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| This application is a continuation-in-part of
my copending application Serial No. 389,020, filed
April 17, 1941, The invention relates to alloys,
and particularly to aluminum base alloys suit-
" able for casting and working, and having high
strength at ordinary and elevated temperatures.

Tt is an object of this invention to produce
alloys having relatively high elongation and rela-
tively high tensile strength. :

Tt is a further object of this invention to pro-
vide a relatively light alloy which may be easily
cast and machined, which may be used at elevated
temperatures without a rapid deterioration of
desirable properties, and which may be readily
treated with anodic treatment to- give excellent
Iustre and finish. . )

1t is a still further object of this invention to
provide an alloy having a relatively high pro-
portional limit and vrelatively high fatigue

. strength, and in which these properties. may be
" obtained without heat treatment. - '
When magnesium and zine are added to alu-
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minum in the proper proportions, a ternary -

compound of aluminum, magnesium and zinc is
formed, which compound is soluble in solid solu-
tion in the aluminum. The presence of this com-
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pound in a relatively small amount greatly im- |

- proves the characteristics of aluminum and pro-

duces an alloy having high strength combined

with high ductility, good casting, rolling, extrud-
ing and forging properties, and goed color. In
calculating the amount of magnesium and zinc
that should be present in the aluminum alley to
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form the desired percentage of ternary com- '’

pound, only magnesium which is not combined
with silicon is to be calculated, as it is only such
magnesium that is available to combine with zinc
and aluminum to form the terrary compound.
The ternary compound is said by some investi-
gators to have a composition having substantially
the formula AlMgiZns, and other investigators
have considered the formula for the ternary com-
poundﬂ.%s being Al:MgsZns. It will be seen-that
the anlbunts of magnesium and zinc relative to
each other are quite similar in both formulae.
The magnesium and zinc should be present in

about the proportion necessary to- form the

ternary compound of either formulae or, prefer-
ably, the ratio of the magnesium to zinc in the
alloy should be between the ratlos in the
formulae. o e o

An excess of zinc, over and above that. which
cooperates with magnesium and aluminum to
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forim a ternary compound according to the above -

formula having the greatest proportion of zinc,
_increases the brittleness and decreases the duc-
tility of the alloy. For this reason it is undesir-
able that zinc be present in quantities substan-
- tially greater than the amount to react to form
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aluminum, The most desirable properties are
obtained when the magnesium and the zinc are
proportioned so that the ratio of magnesium
(uncombined with any silicon) to zinc is ahout
equal to the ratio represented by the formula
AlsMgsZn3, or somewhat larger as represented by.
the formula AlsMg:Zns. A small amount of mag-
nesium may be provided to replenish losses that
may occur when the alloy metal is remelted.
Magnesium adds to the nardness and machin-
ing qualities of the alloy and, as anove stated,
should be present in an amount sufficient to com-
bine with the zinc and aluminum present. In
greater quantities, magnesium tends to make the

“alloy sluggish, decreasing castability.

‘The improved aluminum ‘alioys may have the
ternary compound of alurioum, zine and mag-
nesium present in an amount ranging from about
2% to 20%, the vpreferred range being between
about 3% and 15%. At room temperature the
ternary compound goes into solid solution in alu-
minum slloys in an amount of about 2%. The
percentage in solid solution increases at high
‘temperatures and decreases upon cooling, the .
excess precipitating out. Aluminum alloys con-
taining the ternary compound may, therefore, be
advantageously heat treated to improve their -
properties. :

A small amount of silicon is usually present in
aluminum alloys and up to 1.5% silicon may be

present in the alloys of the present invention.

