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This invention relates to an improvement in 
the heat treatment of aluminum-magnesium 
alloys. 
Aluminum base alloys have found wide appli 

cation in the form of structural material where 
lightness of weight is a paramount consideration 
and high strength of secondary importance. 
There has been an increasing demand, however, 
for stronger alloys which are also resistant to 
corrosive attack. Aluminum-magnesium alloys 
Containing from about 5 to 15 per cent magne 
sium have been found to meet these requirements 
to an exceptional degree since they have un 
usually high yield and fatigue strengths com 
bined with a remarkable corrosion resistance. 
While these properties commend the alloys for 
many purposes, considerable difficulty has been 
experienced if producing certain types of castings 
and fabricating wrought products. In particu 
lar, it was discovered that the molten alloys oxi 
dized readily and that unsatisfactory castings 
were frequently obtained. This condition could 
be remedied, it was found, by the addition of a 
Small amount of calcium to the molten metal 
prior to casting. The reduction in oxidation of 
the liquid metal, it was observed, also served to 
increase its fluidity, especially in the production 
of intricately shaped castings in permanent 

The difficulties encountered in producing 
articles of the aforementioned alloys were thus 
believed to have been successfully solved by this 
improvement. 

For many purposes these alloys in the as-cast 
or worked condition are entirely satisfactory with 
respect to strength. On the other hand, certain 
applications demand the highest possible strength 
consistent with the weight of the material. It 
was determined that the tensile and yield 
strength of cast or Wrought aluminum-magne 
sium alloys could be substantially increased by 
subjecting them to an elevated temperature for 
a period of time followed by quenching or rapidly 
cooling the alloy to ordinary temperatures. The 
improvement is generally obtained by heating the 
alloy to a temperature within the range of about 
250 to 450° C. for a period from a few minutes up 
to a number of hours depending on the nature 
of the article treated, and then rapidly cooling 
to a substantially lower temperature. It was 
soon observed, however, that those alloys which 
contained calcium did not respond as readily to 
heat treatment as those without this element. 
This effect of calcium was manifest in the lower 
strength values of these alloys as well as lower 
ductility. Attempts to diminish this deleterious 

effect of calcium through a reduction in the 
amount used only tended to decrease the bene 
ficial influence of the element on the casting 
properties of the alloy. A satisfactory com 
promise between obtaining improved casting 5 
qualities and producing the maximum mechanic:...i 
properties in the heat treated article could got 
be effected. 
One of the principal objects of our invention 

is to produce better mechanical properties in 10 
heat treated aluminum-magnesium alloys that 
contain calcium. A further object is to obtain 
Such favorable mechanical properties without dis 
advantageously affecting the casting qualities of 
the alloy. Another purpose of our invention is 15 
to obtain the foregoing improvement without 
materially changing existing foundry practices 
with respect to making and Casting the alloy. 
Our invention is based on the discovery that the 

presence of a small amount of tin and/or lead in 20 
aluminum-magnesium alloys containing calcium 
Successfully counteracts the injurious effect of the 
last named element upon the heat treating quali 
ties of said alloys. . Only a very Small proportion 
of counteractor is required to overcome the hurt- 25 
ful effect of calcium, in general, from about 0.01 . 
to 1.25 per cent of lead and/or tin is adequate to 
oppose the effect of from about 0.01 to 2 per cent 
of the alkaline earth metal. Alloys containing 
from about 5 to 15 per cent of magnesium are 30 
most frequently treated with calcium, but this 
element is effective in alloys containing either 
more or less than this amount of magnesium. 
The addition of lead and/or tin does not in any 
way diminish the beneficial influence of calcium 35 
on the casting characteristics of the alloys, they 
may be cast without difficulty in sand, perma 
nent or ingot molds without excessive oxidation 
of the liquid metal where it comes in contact with 
the mold walls or the atmosphere. For the pur- 40 
pose of our invention the elements lead and tin 
constitute a class of substances which may be 
substituted one for the other, or used in combinar 
tion, with substantially the same result. In event 
that both elements are employed, the total 45 
amount should not exceed about 1.25 per cent. 
According to our observations on the internal 

structure of aluminum-magnesium alloys SOme 
change occurs with the addition of calcium which 
greatly hinders the diffusion of the magnesium 50 
throughout the aluminum matrix when the alloy 
is subjected to solution heat treatment. It is Our 
belief that lead and tin posseses a greater affinity 
for calcium than calcium has for magnesium and 
aimiu, a consequence of this difference in 55 
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relative afinity, the lead and tin prevent the 
formation of any substance that interferes with 
the Solution and diffusion of magnesium under 
the influence of heat. The degree of strength at 
tained in a heat treated aluminum-magnesium 
alloy is determined by the extent to which the 
magnesium is dissolved, and hence any hindrance 
offered to the solution of the latter element tends 
to reduce the strength of the alloy. Whether the 
foregoing explanation of the behavior of lead 
and tin in respect to calcium is correct or not, 
the fact nevertheless remains that the addition 
of tin and/or lead to the herein disclosed alloys 
does improve their mechanical properties in the 
heat treated condition. 
The benefit derived from the application of our 

invention may be more clearly shown through 
comparison of heat treated alloys with and with 
out the addition of lead and tin. The alloys 

20 represented in Table I contain about 10 per cent 
magnesium and were cast in a Sand mold. They 
were subsequently heat treated for 16 hours at 
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432° C. and quenched in water. 
Table 

Percent of added Tensile Yield elements strength strength Elongation 
percent 
in 2" 

Lb. per sq. in. 

