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This invention relates in general to alloys and 
has more particular reference to a novel and im- 
proved alloy suitable for, but not limited to, the 
formation or fabrication of tools and other im 

5 plements, 
For so much of the subject matter herein dis 

closed which is also disclosed in my copending 
United States Letters Patent applications en 
titled: "Hard metal alloys," Serial No. 498,758, 

, m tilled November 28, 1930; "Hard metal alloys,” 
Serial No. 630,787, ?led August 29, 1932; and 
"Hard metal alloys,” Serial No. 670,749, filed May 
12, 1933--I claim the priority of said applications. 
The invention includes among its objects the 

(01. 75-136) 
tungsten carbide content to produce such an al 
loy of a hardness sumcient for such uses as well 
as other uses, and, at the same time, of a strength 
equal to or greater than the strength of known 
alloys including su?icient tungsten carbide to 5 
produce the hardness required for such uses; and 
whereby such tool material will minimize "crater 
ing” and "glazing" of the work which is unde 
sirable and indicative of tool failures. 
Other objects and advantages will appear more 10 

fully from the following description. 
The following formulas are illustrative of alloys 

within the contemplation of my invention, the 
percentages given being by weight: 

15 provision, of a novel and improved alloy which 15 
may be employedas a tool material that is sub- Example 1 
stantially free from the objectionable action _ a Per cent 
known as “cratering.” By cratering I mean the mgsten carbide ______ _ _ - _ .u 12 

action of the chips from the work in‘ adhering I mgsten-metal _______ 8:01 
1 to or wearing away the cutting edge supporting ' Tantalum carbide ____________________ _.__ 14.51 a . 
material of the tool, thereby tending to cause non- _ 0'84 
cutting edge and eventually tool failures. Cobalt 331 - 
Other objects of the invention include the pro- Nickel ___ 2.21 

vision oi substantially a non-cratering tool ‘alloy 
comprising a plurality of carbides of hard‘ re- Example 2 
fractory metals combined with one or more Y - Per éent 
metals, preferably of the iron group, and where sten carhmp 71 21 
desired with one or more of the hard refractory , TuI ungn sten meta} 8'02 

‘ metals not combined with carbon. Tantgamm Carma; ----------------- -- 151,5 
, A further object of the invention is the pro- Iran """"""""""""""" " _ 0'70 , 

vision of such a novel alloy wherein the hard re- cobalt 8'01 
fractory metal carbides are tungsten carbide and N1 ckel 2'01 
another hard carbide having a lower coei?cient ‘ 
of thermal conductivity than tungsten carbide. Example 3 a 
The objects of the invention also include the , 

provision of a novel and improved alloy which Per “ant 
may be characterized generally by the small Tungsten carbide --------- --' ---------- -- 70-58 
amount of tungsten carbide as compared with Tungsten metal ----------------------- -- 7-95 
,known tool alloys, by the composition of what I Tantalum carbide-‘- ------------------- -- 14-40 

a shall hereinafter term "the auxiliary material," 1m" -—— > 1-58 ‘0 
meaning thereby the ingredients other than tung- c9balt— 3-38 
sten carbide, and by the feature of great strength Nlckpl -— 2-19 
and toughness without the undesirable result of 
diminished hardness, which has heretofore been Example 4 - 

5 a serious impediment to the provision of alloys ‘ Per cent Q 
of the strength and toughness desired for use in Tungsten carbide ------- u} Substantially equal 
the fabrication of, for example, tools and wire- Tantalum carbide _______ _. parts 
drawing dies. Iron group metal _____________ ____ _____ __ 3-15. 

