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This invention relates to titanium-base alloys,
and particularly to ternary alloys of titanium
and aluminum with antimony.

The use of titanium as a structural material
is limited by its relatively low strength and high
cost, and it becomes desirable to alloy titanium
with such other metsls as will increase the
strength to acceptable levels and preferably at
the same time effect some reduction in the total
material cost. Aluminum is a metal well suited
to the attainment of these objectives, being low
in weight, relatively low cost, and having 2
material strengthening effect on titanium. How-
ever, the amount of aluminum alone that can
be added to titanium is limited by its adverse
effect on ductility. Binary alloys of titanium
with more than about 5% of aluminum are oo
brittle for most structural uses; and such binary
alloys containing less than about 5% of alu-
minum do not possess sufficient strength to be
of general utility. A further strengthening is
highly desirable,

The present invention comprises the discovery
that the addition to titanium-aluminum alloys
of 0.5% to about 5% of antimony effects a
marked improvement in the properties of titan-
lum-aluminum alloys of a given aluminum con-
tent, say 3.5% to 5%. The alloys show a rare
combination of extraordinary strength with ade-
quate ductility.

The metal used as a base for the alloys of
the present invention may  contain the inter-
stitial contaminants, carbon, oxygen and/or
nitrogen, up to at least the total quantity to be
found in good quality commercial titanium.
Carbon, for example, has been found to be bene-
ficial when present in amounts between 0.02%
and 0.3%, the latter being about the maximum
amount which is soluble in alpha titanium.
An excess of carbon tends to form embrittling
carbides. For a typical alloy, a carbon content
of 0.1% to 029 is desirable, but the optimum
amount varies with other factors. Nitrogen is
a potent hardener of titanium but tends to cause
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embrittlement. The effect of the three con-
taminants being additive at a given strength
level, the quantity of each which can be toler-
ated depends to a considerable extent upon the
quantity of the others. The limiting factor is
usually ductility, and the requirement as to duc-
tility varies with the intended use of the alloy.
Further, increasing the amounts of the substitu-
tional metallic alloying ingredients tends to de-
crease the tolerance for the interstitial com-
ponents, particularly embrittling nitrogen. An
alloy of high purity titanium with 5% aluminum
will tolerate as much as 0.25% nitrogen, but
the addition cf cne or two percent of ancther
metal materially reduces nitrogen tolerance.

The alloys of this invention may be prepared
by melt-casting in an atmosphere of argon,
rolling at a suitable temperature, say 980° C.,
and annealing under conditions which will effect
recrystallization, but not substantial grain
growth or re-solution of carbides. A typical but
by no means universal annealing treatment
comprises soaking at a temperature of about
850° C. for about 3% hours. The rate of cool-
ing after annealing is not material, since in these
alloys the titanium is all in" the alpha phase
except for minor amounts which may be com-
bined as titaniurme carbide. The properties of
selected alloys of titanium of requisite purity
with aluminum and tin, as annealed for 3V
hours at 850° C., unless otherwise noted, are as
follows:

Typical properties of an alloy of substantially
pure titanium with 0.25% carbon and 5% alu-
minum, as annealed for 3% hours at 850° C.,

are as follows:

Proportional Hmit._ . _________ p. s. i.. 72,000
0.2% offset yield strength._____ p. s. .. 91,000
Ultimate strength______________ p. 8. i-. 104,000
Elongation in 1 inch_________ per cent_.. 17

The properties of selected alloys embodying
the present invention, as annealed for 3% hours
at 850° C,, are as follows:

Cgﬁg?ﬁiigia%nig‘;l' Tensilo Properties—. s. 1.
Propor- N Elon.
V.H.N, : 0.2% Off-] Ultimate s
Al | Sb C | Surface %ﬂ;i’% set Yield | Strength %%hl‘}? Bend T
5 0.5 0.25 409 112,000 129, 000 132,000 13 4.9
5 1.0 0.25 391 111, 000 124, 000 127,000 15 16
5 1.5 0.25 395 114, 000 130, 000 133. 000 15 &2
5 2.5 0.25 400 120, 00D 129, 000 132, 000 12 5.1
5 5.0 0.25 422 107, 000 O] 131, 000 0 8.1

1 Specimen brolke with little or no deviation from modulus line.



In the forgeoing tabulations “bend ductility”
is the radius, expressed as a multiple of specimen
thickness, to which the specimen can be hent
to an angle of 75° without fracture

It will be seen that the addition of as little
as 0.5% of antimony substantially increases the
strength of the titanium-5% aluminum alloy,
with only a minor effect on ductility. Increas-
ing the antimony content of 2.5% has a relatively
minor effect, and a further increase to 5% ad~
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from 0.02% to 0.3% carbon, balance titanium.

2. An alloy consisting essentially of about 5%
aluminum, from 0.5% to 5% antimony, from
0.029% to 0.3% carbon, halance titanium.

3. An alloy consisting essentially of about 5%
aluminum, from 0.5% to 5% antimony, from
0.1% toc -0.25% carbon, balance titanium.

- 4, An alloy consisting essentially of about 5%
aluminum, 0.5% antimony, from 0:1% to 0.256%

1¢ carbon, balance titanium.

versely affects ductility without material change -

in strength. Due to relatively small differences
between yield and ultimate strengths, the alloys
find their greatest utility for uses in which the
material is not stretched during fabrication.
What is claimed is:
1. An alloy consisting essentially of from 3.5%
to 5% aluminum, from 0.5% to 5% antimony,

1§

5. An alloy consisting essentially of about 5%
aluminum, 0.5% antimony, 0.25% carbon, bal-
ance titanium. -
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