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containing at least about 8 percent total of iron plus 
silicon, the silicon constituting at least one halidizable 
metal in addition to iron as an impurity. The alloy is 
crushed and then subjected to dissolution at a temper 
ature of at least about 900° C with a gaseous hydrogen 
halide selected from the group HCl and HF for a time 
at least sufficient to effect substantial removal of said 
iron and said at least one other metal impurity as hal 
ide vapor, whereby to provide a finely divided refrac 
tory metal powder low in said impurities. 

6 Claims, 2 Drawing Figures 
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1. 

METHOD FOR PRODUCING REFRACTORY 
METAL POWDER 

This application is a continuation-in-part of U.S. Pat. 
application Ser. No. 813,746, filed Apr. 4, 1969 now 
U.S. Pat. No. 3,701,649. 
This invention relates to a method for producing re 

fractory metal powder from refractory metal ferror 
alloys, wherein an ingot of an alloy thereof is crushed 
and the crushed alloy then subjected to dissolution at 
an elevated temperature with a gaseous hydrogen hal 
ide, such as HCl or HF, to selectively remove impuri 
ties therefrom, such as iron, as a halide vapor and leave 
an enriched residue constituting said refractory metal 
powder. 

RELATED CO-PENDING APPLICATION 

In U.S. Pat. application Ser. No. 813,746, filed Apr. 
4, 1969, a process is disclosed for producing tungsten 
metal powder from oxidic tungsten ore, wherein the 
ore is reduced and melted at an elevated temperature 
with a reducing agent, such as silicon, whereby to pro 
duce a tungsten-base alloy containing silicon, among 
other impurities, such as iron, manganese, and the like, 
which alloy is cast into an ingot. The ingot is then 
crushed, following which the crushed alloy is chlori 
nated at an elevated temperature to form tungsten 
chloride, amoung other metal chlorides, which is re 
covered by fractional distillation and thereafter re 
duced to tungsten metal. The purpose of fractional dis 
tillation is to separate the tungsten chloride from such 
impurities as halides of silicon, iron, manganese, etc. 
While the disclosure of the aforementioned applica 
tion mentions in a general way that hydrochloric acid 
may be employed to selectively recover the tungsten 
from the alloy by dissolution, a method is not disclosed 
using hydrochloric acid for producing a finely divided 
refractory metal product substantially low in impurities 
and having utility and of meeting the high quanlity stan 
dards required in powder metallurgy, 

BACKGROUND OF THE INVENTION 
The use of tungsten powder is known for the produc 

tion of wire and bar products, Tungsten powder is also 
used in the production of electrical contacts by mixing 
tungsten powder with a binder metal, e.g. silver, cop 
per, etc., and forming a sintered product therefrom, 
Other uses include the production of molds for casting 
brass and the production of tungsten carbide for mak, 
ing cemented tungsten carbide products, All of these 
applications require as starting material a metal powder 
of fine particle size and fairly high purity. 
A prevailing method for producing tungsten metal 

powder involves chemically leaching a tungsten ore to 
dissolve the tungsten metal value and then by various 
precipitation and redissolving steps remove impurities, 
isolate the oxide of tungsten in pure form and reduce 
the oxide to metal using hydrogen at an elevated reduc 
ing temperature. 
This hydrometallurgical procedure tends to be com 

plicated and varies according to different types of ores. 
Certain impurities commonly present in the ores may 
require extra precipitation steps, which further compli 
cate the processing of the ores and which adversely af. 
fect the ultimate yield of the tungsten metal product. 
For example, the handling of leach liquors employed in 
the foregoing type of processes requires fairly large 
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2 
pieces of equipment, considerable manipulation of so 
lutions and the additional problem of disposing of large 
volumes of spent leach liquors which is costly and of 
avoiding pollution of the surrounding environment. 
Several methods have been suggested for producing 

refractory metal powders, such as tungsten, molybde 
num and the like, wherein the refractory metal is con 
verted to a gaseous halide (e.g. fluorides or chlorides) 
and the halide then reduced at an elevated temperature 
with hydrogen. While such methods have advanta 
geously provided stable metal powders of high purity 
and uniformity using continuous production tech 
niques, such methods have been fraught with technical 
problems when applied industrically. 
Attempts have been made to recover tungsten by first 

converting the ore to a tungsten alloy which thereafter 
was treated as discussed hereinbefore with hydrochlo 
ric acid to remove residual elements therefrom. While 
this process upgraded the tungsten product, generally 
the product contained residual elements above the de 
sired limit. For example, in the case of silicon, the re 
sidual quantity in the final tungsten powder was as high 
as 2.9 percent by weight. 

