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The invention relates. tt‘)w alloys, and:particular-
ly. to alloys having a magnesium hase.

of ‘treating magnesium-base. castings to produce
the improved: alloys: .
This application on said invention. is a continu-

ation-in-part application of my pending applica~.

tion Serial No. 586,024, filed March 31, 1945, now
abandoned, on Magnesium=base. alloys and proc-
ess.of treating the same, and my pending applica-

tion- Serial' No, 18,858, filed  April 3, 1948, now.

abandoned, on Processes of treating magnesium-
base castings and improved magnesimm-base. al-
loys produced thereby.

Primarily, the invention cemprises improve-
ments in aging magnesiumshase castings by
continuous = heating at - stepped . temperatures
whereby the ultimate strength; elongation, yield
strength, and hardness are improved.

Insofar as I am informed, known processes of
heat-treating magnesium-base  alloy . castings
consists in giving them a. solution. heat treat-
ment immediately followed. by an "air quench-
ing, and then aging them by heating at about
350° 7, for about sixteen (16). hours, and then re-
moving them from the heat treatment furnace
and letting them air=cool at room temperature.

It has long been well recognized:in commereial
practice that, although a. difference: of 2000 p.s.i.
in- tensile: strength. between: the: solution-heat-
treated and the solution-heat-treated and aged
conditions of the commercial maghesium easting
alloys such as AZ63 and AZ92 is indicated by the
specifications to befeasible, there is. a persistent
inability ‘to" maintain this difference. However,
the increase in yield: strength and the: decrease
in-elongation do correspond in commereial brac-
tice to thosc of the specifications. The commer-
cial” magnesium. casting. alloys AZ63 and. AZ92
are; respectively, those in which aluminum con-
gtitutes about 6 and 9%, zinc.about 3 and 2%,
with - from 0.15 to: 0.20% maganes.,, and: traces
¢f other ‘foreign elements such as silicon, iron,

ete., the remainder of ‘the casting alloy being
magnesium. - Manganese’ is added to all com-~
mercial magnesium. alloys: to improve the cor-
rosion resistance -and- i, therefore disregarded
herein, ‘

Because in commereial practice the specified
properties are relatively low, there has been en=
counteted little difficulty in meeting the proper-
ties .specified for AN-M-36;.in:either the heat-
treated or the. heat-treated-and aged condition:
AN-M-36.is an Army-Navy aeronautical: speci-
fication, one type of which known. as composi-

The: in-
vention also includes improvements: in processes:
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tion; “A”: confains; substantially, 6%. aluminum,
3%:zinc, and; 0.20% manganese, with traces of
other: foreigir elements, ' It is: ‘the. specification
hereinhefore. referred:to: as AZ63. Although, as
stated; little: diffigulty. has. been. encountered: in
meeting the properties specified for: AN-M-36, the
difference.of 2000: p.&.i, in tensile strength which is
specified for the aged condition: over the heated
condition has; not' been maintainable. " On the
contrary; the average: tensile strength found. in. a
large number: of foundry-produced. composition
“A” magnesium: alloys: tested was some 500 p.s.i.
lower fox the. aged: condition than for the heated
condition: only, ~"This average. for the aged con-
dition: was. about: 39;000;; whereas, the e*cpected
differential should: have produced an-average of
about:41,500:p.sii;

It: has been: found that test- bars' cast- under
close laboratory.control yield a tensﬂe strength. of
approximately 41,000 ps i, and'an elongation: of
substantially: '16:% for: the solutmn—heftt treated
condition, while: the: tensile: strength is appro;u-
mately. 42;500- p.s.ii and’ the: elongation 79, after
the.bar had:been aged for. sixteen hours at 350> P
HTowever, less:rigidly: controlled castmgs ‘of test
bars - in. eommeiciak practme yield: a tensﬂe
strength of approximately- 40,000. p.s.i. for. the
heat treated.metal; and:39,000 p:s.i. for the metal
aged for sixteen hours: at 350 ., with- respectlve
elongations of: approximately 14" and: 5% This
discrepancy. between tensile: strengths ‘of “the
lahoratory specimen. and: the commercial prac-
tice. specimen. is explained: by. the respective dif-
ferences.in elongation. . The two heat treatments,
viz,; the. solution heat: treatment and the-aging
heat. treatment, are charactenzed by-well deﬁned
stress<strain: curves, and the- cast quality of ‘a
test: bar does' not affect the shape of the curve
but: only determines. its ‘terminal’ point,”  This
terminal: point has- coordinates which 1ep1esent
the elongation:and the-tensile strength There-
fore, the elongation 0f16%' in the laboratory bars
corresponds: to- a: p.sd, of 41;000; and the com-
mercial elongation of: 14 % produces' a p.si. of
40,000, which-is only.1000. p:s.i; Iower than the
laboratory value.  For the lahoratory bar, in the
aged condition, the. elongation . of:7% determines

a tensile strength 0f:42;500 p.s.i., and for the com-
mercial- bar; the. elongation. of 5% produces a
tensile. strength 0f:29,000: p.s.i., which'is 3500 p.s.1.
lower.than the laboratory: value. Therefore, de-
fects.in or. a deerease.in the casting quality re-
duces.the tensile:strength-.of the aged-condition
considerably.. more: than that of: the solution-

