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This invention relates to alloys, and particu-
larly to aluminum base alloys suitable for casting

and working, and having high strength at ordi-

nary and elevated temperatures. -

This application is a division of my copending
application Serial No. 389,020, filed April 17,
1941, for Aluminum alloys, and of my copending
application Serial No. 398,315, filed June 186,
1941, for Aluminum alloys. ‘ R

"It is an object of this invention to produce al-
loys having relatively high elongation and rela-
tively high tensile strength. ’

It 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 ele-
vated temperatures without a rapid deteriora-
tion of desirable properties, and which may be
readily treated with anodic treatment to give

' .excellent lustre and finish. ’ :

It is a still further object of this invention to

provide an alloy having a relatively high pro-
“portional limit and relatively ~ high = fatigue
strength, and in which these properties may be
obtained without heat treatment. f

It has been found that an aluminum alloy
containing iron, and having zine and magnesium
present in proper proportions, will produce an

- alloy that may be readily cast and have improved

- physical properties for use both at ordinary and
elevated temperatures, and which may have
these properties improved by heat treatment.

When magnesium and zinc are added to alu-

- minum in the proper proportions, a ternary com-
pound of aluminum, magnesium . and zinc is
formed, which compound is soluble in solid so-
lution in the aluminum. - The presence of this
compound in relatively small amounts greatly
improves the characteristics of aluminum and
produces an alloy having high strength combined
with high ductility, goed casting and forging

properties, good color, and excellent corrosion -

resistance. In calculating the amount of mag-
nesium and zine that should be present in the
aluminum alloy to form the desired percentage
of ternary compound, only magnesium which is
not combined with silicon is to be calculated, as
it is only such magnesium that is available to
combine with zine and-aluminum to form the
ternary compound. :
The ternary compound is said by some investi-
gators to have a composition having substantial-
“ly the formula AlsMgsZns, and. other irvesti-
gators have considered the formula for the ter-
nary compound as being Al:MgiZnz. It will be

relative to each other are quite similar in both .
formulas and, for the purposes of the improved
alloy, the magnesium and zine should be present
in about the proportion necessary to form the
ternary compound of either formula.

An excess of zinc, over and above that which
cooperates with magnesium and aluminum to

. Torm g ternary compound according to the above
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formula having the greatest proportion of zinc,
increases the brittleness and decreases the duc-
tility  of the alloy. ‘- For this reason it is unde-
sirable that zinc be present in quantities substan-
tially greater than the amount to react to form
such a ternary compound with magnesium and
aluminum. The most desirable properties are
obtained when the magnesium and the zinc are
broportioned so that the ratio of magnesium
(uncombined with any silicon) to zinc is about
equal to the ratio represented by the formula
Al:MgsZns, or somewhat larger as represented by
the formula AMgrZns. A small amount of mag-

. nesium may be provided to replenish losses that
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may occur when the alloy metal is remelted.
Magnesium adds tothe hardness and machin-
ing qualities of the alloy and, as. above stated,
should be present in an amount sufficient to
combine with the zinc and aluminum. present.
In greater quantities magnesium tends to make’
the alloy sluggish, decreasing castability.
Magnesium and zinc have heretofore been
added to aluminum in the proportion represented
by the formula MgZnz. It has been found, how-
ever, that a given percentage of ternary com-
pound is more effective in producing desirable -
properties and, because the zine content of the
ternary alloys is'less, they have a lower density.
The improved aluminum alloys may have the
ternary compound of aluminum, zinc and mag-
nesium present in an amount ranging from about
2% to 20%, the preferred range being between
about 3% and 15%. At room temperture the
ternary compound goes into solid. solution in
aluminum alloys in. an amount of about 29%.

