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This invention relates to new and useful improvements
in castings of magnesium-aluminum-zinc alloys.

In an article published in “Metal Industry” (1960)
under the title “Magnesium Casting Alloys,” the authors
give a review over alloys used since the first development
of magnesium casting materials to the present. They
differentiate four groups.

Group one enumerates the oldest magnesium casting
alloys with appreciable contents of aluminum and zinc
which conventionally contain additionally a few tenths
percent of manganese. Among the alloys in this group
which are of interest today are especially those designated
“AZ91” (9.5 to 10.5% aluminum, 0.2 to 0.6% zinc, 0.2
to 0.5% manganese, balance magnesium with maximum
0.2% silicium, and maximum 0.15% copper) and “AZ92”
(8.3 t0 9.7% aluminum, 1.7 to 2.3% zinc, 0.10% manga--
nese, balance magnesium with a maximum of 0.3%
silicium, 0.05% copper, and 0.01% nickel).

The second group contains the high- strength magne-
sium-zirconium alloys with appreciable contents of zinc.
Modified alloys of this type additionally contain small
amounts of metals of the rare earths or thorium.

The third group enumerates magnesium-zirconium
alloys which are creep-proof even at higher temperatures
and contain appreciable alloy additions of metals of the
rare earths or thorium.

The fourth group comprises magnesium-zirconium
alloys which have been only developed in recent years and
which contain additions of metals of the rare earths and
silver.

Without considering the alloys of group three, a com-
parison of the strength values of the heat-treated alloys
in the other groups shows superiority of the alloys of
groups two and four as against the alloys of group one.
The zirconium containing -alloys, however, are more diffi-
cult to handle in casting operations and they are appre-
ciably more expensive, particularly when they additionally
contain metals of the rare earths and silver, than are
magnesium-aluminum-zinc alloys, and for this reason,
they have been unable to replace the latter in many fields
of use.

One object of the invention comprises high strength
MgAlZn alloys not containing zirconium or rare earths;
other objects will be apparent from the following de-
scription.

In accordance with the invention heat-treated castings
of magnesium-aluminum-zinc alloys may be produced
having strength characteristics and especially yield
strength values which not only equal those of castings
of the said magnesium-zirconium alloys with contents of
zinc or metals of the rare earths and silver but actually
surpass the same in that they have a tensile strength (o)
in the order of magnitude of at least 30 kp./mm.2 and
up to 35 kp./mm.2 or even higher, a yield strength (oy.2)
on the order of magnitude of at least about 19 kp./mm.?
and up to 25 kp./mm.? or higher and an elongation ()
of an order of magnitude of at least about 3% and up to
about 7%.

Castings, including heat-treated castings of magnesium-
aluminum-zinc alloys comtain a specific non-dissolved
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phase of an intermetallic compound Mg,Al,Zn, of rela-
tively coarse grained structure which separates during the
casting -operation and is easily microscopically identi-
fiable. Conventional solution heat treatments as they
have been hitherto applied to magnesium-aluminum-zinc
alloy castings do not completely remove this separated
intermetallic compound. These conventional heat treat-
ments involve heating to temperatures maximum about
410° C., whereby it is conventionally necessary to heat
in stages usually beginning at about 380° C. for periods
sufficient to avoid eutectic melting before the final heating
temperature is applied.

The invention is based upon the discovery that the
presence of this non-dissolved intermetallic compound
phase interferes with the strength characteristics of the
alloys containing the same. In the past such non-dis-
solved compound was not removable even with extended
and/or severe heat treatment.

It has been, however, surprisingly found that if the alloys
are kept within a certain specific narrow component range
which is substantially about of the following order of
composition: 8.3 to 8.7% aluminum, 1.4 to 1.6% zinc,
0 to 0.3% manganese, 0 to 0.7% copper, and the balance
magnesium; this non-dissolved intermetallic phase can be
removed by subjecting castings of these alloys, after they
have undergone the conventional preheating in stages, to
a heating at temperatures about from 415° to 425° C.
and preferably about from 418° to 422° C., followed by
quenching. Unexpectedly, the resulting castings which
are substantially free from the individually identifiable
non-dissolved intermetallic Mg,Al,Zn, phase, ordinarily
present in magnesium-aluminum-zine alloy castings,
possess, upon suitable artificial aging, the highly advan-
tageous strength values above set forth and which have
never been heretofore obtained for alloys of the type
usable in accordance with the invention. '