5 heat-tréated condition.” However, the allowance
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made by the specifications in commercial practice
for an inferior casting is considerably larger for
the heat-treated condition than for the condition
both heat-treated and aged. It is evident that

these specifications should set a minimum tensile _

_strength of the aged condition at an equal or
smaller value than that of the solution-heat-
treated condition, The stepped aging treatment
herein presented eliminates this necessity, and
also produces improved characteristics of the
resultant casting alloys. It also effects a great
saving in total heat-treatment time. =

I have discovered that the inability to maintain’
the 2006 p. s. i, difference in tensile strength be-"
tween the two conditions of the alloy is caused”
by a premature termination in the stress-strain
curve resulting from casting defects. This pre-
mature termination results in a greater loss in
the tensile strength for the heat treated and aged

condition casting than for the casting which has ¢

been heat treated only. Therefore, the invention
disclosed herein. comprises an improved aging
treatment for which the curve indicating the
stress-strain is not prematurely terminated, such
improved aging treatment being effective to im-
prove the characteristics of the resultant alloy
such as its tensile strength, yield otrength elonga-
tion, and hardness. .-

Occasional difficulties with temperature con-
trol when producing the composition “A” mag-
nesium alloy resulted i certain heats being sub-
jected to a stepped aging such as at 250° F. for
three hours and at 350° F. for thirteen hours.
The product of these heats had a strength value
greater than that resulting from the normal
heating at a uniform temperature of 350° F. over
the same total-time. 'Therefore, the whole pro-
duction was tentatively subjected to a stepped
aging treatment. It was found that the tensile
strength was decidedly higher than either the
solution-heat-treated product or the normally
aged product. Comparison of test bars subjected
to solution heat treatment only showed:-identical
properties; whereas, comparison of the aged test
bars showed . the increased strengthk values.
Therefore, the benefits were attributable to the
differential aging treatment.

Primarily, the improvements consmt in a
stepped aging treatment having different temper-
ature and time factors. For instance, it has been
ascertained by laboratory tests that an aging
treatment which utilizes various times of heating
at two temperatures with a total time equal to
that of the regular commercial practice at one
temperature results in-a combination of tensile
strength, per cent elongation, and yield strength
which is superior to that obtained in regular com-
mercial practice. Alsc, it has been ascertained
that an aging treatment which utilizes two periods
of heating time, employing a higher temperature
in the second period of the agingtreatment, results
in properties which are equal to those obtained in
cornmercial practice, even when the total time of
the improved:stepped aging treatment is only

about25%. of the tofal time required by commer~ &

cial practice at one temperature.

A part of the improvements-presented herem
consists in aging the magnesium-base castings,
after the solution heat treatment including the
air quenching, by heating them for about three
(3) hoeurs at 250° F., +15°, and then continuing
the heating for about thirteen :(13). hours at
350° F., 130°—10°, The castings are then re-
moved from the heat treatment furnace and air-
cooled at and to room temperature. This im-

o

proved aging treatment produces increased ulti-
mate strength, hardness, and elongation charac-
teristics of the alloy castings. Insofar as my tests
have shown; the yield strength is substantially
the same. ~*

Another part of the improvement consists in
aging the magnesium-base castings, after the solu-
tion- heat treatment including the air quenching,
by aging them over a total aging time of from
about four hours to about eight hours, first at a
temperature of from about 225° F. to-275° F., and

- theni at a temperature of from about 350° F to

o
ot

about 400° F., during which heating the aging time
at the lower temperature does not exceed one-half
the-total aging time:- Preferably, the total aging

. time is about four-hours, during which the heat-
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ing-at the lower temperature is from about one to
about one and one-half hours, and the heating at
the higher temperature is from about two and
one-half to about three hours.

- All of the aging treatments comprehended by

the part of the improvements last-described pro-
duce an improved combination of properties in
the resultant alloys over those of similar alloys
heated for the whole period at about 350° F, for
about sixteen (16) hours, the particular proper-
ties improved being hereinafter designated for
certain of the 2-stage heating procedures which
will be hereinafter described.

