintering
characteristics but poor from a contamination tendency.

The processes employed to date for preparing powdered
alloys of W, Mo and Re are inadequate. This inadequacy
is due to (1) the ductility of the metals and their alloys,
(2) the high receptivity of contaminants by the metals,
and (3) the associated high cost for recovery of the alloy
content from the crushed contaminated powder,

To date, industries have clearly spelled out the need
for powdered refractory metal alloys of very high purity.
However, processes currently in vogue are unable to meet
the rigid standards prescribed by industries for powdered
high-purity, low-cost refractory metals and alloys. The
subject invention does fulfill this need of industry, and
meets all the prescribed rigid requisites.

An object of this invention, therefore, is to prepare a
refractory metal or alloy powder which will exhibit the
properties of the wrought refractory metal or alloy.

Another object is to develop a process for preparing
a variety of metallic compositions using W, Mo, and Re.

Still another object is to develop a simple process for
fabricating refractory metal powders.

Still another object is to develop a process to fabri-
cate refractory metal powders at low cost.

Still another object of this invention is to prepare re-
factory metal and alloy powders of very high purity.

Another object is to effect a homogeneous distribution
of an embrittling agent in the preparation process of
obtaining high-quality powdered refractory metals and
alloys.

Yet another object is to effect a rapid distribution of
an embrittling agent in the process of obtaining high-
quality refractory metals and alloys.

Another object is to efficiently remove the embrittling
agent from the powdered refractory metal or alloy.

Other objects and advantages of the invention will
be apparent from the following detailed description there-
of,

The single figure is a simplified flow sheet of the steps
involved in the process of this invention. Step I is the
melting of the refractory metal or alloy under an atmos-
phere of nitrogen until equilibrium is established between
the nitrogen in the gaseous atmosphere and the nitrogen
dissolved in the liquid metal.

Step II is the very rapid cooling of the molten metal,
once equilibrium is established between the nitrogen in
the atmosphere above the metal and the nitrogen dis-
solved in the liquid metal.

Step III is the comminuting of the solid cooled metal
to a desired size.

Step IV is the degassing of nitrogen from the com-
minuted metal at subatmospheric pressure and at a tem-
perature below the sintering temperature of the com-
minuted metal.

Broadly, this invention consists of a process to prepare
high-purity powdered refractory metals and alloys of
same. In essence, the process comprises melting the
refractory metal or alloy under an atmosphere of nitro-
gen or ammonia until an equilibrium is reached between
the gaseous atmosphere and the gas entrapped or absorbed
in the molten refractory metal or alloy. Then the molten
metal or alloy is very rapidly cooled and solidified, en-
trapping excessive gas in the metal. Next, the solidified
metal is crushed or ground to a desired degree by con-
ventional techniques. The comminuted metal is sub-
jected to subatmospheric pressure at an elevated tem-
perature which is, however, below the sintering tempera-
ture of the metal powder to remove excess nitrogen gas
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that may have been absorbed or entrapped in the metal
when it was rapidly cooled and solidified. With the gas
removed, the very pure: powdered refractory metal or
alloy is ready to be compacted and processed to ‘any
desired shape.

The particular refractory’ mietals pertinent:to- this in-
vention, W, Mo, Re, and their alloys, have been very
difficult to prepare s powders of high purity. In this
invention, the metals are melted in an electric arc fur-
nace. Some of the standard recognized types of furnaces
suitable for use in the process of this invention are (¢}
inert electrode arc furnace, (2) consumable electrode arc
furnace, and (3) electrodeless arc furnace.

As the metal is. melted in the arc furnace, it is sub-
jected to an atmosphére of nitrogen or ammonia, or of
nitrogen or ammonia in combination with an inert gas
such as helium or argon. Either nitrogen or ammonia
is continuously added -to the system. as the metal -is
melted. The liquid metal is mixed with the gas until a
homogeneous mixture of gas and metal is created.

