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My invention relates to new carbides of tan 
talum and like metals and method of producing 
the same and has to do, more particularly, with 
the production of carbides of tantalum or colum 
bium, and multi-carbides having, as a major con 
stituent, tantalum carbide or columbium carbide, 
and, as a minor constituent, one or more of the 
carbides of the group of metals consisting of tan 
talum, columbium, titanium and zirconium, which 
carbides and multi-carbides differ in chemical 
and physical characteristics from any combina 
tions of carbon with such metals, that have been 
heretofore produced. 
The principal object of my invention is to pro 

duce a novel tantalum carbide, and columbium 
carbide, and novel multi-carbides, including tan 
talum carbide or columbium carbide as the major 
constituent, which are of the greatest value and 
ut...ty as an ingredient or material for use, in 
accordance with the principles of powder metal 
lurgy, in the production of hard compositions of 
matter having greater hardness combined with 
greater strength than has been attainable here 
tofore, together with better thermal and electrical 
conductivity, and other characteristics which en 
able the hard compositions of matter made from 
these new carbides and multi-carbides to have 
very great utility in the construction of metal 
cutting tools, dies corrosion resisting surfaces and 
the like. 
A further object of my invention is to provide 

new carbides and multi-carbides, of the character 
mentioned above, which may be used for the for 
nation of hard compositions of matter of unsur 
passed hardness and strength, while incorporat 
ing in such hard composition of matter a greater 
proportion of tungsten than has been possible 
heretofore, without injuriously affecting the 
strength of the product. 
A further object of my invention is to provide 

new carbides of tantalum and columbium, and 
multi-carbides in which tantalum carbide or co 
lumbium carbide is the major constituent, and 
carbides of tantalum, columbium, titanium or 
zirconium, the minor constituent, which are true 
chemical combinations of carbon with the respec 
tive metals, as indicated by the fact that the car 
bon therein is in true monatomic ratio to the 
metal" or metals. In this respect, the products 
constituting my present invention distinguish 
from the products heretofore known, and errone 
Ously named carbides, which my researches have 
shown to be no more than carburized metals, the 
carbon not being present in exact monatomic ra 

(C. 23-208) 
tio to the metal and not being uniform through 
out the materia. 
A further object of my invention is to provide 

new carbides and multi-carbides, of the type here 
tofore mentioned, of macro-crystalline character, 
that is to say, having crystals visible to the un 
aided eye, the term "macro-crystalline' being 
more specifically defined, for the purposes of this 
specification, hereinafter. In this respect, my new 
products differ from the so-called tantalum or 
columbium carbides heretofore known, which 
have been of amorphous character, lacking the 
distinct crystalline character and lustre which is 
typical of my new products. 
A further object of my invention is to provide a 

method by which these new carbides and multi 
carbides can be produced economically and effl 
ciently, and which lends itself particularly to the 
formation of the multi-carbides above mentioned. 
A particularly desirable feature of this method is 
that it ends itself. to the production of these 
valuable and novel multi-carbides from ores con 
taining one or more of the metals above enumer 
ated, as, for instance, tantalite, which contains 
columbium as a minor constituent, and also co 
lumbite ore, which containstantalum, at times, as 
a minor constituent. Likewise, there are ores 
useful in this method, which contain minor per 
centages of titanium and zirconium together with 
tantalum and columbium. 

Further objects, and objects relating to econ 
Onies and details of operation and use, will defi 
nitely appear from the detailed description to 
follow. In certain instances, I have accomplished 
the objects of my invention by the devices and 
means set forth in the following specification. 
My invention is clearly defined and pointed out 
in the appended claims. 
A better understanding of my novel products 

will be had by first considering previous efforts 
to produce a material including tantalum and 
carbon. Heretofore, products, which have been 
called tantalum carbide, have been made in vari 
Ous ways, but none of these prior methods yields a 
product having the typical metallic lustre, crys 
talline size, purity and density of my new tanta 
lum carbide. Moreover, these prior products have 
been far inferior to my new tantalum carbide as 
an ingredient of, or a material for the production 
of, hard compositions of matter, in that my new 
tantalum carbide, when used in accordance with 
the processes of powder metallurgy, produces a 
hard composition of matter having combined 
hardness and strength which surpasses anything 

5 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 



O 

2 
ever attained by the use of the old tantalum 
carbon material, 

For example, a material, which was called 
tantalum carbide, has heretofore been made, for 
subsequent use as an ingredient of hard composi 
tions for tools, by heating tantalum oxide with 
carbon, in the form of carbon black, at about 
2000° C. The product of this process has been de 
scribed as of a dirty yellow color and having a 
density of from 13.95 to 4.05. It may be die 
scribed as "amorphous', in that it does not pre 
sent crystalline form to the unaided huEman eye. 
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It does not have the macro-crystalline form of my 
new tantalun Carbide. 

For the purposes of this specification, if define 
'macro-crystalline' as having particles which 
average greater than .01 mm. in largest cross 
section dimension and 'amorphous', as having 
particies which average less than .01 mm. in 
largest cross section dimension. understand 
thiat there is another sense in which all solid 
bodies may be described as crystalline, and may 
be shown to have Ordered atomic arrangement 
by X-ray methods, or to have crystalline form 
which may be seen under the microscope, but I 
do not use the term in this sense, in this speci 
fication. 
Another process which has been used for the 

production of a material called tantalum carbide, 
for subsequent use in powder metallurgy, Con 
sists in heating mixtures of powdered tantalun 
metal and carbon to about 1800° C. This process 
also yields a product which is amorphous and not 
macro-crystalline, and which lacks the charac 
teristics of my new tantalum carbide. The prod 
uct of this process, or of the oxide process previ 
ously described, may be improved somewhat by . 
heating in a vacuum, or by reheating after chem 
ical analysis with the required amount of ad 
ditional carbon, oxide, or metallic tantalum, to 
adjust the average carbon content of the mass to 
about 6.2 per cent carbon, but the products result 
ing from said processes failed to have the high 
density, metallic lustre, crystalline form and size, 
and exact monatomic ratio of carbon to metal, in 
all parts of the mass, which characterize my new product. 

It has also been proposed to produce a ma 
terial called tantalun carbide by the method de 
scribed in U. S. Letters Patent, No. 1,928,453, 
patented September 26, 1933, in which tantalum 
is heated with carbon to about 1600° C., in an 
atmosphere of hydrogen. This process, however, 

