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This invention relates to columbium-base alloys contain-
ing small amounts of carbon,

Columbium-base alloys are known for their high-tem-
perature strength and for their high-temperature oxidation
resistance. The present invention is concerned with the
discovery that if a small but critical amount of carbon is
present in columbium-base alloys, it has the effect of sig-
nificantly raising the embrittlement temperature of such
alloys; ie., for any given period of time, the alloys of
this invention are able to withstand considerably higher
temperatures without becoming embrittled. As a result

- of the use of carbon in the amounts herein specified in

columbian-base alloys, it is possible to work and. weld
these alloys more readily and to utilize them at much
higher temperatures than was previously possible.

" The columbium-base alloys in which carbon can be used
to raise the embriitlement temperature are those contain-
ing titanium and either molybdenum or tungsten, or mix-
tures of molybdenum and tungsten. The amount of car-
bon required is 0.02%-0.2% by weight of the alloy, with
a range of 0.05%-0.15% being preferred.

Preferred alloy compositions possessing good high-
temperature strength and oxidation resistance which are
improved by the addition of 0.02%-0.2% of carbon are
those containing 7-13% titanium, 7-18% molybdenum,
the balance being essentially columbium. In these com-
positions, all or a portion of the molybdenum may be
replaced on an atom-for-atom basis by the element tung-
sten.

Expressing these limitations in terms of weight percent
compositions, the alloys of this invention comprise
0.02%-0.2% carbon, 7-13% titanium, and one of the
group consisting of (1) 7-18% molybdenum, (2) 10—
34% tungsten, and (3) 7-34% of a mixture of molyb-
denum and tungsten in which the molybdenum content
is not greater than 18% of the total alloy composition,
the balance being essentially columbium in an amount
of at least 50%.

In a more specific embodiment, the alloys of this inven-
tion comprise 0.02%-0.2% carbon, 7-13% titanium, 7-
18% molybdenum, the balance being essentially colum-
bium.

In another embodiment, where tungsten replaces a por-
tion of the molybdenum, the alloys comprise 0.02%—
0.2% carbon, 7-13% titanium, 2-7% molybdenum, 15—
30% tungsten, the sum of the molybdenum and tungsten
being 7-34% of the total and the balance being essentially
columbium:.

In still another embodiment, where tungsten replaces
all of the molybdenum, the alloy comprises 0.02-2% car-
bon, 7-13% titanium, 15-30% tungsten, the balance being
essentially columbium,

The alloys which are herein described can be prepared
by conventional procedures, such as by powdered metal-
lurgy or by melting and casting techniques. For exam-
ple, the individual metals can be melt-cast together and
the melt allowed to cool and solidify into a desired shape.
The required amount of carbon may be added in any con-
venient form, as for example lampblack, or graphite; or
it may be added in combination with one of the metals
used, as for example columbium carbide, titanium car-
bide, molybdenum carbide, or tungsten carbide. The
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melting operation can be carried out in an arc melting
furnace provided with consumable or nonconsumable
electrodes, or by subjecting the charge to induction heat-
ing in a skull or specially designed crucible type of con-
tainer., One useful form of arc melting furnace com-
prises that having an integral, water-cooled copper cru-
cible in which the charge can be melted, and solidified,
such as that described by W. Kroll in “Transactions of
the Electrochemical Society,” vol. 78, pages 35-47, 1940,
Alternatively, a compressed, consumable arc electrode
type melting furnace can be employed, such as described
in U.S. 2,640,860 to S. A. Herres, as can the combina-
tion of a nonconsumable and consumable electrode type
of double melting furnace described in U.S. 2,541,764 to
S. A. Herres. A continuous-feed type of furnace can also
be used, such as described in U.S.P.B. Report 111,083.
Whatever the type of furnacing means employed, care
should be exercised in the melting and casting operation
to protect the molten metal from normal atmospheric
contamination through contact with oxygen, nitrogen, etc.
Contamination can be prevented by conducting the opera-
tion under a vacuum or an atmosphere of an inert gas,
such as argon, helium, etc,

The individual metals charged to the melting furnace
can be in any desired form, e.g. powder, grains, shot,
wire, or sponge, and should be of commercially accept-
able purity to insure production of a satisfactorily pure
alloy product. Although preferably metals exhibiting
relatively high purity are utilized herein, some variance
in purity properties can be tolerated. Residual amounts
of carbon are usually found in one or more of the metals
used to prepare the alloy compositions. Therefore, it is
pointed out that this residual carbon content of the alloy
should be taken into consideration in adjusting the amount
of carbon to 0.02%-0.2%. The alloys of the examples
and those tested were prepared from commercially avail-
able columbium, titanium, and molybdenum. The car-
bon was added in some cases as commercially available
columbium-carbide, and in some cases as commercially
available graphite.