.- 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 from'.15% to about 7% is )
desirable'in alloys of the present invention which
are to be forged or drawn; more than 7% is fre-
quently desirable in casting alloys. Silicon com-

seen that the amounts of magnesium and zinc 55 bines with. magnesium in preference to most
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elements, each part by weight of silicon combin-
" ing with about 1.75%, by weight, of magnesium
to form Mg=Si. At least sufficient magnesium is
therefore added to the alloy to combine with the
silicon uncombined with any calcium to form
Mg2Si, and, in addition, to combine with all the

zinc and form the ternary compound according '

to the formula AloMg:Zns. Mg2Si 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%, which is
the quantity of Mg2Si present if the silicon is
present in the alloy, and acts as a hardener,
which is sometimes desirable in conjunction with
the ternary compound. Mg:Si does not, how-
ever, make an efficient use of the magnesium as
does the above mentioned ternary compound.
Therefore, it is desirable to have the magnesium
present on the rich side to prevent the silicon
from being present in excess and taking mag-
nesium away from the ternary compound.

If the alloy is desired particularly for casting
purposes, more silicon, such as up to about 1.5%,
may be present. If, however, a somewhat larger
amount of silicon is present in the alloy than is
desirable. for the purpose for which the alloy is
intended, and such amount of silicon is not too
excessive, then a small amount of calcium may
be added. Calcium has an even stronger af-
finity for silicon.than has magnesum and, there-
fore, it can be used to reduce the amount of
silicon available for combination with magnesi-
um. The amount of - the relatively expensive
magnesium available for the formation of the
ternary compound may thus be increased. - Al-
though much more than 1.85% silicide acts as
a supplemental hardener and more than about
3% or so makes the alloy more sluggish and
adversely affects the castability of the alloy, up
to 3% is desirable, and more than 3% may, in
some cases, be desirable in the production when
a large amount of the ternary compound is
present in the alloy. Usually, however, the
amount of silicon should be between .5% and
1.5%, especially in castings not heat treated.
This is true even when calcium is present, al-
though with the latter element more magnesium
is available for formation of the ternary com-
pound.

It has now been found that aluminum alloys
containing magnesium' (over that necessary to
combine with silicon) and zinc in the propor-
tions to form a ternary compound are greatly
improved by the addition of one or more mem-
.bers of the group of hardening elements, con-
sisting of .1% to 1.5% nickel, .1% to 1.5% man-
ganese and .05% to 1% chromium, in a. total
amount of about 2% or 3% to 5%, with or
without one or more of the grain refining ele-
ments selected from the group consisting of
titanium, columbium, zirconium, boron, tung-
sten, molybdenum, tantalum and vanadium, in
a total amout of .005% to 5%.

Although the metal manganese, chromium and
nickel each incredase the hardness of the alloy,
a given percentage of each of these elements
improves certain of the propert,xes more than
it does others. It.is therefore -preferred. ‘that
more than one of these elements be present in

~ the alloy. Nickel increases the tensile strength.
proportional limit and yield strength of the al-
loy without decreasing its elongation to any
appreciable. degree. In fact, with ' certain
amounts of nickel the elongation is increased,
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so that an alloy having exceedingly desirable

‘and exceptional properties may be obtained.

Alloys containing nickel may be readily heat
treated or age hardened to give somewhat
superior properties, but very desirable proper-
ties which are almost- equivalent to the heat
treated alloys are also obtained when castings
are simply aged at room temperature, with or
without quenching from the mold.

Nickel is quite an effective element in the al-
loy and appreciable improvements in proper-
ties of the alloy are noted when it is present
in an amount of about .1% or more. The pre-
ferred properties are obtained with about 3% to
about .8% or 1% nickel, and in some cases it is
desirable to have the nickel present in amounts
as great as 1.5%.

Manganese, although it decreases the tensile
strength and elongation to some degree, in-
creases the yield strength, hardness and pro-
portional limit of the alloy. It also makes the
alloy more corrosion-resistant.

Alloys containing manganese may be readﬂy
heat treated or age hardened to give somewhat
superior properties, but very desirable proper-
ties are obtainable when castings are simply
aged at room temperature, or when quenched
from the mold and aged.