I have found that markedly improved results can be 
obtained by controlling the conditions of the hydro 
chloric acid treatment at a controlled elevated temper 
ature, whereby to assure a refractory metal product low 
in residual impurities. 

OBJECTS OF THE INVENTION 

It is thus the object of the invention to provide a 
method for producing refractory metal powder low in 
impurities by the selective teaching of granulated re 
fractory metal ferro-alloy with hydrochloric acid at a 
controlled elevated temperature. 
Another object is to provide a method for producing 

tungsten metal powder by the selective leaching of a 
granulated tungsten-containing ferro-alloy with an acid 
selected from the group consisting of HC1 and HF, said 
leaching being conducted at an elevated temperature, 
whereby metal halide impurities, such as iron chloride, 
are removed as gases. 
Other objects will more clearly appear when taken in 

conjunction with the following disclosure and the ap 
pended drawing, wherein: 
FIG. 1 is a drawing reproduced from a photomicro 

graph of a crushed tungsten metal ferro-alloy enlarged 
3,000 times; and 
FIG. 2 is a similar representation of the inal tungsten 

metal product taken from a photomicrograph at 10,000 
magnification. 

STATEMENT OF THE INVENTION 

Broadly stated, the invention is directed to a method 
for producing a refractory metal powder from a refrac 
tory metal ferro-alloy containing a metal from the 
group consisting of tungsten, molybdenum, niobium 
and tantalum, the alloy containing at least about 8 per 
cent total by weight of iron plus silicon, and preferably 
at least about 10 percent, the silicon constituting at 
least one other halidizable metal impurity in addition to 
iron, the method comprising providing a refractory 
metal ferro-alloy crushed to a particle size of less than 
about 4 mm in size and then subjecting the crushed 
alloy to dissolution in the presence of a gaseous hydro 
gen halide selected from the group consisting of HC1 
and HF at a temperature of at least about 900' C for a 
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time at least sufficient to effect substantial removal of 
the iron and said at least one other metal impurity (sili 
con and any other metal impurity that may be present) 
as a halide vapor, whereby to obtain a finely divided re 
fractory metal powder low in said impurities. 

It is preferred that the time of treatment be at least 
about 1 hour, e.g. range from about 1 to 4 hours, a 
more preferred time of treatment ranging from about 
2 to 4 hours. The temperature may range from about 
900 C to 1,200 C. It is also preferred that the average 
particle size of the alloy being treated be less than 
about 2 mm. 

In the case of tungsten, it is possible to produce a 
powder of small particle size, for example, less than 20 
microns, e.g. i to 10 microns, over a fairly narrow par 
ticle size range. Such a product is capable of being used 
for forming tungsten carbide employing conventional 
techniques for subsequent use in the production of ce 
mented carbides. Other products may be produced 
from the powder where a relatively high quality tung 
sten powder is required. 
The invention is particularly advantageous in that it 

provides a method which is simple, flexible and inex 
pensive, while also providing a high quality powder 
product. The method provided by the invention is ap 
plicable to the production of other refractory metals, 
such as niobium, molybdenum, tantalum, etc. 
The starting material is an alloy containing the re 

fractory metal to be produced, the material being a fer 
ro-alloy type. For convenience, this alloy is referred to 
as a refractory metal ferro-alloy. A typical alloy is fer 
ro-tungsten which can be obtained on the open market 
or it can be produced from an oxidic ore by reduction 
with a reducing agent, such as silicon, aluminum, car 
bon and the like. Generally, the ferro-alloy contains, in 
addition to the refractory metal, iron, silicon, manga 
nese, etc., which are the impurities, among others, 
which are removed by the process of the invention. 
Where silicon is used as the reducing agent, it will be 
present in the alloy. Likewise, where aluminum is used 
as the reducing agent, it will similarly be present in the 
alloy as one of the impurities. 
A method for producing a tungsten ferro-alloy is dis 