Reference to the results which have been ob-
tained by a 2-stage aging treatment of about
three (3) hours at 250°. F., =15°, and then a“con-
tinued heating for about thirteen (13) hours at
350° P, 4-30°--10°, for which results there have

5 been treated a magnesium-base casting contain-

ing 6% aluminum, 3%  zinc, about 0.15¢% man-
ganese, and the balance magnesium; and also a
casting containing 9% aluminum, 2% zine, 0.15%
manganese, and the balance magnesium, shows
that the ultimate  strength by the improved
2-stage procedure had been increased by about
2000 p. s. 1. over the ultimate strength produced
in test-pieces from the same casting operation by
an aging thereof for sixteen hours at 350° F.;
and that the hardness, by the Brinell table, had
been increased about four (4) hardness numbers,
and the percentage of elongation in 2" gauge
length test-pieces had been increased about 1.5.

The temperature at which the first phase of the

o aging operation is effected, over a heating period

of about three houts, is quite critical, viz., 250° F,,
as stated, but I have ascertained that a range
of temperature within =+15° of 250°-F. produces
improved ultimate strength, hardness, and elon-
gation characteristics. The temperature at which
the second phase of the aging operation is effected,
over a period of about thirteen (13) hours, viz.,
, is"also quite critical, having, however, 2
Ucrmlss1ble range within which the improved
results are obtained, this range being +30° and
—10° from 350° F,~

“In MgAlZn castings, as also in-other magne-
sium-base castings, there will be traces of foreign
elements other than those which-enter into the
compounds which are found concentrated in the
alloys and which precipitate during the aging
operation in pearlitic structures, :such as-man-
ganese, silicon, iron, nickel, etc, - Inasmuch as
these other elements "aré not present in the
pearlitic structures precipitated by the aging
operation and, therefore,~have no effect in the
production of the improved characteristics, ac-
cording to my theory of the production of the lat-
ter, no further reference to such other elements
is made herein, - ="
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The results of the second part of my improve-

ments which involve g shorter period of fotal
aging time, viz., from about four to about eight
hours at initial temperatures of from about 225°
. to about 275° ., and second heating tempera-
tures of from about 350° F. to 400° F'., were ob-
tained by aging, and noting the improved results,
the Army-Mavy Aeronautical Specification AN-—
M-36, known as.composition “A”, This is the com-
position hereinbsfore raferred to as containing
substantially 6% gluminum, 3% zine, and 0.15%
manganese, with traces of other foreign elements,
the balance heing magnesium,  This: specifica-
is referred t0 as AZS§3 and its maximum and mini-
mum limits are: aluntinum ‘5.3 to 6.7%, zinc 2.5
to 8:5%, manganess §.15% nnn:rmm and silicon
0.30% maximum, the: balance being magnesium.
"This specification covers the most.common heat-
treated magnesium casting alloy. However, the

Improvements are applicgble to and the improved .

characteristics cbtained from the various mag-
nesium casting alioys containing from .6 to 9%
aluminum, 3 to 2% zinc, 0.15 to 0,20% manga-
nese, with traces of silicon, iron, ete., the balance
being magnesium.

Various closely-controlled laboratory tests of
the conventional aging treatment have béen con-
ducted for different total times, and different
temperatures. . Conventional - aging  has been
tested for variocus periods up “to 500 hours and
at temperatures from 256°F, t0400° F. For each
variation of the aging treatment many specimens
of the producthave been tested for yield strength,
tensile strength, elongation (per 2 inches), and
Brinell hardness.
of the results with results of similar tests using
the stepped aging ‘treativient ‘produced a better
combination of properties by the stepped aging
treatment using different temperatures than by
the conventicnal aging
period of time at a single temperature. It was
also ascertained that for the given aging tem-
peratures and tofal time there results from the
stepped aging an almost constant or slightly in-
creased yield strength and tensile strength and
an elongation. from. 1 to 2% above the values
cbtained by -aging for the entire period at the
higher temperature. Thus, stepped aging tem-
peratures of 250° ¥. and 350° F, over the usual
total commercial time of sixteen hours has heen
tried; also, a total aging time of eight hours at
250° ¥, and 400° F.; and g total aging time of four
hours  at :250° . and 400° F.  The first aging
time of 250° F. was tried in each series from zero
hours to the total‘hours. - Tor each series of tests,
a_beiter combination of properties than was ob-
tainable by a single temperature aging was ob-
tained by sterped aging in which a fraction of
the aging time is consumed at 250° F. However,
it was further ascertained that .4 reduction .in
yield strength, which cannot be tolerated, made
it  necessary that the lower temperature aging
time, i. e, the aging time.dt which substantially
250° F. is utilized, while a substantial portion-of
the entire aging period, should not exceed .one-
half of the total time. - Also, it.is known that.the
aged condition improves With lower temperatures
but a second-stage temperature.materially helow
350° 7, is impracticable in standard practice be-
cause of the great length .of time necessary for
satisfactory aging. - A.practicable feasible aging
time should not exceed twenty-four hours.

