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The present invention relates to the treatment of met 
all alloys for the purpose of improving their physical 
properties. More particularly, the invention relates to 
the production of sodium modified aluminum-silicon al 
loys. 

In common foundry practice additions of low melting 
point, highly reactive metals to metal alloys are made 
for the general purpose of improving the physical prop 
erties of the alloys. While these additions are desirable 
in that they serve to modify or refine the grain struc 
ture of the alloys, the addition of the modifying elements 
is difficult to accomplish in most cases because the low 
melting point metals being added are slow to dissolve 
and difficulties are experienced in bringing the additives 
into intimate contact with the molten alloy. Because 
the molten alloy is often at a much higher temperature 
than the melting point of the additive, there is a danger 
that the latter will boil and become oxidized at the sur 
face of the molten alloy before an effective amount is 
added to the body of the alloy. The boiling and oxida 
tion of the additives on the surfaces of the molten alloy 
causes splattering, furning and burning which is danger 
ous and is desirably avoided. It has been found, too, 
that when salts, such as halides or oxides, of the above 
additive metals are used to avoid the hazardous reactions 
occurring when the pure metal additive is used, the effi 
ciency of addition is extremely low and a large excess 
of salts must be used to accomplish the desired treat 
Ilent. 

In the production of aluminum-silicon alloys the prop 
erties of the alloy are considerably altered and improved 
by the introduction of small quantities of metallic sodi 
um. Sodium, of course, is highly reactive at the tem 
perature of its introduction to this particular alloy. Sili 
con, at room temperature, is almost insoluble in alumi 
nurn and, therefore, as the unmodified aluminum-silicon 
alloy solidifies, silicon is precipitated either as a primary 
constituent or in a eutectic alloy with aluminum. The 
excess silicon remaining over that forming the eutectic 
takes the form of coarse plates and needles, and this 
coarse structure, which is inherently brittle, gives the 
unmodified alloy poor mechanical properties. 
The addition of sodium, either in the form of salts 

or metallic sodium, has been found to increase the pos 
sible silicon content of the aluminum-silicon eutectic to 
about 13% and, therefore, alloys containing less than 
this amount of silicon will not exhibit primary silicon 
crystals. In addition, the aluminum-silicon eutectic is 
considerably refined and the silicon in excess of that 
amount required to form the eutectic is precipitated in a 
fine globular form and not as coarse needles. It is this 
refinement of the microstructure which enhances the 
mechanical properties of the alloy. As a result of the 
treatment of the molten aluminum-silicon alloy with so 
dium, the physical properties of the alloy are consider 
ably altered and improved. Such treatment is known to 
those skilled in foundry practices as "modification' and 
leads to a considerable refinement of the microstructure 
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of the aluminum-silicon alloy with an improvement in 
both tensile strength and elongation of the alloy. 

In accordance with the usual foundry practice, sodi 
um is generally added either as metallic sodium or in 
the form of certain sodium salts, especially the halides 
such as sodium fluoride, which salts react with the met 
all alloy and lead to the introduction of sodium. The 
use of sodium salts has the disadvantage of being in 
efficient and consequently large quantities of salts must 
be added in order to effect satisfactory modification. Use 
of the salts has a further disadvantage in that the salts 
tend to corrode the crucibles in which treatment of the 
molten metal is carried out. Furthermore, the applica 
tion of the salts is a laborious and time consuming opera 
tion inevitably causing a delay in casting of the modi 
fied alloy. 
The use of metallic sodium, on the other hand, while 

more efficient with respect to the addition of sodium to 
the alloy, has the serious disadvantage of introducing 
an appreciable quantity of dissolved hydrogen into the 
molten aluminum-silicon alloy. The hydrogen gas re 
Sults from the paraffin or oil which is generally used as 
a protective medium for the metallic sodium. The me 
tallic sodium is also contaminated with moisture con 
taining products which are violently driven off at the 
temperature of addition to the alloy causing splattering 
of both the molten alloy and sodium. All of these con 
taminants are sources of impurities and the metallic 
Scdium used for modification purposes is often the cause 
of gas porosity problems in the cast aluminum-silicon 
alloy. Additions of sodium in the metallic form, in ad 
dition to having the above-mentioned disadvantages of 
carrying contaminants which are the source of hydro 
gen, is more expensive because it involves the additional 
Steps of producing and refining metallic sodium of suffi 
cient purity to avoid as much as possible the danger of 
contaminating the aluminum-silicon alloy with undesir able impurities. 