closed in U.S. Pat. application Ser. No. 813,746, filed 
Apr. 4, 1969. A typical oxidic tungsten ore is scheelite, 
wolframite or hubnerite. The reduction is carried out 
in an electric arc furnace comprising a graphite cruci 
ble and a graphite electrode. The furnace is heated to 
an operating temperature in the range of about 1,800 
to 2,200 C by means of a slag, the ore mixed with a 
predetermined amount of a reducing agent, e.g. silicon, 
being added continuously into the molten slag. The re 
ducing reaction is exothermic and enables a high rate 
of production. The charging of the ore mix is continued 
to the furnace until it is filled with a melt up to a desir 
able level, the slag being preferably tapped at suitable 
intervals. The metal reduced forms an ingot at the bot 
tom of the furnace. 
The ingot is crushed to a particle size less than 4 mm 

and preferably to a size not exceeding 2 mm. The 
crushed ingot is then treated at an elevated tempera 
ture with a hydrogen halide selective to the removal of 
impurities as gaseous halides, these impurities includ 
ing at least iron and silicon and such other additional 
impurities as aluminum, manganese and the like, which 
may be present. A finished product is obtained com 
prising a refractory metal powder low in impurities and 
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4. 
of a few microns in size as determined by the Fisher 
Sub Sieve Sizer device. 
According to the invention, refractory metal ferro 

alloys containing at least about 8 percent total of iron 
and silicon, preferably at least about 10 percent, are ca 
pable of being selectively leached with a hydrogen hal 
ide, such as hydrogen chloride, hydrogen fluoride and 
the like. In addition to iron and silicon, aluminum, 
manganese, tin and other impurities can be selectively 
removed from the alloy. 
For consistent results, it is preferred that the process 

be controlled over the temperature range of 900 to 
1,200 C and that the particle size of the crushed ingot 
not exceed 2 mm, although slightly larger sizes can be 
treated. Where the crushed alloy contains some SiO, 
it can be removed by pre-treatment with HF. 
Where a ferro-alloy contains some carbon and it is 

carried over into the end product, it can be removed 
from the final metal powder by treatment with CO, at 
a temperature of about 900 C or higher. The carbon 
is selectively oxidized and removed as a gas without at 
tacking the metal to any great extent. However, a final 
treatment with H can be used to remove any trace of 
oxygen caused by the CO, treatment. 
As illustrative of the various embodiments of the in 

vention, the following examples are given: 

EXAMPLE 1 
A ferro-tungsten alloy of particle size less than 63 mi 

crons, treated in accordance with the invention, had 
the following analysis by weight: 12.3 percent Fe, 5.8 
percent Si, 0.2 percent Mn, 0.16 percent Mo and the 
balance essentially tungsten. The alloy was treated with 
hydrogen chloride at 1,100°C for 4 hours. The result 
ing tungsten powder had a particle size of a few mi 
crons, about 1 to 7 microns, and was low in impurities 
as follows: 0.075 percent Fe, 0.14 percent Si, 0.002 
percent Mn, 0.1 percent Mn and 0.14 percent oxygen. 
The analysis indicated that residual silicon was present 
as an oxide which could be further lowered by treat 
ment with hydrogen fluoride. 

EXAMPLE 2 
The ferro-tungsten alloy having the same analysis as 

Example 1 but having a larger particle size not exceed 
ing 2 mm was treated for 3 hours at 1,050°C to provide 
an end product having the following analysis by weight: 
0.15 percent Fe, 0.6 percent Si, 0.1 percent Mn and the 
balance essentially tungsten. 
As stated hereinfore, the temperature and time of 

treatment of the alloy should be such as to effect sub 
stantial removal of the impurities. The importance of 
controlling the conditions using HCl gas as the reagent 
will be apparent from the following example. 