Further objects of the invention include the 
provision of an alloy, suitable for use as a tool Example 5 l 
material or as wire-drawing dies, wherein the Percent 
tungsten carbide content is at most 79 ‘per cent ‘ _Tungsten carbide ________________________ ..- 62 
by weight, and may be only 68 per cent by weight Tungsten metal _________________________ __ ‘ll 
of the alloy; wherein an acid-resistant auxiliary Tantalum carbide _________________________ -a 25 

‘ material is combined with‘ this relatively small Iron group metal ________________ -_ Remainder r 
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to. 
._.mixed with the proper amount of carbon to form 

' 2 

Example 6 

Per cent 
Tungsten carbide ________________________ __ 47 
Tungsten metal _____________ __- ___________ __ 7 

Tantalum carbide ___________________ _V____'_ 40 
Iron group metal ________________ __ Remainder 

' . Example 7 

' Per cent 
Tungsten carbide ________________________ __ 27 

Tungsten metal __________________________ __ 7 

Tantalum carbide ________________________ __ 60 

Cobalt __________________________ __ Remainder 

The invention is not, however, limited to pre 
cise percentages or proportions of ingredients 
but contemplates that the mentioned proportions 
may be varied throughout wide ranges, depend 
ing somewhat upon the particular use for which 
the ?nal alloy is intended or the materials to be 
turned or otherwise cut, by a tool made of the 
a by. ‘ ' 

‘ In other examples of these alloys the tantalum 
carbide content may be as low as 25 per cent by 
weight and as high as 80 per cent by weight of 
the entirealloy. The tungsten carbide content 
may vary from a minor percentage, say 10 per 
cent by‘weight of the entire alloy, up to su?icient 
tungsten carbide-to provide with the tantalum 
carbide a total carbide content ranging from a 
preponderance, say 75 per cent by weight, to 
about 97 per cent by weight of the entire alloy, 
depending upon the auxiliary material and the 
p?rcentages by weight thereof contained in the 
a oy. 

The proportions of ingredients of Example 5’ 
make an excellent tool for turning or otherwise 
cutting manganese steel having from 12 per cent 
to 14 per cent of manganese, and other very hard 
steels. 
The proportions of Example 6 produce a tool 

otherwise cutting cast steel with a Brinell hard 
ness of about 400, steels heat-treated to a Brinell 
hardness above 250, steels with high sulphur and 
phosphorus contents such as SAE 1112 and 1120, 
and various cast alloys with Brinell hardnesses of 
about 300 to be used for example in the fabrica 
tion of crank shafts, cam shafts, etc. 
‘A tool made of material in the proportions of 

Example 7 is especially serviceable in the ma 
chining of soft steels which are particularly bad 
with reference to the cratering of the tool. 
While I may start with tantalum carbide pow 

der and tungsten carbide powder prepared by 
any suitable method,‘ I prefer to carbonize the 
tantalum and‘ the tungsten in such manner as to 
vremove or to exclude embrittling' impurities such 
as oxygen. These carbides are preferably pre 
pared by the same method. _In this method each 
of the mentioned refractory metals is intimately 

a carbide thereof, and the mixture is heated in 
an atmosphere of dry'hydrogen, or in vacuo, to a 
temperature sufficient to combine the refractory 
metal and the carbon. Ordinarily, this tempera 
ture in the case of tantalum carbide is about 
2000" C. The powders of tantalum carbide and 
tungsten carbide formed inv this way are mixed 
together in the desired proportions. , 

Where desired, the proportion of‘ tantalum 
to carbon may range from 93.8% to 95 per cent 
by weight of tantalum to from 6.2 per ‘cent to 5 
.per cent by weight of carbon, and the tungsten 
to carbon proportion may vary from about 93.8 
per cent to 97 per cent by weight of tungsten to 
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from 6.2 per cent to 3 per cent by weight of 
carbon. Whenever the carbon content is insuf 
?cient to combine with all of the tantalum 
and/or all of the tungsten, some of one or both 
of these metals will be present as free metal in 
the carbide powders. This free metal has a 
marked effect upon the properties ofv the final 
alloy, as will- presently be described. 1 - ‘i 
The tungsten other than the carbide tungsten 

