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This invention relates to aluminum-magne-
sium alloys, particularly those alloys containing
9.5%-10.5% magnesium, and has for its object
the provision of an improved method of condi-
tioning the alloy for casting and of heat-treating
the cast alloy to improve the physical properties
of the casting.

Another object is to provide castings, consist-
ing of an aluminum-magnesium alloy containing
from 9.5%-10.9% magnesium, having consistent-
ly high average values of tensile strength, yield
point and elongation.

Other objects will be apparent as the invention
is more fully hereinafter disclosed.

Heretofore in the art, the aluminum-magne-
sium alloy containing from about 9.5%-10.5%
magnesium has been recognized as being an ex-
cellent casting alloy which is responsive to a
treating process including the steps of solution-
annealing, precipitation-hardening and aging, to
develop higher and better physical properties.
The main difficulty with this alloy, however, and
the main reason why the alloy has not achieved
wide utility is that the improvement in the physi-
cal properties obtained by such treating is incon-
sistent and widely variable such that the general
average of values obtained is low.

The main object of the present invention is to
eliminate such wide variations in attained values
and to obtain a high average value of such physi-
cal properties consistently, thereby to greatly
enlarge the field of utility of said alloys.

We have discovered that by refining the grain
structure of the alloy by thoroughly degasifying
and scouring the alloy while in its molten state
and incorporating therein between .001%-.05%
boron, casting the alloy and then subjecting the
cast product to a heat-treating process includ-
ing a relatively short time solution-anneal at
820° F., a retarded cooling from the solution-an-
neal temperature down to about 680°-730° F.,
duenching in cold water, extraordinary high av-
erage physical values are consistently obtainable
in the alloy, said average values being well above
the best physical values heretofore inconsistently
obtainable in the alloy. Furthermore, we have

. discovered that the time period for aging to ob-

tain still higher physical properties is materially
reduced to a period approximating 90 days.
In the practice of the present invention, we

" prefer to degasify and scour the molten alumi-

num-magnesium alloy with boron trichloride in
accordance with the invention of Cooper Patent
No. 2,369,213 issued Febuary 13, 1945, which pat-
ent is assigned to the same assighee as the pres-
ent application, using a sufficient excess of the
boron trichloride over that required to completely
degasify and scour the molten alloy providing
approximately .01% boron in the cast alloy prod-
uct. Usually, we find that under the best melting
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practice this desired result and boron content
can be obtained by limiting the time interval of
a strong free flow of the boron frichloride to that
approximating 2 seconds per pound of molten
metal being treated.

Following this treatment the treated bath is
permitted to stand quiescent for a short time in-
terval to permit the last traces of chlorine to es-
cape therefrom before skimming and - casting.
The cast product then is ready for heat-treat-
ment in accordance with the process of the pres-
ent invention.

We have found that the major advantage of the
fine grain structure, obtained by the boron addi-
tion to the alloy, is that a materially shortened
time inferval of heating is required to redissolve
the precipitated phases of the alloy at the solu-
tion-anneal temperature, shortening this time
interval from the previously required time of 10
to 20 hours to from 3 to 4 hours.

We have also found that the fine grain strue-
ture, obtained by the boron addition to the alloy,
is particularly favorable to relatively rapid re-
precipitation of the redissolved precipitated
phases-at temperatures approximating 680°-730°
F., and that by slow cooling the alloy from the
solution-anneal temperature to a temperature
approximating the lowest temperature in this
range (680° )., as by cooling down in the fur-
nace, the major portion of the precipitating phase
is ejected from solid solution.

Thereafter, we find that upon under-cooling,
as by quenching in cold water from said tempera-
ture of 680° F. the remaining bprecipitating
phase is ejected from solid solution at room tem-
peratures substantially completely on aging at
room temperatures within a period of about 90
days instead of from:8 to 12 months, as hereto-
fore experienced with these alloys.

The time intervals saved on solution-annealing
and aging the cast alloy by the practice of the
present invention represent economic advantages.
The higher average physical values consistently
obtained by the practice of the present invention
greatly enlarge the field of utility of the alloy and
also present economic' advantages.

As one specific embodiment of the present in-
vention we will describe the same as it has been
adapted to the treating of an aluminum-mag-
nesium alloy containing 10% magnesium. The
Metals Handbook (19392 edition) gives the fol-
lowing average values of tensile strength, yield
strength and elongation, respectively, for this
alloy: 45,000 p. s. i., 25,000 p. s. i,, and 12%-14%.

By the practice of the present invention we oh-
tain a tensile strength average of 52,000~-53,000
p. s/ 1.; a yield strength averaging 28,000 p. s. i.;
and an elongation averaging about 18%.

This improved result is obtained by degasifying
and scouring the alloy while in its molten state
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with boron trichloride, using a strong free flow
of the horon trichloride for a time interval ap-
proximating 2 seconds per pound of molten alloy.
Under the best metallurgical melting practices
this should give a boron content in‘the molten al-
loy approximating .01%. This percent of boron
appears to produce the best grain size and uni-
formity of grain size for best results:from-the
heat-treatment process of the present invention.
A lower boron content gives a somewhat larger
grain structure and a higher boron content pro-
duces a somewhat finer grain structure. .

