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1 Claim. (Cl. 75—84.5) 
This invention relates to the manufacture of metallic 

niobium or tantalum or an alloy :of these two metals by 
the reduction of their halides with magnesium. 

It is known that the high melting metals niobium and 
tantalum can be obtained by reducing their halides with 
magnesium. The known processes have the disadvantage 
that the halides generally used, especially the pentachlo 
rides, are di?’icult to treat owing to their high vapor pres 
sure and their sensitivity to air and moisture, so that 
complicated apparatus is required for carrying out the 
reduction. The high sensitivity of the pentahalides to 
moisture is especially disadvantageous. Thus, even when 
a very small amount of moisture gains access to the 
pentahalides before the reduction, the oxyhalides particu 
larly are formed and this leads to an undesired high 
content of oxygen in the metal. 
The present invention provides a process for the manu 

tacture 0t metallic niobium or tantalum or an alloy of 
these two metals by the reduction of a halide of the metal 
with magnesium, wherein a starting material comprising 
a niobium halide and/ or tantalum halide of low- vapor 
pressure is or are mixed in a ?nely divided form with 
?nely divided magnesium, the mixture is ignite-d by locally 
heating it, and, after the reaction, the metal or metals 
is or are separated from the other reaction products. 

There are advantageously used as halides having a low 
vapor pressure halogen compounds or alkali metal halide 
double salts of niobium and/‘or tantalum of low valency. 
The halides of niobium or tantalum of low valency, 

especially niobium trichloride, can be obtained, for ex 
ample by reducing the pentachloride or chlorides with 
hydrogen. The pentaohlorides can be obtained in known 
manner by the chlorination of oxidic compounds of the 
metals, especially oxidic ores thereof, with chlorine in 
the presence Off a reducing agent. Processes of this kind 
are described, for example, in US. Patent No. 2,429,671 
granted October 28, 1947, to Cuvelliez. 

Alkali metal halide double salts of the above metals 
can be obtained, for example, from the pentachlorides 
of the metals, in the manner described, for example, in 
U.S. Patent No. 2,951,742 granted September 6, 1960, to 
Walter Schel-ler, in US. patent application Ser. No. 695, 
213, now Patent 2,974,007, ?led November 8, 1957, by 
Walter Scheller and in US. patent application Ser. No. 
13,585, now Patent 3,068,066, ?led March 8, 1960, by 
Walter Scheller et al. 

7 The reduced halides, the alkali metal halide double salts 
and the reduced alkali metal halide double salts diifer 
favorably irom the pentachlorides in that they have a 
considerably lower vapor pressure, and owing to their low 
er sensitivity to air and moisture a lower tendency to 
form oxychlorides. This considerably simpli?es the 
treatment. The lower vapor pressure has the further ad 
vantage that both in the pre-treatment and carrying out 
the reduction the loss ‘of metal by the evaporation of 
halide is reduced. ‘Furthermore, secondary reactions are 
avoided, such as the reduction of the pentachloride by 
free metal to sub-chlorides (NbCl5-l-NbClx). The lower 
tendency for the formation of oxychlorides leads to metal 
having a considerably reduced oxygen content. 

It is of advantage to disintegrate, for example, grind 
or pulverize, the reduced starting material and to mix it 
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with the magnesium with the exclusion of air, for ex 
ample, under a protective gas. ‘In view of the lower 
sensitivity to air and moisture of the starting materials, 
the ‘apparatus required is considerably simpler. 
The reduction of the starting material with magnesium 

is advantageously carried out in an open vessel. After 
pouring the mixture into the vessel it is ignited by being 
locally overheated at the surface so that the thermite 
reaction proceeds downwardly through the mass. In 
order to start the ignition local overheating to a tempera 
ture to about 450° C. is required. It is of advantage to 
use a mixture containing a quantity of magnesium in ex 
cess of the stoichiometric quantity required for the re 
duction. It is of advantage to ignite the mixture in sev 
eral places, instead of one, for example, at a number 
of places ranged in the form of a ring. In this manner 
the reaction proceeds uniformly from the upper surface 
to the bottom of the mixture, and the loss of metal by 
evaporation vor turbulence of the reduction mixture is 
considerably reduced, or avoided. 
The advantages of the process of the invention will 

be understood by comparing that process with the prob, 
ess hitherto used for reducing the pentachloride with 
magnesium. At the temperature required for the reac 
tion the pentachlorides of niobium and tantalum have 
an extremely high vapor pressure. Thus, the pentachlo 
rides exert a vapor pressure of one atmosphere at 247° 
C. and .232" C., respectively. These high vapor pressures 
cause losses in starting material, and consequently of 
metal, unless the whole apparatus is built to withstand 
such a high pressure, which complicates the apparatus. 
Moreover, at those temperatures the pentachlorides are 
highly corrosive. Losses can also occur at the high tem 
perature due to the mixture being blown 'out of the reac 
tion vessel. An earlier proposal to add alkali metal 
halides to liquid reaction mixtures aitorded no remedy be 
cause a purely mechanical physical mixture of the metal 
pentachloride and an alkali metal halide does not lower 
the vapor pressure of the pentachloride. 

