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This invention relates to aluminum base
alloys which contain silicon as the prin¢ipal
alloying element and to certain novel alloys

of such nature.

Aluminum base alloys containing silicon
are, as re%ards li%htness, especially suited to
uses in which light weight 1s a factor of im-

ortance, for, becauseof the flowspecificgrav-
ity of the silicon, an alloy of aluminum and
silicon is even lighter than most of the well
known “high strength” aluminum alloys. In
some cases, however, aluminum-silicon alloys

for construction material do not possess the.
" necessary strength and hardness, and in other

cases the hardness alone ig inadequate. ' It
is well known that when aluminum-silicon
alloy is used in the form of castings, par-
ticularly when the alloy contains high amount
of silicon such as 5 to 25 per cent, castings
with superior physical properties are usu-

- ally only obtainable when the structure of the

alloy is “modified” in some manner. The so-

‘called modification processes involve either-
casting the metal in a chill mold or adding to

the metal some substance which has in itself

the desired modifying effect. The modifying
.. 'substance may be a metal such as sodium or

", it may be a salt such as an alkali fluoride.

- "The
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iscovery that these alloys might be
modified and that increased strength and
hardness might be ohtained has called atten-
tion to the inherent possibilities of aluminum

base alloys containing silicon and the more -

or léss extended use of these alloys is the
result of the discovery of such modification.

- However, the aluminum-silicon alloys so
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modified do not possess the strength, hard-
ness, or fatigue resistance desired for some
purposes, Moreover, in the unmodified state,
the alloys do not readily machine, and in the
modified condition, considerable care is some-
times necessary to avoid dross inclusions in
casting. = . o

The alloys which are the subject-of the

present invention not only do not have the

" Application filed June 24, 1930. Serial No. 463,576,

disadvantafes enumerated above, but they
retain all o
erto made the aluminum base alloys contain-
ing silicon a .desirable material for use in
man{; varied applications.

I have discovered that a small amount of
magnesiim added to aluminum alloys con-

.taining more than about 5 per cent of silicon

produces an effect in those alloys which, in
view of the amount of constituent added, is
entirely out of proportion to what might be
expected. The addition of magnesium im-
parts to the alloy a hardness which is high
as compared to the aluminum-silicon alloys
heretofore produced, and give to the alloys

the advantages which have hith-
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properties which are much more conducive .

to satisfactory machining than the older alu-
minum-silicon alloys. Furthermore, the

small amount of added magnesium produces

an alloy which responds to heat treatment to
a marked degree and permits the
of aluminum-silicon Sfoys of high strength
as compared with those previously known.
Hitherto, in order to produce such strength
and hardness and machinability as I have pro-
duced in the aluminum base alloys containin
silicon by the addition of small amounts o
magnesium, it was thought necessary to add
comparatively large amounts of other alloy-

ing elements, such as copper. Because of the |

amount of alloying constituent which was
necessarily added, the characteristic advan-
tageous features of the aluminum-silicon al-
loys, such as lightness and corrosion-resist-
ance, were to some degree changed and the
resulting alloy was for many purposes not
as ‘desirable. The present invention elimi-

nates these difficulties in that the inherent

defects of the aluminum-base silicon alloy
are overcome without changing essentially
the nature of those alloys, and the beneficial
properties imparted by the silicon to the alu-
minum are not diminished.

To obtain these effects, I have added from
0.02 to 3 per cent of magnesium with good re-

ﬁrbduction ,
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_fact, there is a
. strength caused, I

sults. I have found that the addition of as
little as 0.02 per cent of magnesium will pro-
duce appreciable improvements over the en-
tire silicon range, the lower limit of which is
about 4 or 5 per cent. (Theupper limit is for

practical reasons about 25 per cent, because of

the extreme difficulty of machining the alloys
when the silicon cor?tent is materially greater
than the amount named and the alloys are
quite brittle and difficult to cast.) -The mag-
nesium may be added to the alloy by any we.
known metallurgical alloying method, and
the aluminum-silicon-magnesium alloy may
be made into castings of any nature in prac-
tically any type of mold. Thave found, how-
ever, that the best results are obtained when
the metal is modified at the time of casting
either by the use of an added agent or by the
use of a chill mold. o

It is a feature of my new alloy that while

.the hardness of the alloy in the “as cast” con-

dition, i. e., before solution heat treatment, is
increased by the addition of the magnesium,
the tensile strength is not iucmse«fn:nd in
ight decrease in tensile
_ h eve, by the effect of the
magnesium on the particular modification
process used in casting the alloy. However,
this decrease is slight and any disadvanta,

resulting from it is entirely overcome by the
large percen increase in hardness caused
- by the magmesium. .