contributes to the tenacity and strength of the 
alloy and tends to improve the hardness. The 
tungsten metal may be added with the other 
metals of the auxiliary material or it may be 
provided for in the carburization of the tungsten 
to form the‘ tungsten carbide.‘ In other words, 
the tungsten and carbon in powdered form may 
be heated in an inert atmosphere to a su?lclent 
temperature 'to combine the tungsten and carbon 
which are so proportioned that at least 88 per 
cent of the total tungsten and carbon will be in 
the form of tungsten carbide, the remainder be 
ing tungsten metal. 7 About 78 per cent or 79 per 
cent of this mixture may then be combined with, 
as already mentioned, from 5 per cent to 7 per 
cent of the iron group metals and with tantalum 
carbide. I 

As already mentioned, the carbide powder mix 
ture may include some of one or more of the 
refractory metals uncombined with carbon. In 
general, free tungsten improves the hardness 
where the ?nal heat treatment is carried out 
in vacuo. If the heat treatment is carried out 
in the presence of carbon and an inert gas, as 
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where the pressed bodies are packed in graphite _ 
and heat treated in an atmosphere of hydrogen 
and/or'nitrogen, any free tungsten present will 
be carbonized in whole or in part. Free tungsten 
in‘ the original powder is sometimes desirable 
even though it is completely carbonized during 
the ?nal heat treatment, as when the pressed 
bodies are heated in graphite and an inert at 
mosphere. The ?nal alloy is considerably 
stronger when a portion of the tungsten carbide 
is produced during the ?nal heat treatment than 
it is when all of the tungsten is originally intro 
duced in the form of tungsten carbide. 
The carbides of tantalum and tungsten con 

tribute to the hardness of the order or magnitude 
required for and usually found in hard tool ma 
terials, but the auxiliary material, I believe, ac 
counts for the greaterhardness without loss of 
strength. 
By employing both tungsten carbide and tan 

talum carbide in the alloy of the invention, I ob 
. tain not merely the additional hardness, strength, 
and toughness of each carbide, but surprisingly 
enough I achieve the desirable result of tools or 
tool alloys which will turn or otherwise cut a 
great variety of materials without substantial 
cratering. 
While I have described tantalum, tungsten and 

the carbides thereof as the preferred hard re 
fractory metals and carbides, the invention brief 

85 

ly contemplates a mixture of a hard and strong _ 
metallic carbide such as tungsten carbide, and a 
less metallic carbide having a lower coefficient 
of thermal conductivity than the ?rst mentioned 
carbide, such as tantalum or columbium carbide. 
More speci?cally, this invention contemplates 
that columbium, titanium, zirconium and/or the 
carbides thereof, may partially orwholly replace 
tantalum and/or its carbide. Titanium and zir 
conium are refractory metals from the fourth 
group of the periodic chart of the elements. 
Tantalum and columbium are refractory metals 
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from the ?fth group of the periodic chart of the 
elements. Molybdenum and/or a carbide thereof 
may partially or entirely replace tungsten and/or 
a carbide thereof, respectively. Molybdenum and 
tungsten are in the sixth group of the periodic 
chart of the elements. . 
According to the embodiment of the invention 

' disclosed in Examples 1 to 3, in the auxiliary ma 
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‘terial, I employ iron making up from 0.56 per 
cent to v1.6 per cent by weight of the entire alloy, 
and at least one other metal of the iron group 
which, together with the iron, ranges from 5 per 
cent to 7 per cent by weight of the entire alloy. 
These°metals of the iron group, tantalum ‘carbide, 
and, if desired, tungsten metal, as distinguished 
from carbidertungsten, are one preferred aux 
ilia'ry material of my invention. Where iron, 
cobalt, and nickel are employed. the cobalt should 
preferably be about one-half by weight of the 
combined proportions of the iron. group'metals, 
the nickel and iron being so calculated that the 
iron is present in the above-mentioned propor 
tions, the nickel making up the remainder. 
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Where the pressed bodies prior to the ?nal heat 
treatment ‘contain free tungsten and a large 
amount of tungsten carbide, as compared with 
the amount of tantalum carbide, I have found 
that cobalt in some unexplainable way facilitates 
or readily permits carbonization of the free tung 
sten ‘during the ?nal heat treatment. In such 
cases I have observed that the carbonization of 
the free tungsten during the ?nal heat treat 
nie'nt is more complete when cobalt is employed 
in the auxiliary material than when nickel alone 
is used as the auxiliary material. “ 

