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My invention relates generally to aluminum-
zine alloys in which aluminum is the major con-

. stituent, and particularly to complex light alloys

containing chromium, titanium and magnesium

§ as well as zinc and aluminum, besides the usual
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traces of iron, silicon, and other impurities found
in ordinary high-grade aluminum.

Castings containing the correct proportions of
zine, chromium, titanium, and magnesium in re-
lation to aluminum, simply aged at room tem-
perature for four or five days, are decidedly
stronger than other cast aluminum alloys, and
have strengths comparable to those of the more

. expensive quenched and tempered aluminum

15

3

- 40

alloy castings. The fact that no quenching treat-
ment, or even heating, is required for developing
high strength in my improved aluminum-zine
alloys is an important advantage. This alloy is
also readily machinable and highly resistant to
corrosion.

Although the examples and test-results herein-
after described apply to castings, it is obvious
that my improved aluminum-zinc alloy, which

" does not require heat-treatment to develop high -

strength, would also be highly useful in wrought
form. Hence my invention is not confined to
castings alone.

Aluminum-zine alloys have also been highly .

recommended for their excellent mechanical
properties, but in order to obtain tensile strengths
as high as 30,000 pounds per square inch in sand
castings, the zinc content must be up to about
20%. Such zine content has been found in prac-
tice to be too high for good casting properties,
strength at high temperatures, or corrosion re-
sistance, so that these plain aluminum-zinc alloys
have not been very much used in industrial prac-
tice. Substantially the same objections apply
when part of the zinc is replaced by copper,
which, although improving the stiffness or yield
point appreciably, impairs the ductility rather
seriously.

According to my invention, the zinc content is
held to about 109% or less, and the hardening
and strengthening effects of chromium, titanium,
and magnesium are utilized to obtain a superior
combination of yield point,
strength, and ductility. These last-mentioned
elements all improve the corrosion resistance also,
and in addition the titanium is advantageous in

ultimate tensile
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refining the grain, while the magnesium promotes
age-hardening at room temperature.

The preferred composition for my new alloy
is about 8% =zinc, 0.5% ‘chromium, 0.159%
titanium, 0.8% magnesium, less than 0.89 iron,
and less than 0.3% silicon, copper or manganese,
with balance substantially aluminum.

Permissible limits in composition within which
the properties do not vary seriously are about as
follows:

Per cent
Zine... .5 tol0
Chromium. e 2to 6
Titanium_.. Jdto .35
Meagnesium.... 3 to 25

Balance substantially aluminum.

The magnesium content should vary inversely
with the zinc, since when both are low, the yield
point is low, and when both are hlgh the ductility
is low.

To illustrate this relation, the following tensile
tests results are set forth, each value being the
average of two tests (with very few exceptions,
due to flaws), made on castings not heat-treated
but merely aged about four days at room tem-
pera.ture

Table 1
Percent added Lbs. per sq. in. .
: Percent -
Heat No, Yied | Tenst elﬁnga-
s ) ensile on
Zn | Cr [ Ti | Mg | poing | strength
) D 15 0.4710.15| 0 17200 21300 2.
A 4 110 17250 23200 4.
49| .28 (0 11900 23700 1L
.5 1510 11250 24000 12,
.5 A6 .2 19500 28800 b.
.5 L5 .3 23400 32500 4.
b 151 .6 27000 32600 2,
.5 L1517 .4 24200 32700 5.
.45 .15 .6 25000 33400 3.
.5 .15} .8 27800 35300 4,
.5 161 .56 1 22400 32100 &,
.5 L15 | .84 26100 34000 4.
.5 .16 | 1.0 25800 32200 2.
.5 151 1.5 31500 34400 1.
.5 15§ 1.2 27300 33200 2
B 1 S 5 B .15 1.0 21200 30700 5.
) 5 .5 15120 27300 33400 2.

Comparing heat 7 in Table 1 with heats 16
and 17, it will be seen that ‘as much as 0.6%
magnesium gives a rather low elongation with
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10% zinc, but with 5% sinc, 1 or 2% magnesium
may added without reducing the elongation
to an equally low value. The yield point is seen
to be quite low in heats 1 to 5§ with low mag-
nesium, or in heat 16 with low zinc; but taking
heat 16 as a starting point, it was raised appre-
clably either by increasing the zinc as in heats
T and 10, or by increasing the magnesium as in
heat 17. The best combinations of yleld point
and strength with reasonable elongation were
obtained in heats 9, 10 and 12 with 7.5 to 8.5%
zinc and 0.6 to 0.9% magnesium, the yield points
being 25000 or more, the tensile strength over
33000, and the elongation at least 3.8%_.

