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This invention relates to alloys of molybdenum
and vanadium, and more specifically to large,
sound, cast molybdenum-vanadium alloy ingots,
which are capable of being worked at elevated
temperatures by forging, pressing, rolling, ex-
trusion and other similar methods. The inven-
tion ig also concerned with molybdenum-vanadi-
um alloys containing minor amounts of other ele~
ments and to such alloys in which a part of the
molybdenum has been replaced by tungsten. Such
alloys are useful in applications requiring metals
of high strength or hardness at both room and
elevated temperatures and more specifically in
such applications as piercing peints for forming
seamless steel tubing, electrodes for heating
molten glass, die-casting dies for brass and other
metals, ete. Thig application is a continuation-
in-part of applicants’ copending application,
Serial No. 218,522, -filed March 30, 1951, now
abandoned.

The principal object of this invention is to
provide improved cast alloys of molybdenum
which are capable of being worked at elevated
temperatures.

A further object of this invention is to provide
improved molybdenuni-base alloys which are
characterized by improved hardness and strength
both at room and elevated temperatiires, and
have increased resistance to oxidation at elevated
temperatures.

Another object of this invention is to provide
cast molybdenum-base alloys in which the inter-
granular cohesion of the grains is improved and
the grain size reduced by the addition of the
alloying element.

This invention has as another of its objects
the provision of molybdenum-base alloys which
are of lower specific gravity than pure molybde-
num and which for that reason have particular
utility as gas turbine blades.

The terms “casting” and “cast” as used in this
application are intended to desighate the product
resulting from the melting of meétal ahd solidify-
ing the same in a mold, whether or not the metal
has been subjected to subsequent working or ma-
chining. The term “casting” is also used to desig-
nate any process or method which involves melt-
ing metal and solidifying the same in a mold.

In accordance with this invention, it is found
that the addition of vanadium increases the
strength and hardness of cast molybdenum and
molybdenum-=base alloys.

Cast alloys of molyhdenum and vanadium c¢an
be hot-worked only when the vanadium is pres-
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ent within certain limits and oxide and carbide
impurities are present in amounts less than cer-
tain maximum guantities.

Tt has previously been established that the
presence of minute amounts of oxygen in g casting
of molybdenum or a molybdenum-base alloy
seriously impairs or destroys the capacity of the
casting to be worked at elevated temperatures if
the oxygen ig segregated at the grain boundaries
in the form of certain metallic oxides. The detri-
mental oxide is visible on microscopic examina-
tion of intergranular fractures and is believed to
consist largely of MoQz2. However, the oxides of
certain other metals, if present, are also detri-
mental. In any event, when examined micro=
scopically, castings which can be worked at ele-
vated temperatures have no visible oxide segre-
gationg at the grain boundaries which are similar
to the manifestations of MoOa2. Cast molybde~
num containing less than about .001% oxygen
does not contain a detrimental quantity of grain
boundary oxides and can be worked at elevated
temperatures, but it is very difficult in the pro-
duction of cast ingots of molybdenum and its al-
loys to reduce the oxygen content of the metal
to such a low value. ]

As set forth in the patent to Frederick P. Bens
et al., No. 2,580,273, the detrimental oxide segre-
gation is not found in molybdenum castings con-
taining not more than .005% oXygen if small
amounts of carbon are present. Such castings
can be worked at elevated temperatures.

It is now found that the detrimental oxides
may also be eliminated by incorporating in the
casting certain metals which have a stronger
afihity for oxygen than does molybdenum and
form. oxides that either do not segregate at the
grain boundaries or, if segregated at the bound-
aries, provide greater intergranular cohesion than
does the oxide of melybdenum. Aluminum
and beryllium haveé been found to fulfill these re-
quirements, and forgeable castings of molybde-
num and molybdenum-base alloys containing up
to a maximum of .05 % oxygen have been produced
by incorporating small quantities of aluminum or
beryllium or both in the casting. Carbon may
also be present, if desired, and small quantities
of carbon or aluminum are particularly bene-
ficial in molybdénum-base alloys containing
beryllium.

