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1. 

2,973,261 
COLUMBUM BASE ALLOYS 

Robert G. Frank, Cincinnati, Ohio, assignor to General 
Electric Company, a corporation of New York 

Filed June 11, 1959, Ser. No. 819,776 
7 Claims. (C. 75-174) 

This invention relates to columbium base alloys and 
more particularly to high strength columbium base alloys 
including zirconium as well as at least one of the ele 
ments tungsten and molybdenum. 
Columbium base alloys represent a new class of ma 

terials which designers are studying in the selection of 
materials for applications in the temperature range of 
1900-2500 F. The initial approach used by many in 
the study of columbium base alloys was to direct their 
work toward oxidation resistance believing that high tem 
perature strength could be easily attained because of the 
high melting point of the alloy. However, such high 
temperature strength is not as easily attainable as was 
first anticipated because of unexpected detrimental ef 
fects on strength and/or ductility by elements which im 
prove oxidation resistance of columbium base alloys. 
A principal object of my invention is to provide a 

columbium base alloy including combined properties of 
both strength and oxidation resistance. 

Another object is to provide a columbium base alloy 
including small amounts of zirconium as well as at least 
one of the elements tungsten and molybdenum. 

These and other objects will become apparent from 
my description taken in connection with the accompany 
ing drawings in which: 

Figs. 1 and 2 are graphical comparisons of tensile 
properties for a form of my alloy and a known alloy. 

Fig. 3 is a graphical comparison of stress rupture data 
for a form of my alloy with those of a known alloy and 
with pure columbium. 

Briefly stated, in accordance with one aspect of my 
invention, I provide a columbium base alloy comprising 
in percent by weight about 4-20 of at least one of the 
elements tungsten and molybdenum, about 0.1-1.8 Zir 
conium, up to about 1 titanium, up to about 0.3 carbon, 
up to about 0.25 oxygen with the balance essentially 
columbium. - 

From my studies to improve the high temperature 
strength of columbium base alloys, I found the addition 
of relatively large amounts of molybdenum or tungsten 
increases the strength of the matrix by solid solution and 
that the addition of small amounts of zirconium formed 
fine, well dispersed and thermodynamically stable parti 
cles of carbides and/or oxides within the matrix. In 
some instances I found that the addition of small amounts 
of titanium assisted the zirconium in the formation of 
such fine, well dispersed and stable particles. 

In order to study the effects of molybdenum, tungsten, 
titanium, zirconium, carbon and oxygen on columbium 
base alloys, I melted a series of alloys by the consumable 
electrode vacuum process using columbium powder as a 
base. The columbium powder included an oxygen level 
of 0.08-0.12 percent by weight and a carbon level of 
about 0.06-0.1 percent by weight. 
Table I includes typical examples of this series of al 

loys within the range in percent by weight of 4-20 Mo 
and/or W, 0.1. Ti, 0.0-1, Zr, up to about 0.3 C with 

2 
the balance essentially columbium and the oxygen level 
maintained below about 0.05. 

TABLE 

s C ition ( tb ight) Omposition (percen weig 
Alloy No. p y --- 

Mo W Ti Zr C Cb Ca 

- - - - - - 0.3 0. 0.23 Ball-- 0.033 
5.2 0.74 0, 32 0.22 Bal-- 0,024 

0.72 0.33 0. 0.018 
o 0.025 

0.025 
0.049 

5 Alloys 1, 2 and 3 include a relatively large amount 
of carbon as compared with alloys 4, 5 and 8. Alloy 3 
contains no molybdenum or tungsten and alloy 8 contains 
both molybdenum and tungsten. 
Two tests generally conducted on alloys to determine 

some of their mechanical properties are called "ultimate 
tensile' and "yield tests,' the results of such tests being 
generally reported as "ultimate tensile strength' and 
yield strength.” 