If the alloys are to be rolled or worked the silicon
should be low, from about the minimum obtain-
able quantity of .04% or .06% to about A%
More than 7% is frequently desirable in casting .

alloys. Silicon combines with magnesium in

preference to most elements, each part by weight
of silicon combining with about 1.75 parts, by
weight, of magnesium to form Mg:Si. At least
sufficlenit magnesium . is therefore added to the
alloy .to combine with.the silicon uncombined
with any calcium to form Mg:Si, and in-addi--
tion to combine with all the zinc and form the
ternary compound according to - the formula
AlbMgiZns. Mg:St is - more stable than the
ternary compound above mentioned and may be
maintained in solid solution in aluminum alloys
in an amount up to about 1.85%, whi¢h is. the
quantity of MgaSi present if the silicon is present
in the alloy, and acts as a hardener which is
sometimes desirablé in conjunction  with the
ternary compound. MgzSi does not, however,
make as efficient use of the magnesium as does
the above mentioned ternary compound. There-
fore, it is desirable to have the magnesium pres-

" ent on the rich side to prevent the silicon from. .

being present in excess and taking magnesium
away from the ternary compound. :

It has now been found that aluminum alloys -

such s ternary compound with 'mazngsium‘\and 60 containing magnesium (over that necessary to
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combine with silicon) and zinc in the proportions
to form a ternary compound are greatly improved
by incorporating in the alloy .05% to 1.5% man-
ganese, .05% to 1.5% chromium, .1% or 2% to
1.5% copper and, preferably, one or more of the
grain refining elements, such as those selected
from the group consisting of titanium, colum-
bium, zirconium, boron, tungsten, molybdenum,
tantalum and vanadium. The grain refiners
should be present in a total amount of .005% to

. 5%, and the copper, manganese and chromium
should preferably total less than 4%. The
alloy may contain. from about 1% to about 1.5%
of iron. .

Manganese, although it decreases the tensile
strength and elongation to some degree, increases
the yield strength, hardness and proportiona]

- limit of the alloy. It also makes the alloy more
corrosion resistant. T ;
. Alloys containing manganese may be readily
heat treated or age hardened to give somewhat
superior properties, but very desirable properties
are obtainable when castings are simply aged at
room temperature, or when quenched. from the
mold and aged. .

Manganese is a very effective element in the
alloy and desirable improvements are noted when
about .1% or even g little less, such as .05%, is
bresent in the alloy. The preferred properties
are obtained with about .29 to about 5% or .8%
manganese, and in some cases it is desirable to

" have the manganese bresent in amounts as great
as about 1%, or even 1.5%,. ‘
Chromium is g particularly effective alloying
element in the alloy of the present invention,
Although it does not appear to improve the pro-
bortional limit and yield strength of the alloy
quite as much as does manganese, it increases the
elongation and further increases corrosion re-
sistance. It is, therefore, particularly advan-
tageous that both chromium and manganese be
bresent. As little as,05% or 1% chromium, par-
ticularly with manganese, is effective in improv-
ing the properties of. the alloy, but .2% or .3% to
about 1%, or even 1.5%, is desirable. When man-
ganese is also present, the total of manganese
and chromium should preferably be between
about .3% and 2.5% of the alloy.
Copper functions in a somewhat different man-
ner than do manganese and chromium. Due to
the fact that copper is considerably more soluble
In aluminum at high temperatures than at low
temperatures, copper acts as s precipitation hard-
. ening ingredient, so an alloy containing copper
" is benefited more by solution heat treatment,

Small proportions of copper even without solu-
tion treatment improves the proportional limit
and yield strength of the alloy.  As little as .1%
of copper noticeably improves the alloy, but it
is preferable, especially in alloys to be solution
- heat treated, that ahout 2% to about 1.5% of
copper be present. The
5% to 1.5% of copper rermits & reduction in
the amount of ternary compound so that a de-
sirable alloy is produced with as little as 1%
of the ternary compound,

The quantity of manganese and chromium de-
. sired in & glven alloy also depends somewhat upon
the quantity of copper present and upon the
amount of ternary compound, a given hardness
and tensile strength often being obtainable either
with a relatively large amount of strength-im-
proving metals and a relatively small amount of
ternary compound, or with a relatively small
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amount of magnesium and zinc in the propor-
tions of a ternary compound.