In contradistinction thereto the vapor pressure of the 
halides of lower valency and especially of the alkali metal 
halide double salts is very much lower, so that the disad 
vantages mentioned above do not occur when these start 
ing materials are used. 
The process of the invention can be used for the direct 

production of alloys of the two metals. For this purpose 
the halides of the two metals are mixed together in the 
proportions ‘desired in the alloy, before the halides are 
reduced with magnesium. The alloy obtained by the 
reduction is quite homogeneous. An equally good homo 
geneity can be attained in producing alloys only by mix 
ing the powdered metals together and subsequently sinter 
ing the mixture which is a very clostly procedure. 
The reaction temperature may vary within certain 

limits. By suitably selecting the temperature particle 
size and other surface properties of the metal obtained 
can be in?uenced. The addition of a niobium or tantalum 
halide, for example, the pentachloride, to a reaction mix 
ture which ‘contains an alkali metal halide double salt, 
raises the reaction temperature. 
An addition of a carrier salt, for example, an alkali 

metal halide, to the reaction mixture lowers the reaction 
temperature. The reaction temperature can also be low 
ered by previously reducing the double halide with hydro 
gen in the manner described above. The course of the 
react-ion can also be in?uenced by the construction of the 
vessel used for the reaction. Thus, it is of advantage to 
provide the inside of the reaction vessel with a heat-in 
sulating lining of a refractory and inert material, for 
example, magnesium oxide or aluminum oxide. 
An example of such a reaction vessel is shown in the 

accompanying drawing. The reaction vessel It} is of 
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metal, for example, of stainless steel. The inside of the 
vessel is provided with a heat-insulating layer by plac 
ing one upon another a number of rings 12 of refract 
ing material. The external diameter of the rings is so 
chosen that they just ?t into the vessel 10' without the 
need of any intermediate layer or means for ?xing the 
rings. The upper part of the vessel 10 is provided with 
a connecting ?ange 14 to produce a vacuum in the con 
tainer or a protective gas to be introduced, before the 
reduction. The ‘vessel is closed in a gas-tight manner at 
its upper end by a cover 18, to the underside of which 
are ?xed a plurality of baffle plates 20. After evacua 
tion and introduction of the protective gas, the connec 
tion 14 is closed by an expansion vessel 16 of elastic, 
but su?iciently pressure-resistant material, for example, 
polyethylene. The protective lining formed by the rings 
12 covers the inner surface of the vessel up to a dis 
tance slightly below the level to which the vessel is 
charged with the reduction mixture. Therefore, above the 
uppermost ring the mixture comes into contact with the 
wall of the vessel and can be ignited by heating the wall 
at this place by means of a ring burner 22. 
The inner lining reduces the loss of heat through the 

‘vessel Wall and this favors the growth of the particles 
during the reduction. In this manner there is obtained 
a product of coarse particle size, of which the bulk den 
sity in the case of tantalum is about 4 to 5 grams per 
ccm., as compared with a bulk density of about 2 to 3 
grams per ccm. of a product obtained in a different man 
ner. Furthermore, contact with the metallic wall of the 
vessel 10 is substantially avoided, and this ensures the 
production of a product of higher purity, especially with 
reference to iron, nickel and chromium. This is es 
pecially advantageous in working on a large industrial 
scale where it is hardly feasible to construct the reaction 
vessel wholly of inert material. A vessel of the kind de 
scribed above is also considerably less expensive than a 
vessel lined with a sheet of tantalum or niobium, as in 
a short time the latter becomes brittle and must be re 
placed. 
The following examples illustrate the invention: 

Example I 

20.0 grams of ?nely divided niobium trichloricle were 
mixed well with a quantity of magnesium powder amount 
ing to 150% of the theoretical quantity, and the mixture 
was introduced into a quartz tube lined with sheet tanta 
lum and the mixture was made compact by stamping 
and vibration. The mixture was ignited by local heating 
at about 500° C. at the upper open end of the tube. When 
the reaction had ceased, the mixture was cooled, and the 
powder Was detached from the sheet tantalum, and the 
magnesium chloride and excess of metallic magnesium 
were removed by dissolution with hydrochloric acid. The 
niobium powder was then washed with water and dried 
in vacuo. There were obtained 8.85 grams of niobium 
which represents a yield of 95%. 

Example 2 

16.4 grams of niobium trichloride and 10.7 grams of 
tantalum pentachloride were mixed with a quantity of 
?nely divided magnesium amounting to 50% more than 
the theoretical quantity. With the exclusion of air and 
moisture in an atmosphere of argon. The mixture was 
charged into a nickel tube and ignited in the manner de 
scribed in Example 1. The upper end of the vertical tube 
was closed with a polyethylene bag that had been scav 
enged with argon. There were obtained 12.5 grams of 
a homogeneous alloy of niobium and tantalum which 
represent a yield of 95%. 