The heat treatment in accordance with the invention
comprises a solution heat treatment of the castings, pre-
heated in stages betwen 380° and 410° C., in the conven-
tional manner, to temperatures about from 415° to 425°
C. and preferably about from 418° to 422° C,, a quench-
ing of the thusly solution heat-treated castings, preferably
to temperatures between about 20° C, and about 120° C,,
and thereafter an artificial aging of the castings preferably
at temperatures between about 170° C. and about 190° C,,
the heating of the castings above 415° C. being main-
tained for a time sufficient to show for the castings sub-
stantial freedom from the originally present intermetallic
compound Mg,Al,Zn,, the freedom from said inter-
metallic compound being sufficient to impart to the arti-
ficially aged product minimum strength values in tensile
strength (o) of at least 30 kp./mm.?, in yield strength
(o0.2) of at Ieast 19 kp./mm.2, and an elongation (8;) of
at least 3%. :

All of the heat treatments including the quenching are
carried out in conventional, well known manner using
conventional, well known equipment. Duration and tem-

‘perature of the artificial aging may be carried out as is

conventional. It is a preferred embodiment to age the
solution heat treated and quenched castings in accordance
with the invention at temperatures between about 170° C.
and about 190° C.

Within conventional practice as applied to the inven-
tion, it is of advantage for best results to conduct the solu-
tion heat treatment at increasing temperature stages and
most advantageously first maintaining the castings for a
time at a temperature of or near 380° C., thereafter for a
time at at least one intermediate temperature for example
at about 400° C. and finally in accordance with the inven-
tion at the highest temperature preferably at about 420°
C. maintaining the castings thereat at a sufficient length of
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time to obtain the substantial freedom of the compound
MgzAl,Zn, adequate for the obtaining of the minimum
strength values above set forth after the following quench-
ing and aging.

Good results have thus been obtained, for instance by
heating the castings at least about 5 to 8 hours at 380° C,,
.at least about 5 to 8 hours at or near 400° C., and at

least 8 hours at or near 420° C,, followed by quenching to .

a temperature between 20° C. and 120° C. and an artifi-
cial aging at a temperature between 175 to 185° C. for a
period of time of about 8 to 20 hours and preferably 10 to
15 hours.

10

The quenching of the castings from their highest treat-

ment or homogenization temperature of about 420° C. is
best effected for high strength values by using a liquid
medium, such as water or oil. Quenching may be, how-
ever, also conducted by the use of air or other suitable gas
as is conventional practice,

When using a heat treatment in accordance with the
invention in which the quenching step is carried out by
the use of a liguid medium, it is sometimes observed with
castings having adjacent heavier and appreciably thinner
cross-sections that quenching fractures occur within these
areas or that such fractures occur in castings of particu-
larly complicated forms.

In accordance with a further preferred embodiment of
the invention, it has been found that the tendency for such
fractures may be substantially eliminated without inter-
fering practically with the high strength values of the cast-
ings in accordance with the invention by avoiding a direct
quenching from the highest solution heat treatment tem-
perature and by first subjecting the castings to a prelimi-
nary cooling from its highest solution heat treatment
temperature and preferably within the same oven by at
the most 40° C. and preferably by about 30° C. and to
continue this cooling under conditions and for a time suffi-
cient to obtain substantially complete temperature equi-
librium throughout the castings. Thus, when the highest
temperature has been about 420° C., a cooling is first
effected to about 380° to 395° C. and preferably to about
390° C., maintaining in each case the temperature to
which cooling is to be effected such as for example from
15 to 120 minutes to give the desired temperature equi-
librium within the casting. The thusly cooled casting is
then subjected to the quenching in a liquid medium.
Even though the quenching step has been rendered thus
less severe by the pre-cooling and even if thereafter the
quenching is effected under still milder conditions in that
the quenching medium, such as water or oil, is at a higher
temperature than 20° C., above mentioned, and has, for
instance, a temperature up to about 120° C., the herein
mentioned strength- values, ie. oz=30-35kp./mm.2,
09.9=19-25kp./mm.?, =3 to 7%, are still obtained.