It has been further ‘ascertained .that the lowest
‘combination -of temperatures ‘utilized, 1.-e., 250°
F, and 350° ., for 4 totdl’ aging Period . of six-

For every test, a compdrison 3

treatment over the whole. .y
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teen hours, yields the best combination of prop-
erties except that a total aging time of four hotrs
with the use of temperatures of 250° F. and 400°
I, yields an equal improvement or possibly.slightly
larger. - For this stepped aging use of 250° F. and
400° ¥, a first aging treatment of 250° ¥, for one
and one-half hours, and a sécond -aging  treat-
ment of 400° F. for two and one-half hours is
indicated, resulting, as compared with conven-
tional aging at 350° F. for sixteen hours, in a
tensile strength only slightly lower, in markedly
increased elongation, and in an insignificant de-
crease - (readily " tolerated) in yield strength.
However, an aging period of eight hotirs, using
250°-F. and 400° F., yields properties only s11ghtly
improved over those obtainablé by an sging heat
of 400° F. for the entire eight hours, indicating
that overaging is a deleferious factor, markedly
more so than underaging. It is furthér ascer-
tained-that an increase of the time redquired for
aging to obtain a maximum tensile strerigth pro-
duces q consmerably less favorable combination
of strength and elongatwn than does underaging,
Purthermore, the complete aging time decreases
with increasing temperature but the properties
simultaneously decrease.

Application to -commercial practice of the
stepped aging treatment above-mentioned has
given even better results than those cobtained
by laboratory tests of the improved stepped aging
treatment.

A large number of bars of commercial produc-
tion have been tested over a 4-hour aging period
consisting of one hour at 250° F..angd thres hours
at 400° F.. This stepped aging treatment pro-
duced pr ope= ties distinetly superior to commer-
cial procedure of sixteen hours at 350° F.  The
tensile strength was equivalent, and the yield
strength-and elongation were higher, despite thé
reduction of 75 % in total aging time.

The results indicate that other promising com-
binations of temperatures for stepped aging are
230° F,.and 875° F'., 2756° ¥, and 375° F,, and 225° F
and 400 utlhzed for a total aging tlme of about
four hours in which the aging time at the lower
temperauure does not exceed one-half the total
aging. time. Results obtained indicate that the
best’ combination of properties is obtained by a
totaliaging time of approximately four hours, one
and one-half hours at about 250° P.,and two and
one-half hours at about 400° 7.

MMy theory of the cause of the improved: char-
acteristics obtained by the improved 2-stage- -aging
treatment above-described is as follows:

It is known that, in the cast condition, 'in a
magnesium-base - alloy castmg contammg alu-
minum and zinc as major alloying elements; an
aluminum, magnesiunm, and zinc compound :is
concentrated  in  scattered areas at the grain
boundaries, and that, when the casting is given
the  ‘solution heat tx eatment, . this scatteréd
AlxMgyZna compound passes inte solid solution.
‘When this solution is aged by the known processes
above~-mentioned, viz., heéating at sixteen hours
at 350° B, the conscauent pearlitic preclpxtatlon
of the alummum -magnesium-zine compound is a
coarse. formation produced by 2 comparatively
rapid action. During the preliminary aging pe-
riod;-namely, about three (3) hours heating at
250° 7, 2-15° L;;e aluminum-magnesium-zine com-
pvound compax abively slowly precipitatesin a. fine
pearlitic structure, and during the later - treat-

‘ment for about thirteen (13) -hoursat

350° F.,--30°,—10°




the precipitation is accelerated but confinues on
the basis of the fine precipitation which takes
place during the earlier aging period at the lower
temperature. Thus the characteristics of the
final product are betiered to  substantially the
respective amounts hereinbefore mentioned. The
improvements are noted in the other specific pro-
cedures described.

