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This invention relates to novel composites having both
titanium and aluminous metal components. More par-
ticularly, the invention comcerns bonded composites of
heat-treatable aluminum base alloys and heat-treatable
titanium alloys in the solution heat treated condition,

. which possess high resistance to deformation and to cor-
rosion.

Composites of titanium and aluminum find limited ap-
plication in aircraft structures, especially where light
weight, rigidity and corrosion resistance are of importance,

In accordance with the present invention there are pro-
vided novel composites of aluminum base alloys and heat-
treatable titanium alloys which possess the foregoing
properties in greater degree than known composites of
titanium and aluminum.

The term aluminous metal refers to alloys which contain
at least 50% aluminum. Aluminum base alloys which
may be advantageously employed in accordance with the
invention include heat-treatable wrought alloys of the alu-
minum-copper or the aluminum-zinc-magnesium types,
such as copper-bearing alloys 2014, 2017, 2024, and 2025,
ranging in copper content from about 3.5% to about
5.0%, and zinc-bearing alloys such as 7075 and 7002, the
strength of which is increased by solution heat treatment
(810°-990° F.) followed by quenching, and aging.

The aluminum base alloys may also be used when clad
on at least one side with aluminum, for example alclad
2024 with a 2.5% or a 5% cladding.

Heat-treatable titanium alloys which are advantageously
employed in the composites of the invention include the
heat-treatable alloys of titanium with aluminum and vana-
dium or molybdenum. These may be used in the form of
sheet or mesh. They are preferably employed in the

.- solution heat treated condition, or in the solution heat
treated and aged condition.

Examples of suitable heat-treatable titanium alloys of
the type described are- titanium alloyed with 6% alumi-
num and 4% vanadium, and titaniuom alloyed with 4%
aluminum, 3% molybdenum and 1% vanadium. These
titanium alloys are particularly adapted to bonding with
‘aluminum alloys which are responsive to thermal treat-
ment within approximately the same temperature range

. as the titanium alloys themselves. The alloys are available
as sheet in the cold rolled or cold drawn condition. Solu-
tion heat treatment of the titanium alloys increases their
tensile strength from 110-150K s.i. to above 180K si.

. when aged at about 900° F.

In the preparation of the composites of the invention,
the sheets of aluminum and of titanium alloy may be of
any desired thickness compatible with good bonding, vary-
ing from foil gages up to the limit of the processing equip-
ment. Preferred aluminum alloy gages vary, for example,
from 0.040 inch to-0.125 inch, while suitable titanium
alloy gages may range from 0.02 to 0.05 inch, all before
bonding. These gage ranges are to be considered as illus-
trative, however, and not as limiting.

The composites of the invention may be bonded by
rolling or by means of suitable adhesives, but rolling is
preferred. Bonding is advantageously performed by a
rolling operation in which the titanium alloy sheet is
maintained substantially at room temperature. The alumi-
num alloy is preheated to a temperature between about
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650° F. and about 1000° F., depending upon the alloy
employed, care being taken to avoid grain boundary melt-
ing. A temperature range between about 850° F. and
about 950° F, ordinarily is preferred. The time of preheat
may vary according to conditions, but generally a period
of from 5 to 15 minutes is sufficient to uniformly heat the
aluminum to the desired temperature. The time of preheat
should, however, be kept to a minimum because of surface
oxidation,

The metal-to-metal composites of the invention may be
of the binary type, i.e. a single layer of aluminum alloy
bonded to a single layer of titanium alloy, or they may be
of the sandwich type, such as a layer of aluminum alloy
between two layers of titanium alloy. Where alclad alloy
is used, the titanium alloy is preferably bonded to the
aluminum cladding layer. Also included within the scope
of the invention are composites having adjacent multiple
thicknesses of one or both of the titanium alloy and
aluminous metal components.

In preparing the composites of the invention, the surface
of the aluminum or aluminum base alloy is degreased, and
is then roughened by wire brushing, sanding, grinding, or
like methods, in order to remove any film or thin layer of
aluminum oxide which would interfere with bonding. If
desired, a chemical dip may also be employed. Similarly,
the titanium alloy is subjected to roughening by brushing,
or by grinding, to break up any oxide layer.