It is, therefore, the principal object of the present in 
vention to provide a novel method for treating alloys 
With additions of low melting point additives which pre 
vents the introduction of undesirable contaminants and 
which is efficient and economical to perform and can be 
easily and safely carried out to produce a metal alloy 
having improved physical properties. 
A more detailed object of the present invention is 

to provide a method of the foregoing type for modifying 
an aluminum-silicon alloy with sodium without introduc 
ing hydrogen and other contaminants. A related object 
is to add sodium modifiers to aluminum-silicon alloys 
more efficiently and economically for producing an alloy 
having a refined microstructure and improved physical properties. 
While the invention described herein is susceptible of 

various modifications, a certain illustrative method will 
be described in detail. It should be understood, however, 
that there is no intention to limit the invention to the 
Specific form disclosed but, on the contrary, the inten 
tion is to cover all modifications, alternatives and equiva 
lents falling within the spirit and scope of the invention 
as expressed in the appended claims. 

In accordance with the present invention the desired 
treatment of a metal or metal alloy with a reactive metal 
additive is accomplished by the novel method which com 
prises contacting a molten bath of the alloy to be treated 
with a layer of fused salts, such as oxides or halides, of the 
metal additive, in a flux carrier and electrolyzing the 
Salt layer or electrolyte with the molten alloy as one 
electrode. A second electrode, generally formed of car 
bon, is inserted in the molten supernatant layer of fused 
electrolyte and upon application of an electric current, 
the electrolyte salts are electrolyzed to discharge the de 
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sired metal as an ion into the molten alloy which is 
being treated. If the metal additive to be introduced is 
a cation, the molten alloy will be made the cathode. It 
is understood, however, that the polarity may be re 
versed and the molten alloy may be made the anode 
when the element to be introduced is contained in the 
anions of the electrolytic layer. - 
Upon application of an electric current and to the 

electrolyzing circuit, the fused salt in its flux carrier is 
electrolyzed so that the element to be introduced is dis 
charged as a cation at the molten alloy surface and intro 
duced into the molten alloy. 
quantity of metal additive introduced into the molten 
alloy, the electrolyzing current, or alternatively the time 
for which a given current is applied, is varied. 
thus possible to control very accurately the amount of 
metal additive to be introduced for accomplishing a de 
sired treatment. 

In the production of aluminum-silicon alloys furnace 
charges of this alloy normally consist of a mixture of 
foundry returns and new ingot metal. The ratio of 
modified returns to new ingot is seldom constant over 
a number of consecutive melts and, therefore, the amount 
of sodium in any one furnace charge is difficult to esti 
mate. The practice which is followed by the majority 
of light alloy founders is to destroy all existing traces 
of modification and then to remodify with a controlled 
amount of modifying agent. In this way the exact state 
of modification of the melt is known and can be varied 
at will to suit different casting sections. 
Sodium modification is destroyed through degassing 

by the scavenging action of the degasser on the sodium 
contained in the melt. With aluminum-silicon alloys, 
therefore, degassing serves the dual purpose of removing 
small quantities of dissolved hydrogen which may have 
been absorbed during the melting of the alloy and de 
stroying all traces of existing sodium modification. 

For the purpose of adding sodium metal to the de 
gassed aluminum-silicon alloy by the method embodying 
the present invention, a molten bath of the alloy is placed 
in a suitable container and in contact with an electrode. 
An electrolytic layer consisting of sodium chloride and 
potassium chloride carried in a flux is then floated on 
the molten alloy. The Supernatant electrolytic layer is 
desirably a fused liquid and can be either prefused or 
fused after the salts have been placed on the molten alloy. 
An anode in the form of a carbon electrode is inserted 
into the fused electrolytic layer. 

In order to introduce sodium into the molten alloy, 
an electrolyzing current is applied between the anode 
and the molten alloy as the cathode. The sodium ca 
tions are discharged at the alloy surface and are thereby 
introduced into the molten alloy. The anions produced 
by the electrolysis migrate towards the anode where they 
are discharged and collected, if desired, although the 
amount of such anions is ordinarily very small. When 
the desired amount of sodium has been deposited, as de 
termined by the amount of current and the length of 
time the electrolyte is subject to electrolysis, the current - 
is shut off and the container of modified alloy 
and the alloy cast into suitable molds. 
To illustrate the above-described novel method, the 

following example is presented. 

is tapped 

Example 
A melt of aluminum-silicon alloy, after degassing, 

was analyzed and contained 0.0005% by weight of 
sodium. This alloy was placed in a crucible and an 
electrolyte containing sodium chloride, potassium chloride, 
and a flux was floated on its surface. A carbon electrode 
was then inserted into the molten metal, being insulated 
from the electrolyte. A carbon anode was inserted into 
the Supernatant electrolyte and a potential of 5 volts 
was applied between the anode and the molten metal 
cathode. With this arrangement a current of approxi 
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mately 45 amperes was applied for a period of about 10 
minutes. After the electrolytic treatment, the alloy, now 
modified with sodium, showed a sodium content of 
0.0293% and exhibited the physical properties char 
acteristic of a well modified-aluminum silicon alloy. 