The effect of oxygen on the molybdenum-
vanadium alloy castings of the present invenz
tion is similar to its effect in other molybdenum-=
base alloy castings, and consequently it is nec-
essatry to eliminate segregations of molybdenum
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oxide at the grain boundaries if the casting is to
be worked at elevated temperatures. This is
preferably done by incorporating carbon, alumi-
num or beryllium in the alloy, either singly or
in combination. This critical effect of oxygen
on the capacity of the alloy to be worked at ele-
vated temperatures is peculiar to cast alloys as
distinguished from those produced by sintering
metal powders,

If carbon is present in amounts between .01%
and .04% and no aluminum or beryllium is pres-
ent, the maximum oxygen content which can be
telerated in a casting that must be worked at
elevated temperatures is about .005%. The mini-
mum quantity of residual carbon should, prefer-
ably, increase within these limits as the re-
sidual oxygen content approaches .005%. ITarger
amounts of carbon up to a maximum of aboui
25% wmay be present in a casting that must be
worked at elevated temperatures, but the resul-
ing additional carbides increase the difficulty of
working the cast alloy without imparting other
advantages and, therefore, it is preferred that the
carbon not exceed about .07%.

If aluminum or beryllium is present in adequate
quantities, the maxinmum oxygen content which
can be tolerated in a casting that must be worked
at elevated temperatures is about .059%. The
quantity of aluminum or beryllium must be at

least sufficient to stoichiometrically react with 2

the oxygen present in the final alloy to form AlOs
or BeO, and is preferably three times that quan-
tity in fhe case of aluminum. Thus, aluminum
in the range of .003% to .4% or beryllium in the
range of .001% to .03% may be present. In
actual practice, aluminum is preferred to beryl-
lium for this purpose and, if beryllium is used, it
is preferred to use small quantities of aluminum
or carbon with the beryllium. When aluminum
is present within the ranges stated, residual car-
bon is preferably omitted altogether or does not
exceed .02%. However, cast molybdenum-~vana-
dium alloys containing aluminum and as high
as .06% carbon can be worked at elevated tem-
peratures. When beryllium is used, it is pre-
ferred that the carbon not exceed .069%.
Excellent results are achieved in the working
of molybdenum-vanadium castings containing
carbon in the range of .02% to .05% and oxygen
less thsn .0089%; or aluminum from 0039% to
2% and oxygen less than .02%: or beryllium
from .001% to .02% and oxygen less than .02%.
Quantities of aluminum and beryllium above the
minimum required o react with the oxygen have
ather beneficial effects and hence aluminum may
be present up to a maximum of about 2.5% or
beryllium up to a maximum of abkout .25%.
Hewever, as set forth hereinafter, the amount of
vanadium present must be reduced below its
maximum if the aluminum exceeds zbout .4%
or the beryllium exceeds about .03% and the alloy
is to be worked at elevated temperatures.
Molykdenum-base alloys containing sluminum
or berylium and the hersin-disclosed process of
nroducing such alloys are more fully disclosed
and claimed in applicants’ copending applica-
tions, Serial No. 250,202, on “Molybdenum-Tung-
sten-Aluminum Alloys,” and Serial No. 250,201,
on “Cast Alloys and Method for Heat-Treating
the Same,” both filed concurrently herewith.
The addition of vanadium to cast molybdenum
resulis in the following changes in properties:
(1) the as-cast room temperature hardness is in-
creased; (2) the hardness and strength at ele-
vated temperatures are increased; (3) the oxida-
tion resistance is slightly increased; (4) the grain
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size is refined; (5) the grain boundary strength
is increased; and (6) the specific gravity is de-
creased. All of the above changes in properties
have heen noted in some degree in cast molyb-
denum alloys containing vanadium in percentages
ranging between .25% and 7%. The presence of
less than .25% vanadium in molybdenum alloys
was not found to be particularly bheneficial.
Grain refinement has been observed to increase
with increasing vanadium content, and the same
observation may be made in relation to hardness
and strength at elevated temperatures. Cast
molybdenum alloys containing .25% to 7% vana-
dium may be worked at elevated temperatures
to a beneficial degree, but it has been found ex-
ceedingly difficult to work molybdenum castings
containing more than about 7% vanadium. The
difficulty of working increases as the oxygen and
vanadium contents increase. The preferred
range of vanadium content is 5% to 5%. Alloys
containing .25% to 7% vanadium in molybdenum
are solid solutions at room temperature.