As mentioned previously, bonding may be by means of
an adhesive or by rolling. Where rolling is used, the
production of a bond may be effected with a reduction in
the thickness of the aluminum alloy sheet from about 30%
to about 70%, and in the titanium alloy sheet from about -
10% to about 50%. Rolling is carried out in conventional
equipment, an overall gage reduction of about 50% re-
sulting in satisfactory bonding.

After bonding, the composite is subjected, in accordance
with the invention, to a thermal treatment by reheating
the bonded composite to a temperature between about
850° F., and about 950° F. for a period of from about 30
minutes to about 2 hours or more. This serves to strength-
en the titanifum alloy and to solution heat treat the alumi-
num alloy. The temperature is selected according to the
particular alloys involved, Thus, for example, alloy 2024
requires treatment at about 920° F., while alloy 7075 is
heated at about 880° F. Followed by a cold water quench,
such thermal treatment places the aluminum alloy in T-4
temper condition, while if followed by a cold water quench
and precipitation hardening (aging) it places the alumi-
num alloy in T-6 temper condition. ’

The following examples serve to illustrate the practice
of the invention, but are not to be considered as limiting:

B Example 1

A composite was prepared from a sheet of annealed
alclad 2024 alloy, clad on one side with aluminum, dimen-
sions 6" x 6” x 0.080”, and sheet of Ti-6Al-4V sheet,
solution heat treated at 1650° F. and cold water quenched,
dimensions 6” x 6” x 0.045”. Prior to bonding, both
pieces were wire brushed on the side to be bonded. The
2024 sheet was heated for 10 minute at 900° F., and the
titanium alloy sheet was maintained at room temperature.
The sheets were bonded by rolling in a 4-high mill having
work rolls 8” in diameter, back-up rolls 16”, width 187,
vsing a mill setting of —0.010” (negative roll gap) to
effect an approximately 50% reduction. The bonded com-
posite (51% 2024—49% Ti-6A1-4V) exhibited the fol-
lowing properties in the as-rolled condition: Tensile
strength 117K s.i., yield strength 98.8K s.i., percent elon-
gation in 2""=4. The composite then was heat treated at
910° F. for 2 hours and quenched in cold water.
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The composite exhibited longitudinally a tensile strength
of 121,900 p.s.i., a yield strength of 109,600 p.sd., an
elongation in 2 inches of 6.5%.

Example 2

Proceeding as in Example 1, a composite was prepared
from a sheet of annealed alclad 2024 alloy, dimensions
6" x 7" x 0.080”, and a sheet of Ti~4Al~3Mo-1V, dimen-
sions 6" x 6" x 0.032" solution heat treated at 1650° F.
for 15 minutes and cold water quenched. Both pieces were
wire brushed on one side before bonding. Prior to bond-
ing the 2024 sheet was heated for 10 minutes at 850° F.
while the titanium alloy was kept at room temperature.
Bonding was performed using a mill setting of plus 0.010".

The bonded composite (64% 2024—36% Ti4dAl-3Mo-
1V) exhibited the following properties in the as-rolled
condition: Tensile strength 93.6X s.i., yield strength 80.6K
s.i., percent elongation in 2"’=>5.3. Upon heating the com-
posite at 910° F. for various times and quenching in cold

water the following properties were obtained:
T.8.inKsi | Y.8. inKs.i. Percent EL
in2”
1hourat910° F ... 104.5 {emcre e 5.0
2 hours at 910° F.. 108.0 89.8 12.0
4 hours at 910° F__ 103.0 90.9 4.0
8 hours at 910° F.._._. 110.2 91.4 5.0
Example 3

A composite was prepared from a sheet of annealed
Alclad 7075 alloy, dimensions 6’ x 7/ x 0.080”,, and a
sheet of Ti~6Al-4Mn, dimensions 6’ x 6" x 0.045”, solu-
tion heat treated at 1650° F. for 30 minutes and cold
water quenched. Both pieces were wire brushed on one
side before bonding. Prior to bonding the 7075 sheet was
heated for 10 minutes at 850° F., while the titanium alloy
was kept at room temperature. Bonding was performed
using a mill setting of —0.010"" (negative roll gap).