An alloy containing 2%, or even as little as
1%, of ‘the ternary compound may be used for
casting purposes. - The castability, however, is
Improved with an increase in the amount of ter-
nary compound and it is, therefore, preferred
to have a larger percentage of the ternary com-
bound present, such as 4% to 8% or 9% for
casting purposes, 9% ternary compound contain-
ing about 5.4% zine. When the casting is more
or less intricately shaped, still greater percent-
ages, such as 10% to 12%, of the ternary com-
pound may be present. For alloys to be forged
or shaped after casting, the ternary compound
should be present in the lower ranges, such as

.1% to 6% or so, as the metal is less hard with

the lower percentages of the ternary compound.

A larger proportion of the ternary compound
may be present in alloys which are to be given
a so-called “solution treatment” than in alloys
to be given only an aging treatment, or those
to be quenched from the casting mold and aged
at relatively low temperatures. Thus, the desir-
able properties of the solution heat treated alloys
may be obtained when they contain the ternary
compound in amounts up to 12% or so, where-
as less of the ternary compound, such as 4%
to 6%, is preferred in alloys which are quenched
upon removal from the mold and heat treated
at a low temperature, or aged at room tempera-
ture. ’

It has generally been considered that alumi-
num alloys of magnesium containing iron much
above the impurity value in commercial alumi-
num are of little commercial value, but it has
also now been found that an alloy containing
the magnesium, zinc and silicon proportioned as
herein described, and also containing manganese,
chromium and a grain refining metal such as is
set forth in the above group, is improved by the
presence of iron in suitable proportion.

Iron in suitable amounts further increases the
hardness and tensile strength of the alloy with-
out decreasing its ductility a substantial amount,
A small amount of iron thus permits one to ob-
tain the properties desired with a smaller amount
of magnesium and zine. Iron also improves cast-
ability. These alloys containing iron may be
readily heat treated or age hardened to give
somewhat superior properties, but the iron in
combination with manganese, chromium and the
ternary elements in the above proportion is also
outstanding in that almost as desirable proper-
ties are obtained when castings are aged at room
temperature without g heat treatment or quench-
ing. . ’

Iron has generally been considered to crystal-
lze in large platelike crystals, which weaken the
alloy. Iron in the presence of the ternary com-
pound appears to crystallize in finely dispersed

“form and the ternary compound also seems to be
~dispersed, thus producing a highly desirable alloy.

The quantity of iron desired in the alloy de-
pends upon the quantity of other hardenjng in-
gredients present, upon the amount of ternary
present, and upon what properties are most im-
portant. A given hardness and tensile. strength
are often obtainable with a relatively  larger
amount of iron and s relatively smaller amount
of ternary compound, or a relatively smaller
amount of iron and a relatively larger amount ot
ternary. Iron may be present in the alloys of
the present invention in amounts between about
0.1% and about 1.5%. With the larger percent-
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age of iron in the alloys, the percentages of man-

ganese and chromium may be reduced consider-

ably. If both manganese and chromium. are
present in substantial amounts and if workabil-
ity, ductility and corrosion resistance are not to
be impaired, the iron should be low, i. e., about
0.1% or less to about .6% or .7% of the alloy.
If yield strength and high tensileé strength are
most important and ductility less important, the
amount of iron may be greater. ‘

The grain refining elements are particularly
desirable in an aluminum alloy containing iron,
copper, manganese, chromium and the ternary
compound. Although the iron  itself improves
the properties of the alloy, the manganese, chro-
mium, copper and grain refining elements exert
‘a still further improvement independently of
iron.

