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16 Claims. (Cl. 29—420.5)

This invention relates to alloys characterized by su-
perior elevated temperature properties. More particu-
larly this invention relates to aluminum base alloys and
to methods for producing aluminum base alloy articles
characterized by superior elevated temperature - prop-
erties, said alloys containing alloying additions in amounts
exceed.ng that heretofore possible in the production of

‘sound and workable cast bodies.

By the term “workable” as used hereinafter is meant
that the cast body can be subjected to metal deforming

operations such as rolling, forging, and extruding,

The design of present and future aircraft and air
weapons for. operation at high unit stress levels and at
speeds where considerable aerodynamic heat occurs has
created a critical need for better light weight a.rcraft
structural materials having higher strength, higher modu-
lus . of elasticity and greatly improved elevated tempera-
ture properties than those heretofore attainable.

It is. well recognized that possibilities for obtaining
such-improved properties with prior art aluminum base
alloys are quite limited. This is especially true insofar
as elevated temperature properties are concerned.

The high strength aluminum base alloys fabricated
under conventional procedures are limited to those al-
loy systems in which there is an appreciable equilibrium
solid solubility of the alloying elements in aluminum.
As the alloying elements have appreciable rates of dif-
fusion in aluminum at elevated temperature, the high
temperature stability of these alloys is sericusly im-
paired. Consequently, exposure of the conventional pre-
cipitation hardened aluminum base alloys to high tem-
perature service results in rapid overaging and attendant
decreases in mechanical properties.

The development of alum.num base alloys which
would have sufficiently high elevated temperature prop-
erties for present aircraft uses has been hindered by the
fact that most alloying additions, which have low dif-
fusion rates at elevated temperatures and consequently

could yield stable alloys, form coarse primary crystals

of intermediate phases with aluminum or other alloying
additions, and cause severe chemical segregation during
solidification from the molten state when added in
amounts greater than a few atomic percent, or in many
cases a few tenths of an atomic percent.” These alloy-
ing additions upon solidification of the casting tend to
concentrate in large coarse intermediate phase particles
wh.ch have negligible or very limited solubility in solid

-aluminum - and in this form such alloying additions make

a minimum contribution to the mechanical properties of

the alloy, Thus the presence.of large amounts of such
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alloying additions generally result in cast bodies which
are unsound and difficult or impossible to process.

Accordingly, it is-an object of this invention to pro-
vide novel alummurn base alloy compositions and meth-
ods for producing articles - from these - compositions
which are characterized by superior elevated temperature
properties.

It is a further object of this invention to provide meth-
ods for producing aluminum base alloy articles contain-
ing alloying additions in amounts exceeding that hereto-
fore possible in the production of sound and workable
cast bodies.

It is a still further object of this invention to produce
aluminum base alloy articles, characterized by superior
elevated temperature properties, containing alloying addi-
tions of metals in amounts which under conditions .of
production heretofore known would form coarse pri-
mary crystals of intermediate phases with aluminum or
other alloying additions and would cause severe chem-
ical segregation during solidification.

It is ‘a still further object of this invention to pro-
duce aluminum -base alloy articles characterized -by -su-
perior elevated temperature properties, containing “alloy-
ing additions of at ieast one -other metal such as chro-
mium, manganese, iron, zirconium, titanium, vanadium
and molybdenum in amounts exceeding -that heretofore
possible in the production of sound and workable cast
bodjes.

These and other objects and advantages of the inven-
tion will be apparent from the ensuing -detailed descrlp-
tion of the invention.

in accordance with this invention, a melt of the de-
sired composition is first heated to a temperature .at
which it is a homogeneous liquid solution. The liquid
solution is then comminuted at this temperature by gge
formed are solidified and cooled at a rate sufficiently
rapid to eliminate or substantially eliminate formatjon
of coarse crystals of intermediate phases. -For exam-
ple, atomizing or shotting is satisfactory. In the result-
ing aluminum alloy particle, the undesirable character-
istics outlined above as resulting from the presence of
relatively large additions of certain alloying elements
have been found to have been eliminated or greatly
minimized. The solidified particles are then subsequent-
ly consolidated by working into larger bod.es which are
suitable for direct application or subsequent wrought
metal fabrication procedures, such as extruding.

