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ify in Weation relates to aluminum base alloys 
and noire particularly to aluminum base alloys 
containing a Substantial amount of iron. 

In preparing castings from aluminum base 
alloys by casting in permanent or semi-perma 
neit noids, or in die castings, considerable diff 
culty is experienced in obtaining satisfactory 
castings with alloys of high iron content. Iron 
occurs as a normal inpurity in primary alumi 
num in amounts ranging up to .25% to .5% and 
is usually present in considerably larger quanti 
ties in Secondary aluminum. 

Furtherniore, when the alloys are mixed in iron 
pots and cast in permanent or Seni-permanent 
naolds, the annount of iron dissolved in the alumi 
nun fron the inelting and casting equipment is 
often considerable. When iron is present in 
more than small amounts in many alloys utilized 
for making castings, however, it lowers the 
strength and ductility of the alloy and adversely 
affects its casting properties. Castings having a 
high iron content which have been prepared from 
most aluminum alloys are consequently inferior 
to Castings prepared fron similar alloys having 
the desired mininu iro content, both with 
respect to finish and to physical properties. 

Patent No. 997,494 granted to me on April 9, 
1935, discloses the use of antimony to counter 
act the deleterios effects of the iron in alumi 
nun alloys. AS disclosed in that patent, the 
antimony Serves to break up the large crystalline 
structure caused by the high iron content. The 
antimony also reduces the shrinkage of the alloy 
during solidification and increases the eionga 
tion and reduces the orittleness of the cast alloy. 
Surthermore, the antinomy increases the cor 
rosive resisting properties and lowers the thernal 
coefficient of expansion which renderS Such alloys 
very desirable for use in castings, such as pistons, 
where a low thernal coefficient of expansion is 
desirable. 

I have inade the discovery that if a metal of 
tie tungsten group, such as tungsten, moly 
denuin or uraniuin, or a netal of the Vanadium 
group, Such as Varaadium, columbian or tantalum, 
or a neta, such as cerylliun, boron or zirconiuin, 
or a nixture, compound or alloy of two or more 
of Such metals, is added to aluminum base alioys 
containing it and antimony, an alloy will he 
produced that has a dense grain structure and 
better casting and ignaciining properties than 
previous aluminus base alloys of this type, and 
this is especially true With respect to alloys which 
are seriously affected y the presence of incre 
than a Sirail ancut of iron, Such as aluminum 

(C. 5-38) 
base alloys containing nickel, copper, silicon, or 
tWO Or in Ore Of Such metals. 
My improved alloy is especially suitable for 

use in preparing castings requiring a dense grain 
Structure, Such as pistons, cylinder heads, and 
the like, in Which iron, silicon and antimony are 
present. In such alloys when both silicen and 
antimony are present, the silicon or the antinony 
appears to be precipitated out of solution and this 
is particularly true when the silicon is present 
in amounts greater than 3%. The addition of 
a special alloying ingredient of the type speci 
fled, however, counteracts this tendency and 
higher announts of Silicon may therefore be en 
ployed. Titanium, chronium and manganese 
also aid in this respect. For instance, titanium 
or chronium may be present in effective amounts 
up to 3% but is preferably maintained within 
a range of .05% to 1.5%. Mianganese may also 
be present in amounts ranging up to 3%. Large 
anounts of manganese, however, cause the alloy 
to become brittle. It will be understood, however, 
that I do not desire to be limited to an alloy 
containing Silicon because aluminum base alloys 
containing antimony have a low thermal coeffi 
cient of expansion and one or more of the special 
alloying ingredients will effect an improvement 
in Such alloys, even though silicon is present in 
announts less than 3% or is present in only such 
amounts that it may be considered an impurity. 
My in Vention also contemplates the addition 

Of one or more of the Special alloying ingredients 
neiationed to aluminum base alloys which con 
tain antimony and only the usual amount of iron. 
For instance, it may be employed with aluminum 
alloys containing virgin aluminum and antimony. 

