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[57] ABSTRACT 

This invention is directed to tantalum-base alloys hav— 
ing superior elevated temperature strength and high 
resistance to creep deformation at elevated tempera 
ture in a high vacuum or space environment. .The 211' 
loys comprise from 4 to 8.5 percent tungsten, up to 3 
percent of at least one of the group consisting of mo 
lybdenum and rhenium, up to 1.5 percent of at least 
one of the group consisting of zirconium and hafnium, 
up to 0.04 percent of at least one of the group consist 
ing of carbon and nitrogen and the balance essentially 
tantalum. 

9 Claims, 3 Drawing Figures 
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TANTALUM BASE ALLOYS 

This application is a continuation-in-part of applica 
tion Ser. No. 598,941, filed Dec. 5, 1966, now aban 
doned, which in turn was a continuation-in-part of ap 
plication Ser. No. 454,650, ?led May 10, 1965,.now 
abandoned, assigned to the same assignee as the pres 
ent invention. . , I 

The invention described herein was made in the per 
formance of work under a NASA contract and is sub 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 
85-568 (72 Stat. 435;- 42 U.S.C. 2457). 
The development of reliable space power generation 

systems requires the availability of alloys which can 
withstand the rigorous environment in which they are 
to be used, namely high operating temperatures, near 
vacuum pressures, high operating stresses and the cor 
rosive effect of liquid alkali metals. The alloys em 
ployed for the tubing and sheet for such space power 
systems are required to have a combination of charac 
teristics including good fabricability, good weldability, 
strength at elevated temperatures, good resistance to 
creep deformation at elevated temperatures in high 
vacuum and corrosion resistance to liquid alkali metals.‘ 

, Tantalum-base alloys containing reactive metal addi-i 
tions such as zirconium and hafnium have been and are 
presently under development in the industry and such 
alloys exhibit good fabricability and corrosion resis 
tance to liquid alkali metals. These alloys were de 
signed primarily for short-time applications; that is, for 
periods of use amounting to about ten hours, where 
solid solution alloy additions are extremely bene?cial 
in that they confer high tensile strength upon the alloys. 
High tensile strength, however, is not necessarily indic 
ative of good resistance to creep deformation. This is 
particularly true where the operating environment in 
which the alloy is expected to function is a high vac 
uum, for it is known that the environment pressure has 
a significant effect on creep properties, and, in some 
cases, high vacuum reduces resistance to creep defor 
mation. 
Accordingly, it is an object of this invention to pro 

duce fabricable tantalum-base alloys which are resis 
tant to the corrosive effect of liquid alkali metals and 
have good strength at elevated temperatures and high 
resistance to creep deformation at elevated tempera 
ture in a vacuum environment. 
A more specific object of the present invention is to 

provide a tantalum-base alloy having dispensed secon 
dary phases comprising a major proportion of dimetal 
carbides and reactive metal nitrides and which is char 
acterized by improved creep resistance, good fabrica 
bility and weldability and a controlled ductile-brittle 
transus temperature below room temperature. 
Other objects of this invention will become apparent 

to those skilled in the art when taken in conjunction 
with the following description and the drawings, in 
which: ' 

FIG. I is a portion of the pseudo-ternary phase dia 
gram of the tantalum rich corner of the (Ta + W + 
Re)-—Hl‘-—C alloys at the 1315°C (2900“F) isotherm; 

FIG. 2 is a graph illustrating the time to 1 percent 
total strain versus the hafnium plus zirconium content 
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2 
and carbide character under a stress of 15K psi and in _ 
a vacuum of 1 X 10.8 Torr; and 

FIG. 3 is a graph illustrating the time to 1 percent 
total strain versus the rhenium content in tantalum base 
alloys tested under the same conditions as the alloys of 

FIG. 2. ' 