The temperature to which the castings in accordance
with the invention may be pre-cooled or from which the
quenching is effected may, however, not be appreciably
less than about 380° C. inasmuch as the intermetallic
compound MggAl,Zn, already separates or precipitates at
-about 370° C. whereby the strength values of the castings
thereafter quenched and artificially aged may be reduced
to below the minimum values herein specified for the
.alloys in accordance with the invention.

It is surprising that the hereinabove stated minimum
strength values in accordance with the invention are still
obtainable with a substantially complete homogenization
at about 420° C. even though the castings are then not

—quenched in a liquid medium but in air. Even though the

_strength values of castings obtained in this manner are
somewhat lower than those obtained with quenching in a
liquid medium, such as water or oil, they are nevertheless
still higher than is the case for the conventionally heat-
treated castings of the alloy type MgAlZn.

For the purpose of obtaining good strength character-
istics melts of magnesium alloys of the type MgAlZn have
been conventionally subjected {0 any conventional grain
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refining treatment. Such a grain refining treatment is
here exemplified by the use of hexachlorethane. Though
a small copper content of the alloys, such as of about
0.5% copper will also effect a refining of the cast grain,
that effect is somewhat less than that obtainable with, for
example hexachlorethane treatment of substantially cop-
Within a further embodiment of the
invention, it has been found, however, that if the alloys
do possess such a copper content, the same will effect a
fining of the <casting separated intermetallic compound
Mg Al,Zn, to such an extent that the homogenization, i.e.
effective removal of said compounds within the scope of
this invention, can be accelerated. As applied within the
scope of this invention, such copper content will then
produce the same improved results as will, for instance a
treatment with hexachlorethane. Thus, when using cast-
ings with, for instance, 0.5% copper and subjecting the
same to the same heat treatment in accordance with the
invention as herein set forth at least the same strength
values are obtained as for a casting subjected to the
identical treatment but embodying a copper-free alloy and
subjected to a conventional grain refining treatment with,
for instance, hexachlorethane.

It has been found that when subjecting an alloy con-
stituted in accordance with the invention and containing
about 0.5% copper, to a grain refining treatment with,
for instance, hexachlorethane, the resulting casting will
have an appreciably coarser grain than that of the same
untreated copper containing alloy product. It is of ad-
vantage, therefore, to use either substantially copper-
free alloys or alloys containing only up to about 0.1%
copper for a grain refining treatment with, for instance,
hexachlorethane or to use melts with about 0.:5% cop-
per without subjecting the same fo a grain refining treat-
ment.

The time required for the homogenization, ie., the

solution heat-treatment in accordance with the inven-
tion, may vary to a certain extent inasmuch as the ob-
taining of high strength values depends upon the effec-
tive solution of the intermetallic compound Mg AlZn,,
the relative greater or lesser coarseness or amount of
which, as separated in the casting, is dependent upon
the particular casting method. Important is that the
solution heat treatment of the castings is carried out at
final temperatures about from 415° to 425° C., for a
period of time suofficient to assure the above specified
minimum strength values after quenching and artificially
?ginhg the solution heat treated castings as herein set
orth.
. It is understood that by the conventional preheating
in stages those components are substantially removed
which could cause entectic melting. The preheating in
stages for the removal of the melting components which
could cause eutectic melting include the substantially
continuous and relatively slow heating from about 380°
C. to the final heat treating temperature.

The following examples are furnished by way of illus-
tration and not of limitation:

Example 1

The melt of a magnesium alloy with 8.5% aluminum,
1.5% zinc, and 0.2% manganese was subjected in con-
ventional manner at 750° C. to a grain refining treat-
ment with hexachlorethane (2 parts by weight hexa-
chlorethane 101,000 parts by weight of melt) whereupon
the melt was permanent mould cast. .

The castings were then heated in a conventional oven
with revolving of circulating hot air by maintaining the
same at first for 14 hours at about 380° C., then with
increase of the temperature for about 10 hours at about
400° C., and finally with a further increase in temper-
ature for 16 hours at about 420° C. The castings were
then quenched from about 420° C. in water of about
room temperature and were thereafter artificially aged
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for about 10 hours at about 180° C. Thereafter the
castings show the following strength values:

Tensile strength (og)
Yield strength (oq.2)
Elongation (35)

Example 2

A melt of a magnesium alloy with 8.5% aluminum,
1.5% zinc, 0.5% copper, and (.2% manganese was per-
manent mould cast at a temperature of about 750° C.
without a preceding grain refining treatment.