Manganese is a very effective ¢lement in the
alloy and desirable improvements are noted
when about .1%, or even a little less, is present
in the alloy. The preferred properties are ob-
tained with about .2% to about .3% or .8%
manganese, and in some cases it is desirable to
have the manganese present in amounts as great
as about 1%, or even 1.5%.

Chromium, although it does not appear to im-
prove the proportional limit and yield strength
of the alloy, increases its elongation. It is,
therefore, particularly advantageous that both
chromium and manganese be present. As little.
as .05% or .1% chromium, particularly with
manganese, is effective in improving properties
of the alloy, but .2% or .3% to about .8% or
even 1% is desirable. When manganese is also
present, the total of manganese and chromium

" should preferably be between about 3% and
. 15% of the alloy. When both manganese and
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chromium are present, they may be in about
equal proportions, or preferably with a slight-
ly greater amount of manganese than chromium.

The quantity of each of the hardening metals
desired in a given alloy also depends somewhat
upon the quantity of other hardening ingredi-
ents present and upon the amount of ternary
compound, a given hardness and iensile strength
often being obtainable, either with a relatively
large amount of strength-improving hardening
metal and a relatively small amount of ternary.
compound, or with a relatively small amount
of such metal and a relatively large amount of
magnesium and zinc in the proportions of a
ternary compound.

As silicon decreases the ductility of the alloy
to a substantial degree, it is best that when the
alloy contains nickel present in the upper por-
tion of the above mentioned range the silicon
does not exceed .7% or .8%, as the presence of
too much ‘of the hardener Mg:Si may decrease

“the ductility to such an extent that the alloy

is undesirable for many purposes. Alloys con-
taining nickel and free magnesium and zinc in
the ratio of a ternary compound may contain as
much as 1% or 1.5% silicon.. While 2% or 3%

? of the ternary compound of .aluminum, magne-



2,290,022

sium and zine improves the propertles of alumi-
num or aluminum alloys having low silicon con-
tent, alloys containing such low percentages of a
ternary compound are relatively difficult to cast.

An alloy containing 2% of the ternary com-

pound may be used for casting purposes. The

castablhty, however, is improved with an increase’

in the amount of ternary compound, and it is,
therefore, preferred to have a larger percentage
of the ternary compound present, such as 4%
to 8%, for casting purposes.. When the casting

"
)
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is more or less intricately shaped, still greater .

percentages, such as 10% to 15% or 20%, of
the ternary compound may be present. For alloys
to be forged or shaped after ¢asting, the ternary
compound should be present in"the lower ranges,
such as 2% to 8% or so, as the metal is less hard
- with the lower percentages of the ternary com-
~ pound.

A larger proportxon of the ternary compound
and metals of the above hardening group may be
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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 desirable
properties of the solution heat treated alloys may
be obtained when they contain the ternary com-
pound in amounts up to 20% or so, whereas
less of the. ternary compound, such as 4%  to
15%, 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 cons1dered that aluminum
alloys: of magnesium containing iron much above
the impurity value in commercial aluminum are
of little commercial value; but it has also now
been found that an alloy’ containing the above
described ternary compound, with or without one

. -or more of the above mentioned group of harden--

ing- elements and w1’ch or without one or more
of the above group of .grain refiners, 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.. These alloys containing
iron may be readily heat treated or age hard-
ened to give somewhat superior properties, but

the iron in combination with the ternary ele-

ments in the above proportion is also outstand-
ing, in that almost as desirable properties are
obtained when castings are aged at room tem-
perature w1thout a heat. treatment or quench-
ing.

Iron has. generally been conqldered to crystal-
lize in large platelike. crystals, which weaken the
alloy.” Iron in the presence of .the ternary com-

-round appears to crystallize in finely dispersed
form, and the ternary compound also seems to
be dlspersed thus producmg a hlghly desuable
alloy.