A microscopic examination of the test bars
has beén made. Solution-heat-treated magne-
sium alloy consists of uniform solid solution crys-
tals with some heterogeneous phases (MgzSi.,Mn.),
both at the grain boundaries and within the grain.
The structure of all commercially usable aged
condition metal consists of 75 to 50% of ap-
parently retained solid solution crystals and 25
to 50% precipitated areas, similar in appearance
to pearlite in steel. Buch grain structure is in
agreement with X-ray investigation which indi-
cates that during aging an increasing portion of
the solid solution decomposes (almost) to its
equilibrium condition  while the remainder is
subject to a very slow precipitation process. The
completely precipitated material apparently has
only minor commercial significance because it
possesses both lower tensile strength and elon-
gation than the intermediate stages, although
possibly associated with a higher yield strength.
The microstructure of the partially (and com-

pletely) precipitated conditions when aged at the 3

same temperature throughout the entire aging
period is distinetly different for different aging
temperatures, The lamellae in the precipitated
areas are thinner and closer together the lower
the aging temperature. And at lower aging tem-
peratures the aging time appears to be of little
influence in this regard., At the higher aging
temperatures, comparatively long periods of aging
time result in some bregking up and coagulation
of the lamellae.

The microstructure of the bars subjected to the
improved stepped aging also exhibits distinctly
finer lamellae than that of metal aged during the
entire aging period at the higher of the two tem-
peratures used in the stepped aging. To this dis-
tinetly finer lamellar precipitate is attributed the
superior physical properties of the product cb-
tained by stepped aging. Stepped aging results
in a structure and in properties very similar to
those obtained over g counsiderably longer period
by an aging at a single temperature intermediate
the two temperatures of the two stages of stepped
aging, Hence, a major benefit derived from
stepped aging is a reduction in aging time,

What T claim is:

i. The process of improving the ultimate
strength, hardness, and elongation characteristics
of a magnesium-base alloy, consisting in solu-
tion-heat-treating o casting thereof, containing
a proportion of aluminum of from about 6% to
about 8%, and a proportion of zinc in percentage
of from about one-half to abkout one-fifth the per-
centage of aluminum, substantially all of the re-
mainder being magnesium, the solution heat
treatment including a guenching; then aging the
alloy, by heat treatment thereof at 250° P. and
continued heat treatment thereof at 350° F.

4. The process of improving the ultimate
strength, hardness, and elongation characteristics
of a magnesium-base alloy, consisting in solution-
heat-treating a casting thereof, containing a. pro-
portion of aluminum of from about 6% to.about
9%, and a proportion of zine in percentage of
from about one-half to about one-fifth the per-
centage of aluminum, substantially all of the re-
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mainder -being magnesium, the solution heaf
treatment including s quenching; then aging the
alloy, by heat treatment thereof for approxi-
mately three hours at 250° P, and continued heat
reatment thereof for approximately thirteen
Lours at 350° F.

3. An aging treatment to improve the ultimate
strength, hardness, and elongation characteristics
of a. magnesium-base alloy, a casting of which-has
heen solution-heat-treated and air-quenched, said
casting having from 6 to 9% aluminum and 2 to
3% zinc, substantially all.of the remainder be-
ing magnesium, consisting in first heating such
alloy at from 235° ¥, to 265° P,, and then .con-
tinuing. the heat treatment at from 340° . to
380° P,

4. An aging treatment {o improve the ultimate
strength, hardness, and elongation character-
istics of - a magnesium-base alloy, a casting of
which has been solution-heat-treated and air-
quenched, said casting having from 6 to 9% alu-
minum and 2 to 3% zine, substantially 0.15% man-
ganese, the remainder being magnesium, consist-
ing in first heating such alioy for approximately -
three hours at from 235° F. to 2656° F., and then
continuing the heat treatment for approximately
thirteen hours ab from 340° B to 380° P,

5. Improvements in treating a magnesium-base
alloy confaining from 6 to $% aluminum, from
2 to 3% zinc, substantially all of the remainder
being magnesium, consisting in solution-hezt-
treating a casting of such alloy, including an
air-quench; then aging the alloy by heat treat-
ment thereof for approximately three hours at
from 235° F. to 265° ¥.; continuing the heat treat-
ment for approximately thirteen hours st from
340° F. to 380 F.; and then air-cooling at and to
room temperature.

6. Improvements in treating a magnesium-
base alloy containing from 6 to 9% aluminum,
from 2 to 3% zinc, substantially all of the re-
mainder being magnesium, consisting in solu-
tion-heat-treating a casting of such alloy, in-
cluding quenching thereof; then aging the alloy
by heating it at from 235° F. to 265 F. to effect
comparatively slow precipitation of an alumi-
num-~magnesium-zing compound having a fine
pearlitic structure, and then continuing the heat
treatment at a higher temperature to accelerate
precipitation.