"Ultimate tensile strength,” shown in the tables as 
U.T.S. is the value in pounds per square inch obtained 
when the maximum load recorded during the plastic 
straining of a specimen is divided by the cross sectional 
area of the specimen before straining. 
The term "0.2% yield strength,' shown in the table as 

0.2% Y.S., is the stress at which a material exhibits 0.2% 
deviation from the proportionality of stress to strain. 
This figure, sometimes referred to as "0.2% offset" is 
commonly used as the basis of design strength of articles. 
Another tensile test which is a measure of the perma 

nent deformation before fracture by stress in tension is 
a tensile ductility test reported in the table as "percent 
elongation": the amount of permanent extension in the 
fracture area in the tension test. 
The strongest commercially produced columbium base 

alloy that I know of and which I will designate as alloy A 
includes in percent by weight about 10 Ti and 10 Mo 
with the balance essentially Cb. Tensile data for alloy 
A is compared graphically in Figs. 1 and 2 with pure 
columbium and with an alloy within my novel composi 
tion range. Thus the improved strength of my alloy is 
easily recognized. 

Table II represents some of the tensile data obtained 
from forms of my alloy after swaging and vacuum an 
nealing for about one hour at about 2000 F. The 
specimens tested which were from 0.350 inch diameter 
bar stock were 0.160' diameter by 1. inch gage length 
and were tested in a vacuum. 

TABLE II 
Tensile properties 

20 

25 

30 

35 

40 

45 

50 

55 
Alloy Temp., F. U.T.S., 0.2% Y.S., Percent 

1,000 p.s.l. 1,000 p.s.i. Elongation 

{ 2,000 54.3 45.0 18 
. . . . . . . m - - - m a sa an aw 2,200 34.8 18.4 46 

60 2 { 2,000 54.5 30.4 19 
- - - - - - - - - - - - - - - - - - - - 2,200 32.2 25.2 32 

3 { 2,000 37.9 35.3 4. 
- - - - - -ara - - - - - - - are - a - - - - 2,200 23.2 20.2 8 

4. { 2,000 65.3 49.8 19 
... -- es us - - - - - - - - - -o-n - - 2,200 49.0 44.3 16 

5 { 2,000 55.5 54.5 19 
------------------- 2,200 44.4 36.7 19 8 { 2,000 51.1 47.5 20 
--- a-- - - - - - - - - - - - - - - 2,200 42.6 37.1 22 

Alloys 1, 2, 4, 5 and 8 exhibited relatively good ten 
sile properties, with alloys 4, 5 and 8 being the strong 

70 est in that respective order. Alloy 3, which had the same 
composition as alloy 2 and is similar to alloy 1 except 
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that it included neither molybdenum nor tungsten, ex 
hibited much lower strength characteristics. Thus molyb 
denum and tungsten are important strengtheners in my 
alloy. 

In order to study further the variation in composition 
of alloys 4, 5 and 8, additional alloys were melted. One 
of these, a variation on alloy 4 is shown in Table II. 

TABLE 

Percent By Weight 
Alloy 

Mo 2 C O C 

15.2 ------- 054 .064 Ba. 
13.5 0.75 43 ,056 Ba. 
3.9 184 049 .086 Bal 
12.4 0, 60 3. O39 Ba. 
0.5 0.53 067 .258 Bal. 

The series of alloys of Table III represent a composi 
tion range in percent by weight of about 10-15 Mo, up 
to about 1.8 Zr, about 0.04-0.13 C, about 0.03-0.26 O 
with the balance essentially columbium. Alloy 4-1 which 
included no zirconium was difficult to work and frac 
tured during swaging. Alloy 4-3 which included 1.84 
percent by weight zirconium was just barely workable; 
it could not be swaged but was double extruded. Thus 
the useful range of zirconium in my alloy was estab 
lished to be about 0.1-1.8 percent by weight. The ten 
sile data obtained from alloys 4-2, 4-5 and 4-6 are 
shown in the following Table IV. 