Iron in the amount of .4% or more in the al-
loys-of the present invention gives noticeable ef-
fects in improving the properties of the alloy,
and as much as 2% has been Tound to be de-
sirable for some purposes.
is desirable that the alloy-have .6% or .7% to
1.59% of iron, although about 1% is usually pre-

- For most castings it

40

50

3

“ing 1ngred1ents and upon the amount of ternary

present, a given hardness and tensile strength
often being obtainable with a relatively larger
amount of iron and a relatively smaller amount
of ternary compound, or a relatively smaller
amount of iron and a relatively larger amount
of ternary.. -

The hardening elements and the grain. reﬁnmg
elements are particularly desirable in an alumi- .
num alloy containing both iron and the ternary
compound. - Although the iron itself improves the
properties of the alloy, the hardening elements
‘and the grain refining elements exert a still fur- .
ther 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 a design such that
chilling takes place substantially simultaneously
in the various portions of the casting, solidify
without the use of grain refining agents and form
good castings. However, it has been found that
certain grain refining elements substantially im-

- prove the properties of the aluminum alloy con-

taining the ternary compound, whether or not.
it- contains one or more of the above hardening
metals, with or without iron. 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.

Grain refiners which improve the properties of
the -alloy are boron in the amount of .005% to
1%, zirconium in the amount of .01% to 5%,
tungsten in the amount of .01% to .5%, molyb-
denum 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
05% to .5%. These grain refining elements
should preferably be present in a total amount
of from .005% to .5%, and it is frequently desir-
able to have more than one of these elementS'
present in a given alloy.

While the grain refiners in.the above group
are desirable in the alloys of the present inven-
tion, not all of the grain refiners affect the prop-
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 vanadium, and es-

- pecially tungsten and molybdenum, improve both
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ferred. The quantity of iron desired in the alloy -

depends also-upon the quantity of other he‘rden-

this property

the strength and- the elongation of the castings.
Of these, titanium, being less expensive, is usual-

. ly .used for ordinary castings, but in cases where

the highest elongation, together with strength, is
necessary, it is. preferred to use lungsten or
molybdénum. The grain refiners selected from
the. group consisting of. boron, columbium and
tantalum do not appear to appreciably increase
the strength or elongation of the alloy, and are
usually used where appearance, finish and cor-
rosion resistance are most important, and where
strength is of less consequence. _
The above described hardening elements, man-
ganese, chromium and nickel, substantially de-.
crease the hot shortness, improve the properties
of the alloy, and assist in maintaining the im-
proved properties at high temperatures, such as

‘are encountered in internal combustion engines.

The above grain refining elements, particularly
members of the group consisting of iungsten,
molybdenum, -vanadium and titanium, also have
when present in substantial
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amounts, such as .2% or .3%, or so. It is, there-
fore, especially desirable to have up.to .5% or so

of these latter elements present when other
hardening ingredients are absent.

ExAaMPLE 1

Test bars chill cast from an alloy containing
6% of the ternary compound, about .6% iron,
about .25% chromium, and about .5% manga-
nese, showed, after quenching and aging for
seven days at room temperature, a tensile
strength of 41,600 1bs./sq. in., a yield strength of
123,500 1bs./sq. in., a proportional limit of 17,600
Ibs./sq. in., an elongation of 9.6%, and a hardness
of 80 kg./mm?2, ' .

When bars of the same alloy were simply air-
cooled and aged for seven days at room tempera-
ture, the tensile strength was 41,600 1bs./sq. in.,
the yield strength was 23,500 1bs./sq. in., the pro-
portional limit was 18,100 Ibs./sq. in., the elonga-
tion was about 8%, and the hardness was 82
kg./mma2, :

When the quantity of manganese in the ailoy
of Example 1 was inc:eased to about 1%, the ten-
sile strength of air-cooled test bars, aged for
seven days at room temperature, was 38,900
1bs./sq. in., the yield strength was 26,600 1bs./sq.
in., the proportional limit was 20,100 1bs./sq. in.,
the elongation was about 5%, and the hardness
was 82 keg./mma2,

From the above examples it is seen that even a
small proportion of manganese and chromium
markedly increases the tensile strength, propor-
tional limit, yield strength, hardness, and even
the elongation of aluminum base alloys. Since
most alloying elements which tend to improve
the tensile strength of an alloy also usually de-
crease its elongation to a marked degree, it is
seen that manganese and chromium in combina-
tion with each other and with a ternary com-
pound have a remarkable effect,. and that an
alloy of outstanding characteristics is produced.

