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Lo all whom it may concern: .

Bo it known that we, Zay Jerrris, of
Shaker Heights, and RoBerr S. ARCHER, of
Lakewood, both in the.county of Cuya-

hoga and State of Ohio, have invented cer-.

tain new and useful Improvements in Alu-
minum-Copper Alloys, of which the follow-
ing is a full,-clear, and exact description.

The invention which forms the subject
of our present application (a division of
our copending application Serial No.
435,024, filed January 4, 1921 now Patent
No. 1,508,556, issued September 16, 1924)
relates to the production of aluminum alloy
castings, particularly castings made of al-
loys containing silicon or copper or both,
with or without other metals, and its chief

- object is to provide a simple and effective
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method which will produce light-weight
castings with a hitherté unobtainable cora-
bination of physical properties, especially
as regards elastic limit, tensile strength and
ductility. To this and other ends the inven-
tion consists in the novel method and prod-
uct hereinafter described.

As will be seen from the subjoined de-
scription, the invention is based upon the
combination of certain steps, some of them
novel with us, and in part the invention
resides in the discovery that certain alloys
are especially susceptible to improvement

by heat treatment after -casting, and

that certain - methods of casting such
alloys further and peculiarly adapt them
to such treatment; and 1In the - addi-
tional discovery of temperature and dura-
tion of heat treatment in combinations ap-
propriate to the particular alloys and
methods of casting involved. With the aid
of these discoveries we have been able.to
produce castings having improved physical
properties with respect to elastic limit, ten-
sile strength .and ductility to an extent
hitherto unattainable, with the result that
it is now possible to use aluminum alloy
castings for purposeés for which. their use
has previously been impracticable.

The tensile strength of commercially pure
cast aluminum is about 12,000 pounds per
square inch and its elongation about 23
per cent. By adding varying proportions
of hardening metals, particularly copper

Divided and this applica-

and zine, it is possible to increase the tensile
strength co that the sand cast alloy will have
an ultimate strength of nearly. 30,000
pounds per square inch, but the elongation
is thereby reduced to less than 5 per cent.
By adding a very large amount of zine
the tensile strength may be raised to ap-
proximately 40,000 pounds per square inch,
but the elongation” is reduced to almost
nothing, and the alloy is very brittle. By
casting any of these alloys .in' a chill mold,
the tensile strength may be increased in
general by approximately 5,000 pounds per
square inch and the elongation may also be
increased. But it has heretofore been im-
Possible to simultaneously produce tensile
strengths of over 80,000 pounds per square
inch and an elongation of 8 per cent or over.

By our method, however, we have boen
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able to extend very greatly the range of thé-

tensile strength and elongation, and of the
combination of the two, so that we have
obtained castings having very much higher
tensile strengths than those hitherto known
in-the art, and yet elongations better than
those at present obtained with casting alloys
having only moderate tensile strengths.

In general, elongation decreases as tensile
strenglh increases, but our new method
enables us to. produce very much better
simultaneous results in both of these respects
than have hitherto been possible.

It is also to be noted that the high tensile
strength alloys previously known have re-
quired the precence of substantial amounts
of zinc, even in many cases up to 33 per
cent, and have therefore been considerably
heavier than pure aluminum, while we ob-
tain our results with an addition, in general,
of not more than 5 to 10 per cent of total
heavier alloying metal or metals and yet
produce a casting which is not only stronger
and more ductile but likewise lighter than
would otherwise be obtained, v

Various prior investigators have- pro-
posed to obtain castings possessing the de-
sirable combination of high tensile strength
and ductility by heat treatment of a proper-
ly made casting, but their contributions to
the art have so far not led to commercially
useful results. For example, the best re-
sults published prior to our work are those
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‘to e')l:litify the cost

'its first step the pregaration of an a

of Wilm, who.reports having obtained chill
castings with a tensile strength of about
32,000 pounds per square inch and an'elon-