The best proportions of chromium and titanium
in my improved alloys were determined by some
preliminary experiments which indicated.that
with more than about 0.5% chromium, the al-
loys were embrittled so that both strength and
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with 3 and 4, shows that higher chromium con-
tent reduced both strength and ductility with
only a slight improvement in yield point. Sample
23 1s very similar to 7, showing that 0.25% chro-
mium is almost as effective as 0.5%; but sample
24, when compared with 9, shows that in tie ab-
sence of chromium the tensile properties are in-
ferior.

It is considered advisable in these alloys to keep
the chromium content close to 0.5% s0 as to se-
cure the maximum benefit in resistance to cor-
rosion without impatrment of physical properties.

The addition of silicon, copper, or cadmium to
these alloys is detrimental to the tensile proper-
tles of castings as lustrated by the tests reported
in Table 3. Silicon was added as calcium sllicide,
containing about 65% silicon, except in one in-
stance when 90% ferrosilicon was used with in-
ferior results.

Table 3
Percent added Lbs. per 8q. in.
i Percent
Heat No. Yield | Tenstt cl&ngm
3 ensile on

Zn | Cr | T | Mg 8t Cu|Cd point | strength ’
i 10 0.5 {015|0.8}0 o] 0 32600 2.5
.- T 10 .5 181 6] .8 0] 0127200 30700 2.2
29 _.___.. 10 .5 157 .61 .3(FeSD)| O O 25100 27900 2.2
7.51 .8 1511010 O O0f25800] 32200 2.5
7.8 .8 A5 10| L5 0| 0] 23000 20200 3.5
5 .8 501010 0 0{ 21200 30700 5.8
5 .8 JAS{ L0 .5 0| 01 21800 27700 3.5
12.5] .4 110 0 0] 01} 14100 21000 4.5
1251 .4 170 0 3| 0| 20200 20925 0.7
8.5 45| .15 .6]0 0}t 01 2500 33400 3.8
88| .45) .15| .60 2| 0] 26600 23600 1.5
9 ] 151 410 0] 0] 24200 32700 5.2
9 .5 A5 410 0] 21 22500 30800 8.2
7 .5 A8 410 0] 2115500 27800 12.0
] .5 15 .40 G| 5| 11800 23100 16,7

ductility were reduced. Likewise I found that no
particular advantage was obtained withr over
0,15% titanium, although 0.1% was barely suffi-
cient. These relations are illustrated by the fol-
lowing results:—

Table 2
Percent added Lbe. per 8q. in
Plereent
Heat No. : elonga-
Zzn | or | T | M Yield | Tensile tion
€ | point | strength.
0.4¢ 1 0 0 9480 21075 1.0
.5 110 10450 21300 10.0
.5 510 11250 24000 12.0
.5 .2 10 10300 | 22600 10.8
.49 .28 |0 11600 23700 11.3
Jf L1970 12400 18550 4.2
b {0 .56 | 26600 28500 L0
.5 151 .8 27000 32600 2.5
«251 .15 .56 26300 { - 31700 2.5
451 151 .6 25000 33400 3.8
0 A5 .6 24900 31600 t 3.0
0 0 .6 23800 27900 2.8
45| 15| .75 | 24500 31300 4.0
510 .75 | 23300 29900 45

The effect of variations in titanium content is
shown by the first five samples listed in Table 2,
in the comparison between samples 22 and 7, and
by the last four samples listed. The addition of
about 0.15% titanium produced a decided im-
provement in strength and yield point, and the
grain size of the castings without titanium could
be observed plainly to be coarser than the grain
size of those containing titanium. :

The effect of variations in chromium is also
shown in Table 2. S8ample 21, when compared

The first seven tests listed in Table 3 show that
silicon decreases the strength of these alloys, with
small irregular effects on the yleld point and
elongation. The addition of iron as in heat 29,
which showed 1% iron on analysis, had a further
detrimental effect. Heat 33 as compared with 32,
and heat 34 as compared with 9, show that copper
seriously decreased both strength and elongation,
but with an increase in yield point. Cadmium as
shown by the last four tests listed in this Table 3,
whether substituted for aluminum or for zinc in
the alloys, decreased the strength and yield point
with an improvement in ductility.