Nickel; however, has a distinct effect which is 
most noticeable in the performance of ‘the novei 
alloy of the invention when it is used in a tool 
for turning or otherwise cutting steel. I prefer 
to employ nickel in the auxiliary material where 
the amount of tantalum carbideis large as com 
pared with the amount cf tungsten carbide in 
the alloy. Such a material is hard and strong, 
and while it is satisfactory 'for certain uses, it is 
more or less brittle, that is, it is lacking in 
toughness. ‘ If, however, an appreciable quantity 

- of free tungsten is present in such an alloy, the 
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alloy will be stronger and less brittle. 
' I have found that such a material containing 
as high as 80 per cent tantalum carbide can be 
obtained, and that in addition to the requisite 
‘hardness and strength, it will possess the quality 
of toughness su?cient to make a very serviceable 
and valuable tool, particularly for the turning of 
steel. I have found, moreover, that a much ' 
smaller quantity of tantalum carbide, in com 
bination with tungsten carbide and a suitable 
auxiliary material, make an excellent tool for 
turning or otherwise cutting very hard steels. 
The amount and composition of the auxiliary 

material varies somewhat according to the rela 
tive amounts of tantalum.carbide and tungsten 
carbide‘, and somewhat according to the intended 
use of the alloy or the tool made therefrom. The 
auxiliary material makes up any minor percent 
age by weight of the alloy, but should not be less 
than 3 percent by weight of the alloy. In gen 
eral,‘cobalt is preferred where tungsten carbide 
predominates by weight in the alloy, and nickel 
is preferred where tantalum carbide predomi 
nates by weight in the alloy. , 
The hardness of my novel alloy is also affected 

by the amount of iron, if the proportions of the‘ 
constituents other than tungsten carbide are 
maintained constant. In fact, if the amount 

of iron is considerably increased, the resulting 
product becomes extremely hard. 
Thus it will be seen that each of the metals 

of the iron group, when used in an auxiliary 
material, imparts certain desirable properties to 
and performs certain desirable functions in the 
?nal alloy. Each may be used alone'or in combi 
nation with one or both of the others, depending 
upon the desired results. 
The auxiliary material of my novel alloy tends 

to be acid~resisting, particularly when it is made 
according to Examples 1 to 3. This acid-resist 
ant feature is important in that it accounts for 
the inertness of the auxiliary material to com 
monly used acidic lubricants. ‘Such lubricants 
have attacked auxiliary materials of known tools, 
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causing the tungsten carbide particles to be re- ' 
leased, thereby destroying the working surface of 
sléch tools and greatly shortening their useful 
li e. ' 

' To the mixture of tantalum carbide powder and 
tungsten carbide powder the metal or metals of 
the iron group are added in the form of a powder. 
The mixed ingredients are- then pressed into 
bodies of any desired size and shape. The pressed 
or shaped bodies may be heated in a vacuum or 
they may be packed in graphite powder and 
heat~treated in an inert atmosphere of hydrogen 
and/or nitrogen obtained by “cracking’for dis 
sociating ammonia. This heat-treatmentis car 
ried on at temperatures ranging between 13506 
and 1450 or 1500” C. for a period up to about one 
and one-half hours. ‘ 
While I have described a speci?c embodiment 