55 
likewise fails to yield a product having the purity, 
uniformity, crystalline form and size, and metallic 
lustre of my new tantalum carbide. That my new 
product differs from that disclosed in said patent, 
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is established by the fact that, when the material 
produced in accordance with said patent is heat 
ed, in a good vacuum, in contact with metallic 
tungsten, the tungsten is carburized, whereas, 
When my new tantalun carbide is heated under 

in the presence of metallic 
tungsten, the tunsten is not carburized. 
As the result of long experience with the 

methods heretofore known for making So-called 
tantalum carbides, and extensive study of the 
literature on the subject, it believe that tantalun 
carbide has never been produced, prior to my in 
vention, having the nacro-crystalline size, the 
high density, the purity, and the other charac 
teristic features of my new tantalum carbide, 
and I am Satisfied that it is impossible to produce 
my new tantalun carbide by any of the methods 
known prior to my invention. As the old methods. 
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have been carried out in practice, the product re 
Sulting from the first heating of the initial miR 
ture of tantalum and carbon, or of tantalum oxide 
and carbon, usually was so grossly imperfect in 
carbon content that it was customary to make a 
chemical analysis of each lot heated and to ad 
just it by adding more carbon, or more tantalum 
or tantalum odde, which were more or less im 
perfectly mixed, reheating as before, again 
analyzing for carbon, and sometimes repeating 
the reheating and re-analysis many times until 
the final product had the carbon content which 
experience, at that time, had shown to be pre 
ferred. In fact, the preferred carbon content, 
in accordance with these prior practices, was be 
low 6.2 per cent. Miy invention contemplates a 
tantalum carbide, in which the carbon content 
is in monatomic ratio to the tantalum, and the 
method by which such a product is unfailingly 
obtained in a single heating process. My inven 
tion contemplates, also, columbium carbide and 
the multi-carbides specified, having similar char 
acteristics as to carbon content and the method of 
producing them. 
While it had been suggested, prior to my inven 

tion, that columbium carbide could be made by 
methods heretofore described, such methods were highly unsatisfactory, and it was impossible to 
produce columbium carbide, by any of these 
methods, having any practical utility. The ma-. 
terial called columbium carbide, made by these 
old methods, was amorphous and of a greyish 
color, and lacked the characteristic macro-crys 
talline size and other features of my new 
columbium. carbide. 
What has been said above, with respect to 

prior attempts to produce so-called tantalum 
carbide and columbium carbide, was true likewise 
of various combinations of carbon with tanta 
lum, columbium, titanium or zirconium. None of 
these products had the characteristic magro 
crystalline size, purity and other features typical 
of my new products. 
The process of my present invention, by which 

I have been able to produce these novel carbides 
and multi-carbides, consists essentially of heat 
ing a metal of a group consisting of tantalum and 
columbium, or an alloy, oxide, compound or oie 
containing said metal or metals, with a menstru 
um metal or metals, to a temperature above the 
melting point of the latter, in the presence of a 
surplus of carbon, or a material containing car 
bon, and subsequently removing the menstruum 
metal or metals, and the products containing 
them, and separating therefrom the pure carbide 
or carbides produced. My method also compre. 
hends, for the production of multi-carbides, the 
heating of two or more metals of the group in 
cluding tantalum, columbium, titanium and zir. 
conium, the metal or metals in major proporsion 
being either tantalum or columbium, or both in 
Sun, or alloys, oxides, compounds o?" ores con 
taining said metals, with the menstruum metal 
or metals, to a temperature abpve the melting 
point of the latter, in the presence of a surpius 
of carbon, or a material containing carbon, and 
subsequently separating the multi-carbide from 
the mass. I have found aluminum to be the best 
menstrum metal. 

I will refer to the process of making tantalum 
carbide, as typical of the process of my invention. 
In such case, metallic tantalum may be dissolved 

A molten menstruun metal or metals, as, for 
instance, by dissolving the metallic tantalum in 
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2,124,509 
metallic tantalum and metallic aluminum. This 
molten solution of the tantalum and the menstru 
um metal is then subjected to prolonged heating 
in the presence of carbon, or a substance con 
taining carbon, or both, the temperature being 
maintained above the melting point of the Solu 
tion of metals. I believe that the process can be 
carried out most expeditiously when the temper 
ature approximates that at which the solution of 
metals will vaporize, but, of course, from a prac 
tical standpoint, the temperature should not be 
so high that the materials will boil out of the 
Crucible. As the result of this heating of the 
molten mixture of metallic tantalum and the 
menstruum metal or metals, in the presence of 
an excess of carbon, tantalum carbide is formed. 
At the end of this period of heating, the melt is - 
cooled and subjected to various processes by 
which the menstruum metal or metals, and the 
products formed therefrom as a result of the 
heating, are dissolved or converted into soluble 
chemical compounds, leaving as solid material 
the pure tantalum carbide, together with some 
slight excess of carbon existing in such form that 
it may be readily separated from the crystals of 
pure tantalun carbide. 
As menistruum metals, I have used aluminum, 

iron, manganese and beryllium. They may be 
used separately or in combination. It may be 
that other metals will also serve the purpose, but 
I have found that aluminum is particularly satis 
factory, as it is readily removable from the re 
sulting mass, either as the metal, as carbide, or 
in other compounds. In place of aluminum, or 
the other menstruum metals mentioned, the OX 
ides or other compounds of these metals may be 
used for, by the process of heating, they are re 
duced in the presence of carbon and operate with 
the same effect as if they had been present 
initially as the pure metals. 
The essence of this new method consists in 

reacting the metal or metals from which the car 
bides are to be formed, in the liquid phase, with 
carbon. Inasmuch as the melting point of tanta 
lum metal is considerably above the tempera 
tures which I have found necessary, I believe 
that the tantalum is dissolved in the molten men 
struum and thus put in condition for the liquid 
phase reaction. Moreover, the melting point of 
carbon is considerably above the temperatures 
used and, therefore, I believe that the carbon is 
dissolved in the molten menstruum, so that it 
likewise is in condition for the reaction in the liq 
uid phase. As regards columbium, titanium and 
zirconium, their melting points approximate the 
temperatures used. 
When the desired carbide is formed from the 

tantalum dissolved in the menstruum metal, the 
latter may be free to take more metallic tanta 
lum into Solution and repeat the process, thus 
permitting a relatively small amount of the 
menstruum metal to suffice, when sufficient time 
is used. I have found that about one and one 
half times as much aluminum, as tantalum to be 
converted into the carbide, is a useful and satis 
factory ratio. I have used up to thirty times as 
much aluminum as tantalun, or other metals to 
be converted into carbide. 

It is not necessary that metallic tantalum, or 
the corresponding metals in elementary form, be 
used in this proceSS, because the oxides, or other 
compounds containing the metal, will be reduced 
to metallic form due to the heating in the pres 
ence of aluminum and carbon. 
At the end of the heating period, the result 

3 
ing mass includes the crystals of tantalum car 
bide, together with the menstruum metal, free 
carbon, and the products formed by reaction with 
the menstruum metal or metals. The crystals 
of tantalum carbide are separated from the mass 
by various means, as by treating the mass with 
chemical Solutions which react with the men 
Struum metal or metals, and the products of re 
action with the menstruum, producing soluble 
compounds which are removed in solution form, 
leaving behind the crystals of my new tantalum 
carbide. Specifically, I have used hydrochloric 
acid for this purpose, and other acids, such as 
nitric acid, sulphuric acid and hydrofluoric acid, 
which may be used separately and intermittently, 
Or in combination, with the exception of a mix 
ture of hydrofluoric and nitric acids, which re 
actS with my new tantalum carbide to form a 
Soluble compound. I have also used alkalies, 
Such as Sodium and potassium hydroxide, foll 
lowed by Washing with acid solutions. Other 
means of removing the menstruum metal or 
metals, or the products of reaction therewith, are 
by acid vapors or by anodically electrolyzing the 
maSS resulting from the heating process. Final 
ly, I have concentrated my new carbide from the 
residue left after these treatments, by gravity 
means, as by "panning' with a liquid such as 