The tantalum-base alloys of this invention contain a 
dispersed secondary phase comprising complex car 
bides or nitrides or both which serve to pin dislocations 
and thus greatly improve the resistance of alloy mem 
ber to creep deformation. characteristically, the car 
bide phases which are formed in the alloy of the present 
‘invention, as circumscribed by the appended claims, 
have a close packed hexagonal crystallographic con?g 
uration with lattice constants substantially within the 
range between about, a,,, 3.10 to about 3.14 A. and, c0, 
about 4.92 to about 4.96 A. These lattice parameters 
con?rm that there is only minor substitution of hafnium 
and/or tungsten for tantalum in the formation of the di 
metal carbide having the general formula (Ta, Hf, Mo, 
Re, Zr, W)2 Chxwhere x is substantially less than 1 
and approaches zerog?hen the composition iswmain 
tain‘ed within the limits set forth hereinafter the pre 
ferred dimetal carbide is formed as will be evident 
from inspection of FIG._1. 
The alloys of the invention include, in addition to 

tantalum, the element tungsten and some or all of the 
elements molybdenum, rhenium, hafnium, zirconium, 
carbon, and nitrogen. 
Broadly stated, these alloys comprise, by weight, 

from 4 percent to 8.5 percent tungsten, at least one ele 
ment selected from the group consisting of molybde 
num and rhenium, molybdenum when present amount 
ing to up to 1.25 percent, rhenium when present 
amounting to up to 3 percent, the total amount of mo 
lybdenum plus rhenium being at least 0.5 percent, but 
not exceeding 3 percent, up to 0.75 percent zirconium, 
up to 1.5 percent hafnium, the total of zirconium and 
hafnium not exceeding 1.5 percent, trace amounts to 
about 0.03 percent nitrogen, trace amounts to about 
0.03 percent carbon, the total carbon and nitrogen 
being at least about 0.01 percent but not exceeding 
about 0.04 percent, and the balance essentially tanta 
lum, except for incidental impurities. 
Each of the alloying components performs a speci?c 

function within the alloy of the present invention. Thus 
tungsten within the stated range improves the strength 
of the solid solution. It is desired to maintain at least 4 
percent for effective solid solution strengthening. 
Where the tungsten content is increased to beyond 
about 8.5 percent the fabricability properties and espe 
cially weldability appear to deteriorate. Up to about 
1.25 percent molybdenum and up to about 3.0 percent 
rhenium may also be present to aid in the solid solution 
strengthening; however, such additions must be care-' 
fully balanced in order to obtain an outstanding combi 
nation of properties. This is clearly demonstrated by 
reference to FIG. 3. 

It is noted in FIG. 3 that where the rhenium content 
is increased ,up to about 0.5 percent the creep proper 
ties are vastly improved. Further increases in the rhe 
nium content provide only a smaller improvement in 
the creep properties up to about 3.0 percent rhenium. 
However while the creep properties are improved the 
as-welded ductility as exemplified by the ductile-brittle 
transition temperature (DBTT) is raised from about 
—225°F at the 1 percent rhenium level to about room 
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, temperature for rhenium contents of about 3 percent. 
Consequently, the preferred rhenium content lies 
within the range between about 0.5 percent and about 
1.5 percent although useful alloys can be produced 
over the entire range depending upon the ultimate re 
quirements in use. 
The alloy of the present invention also contemplates 

the presence of reactive metals hafnium and zirconium 
with the hafnium being the preferred component for 
obtaining optimum fabricability and weldability. No 
substantial difference appears to exist between hafnium 
and zirconium insofar as the creep properties are con 
cemed. Up to 0.75 percent zirconium may be present 
and up to 1.5 percent hafnium can be present with the 
proviso that the sum of the zirconium plus hafnium 
does not exceed 1.5 percent. The reason for these lim 
its appear hereinafter. 
Hafnium and zirconium, while entering into solid so 

lution can also react with the carbon present to form a 
series of carbides depending upon the amount of reac 
tive metal and carbon which is present. The higher 
amounts of hafnium and/or zirconium necessary to sta 
bilize the monometal carbide is effective for exerting a 
powerful in?uence upon the creep properties of the 
alloy of this invention. 
Referring now toFIG. 2, the effect of the hafnium 

and zirconium on the creep properties is illustrated. 
Thus where the hafnium and zirconium are maintained 
within the limits set forth it may be observed the alloy 
will possess good creep properties. Where however, the 
upper limit is exceeded a marked deterioration in the 
creep properties is evident. The limits of the phase 
boundries set forth in FIG. 1 as respects the crystallo 
graphic character of the carbides present are also 
shown in FIG. 2. Thus it will become apparent that in 
order to obtain outstanding creep properties only the 
dimetal carbide should be present. Accordingly, the 
limits set forth hereinbefore for the hafnium and zirco 
nium have been selected so that only the dimetal car 
bide is present in the alloy of the present invention. 