~ amounts of m

Thus in the aluminum-silicon eutectic range

ini the neighborhood of about 13 per cent of

silicon where modification has its most pro-
nounced effect, I have found that increasing
esium have a tendency to in-

- terfere with this phenomenon and consequent-
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alloy which cot:tains no

ly there is little or no increase in tensile
strength but a decided increase in hardness.
king as an example an aluminum alloy of
about 12 per cent of silicon which has been cast

- in a chill imold to obtain & switable modifica-

tion effect, the following table clearly shows
the results of increasing quantities of mag-
nesium : .

P - TamzNo.1

Aluminum alloys mm, 18 per cent silioon

" i'-untd m Brinell

. “"" 2 Ths. per 5q. | hardness

‘ ’ N

$ 2| p2l o
au| sieo 7.0
g ig| £8 i
¥ : : . 1| 2500 87.1
Tt will be observed from these figitres that as

little a50.08 per cent of magnesium produced
an incredse in Brinell amounting to
over 25 per cent of the Brinell hardness of the

esium. This in-

crease in hardnoss is, as has been hitherto men.

tioned. of great importance for many pur-‘

. the same
" without heat treatment has an endurance
- limit of 6,000 pounds per square inch, which
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Poses, and. the value of aluminum-silicon al-
oys in the “as cast” condition is thus greatly
enhanced. .

I have also found that such alloys have ma-
chining proferties which are notably better
than those of the aluminum-silicon alloys.con-
taining no magnesium. Another important
feature of the alloys represented above is their
relative resistance to corrosion. Aluminum-

-base alloys containing silicon are in them-

selves, on a comparative basis, corrosion-re-
sistant to a considerable d , and as be-
tween alloy A and alloy C of the above table,
for instance, I have found but little to choose
from in point of corrosion-resistance, but in
respect to this property my new alloys are ad-
vantageously superior to aluminum-silicon al-
loys in which equal properties are obtained by
the addition of copper or similar alloying ele-
ments, such as zinc and nickel. -
It is also an advantageous feature of -my
new alloys that their strength and hardness
are capable of further increase by the appli-
cation of thermal treatments which are used

'in connection with other aluminurn alloys for

effecting that purpose. The aluminum-sili-
con alloys as hitherto known presented their
greatest hardness in the cast and modified
condition, and the application of solution or
aging heat treatments, such as are regularly
practiced in connection wi )
not increase but on the other hand decreased
the tensile strength and hardness. Thus, for
instance, a casting of such an alloy as allo
A, if heat treated for about 2 hours at 565° C.
and later aged for about 20 hours at 150° C. .
will: actua g undergo a decrease in tensile
strength and Brinell hardness. On the other
hand, if 0.4 per cent of magnesium is added
to this alloy, the same thermal treatment will
increase the tensile strength to about 51,000
pounds per square inch and the Brinell hard-
ness to about 114. ' »
The effect of heat treatment on other prop
erties than the ones above mentioned is also
pronounced. For example, a heat treated
casting of alloy containing 10 per cext of sili-
con and 0.2 per cent of magmesiwr. has an en-
durance limit to fatigue of 6,Gi0 pounds per
square inch, whereas without the magnesium
alioy in the modified condition but

value represents the limit for aluminum-sili--
con alloys of this composition unless the alloy

_is made susceptible to heat treatment. Fur-

thermore, between the two alloys just men-
tioned, the one contsining magnesium and in
a modified and heat treated condition has a
yield point of 16,000 pounds per square inch;
while the other, without magnesium but in
the unheat treated and ‘modified condition,
has a yield point of 14,500 pounds per square -
inch. = If this latter alloy is heat treated by

substantially tha same heat tndment which

other alloys, did
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e fecting a distinct advance.
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produced a yield point of 16,000 pounds per
square inch in the aluminum alloy containing
both silicon and magnesium, the yield point
will decrease to about 12,000 pounds per
square inch,

' TasLE No. 2

Aluminum alloy& conlaining 5 per cent silicon

Tonslle | e

. A 08
Per cent of magnesium Ibs, Eg »g.| hardness
[1 8 . TSR . 29,680 68.8
S £2 B
045 47,880 1040

Because of the lower. amounts of silicon in
the above alloys, the results are not equal
to those set forth in the preceding table but

they afford striking evidence of the marked.

effect of small amounts of magnesium on

aluminum-silicon alloy castings containing

relatively small amounts of silicon. '
It is known in the art that specimens sepa-

‘rately cast under commercial conditions

which are tested without machining off any

of the metal of the outer skin develop more

favorable properties than specimens ma-
chined out of heavier sections of commercial
castings, this because heavier sections solid-
ify more slowly and are more susceptible to

internal shrinks and defects than .the more
“ rapidly cooled and more satisfactorily fed