5 to 7 per cent. More recently

gation of
‘ﬁerica and Karr have by heat treatment of

an slloy containing copper: and a large
amount of zinc, obtained a tensile strength
of 41,200 pounds per square inch but with
an elongation of only 4 per cent. 'This alloy
contained about 19 per cent of heavy alloy-

greater than 3. With lighter alloys, for
example one containing small amounts of
copper, magnesiam and manganese, they ob-
tained & tensile strength of 85,500 pounds
per square inch-and an elongation of 2.3 per
cent. In none of the three cases mentioned
above were the properties enough better
than those by untreated castings
of the treatment.
invention involves the discovery of
important reasons for ' previous lack of
ractical success along this line, and em-
graées a combination of old and new steps
so that we are now able by means of our
improved method to produce articles, cast
in either sand or chill molds, having physi-
cal properties far superior to those of any
such castings hitheérto produced. By means
of our novel method we have produced sand
castings of an aluminum alloy containing
4 per cent copper and 0.2 per cent magne-
gium, having & tensile strength of-about
50,000 pounds per square inch and an
elongation of 8.5 per cent, with relatively
high elastic limit; also chilled castings hav-

ing a tensile strength of 54,000 pounds per
square inch and an elongation of 18 per
cent, with relatively high elastic limit.
This combination of high tensile strength
and elongation enables these castings to be
used for purposes for which aluminum
castings have not hitherto been suitable and
for which it has been necessary to use the
much heavier ferrous materials such as steel
or malleable iron.
One example. of our process comf)risps as
uminum
alloy containin %) about 8 to 5.5 per cent
copper, preferably 4 per cent, with no
magnesium or with magnesium up to about

0.3 per cent, the iron content in particular

being as low as possible, preferably not to

* exceed 0.25 per cent. Iron and silicon are

always present as impurities in aluminum
as now obtainable, and a part of our inven-

* tion conmsists in so choosing the raw ma-

terials as to limit the iron content of the
finished alloy to-an amount as low as pos-
sible, preferably not over 0.25 per cent. The-
use og silicon in substantial amounts will
be considered hereinafter. :

The ingredients are mixed in the molten .

state, care being taken to avoid excessive
temperatures at all stages of the melting

metals and hence had a specific gravity .

1,573,487

_opei‘a.tion, and the mixture is poured into

either a sand mold or a chill mold, and
caused to solidify. After solidification a
microscopic examination reveals masses of
an aluminum-rich constituent surrounded by
a network of a hard, brittle constituent,
which has been reported to be chiefly
CuAl,. In the form of a sand-cast test
bar about one half inch in diameter the alloy
has a tensile strength of 18,000 to 25,000
pounds per square inch with an elongation

-of 2.5 to 4 per cent in two inches. A chill

cast test bar of the same size has a tensile
strength of about 24,000 to 28,000 pounds
per square inch and an elongation up to 6
per cent in two inches. The iron in the
alloy is found both in the form of needles,
reported to be FeAl,, and in a different
form, apparently as a silicide of iron. The
presence of the iron (FeAl,) needles up to
a certain amount is beneficial to the strength
and ductility of the alloy in the cast con-
dition, probably due to the fact that the
ordinary path of fracture in the cast alloys
is through the brittle network of CuAl,
which is strengthened by the iron needles.
It is found that these iron needles are very
detrimental to the Ehysical properties of the
casting after the heat treatment discussed
below. : '

The next step in the example of our process
now being described consists in heating the
castings to, and maintaining them at, a tem-
perature of 500° to 540° C. for a period of
time depending upon the results desired and
the manner in which the casting was made.
The principal object of heating the castings
at the temperature mentioned 1s to cause the
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CuAl, in the network to go into solution -

in the solid aluminum-rich constituent. It
is found that at the temperatures referred
to, this CuAl, dissolves slowly, in fact sur-
prisingly slowly. In sand castings the time
necessary for maximum solution of this
CuAl, may be as much as 48 hours, at the
temperatures mentioned; while in chill
castings, because of the finer network
structure, the time for maximum solution
is less—for example, 7 hours has been found
to be sufficient in some cases.

If the copper content exceeds the amount
which is soluble in the solid state just below
the freezing point of the eutectic, some of
the CuAl, will remain in the network after
heat treatment, and the physical properties
of the casting will not be as good as can be
obtained with a lower copper content. . In
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most if not all cases the best combination of -

physical properties results only when sub-
stantially all of the CuAl, in the network

‘has been dissolved in the aluminum-rich

constituent.

A temperature of heat-treatment high
enough to fuse the eutectic, that is, the tem-
perature of incipient fusion of the alloy,
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is in most- cases unfavorable to the best
ultimate results, and it hes been found that
in some instances 540° C. is too high unless
the rate of heating up to that point is very
slow.or the time of heating below thdt point

1is comparatively long.

A further result of heating' the castings
at the temperature mentioned is to re-dis-
solve any.
tated in small particles within the alumi-
num-rich constituent rather than in the net-
work during the previous cooling of the cast-
ings.