The solubility of helium or argon in the moltén refrac-
tory metal is exiremely small compared to that of nitrogen
and for all practical purposes helium and argon are to be
considered as insoluble in the molten refractory metal
under the conditions prescribed in this invention. The
principal function of the inert gas, huch as heliom or
argon, is to furnish gas ions over which the electric arc
in the furnace can travel. The nitrogen gas is absored
into the molten metal. The presence of the insoluble
helium or argon permits the process to proceed miore
smoothly than if nitrogen were used alone in the furnace.

The ammonia, if used at the high temperature of the
melted W, Mo, or Re metals, dissociates into nitrogen and
hydrogen gases. The molten metal dissolves the nitro-
gen. The use of nitrogen is preferred to ammonia.

The gas pressure used over the molten metal must be
at least 0.10 atmosphere nitrogen, if nitrogen is used
alone. If nitrogen is in combination with hydrogen or
argon or helium, then the nitrogen partia] pressure must
be at least 0.10 atmosphere. The solubility of nitrogen
in the molten refractory is dependent on the nitrogen
pressure and the temperature of the molten liquid metal.

Nitrogen or ammonia are continuously added to the
system as the nitrogen is dissolved into the molten metal
and the nitrogen pressure drops off. The nitrogen or am-
monia is fed into the system at a rate sufficient to maintain
a nitrogen pressuré of at least 0.10 atmosphere. If any
helium or argon is present, its partial pressure remains
relatively constant because of its low solubility in the
molten refractory metal compared to nitrogen.

The nitrogen-bearing gas is fed into the molten metal-
gas system until sufficient nitrogen is dissolved in the
molten refractory metal to embrittle it. The solubility
limit of nitrogen in the molten refractory metal is a
characteristic of the metal and the nitrogen pressure. The
pressure used in the process is sufficient to dissolve suffi-
cient nitrogen to embrittle the metal.

The liquid metal is effectively mixed with the gas to
the extent that a homogeneous mixture of gas and metal
is created. Once an equilibritm is established between
the nitrogen in the liquid metal at a level sufficient to
embrittle the metal, and the gas atmosphere above it, then
the molten refractory metal is very rapidly cooled to room
temperature with a water heat exchange system in the
arc furnace. The rapid cooling period can range from
less than one second to thirty minutes. The objective of
the rapid cooling is to “freeze” or lock in nitrogen in the
metal as it cools off rapidly.

As the temperature in the nitrogen gas-saturated metal
drops rapidly, the solubility of the nitrogen in the molten
metal decreases also. The net result is a tendency for
the metal to reject the included nitrogen gas that is in
excess of solubility limits in the refractory metal at the
ultimate room temperature. Because the cooling process
is so rapid, most of the nitrogen gas in excess of solubility
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limits in the metal or alloy does not escape because the
metal or alloy “freezes” (solidifies) and retards the escape
of the excess gas. The excess nitrogen gas entrapped in
the frozen metal imposes structural stresses on the metal
and effectively embrittles it.

1t is believed that the net embrittlement of the solidified
metal is a composite.of the three influential factors assign-
able to the nitrogen gas. These factors are (1) solid
solution hardening of the metal due to the supersaturated
level of nitrogen in the metal; (2) formation of a brittle
phase at the grain boundaries of the metal crystals; and
(3) the effect of the pressure within the confines of the
metal due to the pressure of the confined internal gas.

The homogeneously embrittled metal or alloy, under
the internal stress of pressure-confined nitrogen, is in a
condition which easily lends the metal to conventional
crushing or grinding processes, such as by ball mills or
rolling mills.

When the embrittled metal has been reduced in size
to the desired level, residual amounts of nitrogen remain
in the crushed metal. This residual nitrogen is removed
from the metal particles:by a vacuum heat treating proc-
ess. The metal particles are heated and a vacuum or
low -atmospheric pressure (less than 0.10 atmosphere
of nitrogen pressure) permits. the residual nitrogen in the
metal to escape and leave a very pure good-quality refrac-
tory metal powder. (The reference to metal throughout
is intended to include the pure refractory metals, W, Mo,
and Re and their alloys previously listed.)