7. A magnesium-base alloy produced by a 2-
stage aging treatment consisting in first heat-
ing g solution-heat-treated and quenched cast-
ing containing 6 to 9% aluminum and 2 0 3%
zinc, substantially all of the remainder being
magnesium, at from 235° ., to 265° F. for g sub-
stantial portion of the entire aging period, and
then continuing the heat treatment at from 340°
F. to 380° F., the alloy being characterized by
improved ultimate strength, hardness, and elon-
gation, as compared with alloys aged for substan-
tially the same period of total aging time at-the
higher temperature of the 2-stage aging.

8. A magnesium-base alloy produced by a 2-
stage aging treatment consisting in first heating
& solution-heat-treated and quenched casting
containing substantially 6% aluminum and sub-
stantially 3% zinc, substantially all of the re-
mainder being magnesium, at from 235° F. to 265°
‘F., and then continuing the heat treatment at
from 340° F. to 380° F., the alloy being charac-
terized by precipitated -aluminum-magnesivum-
zinc compound having g fine pearlitic structure
imparting thereto improved ultimate strength,
‘hardness, and elongation, ' ’



~9.-A; magnesium--base-alloy .produced by -a :2-
:stage raging .treatment .consisting .in . first heat-
ing -a-solution-heat-ireated and -guenched cast-
:ing: containing-substantially -9% - aluminum -and
ssubstantially .2% «zinc, ssubstantially .all of the
-remainder!beingimagnesium, rat - from 235° F. to
265° F.; and-then- continuing the heat-treatment
~atfrom.340°:F.: to-380°:F,;: the alloy. being charac-
-terized ~by - precipitated -aluminum-magnesium-
.zincicompound having:a-fine-pesrlitic structure
imparting ‘thereto :lmproved :ultimate -strength,
‘hardness,.and:elongation.
-10.:Armagnesium-base-alloy produced by a. 2-
:stage aging:treatmentueonsisting in first-heating
ia, ssolution=heat«treated -and ‘quenched .casting
containing substantially 6% aluminum; substan-
itially :3% zzine, and wsubstantially <0.15% mman-
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wganese, the.remainder:being:magnesium, at from

235°:1-10.265° P, -forzassubstantial portion of:the
‘entire:aging periodsandthen continuing the heat

treatment at from 340° F. t07380°:F., the alloy

rheing characterized sby -dAmproved = ultimate
sstréngth, hardness,:andélongation, as compared

~with ralloys-aged forsubstantiglly. the-same’ pe-
.rriod:of total:againg:time: at:the:higher tempera-~
-ture:of:the2sstage aging,

11, A -magnesiumsbase alloy produced: by 4 2-
‘stege -aging treatment consisting in first hesat-
imgia:solution-heat+treated and. quenched ‘cast-
-ing: containing:substantially: 9% aluminum, sub-
:stantially 2 %. zine, and:substantially 0:15% man-

;ganese; the remdinder-being magnesium, at from:

235° F. to 265° F. for a substantial portion of
the-entire-aging period, #ndthen continuing the
heat treatiment at:fiom’ '340%F . 4o 380° ., the al-
-loy. being : characterized " by improved - ultlmate
strength, hardness,-and -¢lohgation, as compared
withalloysiaged forisubstanitially the same period
of (total aging time 4t the ‘higher ‘temperaiire
ofithe 2«stage:aging.

12."Improvements “in itreating a ‘maghesium-
‘base alloy.containing “from+6:to 9%: aluminum,
from 2:t0 3% izine,:substantially -all -of -the ‘re=
mainder béing-magnesium;-eonsisting in solution-
Heat- treatmg ‘a-casting -of-suehalloy, including
quenching:theresf;: then*agmg the-alloy by heat-
ing'it at-about 250 . o éffect-comparatively- slow
‘precipitation ~6f an -aluminum-magnesium-zine
‘compound:having -a ‘pearlitic-structure; and then
-continuing the'hegtt treatment-at about 350° . to
‘accelerate: ‘precipitation “the “heat ' treatment at
Bbout 250° . beéing-for- g-substantial _portion-of
theéritire: heat-trea,tincr period.

“I13.GA manganese-base alloy produced by. a2~
stage aging ‘“tréatment con51stmg in heating -a
soltition-heatitreated-and: duenched-casting con~
t4ihing’6 t0-9 % aluminum and 2°t0'8% zine, sub-
staritially-all-of:the remainder ‘being magnesium,
‘oversa‘total heating period-of from: four. to -eight
hours, first at from 225° P. to 275°"F. for a sub-
stantial-portion-of- the entire heating pericd but
not exceeding neme-half:iof “the total time, and
then continuing the heat treatment for the bal-
ance of the heating period at from 346° I. to 400°
I*, the alloy being characterized by precipitated
aluminum-magnesium-zine compound having . a
fine pearlitic structure imparting thereto an im-
proved combination of properties over those of
similar alloys heated for a substantially longer
total heating period at the temperature at which
the second of the above-mentiored heat treat-
ments is effected.