The rapid cooling rate of the comminution process
greatly extends the amounts.of the. alloying additions
which may be beneficially contained in aluminum alloys.
Many compositions may be prepared in accordance with
this invention which have received little, if any, consid-
eration in the prior art of aluminum alloy. development
because it is well known that when such alloy composi-
tions are prepared by conventional casting procedures
sound and workable material is not produced.

According to this invention, it has been found that

-aluminum base alloys -containing alloying additions .of

at least one of the elements, chrominum, manganese,
iron, zirconum, titanium, vanadium -and molybdenum
in amounts exceeding that herétofore .possible in .the

- production of sound and -workable cast bodies can be

produced. “These alloys -are characterized by “superior
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elevated temperature properties, One such alloy con-
sists essentially of, by weight, from 4.5 to 13% copper,
1.5 to 5.0% manganese, 0.2 to 2.0% zirconium and 0.1
‘to 1.0% vanadium, balance aluminum and impurities in
normal amounts. Superior elevated temperature prop-
certies have also been obtained with binary aluminum
base alloys containing one of the following alloying addi-
tions in the recited amounts: from 3 to 10% manganese,
1 to 6% zirconium, 3 to 12% iron, 2.5 to 5% molyb-
denum, 1 to 6% chromium, 0.5 to 4% titanium, or 0.1
to 2.5% wvanadium.

Specific examples illustrating these and other alloys
which have been produced by the method of this inven-
tion but not constituting a limitation thereto are given
in Table 1.

TABLE 1

Chemical composition of aluminum alloy powders
in percent by weight

Balance.
0.
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The alloys of Table I were prepared by first commi-
nuting a homogeneous liquid solution of a melt having
the final desired alloy composition by atomization with
an apparatus illustrated with reference to Figure 1.

This apparatus consists of a graphite crucible 1 having
a 1”” diameter graphite rod 2 affixed to the lower portion
therecof. Graphite rod 2 has a longitudinal tubular pas-
sage or hole 3 provided therein in open communication
with the interior 4 of graphite crucible 1. Positioned
about graphite rod 2 is provided a ring type header 5
having a plurality of gas nozzles 6 connected thereto and
in open communication with the hollow interior 10 of
header 5. Nozzles 6 are directed downwardly at an angle
such that lines drawn through the axes of nozzles 6 inter-
sect at a point below graphite rod 2. A suitable hose or
pipe 7 is connected to header 5. Pipe 7 is connected to a
source of gas (not shown), for example air, under pres-
sure. Immediately below rod 2 may be provided a con-
tainer 8 containing a chilling liquid such as water 9.

The molten metal 11 to be atomized is contained in
graphite crucible 1 from which it passes through hole 3
inrod 2. By passing a gas such as air under pressure into
header- 5 jets 13 of such gas will issue from nozzles 6
forming a cone of jets intersecting at a point below hole
3 inrod 2. The molten metal issuing from the bottom of
the hole 3 is thus atomized by the cone of air jets whereby
the resulting particles 12 are rapidly solidified and col-
lected in container 8, While the atomization provides
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sufficiently rapid cooling to solidify particles 12 the
added cooling provided by liquid 9 prevents the particles
from sticking together.

It is to be distinctly understood that the apparatus
above described is but one means for comminuting the
molten metal and is given by way of example only and it
is to be distinctly understood that the invention is not to
be limited to the use of such a specific apparatus or means
for comminuting the metal. For example, the container
8 and liquid 9 could be eliminated if a sufficient distance is
provided for the atomized particles to fall whereby the
particles 12 are cooled sufficiently in air to prevent stick-
ing together.

The solidified particles 12 are then consolidated by
working into an article, said working being of sufficient
amount such that the densities of the article and of the
solidified particles will be substantially the same. The
resulting article may then be further worked by conven-
tional methods and means into the desired shape or form.