The castings were then heated in the same air. cir-
culation oven described in Example 1 for 14 hours at
about 380° C., for about 10 hours at about 400° C.,
and for about 16 hours at about 420° C., whereupon
they were quenched from the 420° C. temperature in
water of room temperature. The quenched castings were
thereafter artificially aged for 10 hours at about 18¢° C.

The castings show the following strength walues:

Tensile strength (o) wceeemee . kp./mm.2__ 33.5

Yield strength (op8) —oommcmeme kp./mm.2__ 245

Elongation  (85) w—cemeom oo percent__ 4.5
Example 3

A melt of a magnesium alloy with 8.4% aluminum,
1.45% zinc, and 0.18% manganese was subjected at
750° C. to the same grain refining treatment set forth
in Example 1 whereupon the melt was, for a short pe-
riod of time, heated to 800° C., and then sand cast at
about 750° C.

The castings were then freated in the same air cir-
culation oven described in connection with the preced-
ing examples by heating the same at first for about 8
hours at 380° C., then for about 15 hours at about
400° C., and finally for about 8 hours at 420° C., where-
upon the castings were quenched in water of room tem-
perature from the 420° C. After a then following aging
for about 12 hours at about 180° C,, the castings showed
the following strength values:

"Tensile strength- (o)
Yield strength (cgg)
Elongation (55)

_______________ kp./mm2__ 22.3
_____________________ percent_. 4.5

Example 4

Sand castings from the same melt obtained as set forth
-in accordance with Example 3 were initially heated as
set forth in said Example 3 using the same temperatures
-and time intervals. The heated castings were then, how-
ever, first pre-cooled from 420° C. in the same air cir-
culating oven, reducing the temperature of the oven to
380° C., and maintaining said temperature for about 2
hours, ie., unti] the castings had obtained temperature
equilibrium throughout over the whole cross-section at
the temperature of 380° C. - Thereafter the pre-cooled
castings were quenched in water of room temperature
‘from the 380° C. temperature and were then aged for
about 12 hours at about 180° C. The castings then show
the following strength values:

Tensile strength (og)
Yield strength (og.2)
Elongation (55)

Example §

The heat treatment of the sand casting in accordance
with Example 4 was modified in that the cast parts pre-
~cooled to 380° C. were not quenched in water of room
temperature but rather in water of 100° C. whereby the
_following strength values were obtained:
Tensile strength (og)
Yield strength (eq.3)
Flongation (d5)
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Example 6

Sand castings from the same melt as described in ac-
cordance with Example 3 were initially heated for about
8 hours at about 380° C., for about 15 hours at about
400° C., and for about 16 hours at about 420° C. where-
upon they were quenched in air of room temperature and
were finally aged for about 13 hours at about 180° C.
The resulting castings show the following strength values:

Tensile strength (o)
Yield strength (oq.9)
Elongation (85)

The strength values of the heat-treated castings ob-
tained in accordance with the invention and composed of
the specific narrow range magnesium-aluminum-zinc
alloys herein specified are unexpected and surprising.
This is especially so in view of the fact that these values
are not obtainable except for the specific combination of
the particular alloy and range of components herein spe-
cified and the particular conditions of full heat treatment
herein set forth. As above pointed out, it has not been
previously recognized that by substantially eliminating
the casting separated intermetallic compound Mg.Al,Zn,
ordinarily present in heat-treated castings of magnesium
alloys of similar composition to those covered in the
instant invention and treated in accordance with conven-
tional heat treating procedures, a very appreciable in-
crease in strength characteristics was obtainable. The
extent to which the specific combination of materials and
composition and thus the substantial removal of the inter-
metallic compound MgyAl,Zn, is critical is evident from
the following further examples:

Example 7

In accordance with a USA-Norm published in “Metals
Handbook,” 8th edition, 1961, vol. 1, page 1099, Table
IV, castings of the magnesium alloy AZ92 with 8.3 to
9.7% aluminum, 1.6 to 2.4% zinc, and at least 0.10%
manganese are subjected to a heat treatment consisting in
heating the castings for 20 hours at 404° C., thereafter
quenching the same in air and finally aging them for 14
hours at 216° C.