If desired, tungsten may be present in an
amount not exceeding the molybdenum present.
The substitution of tungsten for molybdenum has
the effect of increasing the hardness of the alloy
but to a lesser degree than that caused by the
addition of vanadium. If the maximum per-
centage of tungsten is employed in a cast alloy
containing the maximum percentage of vana-
dium, the resulting alloy cannot be successfully
worked at elevated temperatures. However, cast
alloys containing tungsten which are capable of
being worked at elevated temperatures are ob-
tained if the vanadium percentage is propor-
tionately decreased toward the minimum of .25%
as the tungsten percentage is increased toward
its maximum of about 50%. 1t is to be under-
stood that the relationship between the tungsten
and vanadium contents relates only to the maxi-
mum allowable vanadium which may be present
for a given tungsten percentage without interfer-
ing with working at elevated temperatures, and
that alloys containing less vanadium and tung-
sten than the maximums fall within the scope of
this invention. Actually, it is preferred to use
no tungsten or amounts less than i0%. Work-
ing of molybdenum-vanadium castings is facili-
tated if the oxygen content is decreased toward
the practical minimum of about .001% as the
amounts of vanadium or tungsten increase.

Minor quantities of other elements may slso
be present. Thus, certain hereinafter-listed
transition elements produce advantageous effects
when added to the molybdenum-vanadium alloys
of the present invention. However, to produce 2
cast alloy which can be worked at elevated tem-
peratures to a beneficial degree, the amounts of
tungsten, other transition elements, aluminum
and beryllium must be limited; the preferred al-
loys contain at least 85% molyhdenum. Thus,
even in pure binary alloys of molybdenum, the
following beneficial transition elements should
not be present in amounts exceeding the follow-

ing vercentages if the alloy is to be worked st
elevated temperatures;

Percent
Titanium . 14.0
Zirconium ______________________________ 2.0
Chromium - 2.0
10N 1.3
Cobalt e 9
Wiekel 4
Columbium . . 10.0
Tantalum .o oL 9.0
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Beryllium in amounts in excess of .03% and up to
a maximum of about .25% and aluminum in
amounts in excess of .4% and up to a maximum
of 2.5% have an effect on workability similar to
that of the above transition elements. They all
produce a proportionate increase in hardness at
1600° F. as their quantities increase toward the
above maximums. The maximum amounts given
for beryllium, aluminum and each of the transi-
tion elements other than tungsten correspond
roughly to those quantities of each element
which, when added alone to molybdenum, will
produce a hardness at 1600° ¥. of 200 V. P. N.
(Vickers Pyramid Numeral) in an annealed cast-
ing. It has not been possible with normal work-
ing techniques to achieve a worthwhile percent-
age of recovery from the working of metals and
alloys having greater hot-hardness, but a bene-
ficial working, at temperatures substantially
above 1600° F., may be performed on the alloys
of the present invention, provided the hardness
at 1600° F. does not exceed about 200 V. P. N. in
an annealed casting. The effects of all of the
ahove-mentioned metals, also vanadium and
tungsten, on hot-hardness are additive and,
therefore, when two are present the maximum
permissible amount of one should be propor-
tionately reduced from its maximum given to the
extent that the other appreaches its maximum
if the alloy is to be capable of being worked at
elevated temperatures to a beneficial degree.
Still further reductions on the same basis must
be made if more than two are present, and in all
cases less than those maximums gives the best
results. From the standpoint of high strength
and hardness at elevated temperatures in a mo-
Ivbdenum-~vanadium alloy casting that is well
adapted to working, the preferred alloying tran-
sition elements are titanium, zirconium, colum-~
bium and tantalum.

Molybdenum-~base alloys characterized pri-
marily by the beneficial effects of zirconium, co-
lumbium, titanium and tantalum, respectively,
are more fully disclosed and claimed in appli~
cants’ copending applications filed concurrently
herewith, as follows: Serial No. 250,206, “Molyb-~
denum-Zirconium Alloys”; Serial No. 250,207,
“Molybdenum-Columbium Alloys”; Serial No.
250,204, “Molybdenum-Titanium Alloys”; Serial
No. 250,205, “Molybdenum-~Tantalum Alloys.”

It has been noted that additions of .01% to .5%
thorium to cast molybdenum or tungsten in-
crease the temperature to which the worked met-
als may Dbe heated without excessive grain
coarsening and without becoming embrittled.
Thus, thorium within the range stated may be
present in the alloys of this invention.