- Water or with Carbon tetrachloride, and drying 
the crystals. The gravity concentration removes 
light impurities, such as graphite, and insoluble 
products of the menstruum metal. 
The following is a specific example of the 

preparation of my new tantalum carbide, the 
procedure given being that which prefer to use 
from the commercial standpoint and being the 
best procedure now known to me for that pur 
pose. I heated 1600 grams of pure aluminum in 
a crucible of pure Acheson graphite, consisting 
of a six inch cylinder bored out with a four inch 
hoe to Within about two inches of the bottom. 
When the aluminum was in molten condition, I 
added to it 1200 grams of Ta2O5. The crucible 
was covered with a graphite lid, and the crucible 
and its charge covered with carbon black and 
all placed in a high frequency electric heating 
furnace. I added about 200 grams of additional 
carbon in the form of graphite rods, so as to 
provide carbon in addition to that taken up from 
the crucible itself during the heating process, 
The crucible was then heated to about 2000 C. 
for a period of six hours, after which the met 
Was allowed to cool, the crucible broken open, 
the contents crushed to the size of grains of 
wheat and then digested with 10 litres of com 
mercial mulriatic acid. This caused a rapid evo 
lution of gas and the solution of the aluminum 
and aluminum carbide, by conversion to chloride 
and solution in Water. The residue resulting 
from this treatment with acid consisted of beau 
tiful gold-colored crystals, having a metallic lus 
tre, Which were insoluble in the acid. These 
were rubbed lightly in an agate mortar to remove 
adherent graphite and other insoluble impurities, 
concentrated by "panning' with water, digested 
with hydrofluoric acid for several hours, and the 
inSoluble residue then washed with water and 
dried. The product showed, upon chemical anal 
ysis, a carbon content of 6.22 per cent and Was 
macro-crystalline. I believe it to be substantially 
pure TaC. 

I have also carried out the foregoing method, 
starting with metallic tantalum and aluminum. 
In this case, in one specific instance, I melted 425 
grams of aluminum in a crucible of pure Acheson 
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4 
graphite and added to the melt 180 grams of 
tantalum metal. The rest of the treatment was 
substantially as described above, with the excep 
tion that, since this melt was smaller, the time 
of heating was only 3 hours and less muriatic 
acid was required for digesting the cooled mass 
resulting from the heating. 
The product resulting from this treatment also 

consisted of beautiful gold-colored crystals, hav 
ing a metallic lustre, and was macro-crystalline. 
This product also, upon chemical analysis, shows 
a carbon content of 6.22 per cent and was Sub 
stantially pure TaC. 
The new tantalum carbide, which, in Several 

instances, I have produced by the methods de 
scribed above, is always of a golden color, has 
a metallic lustre, and is macro-crystalline. Its 
crystals average about .04 mm. in largest cross 
section dimension. 
Numerous specimens of this new tantalun car 

bide, which I have analyzed, show a carbon con 
tent of 6.22 per cent. This is in accordance 
with the theoretical percentage of carbon which 
should be present in TaC, taking the revised 
atomic weights of tantalum and carbon as given 
in the Fifth Report of the Committee on Atomic 
Weights of the International Union of Chem 
istry, appearing in the Journal of the American 
Chemical Society for May 8, 1935, Wol. 57, No. 5, 
page 787. This report (p. 793) gives, for the 
atomic weight of tantalum, 180.89. The atomic 
weight of carbon is also given in said report 
(page 788) as 12.006. Using these latest revised 
atomic weights as the basis of calculation, a 
tantalum carbide, in which one atom of tantalum 
is combined with one atom of carbon, in true 
monoatomic ratio, should contain 6.224 per cent 
of carbon. I have found, by the analysis of a 
large number of specimens of my new tantalum 
carbide, that the average percentage of carbon 
contained therein is 6.225. From this I conclude 
that my new product is a pure tantalum carbide, 
in which the carbon is combined with tantalun 
in the ratio of one atom of carbon to one aton 
of tantalum, as indicated by the formula TaC. 
In this respect, my new product differs from the 
material previously made, and erroneously 
called tantalum carbide, which contained a 
smaller percentage of carbon. 
A striking demonstration of the soundness of 

my conclusions in this regard is to be found 
in the fact that my determination of the per 
centage of carbon, in Specimens of my new tan 
talum carbide, had been made prior to my 
knowledge of the revision of the atomic weights 
of tantalum and carbon, above mentioned. US 
ing the old values for the atomic weights of these 
elements, the percentage of carbon present in 
TaC would be 6.205. Notwithstanding this, my 
tests showed the presence in my tantalum car 
bide of 6.225 per cent carbon, which I was unable 
to account for, until the revision in the atomic 
weights of the elements came to my knowledge, 
within the last tWO months. 
The materials which have been made prior 

to my invention, and which have been known 
under the name tantalum carbide, have had 
therein from 5 per cent to 6.2 per cent of car 
bon, the percentage of carbon varying with dif 
ferent heats and 6.2 per cent carbon being the 
high limit obtainable. Where a high percentage 
of carbon, within the range, was present in the 
average of the mass, it was partially present as 
free carbon, as was especially evident when the 
high limit was approached, so that it was the 

2,124,609 
practice to adjust the carbon content to less than 
6.20 per cent. These materials, therefore, were 
not pure TaC. The distinction between my new 
tantalum carbide, and these prior products, is 
not wholly academic and theoretical as the 
purity of the tantalum carbide gives it a thermal 
and electrical conductivity much higher than 
that of a material made up of two distinct Sub 
stances or phases, as, for instance, a mixture of 
tantalum carbide and carbon or tantalum car 
bide and tantalum. The presence of free carbon 
in this old material was detrimental, as it af 
fected the chemical properties of the materia, in 
regard to its reaction with other substances, as 
Well as its physical properties. 

I have determined the density of my new tan 
talum carbide, produced as above described, by 
standard pyknometric methods and have found 
it to be 14.445. Heretofore, the material er 
roneously called tantalum carbide has been of a 
considerably lower density, having been described 
as having a density of from 13.95 to 14.05. Den 
sity determinations upon my new tantalum car 
bide have shown a density, in all cases, above 
14.05. A remarkable corroboration of the purity 
and unifornity of my new macro-crystalline TaC 
has been obtained by the use of the X-ray spec 
trogram, made from material prepared by me as 
above described. The compound TaC crystal 
lizes in the NaCl type lattice, and I have had the 
dimensions between the Ta atoms in my prod 
uct determined by precision methods, finding it 
to be 4.445 Angstron units. The theoretical 
density may be calculated from the following 
formula: 

A(B+C)Dx10-24 
(Ex10-8)3 

Wherein A is the number of molecules in the 
unit cell, B is the atomic weight of tantalum, 
C is the atomic Weight of carbon, D is the 
Weight of one atom of a hypothetical element 
having the atomic weight of unity, and E is the 
observed distance between the Ta atoms in the 
lattice. Using, in the above formula, the revised 
atomic weights for tantalum and carbon of 
180.89 and 12.006, respectively, the calculation 
gave, as the theoretical density of my new TaC, 
14.47. Since this checks very closely with the 
density of 14.445, as determined by pyknometric 
methods, it establishes that this new product is 
true TaC, in Substantially pure form. 
The amorphous material, heretofore known as 

tantalum carbide, was not particularly stable 
and oxidized rather readily, when exposed to 
Oxidizing conditions. This was a decided ob 
jection and presented difficulties in its use in 
powder metallurgy, inasmuch as the oxidation of 
the Surfaces of the particles tended to interfere 
with and prevent a good union between them. 
My new TaC is much more stable than this old 
material, and not so readily oxidizable, and I 
believe that this is a factor in the production 
therefrom of better hard compositions of matter, 
for use in tools, than have been possible here 
tofore. 
AS has been stated above, the old amorphous 