Some of the alloy powders illustrated in Table I were
treated by the successive steps of (a) cold compacting,
(b) hot compacting, and (¢) extrusion. The cold com-
pacting was accomplished by placing the powder in a
.638"" LD. hardened steel die and successively pressing
this charge from each end under a 25,000 p.s.i. pressure.
Prior to charging the powder to the die, the rams and die
walls were lubricated with a thin film of stearic acid and
aluminum flake pigment in carbon tetrachloride. Upon
completion of the cold compacting operation, the green
billet was ejected from the die. The hot pressing of the
green compacts was effected by replacing the normal ex-
trusion die in the extrusion apparatus with a blank plug.
The green compact was then placed in the heated cham-
ber and subjected to a light load for approximately three
minutes until the compact had reached the desired ex-
trusion temperature. Pressure was then gradually ap-
plied until a load of 80,000 pounds per square inch was
reached. This load was maintained for five minutes be-
fore being released. Upon completion of the hot pressing
operation, the blank plug was removed and replaced with
the desired extrusion die. After the extrusion die had
reached temperature, the hot compacted billet was ex-
truded at a rate of approximately 1.5 feet per minute.
The extruded samples were subsequently straightened by
means of a straight pull through a wire drawing die, the
wire drawing die being sufficiently smaller than the ex-
trusion to effect a small reduction in area.

The remaining alloys of Table I employed an alterna-
tive fabrication procedure which provided a more rapid
fabrication technique whereby the cold compacting step
prior to hot compacting was eliminated. This procedure
consisted of charging the powder to a hot extrusion ap-
paratus having a blank plug in place of the extrusion die,
placing the ram immediately on top of the cold charge
and subjecting the powder charge to a load of about
20,000 p.s.i. while the powder is heated up in the ex-
trusion chamber. After the powder had reached the
extrusion chamber temperature, the load was increased
to approximately 100,000 p.s.i. to effect consolidation.
The blank plug was then removed, replaced with the de-
sired extrusion die and the consolidated material extruded
as described above in connection with the first procedure.

Nonheat treated extrusions of all the alloys of Table I
were tensile tested at 600° F. after being exposed to this
temperature for 48 hours. The results of these tests are
given hereinbelow in Table II. It will be noted that
three subheadings, 13D, 8D and 4D appear under “per-
cent elongation.” These subheadings indicate the gauge
length for measuring the elongation in terms of the diam-
eter of the specimen. For example, 13D means that the
gauge length prior to testing was thirteen times the diam-
eter of the specimen. The elongation is then expressed
as a percentage of this length.
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TABLE IL

Tensile properties at 600° of extrusions of powders
[Short time tensile tests after exposure to 600° F. for 48 hours]

" Extru- Percent Elonga- | Percent
Alloy | .- sion TS s tion Redue-
No. [Tempera-| (p.s.i.) (p.sil) tion In
ture, ° F. - Area
13D |-8D | 4D

800 17,900 12,7001 12 66

800 18, 700 12, 000 18 24 39 69

800 19,000 12,100 28 40 63 72

800 19,000 14, 100 18 26 40 58

800 18,800 13,000 20 27 40 56

800 17,100 11,700 17 23 |oioien 78

800 18, 400 13,800 15 22 35 77

800 17,400 11, 700 16 73

850 15,900 9, 700 25 67

850 17,000 8,700 19 26

850 18, 800 14, 600 14 47

900 23,000 17,300 12 48

900 22,400 14,300 [{J PERENN ES 4

800 13,000 8,400 18 52

8001 - 13,700 9,000 p.2: ) S I 48

800 15,300 12,100 191 - 26 35 61

800 12,900 8,000 18 24 |- 79

800 11, 800 8, £00 11 16 21 72

800 13,600 10,200 12 18 26 58

800 12, 600 9, £00 11 15 22 64

800 17,100 12,800 11 15 fosi . &0

800 12, 100 7,500 20 28 40 84

900 24, 300 16, 200 151 20.8 40 54

8t 19, 400 12,200 22 30 44 55

870 21, 200 14, £00 15 17 15 |-

800 13, 800 8,700 20 28 26 bl

80 22, 600 14, 200 3 8 13 3

900 23,400 17,.300 8 10 8 21

900 24,700 16, 100 11 14 |oae s 25

900 23, 800 16, 700 15 22 29 .65

900 27 600 19, £00: 10 20 20 36 °©

Non-heat treated extrusions of all alloys of Table I

.-were also tested at room temperature after being exposed

to a temperature of 600° F. for 48 hours. The. results
of ‘these tests are given-in Table III below and the high
properties obtained demonstrate the elevated temperature
stability of these alloys.