For a clearer understanding of the invention, the fol-
lowing specific examples are given.  These examples are
intended to be merely illustrative of the invention and not
in limitation thereof. All percentages are in terms of
weight and all tensile tests are according to the recom-
mendations of the ASTM, Designation E§—54T.

EXAMPLE 1

An alloy of 10% Ti, 10% Mo, 0.025% C, balance Nb
was prepared by melting together in an atmosphere of
helium in a water-cooled, copper crucible of an arc-melt-
ing furnace 395.6 parts of columbium, 50.0 parts of
titanium, 50.0 parts of molybdenum, 4.37 parts of
columbium carbide.  When the metals had become com-
pletely molten, the furnace was turned off and the melt
was allowed to solidify and cool in the helium atmos-
phere, ‘The alloy was then remelted and resolidified six
additional times in order to insure thorough mixing of
the ingredient metals. The casting was ultimately re-
covered in the form of the water-cooled copper crucible.
The casting was machined to a round bar of approxi-
mately 12” diameter x 5. )

In the same manner, other alloy samples were prepared
in accordance with the compositions listed in Table I be-
low. Each of the alloy samples prepared by melting and
machining as described above was then swaged through
a series of dies at the specified temperature, each die re-
ducing- the cross-section by 121%4%. The results are
given in Table I below.
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Table I material 1350° C. at an extrusion ratio of approximate-
: A P >
NFLUENGE OF CARBON ADDITIONS ON WORKABILITY 1y 6 to 1. Part of this extrusion was machined to 1
diameter and swaged at 1000° C. to approximately 70%
Composition (percent) Reduction in cross-sectional area reduction in cross sectional area. Specimens of this
without cracking (percent) 5 swaged material were heat treated in vacuum at the vari-
ous temperatures specified in Table III and tested at room
Nb Ti | Mo C | Swaged at | Swaged at | Swaged at temperature. The results of these tests are given in Table
1,000 ° C. | 1,400° C. | 600° C. Tl perature. The results of these tests are give T
Bal 0 |10 | o0 50 5 5 An alloy of the same composition except that no car-
11;%: 12 %(5) g: (1)30 58 gg gg 10 bon \lwas ad%(lad was similarly melted, extrud%d, and tested.
al. ; 5 , : N . I
%a{ ig 18 8' %(7)5 gg gg gg Results of these tests are also 1pcluded in Table HI
a . N .
Bal., | 10 | 10 | 025 25 40 15 Table 11
Bal. | 10 | 10 | 0.50 ® o a INFLUENCE OF HEAT TREATMENT AND C ADDITIONS
Bal. | 10 | 10 }%0.005 @ Q) 0] s ON PROPERTIES OF EXTRUDED ALLOYS
1 Severe cracking. 2 Residual; not intentionally added. Strength Duetility
EXAMPLE II 0..2‘17(01 Utltim_?te 1lf’ercetlilt Pgrcetpt
A series of alloy compositions was made up: in the yiele ensile |elongation| reduction
- g Ry 5.4, 3" | in cross
manner described in Example I and machined into bars 20 ®sd) | @sd) | m3 section
approximately %" in diameter x 5. These bars were
heated in an electric furnace at 1100° C. and swaged to 10% Ti, 10% Mo, 0.08% C,
approximately 50% reduction in cross-sectional area. bap IV vaging, o heat
The alloys were then heated in a vacuum induction fur- treatment.s_'__ __} 113,000 | 124,900 16 30
nace for the times and at the temperatures given in Table 25 11r2t L0 @ o0l a0 b o
II. After this heating, the alloy samples were tested at 1hr. at 1,600° C. 89,800 | 99,400 32 53
room temperatures for strength and ductility.
Note.—10% T4, 10% Mo, bal, Nb: 1-hr. at 1 400° C.—Embrittled,
Table 11 Pailed in tengile testilgg before yield strength was reached.
INFLUENCE OF HEAT TREATMENT ON PROPERTIES OF 30
SWAGED C-CONTAINING ALLOYS EXAMPLE 1V
) Strenath Ductli Part of the extruded stock from Example II was forged
rengt uctility to approximately 0.10” sheet. The surfaces of the forg-
2 | Ulsimate| P il P R ing were cleaned and the sample was heat treated in
3@3 " ciongation| requction 35 vacuum for 1 hour at 1400 C. The heat-treated sample
(psi) | (psd) | In%7 ) in cross was cold rolled to 0.040’’ strip and the rolled strip was
seotion heat treated a second time at 1400° C. for 1 hour. A
room temperature bend test was then made. The sample