14, An aging treatment to improve the ulti~
mate strength; hardness, and elongation char-
acteristics of a maghesium-base alloy, a casting
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of which has been solution-heat-treated and air-
quenched, said casting having from-6 to-9% alu-
minum and 2 to 3% zinc,substantially.0.15% man-
ganese, the remainder being magnesium, consist-
ing in first heating:such-alloy. for approximately
three hours-at abou$:250° F,,.and: then.continuing
the heat treatment for. approximately : thirteen
‘hours at about 350° P,

15. An improvement in aging commercial mag-
nesium- casting -alloys.comprised. of from.5.3-to
8.7%  aluminum,.from:2.5 to 3.5% zinc, a.mini-
mum of 0.16% manganese, and.a maximum . of
0.30% silicon, the balance being magnesium, con~
sisting in heating the solution-heat-treated -con-
dition thereof. from- about -ene to about one and
one-half hours at from-225° F..t0.275°. F., and then
stepping-up -the -heating  temperature . to -from
about 375° F.:to about 460°.F. and continuing the
heating at the stepped-up temperature. for from
about two and. one-half .hours to -about three
hours.

16. An improvement in aging commercial mag-
nesium casting’ alloys: comprised of - from 5.3 :to
6.71% aluminum, from.2.,5-t0 3.5% zine, a mini-
mum of 0.16% manganese, -and -a. maximum of
0.30%: silicon, the balance being. magnesium, con-
sisting in continuously.heating the solution-heat-
treated condition thereof at.two stepped-temper-
atures of :about 250°:F..and 400°.F., respectively,
for a total period: of-about.four -hours, of which
the initial heating. at-about.250°.F,is from abotit
one to about one and one~half hours,

17. An improvement.in aging-commercial mag-
nesium- easting -alloys :comprised . of- from -5.3 to
6.7% aluminum, from 2.5.t0:3.5% zinc, a mini-
mum of 0.156% :manganese,-and -a -maximum of
0.30% silicen, the balance being magnesium, con-
sisting in continuously heating the solution-heat-
treated condition thereof-at two-stepped- temper-
atures-of about:250% F..and 400°. F., respectively,
for. a total period of:about. four hours,; of which
the initial heating at-250° ¥, is about one hour.

18. A .magnesium-base -alloy produced by an
aging treatment consisting in: continvously heat~
ing -a solution-heat-treated casting  containing
from 6 fo 9% aluminum, from.2 to 8% zinc, about
0.15% manganese, the balance-being magnesium,
at two stepped temperatures of about 250° B, and

om about 340° F. to'about 380°.F., respectively,
in whlch the initial lower heating: temperatme at
about 250° P, is utilized over-a-substantial portion
of the entire-heating period but not-exceeding
cne-half of the total time, the alloy -being ‘char-
acterized by an.improved combination. of proper-
ties over those:.of similar salloys heated for the
whole period at.the. higher: temperatiure of the
stepped temperatures. -

19.A magnesiumsbase- alloy produced by .an
aging treatment consisting.in first heating a so-
lution-heatstreated :casting -containing from 5.3
to 6.7% ‘aluminum,:from 2.5:t0 359 zinc, a mini-
mum:cof 0:15% manganese,. and:a. maximum of
0:30% silicon;:the:balance ‘béing magnesium, -for
from one to'one and one-half hours at a tempera-
ture.of frem about 225° F. to 275° F. and then
stepping-up the heating temperature to from 375°
7, to 400° P, and continuing the heating at the
stnppeo -up.temperature for from two and one-
half :to three hours, the alloy being character~
ized by a structure and combination of properties
comparable ‘to those -of similar alloys aged by
standard commercial practice, viz., for periods
materially longer than four hours and at a single
temperature intermediate 225° F. and:-400° &

20. A “magnesium-base alloy produced by .an
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aging treatment consisting in continuously heat-
ing- a solution-heat-treated casting containing
from 5.3 to 6.7% aluminum, from 2.5 to 3.5% zinc,
a minimum of ¢:15% manganese, and a maximum
of 0.30% silicon, the balance being magnesium,
for aboub four hours totdl time at two stepped
temperatures of about 250° F. and 400° F, respec-
tively, in which the lower heating temperature is
utilized over a period of about one and one-half
hours, the alloy being characterized by markealy
increased elongation, as_compared with that of 2
similar alloy aged by a single conventional tem-
perature heating at abcut 350° F\. over a period of
sixteen hours.