TABLE III

Room temperature .properties of extrusions of powders

[Extrusions were exposed t6 600° F, for 48 hours prior to tensile testing]

Extru- R Percent Elonga- -} Percent
Alloy sion TS YS tion Reduc-
No.  |[Tempera-| (p.s.i.) (p.s.i.) tion In
ture, ° F. . Area
13D | 8D | 4D

800 48,400 37,400 6 41

800 62, 200 43,800 K 11

800 | 72,300 62,400 7

800 71,300 47,000 4 12

80 73; 200 62,700 7. 14

200 49,300 37,400 7 33

800 49, 600 38,700 8 46

800 3%, 600 27,100 13 60

80 42,800 34,400 10 31

870 6, 200 31, 200 3 11

80 -38, 600 28, 800 11 66

900 47,700 36,.00 9 £3

900 £2,400 38,100 7 21

800 0, 200 44,400 7 25

800 61, 600 48, 300 6 25

800 34, €00 29, 800 10 68

800 30,700 2F, 700 -12 64

800 25,300 21,200 13 19 29 74

800 30,400 22,100 12 17 26 61

800 25,100 19, 700 14 19 31 77

800 32,200 25,700 11 65

800 42,400 30, 100 9 45

800 63, 200 55,700 6 25

80 69, 200 60, 000 6 22

80 70,700 41,700 9 46

800 41, 600 33,900 11 6

80 63, 100 40,200 2 5.8

80 63, 200 40,900 3 8.0

900 67,00 £4, 000 8 39

900 49, 400 33,700 10 £6

900 55,900 41, 800 7 36

For purposes of comparison the properties of two
conventional wrought aluminum alloys, e.g. 7075-T6
(nominal  composition, 1.6% copper, 2.5% magnesium,
5.7% zinc; 0.25% chromium, balance aluminum) and
2014-T6 (nominal composition, 4.5% copper, 0.9% sili-
-con, 0.8% -manganese, 0.5% .magnesium, balance alumi-
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num) -are given in Table IV below when measured at
600° F. and when measured at room temperature after
exposure to a temperature of 600° F. for the designated
period of time. )
TABLE IV
Properties of conventional wrought alloys after- exposure
10 600° F.

Measured at 600° F, Measured
a’f‘ Room
emp.,

Ysp ?

(p.s.d.)

-Time at
600°F., | — T -

Hrs. TS YS
(p.s.i.)

Alloy
Elong.
(psil) D)

7075-T6, 1/2
7075-T6.
2014-T6.
2014—’1‘6

19, 500

100 8, 500 t-
121 10,000 |.
100 8,000 6, 500 50

14, 500

As can be seen by comparison of the results shown in
Table II, with Table IV, the improvements obtained in
the 600° F. tensile properties by the additions of alloy-
ing mgredxents in amounts exceeding that heretofore
possible in the production of sound and workable cast
bodies are very significant. [From the results obtained
with these alloys.it can be seen that the new alloys con-
taining such large amounts of alloying additions pro-
duced by the method of this invention have significantly
higher tensile strengths and yield strengths at 600° F.
than prior art aluminum base alloys produced by con-
ventional methods, typical examples of which are given
in Table IV.

Table I illustrates a large number of alloys exhibiting
properties measured at 600° F. significantly superior to
prior art alloys, the lowest properties being a tensile
strength of 11,800 p.s.d..and a yield strength of 7,500 p.s.i.
Tensile strengths as high as 27,600 p.s.i. and yield
strengths as high as 19,500 p.s.i. were exhibited by al-
loys containing the large amounts of alloying additions
illustrated in Tables I and II produced by the method of
this invention. In addition, from Table TI it can be seen
that more than two-thirds the alloys produced exhibited
tensile strengths measured at 600° F. in excess of 15,000
p-si. and yield strengths measured at 600° F. in excess
of 10,000 p.s.i.

In general, from reference to Table II, it may be seen
that the various alloys set forth fall into the following
groups with the recited mechanical properties when tested
at 600° F. after exposure to 600° F. for 48 hours.

(1) Alloys consisting essentially of 3 to 10% manga-
nese, balance aluminum and impurities in normal amounts
having a tensile strength from about 15, 000 to about
18,000 pis.i., a yield strength from about 8,000 to 12,000
p.si., and an elongation from about 16 to 25% in a
length 13 times.the diameter of a cylindrical test speci-
men.

(2) Alloys consisting essentially of 1 to 6% zirconium,
balance aluminum and impurities in normal amounts
having a tensile strength from about 13,000 to 14,000
p.sd., a yield strength from about 8,000 to 9,000 p.s.i.,
and an elongation from about 19 to 23% in a length 13
times the diameter of a cylindrical test specimen.