material, known as tantalum carbide, when heat 
ed in the presence of metallic tungsten to a tem 
perature of about 1400° C., would carburize tho 
tungsten, Surrendering some of its carbon to the 
tungsten With the formation of a tungsten-carbon 
material. As a consequence, when this amor 
phous material was mixed with metallic tung 
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2,124,609 
sten, for the production of a hard composition 
of matter, and subjected to heat in the usual 
processes of powder metallurgy, the tungsten 
would be carburized in part and, to that extent, 
would lose some of its characteristic toughness 
and strength. On the contrary, when my new 
macro-crystalline TaC is heated to 1400° C., in 
the presence of metallic tungsten, it does not car 
burize the tungsten. This, I believe to be an in 
portant factor, which enables me to make harder 
and stronger compositions of matter, using my 
new TaC as an ingredient. 
I have found that hard compositions of matter, 

made using my new TaC as an ingredient, as will 
be described hereinafter, have a thermal con 
ductivity considerably in excess of any hereto 
fore obtained with similar compositions, using 
the old amorphous material as an ingredient. Of 
course, this is an important factor in cutting tools, 
as it is desirable to conduct the heat away from 
the cutting edge as rapidly as possible, in order 
that the cutting edge may not reach too high a 
temperature. It is well known to physical metal 
lurgists that pure substances have a much higher 
thermal and electrical conductivity than impure 
substances, or materials which consists of a mix 
ture of two or more phases, and I believe that 
this increased thermal conductivity of the hard 
compositions of matter, made from my new TaC, 
is due to the fact that it is substantially pure, 
whereas the old amorphous material was a mix 
ture of different materials or phases. It is also 
generally recognized that an improvement in 
thermal conductivity is accompanied by a corre 
sponding improvement in electrical conductivity, 
and I believe this to be true in this case also. 
The most important characteristic of the new 

macro-crystalline tantalum carbide of my present 
invention is that, using that substance as a start 
ing material, and proceeding in accordance with 
the principles of powder metallurgy, hard com 
positions of matter can be, and have been, made 
having a hardness combined with strength, which 
is far in excess of that of any material hereto 
fore known. I believe that the combination re 
quired for better cutting-tool material, compris 
ing tantalum carbide or columbium carbide, or 
one of my new multi-carbides, is one in which 
there is to be found united in one material, great 
hardness, great strength, high thermal conduc 
tivity, uniform coefficients of thermal expansion 
of the substances composing the tool material, 
and a high softening point when heated. My 
new carbides and multi-carbides permit me to 
obtain the desired combination of characteristics 
to a greater degree, in one or more, or all of these 
factors, than has been possible with the previously 
known materials including tantalum and carbon, 
or columbium and carbon. As already stated, 
these hard compositions made from my new TaC 
have good thermal conductivity and they also 
have a high softening point. 
The following is a specific example of the pro 

duction of my new columbium carbide by the 
method heretofore described: 100 grams of sub 
stantially pure metallic columbium were mixed 
with 400 grams of molten aluminum and the 
mixture heated, in a graphite crucible, in the 
presence of excess carbon, at a temperature of 
1800° C. for about six hours. After the melt 
had cooled, the mass was removed from the cru 

. cible and digested with commercial muriatic acid 
and then with hydrofluoric acid, as previously 
described in the preparation of tantalum carbide. 
The residue left from this treatment was sepa 

5 
rated from lighter impurities that were contained 
therein, by "panning' or other similar methods. 
The product obtained by the foregoing method 

was macro-crystalline and of a lavender color, 
having a pronounced metallic lustre. Colum 
bium carbide has heretofore been described as a 
steel-grey, amorphous powder. This new CbC, 
likewise, has a higher density than previous ma 
terials known as columbium carbide, having an 
observed density of 7.82, instead of 7.56, as re 
ported for products known as columbium carbide, 
and made by previous processes. The theoretical 
density of my CbC, produced as above described, 
was also calculated from the lattice observed in 
X-ray spectrograms of the material. The ob 
served lattice dimension was 4.457 Angstrom units 
and, calculating according to the formula given 
above, a theoretical density of 7.815 was obtained. 
The latest revised atomic weights for columbium 
and carbon were used in this calculation. Also, 
this new product contains from 11.40 to 11.48 per 
cent carbon, or, as closely as has been deter 
mined, 11.44 per cent carbon. This checks with 
the theoretical calculations, based on the assump 
tion that the product is CbC and using the re 
vised atomic weights for columbium and carbon. 
This new columbium carbide is characterized 

by its macro-crystalline structure, by a content 
of carbon in monatomic ratio to columbium, by 
a density higher than the amorphous columbium 
carbide heretofore known, by the fact that it is 
more stable and not so readily oxidizable, and 
by improved thermal conductivity. Hard com 
positions of matter made from the amorphous 
columbium carbide, heretofore known, were so 
lacking in strength as to be useless as metal 
cutting tools, but, on the contrary, hard compo 
sitions of matter made from my new columbium 
carbide show about the same combination, of 
strength and hardness as those made from my 
new form of tantalum carbide. 

I have also found that multi-carbides, of the 
same general character, may be produced by this 
same general process, having either tantalum car 
bide or columbium carbide as a major constit 
uent. For instance, I have produced and tested 
multi-carbides having TaC as the major con 
stituent and, as a minor constituent, a carbide 
or carbides of one or more of the metals of the 
group including columbium, titanium and zir 
conium. Likewise, I have produced and tested 
multi-carbides having columbium carbide as 
the major constituent and, as a minor con 
stituent, a carbide or carbides of one or more 
of the metals of the group including tan 
talun, titanium and zirconium. In each in 
stance, I found that these multi-carbides were 
macro-crystalline and that they had a pro 
nounced metallic lustre, differing therein from 
the amorphous materials heretofore known and 
produced by carburization of these metals or 
their oxides. My calculations showed, in each 
instance, that carbon and the metals were pres 
ent in the substance in strict monatomic ratio, 
and that the densities of the substances were 
higher than those of the corresponding pre 
viously known amorphous materials. The tests 
showed, also, that these multi-carbides were very 
valuable as a starting material, or materials, for 
the production of hard compositions of matter 
and that, when used in accordance with the prin 
ciples of powder metallurgy, hard Compositions 
of matter were produced therefrom having, in 
general, greater combined strength and hardness 
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6 
than hard compositions of matter made from 
similar but amorphous materials. 
In my investigation of these new multi-car 

bides, produced in accordance with my invention, 
I have found that there is a limit to the propor 
tion of minor constituent, which may be present 
and still retain the desirable characteristics of 
the product. This limit varies, depending upon 
the nature of the major and minor constituents, 
and ranges from 40 molecular per cent to zero. 
I believe that the carbide or carbides constituting 
the minor constituent are present in solid solu 
tion in the carbide constituting the major con 
stituent, below the said limit. Above that limit, 
the different carbides may be present in two 
phases and thus the product forms essentially 
a mixture of two macro-crystalline carbides. 
Where the carbides are present in a two-phase 
system, they seem to lack the high thermal con 
ductivity and some other features, which are 
especially desirable for making hard compositions 
of matter, out, in all cases, they have characteris 
tics superior to the similar but amorphous ma 
terials heretofore known. In this specification, 
in the formulas given for these multi-carbides, 
have included in parentheses the symbol or 

symbols for the metal or metals, the carbides of 
which form the minor constituent. 
The multi-carbide TacCb) C, is one which I 