The aluminum alloys of the present invention
containing magnesium, uncombined with silicon,
and zinc in the proportion of a ternary com-
pound, when cast in molds of & design such that
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chilling takes place substantially simultaneously ..

in the various portions of the casting, solidify
without the use of grain refining agents to form
good castings. However, it has been found that
certain grain refining elements substantially im-
prove the properties of the aluminum alloys con-
taining the ternary compound, iron, copper, man-
ganese and chromium. .This is especially true
when the metal is cast in.molds of more or less
intricate shape where the chilling may not be so
uniform throughout the casting.

The grain refiners which I have found exert
greatest improvement in the properties of the
alloy are members of the. group consisting of
boron in the amount of .005% to .1%, zirconium
in the amount of .01% to .5%, tungsten in the
amount of .01% to .5%, molybdenum in the
amount of .01% to 5%, vanadium in the amount
of 01% to 5%, titanium in the amount of .05%
to .5%, columbium in the amount of .01% to 5%
and tantalum in the amount of .056% to .5%.
These grain refining elements should preferably
be present in a total amount of from .005% to
5% and it is frequently desirable to have more
than one of these elements present in a given
alloy.

. While the grain refilners in the above group
are desirable in the alloys of the present inven-
tion, not all of the grain refiners affect the prep-
erties in the same way. The particular refiner

. or group of refiners selected in any given instance -

depends upon’ the particular condition which
must be satisfied. The grain refiners selected
from the group consisting of titanium, tungsten,
molybdenum, zirconium and vansadium, and es-

pecially tungsten and molybdenum, improve both

the strength and the elongation of the castings.
Titanium being readily available is frequently
used, but when special properties of the fabri-
cated article are important it is desirable to se-
leet the grain refiner that is most suitable for
such properties. 'The grain refiners boron, co-

jumbium znd tantalum may advantageously be
used where appearance, flnish and corresion”

esistance are important.

'rh-e shove, described hardening elements man-
ganese and chromium, substantially decrease the
hot shortness, improve the properties of the alloy
and assist in maintaining the improved. proper-
ties at high temperatures such as are encoun-
tered in internal combustion engines. The above
grain refining ciements, particularly members of
the group consisting of zirconium, tungsten, mo-
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Iybdenum, vanadium a.nd titanium, also have this
property particularly when present in larger’
amounts, such as .2% or .3% or so. It may,
therefore, be desirable to have up to 5% or so
of these latter elements present.

The following examples illustrate the alloys of

_the present invention.

Ezxample 1

An aluminum base alloy containing 6% of the
ternary compound bhased on the formula
AlMgrZns, about .3% manganese, about .25%
chromium, about .2% copper, about .2% titani-
um, about .2% sllicon, and about .6% iron, was
prepared and test bars were chill cast from this
alloy. Part of the test bars were air cooled from .
the mold and part were quenched, and both kinds
of test bars were aged seven days at room tem-
perature. The respective tensile strengths of the
aged and quenched test bars were 38,600 lbs./sq. -
in. and 41,300 lbs./sq. in., the respective propor-
tional limits were 18,600 lbs./sq. in. and 17,700
1bs./sq. in., the respective yield strengths were
26,500 ‘Ibs./sq. in. and 25,500 lbs./sq. in., the
Rockwell E hardness was 84.0 and 81.2, respec-
tively, and the elongation was 5% and 7. 4%, re-
spectively.

When the copper content was about .4% the re-
spective tensile strengths of the aged and
quenched test bars were 41,700 lbs./sq. in. and

. 42,000 1bs./sq. in., the respective proportional lim-
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“impurities.

its were 19,300 Ibs./sq. in. and 18,100 lbs./sd. in.,
the respective yield strengths were 32,400 1bs./sq.
in. and 30,400 lbs./sq. in., the Rockwell E hard-
ness was 86.9 and 83.7, respectively, and the elon-
gation was 5.9% and 7.6%, respectively.