In addition to limiting the solution strenghening com 
ponents to the limits set forth hereinbefore, it is also 
preferred to limit the total solute components to a max 
imum of 10 percent, that is, the sum of the tungsten, 
molybdenum, rhenium, hafnium and zirconium must 
be limited to 10 percent with the individual compo 
nents also being limited to each of their respective 
ranges. 
The alloy of the present invention envisages the pres 

ence of nitrogen in amounts of up to 0.03 percent and 
carbon in amounts of up to 0.03 percent with the total 
carbon and nitrogen limited to 0.04 percent maximum. 
Both carbon and nitrogen react to form carbides, ni 
trides and carbonitrides. Of primary importance, how 
ever, the phases so formed must exhibit a major pro 
portion of the dimetal carbide in order to obtain opti 
mum creep properties. By inspection of FIG. 1 it will 
be observed that only the dimetal carbide phase is pres 
ent when the alloy composition is balance as described 
hereinbefore. 
Reference is again directed to FIG. 3 which also dem 

onstrates the effect of carbon and nitrogen on the creep 
properties. Thus in FIG. 3 the curve 10 illustrates the 
level of properties where the carbon plus nitrogen con 
tent is less than 50 ppm whereas'curve ‘12 illustrated 
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4 
the level of properties where the carbon plus nitrogen I 
is within the range between 200 and 300 ppm. FIG. 3 
clearly demonstrates that where the dispersed secon 
dary dimetal carbide phase is present, outstanding 
creep results areobtained by controlling the alloying 
components as set forth hereinbefore. 
One particularly useful group of alloys of this inven 

tion contains the above specified elements in the ranges 
of, by weight, from 4 percent to 8 percent tungsten, 
from 0.5 percent to 1.25 percent molybdenum, from 
0.5 percent to 2.5 percent rhenium, from 0.1 percent 
to 1.5 percent hafnium, from trace amounts to 0.75 
percent zirconium, the total of zirconium and hafnium 
not exceeding 1.5 percent, trace amounts to 0.03 per 
cent carbon, from 0.01 percent to 0.03 percent nitro 
gen, the total carbon and nitrogen being at least 0.01 
percent but not exceeding 0.04 percent, and the bal 
ance essentially tantalum with small amounts of inci 
dental impurities. Another preferred composition 
within these ranges comprises, in weight percent, about 
5.5 percent to 5.8 percent tungsten, from about 0.6 
percent to 0.9 percent molybdenum, about 1.4 percent 
to 11.6 percent rhenium, about 0.2 percent to 0.3 per 
cent hafnium, about 0.1 percent to 0.2 percent zirco 
nium, about 0.02 percent carbon, about 0.02 percent 
nitrogen and the balance essentially tantalum with 
small amounts of incidental impurities. Expressing the 
composition of this preferred alloy in atomic percent 
the tungsten amounts to about 5.6 at .%, the molybde 
num about 1.4 at .%, the rhenium about 1.5 at .%, the 
hafnium, zirconium, carbon and nitrogen are present in 
equal amounts, that is about 0.25 at .%. 

Still another preferred composition comprises, in 
weight percent, from about 7 to 8.5 percent tungsten, 
from 0.5 to 1.5 percent rhenium, from 0.5 to 1.25 per 
cent hafnium, from 0.02 to 0.03 percent carbon and 
the balance essentially tantalum with small amounts of 
incidental improvements. 
A speci?c outstanding alloy composition comprises, 

by weight, about 8 percent tungsten, about 1 percent 
rhenium, about 0.7 percent hafnium, about 0.025 car 
bon and the balance essentially tantalum. In this alloy 
nitrogen is substantially absent. The creep rate proper 
ties, namely time to 1 percent strain at elevated tem 
peratures under high loads in a high vacuum, have 

- proven to bev outstanding. Because of fabricability 
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properties superior to any of the other alloys of this in 
vention, this composition is particularly advantageous. 

Other desirable alloy compositions within the scope 
of the invention comprise, by weight, about 6.3 percent 
to 7.2 percent tungsten, one element selected from the 
group consisting to about 0.7 percent to 1 percent, rhe 
nium, when present amounting to about 1.4 percent to 
1.6 percent, about 0.2 percent to 0.3 percent zirco 
nium, up to about 0.4 percent to 0.6 percent hafnium, 
about 0.02 percent nitrogen, up to about 0.02 percent 
carbon and the balance tantalum except for incidental 
impurities. . 

