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3 Cainas. (C. 75-74) 
The present invention relates to tantalum base alloys 

Suitable for use where high strength and ductility at 
either Sub-Zero or elevated temperatures is required. 

Fabricable alloys possessing strength and ductility at 
extremely high and extremely low temperatures have 
many industrial and military applications, and it is gen 
erally recognized that future developments in many 
fields are closely tied to the availability of new and 
improved alloys possessing these properties. For ex 
ample, the development of improved rocket nozzles and 
blades for gas turbines is dependent upon the availability 
of such alloys. 

in accordance with this invention, it has been found 
that workable alloys possessing unusually high strength. 
and ductility at temperatures above 2000 F. and at 
temperatures as low as -320 F. can be produced by 
alloying tantalum, columbium and hafnium in specified 
proportions. 
The object of the invention is to provide a readily 

workable cast member comprising predetermined pro 
portions of hafnium and columbium, the balance, over 
50% by weight being tantalum, with small amounts of 
incidental impurities, the cast member being character 
ized by relatively high strength at elevated temperatures 
and by relatively good ductility at room and sub-zero 
temperatures. 

Other objects of the invention will, in part be obvious 
and will, in part, appear hereinafter. 

In accordance with the present invention wrought 
members have been produced from a cast member com 
prising a ternary tantalum base alloy comprising from 
1 to 8% by weight of hafnium, from 1 to 8% by weight 
columbium and the balance being tantalum, with small 
amounts of incidental impurities. The alloys are charac 
terized by high mechanical strength and ductility at 
elevated and sub-zero temperatures, and the ability to be 
easily wrought to shape by hot or warm working, or in 
certain alloy compositions by cold working. In a pre 
ferred embodiment, the alloys of this invention comprise 
from 2 to 6% by weight hafnium, from 2 to 6% by 
Weight columbium and the balance being tantalum, with 
Small amounts of incidental impurities. Incidental ims 
purities and small amounts of additives may include zir 
conium, tungsten, cobalt, nickel, and iron in amounts of 
less than 1%. 
The alloy may be melted by one of several procedures 

which will ensure homogeneity and a minimum of con 
tamination. For example, unalloyed high-purity tan 
talum together with the proper amounts of hafnium and 
columbium can be fed into a conventional noncon 
sumable arc melting furnace containing an inert atmos 
phere such as argon, or a vacuum. The resulting ingot 
should be remelted several times, preferably by consum 
ably arc melting it, to achieve homogeneity, then it may 
be hot worked to the desired shape. The alloy may also 
be prepared by pressing together powders of tantalum, 
hafnium and columbium and consumably arc melting the 
same. Levitation melting of a ball or rod of the alloy, 
using induction heating, or electron beam melting is 
also satisfactory. 
The following example is illustrative of the present 

invention. 
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An alloy of the following composition was prepared by 

consumable arc melting: 92% tantalum, 4% hafnium 
and 4% columbium. The consumable electrode was 
prepared by blending 20 mesh powders of tantalum, 
hafnium and columbium by suitable mechanical mix 
ing, compacting the same into bars at 50 tons per 
square inch pressure and sintering in a vacuum at 3000 
F. for two hours. The bars were then arc melted 
in a conventional furnace having a vacuum of less than 1 
micron pressure using a 60 cycle single phase A.C. 
power at 2800 amperes and 20 volts for a 34 inch by 34 
inch cross-section electrode. The melting rate was 
about 1/2 pounds per minute. The resulting billet, coat 
ed with a glass for lubrication and oxidation protection, 
was then extruded at a temperature of 3100 F. at a pres 
sure of 1800 p.s. i. The extruded bar was then rolled at 
220 F. with 50 mils reduction per pass. The sheet or 
strip was then stress-relieved for one hour at 2015 F. 
Samples were cut from the resulting sheet and were 
tested at temperatures ranging from I-320 F. to 2700 
F. for ultimate tensile strength, yield strength, percent 
elongation and percent reduction in area. The following 
results were obtained: 

Ultimate 0.2% Yield Percent 
Test Temp. ( F.) Tensie Strength Percent Reduction 

Strength (p.s.i.) Elongation in Area. 
(p.S.i.) 

320----------------- 142,000 139,000 9 56 
115,000 107,000 16 66 
104,000 97,000 17 54 
68,000 62,000 6 42 
23,700 21, 200 88 98 
18,700 18, 600 90 98 

It will be evident from these tests that the alloy has a 
relatively high strength and ductility at both Sub-Zero and 
at elevated temperaures. 

Other alloys containing from 1% to 8% columbium 
and from 1% to 8% of hafnium, balance tantalum may 
be prepared with good properties. 

it will be understood that the above description is 
only exemplary and not in limitation of the invention. 
We claim as our invention: 
1. A readily workable cast member comprising a 

tantalum base alloy consisting essentially of by Weight 
from 1 to 8% hafnium, from 1 to 8% columbium and 
the balance tantalum, except for incidental impurities, 
the cast member being characterized by relatively high 
strength at elevated temperatures and by relatively good 
ductility at room and Sub-Zero temperatures. 

2. A readily workable cast member comprising a 
tantalum base alloy consisting essentially of by weight 
from 2 to 6% hafnium, from 2 to 6% columbium and the 
balance tantalum with small amounts of incidental impuri 
ties, the cast member being characterized by relatively 
high strength at elevated temperatures and by relatively 
good ductility at room and sub-zero temperatures. 

3. A readily workable cast member comprising a 
tantalum base alloy consisting essentially of by weight 
4% hafnium, 4% columbium and the balance tantalum 
with small amounts of incidental impurities, the cast 
member being characterized by relatively high strength 
at elevated temperatures and by relatively good ductility 
at room and sub-zero temperatures. 
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