Therefore, the expression “balance consisting
essentially of molybdenum” occurring in the fol-
lowing claims, means that the alloys called for
are those whose primary characteristics result
from the presence of vanadium, but that the al-
loys may also contain quantities of unspecified
elements,-such as the above-mentioned transition
elements, which de not appreciably impair the
beneficial effects of vanadium or destroy the ca-
pacity of the alloy to be worked at elevated tem-
peratures to a beneficial degree. o

By way of example, the following alloys may
be mentioned as illustrative of specific alloys
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6
which may be cast, worked at elevated tempera-
tures and used in accordance with.-this invention:

Example 1
Per cent
Vanadium - e .96
Carbon - e 012
OXYZON e less than.. .005
Molybdenum o balance
Example 2
Per cent
Vanadium o e 3.74
Carbon - e .027
OXYZeN less than__ .005
Molybdenum _ . e balance
Example 3
Per cent
Vanadium - e 4.6
Aluminum o o 25
(0):477:0=) 1 NSO, .03
Molybdenum . ____ balance
Example 4
Per cent
Vanadium o 5
TUngsten o 5
Carbon .02
OXYEeN oo less than__ .002
Molybdenum __ balance
Ezxample 5
Per cent
Vanadium __ o~ 2.4
Carbon . __ .01
OXYEeN e e .02
Berylium _ .015
Molybdenum _ o balance

The alloys of this invention may be made by
a variety of procedures, but cast alloys contain-
ing carbon are preferably made by the process
which consists in the steps of (1) mixing molyb-
denum, vanadium, carbon and any other desired
elements in the form of powders, in the desired
proportions; (2) pressing the mixture into sue-
cessive pellets to form a continuos rod; (3) sin-
tering the rod to impart sufficient strength to the
same to render it self-supporting; and (4) arc-
melting the sintered rod as a consumable elec-
trode in a vacuum and collecting the metal di-
rectly into a water-cooled copper mold.

The starting materials used in the process
are commercially pure molybdenum powder, pref-
erably containing not more than about .05%
oxygen, and commercially available carbon and
vanadium powders as well as powders of any
other elements employed. Metals in the form of
small chips or granules may comprise part of
the charge. The starting materials are analyzed
for carbon and oxygen, and the amount of car-
bon required to stoichiometrically react with the
oxygen present to form carbon monoxide and
to provide a residual carbon content of at least
01% but less than .25% is employed.

The powder charge is fed into an extrusion
die positioned beneath the ram of a reciprocat-
ing press wherein successive pellets of the pow-
der material are pressed continuousiv on top of
preceding pellets to form a continuous rod of
pressed metal powders. Pressing is accomplished
within a vacuum-tight container, and pellsting
pressures of approximately 10,000 p. s. i. to 20,000
p. s. i. have been used, with 14,000 p. s. i. nor-
mally being adequate.

Sufficient strength to make the pressed metal
rod self-supporting is imparted by sintering the
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rod in vacuum at a temperature of approximately
2400° F. to 2900° P. for approximately a quarter
of a minute to several minutes. Sintering may
be accomplished by any well-known method of
heating. Electrical resistance heating has been
employed successfully.

The sintered rod is then used as a consumable
electrode in a vacuum arc furnace. Melting is
started by striking an arc between the rod and
a starting electrode comprising a pile of chips
of the same or similar alloy placed on a dise
of molybdenum at the bottom of the casting
mold. A water-cooled copper mold has been
successiully used for receiving the molten molyb-
denum alloy without contaminating the alloy
with copper. Molten alloy striking the water-
cooled copper mold quickly solidifies, forming a
protective coating on the surface of the mold.
Thereafter, the liquid alloy becomes the lower
electrode and the upper, consumable elecirode
is mechanically fed toward the lower, liquid elec-
trode to maintain continuous melting with the
proper arc spacing.

For steps 2, 3 and 4, the pressure within the
container should be as low as possible and should
not exceed a maximum of 500 microns, and pref-
erably should be below 100 microns. All three
of these steps may be carried out in the same
container.

If aluminum or beryllium or any other rela-
tively volatile element is employed in the alloy,
the above-described process cannot be practiced
under the degree of vacuum set forth above and
hence it is necessary to employ an inert atmos-
phere of higher pressure in the melting chamber.
An argon or helium atmosphere at or slightly
above atmospheric pressure has been found suit-
able for this purpose. Except for the change
from vacuum to an inert atmosphere at higher
pressure, the process previously described may
be used. The desired quantities of aluminum or
beryllium are added to the mixture of metal vow-
ders which are sintered to produce the consum-
able electrode.