It is therefore an object of my invention to 
provide an aluminum base alloy containing iron 
and antiimony in Substantial amounts and a spe 
cial alloying ingredient in an amount sufficient 
to dininish the deleterious effect of the iron So 
that an alloy Will be produced having good cast 
ing pi'Operties, even When the amount of iron is 
relatively high. 
Another object of my invention is to provide 

an altiminum base alloy containing antimony 
and a special alloying ingredient which alloy 
Ilay be cast in Said, permanent molds or in dies 
and from which good Castings or forgings may 
bé produced, 
A further object of my invention is to provide 

an aluminum base alloy containing a substan 
tial amount of Silicon and copper, together with 
a Special alloying ingredient which serves to 
improve the casting properties of the alloy. 
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Another object of my invention is to provide 

an aluminum base alloy containing a Substan 
tial amount of iron, antimony and an additional 
metal which alloy is particularly adapted to be 
cast in a permanent mold or from which die and 
Sand castings may be made. 
A still further object of my invention is to 

provide an improved casting having a dense 
grain structure and a low thermal coefficient 
of expansion which is formed of an aluminum 
base alloy containing substantial amounts of 
iron. 

In practicing my invention, a metal of the 
tungsten or vanadium groups, beryllium, boron, 
Zirconium, or a mixture, compound or alloy of 
two or more of such metals, is added in amounts 
ranging from effective amounts up to 3% to an 
aluminum base alloy containing at least 75% 
aluminum, .05% to 15% antimony, and from 
1.5% to 10% of iron. 
The amount of aluminum, however, may 

range from 75% to 95% and is preferably main 
tained above 80%. The amount of the special 
alloying metal or ingredient which is added to 
the aluminum base alloy is dependent upon the 
iron and antimony content. For instance, if 
the aluminum utilized contains more than 2% 
of iron, say from 3% to 10%, and antimony 
is present in an amount sufficient to counteract 
the deleterious effect of the high iron content, 
more of the Special alloying metal will be re 
quired than When the iron is below 3%. In 
preparing castings from secondary alloys, I pre 
fer to utilize from approximately .05% to 3% 
Of the Special alloying ingredient. 
The amount of antimony which is present is 

also dependent upon the amount of iron. Thus, 
for aluminum alloys containing more than 2% 
iron, say from 2% to 10%, the amount of anti 
mony will be relatively high, say from 5% to 
7%. The amount of antimony which is added 
to the casting alloy, however, will not usually 
exceed 7%, and the preferred amount ranges 
from .1% to 4%. 

In addition to iron, antimony and the special 
alloying ingredient, my improved alloy may also 
contain copper or nickel, or a mixture of copper 
and nickel, in an amount ranging from 2% to 
12%. Silicon may also be present in an amount 
ranging from more than incidental impurities up 
to 10%, either alone or in combination with 
copper or nickel, or a mixture of copper and 
nickel. 
In preparing castings, the amount of mag 

nesium, lead and tin should be maintained below 
.5%, respectively, and the amount of zinc should 
be below 3% and preferably below 2%. Magne 
sium in large amounts has a very pronounced 
effect upon the hot shortness of aluminum 
alloys; a property which is very deleterious in 
producing alloys in permanent or semi-perma 
nent molds or by the die casting process. The 
magnesium also increases the hardness, which 
decreases the machinability and causes excessive 
breakage in trimming. In producing castings in 
dies, it is therefore essential that the amount of 
magnesium which is present should be main 
tained below .5% and preferably below .25%. 

In castings requiring special hardness, it is 
advantageous, however, to have some magnesium 
present, say from approximately .1% to .35%. 
My invention is especially adapted for use in 

castings which have a low thermal coefficient 
of expansion, such as pistons, cylinder heads 
and the like. In providing an alloy for preparing 