TABLE IV 

Tensile properties 

Alloy Temp., F. U.T.S., Elongation, 
1,000 p.s. i. percent 

2,000 49.3 23.2 4-2------------------------------- { 2,200 39, 4 3.0 
4-5 { 2,000 47.3 8, 

a was as x s - Kara as a as a was a 2,200 37.8 25, 4 

4-6------------------------------- 2,000 52.7 29.5 

Although alloy 4-5 included a relatively large amount 
of carbon which resulted in a coarse secondary phase, it 
exhibited satisfactory tensile properties. However the 
increased carbon at such high levels is not effective as a 
strengthener or a means to increase recrystallation tem 
perature. Carbor would probably be detrimental to 
workability in amounts greater than about 0.3% by 
weight. The effect of high oxygen content in alloy 4-6 
resulted in higher tensile strength at the 2000 F. test 
ing temperature, 

Alloy 8 and its variations, for example alloy 8-i of 
Figs. 1 and 2, which I have found to have the preferable 
composition in percent by weight of about 0.04-0.12 car 
bon, about 0.03-06 oxygen, about 4-6 molybdenum, 
about 13-17 tungsten, about 0.5-1.25 zirconium with 
the balance essentially columbium, offers the best combi 
nation of strength and oxidation resistance. 
A test which I conducted and which shows the excellent 

strength of my alloy at elevated temperatures is some 
times called a "stress rupture" test. The result of this 
test, reported as "stress rupture strength," which is the 

O 

4. 
value in pounds per square inch (load on a specimen 
divided by the cross-sectional area of the specimen before 
straining) of a specified amount of resistance to de 
formation and/or fracture that the specimen can with 
stand for a specified length of time. 
The presence of a fine, well dispersed phase within the 

matrix of a metal alloy is most effective in inhibiting 
motion of dislocations and thereby slip during long time 
constant load stress-rupture tests. Stress rupture data 
for my alloy 8 which is compared with that of alloy. A 
and pure columbium in Fig. 3, shows again the improved 
strength of my alloy over pure columbium or the strong 
est commercially produced columbium base alloys. 
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Along with its high level of strength, my alloy 8 has good 
oxidation resistance and is representative of other forms 
of my alloy. As measured by metal loss in mils per 
side, alloy 8 loses only about 8 mils per side after 24 
hours at 2000 F. and only about 3 mills per side after 
24 hours at 2200 F. in air. 

Although I have described my invention in connection 
with specific examples, such examples are illustrative of 
rather than limitations on my invention. It will be under 
stood by those skilled in the art, the modifications and 
variations of which my invention is capable. 
What I claim is: 
1. A columbium base alloy consisting essentially of 

by weight at least one element selected from the group 
consisting of tungsten and molybdenum, the molybdenum 
content being selected from the range 4-13.5% and the 
tungsten content being selected from the range 5.2-17%, 
about 0.1-1.8% zirconium, with the balance essentially 
columbium. 

2. The alloy of claim 1 including by weight up to about 
0.25% oxygen, up to about 1% titanium, and up to about 
0.3% carbon. 

3. The alloy of claim 2 including 0.02-0.25% by 
weight oxygen. 

4. A columbium base alloy consisting essentially of 
by weight 5.2-17% tungsten, 0.3-1.3% zirconium, up to 
about 1% titanium, 0.04-0.12% carbon, with the bal 
ance essentially columbium. 

5. A columbium base alloy consisting essentially of 
by weight 4-13.5% molybdenum, 0.1-1.8% zirconium, 
up to about 1% titanium, 0.04-0.13% carbon with the 
balance essentially columbium. 

6. A columbium base alloy consisting essentially of by 
weight 10-13.5% molybdenum, 0.5-1.3% zirconium, 
0.04-0.13% carbon, with the balance essentially colum 
bium. 

7. A columbium base alloy consisting essentially of 
by weight 13-17% tungsten, 4-6% molybdenum, 0.5- 
1.25% zirconium, 0.04-0.12% carbon, 0.03-0.06% oxy 
gen, with the balance essentially columbium. 
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