It is evident therefore that g good grade of
aluminum, low in silicon and copper, should be
used for making my improved high-strength
aluminum casting alloy. Iron up to 0.8% does
not seem to be detrimental. The aluminum for
these experiments was of at least 99% purity, and
was melted in clay-bonded graphite crucibles in a
gas-fired furnace. When the melt had reached a
temperature of 1425° F., the chromium and titani-
um were added, either in the form of separate
aluminum alloys containing respectively 6 to 7%
chromium, and 6 to 7% titanium, or in the form
of a single master alloy containing about 2.99%
titanfum and 8.5% chromium.

This last mentioned master alloy may be made
by adding gradually to molten aluminum super-
heated to 2250° F. & mixture of green chromic
oxide, pure white titanium oxide, and cryolite in
about the following proportions: For 9 1bs. alumi-
num, I used 34 1b. TiOz, 11 Ib. Cr:0: and 21, 1bs.
cryolite. Each small addition of the mixed oxides
and flux should be thoroughly stirred into the

10

15

20

25

40.

45

50

55

60

a5

70

({]



10

15

30

50

2,146,380

aluminum before the next addition is made.
When all{the charge is completed, an extra stir-
ring shou&d be given and after ten minutes the
alloy may be poured into ingot molds and cut up
into convenient pieces for use. This alloy may
also be made by adding the oxides, one after the
other, instead of both mixed together. Alloys

made by these methods have contained 2 to 4% -

titanium and 8 to 10% chromium. After the
titanilum and chromium are added to the alum-
inum at about 1425° F. in the production of my
new high strength alloy, and are fully dissolved,
the zinc is added as the pure metal, stirred well,
and finally the magnesium is added in the same
way.

The molten alloy should be fluxed with a little
zinc chloride, stirred, skimmed, and allowed to
cool to a suitable temperature for pouring the
castings desired. For cast-to-size tensile test
bars in dry sand molds, the pouring temperature
was about 1300° F .

This new aluminum-zinc alloy can be remelted
repeatedly without serious deterioration, pro-
vided. its composition is maintained substantially
constant. With careful melting practice, small
additions of magnesium should be the only ad-
justment required. Sodium has also been used
as 8 preventive of oxidation lossés on remelting,
but magnesium I have found to be preferable.

Some results obtained on remelting are pre-
sented below:

later it 18 higher, without much change in ductil-
ity. Examples of these changes on ageing I
will now describe:

Table 5
Per cent added Lbs. per sq. in.
Age- Per cent
|
. q Yield | Tensile tion
days | Zn | Or | T | Mg | soine | gtrength :
[ S—— 3 {10 0.5 10.15 1 0.3 | 23400 32500 4.7
R IO 16 (10 .51.16] .3 20000 34800 3.0
[ (. 3 |10 b5 ].15 ) (8| 27000 32600 2.5
) (R, 16 (10 51.15 1 .6 31500 35200 23
0. 118 b .16) L8| 22800 20800 4.0
10....... 418 5116 .8 27600 35300 4.5
10....... 1518 L6185 LB | 20200 37000 4.0
| ¢ S 1175 .5).18] 1.6 27300 31600 2.0
Mo 7.5 .6|(.16| 1.5 | 31500 34400 L8
| L SO 186|175 .5, .16 | 1.5 | 35500 38400 L5
16, ... 115 5 .15 1.0 16800 - 28200 7.5
)1 O, 516 B .15 1.0 21200 30700 *5.5
16 1815 L5 15 L0 25100 32600 4.5
17 ... 1156 LB1.16 ] 2.0 24400 20400 3.5
17 ... 515 51,161 2.0 27300 33400 2.7
17 e 16 | 6 510161 200 31200 35700 2.0

- It is evident from Table 5 that yield points
above 30,000 Ibs. per sq. in. with tensile strengths
over 35,000 are obtainable in these cast alloys
after ageing two weeks at room temperature,
with as much elongation as is shown by the com-