Inasmuch as extremely minute quantities of
oxygen impair the capacity of the alloy casting
1o be worked at elevated temperatures, the start-
ing materials should be as low in oxygen as pos-
sible and it is necessary to avoid the introduction
of significant amounts of oxygen as a contami-
nant in the inert atmosphere. The inert atmos-
phere may be purified by circulating it through
a commercial drying tower before introduction
into the casting container. The gas may be re-
circulated or re-used after passing over a bhed
of titanium metal maintained at approximately
1500° F. and a bed of magnesium metal main-
tained at approximately 1100° . Because of the
relatively high volatility of aluminum and beryl-
lium at the arc temperature, the pressure of the
inert atmosphere within the casting container
is preferably maintained at substantially atmos-
pheric pressure or slightly above, for examnle,
up to about 15.5 pounds per square inch. The
casting container is first evacuated and then
flushed with the inert gas; and, during operation,
the inert gas is bled into the casting container
to maintain atmospheric pressure or slightly
above.

If carbon is employed in addition to aluminum
or beryllium, the partial pressure of carbon mon-
oxide in the melting chamber should he main-
tained below about 100 microns. In some cases,
this may require a flow of the purified inert gas
through the chamber.
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One suitable form of apparatus for use in
forming, sintering and melting the powder rod
is disclosed in the copending application of Edgar
K. Leavenworth, Serial No. 787,797, filed Novem-
ber 24, 1947, now Patent No. 2,651,952, issued Sep-
tember 15, 1953.

All of the proportions given herein are pro-
portions by weight in the final alloy.

What is claimed is:

1. A cast alloy consisting of at least 85% mo-
lybdenum and characterized by its capacity to
be worked at elevated temperatures and its high
strength in a worked condition at elevated tem-
beratures, said alloy containing from .256% to 7%
vanadium, from .003% to 4% aluminum, from
zerc to .02% carbon, oxygen less than .02%, and
the balance consisting of molybdenum,

2. A cast alloy consisting of at least 85% mo-
lybdenum and characterized by its capacity to
be worked at elevated temperatures, said alloy
containing from .25% to 7% vanadium; from
003% to 4% aluminum; from zero to .02% car-
bon; oxygen less than .02%; metal from the
group consisting of the ftransition elements tita-
nium from zero to 14%, chromium from zero
t0 2%, iren from zero to 1.3%, cobalt from zero
to 2%, nicke] from zero tec .4%, zirconium from
zero to 2%, eolumbium from zero to 19%, tanta-
lum from zero to 9%, and tungsten from zero to
16 %, the total amount of metal from said group
of transition elements being further limited to
an amount within the range from none to the
amount-which will increase the hardness of the
annealed casting to a value not exceeding 200
V. P. N. at 1600° P.; and the balance consisting
of molybdenum.

3. A cast alloy consisting of at least 85% mo-
iybdenum and characterized by its capacity to
be worked at elevated temperatures, said alloy
containing from .25% to 7% vanadium; at least
one element from the group consisting of carbon
from .01% to .256%, aluminum from .003% to
25% and beryllium from .001% to .25%; metal
from the group consisting of the transition ele-
ments titanium from zero to 14%, chromitum from
zero t0 2%, iron from zero to 1.3%, cobalt from
zero to .8%, nickel from zero to .4%, zirconium
from zero to 2%, columbium from zero to 10%,
tantalum from zero to 9%, and tungsten from
zero to 10 %, the total amount of metal from said
group of transition elements being further lim-
ited to an amount within the range from none to
the amount which will increase the hardness of
the annealed casting to a value not exceeding
200 V. P. N. at 1600° F.; and the balance consist-
ing of molybdenum.

4. A cast alloy characterized by its capacity
to be worked at elevated temperatures, said alloy
casting comprising from .25% to 7% vanadium,
carbon from .01% to .25%, oxygen not more
than .0056%, and the balance consisting of mo-
lybdenum.

5. A cast alloy characterized by its capacity to
be worked at elevated temperatures, said alloy
casting comprising from .25% to 79% vanadium,
oxygen not more than .05%, aluminum in sn
amount at least sufficient fo react with all of the
oxygen present and not more than 2.5%, the max-
imum amount of aluminum within the range
stated being reduced toward .4% as the amount
amount of vanadium approaches its upper limit,
and the balance consisting of molybdenum.