The treated alloy is then cast in accordance
with standard best practice and the cast product
is treated as follows:

i -The casting’ is placed in the usual type muflle
furnace ahd is heated slowly to a temperature
approximately 820° F. and is maintained at this
temperaturé for a period of time at least approxi-
mating 3 hours, but not exceeding 4 hours. The
furnace heating is then interrupted and the cast-
ing is permitted to'cool slowly in the furnace to 2
_temperaturé ‘within the range 680°-730° F.; but
preferably:-to: 680° ¥. Then the castmg is
gienched in-cold water: and is allowed to.stand
at room: temperatures for:a period of time ap-
prox1ma,t1ng 90 days.

Various tests have indicated that after a period
of about 90 days aging at room temperatures, no
further: chahnge or improvement in-the physzcal
propertles -of the treated casting occurs.

“Various:tests also have indicated that quench-
ing ‘the  alloy -at -any temperature above about
730° P. in cold water results in lower physical
values and a longer aging time interval with a
wide variation in such physical values resulting
in g-low average value. Quenching at tempera-
tures below about 680° F. also results in lower
and inconsistent average values.

~ One of-the significant- advantages resultmg
flom the present invention is that the magnesi-
um content of the:alloys may be increased to
119%-12%:-to ~ obtain - consistently “still higher

. average physical values without increasing the
time interval of-solution-annealing or extending
the aging time interval. Thus, with alloys con-
taining ~10:5%-~11.5%- magnesium, ‘- 'a - tensile
strength: ‘approximating 55,000 p.-s.-i. is- con~-
sistently obtainable together with & yield point
of about 30;000 p.'s.i., and an elongation approxi-
mating 20%. " -

oo It -is believed, apparent from -the above dis-
closure that the invention may be widely varied
without essential:-departure therefrom and all
such modifications -and - deparfures therefrom
are contemplated--as may fall wrthln the scope
_of the following: clalms

- What we claim is:-- "

- 1. The method of treatmcy an alum1num~mag-
nesium alloy containing 9.5-12% magnesium bal-
ance aluminum to impart thereto a fine grain
structure and relatively high average values of
physical properties which comprises treating the
metal while in its'molten condition with boron
trichloride to degasify and scour the molten metal,
‘using an excess of the boron trichloride sufficient
to provide a boron content -within -the range
.001%—-.05%, casting- the -alloy and heat-treating
the casting at a solution-anneal temperature ap-
proximating 820° C. for from-3 to-4 hours; slow
cooling the casting from the solution-anneal tem-
perature to-a temperature within the range 630°—
730° F., and -quenching:the slow cooled castmg in
cold wa,ter to room tempera.tures

O
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2. The method-of treating an aluminum-mag-
nesium alloy containing 9.5-12% magnesium bal-
ance aluminum to impart thereto a fine grain
structure and relatively high average values of
physical properties which comprises treating the
metal while in its molten condition with boron

. trichloride to-degasify and scour the molten metal,
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using an excess of the boron trichloride sufficient

. to- provide -a boron -content within- the range

.0019%-.05%, casting the alloy and heat-treating
the casting at a solution-anneal temperature ap-
proximating 820° F. for from 3 fto 4 hours, slow
cooling the casting from the solution-anneal tem-
perature to a temperature within the range 680°—
730° F., quenching the slow cooled casting in cold
water--to- room  temperatures and aging the
quenched casting -at room temperatures for &
period of time approximating 90 days.

3. A product of manufacture comprising a cast
article ‘consisting of an aluminum-magnesium
alloy--containing 9.5%-10.5% magnesium and
.0019%—.05% boron, balance aluminum, said article
being- characterized by a fine grain structure and
by 'a. tensile strength, yield point and elongation
materially higher than obtainable in the alloy of
the same composition  without the boron, said
physical properties having been imparted thereto
by-the practice of the heat-tleatlng process of
claim 1.

4.- A product of manufacture comprising a cast
article. consisting of an aluminum-magnesium
alloy containing about 10 % magnesium and about
.01% boron, balance gluminum; said article being
characterized by a fine grain structure and by a
tensile strength, yield point and elongation ma-’
terially highier than obtainable in the alloy of the
same composition without the boron, said physical
properties having been imparted thereto by the
practice of the heat-treating process of claim 1.

5., A product of manufacture comprising a cast
article- consisting' of an aluminum-magnesium
alloy containing about 10 % magnesium and about
.01% boron, balance aluminum,-said article being
characterized by a fine grain structure and by a
tensile strength within the range 50,000-55,000
p.'s. i., yield point within the range 28,000-30,000
p. s.1i., and an elongation about 18%, said physical
proper_'ties ‘having been imparted thereto by the
practice of the heat-treating process of -claim 1.
~ 6.- The method of claim 1, wherein the boron
trichloride is passed in a strong free flow through
the -molten metal for. a period of time approxi-
mating 2 seconds for each pound of molten metal
to degasify and scour the molten metal and to
obhtain therein 2 boron content apnroxrmatmg

01%.
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