(3) Alloys consisting essentially. of 3. to 12% iron,
balance aluminum and impurities in normal amounts hav-
ing a tensile strength from about 18,000 to 23,000 p.s.i.,
a yield strength from about 14,000 to 18,000 p.s.i.-and
an elongation from about 6 to 14% in a length 13 times
the diameter of a cylindrical test specimen.

(4) Alloys consisting essentially of 2.5 to 5% molyb-
denum, balance aluminum and impurities in normal
amounts having a tensile strength from about 11,000 to
14,000 p.s.i., a yield strength from about 8,000 to 11,000
p.s.i., and an elongation from about 11 to 12% in a
length 13 times the diameter of a cylindrical test speci-
men.

(5) Alloys consisting _essentially of 1.to 6% .chro-

~mium, - balance aluminum and - impurities -in .normal
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amounts, having a tensile strength from about 12,000 to
18,000 p.s.., a yield strength from about 9,000 to 13,000
p.si., and an elongation of about 11% in a length 13
times the diameter of a cylindrical test specimen.

(6) Alloys consisting essentially of 0.5 to 4% tita-
nium, balance aluminum and impurities in normal
amounts having a tensile strength from about 14,000 to
16,000 p.s.i., a yield strength from about 11,000 to 13,000
p.si, akd an elongation from about 18 to 20% in a
length 13 times the diameter of a cylindrical test speci-
men.

(7) Alloys consisting essentially of 0.1 to 2.5% vana-
dium, balance aluminum and impurities in normal
amounts having a tensile strength from about 11,000 to
13,000 p.s.i., a yield strength from about 7,000 to §,000
p.si., and an elongation of about 18% in a length 13
times the diameter of a cylindrical test specimen.

(8) Alloys consisting essentially of 4.5 to 13% cop-
per, 1.5 to 5% manganese, 0.2 to 2% zirconium, 0.1 to
1% vanadium, balance aluminum and impurities in nor-
mal amounts having a tensile strength from about 17,000
to 19,000 p.s.i., a yield strength from about 12,000 to
15,000 p.s.i., and an elongation from about 12 to 28%
in a length 13 times the diameter of a cylindrical test
specimen.

(9) Alloys consisting essentially of 7.5% iron, an ele-
ment chosen from the group of 2% chromium, 2% tita-
nium and 2% zirconium, balance aluminum and impuri-
ties in normal amounts having a tensile strength from
about 23,000 to 28,000 p.s.i., a yield strength from about
16,000 to 20,000 p.s.., and an elongation from about
10 to 15% in a length 13 times the diameter of a cylin-
drical test specimen.

(10) Alloys consisting essentially of 3.5 to 5% man-
ganese, one or more of the elements chosen from the
group 2 to 7.5% iron, 1% chromium, 0.5 to 2% tita-
nium, 1 to 2% zirconium and 0.5 to 1% vanadium, bal-
ance aluminum and impurities in normal amounts hav-
ing a tensile strength from about 13,000 to 25,000 p.s.i.,
a yield strength from about 8,000 to 18,000 p.s.i. and an
elongation from about 3 to 22% in a length 13 times the
diameter of a cylindrical test specimen.

The room temperature tensile properties of the extru-
sions of alloys produced in accordance with this inven-
tion after exposure to 600° F. can be seen by compari-
son of Table IIl with Table IV to be superior to those
found in conventional wrought aluminum alloys after a
similar exposure to 600° F. Several of these composi-
tions were outstanding in this respect and exhibited ten-
sile strengths in excess of 60,000 p.s.i. and yield strengths
in excess of 50,000 p.s.i. The lowest yield strength
shown in Table III is 19,700 p.s.i., which is substantially
higher than that exhibited by alloy 7075-T6 of Table IV.

It was also found in accordance with the present in-

vention that the alloys exhibited substantially high modu- ¢

lus of elasticity values. For example, alloys 9, 12 and
15 as designated in Table I had the following values for
modulus of elasticity:

Ps.i.
Alloy No. 9 12.5% 1086
Alloy No. 12 11.8% 108
Alloy No. 15___. 10.8x 1086

It will be understood that various changes, omissions
and additions may be made to this invention without de-
parting from the spirit and scope thereof as set forth in
the appended claims.