B%%bé?%é?% T, 10% Mo, was bent 180° without cracking.
?Iﬁvheitltg%%gngnt ....... ) gg, ggg ) 13 %% 40 A similar alloy sample but containing no added carbon
1r at 1400° €0 98, 400 2 % was melted, extruded and forged in the same manner.
%g min, a% {,288:_8 ..... gg, 388 5}3 12-2 The sample was heat treated for 1 hour in vacuum at
Bal. Nb, i0% T, 10% Mo, ' : 1400° C. An attempt was made to cold roll the heat-
0.(%\5}%110;1:, atment 05.000 | 102,000 2 55 treated sample, but it cracked badly and could not be
Tor 000 o 8,000 | 95,000 58 33 45 rolled to sheet. An additional sample of the same alloy
%Shr.il,tigogog gg, ggg gé, Zgg ;8:7 %ég without heat treatment was rolled to 0.040” sheet. This
30 mmin. 1'500° G 86700 | 97,200 7.3 2.8 strip was then heat treated for 1 hour in vacuum at 1400°
B%l.1 ol;bb_m% ‘T4, 10% Mo, C. at room temperature and in a bend test the sample
'i\r}q‘Ohe]é;Eo%r"eaotment _______ 138’ 288 133, ggg gg gg ; broke immediately on loading.
r, 1, y 'y o
Pt 1R 1 B EXAMPLE ¥
r. 1,450° C._ , , : .
1 hr. 1,500° C... 86,700 | 97,900 11 1.3 An alloy bar of 10% Ti, 10% Mo, 0.10% C, balance
1 b R 6o IO el 16 187 columbium was prepared according to the procedure de-
scribed for Example I. The alloy bar so prepared was
. . y r
The advantageous effect on these alloys of carbon addi- 55 heated in an electric furnace a’llld rolled to 0.100" sheet.
tion within the range specified in this invention may be The strip was ground to 0.060"” and heat treated for one
seen by com arisongof‘ghese-results with those ivenybe hour at 1400° C. Two sections of this sheet were elec-
low fos; an gllo - containine 0.005% C which gw a re- {ron-beam welded in a vacuum of less than 10—* mm. Hg
d ) a y g . N S pre- with 15 kilovolts and 105-110 milliamps. at a welding
pared and tested in the same manner as set forth above. 60 speed of 49 inches per minute. Rectangular specimens
e were cut from the welded material so that the weld bead
Strength Duetility was transverse to the specimen axis. At several tempera-
- tures, the specimens were bent around a mandrel, with the
0.2% | Ultimate| Percent | Percent mandrel directly beneath the weld bead, to determine the
Jad, | tenslie |clongajlon reduction - minimum temperature at which a 907 bend could be
‘ section obtained without fracture. A transition from ductile
(90° bend) to brittle (less than 40° bend) occurs at
Bsal, Nb, 10% '1(‘1i, 10% Mo, —75° C.
0.005% O Gesiduals 07,000 | 104,000| 25 8 An alloy sample of similar composition but with no
1hr, 1,400° Cococinnnns 81,500 | 82,000 2 2 %0 carbon added was tested in the same manner. The transi-
: tion temperature was found to be --55° C.
EXAMPLE HI EXAMPLE VI
An alloy of 10% Ti, 10% Mo, 0.08% carbon, balance An alloy sample of 10% Ti, 10% Mo, 0.05% C, bal-
columbium was.prepared by consumable arc-melting. A ance columbium was prepared for welding as given in
3** billet of this composition was extruded at approxi- 75

Example V. The sheet in this case was rolled to 0.040”



3,086,859

5

and was electron beam welded in a vacuum of less than
10—* mm. of Hg with 15 kilovolts and 45 milliamps. at
a welding speed of 22 inches per minute. Rectangular
specimens were cut from the welded material so that the
weld bead was transverse to the specimen axis. At sev-
eral temperatures, the specimens were bent around a
mandrel, with the mandrel directly beneath the weld bead,
to determine the minimum temperature at which a 90°
bend could be obtained without fracture. A transition
temperature of —150° C. was found for the alloy of
this example. The transition temperature of an alloy
of the same composition but without the added carbon
was found to be —20° C.

EXAMPLE VII

Part of the extruded stock from Example IH was
forged into a plate to approximately 0.100” thick. The
surfaces of the plate were cleaned and the sample was
heat treated in vacuum at 1400° C., The heat-treated
sample was cold rolled to 0.04"" strip. One piece of the
rolled strip was heat treated in vacuum for one hour at
1400° C., and another piece was heated for one hour
at 1500° C. Both specimens showed 23% elongation
(in 34" gauge length) in room temperature tensile tests.