An aluminum base alloy containing .2% sili-
con and magnesium (uncombined with silicon)
and zinc in the proportions represented by the
formula AlsMgiZns, and in sufficient amounts
to produce 6% of this ternary compound in the
alloy, was prepared. From this base alloy three
different alloys were prepared .by incorporating
the proportions of iron indicated in the following
Table 1, and chill cast in standard test bar molds.
Several bars of each alloy were given the indi-
cated heat treatments, that is, some of the bars of
each alloy were removed from the mold while
hot and allowed to cool in air, and then aged
seven days at room temperature; another set of
bars was removed from the mold before the bars
had cooled sufficiently to precipitate the harden-
ing ingredients, then quenched in water and al-

lowed to age at room temperature for seven days.
Table 1
Propor- . . .
Elonga- | *: Yield | Tensile| Brinell

Alloy Fe tion tlli?nnﬁl strength vs}trcngth hardness

R Percent | Percent | Lbs./in2| Lbs.fin.?| Lbs.}in.2| Wkg./mm.?
1. .81 6.2 16,100 | 23,300 ; 36,900 79
2* . '1.34 44| 19, 26,400 | 39,500 85
3 1.87 54| 18,500 25300 | 39,600 84
1% __ .81 7.9 | 16,400 | 23,100 | 39,400 79
28 . 1.34 5.0 19,400 | 26,600 | 41,100 85
3% ... 1.87 5.8 | 17,400 | 25,000 | 40,400 83

T
Alloy air-cooled; aged at room temperature seven days.
**Alloy quenched; aged at room temperature seven days.
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It is seen from the test results of the above
table that, although the tensile . strength may’
be increased to some extent by a quenching treat-
ment, almost equal results are obtained by sim-
ply air-cooling the casting and aging it at room
temperature. Before the quenched casting is
aged a tensile strength of over 30,000 lbs./sq. in.
is obtained, while at the same time the casting
has an elongafion of 12%. In an aged casting
a tensile strength of even greater than 40,000

Ibs./sq. in., together with an elongation of al-

most 8% is obtained. In an aged casting maxi-
mum elongation and substantially maximum
strength are oobtained when the iron content is
about 1% or so.

When the quantity of ternary compound is
increased, these maximum values may be ob-
tained with a somewhat lower iron content, or
higher maximum strength -is obtained with the
same iron content; the castability of the alloy
may be also. somewhat increased. It will be
seen that, since the iron permits one to obtain
exceptionally high elongation, combined with high
tensile sfrength, without the necessity of even
as much heat treatment as quenching from the
mold, the alloy is especially useful for many pur-
poses, such as large castings or forgings, wherein
it is difficult to heat treat or quench.

As shown above, iron and the ternary com-
pound alone produce exceptional properties in
an aluminum base alloy, with or without the
usual impurities. Even more desirable proper-
ties, for some purposes, are obtained with iron
and one or more hardening metals of the group
consisting of about .1% to 1.5% chromium, about
05% to 1.5% manganese, and about .1% to 1.5%
nickel. As little as a total of about .1% or 2%
of these hardening metals is effective in improv-
ing the iron ternary aluminum alloy; but about
4% or 5% to about 1.5% of these hardening
metals is preferred, and even 2% is desirable
for many applications. The iron may be pres-
ent in the amounts above set forth, but less than
about 1.5% is preferred.