After the heating period the castings are

- preferably cooled rapidly, as by quenching

in water. DBy the above described procedure,
sand castings of an alloy containing 4 per
cent copper, 0.2 per cent magnesium and less
than .25 per cent iron have been produced
with a tensile strength, after aging, of about
50,000 pounds per square inch and an elon-
gation of 8.5 per cent. Chill castings have
been made by the same process, of the same
alloy, having ‘a tensile :strength of 54,000
pounds per square inch after aging and an
elongation of 18 per cent.

As stated above, quenching is preferable
to slow cooling, but good results can‘in some
cases be obtained by cooling in a current
of air. A marked difference has been ob-
served between the resultsobtained by cooling
in a eurrent of air and those obtained by cool-
ing in still air. Tven slow cooling, however,
produces improvement as compared to the
cast condition, not only in the physical
properties but also in resistance to corrosion.

The physical properties of castings sub-
jected to the treatments above referred to can
be further changed by artificial aging, that
is, by heating them, immediately after cool-
ing, to a temperature of 100° to 150° C. for
a time, one hour being in many cases suffi-
cient. As a result of such heating the ten-
sile strength is increased and the elongation
decreased, and the elastic limit is increased
very markedly. -
~ The method of casting is an important
factor. Thusa method producing fine grain
and improved physical properties, yields
castings which are generally more amenable
to the heat-treatment than does a casting
method which produces coarse grain. For
example a bar having a cylindrical test sec-
tion two inches long and a half-inch in diam-
eter, composed of alloy- containing about 4
per cent copper and cast in. a sand mold,
has a tensile strength of about 18,000 pounds
per square inch and an elongation of about
4 per cent. If the bar is heat-treated by
our method, say at a temperature around
520° C. for 24 hours, the tensile strength
may-be more than doubled- (increasing to
about 37,000 pounds per square inch) and
the elongation is increased to about 12 per
cent, or three times its original value. On

uAl, which may have precipi-.

the other hand, if the bar is cast in such a -

manner as to cause rapid solidification, say
by chill casting in an iron-mold, it will have,
after heat-treatment by our method, a ten-
sile strength of about 40,000 pounds per

square inch, and an elongation of about 20-

per cent. .

The addition, to the aluminum-copper al-
loys, of a small amount of magnesium, say
0.2 or 0.3 per cent, increases the tensile
strength and elastic limit, but is less favor-
able to ductility or elongation.

For the best results, our experience indi-
cates that the iron content of the aluminum
copper alloy should be low, but if care.is
taken to make the castings by the chill
method, a higher percentage of iron can
be used, good results being obtained with
chill castings containing even more than 0.4
per cent of iron. On the other hand, in the
case of heat-treated sand castings, more than
that amount of iron gives less advantageous
physical propertics. The presence of the
iron is evidenced by crystalline needles,
probably of the composition FeAl,, which
usually form in the net work containing
CuAl,. These needles are not soluble to any
considerable extent in the solid aluminum
alloy, and remain intact and in place while
the CuAl, is absorbed into the body of the
solid-solution crystals of aluminum during
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heat-treatment. The iron needles tend to .

have a beneficial effect on the physical prop-
erties of the alloy as cast, that is before
heat-treatment, but after the CuAl, in the
network has been dissolved into the alumi-
num-rich constituent by heat-treating, the
iron needles are a source of weakness, dimin-
ishing both tensile strength and elongation.

The complete elimination of the iron
needles is therefore highly desirable, but
the complete avoidance of iron or even its
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reduction below about 0.25 per cent is not -

always practicable commercially. However,
when silicon is present in-excess of the iron,
the quantity of FeAl, formed is lessened,
and some of the iron combines with the sili-
con to form what appears to be an iron sili-
cide. We have discovered that the latter
compound freezes in a form less harmful
than the needles of FeAl,. In the case of
chill castings, it is found that the FeAl,
needles are much smaller than in the sand
castings, and hence they are not so chbjec-
tionable in the heat-treated casting. Since
there is considerable difficulty in commer-
cially producing aluminum free from or
containing less than 0.25 per cent of iron,
the desired silicon-iron relationship is most
advantageously obtained by adding silicon
when necessary. For example, if the iron
content of the aluminum ingot is 0.35 per
cent and the silicon 0.3 per cent, we find it
advantageous to add about 0.35 per cent
silicon. We have also found that the addi-
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tion of a small quantity of zinc, say 0.25
per cent, improves both the tensile strength
and elongation of the heat-treated castings.
Chromium up to 0.5 per cent or a little
more increases the tensile strength in the
heat-treated casting, but reduces the elonga-
tion. , o
* With regard to the limits of copper con-
tent, we have observed that up to about 2
per -cent copper, nearly all the CuAl, re-
mains in solution upon solidification, and