of the invention wherein one or more’ metals of 
the iron group are employed as the auxiliary ma 
terial, it will be understood that the invention 
contemplates the use of other auxiliary‘ metals. 
such as manganese, platinum, vanadium, etc., 
having a lower melting temperature than that of 
the carbides, which will set the carbide particles 
and which, through capillary action ‘during the 
?nal heat treatment, will bring about a shrinkage 
of the pressed bodies to produce a sound, solid 
material, substantially free from porosity and 
voids. I do not wish, therefore, to be limited 
to the iron group metals but desire to avail my 
self of all changes within the scope of the ap 
pended claims. , 
The alloy of my invention has great strength 

and ‘toughness, but notwithstanding the rela 
tively small amount of tungsten carbide as com 
pared with known tool materials, my alloy is 
fully as hard as such known tool materials. In 
known tool materials, the tungsten carbide con 
tent is at least 80 per cent and usually 90 per cent 
or more of the alloy, and, while the hardness of 
such materials may be increased by increasing 
the amount of tungsten carbide, this increase in 
hardness. is accompanied by a decrease in or loss 
of strength. It is, therefore, necessary in the 
known ‘materials to ?nd the proportions which 
give only acceptable results, that is, which sacri 
flee the maximum hardness to obtain the req 
uisite strength. To the contrary, I have found‘ 
that I obtain great hardness and at the same time 
great strength with less of the ‘tungsten carbide 
than was formerly used in such tool materials. 

Alloys according to my invention are substan 
tially non-cratering when used as turning or 
other tools for rapidly cutting a great variety of 
materials. This non-cratering characteristic im 
proves the service life of the tool by obviating the 
necessity of frequent grinding of the tool and by 
substantially avoiding cutting edge or tool fail 
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ures where the cratering action has caused the 
supporting material adjacent the cutting edge of 
the tool to be removed by the chip. . 
Thus I have provided an alloy which will make 

excellent tools for working, drawing, and ma 
chining metals and which is provided with an 
acid-resistant auxiliary material. When such 
alloy is formed, for example, as tools or wire 
drawing dies, the tools and dies are both hard 
and strong, and they are durable by virtue of this 
acid-resistant auxiliary material, the low suscep 
tibility to cratering, and the hardness and 
strength. Such tools seem ' to withstand the 
shocks of intermittent cuts that frequently crack 
or break ordinary tungsten carbide tools. 
Having thus described myiinvention, what I 

claim as new and desire to secure by Letters Pat 
ent of the United States, is: _ 

1. A sintered composition containing about 3 to 
15 per cent of binder metal including signi?cant 
amounts of metal‘ of the iron group, the re 
mainder of said composition consisting essen 
tially of about 79 to about 10 per cent of tungsten 
carbide and about 14' to about 80 per cent of 
tantalum carbide. 

2. A sintered composition gontaining about 3 
to about 15 per cent of binder metal including 
signi?cant amounts of cobalt, the remainder of 
said composition consisting essentially of about 
79 to about 10 per cent of tungsten carbide and 
Iabout 14 to about 80 per cent of tantalum car 
ide. 
3. A sintered composition containing about 3 

to about 15 per cent of binder metal including 
signi?cant amounts of nickel, the remainder of 
said composition consisting essentially of about 79 
to about 10 per cent of tungsten carbide and 
about 14 to about 80 per cent of tantalum carbide. 

4. A sintered composition containing about 31 
to about 15 per cent of binder metal including 
signi?cant amounts of iron, the remainder of said 
composition consisting essentially of about 79 to 
about 10 per cent of tungsten carbide and about 
14 to about 80 per cent of tantalum carbide. 

5. A sintered composition containing a metal 
binder within the range of about 3 to about 15 
per cent, the remainder of said composition con 
sisting of about 79 to about 10 per cent tungsten - 
carbide and about 14 to about 80 per cent of 
tantalum carbide; said metal binder consisting 
up to one half, of metal of the sixth group of 
Mendeleje?’s Periodic Table of the Elements, and 
the remainder of said binder consisting of metal 
of the iron group. - 

6. A sintered composition containing about 3 
to 20 per cent of at least one iron group metal, 
the remainder of said composition consisting sub 
stantially of tantalum carbide and tungsten car 
bide. 