Alloys of the invention were prepared having the 
compositions set forth in Table I. Table I also includes 
the composition of the highly meritorious tantalum 
base alloy known in the art as T-222 alloy for compara 
tive purposes. The quantities of each element are ex 
pressed in weight percent in the Table. 



3,791 ,821_ 
5 I 6 

TABLE 1 

Alloy W g Mo Re Zr Hf C N Ta 

A 5.7 0.7 1.56 0.15 .25 .017 .02 Bal. 
B 7.1 - 1.56 0.26 - ' .02 B31. 
c 7 0.85 - 0.26 - ' .02 Bal. 

D 6.5 0.8 - 0 26 0.5 .017 02 Bal. 
E 8 ~ 1 - 0.7 .025 - Bil. 

F 9 - - - 1 .025 - Bal. 

T-222 10 - - - 2.5 .01 - B21. 

’ residual carbon level 2-30 ppm. 

Each of the exemplary alloys A, B, C, D and E of From the above short time data it is seen that alloys 
Table I has substantial merit in its own right. Each of 15 A, B, C and D of this invention are equal or somewhat 
these alloys is representative of a different type of alloy superior to the alloy T-222 in strength at the 2400°F 
within the broad invention. Compositions of the Alloy temperature level while retaining ductility to an accept 
A and Alloy E type have been more generally de?ned able degree. Alloy E is somewaht lower in strength than 
above as preferred compositions. Set forth below are the T-222 alloy, but equal to or better than T-222 alloy 
de?nitions of each of the more limited ranges, within 20 in ductility. 
the broad range, of the alloy types represented by Al- The materials tested above were obtained from non 
loys B, C and D. consumable arc melted material. However, material of 
Thus, desirable alloys of the Alloy B type have the similar quality can also be produced by consumable arc 

compositions of, by weight, about 6.8 percent to 7.2 melting or electron beam melting techniques as well. In 
percent tungsten, about 1.4 to 1.6 percent rhenium, 25 any case, the raw materials used are of high purity; for 
about 0.2 to 0.3 percent zirconium, about 0.02 percent example, the tantalum employed 99.9 percent pure 
nitrogen, and the balance tantalum. with no more than 20 ppm each of the relatively vola 
Compositions of the Alloy C type have substituted tile impurities Fe, Si, Cr and Pb. The tungsten and mo 

therein about 0.7 to 1.0 percent molybdenum for all of lybdenum used were also over 99.9 percent pure. The 
the rhenium in the Alloy B type, but are otherwise of 30 hafnium used contained as much as 2.5 percent by wei 
similar composition. I ght of zirconium. The as-melted alloys contain 20 to 
Compositions of the Alloy D type contain about 6.3 100 ppm each of carbon and nitrogen without inten 

to 7.2 percent tungsten, about 0.7 to 1.0 percent mo- tional addition thereof. The as-melted material in the 
lybdenum, about 0.2 to 0.3 percent zirconium, about Case Of Alloys A, B, C and D, was annealed one hour 
0.4 to 0.6 percent hafnium, about 0.02 percent carbon, 35 at 2300°C the" upset forged to a 50 Perm?"t reduction 
about0.02 percent nitrogen, the total carbon and nitro- at 1200°C- in the 0858 of Alloy E, the aS-melted ingot 
gen not exceeding 0.04 percent, and the balance tanta- was forged to 70 percent reduction at 1400°C. Excel 
lum. lent forgeability characteristics were exhibited under 
Reference is directed to Table I] which lists the ten- the described conditions. Generally the forging is car 

sile test results for the compositions set forth in Table 40 ried out in the temperature range from 12000 to 
l. Included in Table II are test results for two composi 
tions Alloy F and Alloy T-222 each of which is outside 
the scope of the present invention. 

TABLE II 

1400°C. The upset forged slab was annealed one hour 
at 1650°C and then was cold rolled 80 percent with ex 

Pelleet qeality?ttir beinsektaieeiilae .weldability 9f . 