8 ens, a goodly portion of which is in
closely proximity to the cool walls of the
mold. fhave discovered it characteristic of
this particular series of alloys that the di-
vergence between separately cast specimens
and those cut from the interior of the heavier
sections is not at all as marked as it is in
the case of other commercial alloys. It is,

of course, recognized in the case of all alloy .

castings that such a drop in strength and
elongation must and does progress towards

the heavier sections but efforts are being
- made to cut this variation to a minimum and-

in the alloys within the scope of this inven-
tion T believe that I have succeeded in ef-

~_As an illustration of the >superiority~ of
aluminum base silicon alloys to which has

been added a small quantity of magnesium,
T have taken a casting of commercial design_

and cut test specimens from the interior of

one:of the heayier sections to be compared

with other similar test specimens of the same
alloy which were simultaneously cast to test
size in separate molds. One alloy was made

up with 10 per cent silicon and 0.2 per cent _
magnesium in: an aluminum base. The sep-

arately cast bars had an average tensile
strength of 20,890 lbs. per sq. in. and an
elongation of 8.3 per ceént in 2 inches and

3

the bars machined out of the cﬁsting had an
‘average tensile strength of 26,800 lbs. per

. in. and an-elongation of 6.3 per cent.

is represents only a 13 per cent decrease
in tensile strength and a 25 per cent decrease
in elongation. - Another casting was made
from a widely used aluminum base alloy
containing copper and bars were separately
cast as before. After heat treatment.so as
to develop the most favorable properties, the

separately cast bars had a tensile strength

of 30,000 Ibs. per sq. in. and an elongation of
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7.8 per cent in 2 inches. The bars cut from

the heavy section had an average tensile
strength of 23,300 lbs. per sq. in. and an
elongation of 2.7 per cent in 2 inches. This

- represents a 22 per cent decréase in tensile
strength and a decrease in elongation of 65

per cent. Significantly, the separately cast

bars of the latter alloy had higher tensile

strengths than those within the scope of our

80

claims, and whereas in the commercial alu-

minum base copper alloy the loss in tensile

~strength _amounted to 6800 lbs. per_sq. in.

and the difference in elongation amounted to
5.1 per cent in 2 inches; in the slloy made
under the provisions of this invention the

loss in tensile strength was only 3090 lbs,

per sq. in. and the differences

in elongation

‘only 2 per cent,

This superior strength in heavy sections is
an indication of improved casting properties
and it is interesting to note 'tﬁat a_ large
foundry devoted to the casting of aluminum

- base alloys-found it impossible to make cast-

ings from a pattern of rather unusual de-
sign. by the use of certain standard com-
mercial alloys and it was only by utilizing

an alloy made according to the precepts

of this invention that a satisfactory casting
was produced. : :
Aluminum_base silicon alloys to which
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have been added small quantities of mag-

nesium are corrosion-resistant to a very high

~degree. In a comparative test extending

over & period of a year, I have subjected
a series of aluminum base alloys, widely
known and commonly used, to the action of
a salt corrosive agent. Along with these

~ standard alloys, I subjected to the test two

aluminum’ base silicon alloys with a silicon
content of about 10 per cent with added quan-

_tities of magnesium, in one of which allovs

the iron:impurity was held below 0.15 per
cent, the other having slightly more than
the usual iron content, say about 0.7 per cent.

The effect of the corrosive egent was meas-
ured by determining the loss in tensile

the corrosion, and obtained by subtractin
the average tensile strength ofy the corrode:
specimens from the average tensile strength
of specimens from the same melt which had
been retained for simultaneous testing and
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strength suffered by the alloys. by reason of 125 -
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 which had been protected from corrosive in-

fluences by a protective coating.
The four standard commercial alloys rep-
_ resenting probably the four most Wigedy used
‘6 gluminum base casting alloys suffered a de-
preciation of strength about as follows: -

_ _ Table A :
Alloy A_______ 19.1 per cent loss in strengthi
10 A—llo§ Bo___- 17.1 per cent loss in strength
"Alloy C______ 12.5 per cent loss in strength
AlloyD_______ 10.1 per cent loss in strength

The two alloys which I have especially

1" devised and compounded gave these follow-
ing results: ' » o
Table B

" Alloy E (with higher iron) - _7.4 per cent loss

. in strength
Alloy F (with lower iron).__2.4 per cent loss —
' in strength

In connection with this test, it should be-
25 - noted that the corrosive influence was an arti- -

ficially aggravated case and that such condi-
tions would conceivably never be encountered

in the t majority of uses to which the al-
loy might be put. . In specific instances as, for

30 example, when alloys of my invention are
used along the sea coasts as parts of sea-
planes, ships, etc., conditions approximating
those of the test will be encountered and the
almost negligible corrosion effects on my sl-