EXAMPLE 3 

A ferro-tungsten alloy was crushed and sieved to pro 
vide a particle size in the range of 63 microns to 2 mm 
(2,000 microns). The analysis by weight was as follows: 
22.2 percnet Fe, 0.8 percent Si, 0.25 percent Mn and 
the balance essentially tungsten. The alloy was treated 
at various times and temperatures as follows: 

Table 1 
Analysis after treatment 

Time Temp, 
hours. C %. Fe % Si % Mn 
0.5 800 9.4 0.34 0.097 
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Table 1-Continued 

Analysis after treatment 
Time Temp. 
hours C % Fe % Si % Mn 

0.5 900 8.4 O.30 0.090 
0.5 100 5.6 0.22 0.050 
2.0 800 8.6 0.30 0.090 
2.0 900 0.88 0.06 0.04 
20 100 0.49 0.07 0.007 
4.0 800 7.7 O.28 0.084 
4.0 900 0.98 0.06 0.00 
4.0 1100 0.58 0.07 0.007 

Particle size has an influence on the efficiency of ex 
traction of the impurities, particularly on the iron ex 
traction Tests indicate that the particle size should be 
less than 4 mm and, more preferably, below 2 mm. 
Thus, the same material as Example 3 was treated for 

4 hours with HCl at a temperature of 900°C to provide 
a tungsten product having the following analysis by we 
ight: 

Table 2 

Particle Size % Fe. %; Si % M 

< 63 microns 0.36 0.0 0.004 
> 63 microns <2 mm 0.98 0.06 0.010 
> 2 nm. < 4 mm 1.46 0.08 0.017 

As an additional example, a crushed tungsten alloy 
containing by weight 12.3 percent Fe, 5.8 percent Si, 
0.20 percent Mn, and the balance essentially tungsten 
and having an average particle size of aobut 63 microns 
was treated with HCl at 1,100°C for 4 hours to provide 
a tungsten metal powder containing 0.075 percent Fe, 
0.14 percent Si and 0.002 percent Mn. The average 
particle size was 6.8 microns as determined by the 
Fisher Sub Sieve Sizer (FSSS). 
As will be apparent from Table 1 above, iron is not 

removed sufficiently at 800°C and also that 0.5 hours 
is not long enough at any of the temperatures, thus indi 
cating that the temperature should preferably be at 
least about 900 C and the time at least sufficient to re 
move the iron substantially to below 2 percent, desir 
ably at least about 1 hour at 900 C. While the tempera 
ture may broadly range from about 900 to 1,200 C, 
900 to 1,100° C appears preferable, while a tempera 
ture range of about 1,000 to 1,100 C appears most 
preferred, the times over the foregoing ranges ranging 
from about 1 to 4 hours, more preferably, from about 
2 to 4 hours. 
The yield of tungsten obtained is quite high, the 

amount of tungsten removed with the chlorides being 
about 0.1 percent. The yield is close to 100 percent. 
Even though the particle size of the material being 

treated may range up to 4 mm, the particle size of the 
finished product is generally less than 20 microns, e.g. 
less than 10 microns, and usually range from 1 to 7 mi 
crons, e.g. less than 10 microns, and usually range from 
1 to 7 microns. Referring to FIG. 1, the particle size of 
the alloy particle there shown at 3,000 magnification is 
in the neighborhood of about 30 microns. After treat 
ment with the process of the invention, the particle size 
of the product shown in FIG. 2 at 10,000 magnification 
falls within the range of 1 to 7 microns. As will be noted 
from FIG. 2, the particle size of the end product is quite 
uniform in size. Tungsten carbide produced by carbu 
rizing this tungsten powder has provided cemented 
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6 
carbide compositions of excellent quality substantially 
pore-free, having a fine grain and having a uniform 
Stucture. 

While the treatment with hydrogen halide removes 
iron, silicon, and manganese quite efficiently, other im 
purities which can be removed include tin, chromium, 
titanium, zirconium and aluminum, among others. The 
invention is applicable to ferro-alloys containing mo 
lybdenum, niobium and tantalum. Generally, niobium 
and tantalum are found together in ores and are recov 
erable together using the invention. 