Tensile Properties 
(Tested In The As-Worked Condition) 

Test 0.2% Offset Ultimate Percent 
Temperv Yield Strength Tensile Elonga 

Alloy ture(°F) (psi) Strength (psi) tion 

A R.T. 160,200 168,700 3 
R.T.(l) 127,100 134,000 24 
2000 95,300 98,800 3.90 
2400 66,200 72,700 6.60 

B R.T.(l) 106,600 118,500 26 
2400 61,300 67,900 6 

C R.T.(l) 101,000 111,700 26 
2000 77,600 80,100 5 
2400 59,200 61,100 7 

D R.T.(l) 108,600 125,200 25 
2400 74,200 79,000 7 

E R.T.(l) 85,000 105,400 25.9 
2400(1) 35,400 40,900 35 

F R.T.( 1) 78,600 106,800 24 
2400(1) 29,400 43,200 36 ~ 

T-222 R.T.(l) 107,600 111,800 25 
2400(1) 37,000 52,500 25 
2000(2) 89,200 100,000 10 
2400(2) 56,000 61,300 24 

l. Annealed one hour at 1650°C (3000°F) prior to testing 
2. Cold worked. stress relieved one hour at 2000°F. 
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the material was excellent in that tungsten inert gas 
welded butt joints and electron beam welded joints 
were ductile in bending at —200°F over a mandrel with 
a radius 1.8 times the sheet thickness. 
The alloys of the invention were then tested to deter-’ 

mine their creep properties at.2400°F in a vacuum of 
10‘8 Torr. Alloy T-222 was similarly tested. The results ' 
are set forth in Table 11] below. 

" TABLE 111 

8 
creep resistance as T-222 based on time to elongate 1. 
percent. . > 

‘The high creep‘ resistance exhibited by the alloys of 
this invention is attributable in part to the dispersed 
secondary phases of the carbides of?the (Ta, W, Re, 
Mo, Hf, Zr)2C‘_Jr type which inhibit dislocation mo 
tion, thereby decreasing creep rate. As noted hereinbe 
fore the alloy of the present invention contains secon 

Creep Properties 
Annealed One Hour at 1650°C (3000°F) Prior to Testing 

Test Total Time To 
_ Temper- Stress Test Time Elonga- Elongate 

Alloy ature (°F) (psi) (hrs.) tion (%) (hm) 

A 2400 15,000 192 0.26 over 200 (est) ' 
B 2400 15,390 94 0.2 over 100 (est) 
C 2400 15,000 90.9 1.03 91 
D 2400 15,000 102 1.32 90 
E 2400 15,000 554 2.53 262 
F 2400 15,000 209 2.19 115 

T-222 2,400 15,000 235 4.7 83 

All the alloys (A, B, C, D and E) exhibit improve 
ment in resistance to creep deformation over alloy 
T-222 under the conditions of test listed in Table 111. 
The improvement in resistance to creep is particularly 
marked in alloys A, B and E. Alloys A and '3 show sub 
stantially better properties than T-222 based on time to 
elongate 1 percent. Alloy E is more than three times as 

30 

35 

“omtsrv' 

d'aryp‘hase'ssf‘aimetamibiaeg."sigai'seam in this re 
spect is the fact that the improved creep properties are 
associated only with the dimetal phases as illustrated in 
FIG. 2. Alloy E, which has outstanding creep properties 
was subjected to X-ray diffraction analysis of chemi 
cally extracted dispersed phases. The results are set 
forth hereinafter in Table IV. ‘ _ ‘ 

NAS-56(8W-1Re- 0.7Hf-.025C) 
1 hr. at l650°Cl3000°F + 
193 hrs. at 13l5°C/2400°F 

NAS-56 (8W-1Re- 0.7Hf-.025C) 
1 hr. at 1650°Cl3000°F + 
308 hrs. at l3l5°Cl2400°F 

and 12,690 psi and 15,000 psi 
d Intensity Phase cl Intensity Phase 

3.15 VVW Ht'Oz 2.69 M HCP 
2.82 VVVW HfOz 2.62 VVVW (2.37Ta2C) 
2.69 M HCP 2.47 S HCP 
2.62 VVW ' (2.37Ta2C) 2.37 VS HCP 
2.47 S HCP 1.82 MS HCP 
2.37 ' VS HCP 1.555 MS HCP 
1.82 MS HCP 1.405 MS HCP 
1.555 MS HCP 1.345 HCP 
1.405 MS HCP 1.315 MS HCP 
1.345 W HCP 1.300 M HCP 
1.315 MS HCP 1.2355 W ’ HCP 
1.300 M HCP 1.183 W, , HCP 