‘that beyond 5.5 per cent copper some of the

CuAl, usually remains out of solutien even
after heat-treatment. In- some cases the
metal can be heated above the melting point

- of the eutectic of CuAl, and aluminum with-
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out impairing its physical properties pro-
vided the metal is cooled to a temperature
slightly below that of complete solidification
and held there for some time before quench-
ing. When substantial percentages of iron,
silicon, magnesium and zinc are present, or
any of them, the higher permissible tempera-
ture is lowered. :

It is found that the coarser the grain pro-
duced in casting, the longer must the heat-
treatment be continued to produce the most
beneficial results. Accordingly sand -cast-
ings with large cross-sectional areas require
longer heating than chill castings. Usually
holding at temperature for about 7 hours is
sufficient for chill castings, whereas 24 hours
may be necessary with sand castings.

In addition to the production of a superior
grade of sand castings, permanent mold or
chill castings (including die castings), the
application of our invention is also mest im-
portant in connection with the forging and
pressing of aluminum alloys. If it is de-
sired to produce a forging of a given shape,
a casting of suitable composition, say 4 per
cent copper and 0.2 per cent magnesium, is
made, preferably in a chill mold, and is sub-

- jected to heat-treatment by our method to
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produce a starting material for forging.

In this case, instead of quenching from the
heat-treatment temperature and then re-
heating the article to forging temperature,
we find ‘it preferable to simply cool slowly
from the heat-treatment temperature to the
forging temperature. The piece is then fin-
ished to size under the press or hammer, af-
ter which it is given a short heating, say at
520° C., followed by quenching. -

The duration of the heat-treatment step
of our method depends, in large measure,
other conditions being the same, upon the
degree of improvement desired jin the
physical properties of the casting.

The essential thing to be kept in mind is
the relatively long time required for cast al-
loys in general, as compared to those rolled
aluminum-copper alloys known to the prior
heat-treating art. This is caused, in the
case of the cast copper alloys, by the greater

1,573,487

difficulty in getting the unbroken CuAl, net- -

work into solution in the aluminum.

In the copper alloys contdining about 4
per cent copper, for example, it is found
that heating for very long periods, suy 48
hours or more, at temperatures only slightly
below 500° C. will not, in general, produce
as good results as a five hour treatment at
520° C. In chill castings of the copper al-
loys it has been found that even two hours
heating at 520° C. produced substantially as
good results as about 22 hours at 500° C. In
order to reduce the time to'a minimuin, we
prefer, if suitable temperature control is
available, to use as high a temperature as
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can be safely employed without spoiling the -

castings by overheating. _
It is to be understood that the invention is
not limited to the specifi¢ details herein de-

‘seribed but can be practised in other ways

without departure from its spirit.
We claim— ' :
1. In the art of making aluminum-alloy

castings, the method comprising preparing -

an aluminum alloy containing between
about 3 and 5.5 per cent of copper, casting

90

the alloy, heating the casting to a tempera-

ture of about 500° to 540° C. for at least
about 7 hours, and cooling the casting.

2. In the art of making aluminum-alloy
castings, the method comprising preparing

95

an aluminum alloy containing between about -

. 8 and 5.5 per cent of copper, casting the al-

loy, heating the casting to a temperature of
about 500° to 540° C. for at least about 7
hours, and cooling the casting rapidly.

3. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy low in iron and contain-
ing between about 3 and 5.5 per cent of cop-
per, casting the alloy, heating the casting to
a temperature of about 500° to 540° C. for
at least about 7 hours, and cooling the cast-
ing. ‘

4. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy low in iron and contain-
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ing between about 8 and 5.5 per cent of cop-

per, casting the alloy, heating the casting to
a temperature of about 500° to 540° C. for
at least about 7 hours, and cooling the cast-
ing rapidly. '

5. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between about
3 and 5.5 per cent of copper and not more
than about 0.3 per cent of magnesium, cast-
ing the alloy, heating the casting to a tem-
perature of about 500° to 540° C. for at
least about 7 hours, and cooling the casting.

6. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between
about 3 and 5.5 per cent of copper and not
more than about 0.3 per cent o¥ magnesium,
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casting the alloy, heating the casting to a
temperature of about 500° to 540° C. for at

“least_about 7 hours, and cooling the casting

rapidly.