When taking, for example, the alloy composition in
accordance with the invention, as illustrated in Examples
3-6 above and which corresponds substantially to an
above identified magnesium AZ92 alloy, and subjecting
the same to the heating, quenching, and aging specified
for said magnesium AZ92 alloy, the following strength
values are obtained:

Tensile strength (og)
Yield strength (cg.5)
Elongation (85)

These values do not reach the minimum values obtain-
able even under adverse conditions in accordance with
the invention. In comparison with the values obtained
when proceeding in accordance with the invention as set
forth in Examples 3-6, the superior results are clearly
evident.

Even if the experiment, using the treating conditions
specified in said USA-Norm are modified by quenching
from 404° C. temperature not in air but in water of
20° C., the strength values are not suﬂimenﬂy improved.
These values are as follows:

Tensile strength (og)
Yield strength (og.2)
Elongation (85)

Example 8

In accordance with another published report in “A
Series of 5 Educational Lectures on Magnesium Pre-

“sented to Members of the A.S.M. during the 27th Na-

tional Metal Congress and Exposition, Cleveland, Feb-
ruary 4 to 8, 1946, page 78” (copyright 1946 by Amer-
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ican Society for Metals, Cleveland, Ohio) a similar mag-
nesium alloy composition identified by the trademark
“Dowmetal C” and consisting of 8.3 to 9.7% aluminum,
1.7 to 2.3% zinc and at least 0.10% manganese was heat
treated by heating the castings in a period of 2 hours
from a temperature of 260° C. to a temperature of 404°
C. and maintaining the latter temperature for a further
18 hours, thereafter quenching the same in air and finally
aging the same for 10 hoursat 216° C.

When taking castings of melts represented by the above
Examples 3-6 and subjecting the same to the solution heat
treatment, quenching, and aging just described in connec-
tion with said “Dowmetal C,” the following strength
values are obtained:

Tensile strength (og)
Yield strength (op.2)
Elongation (8s)

Again comparison with the values obtained in accord-
ance with the invention and proceeding as specified in
Examples 3-6 shows the superior results residing in the
product obtained when proceeding in accordance with
the invention.

When repeating the experiment using the solution heat
treating, quenching, and aging procedure specified in this
example, except that in lieu of air quenching, there is
practiced quenching in water at room temperature, no
appreciable and significant increase in strength values is
obtained.

Example 9

Using the same castings and solution heat treatment
as specified in Example 8, but continuing the solution
heat treatment in accordance with the invention for a
further 16 hours at about 420° C., quenching in water
and aging for about 13 hours at about 180° C., the fol-
lowing strength values are obtained:

Tensile strength (og)
Yield strength (op9)
Elongation (85)

Thus, the additional heating for about 16 hours at
about 420° C. substantially dissolved or homogenized
the casting separated intermetallic compound to a suffi-
cient extent to give the high strength values in accordance
with the invention.

For the conventional preheating below 415° C. by
which the removal of low melting components is ob-
tained, it is desirable to have at least one and preferably
at least two lower temperature heating stages for the
solution heat treatment before the ultimate final highest
heating temperature in accordance with the invention is
applied. The duration and specific temperatures for the
lower stage heating will, to some extent, determine the
duration for the highest temperature heating stage in
accordance with the invention. Inasmuch as it may be
desirable to confine the duration of the heating at the
highest temperature as much as possible, it may be of
advantage to accordingly select the lowest and/or inter-
mediate temperature stage or stages to a duration that
good results are still obtainable in accordance with the
invention while yet holding the highest temperature
stage of the solution heating to a minimum of duration.
These values may be readily determined empirically by
subjecting a few test pieces of castings to a few test
runs involving imitial heating at various temperatures
and/or durations using substantially fixed quenching and
aging treatments and physically inspecting the resulting
products by microscopic examination of etched and pol-
ished cuts obtained in conventional manner, thereby per-
mitting to select that combination of initial solution
heat treatment below 415° C. and final solution heat
treatment above 415° C. in accordance with the inven-
tion, which is economically or otherwise the most ad-
vantageous while yet resulting in that removal of the
intermetallic casting separafed compound MgzAlyZn,
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giving at least the minimum or higher strength values
obtainable in accordance with the invention after the
subsequent quenching and aging.