In order to illustrate the effect of sodium modification 
on aluminum-silicon alloys, the following table presents 
a comparison of average physical properties of modified 
and unmodified sand cast alloys: - 

Average mechanical properties Unmodified Modified alloy alloy 

Ultimate tensile strength (tonisq. in.).--------- 3. 8 ; : 
Elongation (percent on 2 in.)------------------ 

By using the above described electrolytic method for 
modifying an aluminum-silicon alloy with sodium, it 
can be seen that the efficiency of the addition of Sodium 
has been substantially increased over the older methods 
of adding sodium, such as by reacting sodium salts with 
the alloy or by adding sodium metal, in which it was 
possible to add an amount of sodium only to the extent 
of about 0.020% of the weight of the alloy. The efii 
ciency of conversion of the available sodium is thus quite 
high with the present invention as compared with older 
methods, making the herein described novel method par 
ticularly desirable for use with alloys having a high 
silicon content. It is to be further noted that by carrying 
out the sodium modification electrolytically, it is unneces 
sary to purify or otherwise treat the sodium metal or salt 
to be added. The electrolytic method is selective for 
sodium ions and the introduction of impurities into the 
alloy is thereby prevented. 
A novel and improved method for the production of 

sodium modified aluminum-silicon alloys has been 
described. According to this method, a Supernatant elec 
trolyte containing sodium ions is electrolyzed with a . 
cathode of molten aluminum-silicon alloy into which 
the sodium is to be introduced for purposes of modifica 
tion. An efficient and economical method for such treat 
ment is thus attained, which method eliminates the neces 
sity of procuring and purifying a sodium metal additive 
and further eliminates any undesirable reactions of the 
additive with the molten alloy at the temperature at which 
the addition must be made. In addition, the novel 
method, by ionizing the sodium, affords a more intimate 
contact of the modifying element with the alloy. It thus 
becomes possible to modify alloys having a high silicon 
content to form a silicon-aluminum eutectic and cause the 
excess silicon to precipitate in fine globules instead of 
brittle needles and plates. 

I claim as my invention: 
1. The method of modifying an aluminum-silicon alloy 

with sodium which comprises the steps of forming a 
molten bath of aluminum-silicon alloy, adding an alkaline 
chloride electrolyte as a source of sodium ions, inserting 
an electrode into said electrolyte, and electrolyzing said 
electrolyte with said electrode as an anode and said 
molten alloy as a cathode to remove sodium ions from 
said electrolyte and introduce sodium ions into said 
alloy for modifying the same. 

2. The method of claim 1 wherein an electrolyzing 
current of about 45 amperes is applied for a period of 
about ten minutes. 

3. The method of claim 1 wherein the molten elec 
trolyte comprises sodium chloride and potassium chloride. 

4. The method of claim 1 wherein the electrolysis is 
stopped when the cathode metal acquires a sodium content 
of about 0.0293%. 

5. The method of modifying an aluminum-silicon alloy 
by additions of sodium which comprises electrolyzing a 
molten alkaline chloride electrolyte containing sodium 
ions with an anode inserted in said electrolyte and with 
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a cathode consisting of the aluminum-silicon alloy in a molten State. 

6. The method of claim 5 wherein the electrolysis is 
stopped when the cathode metal has acquired enough 
sodium to be well modified. 

7. The method of claim 5 wherein the molten elec trolyte comprises sodium chloride and potassium chloride. 
8. The method of modifying the microstructure of 

an aluminum-silicon alloy with additions of sodium metal 
which comprises the steps of forming a molten bath of 
the alloy, adding a supernatant alkaline chloride elec 
trolyte as a source of sodium ions, inserting a carbon 
electrode into said electrolyte and electrolyzing said elec 
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trolyte with said carbon electrode as an anode and said 
molten alloy as a cathode to remove sodium ions from 
said electrolyte and introduce said sodium ions into the alloy for modifying the same. 

9. The method of claim 8 wherein the electrolyte 
comprises sodium chloride and potassium chloride. 
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