The bonded composite (50% 7075—50% Ti-6A1-4V)
exhibited the following properties in the as-rolled condi-
tion: Tensile strength 127.1K s.i., yield strength 111.8K
si., percent elongation in 2”’=6.0. Upon heating the
composite at 880° F. for various times, quenching in cold
water, incubating for 5 days at room temperature and
aging at 250° F. for 24 hours the following properties are
obtained:

T.8.inKsi. | Y.8. inKsi | Percent EL
in 2"
1 hour at 880° F..__.._ 133 .4 102.7 5.0
2 hours at 880° F. 135.0 102.0 6.0
4 hoursat 880° F._____ 131.2 97.2 5.0
8 hours at 880° F__.._. 132.2 100.7 4.0
Example 4

A composite was prepared from a sheet of annealed
Alclad 7075 dimensions 6” x 7" x (.080" and a sheet of
Ti-4Al-3Mo~1V dimensions 6" x 6” x 0.032”, solution
heat treated at 1650° F. for 15 minutes and cold water
quenched. Both pieces were wire brushed on one side be-
fore bonding. Prior to bonding the 7075 sheet was heated
for 10 minutes at 850° F., while the titanium alloy was
kept at room temperature.. Bonding was performed using
a mill setting of 0.010".

The bonded composite (65% 7075, 35% Ti—4Al-
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3Mo1V) exhibited the following properties in the as-rolled
condition: Longitudinal tensile strength 98.3K s.., yield
strength 77.5K s.i., percent elongation in 2"’ =6; transverse
tensile strength 96.7K s.i., yield strength 71.8K s.i., per-
cent elongation in 2'=135.5.

Upon heating the composite at 880° F. for various
times, quenching in cold water, incubating for five days at
room temperature, and aging at 250° F. for 24 hours the
following properties were obtained:

T.8.in Y.S.in | Percent El
Ksi. K s.d. in 2"
1 hour at 880° ¥. Long_. ... 113.3 8.2 oo
2 hours at 8%0° F. Long._. 117.5 94.2 6.0
2 hours at 880° F. Trans. 117.6 69 .4 10.0
4 hours at 880° F. Long._.. 118.0 95.0 4.0

What is claimed is:

1. The method of producing a metal composite, com-
prising the steps of:

bonding a layer of heat-treatable aluminous metal to a

layer of titanium alloy which is susceptible to
strengthening by a thermal treatment in the temper-
ature range for solution heat treatment of the alu-
minous metal; and

heating the bonded layers so as to effect concurrently a

solution heat treatment of said aluminous metal and
the strengthening of said titanium alloy.

2. The method of producing a metal composite, com-
prising the steps of:

bonding a layer of heat-treatable aluminous metal to a

layer of solution heat-treated titanium alloy;

heating the bonded layers so as to effect concurrently

a solution heat treatment of the aluminous metal and
the strengthening of said titanium alloy; and
quenching the bonded layers.

3. The method of claim 2, including bonding a layer of
Alclad aluminum base alloy to a layer of solution heat-
treated titanium alloy, by rolling said layers in direct con-
tact, with the clad surface of said aluminum base alloy
against the titanium alloy.

4. The method of claim 2, including the step of aging
the bonded layers to effect precipitation hardening of the
aluminous metal.

5, The method of producing a metal composite, com-
prising the steps of:

providing a layer of heat-treatable aluminum base alloy

and a layer of solution heat-treated titanium alloy
compatible therewith both for bonding by rolling and
for subsequent solution heat treatment of the alumi-
num base alloy, said titanium alloy being susceptible
to strengthening by a thermal treatment in the tem-
perature range for solution- heat treatment of the
aluminum base alloy;

rolling said layers to form a bonded composite; and

heating the composite so as to effect concurrently a

solution heat treatment of said aluminum base alloy
and the strengthening of said titanium alloy.

6. The method of claim 5 in which said rolling step in-
cludes preheating the aluminum base alloy in the temper-
ature range-from about 650° F. to about 1000° F.
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