A typical exemplification of the casting derived inter-
metallic compound MgzAl,Zn, ordinarily present in cast-
ings as cast or heat treated in accordance with conven-
tional methods is Hlustrated by the accompanying photo-
micrograph, FIG. 1 having a magnification of 160 and
in which the arrows point to some of the readily identi-
fiable separations from the otherwise substantially uni-
form structure of the alloy matrix. This photomicro-
graph is that of a sectiomal cut conventionally etched
and polished of the alloy of Example 8 heat treated in
conventional manner. The areas appearing as black
spots in the photomicrograph represent manganese and
are of no importance.

The photomicrograph represented in the accompany-
ing drawing as FIG. 2 and having a magnification of 160
shows an etched and polished cut of the same alloy treated
in Example 8 but subjected to the final heat treating con-
ditions at 420° C. in accordance with the invention as
set forth in Example 9. The relatively coarse deposits
of intermetallic compound ordinarily present in the con-
ventionally treated product as exemplified by the photo-
micrograph of FIG. 1 are completely absent in the sample
represented by the photomicrograph of FIG. 2.

I claim: .

1. A heat treated casting of a magnesium alloy of the
type MgAlZn consisting by weight substantially of 8.3
to 8.7% aluminum, 1.4 to 1.6% zinc, 0 to 0.3% man-
ganese, 0 to 0.7% copper, and the balance magnesium
and having substantially the following order of magni-
tude minimum strength values:

Tensile strength - - ---kp./mm.2_. 30
Yield strength ——kp./mmz2._ 19
Elongation o _________________ percent_. 3

2. A casting according to claim 1 in which said casting
is  substantially free from separately identifiable inter-
metallic compound between magnesium, aluminum, and
zine.

3. In the method of preparing heat treated castings of
a magnesium alloy of the type MgAlZn which method
includes a solution heat treatment about from 380° C.
to below 415° C., quenching, and artificially aging, the
improvement which comprises selecting an alloy sub-
stantially consisting by weight of 8.3 to 8.7% aluminum,
1.4 to 1.6% zinc, 0 to 0.3% manganese, 0 to 0.7% cop-
per and the balance magnesium and subjecting the same
after said solution heat treatment below 415° C. and
prior to quenching to a further solution heat treatment
at a temperature of the order of about 415° C. to 425° C.
for a time sufficient to obtain for the finished casting
substantially the following order of magnitude minimum
strength values:

Tensile strength
Yield strength
Elongation .

_._percent_. 3

4. The improvement in accordance with claim 3 in
which said further solution heat treatment is carried out
at a temperature from about 418° C. to 422° C.

5. The improvement according to claim 3 in which
the quenching is carried out to a temperature from
about 20° C. to 120° C. and in which the aging of the
quenched castings is effected at from about 170° C. to
about 190° C.

6. The improvement according to claim 5 in which
the quenching material is a liquid quenching agent.

7. The improvement according to claim 5 in which the
quenching agent is a gaseous quenching agent.

8. The improvement according to claim 3 in which
the solution heat treatment below 415° C. is carried out
for at least about 5 to 8 hours at about 380° C. followed
by at least about 5 to 8 hours at about-400° C. and in
which said solution heat treatment of at least 415° C.
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is carried out for at least 8 hours at about 418° to 422°
C., in which the quenching is carried out to a tempera-
ture from about 20° C. to about 120° C. and in which
the aging is effected at from about 170° C. to about
190° C.

9. The improvement according to claim 8 in which
said aging is carried out from about 8 to 20 hours at
about 175° to 185° C.

10. The improvement according to claim 3 in which
the quenching is preceded by a pre-cooling of the cast-
ings from the final solution heat treatment temperature
to a temperature within the range from about 380° C. to
about 395° C. to give the solution heat treated castings
a substantially uniform temperature :and in which the
quenching is effected from said last mentioned tempera-
ture.

11. The improvement according to claim 1@ in which
the quenching material is a liquid quenching agent of
the type of water and oil.

10

12. The improvement according to claim 10 in which
the quenching material is a gaseous quenching agent.
13. The improvement according to claim 19 in which
the aging of the quenched castings is effected at from
about 170° C. to about 190° C.
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