2,185,848 
such castings, silicon is usually added to lower 
the thermal coefficient of expansion. When sec 
Ondary aluminum alloys are utilized for Such 
a purpose, however, and the amount of silicon is 
comparatively high, the results have not been en 
tirely satisfactory even though antimony is added 
to the alloy to counteract the deleterious effects 
of the iron. The reason for this appears to be 
that the silicon or antimony is precipitated out 
of Solution and although fairly satisfactory re 
Sults have been obtained, the castings do not 
have the particularly fine grain structure de 
sired. By adding one or more of the special 
alloying ingredients mentioned, or titanium, 
manganese or chromium to the alloys, or a mix 
ture, compound or alloy of two or more of such 
metals, I have found that an alloy having con 
siderably improved casting properties is obtained. 
When two or more of the special alloying in 
gredients are added or when one or more of such 
metals and One or more metals selected from a 
group consisting of manganese, titanium and 
chromium are added, they may be introduced 
in the form of a compound, mixture or alloy. 
When two or more metals selected from the 
group of metals consisting of manganese, tita 
nium and chromium are added, they may be 
introduced in a similar manner. I have found 
that a metal of the tungsten group, or a mixture 
Of tWO or more of such metals, or a mixture of 
a metal of the tungsten group and titanium, is 
especially effective in this respect. 
The following specific example will serve to 

illustrate and explain my invention although it 
Will be understood that I do not desire to be 
limited to the specific alloys or to the propor 
tions Specified. An aluminum base alloy was 
prepared containing the following ingredients in 
approximately the proportions specified: 

Per cent 
Copper -------------------------------- 7 
Silicon ---------------------------------- 4. 
Iron ------------------------------------ 3 
Antimony ------------------------------- 2.5 
Magnesium ----------------------------- 25 
Tungsten ------------------------------- 25 
Castings were prepared in a permanent mold 
having a fine grain structure and similar results 
are obtainable when the castings are prepared 
by the die casting process. When titanium was 
Substituted for the tungsten, a dense casting was 
also obtained. Both of the alloys machined well 
and had good casting properties. The presence 
of the tungsten or the titanium in the alloy ma 
terially aided in providing an improved alloy in 
which both the antimony and silicon appeared 
to be retained in solution. 

In preparing castings, such as pistons or cyl 
inder heads, having a low thermal coefficient of 
expansion, the ingredients mentioned in the fore 
going example may be varied substantially as 
follows: 

Per cert 
Copper -------------------------- 4. to 10 
Silicon -------------------------- 3 to 8 
Iron ---------------------------- 2 to 10 
Antimony ----------------------- 5 to 15 
Tungsten ------------------------ 05 to 1.5 
while the magnesium should be maintained below 
.5% and preferably below .25%. 
The alloy may be prepared in any desired man 

ner, such as by melting the ingredients together 
and introducing the Special alloying ingredient 
into molten aluminum, or if other metals are 
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present, the special alloying ingredient may be 
alloyed with such metals and introduced into the 
molten bath. Another convenient method is to 
prepare a rich alloy of the special alloying in 
gredient and aluminum and introduce the alloy 
into the molten aluminum. I may also add the 
special alloying ingredient in the presence of or 
in the form of a fluoride in a manner similar to 
that described for the addition of antimony in 
my former patent to which reference has been 
made. The antimony may also be introduced 
in the manner disclosed in my previous patent. 

In specifying the percentage of alloying in 
gredients in my improved alloy, it will be under 
stood that the range of percentage given refers to 
the finished castings as well as to the ingot. 
In order to produce good castings, it has hereto 
fore been necessary to maintain the amount of 
iron in the castings below a certain percentage, 
which is the total amount in the original alloy 
as well as that dissolved in the casting operation. 
My invention is especially suitable for produc 

ing alloys for sand, chill mold or die castings. It 
is well known that iron has a harmful effect 
upon castings as it causes the alloy to become 
sluggish in the casting operation and brittle in 
the finished product. By adding antimony and 
one or more of the special alloying ingredients 
specified, however, the deleterious effects of the 
iron may be minimized or prevented. My in 
proved alloy also has the property of solidifying 
quickly which makes it especially desirable for 
use in preparing chill mold castings. 
While the special alloying ingredient, or a mix 