- -ao -a - a 35,080 4.7 
wn as us 8,670 23,440 12 
a 48,50 23,050 5.0 

46, 540 21,870 15.7 
- 45,030 14.8 

The improvement in the heat treating quality 
of the alloys containing lead and tin is at once 
apparent in the increased tensile strength and 
elongation values. The increase in elongation is 
a particularly desirable feature since many heat 
treated aluminum base alloys are less ductile 
and therefore more susceptible to fracture under 
impact. The test furthermore indicates that the 
presence of lead and tin not only serves to im 
prove the mechanical properties of the alloys 
when heat treated under the same conditions as 
alloys not containing the calcium counteractors, 
but that if desired the period of heat treatment 
may be shortened and still permit obtaining the 
properties found in the heat treated alloy which 
does not contain lead and tin. 
The beneficial effect of lead and tin is also 

evident in alloys containing a larger proportion 
of calcium. The alloys shown in Table II con 
tain the same amount of magnesium as those 
listed in Table I, and they were also produced 
and heat treated under the same conditions, the 
chief difference between the two series being the 
calcium content. 

Table II 

Percent of added ense 
elements strength 

Yield 
strength Elongation 

b. per sq. in. 

39, 540 
48,240 
46, 520 

22,950 
22, 180 
23,370 

It will be observed that the presence of lead or 
tin counteracts the influence of calcium to about 
the same extent although a larger amount of 

2,083,951. 
calcium was employed. It is also better to use 
more lead or tin with an increase in tae Calciuta 
content of the alloy. 
While our invention is effective ove; the entire 

range of magnesium and calcium Inentioned 
hereinabove we have found that the addition of 
lead and/or tin is particularly effective within 
the range of magnesium commonly used for coil 
mercial purposes, namely, from about 6 to 3. 
per cent. The calcium content of such alloys 
should be kept between about 0.01 and 0.5 per 
cent. Our preferred proportions of tin and lead. 
lie between about 0.25 to 0.75 per cent for aiosis 
Within this range of magnesium and calcian. iiae 
amount of counteractor needed in a particula: 
alloy may be readily determined by test, lost is 
general, the amount varies with the calciurn conce 
tent, a large proportion of calcium requiring a 
correspondingly greater quantity of lead and/or 
tin than in alloys having a low calcium contea. 

Alloys made in accordance with Our invezatio 
may be compounded in the manner comraoniy 
practiced in foundries. Only the ordinary pre 
cautions of preventing overheating, of thorouaga 
ly mixing the alloy, and of casting the mets at 
the proper temperature need be observed. 
Aluminum of ordinary commercial purity is 

Suitabie for the manufacture of the herein le 
Scribed alloys. We have found, however, Rai, 
better properties are obtained througia use of 
aluminum containing less than 0.3 per cent; iii 
purities. 
We clain: 
1. A heat treatable aluminum base alloy cons 

taining from about 5 to 15 per cent of magne 
sium, 0.01 to 2 per cent of calcium and 0.02 to 
1.25 per cent of at least one of the class of ele 
inents lead and tin, the balance being aluminum. 

2. A heat treatable aluminum base alloy con 
taining from about 6 to 11 per cent of magnesiun, 
0.01 to 0.5 per cent calcium, and 0.25 to 0.75 per 
cent of at least one of the class of elements lead 
and tin, the balance being aluminum. r 

3. A heat treatable aluminum base alloy con 
sisting of from about 5 to 15 per cent of Imag 
nesium, 0.01 to 2 per cent of calcium, and 0.01 to 
1.25 per cent of lead, the balance being aluminusa. 

4. A heat treatable aluminum base alloy con 
sisting of from about 5 to 15 per cent of mag 
nesium, 0.01 to 2 per cent of calciuta, and 0.6 to 
1.25 per cent of tin, the balance being alumirauan. 

5. A heat treatable aluminum base alloy cora 
sisting of from about 5 to 15 per cera; of Raag. 
nesium, 0.01 to 2 per cent of calcium, and a tota 
of from about 0.01 to 1.25 per cent of both lead 
and tin, the balance being aluminuta. 

6. A heat treatable aluminuria base alloy coa 
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sisting of from about 10 per cent, Snagnesium, , 
0.05 per cent calcium, and 0.3 per cent 2ead, the 
balance being aluminum. 

7. A heat treatable aluminum base alloy coin 
sisting of from about 0 per cent magnesiya, G.25 
per cent calcium, and 0.3 per cent tin, the basace 
being aluminum. 

8. A heat treatable aluminum Ease alloy cone 
sisting of about 10 per cent yagnesian, 0.2 per 
cent calcium, and 0.6 per Cea, eak, the palace 
being aluminum. 

9. A heat treatable aluminum base alley con 
sisting of about 10 per cent magnesiu in, C. pan 
cent Calcitan, and 0.4 per cent tira, the baitace 
being aluminum. 

10. An alumini-magnesium alloy containing 
froEn about 5 to about 15 per cent of Inagaesium, 
a small amount of calcium and from about 0.01 
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to 1.25 per cent of at least one of the elements 
lead and tin, said alloys being characterized by 
an increased susceptibility to solution of the mag 
nesium constituent at temperatures between 250 
and 450 centigrade, such susceptibility not hav 
ing been hitherto encountered in similar alloys 
containing the magnesium and calcium but no 
lead Or tin. 

ll. An aluminum base alloy containing from 
o about 5 to 15 per cent magnesium, 0.01 to 2 per 

3 
cent calcium, and 0.01 to 1.25 per cent of at least 
One of the elements lead and tin, said alloys being 
characterized by an increased susceptibility to 
solution of the magnesium constituent at tem 
peratures between 250 and 450 centigrade, such 
Susceptibility not having been hitherto encoun 
tered in similar alloys containing the magnesium 
and calcium but no lead or tin. 

ROY E. PAN. 
JOHN S. BARRSON. 
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