If it is desirable to make the alloy more re-
sponsive to heat treatment, from .2% to about
1%, or even up to about 1.5% copper may be
present in the alloy. Copper is a precipitation
hardening ingredient, and the benefits of this
element are obtainable when the alloy is sub-
jected to conditions of heat treatment which pre-
cipitate the element from the solid solution. The
presence of from 5% to 1.5% copper permits a
reduction in the amount of the ternary com-
pound, which may be as low as 1%, and pref-
erably should not exceed about 10% or 12%.

When copper is present in the above alloy con-
taining magnesium in the proportion to com-
bine with the silicon to form Mg2Si, and with
the zinc and aluminum to form a ternary com-
pound as above described, iron, as above sef,
forth, may or may not be present, although
superior properties are obtained with .4% to 1.5%
or 2% iron. The alloys containing copper and
iron are substantially improved when at least
one member of the above group of hardening ele-

ments and/or at ieast one member of the group - -

~ of grain refining elements are also present.

70

EXAMPLE 2

An aluminum base alloy containing about 6%
of the ternary compound, about .6% iron, about
3% manganese, about .5% copper; about .20%

- chromium, about .2% silicon, and about .2% ti-

75

tanium, was chill cast into test bars, quenched
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and aged three hours at 125° C. When tested
these bars had the following properties: tensile
strength 43,500 1bs./sq. in.; yield strength 35,400
Ibs./sq. in.; proportional limit of 23,500 1bs./sq.

in.; elongatlon 0of 6.5%; and hardness of 86 Rock~

well E,
EXAMPLE 3

The alloy of Example 2, but containing 75%
copper in addition to the elements thereof, when
chill cast into test bars, quenched and aged
-three hours at 125° C., had the following prop-
erties: tensile strength 43,000 1lbs./sq. in.; yield
strength 31,400 1bs./sq. in.; proportional hmlt of
19,500 1lbs./sq. in.; elonga.tion of 5. 3%, and hard-
ness of 86 Rockwell E.

EXAMPLE 4

. The alloy of Example 2, but containing 1%
copper in addition to the elements thereof, when
chill cast into test bais, quenched and aged three
hours at 125° C., had the following properties:
tensile . strength of 40,200 Ibs./sq. in.; yield
strength 33,100 Ibs./sq. in.; proportional limit of
17,300 1bs./sq. in.; elongatlon of 3.2%; and hard-
ness of 83 Rockwell E. -

Since the molecular proportion of zine is never

5.

The improvement of properties is illustrated by -
the following table showing the improvement . in

-an alloy containing a small percentage of silicon,

" about 6% ternary compound, about 1% iron, and
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more than the molecular proportion of the rela- .

. 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; es-
pecially adapted to aircraft construction and the
like. This is particularly true when the quan-
tity of ternary compound is sufficiently low so
that the alloy may be drawn or rolled into struc-
tural members. ,

If the alloy contains uncombined silicon, about
1.75% magnesium is required to,combine with

" each percent of uncombined silicon to form mag-
nesjium silicide (Mg2Si) before any ternary com-
pound will be formed. For example, if 2% of
the ternary compound on the basis of Alz2Mg:Zn3
be desired in an alloy having .3% silicon, the

30
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amount of magnesium to be added to form the

ternary compound will be .459%, 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%- AiMg+Zns would
be about 7% and 12%, respectively. The alloys
described herein include aluminum; magnesium
and zinc, the zinc being present in the amounts
of 1.2% to 12% of the alloy, and the magnesium,
uncombined with silicon, being proportioned to

about .2% titanium. 'The test bars were chil
cast, quenched from the mold, and tested after
aging at room temperature for the penod indi-
cated.