EXAMPLE VIIT

Alloys having the composition set forth in Table IV
were prepared by arc-melting. 3’ billets were then ex-
truded at 1550° C. at an extrusion ratio of approxi-
mately 6:1.  The extruded alloys were swaged at 1100°
C. to 70% reduction in cross section area. Portions of
these swaged materials were heat treated in vacuum for
the times and at the temperatures given below and were
tested at room temperature. The results of these tests
are given in Table IV.

Table 1V

INFLUENCE OF HEAT TREATMENT ON DUCTILITY OF
Nb-Ti~Mo-W-C ALLOYS

Strength Ductility
0.2% | Ultimate| Percent | Percent
yield tensile |elongation| reduction
(p.s.i) (p.s.i) in 84" | in cross
section
Bal. Nb, 10% Ti, 6% Mo,
20‘{{) W, 0.00656% C (resid-
ual):
1hr. at1,300° Ceeeceee o 135,800 { 145,300 19 ®
1hr.at1,400°C_________. @
Bal. Nb, 10% Ti, 6% Mo,
20‘1751 W, 0.006% C (resid-
ual):
1hr. 8£1,300° Coonunnee. 143,900 | 153,800 110 @
1hr. at 1,400° C 130,000 | 132,400 4 6
Bal. Nb, 10% Ti, 6% Mo,
20% W, 0.1275% Ct
Lhr. at 1,300° C_. 127,400 | 139,900 17 30
1hr. at 1,400° C.... 118,400 | 127,300 12 15
1hr. at 1,500° C... 117,400 | 123,000 9 13

1 Approximately.
2 8pecimen broke into several pieces.
3 Broke before yield strength was reached.

It will be seen from the above examples that extremely
valuable alloys have been produced by the addition of
small amounts of carbon to columbium-base alloys com-
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prising titanium, molybdenum, and tungsten. By the ap-
plication of this invention to high-temperature oxidation-
resistant alloys, it has been possible to increase the time
and temperature of service of such alloys.

The alloys of this invention will be found particularly
valuable in applications where a highly fabricable, ductile,
strong, and oxidation-resistant material is required. Par-
ticularly, the alloys will be found useful where equip-
ment is to be used at high temperatures, and in which it
is especially desirable to retain such properties as strength
and ductility at low temperatures after high-temperature
service. The alloys herein described are exceptionally
useful in applications requiring sheet and in which cup-
ping, forming, and welding are necessary. The alloys of
this invention have been found particularly suitable for
use in high-temperature equipment, such as turbine vanes,
flame holders, high-speed aircraft skin, after-burner liners,
and chemical reactors and their accessories.

Since it is obvious that many changes and modifica-
tions can be made in the above-described details without
departing from the nature and spirit of the invention, it
is to be understood that the invention is not to be limited
to said details except as set forth in the appended claims.

The embodiments of the invention in which an ex-
clusive property or privilege is claimed are defined as
follows:

1. A columbium-base alloy consisting essentially of, by
weight, 0.02%-0.2% carbon, 7-13% titanium, and one
of the group consisting of (1) 7-18% molybdenum, (2)
10-34% tungsten, and (3) 7-34% of a mixture of mo-
lybdenum and tungsten in which the molybdenum content
is not greater than 18% of the total alloy composition,
the balance of this alloy composition being essentially
columbium, the amount of said columbium being at least
50% of the total alloy.

2. ‘A columbium-base alloy consisting essentially of, by
weight, 0.02%-0.2% carbon, 7-13% titanium, 7-18%
molybdenum, the balance being essentially columbium.

3. A columbinm-base alloy consisting essentially of, by
weight, 0.02%—-0.2% carbon, 7-13% titanium, 2~-7% mo-
lybdenum, 15-30% tungsten, the sum of the molybdenum
and tungsten being 17-34% of the total, the balance being
essentially columbium,

4. A columbium-base alloy consisting essentially of, by
weight, 0.02%-0.2% carbon, 7-13% titanium, 15-30%
tungsten, the balance being essentially columbinm.

5. A columbium-base alloy consisting essentially of, by
weight, 0.02%-0.2% carbon, about 10% titanium, about
10% molybdenum, the balance being essentially colum-
bium.

6. A columbium-base alloy consisting essentially of, by
weight, 0.02%-0.2% carbon, about 10% titanium, about
6% molybdenum, about 20% tungsten, the balance being
essentially columbium.
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