The temperature at which vacuum heat treatment can
be applied to any of the powder refractory metals to re-
move the residual nitrogen contained therein depends
upon the sintering temperature of the particular metal
powder. Each powdered metal has its own sintering tem-
perature which can be determined by reference to techni-
cal handbooks or other well known sources.

The rate of nitrogen removal from the powdered metal
increases rapidly as the temperature increases and the
ambient gas pressure drops as the metal approaches its
particular sintering temperature in the vacuum chamber.
However, caution should be exercised so that the sintering
temperature of any of the powder metals is not attained.
If the sintering temperature is reached, the nitrogen af-
filiated with the powdered metal will be effectively re-
moved in the vacuum chamber, but the residual nitrogen-
free metal would probably be a solid sintered mass of
metal. A temperature of about 200° C. below the sinter-
ing temperature of the particular refractory metal powder
is more than adequate to drive off the residual nitrogen
of the metal while under a pressure of less than 0.10
atmosphere of nitrogen. «(The vacuum chamber need
not be any particular type or kind but any of a number
of standard recognized chambers on which heat and
vacuum can be applied.)

The embrittling qualities developed by this process are
very superior to those of other techniques, e.g., coreduc-
tion processes.

A commercial alloy bar stock of tungsten-26 w/0
(weight percent) rhenium was treated with hydrogen to
form a hydride. Also prepared was an alloy of
tungsten—26 w/o rhenium from sintered elemental W and
Re which was arc-melted and nitrogen treated by the
process of this invention. As a standard of reference, a
sample alloy of the tungsten-26 w/o Re was arc-melted
from the sintered elemental W and Re but untreated in
nitrogen. The results of a grinding test of each of these
three materials was as follows:

‘Wt. percent Time to
W-Re 26 w/o Material Grind
Ground
Hydrogen treated. ... __________ 20 | 1 hour.
Nitrogen treated.___ 20 | 3-minutes.
Untreated. ... .. None | 1 hour.
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By practicing this invention for preparing refractory
metal powders, several specific advantages will accrue to
the practitioner. They are:

(1) A refractory metal or alloy that can be powdered.

(2) A refractory metal or alloy that can be very rapidly
grund to minimize impurity pickup.

(3) a refractory metal or alloy powder with a very high
starting purity.

(4) A refractory metal or alloy powder whose nitrogen
contamination can be removed by relatively simple
treatment.

(5) A relatively inexpensive process for making pre-
alloyed powder.

Other advantages that can be realized by practicing
this invention, reside in the process employed itself,
such as

(1) The use of an electric arc furnace for rapid heating

(2) the ability to rapidly extinguish the heat source

(3) the use of a water-cooled crucible for rapid cooling

(4) the active state of the nitrogen as ionized in the arc

(5) the use of inert gas such as helium or argon to stabi-
lize arc plasma

(6) the ability to remove gaseous contaminaiton inside
the furnace, and

(7) the variation of gas pressures that are possible,

Example 1

A 25-gram alloy of tungsten-26 weight percent rhe-
nium is melted in an arc furnace (see flow sheet) at 3400°
C. and produces a “button” type casting. This casting
is then subjected to a pressure of 1 atmosphere which is
composed of four parts nitrogen and 1 part helium. The
casting is melted an additional four times. The button
is turned over between each melt to insure homogeniety
of the nitrogen throughout the button. The absorbed
nitrogen is replenished after each melt to maintain the
4:1 ratic. Each melt consists of a 30-second exposure
to the mitrogen atmosphere at the melting temperature
and is then cooled rapidly for 30 seconds before another
melting cycle occurs.

After the last melting-rapid cooling cycle, the tung-
sten~26 weight percent rhenium alloy is finely crushed in
a ball mill. The finely crushed alloy is then subjected to
a vacuum heat treatment at 1300° C. to remove the nitro-
gen confined in the powdered alloy. The remaining
powder is free of contamination and sujtable for any
metallic use.

Example 2

A 50-gram alloy of Mo and 25 weight percent W is
melted in an arc furmace at 2800° C. under an atmos-
phere of mnitrogen where the nitrogen pressure is main-
tained at 1 atmosphere by continuous metering of nitro-
gen into the system as the nitrogen is dissolved in the
molten metal. The nitrogen is added until 20 p.p.m. of
it are dissolved in the metal.