Tabdle 2
. . . Tensile | Hardness
Aging time Elongation| grongth |Rockwell I
Per cent )

12 31,200 ° &6

7.9 36, 700 76

7.3 38,300 30

6.6 39, 700 82

8.6 a0, 000 R

6.3 | 40,300 83

6.6 40, 900 8H
8.0 41, 350 85,1
4.8 1, 600 885
4.8 42, 500 87,6
5.2 43, 400 89,1
51| 43,700 89, 1

To obtain these exceptional properties in alu- -
minum 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 necesary to solution heat treat for improve-
ment 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-
peratures; they may be heat treated to improve
and modify their properties; and they have suffi-
cient ductility and hardness so that they can be
used as sheets, rods, wire, structural shapes, cast-
ings, machine parts, etc. These alloys have a
desirable color, high corrosion resistance, and
may be anodxcally finished or hlghly polished
with excellent results, and are suitable for many
uses, among them being the production of cast-
ings which ‘are shaped or formed to some extent
after casting. - The alloys having the lower per-

.centages of ternary compound may even be forged

at room temperature, and are thus useful for
many special purposes. )
It is to be understood that, in consu:lel ing the

--amount of zinc and magnesium to add' to alu-

the zinc in the ranges of the formulas 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 45%
of the zine content plus 175% of the silicon con-
tent. Most desirable properties may be obtained
when the magnesium (uncombined with silicon)

is in the lower portion of this range, or about

35% to 40% of the zinc.

‘In the above examples of alloys of the present‘

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’

‘approximately 50% of its initial value by aging

minum alloys to'form the ternary compound of
aluminum, magnésiun and zinc in the alloy, such
magnesium as is necessary to combhine 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 illus-
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at room temperature for relatively long periods -

of time, such as a few months. The same im-

provement in tensile strength can, of course, be
- obtained relatively quickly by aging at tempera-
ture above room temperature.

6

tration, and that various equivalents can be used
and modifications of said procedure can be made:
without departing from my inventlon as defined
in the appended claims. -

What I claim is:

1. An aluminum. alloy containing magnesmm
zine, about .49% to 2% iron, about .2% to 1.59%
copper, silicon in an amount up to 1.5%, and
one or more metals of the hardeners and grain
refiners to increase strength, ductility or hard-
ness of the alloy, with thée balance substantially

-‘all aluminum and minor impurities, the amount

of zinc in the alloy being about .6% to 12%, and
the amount of magnesium in the alloy uncom-
bined with the silicon being about 35% to 459
of the zinc content, the total magnesium being
within the range of about .5% to 7%.

2, An aluminum alloy containing magnesium,
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zinc, about 4% to 2% iron, about .2% to 1.5%
copper, silicon in an amount up to 1.5%, and
one or more metals of the hardeners and grain
refiners to increase strength, ductility or hardness
of the alloy, no one of such metals being present
in amounts more than 1.5%, with the balance
substantially all aluminum and minor impuri-
ties, the amount of zinc in the alloy being about
1.2% to 7.2%, and the amount of magnesium in
the alloy uncombined with the silicon being about
35% to 45% of the zinc content, the total mag-
nesium being within the range of about .5% to
T%.
3. An aluminum alloy containing magnesium,
zine, about 4% to 2% iron, about 2% to 1.5%
. copper, silicon in an amount up to 1.5%, and one
or more metals of the hardeners and grain re-
finers to increast strength, ductility or hardness
of the alloy, no one of such metals being present
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in amounts more than 1.5%, with the balance
substantially all aluminum and minor impurities,
the amount of zinc in the alloy being about .6%
up to about 6%, and the amount of magnesium in
the alloy uncombined with the silicon being about
35% to 45% of the zinc content, the total mag-
nesium being within the range of about 5% to
6%. )

4. The alloy set forth in claim 3 in which the
zine content is about .6% to 4.8% and the mag-
nesium content is within the range of about .5%
to 5%.

5. The alloy set forth in claim 3 in which man-
ganese is present in the amount of about .1% to
1.5%.

6. The alloy set forth'in claim 3 in which nickel
is present in the amount of gbout .1% to 1.5%.

WALTER BONSACK.