7. A sintered composition ‘containing about 3 
to 20 per cent binder metal including signi?cant 
amounts of cobalt, the remainder of said com 
position consisting substantially of tantalum car 
bide and tungsten carbide. 

8. A hard and tough alloy comprising tung 
sten carbide and tantalum carbide, making up 
together a preponderating percentage-by weight 
but not more than 97 per cent by weight of the 
entire alloy, and a metal of the ‘iron group mak 
ing up a minor percentage by weight but not less 
than 3 per cent by weight of- the entire alloy. 

9. A hard and tough alloy comprising tung 
sten carbide and tantalum carbide, making up to 
gether a preponderating percentage by weight 

. but not more than 97 per cent by weight of the 

2,202,821 
entire alloy, and more than one metal of the iron 
group making up-a minor percentage by weight 
but not less than 3’ per cent by weight of the 
entire alloy. 

10. A hard alloy comprising a plurality of car- _, 
bides of metals from the groups including tan 
talum and columbium, and tungsten and molyb 
denum, making up together from 68 per cent to 
97 per cent by weight of the alloy; and one or 
more metals of the iron group making up the, 
remainder. .' . 

11. A hard metal sintered composition contain 
ing an appreciable quantity and up to about 20 

10. 

per cent of'a binding metal of the iron group, an ' 
appreciable quantity and up to about 30 per cent ._ 
of tantalum carbide, the remainder of said com, 
position consisting substantially of tungsten car 
bide. , 

12. A hard and tough alloy comprising tung 
sten and. carbon in the proportion of from sub-_ 
stantially 93.8 per cent to 97. per cent by weight 
of tungsten to from substantially 6.2% to 3% by 
weight of carbon, substantially all of they carbon 
being in the form of tungsten carbide, tantalum 
and carbon in the proportion of from substan 
tially 93.8 per cent to 95 per cent by weight of 
tantalum to from substantially 6.2 per cent to 5 
per cent by weight of carbon, substantially all 
of the carbon being in the form of tantalum car 
bide, the tungsten carbide and the tantalum car 
bide together making up a predominating per 
centage by weight but not'more than 97 per cent 
by weight of the entire alloy, and a plurality of 
metals of the iron group making up the remain 
der of the alloy. 

13. A hard alloy comprising from 14 per cent to I 
80 per cent by weight of tantalum carbide hav 
ing a carbon content of from 5 per-cent to 6.2 per 
cent by weight thereof; su?icient tungsten car 
bide, having a'carbon content of from? 3 per cent ‘ 
to 6.2 per cent by weight thereof, to provide with 
said tantalum carbide a total carbide'content 01' 
from 68 per cent to 97 per cent by weight of the 
alloy; and one or more metals of the iron group. 

14. A hard and tough tool alloy comprising.v 
substantially equal‘ portions of a plurality of re 
fractory metals from the group including tan 
talum andcolumbium, and from the group in 
cluding tungsten and molybdenum, carbon com 
bined with each said refractory metal and form 
ing a carbide thereof, the remainder of said alloy 
consisting substantially of one or more metals of 
the iron group making up a minor percentage by 
weight but not less than 3 per cent by weight 0! 
the alloy. I 

15. A hard and tough tool, alloy consisting of 
tantalum carbide and tungsten carbide, making 
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upltogether from a preponderating percentage by ' 
weight to 91 per cent by weight of the alloy, and ' 
a plurality of iron group 
remainder. _ , I 

16. A hard and tough tool alloy composed 
mainly of tungsten carbide but including, in ad 
dition to said tungsten-carbide, from 21 per cent 
to 32 per cent by weight of a strong auxiliary 
material comprising iron in the range of 0.5 per 
cent~to 1.6 per cent by weight of the entire alloy, 
tungsten metal making up from 3 per cent to 10 

' per cent by weight of the alloy, and] tantalum 
carbide. . 