. In the art of making aluminum-alloy
‘castings, the method comprising preparing
an aluminum® alloy low 1in iron and con-
taining between about 8 and 5.5 per cent of
copper and not more than about 0.3 per
cent of magnesium, casting the alloy, heat-
ing the casting to a temperature of about
500° to 540° C. for at least about 7 lhours,
and cooling the casting.

8. In the art of mat-fting aluminum-alloy
castings, the method comprising preparing
an aluminum alloy low in iron and contain-
ing between about 3 and 5.5 per cent of
copper and not more than about 0.3 per
cent of magnesium, casting the alloy, heat-
ing the casting to a temperature of about
500° to 540° C. for at least about 7 hours,
and cooling the casting rapidly. ‘

9. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between
about '3 and 5.5 per cent of copper and a
small amount of zine, casting the alloy, heat-
ing the casting to a temperature of about
500° to 540° C. for at least about 7 hours,
and cooling the casting. ‘

10. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between
about 3 and 5.5 per cent of copper, casting
the alloy, heating the casting to a tem-
perature of about 500° to 540° C. for at
least about 7 hours, cooling the casting, and
réheating the alloy at a relatively low tem-
perature for a time sufficient to increase the
tensile strength of the alloy.

11. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between abouf
3 and 5.5 per cent of copper, casting the
alloy, heating the casting to a temperature
of about 500° to 540° C. for at least about
7 hours, cooling the casting rapidly, and
reheating the alloy at a relatively low tem-
perature for a time sufficient to increase the

. tensile strength of the alloy.

12. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between about
3 and 5.5 per cent of copper and not more
than about 0.3 per cent of magnesium, cast-
ing the alloy, heating the casting to a tem-
perature of about 500° to 540° C. for at
least about 7 hours, cooling the casting, and
re-heating the alloy at a relatively low tem-
perature for a time sufficient to increase the
tensile strength of the alloy.

13. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy low in iron and contain-
ing between about 3 and 5.5 per cent of

S

copper and not more than about 0.3 per cent
of magnesium, casting the alloy, heating the
casting to a temperature of about 500° to
540° C. for at least about 7 hours,-cooling
the casting, and reheating the alloy at a rel-
atively low temperature %or a time sufficient
to increase the tensile strength of the alloy.

14. As a new article of manufacture, a
heat-treated casting of an aluminum alloy
containing Wetween about 3 and 5.5 per
cent of copper, characterized by the sub-
stantial absence of undiscolved inter-granu-
lar copper-rich constituent, and having high
tensile strength and elongation.

15. As a new article of manufacture, a
heat-treated casting of an aluminum alloy
containing between about 8 and 5.5 per cent
of copper and a relatively small amount of
magnesium, characterized by the substan-
tial absence of undissolved inter-granular
copper-rich constituent, and having high
tensile strength and elongation. :

16. As a new article of manufacture, a
heat-treated casting of an aluminum alloy
containing between about 3 and 5.5 per cent
of copper, and magnesium not exceeding
about 0.3 per cent, characterized by the sub-
stantial absence of undissolved inter-granu-
lar copper-rich constituent, and having high
tensile strength and elongation.

17. As a new article of manufacture, a
heat-treated casting of an aluminum alloy
containing between about 8 and 5.5 per cent
of copper and having a low iron content,

.characterized by the substantial absence of

undissolved inter-granular copper-rich con-
stituent, and having high tensile strength
and elongation. '

18. As a new article of manufacture, a
heat-treated casting of an aluminum alloy
containing between about 8 and 5.5 per cent
of copper and a relatively smali amount of
magnesium, and having a low iron content,
characterized by the substantial absence of
undissolved inter-granular copper-rich con-
stituent, and having high tensile strength
and elongation.

19. As a new article of manufacture, a
heat-treated casting of an aluminum alloy
containing between about 8 and 5.5 per cent
of copper, and magnesium not exceeding
about 0.3 per cent, and having a low iron
content, characterized by the substantial ab-
sence of undissolved inter-granular copper-
rich constituent, and having high tensile
strength and elongation.