21. A process of aging commercial magnesium
casting alloys consisting in heating the solution-
heat-treated condition of a casting thereof con-
taining a proportion of aluminum of from about
6% to about 9%, and a proportion of zinc of
from about 3% to 2%, substantially all of the re-
mainder being magnesium, at stepped-up tem-
peratures, viz., first of from about 235° F. fo
about 265° F., and then of from about 340° F. to
about 380° F., the first-mentioned heating in the
temperature range of from about 235° P, to about
265° F. being utilized over a substantial propor-
tion of the entire heating period but not exceed-
ing one-half the total aging time, the aged ai-
loys being characterized by an improved combi-
nation of properties over those of similar alloys
heated for the whole period at a single tempera~
ture within the range of from about 235° . 1o
about 380° F. -

22, A process of ,agmg commercial magnéesium
casting alloys consisting in heating the solution-
heat-treated condition of a casting thereof con-
taining a proportion of aluminum.of from about
6% to about 9%, and a proportion of zinc of from
about 3% to 2%, substantially all of the re-
mainder being magnesium, at stepped-up tem-
peratures, viz.; first of:about 250° F., and then of
from about 350° F. to about 400° P, the total aging
-time being about four-hours, and the first-men-
tioned heating of about 250° F. being from about
25% to about 3712 % of the total aging time.

23. A process of aging commercial magnesium
casting alloys:consisting in heating the solution-
heat-treated condition of a casting thereof con-
taining from 5.3% to 6.7% aluminum, from 2.5%
to 3.6% zine, & minimum of .15% manganese, and
a mazimum of 0.30% silicon, substantially all of
the remainder being magnesium, at stepped-up
temperatures, viz., first of about 250° F., and then
of from about:350° F. to about 400° F., the tofal
aging-time being about four hours, and the first-
mentioned heating of about 250° F. being from
about 25% to about 37% % of the total aging time.

24, A process of aging commercial magnesium
casting alloys consisting in heating the solution-
heat-treated condition of g casting thereof con-
taining a proportion of aluminum of from about
6% to about 9%, and a proportion of zinc of
from about 3% to 2%, substantially all of the
remainder being magnesium, at stepped-up tem-
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peratures, viz., first of about 250° F;; and then of
about 375° F., the fotal aging time being about
four hours, and the- first-mentioned heating of

“about 250°F, being not to exceed two hours.

25.- A magnesium-base alloy containing from
about 6% to about 9% aluminum, and from
about 3% to 2% zinc, substantially all of the re-
mainder being magnesium, produced by an aging
freatment consisting in heating a solution-heat-
treated - casting thereof for from about four
hours to about eight hours total time at stepped-
up temperatures, viz., first of from about 225° F
to about 275° F., aind then of from about 350° F
to about 400° F., in which the first-mentioned
heating in the temperature range of from about
225° P, to nbout 275° P. is utilized over a period
not exceeding one-half of the total aging time,
the alloy being characterized by an improved
combination of properties over those of similar
alloys heated for the whole period at a single
temperature within the range of from about 225°
F.to about 400° F

26. A magnesmm-base alloy contammg from
about 6% to about 9% aluminum, and-:from
about 3% to 2% zinc, substantially all of the
remainder being magnesium, produced by an
aging treatment consisting in heating a solution-
heat-treated casting thereof at stepped-up tem-
peratures, viz., first of about 250° F., and then of
from about 350° F. to about 400° F., the total
aging time being about four hours, and the first-
mentioned heating of about 250° F. being from
about 25% to about 371/2% of the total aging
time.

27. A magnesium-base alloy containing from
53%  to 6.7% aluminum, from 2.5% to 3.5%
zine, a2 minimum of .15% manganese, and a max-
imum of 0.30% silicon, substantially all of the
remainder being magnesium, produced by an
aging treatment consisting in heating a solution-
heat-treated casting thereof at stepped-up tem-
peratures, viz.,, first of about 250° F., and then of
about 375° ¥, the total aging time being about
four hours, and the first-mentioned heating of
apout 250 F, being for about one hour.

28. A magnesium-base alloy containing from
5.3% to 6.1% aluminum, from 2.5% to. :3.5%
zinge, a minimum of .15% manganese, and a-max-
imum of 0.30% silicon, substantially all of the
remainder beihg magnesium, praduced by an
aging treatment consisting in heating a solution-
heat-treated casting thereof, at stepped-up tem-
peratures, viz., first of about 250° F., and then
of about 400° F., the total aging time being about
four hours, and the first-mentioned heating of
about 2560° F. being for about one hour, the alloy
being characterized by increased yield strength
and elongation with no substantial loss in tensile
strength as compared with similar alloys aged
at a single temperature of about 350° F. for shout
sixteen hours.
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