> 1.2355 W HCP 1.125 W HCP 
1.183 W HCP 1.042 M HCP 
1.125 W HCP 1.028 W HCP 
1.042 M HCP 0.997 MSv HCP 
1.028 W HCP 0.968 M ‘ HCP 
0.997 MS HCP 0.941 MW HCP 
0.968 M HCP 0.929 MW HCP 
0.941 MW HCP 0.910 W HCP 
0.929 MW HCP 0.897 W HCP 
0.910 W HCP 0.867 MS HCP 
0.897 W HCP 0.844 M HCP 
0.867 MS HCP 0.796 M HCP 
0.844 M HCP 0.7875 VW HCP 
0.796 M HCP 0.796 W HCP 
0.7875 VW HCP 0.776 W HCP 
0.796 W HCP 
0.776 W HCP 

Note: 
HCP with a.,=3.11 A HCP with a, =3.11 A 

2,, =4.95 A c, =4.95 A 
(‘[11 =1.59 c/a =1.59 

(Ta, W, Re, Hf), C,_, 
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From the test results set forth hereinbefore it is clear 
that the stable secondary phase is that of the dimetal 
carbide. Since other test results show lattice constants 
a, within the range of 3.10 A. to 3.15 A. and c, within 
the range between 4.92 A. and 4.96 A. thus indicating 
very minor substitution of hafnium tungsten and rhe 
nium for tantalum. This is in excellent agreement with 
the values of a, = 3.106 A. and c0 4.945 A. reported for 
the compound TazC. 
As stated previously, the alloying components must 

be limited to 10 percent total substitutional solute com 
ponents. The alloys (A, B, C, D and E) each contain 
less than 10 percent substitutional solute (W+ Mo+ 
Re+Zr+ Hf) as opposed to approximately 12.5 
W+Hf present in T-222. The amount of substitutional 
solute elements present in the alloy is an important 
consideration since fabricability is strongly affected by 
the amount of such solid solution strengtheners pres 
ent. The more total strengthener present the less fabri~ 
cable the alloy tends to be and therefore, more energy 
and heavier equipment is required to work the alloy. 
The substitution of rhenium for part of the tungsten in 
Alloys A, B and E effects an improvement in creep re 
sistance. The addition of rhenium apparently increases 
the shear modulus of the matrix and decreases the dif~ 
fusivity of matrix, thereby decreasing the creep rate. 
The extraordinary effect of the rhenium addition in 

Alloy E is demonstrated by creep testing an alloy hav 
ing the composition of Alloy F. Alloy F is similar in all 
respects to Alloy E except that in Alloy E 1 percent 
rhenium has been substituted for an equal weight of 
tungsten. 
Comparing the results set forth in Table III for Alloys 

E and F it is seen that the time to elongate 1 percent 
is doubled by the substitution of 1 percent rhenium for 
1 percent tungsten. This is quite surprising in view of 
the fact that the low temperature-short time properties 
such as yield strength and ductility (elongation) are 
substantiallly unaffected by this same substitution. 
Thus the preferred alloy contains about 1 percent rhe 
nium. 
The element oxygen is undesirable in the alloys of 

this invention since the oxides are formed in a particle 
size which is too large to effectively pin dislocations. 
Further, the oxygen removed hafnium from solution 
and reduces the amount available for reaction with the 
carbon and nitrogen. Accordingly, oxygen in these al 
loys is preferably restricted to an amount of 100 parts 
per million or less. I 

Thus, there have been described tantalum-base alloys 
having exceedingly useful properties and which are 
suitable for application at elevated temperatures in a 
vacuum environment. 

It will be understood by those skilled in the art that 
although the invention'has been described in connec 
tion with preferred alloys, modifications and variations 
may be employed without departing from the underly 
ing spirit and scope of the invention. 