The metal is chilled very rapidly to room temperature
in 1 minute to freeze the nitrogen in the metal. The
solidified metal is removed from the furnace and ground
to a powder in a laboratory ball mill to about 100 mesh.

The nitrogen was removed from the powdered metal in
a vacuum oven at 1100° C.

Example 3

A 40-gram alloy of Re-10 w/o W is melted in an elec-
tric arc furnace at 3200° C. in an atmosphere of am-
monia whose pressure is maintained at 2 atmospheres.
When gas equilibrium is established at a level where 15
p.p.m. of nitrogen are dissolved in the molten metal, the
metal is rapidly cooled to room temperature in about
two minutes,

The solid metal is ground to a powder in a ball mill
and the residual nitrogen in the powdered metal is re-
moved in a vacttum oven at a temperature of 1200° C.
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under vacuum. The powdered nitrogén free metal is
then ready for use in a very pure state.

Example 4

A 40-gram sample of Mo-10 w/o Os is melted at
2700° C. in an electric arc furnace under an atmosphere
of argon and nitrogen in which the nitrogen:argon ratio
is 4:1. As the nitrogen is dissolved in the metal alloy,
additional nitrogen is metered into the system to maintain
the 4:1 ratio in an overall atmospheric pressure of 1
atmosphere. When the equivalent of 10 p.p.m, of nitro-
gen is dissolved in the refractory alloy, the alloy is
quickly cooled to room temperature in a period of about
10 minutes. The metal is ground and degassed of nitro-
gen in a vacuum oven at a temperature of 1100° C.

Example 5

A 30-gram alloy of W-8 w/0 Rh is melted at 3400°
C. in an electric arc furnace under an atmosphere of
nitrogen and helium at a pressure of 1 atmosphere and
a constant nitrogen:helium ratio of 9:1. When a level
of 5 p.p.m. of nitrogen is dissolved in the alloy, the
metal is rapidly chilled to rcom temperature in 5 min-
utes, then ground to a powder. The powder is degassed
of nitrogen in a vacuum oven at a pressure of less than
0.10 atmosphere and at 1300° C.

Example 6

A 25-gram sample of Re—4 w/o Pt alloy is melted at
3200° C. in an arc furnace under an atmosphere of nitro-
gen at a constant pressure of 0.50 atmosphere until 5
p.p.m. of nitrogen are dissolved in the molten refractory
alloy. The alloy is cooled to room temperature in about
30 minutes. The alloy is ground to a powder and de-
gassed of nitrogen at a temperature of 1200° C. in a
vacuuin oven.

Example 7

A 30-gram sample of Re-15 w/o Ir is melted in an
eleciric arc furnace at a temperature of 3200° C. under
an atmosphere of nitrogen at a pressure of 0.10 atmos-
phere. 'The nitrogen pressure is maintained until therd
is indicated that about 5 p.p.m. of nitrogen are dissolved
in the molten alloy. The alloy is then cooled to room
temperature in about 30 seconds and then ground to a
powder. The dissolved nitrogen remaining in the powder
after grinding is removed in a vacuum oven at a tempera-
ture of 1200° C.

Example 8

A 30-gram alloy of Mo-8 w/o Pd is melted at 2700°
C. in an electric arc furnace under an atmosphere of nitro-
gen at a pressure of 1.5 atmospheres. When 12 p.p.m.
of nitrogen are dissolved in the alloy, it is cooled to room
temperature in 15 minutes then ground to a powder.

The powder is degassified of nitrogen in a vacuam oven
at 1200° C.

Example 9

A 40-gram alloy of W-2 w/0 Pt is melted at 3300° C.
in an electric arc furnace under a blanket of nitrogen at
a pressure of 5 atmospheres. The nitrogen pressure is
maintained on the molten metal until 20 p.p.m. of nitro-
gen are dissolved in the molten metal. The alloy is then
cooled to room temperature in 1 minute. Next it is
ground to a powder and then degassified of residual nitro-
genin a vacuum oven at 1300° C.