Example 3 

670 grams of a potassium chloride double salt of nio 
bium and tantalum pentachlorides mixed in the ratio 2:8 
were mixed with a quantity of magnesium powder 
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4 
amounting to 30% more than the theoretical quantity 
and the mixture was charged with the exclusion of air 
into a steel tube having a diameter of 50 mm. and then 
locally ignited. The reaction was carried out in an at 
mosphere of argon. The product was worked up in the 
manner described in Example 1 and there were obtained 
248 grams of niobium-tantalum alloy, which represents 
a yield of 95%. 

Example 4 
520 grams of a potassium chloride double salt of nio 

bium pentachloride (potassium hexachloroniobate) were 
reduced in the manner described in ‘Example 3. The 
reaction gave 133 grams of niobium powder, which rep 
resents 95% of the theoretical yield. The reaction prod 
uct contained 0.045% Fe, 0.002% Ni, and 0.010% Cr, 
0.13% Mg and 0.30% ‘CI. The iron content of the prod 
uct can be considerably reduced by using purer mag 
nesium. Most of the aforesaid impurities can be removed 
by sintering the niobium. 

Example 5 

To a reaction mixture corresponding to that described 
in Example 4 a quantity of potassium chloride was added 
equivalent to the double halide. In contradistinction to 
Examples 1 to 4, in which the reaction progressed spon 
taneously through the mixture after being locally ignited, 
this did not occur and it was necessary to heat the whole 
reaction tube to complete the reaction. The product 
was Worked up in the manner described above. 

Example 6 

The reaction vessel used was made of stainless steel 
and was constructed as shown in the accompanying draw 
ing. It had an internal diameter of 36 cm. and a total 
height of 180 cm. The inside of the ‘vessel was lined to 
a height of about 60 cm. with a protective lining of mag 
nesium oxide 3 cm. thick. The bottom of the vessel 
was ?st covered with a layer ‘24 of granular potassium 
chloride having a height of 20 cm. Then followed a 
mixture of 25 kilograms of the double salt of potassium 
chloride and tantalum pentachloride (TaCl5.KCl) in 
granular form with 4.2 kilograms of magnesium shav 
ings. This quantity of magnesium is 20% more than the 
stoichiometric quantity required for the reduction. Upon 
the resulting layer 26 was applied a protective layer 28 of 
magnesium shavings 10 cm. high, which served to reduce 
any tantalum pentachloride given oif by dissociation of the 
double salt. The vessel was charged in an atmosphere of 
dry argon. Then the opening at the top was closed with 
a cover of stainless steel, which cover on its under sur 
face serveral ba?le plates. The lowest baffle plate con 
sisted of tantalum. The vessel was then evacuated three 
times in succession to a pressure of about 5><10~3 mm. 
of mercury, and then an atmosphere of argon under at 
mospheric pressure was established within the vessel. 
After the evacuation the connection 14 was closed with 
a polyethylene bag. 
The mixture was ignited by heating the wall of the ves 

sel to red incandescence by means of an external ring 
burner at the place above the protective lining where 
the mixture of double salt and magnesium makes contact 
with the wall of the vessel. As soon as the wall reached 
a temperature of about 500° C. the reaction commenced 
in the interior of the vessel. It advanced slowly and 
uniformly downwards and was complete Within a period 
of about three minutes. 
The vessel was then allowed to cool in an atmosphere 

of argon, and the reaction mixture was removed by drill 
ing and worked up in the manner described in Example 
1. There were obtained 9.0 kilograms of tantalum pow 
der of coarse particle size, which represents a yield of 
metal of about 85%. The bulk density of the product 
was about 4.5 grams per cc. The metal so obtained had 
only a tri?ing content of impurities causing embrittlement 
so that, after being dehydrogenated in vacuo at 900° C. 
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and after being fused by electron bombardment, it had a 
Vickers hardness of 57. 
What is claimed is: 
A process for the manufacture of a metal selected from 

the group consisting of niobium, tantalum and binary 
alloys composed of tantalum and niobium, comprising 
the steps of mixing at least one salt selected from the group 
consisting of potassium niobium double chloride of the 
formula KNbCL; and potassium tantalum double chloride 
of the formula KTaCl6, in solid, particulate state with 
magnesium likewise in solid, particulate state, the pro 
portion of the magnesium being in excess of the stoi 
chiometric proportion required for the reduction of the 
metal chloride, igniting the mixture at a temperature 
from about 4-50 to 500° C. by local heating on the sur 
face, thereby starting the reduction reaction which ad 
vances slowly and uniformly downwards, and separating 
the metal from the reaction products. 
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