Table 4
. Orlginal alloy chargs Ag(}:gglgn Lbs. per sq. in.
. Times Per cent
Heat No. melted Yiel Tensil elongation
. o) ensile
Zun | Cr | Ti | Mg | 8i | Na | Mg point strength _
1}10 0.5[0.15106 | 0.3 ..o foeees 27200 | 30700 2.2
3110 .51 .15 .6 .3 .1]0 33300 3.5
1110 .5 .15 451 0 | f.ol. 25200 32500 3.6
3110 B J15| 45 O 0 35000 6.0
3110 5l J15 L4510 3]0 24200 32700 5.5
5110 .5 .15 451 O 0 21000 20450 4.5
61|10 .5 J16| 454 O 0 28200 33400 2.8
1] &5 .65 .15 6 [ J (SRR PR 26000 34000 4.8
3| 86 N .15 (] [{] (1] 0 22900 . 31400 5.3
4| 856 b .15 6 0 0 0 21200 - 32000 6.8
5| 85 1 .15 6 0 0 .85 27500 33700 ‘3.0

I might state that heat 39 as given in Tdble 4
is really an average of heats 6 and 7 (Table 1),
both of which were remelted together to obtain
heats 40 to 43 inclusive. Heat 44 is likewise an .

average from heats 8 and 10, which were simi-
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larly remelted together in equal proportions. A
gradual drop in yield point on remelting without
additions may be noticed from the above results,
but this was corrected on further remelting when
magnesium is added.

All the test results presented in Tables 1, 2,
3, and 4 were obtained from tests made three to
five days after the alloys were cast. Immediately
after casting the strength is lower, and two weeks

mon aluminum casting alloys of about. 22,000 1bs.
per sq. in. tensile strength, If more than 3%
elongation is required after ageing, the zinc con-
tent should not be as high as 10%, nor the mag-
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nesium over 1%, and the yield point then will -

not be quite up to 30,000 lbs. per sq. in.

The various alloys described above have been
distinguished on the basis of the materials added
in the melting crucible. Owing to melting losses
or absorptlon of impurities, the compositions of
the ‘alloys tested may have been somewhat dif-
ferent. To obtain an idea of the degree of these
differences. I'made some chemical analyses of the
test bars, and the results are shown in Table 6.

“ Table 6

Hesat No.

Per centfa.dded

Chemical anslysis

AT | Me{ zn |or | T | Me| Fe | 8| culMn

0.248 | o[ b b
0 i P 5,11 OO IR
8.081 .40 | .17210.65]0.75
8 784 .50 165 4 .6 0.1{0.07] 0.03
075 7.91 :g 135 22+ ISR (RN SR IR
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The iron contents were found to have been de-
rived from the aluminum ingots used as a basis
for these experimental alloys. - This lot of ingot
contained 0.48% iron. Although that amount of
chromium, titanium, or magnesium would have
an important effect on the properties of these
alloys, iron iz much less powerful in its influence,

and may be present in the alloys in any amount.

from the usual low value of about 0.3% up to
0.8% without making much difference.

I claim as my invention:

1. An alloy consisting of about 80% to 959
aluminum, and from about 3 to 15% zinc with
the remainder composed of small proportions of
chromium to about 0.75%; of titanium to about
0.35%, and of magnesium to about 2.5%.

2. An alloy consisting of about 80% to 95%
aluminum, from about 5% to 12% zine, from
about 0.20% to 0.75% chromium, from about
titanium, and from about
0.30% to 2.5% magnesium.

8,146,330

3. An alloy consisting of from about 5% to

12% =zne, from about 0.20% to 0.75% chromium,
from about 0.10% to 0.35% titanium, and from
about 0.30% to 2.5% magnesium with the bal-
ance being aluminum except for the normal im-
purities found in aluminum. .
" 4. An alloy consisting of from about 5% to
12% zinc, from about 0.10% to 0.75% chromium,
from about 0.10% to 0.35% titanium, from about
0.30% to 2.5% magnesium, not over 0.80% firon,
not over 0.30% each of silicon and copper, and
the balance commercial aluminum having im-
burities not in excess of 1.0%.

5. An alloy consisting of about 8% zine, 6.5%
chromium, 0.15% titanium, 0.8069 magnesium,
with traces up to 0.80% iron, with traces up to
0.30% each of silicon and copper and the bal-
ance commerclal aluminum having impurities
not in excess of 1.0%.

GEORGE F. COMSTOCE.
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