Example 10

A 25-gram alloy of Re-5 w/0 Os is melted in an elec-
tric arc furnace at 3100° C. under a blanket of nitrogen
at a pressure of 0.75 atmosphere until 16 p.p.m. of nitro-
gen are dissolved in the molten alloy. The alloy is then
rapidly cooled to room temperature in about 3 minutes.
The cooled alloy is ground to a powder easily and then
the residual nitrogen in the powder is removed in a vacu-
um furnace in an atmosphere of helium at a pressume of
0.05 atmosphere at a temperature of 1200° C.
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Example 11

A 30-gram alloy of W-6 w/o Pd is melted in an elec-
tric arc furnace at a temperature of 3400° C. under an
atmosphere of nitrogen and argon in a ratio of 4:1 and
a pressure of 2 atmospheres. The nitrogen is continu-
ously metered into the system as it is dissolved in the
molten alloy to maintain the designated gas ratio and
pressure. When 18 p.p.m. of nitrogen are dissolved in
the liquid metal, it is quickly cooled to room temperature
in 2 minutes. The solid metal is then easily ground to a
powder and then degassified of residual nitrogen in a vac-
uum furnace under a vacuum at a temperature of 1300° C.

Example 12

A 25-gram alloy of W-2 w/o Pt is melted in an arc
furnace at a temperature of 3300° C. in an atmosphere
of nitrogen at a pressure of 1 atmosphere. When 20
p.p-m. of nitrogen are dissolved in the molten alloy, the
alloy is very rapidly cooled to room temperature in 30
seconds. The embrittled alloy is then easily ground to
a powder. The powder is next degassed of residual nitro-
gen in a vacuum oven at a temperature of 1300° C.

Example 13
A 25-gram alloy of Mo—5 w/o Rh was melted at a
temperature of 2700° C. in an atmosphere of nitrogen
at a pressure of 1 atmosphere and held at that tempera-
ture and nitrogen pressure until 6 p.p.m. of nitrogen were
dissolved in the altoy. The alloy was cooled to room
temperature in 20 minutes then ground and finally de-
gassified of nitrogen at a temperature of 1100° C. in a
vacuum furnace.
Example 14

Samples of 50 grams each of pure W, Mo, and Re are
processed to their respective powders under the following
conditions:
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heat exchange device which is an incorporated feature im
the arc furnace. The solidified nitrogen impregnated, em-
brittled metal is next ground by a conventional method
(e.g., ball mill, rod mill, etc.).

The nitrogen contaminated powdered metal is degassed’
of nitrogen under a vacuum in a vacuum oven at a tem-
perature of at least 200° C. or more below the recog-
nized sintering temperature of the powdered metal.

The foregoing description herein is for purposes of il-
lustration only, and it is therefore intended that this in-
vention be limited only by the appended claims or their
equivalents.

What is claimed is:

1. A process for preparing homogeneous powdered
high-purity refractory metal alloys selected from the
group of refractory alloys consisting of

Mo-W Mo-Pd W-Pd
Mo-Re W-Re Re-Os
Mo-Os W-Os Re-Rh
Mo-Rh W-Rh Re-Pt
Mo-Pt W-Pt Re-Ir
Mo-Ir W-Ir Re-Pd

~ and comprising the steps of:

(a) melting the said refractory metal alloy ina gaseous
atmosphere selected from the group of gases con-
sisting of nitrogen and ammonia,

(b) rapidly cooling the said refractory metal alloy in
the said gaseous atmosphere,

(¢) comminuting the said rapidly cooled refractory
metal alloy, and

(d) removing the nitrogen-gas atmosphere contained
therein.