believe to be of particular value and importance, 
as it produces hard compositions of matter which 
are exceedingly good and it can be made readily 
from the ore known as tantalite, which contains 
both tantalum and columbium. The following 
is a specific example of the production of the 
macro-crystalline multi-carbide, Ta (Cb) C, from 
tantalite ore, in accordance with my invention. 
I first made a thermit charge of 800 grams of 
granulated aluminum, 2570 grams of tantalite 
ore, and 1521 grams of barium di-oxide. This 
tantalite ore contains about 61 per cent a2O5 
and about 12 per cent ChaOs. The barium di 
oxide was added to the themit charge in order 
to provide a material, the heat of reaction of 
which with the aluminum will supply additional 
heat necessary for the reduction of the oxides 
and the melting of the regulus. Ignition of this 
charge produced a regulus of 1850 grams. Upon 
heating this regulus with aluminum, in the ra 
tio of 400 parts by weight of regulus to 240 parts 
of aluminum, adding some graphite sticks or 
rods, and in a graphite crucible, as before, to 
about 2000 C., for about six hours, and subse 
quently treating the cooled mass with muriatic 
acid, concentrating the residue by mechanical 
means, and then treating the concentrated res 
due with hydrofluoric acid, as before, I obtained 
897 grams of a macro-crystalline product con 
taining 7.00 per cent carbon and having a density 
of 12.62. This product was macro-crystalline, 
had a metallic lustre, and was of a bronze color. 
As closely as could be determined by analytical 
methods, the product contained 84 per cent TaC 
and 16 per cent CbC. This indicated, within the 
range of analytical error in determining the per 
centages of tantalum and columbium, that the 
carbon in the substance Was all combined with 
the metals, as TaC and CbC, respectively. 
X-ray spectrofraphic analysis of this product 

showed it to be a solid solution of CbC in TaC, 
and not merely a mixture of TaC and CbC crys 
tals. This is important from the standpoint of the 
production of hard compositions of matter from 
this multi-carbide, for I have found that, in the 
case of macro-crystalline Ta(Cb) C, there is a 
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limit to the solubility of CbC in TaC.. I have 
determined that, for practical purposes, this limit 
is 25 per cent by weight, that is to say, that the 
CbC should not exceed 25 per cent by weight of 
the multi-carbide. This is about 40 molecular 
per cent. Moreover, I have found that the hard 
Compositions made from the macro-crystalline 
multicarbide, a (Clb) C, in which the CbC is less 
than 25 per cent by weight, are stronger than 
compositions in which the percentage of CbC ex 
ceeds 25 per cent by weight, and are of equal or 
greater hardness. 
The following is a specific example of the 

method followed in producing a multi-carbide, 
Ta(Cb) C, which proved to be exceptionally valu 
able as an ingredient of a hard composition of 
matter for metal-cutting tools: First, I made a 
thermit charge of 1285 grams of tantalite ore, 
which contained about 61 per cent Ta2O5 and 
about 13 per cent Cb2O5, 612 grams of granu 
lated aluminum, 742 grams of Ta2O5, in addition 
to that contained in the ore, and 1014 grams of 
barium di-Oxide. Upon ignition, this charge 
gave a regulus of metal weighing 1186 grams. 
This regulus was melted with 1400 grams of alu 
minum and heated in a graphite crucible, as here 
tofore described, at about 1900° C. for about 
seven hours. After the treatment heretofore de 
scribed for separating the multi-carbide from the 
IaaSS, a yield of 784 grams Ta (Cb) C was re 
covered. Chemical analysis showed that this 
contained 6.68 per cent carbon and that it had a 
density of 13.223. The major constituent, TaC, 
Constituted 91.26 per cent of the substance and 
the minor constituent, CbC, constituted the bal 
ance, 8.74 per cent. The minor constituent was 
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undoubtedly in solid Solution in the major con 
stituent. 
This new macro-crystalline multi-carbide, 

Ta(Cb) C, produced in accordance with my in 
vention, is substantially pure, makes hard com 
positions having high thermal and electrical con 
ductivity, is stable, and does not oxidize readily. 
Hard compositions may be made therefrom hav 
ing a combination of strength and hardness 
which surpasses any made heretofore, from 
amorphols materials including tantalun, Colum 
bium and carbon. 

I have tried to make macro-crystalline carbide 
of titanium and macro-crystalline carbide of 
Zirconium by using a menstruurn of aluminum, 
but have failed to do so. In view of this, it is 
remarkable that multi-carbides of macro-crystal 
line form may be made, in accordance with my 
invention, containing TiC or ZrO, or both of 
them, as minor constituents. 
The following is an example of the method foll 

lowed by me in producing macro-crystalline 
Ta(Zr) C: A mixture of 1323 grams Ta2O5, 216 
grams ZrO2, and 800 grams of aluminum was 
heated in a graphite crucible, in the presence of 
excess carbon, at about 1800° C., for about six 
hours. The resulting mass was treated as pre 
viously described, with muriatic and hydrofluoric 
acids and by concentration, so as to separate the 
multi-carbide from the mass. As a result of this 
treatment, I obtained 1047 grams of product 
Consisting of reddish-colored crystals, of marco 
Crystalline form and size, with metallic lustre, 
analyzing 6.87 per cent carbon and consisting of 
88.35 per cent TaC, and about 11.9 per cent 
ZrO. This substance had a density of 11.95. 
The density and the percentage of carbon showed 
that the carbon contained in the substance was 
chemically combined with the metals as TaC 
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and ZrC, and the X-ray spectrogram made from 
this material showed that the ZrC was present in 
solid solution in the TaC, and not as a two-phase 
system. This multi-carbide has high thermal 
and electrical conductivity compared to previ 
ous amorphous materials containing tantalum, 
zirconium and carbon, is stable and not readily 
oxidizable, and hard compositions of matter 
made from this macro-crystalline multi-carbide, 
by known processes of powder metallurgy, had 
such hardness, strength and thermal conductivity 
as to be exceedingly valuable in metal-cutting 
tools and the like. 
The following is a specific example of the 

method followed by me in the production of the 
multi-carbide, Ta (TDC, in which Tac is the 
major constituent, and TiC the minor constit 
uent: 240 grams of TiO2, 1328 grams of Ta2O5 
950 grams of aluminum, and 610 grams of KClO3 
were mixed to form a thermit charge, the 
KClO3 being added for the purpose of supplying 
heat to aid in reducing and melting the metals. 
The regulus resulting from the ignition of this 
charge weighed 826 grams. 375 grams of this 
regulus were heated with 280 grams of aluminum, 
in a graphite crucible, in the presence of excess 
carbon, to about 1800° C., for about six hours. 
The resulting mass was digested with muriatic 
and hydrofluoric acids and concentrated as pre 
viously described, the yield being about 193 
grams. This product was macro-crystalline, had 
a metallic lustre and was of a steel-gray color. 
This product showed, on analysis, 7.40 per cent 
carbon and that it was composed of about 8.8 per 
cent TiC and 91.2 per cent TaC. The density 
was 2.24. The percentage of carbon and the 
density indicated that the carbon contained in 
this substance was chemically combined With 