Ferro-alloys containing by weight the refractory met 
als W, Mo, Nb and Ta in amounts as low as 30 percent 
or 40 percent may be treated by the invention. Exam 
ples of ferro-alloys that can be treated are as follows: 

Table 3 

% W Fe %. Si 

91 8 
74 25 
66 25 9 
82. 8 O 
50 40 O 

Table 4 

% Refractory 
Meta 2, Fe %. Si % Mr 9. A 

75 Mo 21.0 2 2 
85 Mo 3.5 0.5 m 
75 Nb-Ta 150 9 0.5 0.5 
65 N-Ta 300 3.0 2.0 
50 Nb-Ta 30.0 OO 2O 8.0 
40 Mo 450 OO w 50 

Additional illustrative examples of the invention are 
as follows: 

EXAMPLE 4 

A ferro-molybdenum alloy having the following com 
position, to wit: 25 percent Fe, 5 percent Si and the bal 
ance molybdenum is treated as follows: The alloy 
which is crushed to provide a particle size of between 
45 to 65 microns is treated with gaseous HF at 1,000 
C for 4 hours to remove substantially the iron and sili 
con present and provide molybdenum powder as the 
end product of average size falling within the range of 
1 to 10 microns. 

EXAMPLES 

A ferro-niobium (Ta) alloy containing about 15 per 
cent Fe, 9 percent Si, 0.5 percent Mn and 0.5 percent 
Al and the balance niobium combined with tantalum is 
crushed and sieved to provide an average particle size 
between 65 microns and 2 mm and the crushed alloy 
treated with HCl at 1,100°C for 4 hours to remove 
substantially the impurities present and provide a pow 
der metal product of particle size within the range of 
about 1 to 10 microns. 
Although the present invention has been described in 

conjunction with preferred embodiments, it is to be un 
derstood that modifications and variations may be re 
sorted to without departing from the spirit and scope of 
the invention as those skilled in the art will readily un 
derstand. Such modifications and variations are consid 
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ered to be within the purview and scope of the inven 
tion and the appended claims. 
What is claimed is: 
1. in a method of producing a refractory metal pow 

der from a refractory metal ferro-alloy containing a re 
fractory metal selected from the group consisting of W, 
Mo, Nb and Ta and containing at least about 8 percent 
total of iron plus silicon, said silicon constituting at 
least one other halidizable metal impurity in addition to 
iron, the improvement for substantially removing said 
iron and said at least one metal impurity and for provid 
ing a refractory metal product which comprises, 
providing said refractory metal ferro-alloy having a 

particle size of less than about 4 mm, 
and then subjecting said alloy to dissolution in the 
presence of a gaseous hydrogen halide selected 
from the group consisting of HCl and HF at a tem 
perature of at least about 900 C for a time at least 
sufficient to effect substantial removal of said iron 
and said at least one metal impurity as halide va 
por, 
whereby a finely divided refractory metal powder 
of substantially reduced size is obtained low in 
said metal impurities. 

2. The method of claim 1, wherein the particle size 
of the ferro-alloy is less than about 2 mm, wherein the 
temperature of dissolution ranges from about 900 to 
1,200 C, and wherein the time of dissolution over said 
temperature is at least about 1 hour. 

3. The method of claim 2, wherein the dissolution 
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8 
temperature ranges from about 1,000 to 1,100° C and 
the time of treatment from about 2 to 4 hours. 

4. In a method of producing tungsten metal powder 
from a tungsten-containing ferro-alloy containing at 
least about 8 percent total of iron plus silicon, said sili 
con constituting at least one other halidizable metal im 
purity in addition to iron, and the balance of said alloy 
essentially tungsten, the improvement for substantially 
removing said iron and said at least one metal impurity 
which comprises, 
providing said tungsten-containing ferro-alloy having 
a particle size of less than about 2 mm, 

and then subjecting said alloy to dissolution in the 
presence of a gaseous hydrogen halide selected 
from the group consisting of HCl and HF at a tem 
perature of at least about 900 C for a time at least 
sufficient to effect substantial removal of said iron 
and said at least one metal impurity as halide va 
por, 
and whereby a finely divided tungsten metal pow 
der of substantially reduced size is obtained low 
in said metal impurities. 

5. The method of claim 4, wherein the temperature 
of dissolution ranges from about 900 to 1,200 C, and 
wherein the time of dissolution is at least about 1 hour. 

6. The method of claim 5, wherein the dissolution 
temperature ranges from about 1,000 to 1,100 C and 
the time of treatment ranges from about 2 to 4 hours. 
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