17. A' hard and tough tool alloy composed 
' - mainly of tungsten carbide but including, in ad 

dition thereto, from 21 per cent to 32 per cent by 
weight of an acid-resistant auxiliary material 
comprising tantalum carbide ranging from 14 per 

metals making‘ up the . 
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cent to 17 per cent by weight of the alloy, tung 
sten making up from 10 to 3 per cent of the alloy, 
and a plurality of iron group metals. 

18. A hard metal sintered composition, consist 
ing essentially of from 68 per cent to '79 per cent 
of tungsten carbide bonded by an alloy binder 
containing from 5 per cent to ‘l per cent of an 
iron group metal and from 14 per cent to 17 per 
cent of tantalum carbide. 

19. A hard metal sintered composition, con 
sisting essentially of from 68 per cent to 79 per 
cent of tungsten carbide bonded by a tantalum- ' 
tungsten-carbomiron group metal alloy. 

20. A hard metal sintered composition, consist~ 
ing essentially of from 68 per cent to 79 per cent 
of tungsten carbide bonded by a tantalum-tung 
sten-carbon-iron group metal binding alloy, the 
binding alloy constituting from 21 per cent to 32 
per cent of the composition, substantially all of 
the tantalum in the composition being in the 
alloy binder. ‘ 

21. An alloy of tantalum carbide, a plurality 
of metals of the iron group making up from 5 to 
'7 per cent by weight of the alloy, tungsten, and 

, carbon, wherein the sum of the tungsten and 
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carbon makes up about 78 per cent by weight of 
the alloy, at least 88 per cent by weight of such 
sum of tungsten and carbon being tungsten car-= 
bide, the remainder of such sum of tungsten and 
carbon being tungsten metal, and the tantalum 
carbide, metals of the iron group, and said tung 
sten metal making up an acid-resistant auxiliary 
material in the range of from 21 per cent to 32 
per cent by weight of the entire alloy. v 

22. In an alloy including from 63 per cent to 79 
per cent by weight of tungsten carbide, an acid 
resistant auxiliary material making up from 
per cent to 21 per cent by weight of the alloy and 
comprising one or more metals from the group 
including iron, cobalt, and nickel, ranging be 
tween 5 per cent and 7 per cent by weight of the 
alloy, and tantalum carbide. 

23. In an alloy including from 68 per cent to 79 
per cent by weight of tungsten carbide, an acid 
resistant auxiliary material making up from 32 
per cent to 21 per cent by weight of the alloy and 
comprising tantalum carbide making up from 14 
per cent to 17 per cent of the alloy, one or more 
metals from the group including iron, cobalt, and 
nickel, ranging between 5 and 7 per cent by 
weight of the alloy, and tungsten metal. 

24. A hard and tough alloy of tungsten carbide 
and an acid-resistant auxiliary material, wherein 
the tungsten carbide makes up from 68 per cent 
to 79 per cent by weight of the alloy, and the 
acid-resistant auxiliary material makes up the 
remainder, said auxiliary material comprising 
iron and another metal of the iron group making 
up together from 5 per cent to 7 per cent by 
weight of the alloy, and tantalum carbide. 

' 25. A hard and tough alloy of tungsten car 
bide and an auxiliary material wherein the 
tungsten carbide makes up from 68 per cent to 
79 per cent by weight of the alloy and the auxil 
iary material makes up the remainder, and in 
cludes iron in the range of from 0.5% to 1.6% by 
weight of the entire alloy, another metal of the 
iron group together with the said iron making up 
from 5 per cent to 7 per cent by weight of the 
entire alloy, ‘and tantalum carbide. ‘ 

26. An alloy composed of tungsten and carbon, 
together making up from 68 per cent to 79 per 
cent by weight of the alloy, substantially all of 
the carbon being combined with sufficient tung 
sten to provide tungsten carbide making up at 