35 loys will be particularly in demand when con-
sidered in conjunction with the high endur-
ance limit and the retention of satisfactory
phgsical pro?e'rties with increasing section.
_ Castings of aluminum-base alloys contain-

40 ing silicon and small amounts of magnesium
are also susceptible to increase in hardness
and strength by the use of low temperature
aging processes without previous h‘:ﬁh tem-
perature solution treatment, and such alloys

45 -reapond .readily to any of the well known -

heat treatments which have been hitherto de-
- scribed for use in connection with - aluminum
alloys in general. ' '

I have found it chars steristic of my alloys
that the physical properties are not varied
-by previous changes in pouring temperature
tq the extent of the ordinary commercial
- aluminum base alloys. It is well known in

-gg the art that when the molten metal, through

’50_

inadvertence or necessity, is poured at tem- -

. .peratures higher than usual for that particu-
lar alloy, the physical properties suffer a de-
- -crease which in some alloys is especially
oo marked. . = - S
~ As a basis for comparison, I took a com-
mercial aluminum base heat treated alloy
~.containing copper and poured test specimens
. from thé same melt at 8 different tempera-
68 tures, with the results given in Table C. The

~1in sand or in

 sium, and

"about 0.02 and

1,008,088

test specimens were given a heat treatment

whjchisstundlrd‘ Y furﬂl_isnl]oy. A
o

. T

.- | otength | JReccent

P et heper |nTEem

7000 O ; 20,80 Y

eroTmm—————] R&| &

I also took an’ aluminum base alloy con-

taining about 11.68 per cent silicon and after

adding 0.17 cent of magnesium per-
form a.aimi}r: i to determine the

variation of properties caused by inereasing

the ing temy , .The test . speci-
‘mens wereﬁumﬁurs at 551° C., and_

o

C 3

80
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queriched. The results are given in Table D,

. .- TeMeD . S
. strength |,

787° O '_' . v i3m0 69

734° € : - M| 6T

675° 11650 78

Tt will be observed that although I have' .,

-used a higher pouring temperatare for one

o5¢

of the tests on my alloy, the effect on tensile '
strength is much less than in the alloy of

100

Table C, as is also the per cent elongation.

'My new alloys are also marked by low ther-
mal expansivity thus showing that theiy -
tain this advantageous K::oporty of alumi- "
num-silicon alloys to which no magnesium
has been added. . o

The term “sluminum base alloy”, as used
herein and in the appended claims compre-
hends, for the purpose of avoidi
tails and prolixity, not only the
tion of these
alloy in the normial as
cox‘xwil tlilon. -

ile certain percentages
silicon and magnesium content have been
stated, within which limits my best results
were obtained, and although certain partic-

well as in the modified

105

undue de- .
oy as cast
molds or in any combine-
casting methods, but also the 1id

and limits of

115

ular well known heat treatments have been
described, it.-will be understood that these:

factors may be varied without departing

from the invention.
I claim— .

1. An aluminum base alloy

190°

' consisting of
from about 5 to 25 per cent of silioonl,lgo'm :

about 0.02 cent to 3 per cent of magne-

2." An aluminum base
ing of aboiit 12 per cent of silicon, between

the rest aluminum.
3. Asanew prodqct.l a casting of an alumi-

‘num base alloy consisting of from about 5 to

ing slloy consist-

125

1 per cent of magnesium, and
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25 per cent of silicon and from about 0.02 to
3 per cent of magnesium, and the rest alumi-
num, characterized by high hardness and rel-
atively high corrosion-resistance in the “as

cast” condition. -
In testimony whereof I hereto affix my sig-

nature, - . :
LOUIS W. KEMPF.

CERTIFICATE OF CORRECTION.
Patent No. 1,908,023, .  May 9, 1933,
‘ LOUIS W. KEMPF. )

It is hereby certified that error appears in the printed specification of the
above numbered patent requiring correction as follows: Page 1, line 8, for
"flow" read "low"; page 2, line 57, in column 3 of the boxed table, for
"31,500" read "31,550"; and that the said Letters Patent should be read with
these corrections therein that the same may conform to the record of the case
in the Patent Office.
~ Signed and sealed this 18th day of July, A. D. 1933.

M. J. Moore.

_-(Seat) | , Acting Conuilinsioner of Patents.
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25 per cent of silicon and from about 0.02 to
3 per cent of magnesium, and the rest alumi-
num, characterized by high hardness and rel-
atively high corrosion-resistance in the “as

cast” condition. -
In testimony whereof I hereto affix my sig-

nature, - . :
LOUIS W. KEMPF.
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"31,500" read "31,550"; and that the said Letters Patent should be read with
these corrections therein that the same may conform to the record of the case
in the Patent Office.
~ Signed and sealed this 18th day of July, A. D. 1933.

M. J. Moore.

_-(Seat) | , Acting Conuilinsioner of Patents.