‘When the copper content was ahout 1% the
respective tensile strengths of the aged and
quenched test bars were 36,200 lbs./sq. in. and
37,600 1bs./sq. in., the respective proportional
limits were 26,908 1bs./sq. in. and 19,400 1bs./sq.
in., the respective yleld strengths were 33,900
ibs./sq. in, and 31,800 1bs./sq. in., the Rockwell E
hardness was 85.1 and 82.5, respectively, and the
elongation was 2.6% and 4.8%, respectively.

Ezxample 2

Sand cast test bars were prepared from an alloy
containing about 1.72% magnesium, about 3.69%
zine, about .28% silicon, about .27% manganese,
about .28% chromium, about .18% .titanium,
about .64% iron and about .23% copper, with
the balance substantially all aluminum and minor
~Some of the bars were aged seven
days at room temperature; others were aged ten
hours at 180° C.; and a third group was aged
three hours at 125° C. The aged test bars were
then tested, under standard conditions.

The first group of test bars had a tensile
strength of 31,700 1bs./sq. in., & proportional im-
it of 14,100 lbs./sq. in., a yield strength of 21,800
Ibs./sq. In., & Rockwell E hardness of 73.6, and
an elongation of 4.6%. ‘

‘ The. second group had a tensile strength of
32,200 1bs./sq. in., & proportional limit of 16,300
1bs./sq. in., & yield strength of 27,600 ibs./sq. in.,
& Rockwell E hardness of 77.6, and an elonga-
tion of 2%. :

The third group had a tensile strength of
30,300 1bs./sq. in., & proportional limit of 12,900
1bs./8q. in., & yield strength of 20,900 1bs./sq. in
& Rockwell E hardness of 70.1, and an elongation
of 4.3%.

‘Since the molecular proportion of zine is never
more than the molecular proportion of the rela-
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tively light magnesium in the ternary compound,
it.is seen that in addition to high strength the
alloys are light in weight and are, therefore,
- especially adapted to aireraft construction and

- the like. This is particularly true when the

quantity of ternary compound is sufficiently low
so that the alloy may be drawn or rolled into
structural members.
. If the alloy contains uncombined silicon, about
1.75% magnesium is required to combine with
each percent of uncombined silicon to form mag-
nesium silicide (Mg2Si) before any ternary com-
pound will be formed. For example, if 2%: of
the ternary compound on the basis of Al-Mg3Zns
_'be desired in an alloy having .3% silicon, the
amount of magnesium to be added to form the
ternary compound will be 45%, or about .5%,
and the magnesium to combine with .3% silicon
will be about .5%, making a total of about 1%.

The magnesium and zinc in an alloy contain-
ing 7% free silicon and 20% AlLMg:Zns would
be about 7% and 129%, respectively, The alloys
described herein include aluminum, magnesium
and zinc, the magnesium, uncombined with sili-
con; ‘being proportioned to the zinc in the ranges
of the formulae given for the ternary compound.
The proportions for the formation. of the ternary
compound in the alloy exist when the magnesium
is about 35% to 456% of the zinc content plus
175% of the silicon content. Most desirable
properties may be obtained when the magnesium
(uncombined with silicon) is in the lower portion
of this range, or about 35% to 409 of.the zinc.

In the above examples of alloys of the piesent
invention it is to be noted that excellent tensile
strength and hardness are obtainable in a rela-
tively short time by aging at room temperature.
A very astounding fact has been discovered, how-
ever, in connection with these alloys, namely,
that the tensile strength may increase up to ap-
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proximately 50% of its initial value by aging at .

room temperature for relatively long periods of
time, such as a few months. The same improve-
ment in tensile strength can, of course, be ob-
tained relatively quickly by aging at tempera-
tures above room temperature.

To obtain properties even of the same order
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of magnitude in aluminum base alloys commonly .

In use, one has to resort to a solution and aging
heat treatment, whereas in alloys of the present
invention it is not necessary to solution heat
treat for improvement in properties.