2. The process of claim 1 wherein the said refractory

metal alloys are selected from the group of binary re-

w Mo Re
Melting FUranee oo amm—aomommcnemmmes El(eﬁtic Are BA e E.A.
Melting Temperature. . .- -covoeev-mumn- 3,300° C.__.__ 2,700° Cocomeaam 3,200° C.
Blanket Atmosphere. .- _| Nitrogen Nitrogen Nitrogen.
Nitrogen Pressure Atmosphere_. I I T, 1.0 e 1.0.
Nitrogen Dissolved ( m.) -1 12 -1 16 18.
Cooling Period.._..- ——__| 3 minutes_.._- 2 minutes_.._ 1 minute.
Powdered by Grinding_..._. Grinding__.__. Grinding.
Nitrogen Degassifying Temperature. ... 1,300° Coeem et ,100° Coooao o 1,200° C.
Nitrogen Degassifying Pressure.. Vacuum Vacuum Vacuum.

The critical and most distinctive feature of this inven-
tion is the addition of nitrogen into the molten phase of
the metal to effect a rapid homogeneous distribution of
the gas in the molten metal followed by very rapid cool-
ing of the gas-saturated metal to effect nonequilibrium re-
tention of the gas at lower temperatures. The rejection
of nitrogen at the low temperature causes effective em-
brittlement-of the refractory metal or alloy.

The preferred method of this invention is to add nitro-
gen as a gas during electric-arc-furnace melting of the
refractory metal so as to blanket the molten metal. Un-
der these conditions a rapid distribution of nitrogen is
effected in the liquid metal. In addition, the nitrogen in
the arc ionizes. This enhances the chemical activity of
the gas which promotes the rapid attainment of nitrogen
equilibrium between the liquid metal and the ambient at-
mosphere above. The preferred ambient nitrogen gas
pressure is one atmosphere. The nitrogen pressure is
maintained for a time period sufficient to permit the solu-
tion of 20 p.p.m. (parts per million) of nitrogen in the
molten metal. The molten metal is next rapidly cooled
to room temperature in one minute using a water-cooling
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fractory alloys whose alloying compositions include all
compositions within the ranges of

W-Rh (up to 10 w/0)
W-Pt (up to 10 w/0)
W-Ir (up to 25 w/0)
W-Pd (up to 10 w/0)
Re-Os (up to 15 w/0)
Re-Rh (up to 10 w/0)
Re-Pt-(up to 10 w/0)
W-Re, all compositions Re-Ir (up to 25 w/0)
W-Os, up to 15 w/o Re-Pd (up to 10 w/0)

3. The process of claim 1 wherein the said molten re-
fractory mietal alloy is cooled to room temperature in
a period of one second to thirty minutes.

4. The process of claim 1 wherein the nitrogen gas is
removed from the powdered refractory metal alloy under
subatmosphere pressure.

5. The process of claim 1 wherein the nitrogen gas is
removed from the refractory metal alloy powder at a
temperature less than the sintering temperature of the
said powdered alloy.

Mo-W, all compositions
Mo-Re, all compositions
Mo-Os, up to 15 w/0
Mo-Rh,upto 10 w/0
Mo-Pt, up to 10 w/o
Mo-Ir, up to 25 w/o0
Mo-Pd, up to 10 w/o
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6. The process of claim 1 wherein the nitrogen gas is
removed from the powdered refractory metal alloy at
a temperature of at least 200° C. less than the sintering
temperature of the said refractory metal alloy.

7. The process of claim 5 wherein the nitrogen gas in
the said powdered refractory metal alloy is removed from
the said alloy leaving a residual of nitrogen gas of less
than 20 p.p.m. in the said alloy.

8. The process of claim 1 wherein the gaseous atmos-
phere exerts a pressure of at least 0.10 atmosphere of
nitrogen on the molten refractory alloy.

9. The process of claim I wherein the refractory alloy
is melted in an electric arc furnace.

10. The process of claim 1 wherein the said gaseous
atmosphere is introduced into the arc melting furnace as
the refractory metal alloy is being melted.

11. The process of claim 1 wherein an inert gas se-
lected from the group consisting of helium and argon
is introduced into the atmosphere above the melted re-
fractory alloy along with the gas selected from the group
consisting of nitrogen and ammonia.
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10
12. The process of claim 1 wherein the molten refrac.
tory alloy is subjected to the gaseous atmosphere for a
period of time sufficient to permit at least 5 p.p.m. of
nitrogen gas to be distributed into the said molten re-
fractory alloy.
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