5 
least 88 per cent by weight of the tungsten and 
carbon together; from 2.5 per cent to 3.5 per cent 
by weight of cobalt; from 0.5 per cent to 1.6 per 
cent by weight of iron; sufficient nickel to bring 
the sum of the iron, cobalt, and nickel per 
centages up to from 5 per cent to '7 per cent by 
weight of the entire alloy; and tantalum carbide 
making up the remainder. - 

27. An alloy composed of from 68 per cent to 
79 per cent by weight of tungsten carbide, from 
2.5 per cent to 3.5 per cent by weight of cobalt, 
from 0.5 per cent to 1.6 per cent by weight of 
iron, suf?cient nickel to bring the sum of the 
iron, cobalt, and nickel percentages up to from 
5 per cent to 7 per cent by weight of the entire 
alloy, and tantalum carbide making up the re 
mainder. 

28. An alloy composed of from 70 per cent to 
'72 per cent of tungsten carbide, from 2.5 per 
cent to 3.5 per cent of cobalt, from 0.5 per cent to 
1.6 per cent of iron, substantially 8 per cent of 
tungsten metal, su?‘icient nickel to bring the sum 
of the iron, cobalt and nickel up to from 5 per 
cent to 7 per cent of the entire alloy, and tanta 
lum carbide making up the remainder. 

29. In a tungsten carbide alloy, from 3 per 
cent to 10 per cent by weight of tungsten metal, 
from 5 per cent to 'l per cent by weight together 
or iron and at least one other metal of the iron 
group, and tantalum carbide making up the 
remainder. ' 

30.‘ A hard and tough alloy of tantalum, tung 
sten, carbon and nickel in the following propor 
tions by weight: a minor percentage but not less 
than 3 per cent of nickel, and substantially equal 
proportions of tantalum carbide and tungsten 
carbide making up the remainder. 

31. An alloy composed of the following in sub 
stantially the indicated proportions by weight: 
71 per cent tungsten carbide, 15 per cent tanta 

- lum carbide, 8 per cent tungsten, 2 per cent 
nickel, 3 per cent cobalt, and 1 per cent iron. 

32. A sintered composition containing about 3 
to 20 per cent of binder metal including signi? 
cant amounts of one or more iron group metals, 
the remainder of said composition being made 
up of at least one carbide from the group con 
sisting of tungsten carbide and molybdenum car 
bide and substantial and signi?cant amounts of 
at least one carbide of a refractory metal said 
carbide having a lower coemcient of thermal 
conductivity than tungsten or molybdenum car 

‘ bide. 

33. A sintered composition containing about 3 
to 20 per cent of binder metal including sig?ni 
cant amounts of one or more iron group metals 
and at least one metal of the sixth group, the 
remainder of said composition being made up 
of at least one carbide from the group consisting 
of tungsten carbide and molybdenum carbide 
and substantial and signi?cant amounts of at 
least one carbide of a refractory metal said 
carbide having a lower coe?icient of thermal 
conductivity than tungsten or molybdenum car 
bide. 

34. A. hard and tough sintered alloy compris 
ing a carbide of a hard refractory metal from the 
‘group consisting of tungsten and molybdenum, a 
substantial and significant amount of carbide of 
another refractory metal said carbide having a 
lower coe?icient of thermal conductivity than 
said first mentioned carbide, said carbides to 
gether making up not more than 97 per cent by 
weight and not less than 80 per cent by weight 
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6 2,202,821 
of the entire alloy and binder metal including ductivity than tungsten or molybdenum carbide; 
both nickel and cobalt together making up the a carbide of a metal from the group consisting 
remainder of the alloy. of tungsten and molybdenum making up with 

35. A hard sintered alloy comprising from 14 the ?rst said carbide from 80 per cent to 9'7 per 
to 80 per cent by weight of a carbide of a re- cent by weight 01' the alloy, and one or more 6 
fractory metal said carbide being less metallic metals of the iron group. 
and having a lower coe?icient of thermal con- CLARENCE W. BALKE. 
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