1 claim as my invention: 
1. A tantalum base alloy particularly adapted for use 

at elevated temperatures under high vacuum consisting 
essentially of, by weight, from about 4 percent to about 
8.5 percent tungsten, from about 0.5 percent to about 
3.0 percent of at least one metal selected from the 
group consisting of molybdenum, rhenium and mix 
tures thereof, the molybdenum when present being 
within the range of up to about 1.25 percent andthe 

l0 
rhenium, when present being within the range of up to 
about 3 percent, up to about 1.5 percent of at least one 
metal selected from the group consisting of hafnium. 
zirconium and mixtures thereof, the hafnium, when 
present being within the range of up to about 1.5 per 
cent and the zirconium when present being within the 
range of up to about 0.75 percent, from about 0.01 per 
cent to about 0.04 percent of at least one element se 
lected from the group consisting of carbon, nitrogen 
and mixtures thereof, the carbon, when present being 
within the range of traces to about 0.03 percent and the 

' nitrogen when present being within the range traces up 
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to about 0.03 percent and the balance tantalum with 
incidental impurities, the alloy being fabricable while 
having a DBTT below room temperature and the alloy 
ing elements being selected within the ranges stated to 
produce‘ a microstructure characterized by exhibiting a 
dispersed secondary phase of a dimetal carbide of the 
(Ta, W, Mo, Re, Hf, Zr)2 CPI type, is substantially free 
of monometal carbides and which alloy exhibits excel 
lent creep properties. 

2. An alloy as set forth in claim 1 wherein tungsten 
is present in amounts of from 4 to 8 percent, molybde 
num is present in amounts of from 0.5 to 1.25 percent, 
rhenium is present in amounts of from 0.5 to 1.25 per~ 
cent, hafnium is present in amounts of from 0.1 to 1.5 
percent and nitrogen is present in amounts of from 0.01 
to 0.03 percentas a partial’ substitute for carbon. 

3. An alloy as set forth in claim '1 wherein tungsten 
is present in amounts of from 5.5 to 5.8 percent, molyb 
denum is present in amounts of from 0.6 to 0.9 percent, 
rhenium is present in amounts of from 1.4 to 1.6 per 
cent, hafnium is present in amounts of from 0.2 to 0.3 
percent, zirconium is present in amounts of from 0.1 to 
0.2 percent, carbon is present in an amount of from 
0.02 percent and nitrogen is present in an amount of 
about 0.02 percent. 

4. An alloy as set forth in claim 1 wherein about 6.3 
to 7.2 percent of tungsten is present, molybdenum, 
when present amounts to about 0.7 to 1 percent, rhe 
nium, when present, amounts to about 1.4 to 1.6 per 
cent, about 0.2 to 0.3 percent zirconium is present, 
about 0.4 to 0.6 percent hafnium is present, about 0.02 
percent nitrogen is present, and traces to about 0.02 
percent carbon is present. . 

5. An alloy as set forth in claim 1 wherein from 6.8 
to 7.2 percent tungsten is present, from 1.4 to 1.6 per 
cent rhenium is present, about 0.2 to 0.3 percent zirco 
nium is present and about 0.02 percent nitrogen is pres 
ent as a partial substitute for carbon. __ 

6. An alloy as set forth in claim 1 wherein from 6.8 
to 7.2 percent tungsten is present, from 0.7 to 1 percent 
molybdenum is present, from 0.2 to 0.3 percent zirco 
nium is present and about 0.02 percent nitrogen is pres 
ent as a partial substitute for carbon. 

7. An alloy as set forth in claim 1 wherein from 6.3 
to 7.2 percent tungsten is present, from 0.7 to 1 percent 
molybdenum is present, from 0.2 to 0.3 percent zirco 
nium is present, from 0.4 to 0.6 percent hafnium is , 
present, about 0.02 percent carbon is present and 
about 0.02 percent nitrogen ‘present. ‘ V H H 

8. A highly workable tantalum-base alloy having ex 
ceptional resistance to creep deformation consisting 
essentially of, by weight, from about 7 to 8.5 percent 
tungsten, from 0.5 to 1.5 percent rhenium, from 0.5 to 
1.25 percent hafnium, from 0.02 to 0.03 percent car 
bon and the balance essentially tantalum with small 
amounts of impurities, said alloying components being 
selected within the ranges stated to produce a micro 



- l1 structure exhibiting a dispersed secondary phase of a 
dimetal carbide of the (Ta, W, Mo, Re, Hf, Zr)2 C|_Jr 
type and which is substantially free of mono-metal car 
bides. 

9. The alloy of claim 8 wherein tungsten is present in 
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an amount-oi; about 8 percent, rhenium is present in an “ 
amount of about 1 percent, hafnium is present in an 
amount of about 0.7 percent and carbon is present in 
an amount of about 0.025 percent carbon. 

* * * * * 