I be 
lieve that, in this case also, the TiC is in Solid 
solution in the TaC. 
The new multi-carbides which may be pro 

duced in accordance with my invention, having 
the characteristic macro-crystalline form, in 
clude those in which the minor constituent Con 
sists of carbides of two or more metals as, for 
example, Ta (CbTi) C; Ta (Cbzr) C; Ta (TiZr) C; 
and Ta (CbTi2r) C. 
The following is a specific example of the pro 

duction of Ta (CbTi) C by the method of my pres 
ent invention: 13,887 grams of tantalite ore, 
which include about 61 per cent of Ta2O5 and 
about 12 per cent of Cb2O5, 5057 grams of 
aluminum, 4527 grams of TiO2, and 6084 grams 
of barium di-oxide were mixed to form a thermit 
charge. Upon ignition, this thermit charge 
formed a regulus of metals weighing 10,832 
grams. This regulus was melted with aluminum, 
in the proportion of 1800 grams of aluminum to) 
1400 grams of the regulus, and heated in a 
graphite crucible, in the presence of excess car 
bon, at 1800° C., for about six hours. From 
the mass resulting, the residue consisting of 
the macro-crystalline multi-carbide was recov 
ered by digestion with murlatic and hydrofluoric 
acids, and concentration by gravity means, as 
heretofore described. The yield for this melt was 
about 900 grams. 
The product was macro-crystalline in form and 

size, and of a steel-grey color with a lavender 
cast, having a pronounced metallic lustre. Anal 
ysis showed that the product contained 8.40 per 
cent carbon and that it was composed of 75.42 
per cent TaC, 13.62 per cent CbC, and 10.95 
per cent TiC. The minor constituents, CbC and 

7 
TiC, in this case, constitute a little less than 45 
molecular per cent of the substance. This new 
macro-crystalline multi-carbide has a density 
higher than the calculated density of a 
mixture, in the same proportions, of previ 
ously known tantalum-carbon, columbium-car 
bon and titanium-carbon materials. The per 
centage of carbon and the density show that all 
of the carbon present in the substance is chem 
ically combined with the metals, tantalum, co 
lumbium and titanium, in monatomic ratio, as 
TaC, CbC and TiC. Furthermore, a study of the 
X-ray spectrogram, produced from this mate 
rial, showed that there were two kinds of crystals 
present and indicated that, while most of the 
CbC and TiC was in solid solution in the TaC, 
apparently, some of the TiC existed in a separate 
phase with CbC and TaC. This product has 
thermal and electrical conductivity, stability and 
resistance to oxidation, greatly superior to any 
amorphous material containing similar propor 
tions of tantalun, columbium, titanium and car 
bon, and hard compositions made from this prod 
uct have a combined hardness and strength great 
ly superior to that of a composition made from 
such amorphous material or materials. I ber 
lieve, however, that this product contains too 
great a percentage of TiC and that its qualities 
would be still further improved by a slight reduc 
tion in the percentage of TiC present, or by Sub 
stituting more CbC for TiC. 
The following is a specific example of the pro 

duction of Ta (CbZr) C by the method of my 
present invention: A thermit charge was pre 
pared consisting of 7710 grams of tantalite ore, 
which included about 61 per cent Ta2O5 and 
about 12 per cent Cb2O5, 2750 grams of alumi 
num, 108 grams of ZrO2 and 4563 grams of bari 
um di-oxide. Ignition of this charge gave a 
regulus of 4036 grams. 1345 grams of the regu 
lus was heated with 1742 grams of aluminum. in 
a graphite crucible, in the presence of excess 
carbon, to about 1800 C., for about six hours. 
By the method of separation heretofore described, 
about 882 grains of macro-crystalline product, 
of a bronze color and pronounced nefallic lustre, 
were obtained. Analysis showed that the prod 
uct contained 7.02 per ceilt carbon and that it 
had a density of 12.58. Like the other multi 
carbides, the carbon contained was chemically 
combined with tantalun, columbium and zirconi 
um, in the form of TaC, CbC and ZrO. 
This product, like the carbides and multi-car 

bides of macro-crystalline form heretofore de 
Scribed, had characteristics desirable for the for 
nation of hard compositions of matter, which were 
greatly superior, as compared with those made 
from amorphous material, including similar pro 
portions of tantalum, columbium, zirconium and 
carbon. 
My researches show, also, that these multi 

carbides, of macro-crystallinc form, having the 
characteristics heretofore described, may be pre 
pared by this method, with CbC as the major 
constituent. An example of this is the nulti 
carbide, Cb (TaTi) C. 
The following is a specific (xample of the pro 

duction of the new macro-crystallino multi 
carbide, Cb (TaTi) C. by the method of my present 
invention, and exemplifies the formation of 
analogous multi-carbides, having ChC as th? 
major constituent and a carbide or carbides of 
the metals of the group including tantalun, 
titanium and zirconium as a minor constituent 
5425 grams of columbite ore, which contained 
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about 52 per cent Cb2O5 and about 17 per cent 
Ta2O5, 650 grams of TiO2, 2436 grams of alu 
minum, and 2028 grams of barium dioxide, were 
mixed to form a thermit charge, which, on igni 
tion, gave a regulus of metals weighing 3860 
grams. 1400 grams of the regulus were heated 
with 1800 grams of aluminum, in a graphite 
crucible, in the presence of excess carbon, at 
about 1800° C., for about six hours, as heretofore 
described. After digestion of the resulting mass 
in muriatic and hydrofluoric acids, and concen 
tration by gravity means, 470 grams of residue 
was recovered. This was of macro-crystalline 
form and size, had a metallic lustre, and was 
steel-grey in color with a lavender cast. Chemi 
cal analysis showed that it contained 1.35 per 
cent of carbon, 72.02 per cent CbC, 17.90 per cent 
TaC, and 10.08 per cent TiC. The density of the 
substance was 7.72. I believe that, in this case 
also, the TaC and TiC are in Solid Solution in 
the major constituent, the CbC. This material, 
aiso, gave hard compositions of matter having 
superior qualities to those made from amorphous 
materials, containing similar proportions of the 
columbium, tantalum, titanium and carbon. In 
short, it showed the expected characteristics, 
when compared with the multi-carbides hereto 
fore described and indicated that it was in the 
same class with them. 
As I have stated heretofore, the most desirable 

results and the best products seem to be obtained, 
in the preparation of these multi-carbides, when 
the molecular percentage of the carbide or car 
bides, constituting the minor constituent, does 
not exceed a certain limit. I believe that this 
limit is the limit of solubility of the carbide con 
stituting the minor constituent in the carbide 
constituting the major constituent, and that, 
when said limit is exceeded, you no longer have 
a single phase system and, therefore, the thermal 
and electrical conductivity is not as good and the 
material does not form quite as satisfactory a 
hard composition for metal-cutting tools. In the 
case of the multi-carbides of my present inven 
tion, in which TaC is the major constituent, I 
find that the minor Constituent should not con 
stitute substantially more than 40 molecular per 
cent of the entire substance. In the case of 
these multi-carbides, in which CbC is the major 
constituent, this is true also. 
The principal use for these novel carbides and 