ture of two or more of such ingredients, is par 
ticularly valuable as an addition to aluminum base 
alloys in which secondary aluminum having a 
high iron content is employed, it also improves 7 
the grain structure of aluminum base alloys con 
taining antimony and silicon, in which virgin alu 
minum containing iron as a normal impurity is 
utilized. For instance, castings may be prepared 
in which the antimony is present in amounts 
ranging from .05% to 15%, and preferably from 
.5% to 7% and in which the silicon is present 
in amounts ranging from effective amounts more 
than normal impurities up to 13% and preferably 
from 3% to 10%. Such alloys may contain both 
antimony and silicon and this is particularly true 
when castings, such as pistons or cylinder heads, 
are desired having a low coefficient of expansion. 
Copper or nickel, or a combination of copper and 
nickel, and magnesium within the ranges specified 
for alloys of high iron content are also prefer 
ably present in this alloy. When silicon is pres 
ent in amounts greater than 3% and antimony 
is also present, titanium, manganese or chromium 
in amounts ranging from .05% to 3% also appear 
to be effective in maintaining the antimony and 
silicon in solution and may be utilized in place of 
one of the special alloying ingredients or in com 
bination with it. 

From the foregoing description of my inven 
tion, it will be seen that I have provided an im 
proved alloy which counteracts or diminishes 
the deleterious effects of iron. I am therefore 
able to utilize a lower grade of aluminum in form 
ing castings and this is particularly true in pre 
paring castings in chill molds in which it has here 

3 
tofore been necessary to maintain the amount of 
iron in the original alloy below a maximum of 
2% and preferably below a maximum of 1.25%. 

It will also be apparent that I have provided 
an improved alloy that is particularly adapted 
for use in castings in which a low coefficient of 
expansion is desired, and particularly for use in 
pistons, cylinder heads, and the like, in which 
both silicon and antimony are present. 
To those skilled in the art, many modifications 

of and widely differing embodiments and appli 
cations of my invention will suggest themselves 
without departing from the spirit and scope there 
of. My disclosure and the description herein are 
purely illustrative and are not intended to be in 
any sense limiting. 
What I claim is: s 
1. An aluminum-antimony - tungsten group 

metal alloy having a finer grain structure, higher 
tensile strength and better casting properties 
than an aluminum-antimony alloy of similar 
composition, said alloy consisting of antimony in 
amounts ranging from .05% to 15%, a metal of 
the tungsten group in effective amounts up to 3%, 
and the remainder of aluminum and any other 
metal or metals not subversive of the above char 
acteristics. 

2. An aluminum-antimony - tungsten group 
metal alloy having a finer grain structure, higher 
tensile strength and better casting properties than 
an aluminum-antimony alloy of similar composit. 
tion, said alloy consisting of antimony in amounts 
ranging from .05% to 15%, a metal of the tung 
sten group in effective amounts up to 3%, from 
1.5% to 10% iron, and the remainder aluminum 
and any other metal or metals not subversive of 
the above characteristics. 

3. An aluminum-antimony - tungsten group 
metal alloy having a finer grainstructure, higher 
tensile strength and better casting properties than 
aluminum-antimony alloys of similar composi 
tion, said alloy consisting of antimony in amounts 
ranging from .05% to 15%, a metal of the tung 
sten group in effective amounts up to 3%, iron 
in amounts ranging from 1.5% to 10%, silicon in 
effective amounts up to 13%, and the remainder 
aluminum and any other metal or metals not sub 
versive of the above characteristics. 

O 

5 

20 

25 

30 

35 

40 

45 

4. An aluminum-antimony - tungsten group 
metal alloy having a finer grain structure, higher 
tensile strength and better casting properties 
than aluminum-antimony alloys of a similar com 
position, said alloy consisting of .5% to 7% anti 
mony, 1.5% to 10% iron, 3% to 10% silicon, a 
metal of the tungsten groupin effective amounts 
up to 3%, and the remainder aluminum and any 
other metal or metals not subversive of the above 
characteristics. 

5. An aluminum-antimony-tungsten alloy hav 
ing a finer grain structure, a higher tensile 
strength and better casting properties than an 
aluminum-antimony alloy of a similar composi 
tion, said alloy consisting of .5% to 7% antimony, 
1.5% to 10% iron, .05% to 3% tungsten, and the 
remainder of aluminum and any other metal 
or metals not subversive of the above charactera 
istics. 
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