All percentages in the claims are by weight of the total
alloy.

What is claimed is:

1. A method of producing metal articles comprising
the steps of preparing a melt of an aluminum base alloy
containing alloying additions of metals in amounts which
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form coarse primary crystals of intermediate phases with
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aluminum or other alloying additions and cause severe
chemical segregation during solidification, heating said
melt to a temperature at which it is a homogeneous
liquid solution, comminuting said homogeneous liquid
solution, solidifying and cooling the resulting metal par-
ticles at a rate sufficiently rapid to eliminate or substan-
tially eliminate the formation of coarse crystals of inter-
mediate phases and consolidating the solidified particles
by working.

2. A method according to claim 1 wherein said com-
minuting step is effected by atomizing the homogeneous
liquid solution.

3. A method of producing an aluminum base alloy
article characterized by superior elevated temperature
properties comprising the steps of preparing a melt of an
aluminum base alloy containing alloying additions of
metals in amounts which under conditions of production
heretofore known would form coarse primary crystals of
intermediate phases with aluminum or. other alloying ad-
ditions and cause severe chemical segregation during
solidification, heating said melt to a temperature at which
it is' a homogeneous liquid solution, comminuting said
liquid solution, solidifying and cooling the resulting metal
particles sufficiently rapid to eliminate or substantjally
eliminate the formation of coarse crystals of intermediate
phases, consolidating the solidified particles into an article
by working, said working being of sufficient amount that
the densities of the article and solidified particles are sub-
stantially the same.

4. A method according to claim 3 wherein said com-
minuting step is effected by atomizing the homogeneous
liquid solution.

5. A method of producing an aluminum base alloy
article characterized by superior elevated temperature
properties comprising the steps of preparing a melt of an
aluminum base alloy containing alloying additions of at
least one of the elements chromium, manganese, iron,
zirconium, titanium, vanadium and molybdenum in
amounts exceeding that heretofore possible in the pro-
duction of sound and workable cast bodies, heating said
melt to a temperature at which it is 2 homogeneous liquid
solution, comminuting said liquid solution, solidifying
and cooling the metal particles at a rate sufficiently rapid
to prevent the formation of coarse crystals of intermedi-
ate phases and consolidating said particles into an article
by working, said working being of sufficient amount that
the densities of the article and of the solidified particles
are substantially the same.

6. A method according to claim 5 wherein the com-
minuting step is effected by atomizing the homogeneous
liquid solution.

7. A method of producing an aluminum base alloy
article characterized by superior elevated temperature
properties, comprising the steps of heating a melt of an
aluminum base alloy containing alloying additions in
amounts exceeding that heretofore possible in the pro-
duction of sound and workable cast bodies to a temper-
ature at which it is a homogeneous liquid solution, com-
minuting said liquid solution, rapidly cooling and solidify-
ing the metal particles, cold compacting followed by hot
compacting of said comminuted particles, and further
working the compacted material,

8. A method of producing an aluminum base alloy
article, characterized by superior elevated temperature
properties comprising the steps of heating a melt of an
aluminum base alloy containing alloying additions of
metals in amounts which under conditions of production
heretofore known would form coarse primary crystals
of intermediate phases with aluminum or other alloy-
ing additions and would cause severe chemical segrega-
tion during solidification to a temperature at which it
is a homogeneous liquid solution, comminuting said liquid
solution, rapidly solidifying and cooling the metal par-
ticles, cold ‘compacting followed by hot compacting of
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said solidified particles, and subjecting the compacted
material to further working.

9. A method of producing an aluminum base alloy
article, characterized by superior elevated temperature
properties comprising the steps of heating a melt of an
aluminum base alloy containing alloying additions of at
least one of the elements, chromium, manganese, iron,
zirconium, titanium, vanadium and molybdenum, in
amounts exceeding that heretofore possible in the pro-
duction of sound and workable cast bodies to a temper-
ature at which it is a homogeneous liquid solution, com-
minuting said liquid solution, solidifying and cooling the
metal particles at a rate sufficiently rapid to eliminate or
substantially eliminate the formation of coarse crystals
of intermediate phases, cold compacting followed by hot
compacting of said comminuted particles, and subjecting
the compacted material to further working.