6. A cast alloy characterized by its capacity to
be worked at elevated temperatures, said alloy
casting comprising from .25% to Y% vanadium,
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oxygen not more than .05%, beryllium in an
amount at least sufficient to react with all of the
oxygen present and not more than .256%, the
maximum amount of beryllium within range
stated being reduced toward .03% as the amount
of vanadium approaches its upper limit, and the
balance consisting of molybdenum.

7. A cast alloy consisting of at least 85% mo-
iybdenum and characterized by its capacity to
be worked at elevated temperatures, said alloy
casting containing from .25 to 7% vanadium,
carbon from .01% to .25%, oxygen not more
than .005%, metal from the group consisting of
the transition elements titanium from zero to
149%, chromium from zero to 2%, iron from zero
to 1.3%, cobalt from zero to .9%, nickel from
zero to 4%, zirconium from zero to 2%, colum-
bium from zero to 10%, tantalum from zero to
9%, and tungsten from zero to 10%, the total
amount of metal from said group of transition
elements being further limited to an amount
within the range from none to the amount which
will increase the hardness of the annealed cast-
ing to a value not exceeding 200 V. P. N. at 1600°
F., and the balance consisting of molybdenuimn.

8. A cast alloy consisting of at least 85% mo-
lybdenum and characterized by its capacity to
be worked at elevated temperatures, said alloy
casting comprising from .26% to 7% vanadium,
oxygen not more than .05%, agluminum in an
amount at least sufficient to react with all of
the oxygen present and not more than 2.5%,
the maximum amount of aluminum within the
range stated being reduced toward .04% as the
amount of vanadium approaches its upper limit,
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metal from the group consisting of the transi- .

tion elements titanium from zero to 14%, chro-
mium from zero to 2%, iron from zero to 1.3%.
cobalt from zero to .9%, nickel from zero to
4%, zirconium from zero t0 2%, columbium from
zero to 10%, tantalum from zero to 9%, and
tungsten from zero to 10%, the total amount
of metal from said group of transition elements
being further limited to an amount within the
range from none to the amount which will in~-
crease the hardness of the annealed casting to
a value not exceeding 200 V. P. N. at 1600° F.,
and the balance consisting of molybdenum.

9. A cast alloy consisting of at least 85%
molybdenum and characterized by its capacity
to be worked at elevated temperatures, said alloy
casting comprising from .25% to 7% vanadium,
oxygen not more than .05%, beryllium in an
amount at least sufficient to react with all of the
oxygen present and not more than .25%, the
maximum amount of beryllium within the range
stated being reduced toward .03% as the amount
of vanadium approaches its upper limit, metal
from the group consisting of the transition ele-
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ments titanium from zero to 14%, chromium from
zero to 2%, ivon from zero to 1.3%, cobalt from
zero to 9%, nickel from zero to .4%, zirconium

“from zero to 2%, columbium from zero to 10%,

tantalum from zero to 9%, and tungsten from
zero to 10%, the total amount of metal from said
group of transition elements being further limited
to an amount within the range from none to
the amount which will increase the hardness of
the annealed casting to a value not exceeding
200 V. P. N. at 1600° F'., and the balance consisting
of molybdenum.

10. A cast, molybdenum-base alloy character-
ized by its capacity to be worked at elevated tem-
peratures, said alloy casting comprising from
.259% to 719 vanadium, carbon from .01% to .07%,
oxygen not more than .003%, and the balance
consisting of molybdenum.

11. A cast, molybdenum-hase alloy character-
ized by its capacity to be worked at elevated tem-
peratures, said alloy casting comprising from
259% to 7% vanadium, aluminum from .003% to
.49, carbon not more than .06 %, oxygen not more
than .05%, the minimum amount of aluminum
within the range stated being that required to
combine with all of the oxygen in the alloy to
form aluminum oxide, and the balance consist-
ing of molybdenum.

12. A cast, molybdenum-base alloy character-
ized by its capacity to be worked at elevated tem-
peratures, said alloy casting comprising from
259% to 7% vanadium, beryllium from .001% to
.03%, carbon not more than .06%, oxygen not
more than .05%, the minimum amount of beryl-
lium within the range stated being that required
to combine with all of the oxygen in the alloy to
form beryllium oxide, and the halance consisting
of molybdenum. °
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