multi-carbides, of macro-crystalline form and 
size, is as one of the starting ingredients in the 
manufacture of hard compositions of natter in 
tended to be used for metal-cutting tools, dies, 
corrosion resisting surfaces and the like. These 
new remacro-crystalline carbides and multi-car 
bides are to be used, in accordance with the 
known processes of powder metallurgy, for the 
formation of hard compositions, but the macro 
crystalline character of the carbide enters into 
and so modifies these known processes that a re 
sult is achieved, which differs materially from 
anything possible using amorphous combinations 
of carbon with tantalum, columbium, titaniuin or 
zirconium. Heretofore, it has been the practice, 
in preparing hard compositions from the amor 
phous tantalum-carbon material, for example, 
to grind or comminute said material, with proper 
proportions of tungsten, in a ball mill and under 
non-oxidizing conditions, the mill using nickel 
balls which, by erosion, contribute the desired 
proportion of nickel to the mixture. This finely 
comminuted mixture is then formed into pieces 
of the required shape, by pressure, and the pieces 
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thus formed are heated under a vacuum to about 
1400° C., for about forty minutes. As the result 
of this treatment, a hard composition is formed, 
in which it is probable that the tungsten and 
nickel serve to effect a union or bond between the 
particles of tantalum-carbon material. While it 
has proved possible, by this method, using the 
amorphous tantalum-carbon material, to produce 
very hard compositions, they lack the strength 
which is desirable for materials to be used in 
metal-cutting tools, dies and like situations. 
Furthermore, if, in an effort to increase the 
strength, additional nickel is employed as an in 
gredient of the composition, the hardness de 
creases to such an extent that the product is not 
desirable for use as a metal-cutting tool. The 
same is true when other metals, such as cobalt, 
are added to increase the strength of the com 
position. Furthermore, using the amorphous 
tantalum-carbon material as a basis for the com 
position, there is a limit to the amount of 
tungsten that can be employed as an ingredient, 
and still have the necessary strength, for, if ex 
ceSS tungsten be added to the composition, it 
becomes brittle and breaks under a much lower 
load. 

If, instead of amorphous tantalum-carbon ma 
terial, my new macro-crystalline carbides, or 
multi-carbides, are used as the starting ingre 
dient, Comminuted in a ball mill, under non 
oxidizing conditions, with the desired propor 
tions of tungsten and nickel or other metals, and 
the resulting comminuted mixture treated as 
heretofore, a hard composition will be produced 
which is fully as hard, if not harder, than those 
heretofore made by the old processes, using the 
amorphous material, and which, combined there 
with, has a much greater strength, thus render 
ing the product more desirable for use in metal 
cutting tools, dies and the like. Moreover, the 
composition has a higher thermal conductivity, 
With the result that heat is conducted away from 
the cutting edge much more effectively and this, 
too, is a very desirable feature from a commer 
cial standpoint. I have discovered that the 
greater strength and higher thermal conductivity 
of these compositions, made from the macro 
Crystalline carbides or multi-carbides, is due to 
the fact that, after comminution of the macro 
crystalline material, it presents a greater area 
of freshly fractured surface, free from oxidation, 
as a result of which a more nearly perfect union 
of the carbide particles is effected. 

I have also found that, when my new macro 
Crystalline carbides or multi-carbides are used as 
an ingredient of a hard composition of matter, it 
is possible to include a larger percentage of 
tungsten in the composition, and this is highly 
desirable from the standpoint of increasing the 
strength of the composition at the temperatures 
developed therein by use in metal-cutting, and 
also because it assists in raising the thermal con 
ductivity of the composition. 
A further advantage of these macro-crystalline 

carbides and multi-carbides resides in the fact 
that, by comminuting them for greater or lesser 
times or under different conditions, the particles 
may be reduced to different grades of fineness, so 
that the carbide, in different degrees of fineness, 
may be mixed for forming a hard composition of 
matter. I believe that this practice improves the 
Strength of the resulting composition. This, of 
course, is impossible with amorphous material. 
Each of the macro-crystalline carbides and 

multi-carbides herein described has a very high 
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melting point, it being, in each instance, above 
3400° C. Each of these carbides and multi-car- . 
bides is also extremely resistant to acids and alka 
lies. In fact, the only solvent which I have found 
for them is a mixture of hydrofluoric and nitric 
acids. 

In the specification and claims, I have used the 
term “phase' in the usual physical chemical 
sense, as defined, for example, by J. L. R. Morgan, 
in his “Elements of Physical Chemistry", 5th ed., 
page 137, (1914) : “Aphase is a physically distinct, 
mechanically separable portion of a system; it 
need not however be chemically simple.' When 
ever I have referred to a single phase system or 
body, I mean a body or substance containing but 
one such phase. 
The hard compositions of matter made from 

these macro-crystalline carbides or multi-carbides 
and the method of making such compositions of 
matter are not claimed herein, being claimed in 
U. S. Patent No. 2,093,844, dated September 21, 
1937, based upon my application Serial No. 39,505, 
filed September 6, 1935, in U. S. Patent No. 
2,093,845, dated September 21, 1937, based upon a 
divisional application thereof Serial No. 66,707, 
filed March 2, 1936, and in U. S. Patent No. 
2,123,574, U. S. Patent No. 2,123,575, and U. S. 
Patent No. 2,123,576, each dated July 12, 1938, 
based upon applications Serial No. 127,558, Serial 
No. 127,559, and Serial No. 127,560, respectively, 
each filed February 24, 1937, as divisional applica 
tions of said application Serial No. 39,505. 
The present application is directed to the car 

bides and multi-carbides themselves, and the 
process of making the carbides or multi-carbides. 
I am aware that the invention disclosed herein, 

both as regards the product and the process, is 
susceptible of considerable variation without de 
parting from the spirit thereof, and, therefore, 
I claim as my invention broadly as indicated by 
the appended claims. 
What I claim is: 
1. The new product of reaction between a metal 

of the group consisting of tantalun and colum 
bium, with carbon, produced in the presence of a 
molten metallic menstruum differing from the 
reactants, said product consisting of macro-crys 
talline carbide of the group of carbides consist 
ing of TaC and CbC, characterized by its metallic 
lustre, crystalline form, and a combined carbon 
content in monatomic ratio to the metal present. 

2. The new product of reaction between tan 
talum and carbon, produced in the presence of a 
molten metallic menstruum other than tantalum, 
consisting of macro-crystalline TaC, character 
ized by a golden color, metallic lustre, crystal 
line form and a combined carbon content in 
monatomic ratio to the tantalum content. 

3. The new product of reaction between tan 
talum and carbon, produced in the presence of a 
molten metallic menstruum other than tantalum, 
consisting of macro-crystalline TaC having a 
density between 143 and 14.6. 

4. The new product of reaction between colum 
bium and carbon, produced in the presence of a 
molten metallic menstruum other than colum 
bium, consisting of macro-crystalline CbC char 
acterized by a lavender color, a metallic lustre, 
crystalline form, and a combined carbon content 
in monatomic ratio to the columbium content. 

5. The new product of reaction between colum 
bium and carbon, produced in the presence of a 
molten metallic menstruun other than colum 
bium, consisting of macro-crystalline CbC hav 
ing a density between 7.7 and 7.9. 
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6. The new product of reaction between a metal 

of the group consisting of tantalum and colum 
bium, in a major proportion, and metal, in a 
minor proportion, selected from the group Con 
sisting of tantalum, columbium, titanium and 
zirconium, other than the metal selected from the 
first-named group, with carbon, produced in the 
presence of a molten metallic menstruum other 
than the selected metals, and consisting of par 
ticles characterized by metallic lustre, Crystalline 
form and a combined carbon content in mona 
tomic ratio to the metals present. 

7. The new product of reaction between metals 
selected from the group consisting of tantalum, 
columbium, titanium and zirconium, with carbon, 
consisting of particles composed essentially of a 
carbide of a metal of the group consisting of 
tantalum and columbium, as a major constitue 
ent, and, as a minor constituent in Solid solution 
in the major constituent, material selected from 
the group consisting of the carbides of tantalum, 
columbium, titanium and zirconium other that 
the carbide selected from the first-named group, 
produced in the presence of a molten metallic 
menstruun other than the selected metals, said 
particles being characterized by metallic lustre, 
crystalline form and a combined carbon content 
in monatomic proportion to the metals present. 