10. A method of producing an aluminum base alloy
article characterized by superior elevated temperature
properties comprising the steps of preparing a melt of an
aluminum base alloy containing alloying additions in
amounts exceeding that heretofore possible in the pro-
duction of sound and workable cast bodies, heating said
melt to a temperature at which it is a homogencous
liquid solution, comminuting said liquid solution, solidify-
ing and cooling the resulting metal particles sufficiently
rapid to eliminate or substantially eliminate the forma-
tion of coarse crystals of intermediate phases, hot com-
pacting the solidified particles and subjecting the com-
pacted material to further working.

11. A method of producing an aluminum base alloy
article characterized by superior elevated temperature
properties comprising the steps of preparing a melt of
an aluminum base alloy containing alloying additions
of metals in amounts which under conditions of pro-
duction heretofore known would form coarse primary
crystals of intermediate phases with aluminum or other
alloying additions and would cause severe chemical seg-
regation during solidification, heating said melt to a
temperature at which it is a homogeneous liquid solu-
tion, comminuting said liquid solution, solidifying and
cooling the resulting metal particles sufficiently rapid
to substantially eliminate the formation of coarse crystals
of intermediate phases, hot compacting said - solidified
particles, and subjecting the compacted material to
further working.

12. A method of producing an aluminum base alloy
article characterized by superior elevated temperature
properties comprising the steps of preparing a melt of
an aluminum base alloy containing alloying additions
of at least one of the elements chromium, manganese,
iron, zirconium, titanium, vanadium and molybdenum
in amounts exceeding that heretofore possible in the pro-
duction of sound and workable cast bodies, heating said
melt to a temperature at which it is a homogencous
liquid solution, comminuting said liquid solution, solidify-
ing and cooling the metal particles at a rate sufficiently
rapid to substantially eliminate the formation of coarse
crystals of intermediate phases, hot compacting said
solidified particles and subjecting the compacted material
to further working.

13. A method of producing an aluminum base alloy
article, characterized by superior elevated temperature
properties comprising the steps of heating a melt of an
aluminum base alloy containing alloying additions of at
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least one of the elements, chromium, manganese, iron,
zirconium, titanium, vanadium and molybdenum in
amounts exceeding that heretofore possible in the pro-
duction of sound and workable cast bodies to a temper-
ature at which it is a homogeneous liquid solution, pour-
ing the molten metal into a container having a tubular
passage at the bottom thereof whereby said molten metal
passes through said tubular passage, directing at least
one jet of gas into the molten metal passing from said
tubular passage thereby atomizing said molten metal,
solidifying and cooling the metal particles sufficiently
rapid to eliminate or substantially eliminate the forma-
tion of coarse crystals of intermediate phases, said metal
particles dropping into a cool liquid where they are col-
lected, compacting said particles at an intermediate pres-
sure while heating to the extrusion temperature, increas-
ing the compacting pressure to a maximum upon reach-
ing extrusion temperature, and extruding the compacted
material.

14. The method of claim 13 wherein said intermediate
pressure is approximately 20,000 p.s.i. and said maximum

‘compacting pressure is approximately 100,000 p.s.i.

15. A method of producing an aluminum base alloy
article, characterized by superior elevated temperature
properties comprising the steps of heating a melt of an
aluminum base alloy containing alloying additions of at
least one of the elements, chromium, manganese, iron,
zirconium, titanium, vanadium, and molybdenum in
amounts exceeding that heretofore possible in the pro-
duction of sound and workable cast bodies to a temper-
ature at which it is a homogeneous liquid solution, pour-
ing the molten metal into a container having a tubular
passage at the bottom thereof whereby said molten metal
passes through said tubular passage, directing at least
one jet of gas into the molten metal passing from said
tubular passage thereby atomizing said molten metal,
solidifying and cooling the metal particles at a rate suf-
ficiently rapid to eliminate or substantially eliminate the
formation of coarse crystals of intermediate phases, said
metal particles dropping into a cool liquid where they
are collected, cold compacting said particles at an in-
termediate pressure, further compacting said particles at
a low pressure while heating to the extrusion tempera-
ture, increasing the compacting pressure to a maximum
upon reaching the extrusion temperature, and extruding
the compacted material.

16. The method of claim 15 wherein said cold com-
pacting pressure is approximately 25,000 p.s.i. and said
maximum compacting pressure is approximately 100,000
p.s.d.
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