20. As a_new article of manufacture, a
heat-treated, artificially aged casting of an
aluminum alloy containing between about 3
and 5.5 per cent of copper, characterized by
high tensile strength and substantial absence
of undissolved inter-granular copper-rich
constituent. , :

21. As a new article of manufacture, a
heat-treated, artificially aged casting of an
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aluminum alloy containing between about 3
and 5.5 per cent of copper and a relatively
small amount of magnesium, characterized
by high tensile strength and substantial ab-
sence of undissolved inter-granular copper-
rich constituent. :

92. As a new article of manufacture, a
heat-treated, artificially aged casting of an
aluminum alloy containing between about 3
and 5.5 per cent of copper, and magnesium
not exceeding about 0.3 per cent, character-
ized by high tensile strength and substantial
absence of undissolved inter-granular cop-
per-rich constituent. - ) :

23. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between about

'3 to 5.5 per cent of copper, casting the allo

and causing rapid solidification thereof,
heating the casting to a temperature of
about 500° to 540° C. for at least about 7
hours, and cooling the casting.

24, In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between
about 3 and 5.5 per cent of copper, casting
the alloy and causing rapid solidification
thereof, heating the casting to a temperature
of about 500° to 540° C. for at least about
7 hours, and cooling the casting rapidly.

25, In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between
about 8 and 5.5 per cent of co¥per and not
more than about 0.3 per cent of magnesium,
casting the alloy and causing rapid solidifi-
cation thereof, heating the casting to a tem-
perature of about 500° to 540° C. for at least
about 7 hours, and cooling ‘the casting.

26. In the art of making aluminum-alloy
castings, the method comprising preparing

- an aluminum alloy containing between about
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8 and 5.5 per cent of copper and not more
than about 0.3 per cent of magnesium, cast-
ing the alloy and causing rapid solidifica-
tion thereof, heating the casting to a tem-
perature of about 500° to 540° C. for at
least about 7 hours, and cooling the casting
rapidly.

27. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between

about 3 and 5.5 per cent of copper, casting:

the alloy and causing rapid solidification
thereof, heating the casting to a tempera-
ture of about 500° to 540° C. for at least
about 7 hours, cooling the casting, and re-
heating the alloy at a relatively low tem-
perature for a time sufficient to increase
the tensile strength of the alloy.

28. In the art of making aluminum-alloy
castings, the method comprising préparing
an aluminum alloy containing between about
3 and 5.5 per cent of copper, casting the
alloy and causing rapid solidification
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thereof, heating the casting to a tempera;-‘

ture of about 500° to 540° C. for at least
about 7 hours, cooling the casting rapidly,
and reheating the alloy at a relatively low
temperature for a time sufficient to increase
the tensile strength of the alloy.

29. In the art of making aluminum-alloy
castings, the method comprising preparing
an aluminum alloy containing between about
3 and 5.5 per cent of copper and not more
than about 0.3 per cent of magnesium, cast-
ing the alloy and causing rapid solidifica-
tion thereof, heating the casting to a tem-
perature of about 500° to 540° C. for at least
about 7 hours, cooling the casting, and re-
heating the alloy at a relatively low tem-

perature for a time sufficient to increase the

tensile strength of the alloy. -
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30. In the art of making aluminum-alloy

castings, the method comprising preparing
an aluminum alloy low in iron and contain-
ing between about 3 and 5.5 per cent of
copper and not more than about 0.3 per cent
of magnesium, casting the zlloy and causing
rapid solidification thereof, heating the cast-
ing to a temperature of about 500° to 540° C.
for at least about 7 hours, cooling the cast-
ing, and reheatin% the alloy at a relatively
low temperature for a time sufficient to in-
crease the tensile, strength of the alloy.
31. As a new article of manufacture, a
chill-cast, heat-treated casting of an alu-

minum alloy containing between about 3 and
-5.5 per cent of copper, characterized by the

substantial absence of undissolved jinter-
*granular copper-rich constituent, and hav-
ing high tensile strength and elongation.

32. As a new article of manufacture, a
chill-cast, heat treated " casting of an alu-
minum alloy containing between about 3 and
5.5 per cent of copper and a relatively small
amount of magnesium, characterized by the
substantial absence of wundissolved inter-
granular copper-rich constituent, and hav-
ing high tensile strength and elongation.

33. As a new article of manufacture, a
chill-cast, heat-treated and artificially aged
casting of an aluminum alloy containing
between about 3 and 5.5 per cent of copper,
characterized by high tensile strength and
substantial absence of undissolved inter-
granular copper-rich constituent.

84. As a new article of manufacture, a
chill-cast, heat-treated and artificially aged
casting of an aluminum alloy containing be-
tween about 3 and 5.5 per cent of copper
and a relatively small amount of magne-
sium, characterized by high tensile strength
and substantial absence of undissolved inter-
granular copper-rich constituent.
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