The alloys of the present invention have good
fatigue and tensile strength and a relatively high
proportional limit, even at relatively high.tem-
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Peratures; they have to be heat treated if it is

desired to improve and modify their properties,
although such heat treatment is not required:
and they have sufficient ductility and hardness
50 that they can be rolled or formed into sheéts,
rods, wire, structural shapes, castings, machine
parts, etc. These alloys have a desirable color
and are suitable for many uses, among them be-
ing the production of castings which are shaped
or formed to some extent after.casting. The al-
loys-having the lower percentages of ternary com-
‘pourrd may ‘even be forged at robm temperature
and are thus useful for many special purposes.
As pointed-out above, grain refiners are usually
desirable in alloys of the present invention.. How-
.ever, it has been found that the alloys of the
present invention have relatively high strength,
high propottional limit and ductility without so-
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lution heat treatment, even in the absence of the
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-grain reflners. The alloys may be cast, rolled,

forged or otherwise shaped with or without grain
refiners. .

It is to be understood that, in considering the.
amount of zinc and magnesium to add to alumi-
num alloys to form the ternary compound of .
aluminum, magnesium and zine in the alloy, such

magnestum as is necessary to combine with the =~

uncombined silicon is not to be considered as
part of the magnesium necessary to form the
specified amount of ternary compound.

It is to be understood that the particular com-
pounds disclosed and the procedure set forth are
presented for purposes of explanation and il-
lustration, and that various equivalents can be
used, and modifications of said procedure can be
made, without departing from my invention as

- deflned in the appended claims.

What I claim is: ‘

1. An aluminum alloy containing magnesium,
zine, about .1% to 1.6% iron, about .05% to 1.5%
manganese, about .05% to 1.5% chromium, about
1% to 1.5% copper, silicon in an amount up to
1.5%, and one or more grain refining metals,
with the balance substantially all aluminum and
minor impurities, the amount of zinec in the alloy
being about 6% to 7.2%, and the amount of
magnesium in the alloy uncombined with silicon
being about 35% to 45% of the zinc content, the
total magnesium being within the range of about

4% to7%., |

2. An aluminum alloy containing magnesium,
zine, about .1% to 1.5% iron, about .05% to 1.5%
manganese, about .06% to 1.5% chromium, about
1% to 1.5% copper, silicon in an amount up to
1.5%, and one or more grain refining metals in a
total amount of .005% to about .5%, with the
balance substantially all aluminum and minor
impurities, the amount of zinc in the alloy be-
ing about .6% to 7.2%, and the amount of mag-
nesium in the alloy uncombined with silicon be-
ing about 35% to 45% of the zinc content, the
total magnesium being within the range of about
4% to 1%. ,

3. The alloy of claim 1 in which the zinc con-
tent is about 1.2% to 6% and the magnesium
content is within the range of about .6% to 6%.

4. The alloy of claim 1 in which the zinc con-
tent is about 1.2% to 4.8%, the magnesium con-
tent is within the range of about .5% to 5%, and
the copper content is within the range of .2%
to 1.5%.

5. The alloy set forth in claim 2 in which the
copper is present in the amount of .1% to .5%.

6. The alloy set forth in claim 2 in which ti-
tanium is present in the amount of .05% to .5%.

7. The alloy set forth in claim 2 in which zir-
conium is present in the amount of .01% to .5%.

8. The alloy set forth in claim 2 in which mo-
lybdenum is present in the amount of .01% to
5%.

9. An aluminum alloy containing magnesium,
zinc, about .1% to 1.5% iron, about .05% to 1.5%
manganese, about .06% to 1.5% chromium, about
1% to 1.5% copper, and silicon in an amount up
to 1.5%, with the balance substantially all alumi-
num and minor- impurities, the amount of zinc
in the alloy being about .6% to 7.2%, and the
amount of magnesium in the alloy uncombined
with silicon being about 35% to 45% of the zinc
content, the total magnesium being within the
range of about 4% to 1%.

WALTER BONSACK,