8. A multi-carbide existing as a single phase 
body, consisting essentially of, as a major con 
stituent, a carbide of a metal of the group con 
sisting of tantalum and columbium, and, as a 
minor constituent in appreciable amount up to 40 
molecular per cent of the multi-carbide, material 
other than the major constituent selected from 
the group consisting of the carbides of tantalum, 
columbium, titanium and zirconium, produced in 
the presence of a molten metallic menstrulin 
other than the selected metals, and character 
ized by metallic lustre, crystalline form and a 
combined carbon content in monatomic propor 
tion to the metals present. 

9. A multi-carbide consisting of, as a major 
constituent, a carbide of a metal of the group 
consisting of tantalum and columbium, and, as a 
minor constituent in solid solution in the major 
constituent, material, other than the major con 
stituent, selected from the group consisting of the 
carbides of tantalum, Columbium, titanium and 
zirconium, produced in the presence of a molten 
metallic menstruun other than the selected 
metals, and characterized by metallic lustre, crys 
talline form, and a combined carbon content in 
monatomic proportion to the metals present. 

10. The method of producing carbides which 
comprises the reacting of metal selected from the 
group consisting of tantalum and columbium, 
with carbon, in a molten metallic menstruum se 
lected from the group consisting of aluminum, 
iron, manganese and beryllium, at a temperature 
above the melting point of the menstruum, solid 
fying the resulting mass, and Separating the car 
bide therefron. 

11. The method of producing carbides which 
comprises dissolving in a molten metallic men 
struum a metal selected from the group consist 
ing of tantalum and columbium, as a major con 
stituent, and, as a minor constituent, a metal 
selected from the group consisting of tantalum, 
columbium, titanium, and zirconium other than 
the metal selected from the first-named group, 
reacting said solution with carbon, solidifying the 
resultant mass, and separating the carbide there 
from. 
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12. The method of producing carbides which 5 
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comprises the reacting of metal from the group 
consisting of tantalum and columbium, with car 
bon, in a molten metallic menstruum differing 
chemically from the metal from which the car 
bide is to be formed, at a temperature above the 
melting point of the menstruum, solidifying the 
resulting mass, and separating the carbide there 
from. m 

13. The method of producing carbides which 
comprises dissolving a metal selected from the 
group consisting of tantalum and columbium in 
a molten metallic menstruum other than tari 
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talum or columbium, Subjecting said menstrum 
solution of the metal to prolonged heating, at a 
temperature above the melting point of the men 
struum, in the presence of carbon, Solidifying the 
resulting mass, and separating the carbide there 
fron. 

14. The method of producing carbides which 
comprises the reacting of metal from the group 
consisting of tantalum and columbium, in solution 
in a molten menstruum formed of a metal other 
than tantalum or columbium, with carbon, at a 
temperature exceeding the melting point of the 
menstruum solution, solidifying the resulting 
mass, and separating the carbide therefron. 

15. The method of producing carbides which 
comprises dissolving metal from the group con 
sisting of tantalum and columbium in a molten 
menstrum of metal from the group consisting 
of aluminum, iron, manganese and beryllium, 
subjecting said molten naenstruum Solution to 
prolonged heating, in the presence of carbon, at 
a temperature exceeding the melting point of the 
menstruum solution, Solidifying the resulting 
mass, and separating the carbide therefron. 

16. The method of producing carbides which 
comprises the reacting of metal from the group 
consisting of tantalun and columbium, in solu 
tion in molten aluminum, with carbon, solidifying 
the resulting mass, and separating the carbide 
therefrom. 

17. The method of producing tantalum car 
bide, which comprises the reacting of tantalum in 
a menstruum selected from the group consisting 
of aluminum, iron, manganese, and beryllium, 
With carbon, at a temperature exceeding the 
melting point of the menstruum metal and below 
the melting point of tantalum, Solidifying the 
resulting mass, and separating the tantalum car 
bide therefron. 
- 18. The method of producing tantallum car 
bide, which comprises the dissolving of tantalum 
in molten aluminum, subjecting said solution to 
prolonged heating, in the presence of carbon, at 
a temperature exceeding the melting point of said 
solution and below the melting point of tantalum, 
solidifying the resulting mass, and separating the 
tantalum carbide therefrom. 

19. The method of producing columbium car 
bide, which comprises the reacting of columbium 
in a menstrum metal Selected from the group 
consisting of aluminum, iron, manganese and 
beryllium, with carbon, at a temperature exceed 
ing the melting point of the menstruun metal, 
solidifying the resulting mass, and separating the 
columbium carbide therefron. 

20. The method of producing columbium car 
bide, which comprises the dissolving of columbium 
in molten aluminum, subjecting said solution to 
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prolonged heating, in the presence of carbon, at 
a temperature exceeding the melting point of said 
solution, solidifying the resulting mass, and sepa 
rating the columbium carbide therefrom. 

21. The method of producing multi-carbides 
of metals, which comprises the solution, in a 
molten menstruum selected from the group con 
sisting of aluminum, iron, manganese and beryl 
lium, of a metal selected from the group consist 
ing of tantalum and columbium, as a major con 
stituent, and, as a minor constituent, metal se 
lected from the group consisting of tantalum, 
columbium, titanium and Zirconium, other than 
the metal selected from the first-named group, 
Subjecting said menstruum solution to prolonged 
heating, in the presence of carbon, at a tempera- . 
ture exceeding the melting point of the men 
struun solution and below the melting point of 
tantalum, solidifying the resulting mass, and 
separating the multi-carbide therefrom. 

22. The method of producing multi-carbides 
of metals, which comprises the solution in molten 
aluminum of a metal selected from the group 
consisting of tantalun and Columbium, as a major 
constituent, and, as a minor constituent, metal 
Selected from the group consisting of tantalum, 
columbium, titanium and zirconium, other than 
the metal selected from the first-named group, 
subjecting said solution to prolonged heating, in 
the presence of carbon, at a temperature exceed 
ing the melting point of the solution and below the 
melting point of tantalum, solidifying the result 
ing mass, and separating the multi-carbide there 
fron. 

23. The method of producing multi-carbides, 
which comprises preparing a thermit charge en 
bodying an ore containing a metal Selected from 
the group consisting of tantalun and columbin, 
in a major proportion, and metal in a minor pro 
portion selected from the group consisting of tan 
talum, Columbium, titanium, and zirconium, other 
than the metal selected from the first group, ig 
initing said thermit charge, melting the regulus of 
metals obtained thereby with nenstruum metal 
Selected from the group consisting of aluminum, 
iron, manganese and beryllium, subjecting said 
melt to prolonged heating, in the presence of 
carbon, at a temperature exceeding the melting 
point of the menstruum metal, solidifying the 
resulting mass, and separating the multi-car 
bide therefrom. 

24. The method of producing carbides which 
comprises reacting metal selected from the group 
consisting of tantalun and Columbium in the 
presence of a molten metallic menstruum other 
than said selected metal, with carbon, solidify 
ing the resulting mass, digesting the material of 
said mass with hydrochloric acid and then with 
hydrofluoric acid, and separating the residue in 
Soluble in said acids. 

25. The method of producing carbides which 
comprises reacting metal selected from the group 
consisting of tantalum and columbium in the 
presence of molten aluminum, with carbon, solid 
ifying the resulting mass, digesting the material 
of said mass with hydrochloric acid and then 
with hydrofluoric acid, and separating the resi 
due insoluble in said acids. 
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