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Our invention relates to a method of treating 
aluminum or aluminum alloys to improve their 
physical properties, and more particularly to an 
improved process of treating aluminum or alumi 
num alloys with a normally liquid or solid boron 
compound which forms a gas at elevated tem 
peratures. 
An object of our invention is to provide an 

improved method of treating aluminum or alumi 
10 num alloys to improve their physical character 

istics. 
Another object of our invention is to provide 

an improved process of introducing boron in a 
dispersed state into aluminum or aluminum al 

15 loys to improve the physical properties of the 
metal. 
A further object of our invention is to provide 

an improved method of treating aluminum or 
aluminum alloys in a molten or pasty state with 

20 a normally liquid or solid boron compound which, 
When heated, forms a gas at a temperature below 
approximately 700° C. 
A still further object of our invention is to 

provide an improved process of treating aluminum 
25 or aluminum alloys with a normally solid com 

pound containing boron and fluorine which, when 
heated, forms a gas at a temperature below the 
melting point of aluminum or the aluminum alloy 
being treated, and which gas is capable of effect 

30 ing improvement in the grain structure of alumi 
num. Or, aluminum alloys. 

It is well known that aluminum and aluminum 
alloys having a fine, uniform grain structure are 
much superior for casting, forging, welding and 

35 other purposes than aluminum or aluminum al 
loys which do not have such physical character 

i istics. . . 1 in copending application Serial No. 479,790, 
filed on September 3, 1930, (issued August 8, 1933 

40 as Patent No. 1,921,998), a process is disclosed of 
treating aluminum or aluminum alloys. With a 
boron compound dissolved in a molten flux, 
whereby aluminum or aluminum alloys may be 
produced having a fine, uniform grain size which 

45 persists through repeated meltings and solidifl 
cations of the aluminum or aluminum alloys. 
we have now made the discovery that if nor 

mally liquid or solid compounds containing both 
boron and fluorine, which, upon the application 

50 of heat, are capable of forming a gas at a tem 
perature below the melting point of aluminum 
or, the aluminum alloy being treated, are intro 
duced into aluminum or aluminum alloys, the gas 
thus formed is capable of modifying aluminum or 

55 aluminum alloys, so that, upon Solidification, the 

(C. 75-68) 
aluminum shall have a fine, uniform grain struc 
ture. 

In practicing our invention, we prefer to utilize 
hydrofluoboric acid, HBF4, or the fluoborates of 
ammonium or the alkali metals, such as potas 
sium or Sodium fluoborates, or a mixture of two 
or more of such compounds. These compounds 
contain both boron and fluorine and are char 
acterized by the fact that they are liquid or 
Solid at normal temperatures but form a gas 
When brought into contact with aluminum or, an 
aluminum alloy in the molten or pasty, state, 
which gas is capable of improving the grain 
structure of aluminum or aluminum alloys, so 
that, upon Solidification, the aluminum is char 
acterized by having a fine, uniform grain struc 
ture. 
The compound, or mixture of compounds, is . 

brought into intimate contact with the aluminum 
or aluminum alloy in any desired manner. For 
example, if the compound is liquid, it may be 
mixed with an absorbent material, as charcoal 
Or Sawdust, so that it may be handled as a solid 
and thus introduced into the body of molten 
aluminum or Stirred in contact with the molten 
aluminum. The compound or compounds may 
be placed in a perforated container and held 
under the surface of the aluminum or aluminum 
alloy. Another method is to place the compound, 
Or mixture of compounds, in a container with 
One or more openings, which may be suspended 
in the molten aluminum or aluminum alloy in 
any desired manner or allowed to rest on the 
bottom of the melting vessel or furnace in which 
the aluminum is being treated. The compound, 
Or mixture of compounds, may also be wrapped 
in paper or aluminum foil and forced below the 
Surface of the molten or pasty bath in any de 
Sired manner. 

It will, of course, be understood that during 
the treating process, the aluminum or aluminum 
alloy may be covered with a suitable flux to pre 
vent, oxidation of the aluminum, and, if desired, 
the hydrofluoboric acid or fluoborate may be dis 
solved in the flux, in which case it is very desir 
able to agitate the metal and flux, so that the 
fluoborate compound Will be brought into in-, 
timate COntact with the molten aluminum or 
aluminum alloy. If the treating compound is 
dissolved in a flux, however, it is highly desirable 
to utilize, a flux that is molten at the melting 
point of aluminum or the aluminum alloy being , 
treated, or a flux which does not have a melting 
point substantially more than 100° C. higher than 
the melting point of aluminum. 
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A suitable flux for this purpose is one contain 

ing sodium chloride, potassium chloride and cryo 
lite in such proportions that the composition is 
pasty or molten at the melting point of alumi 
num, or at not substantially more than 100 C. 
higher than the melting point of aluminum. The 
eutectic composition containing approximately 
32.5% sodium chloride, 62.5% postassium chlo 
ride and 5% cryolite is especially suitable, because 
it has a relatively low melting point. 
During the treating process, it is desirable that 

the aluminum or aluminum alloy be maintained 
at a temperature relatively close to its melting 
point, and preferably should be in a somewhat 
pasty or thickened state, so that the bubbles 
formed will penetrate slowly through the molten 
metal. 
While it is not desired to limit the invention 

to any particular theory, it is believed that when 
the liquid or solid compound or compounds con 
taining boron and fluorine are brought into Con 
tact with aluminum or an aluminum alloy, it 
either reacts directly with the aluminum or forms 
a gas containing boron and fluorine, which, in 
turn, reacts with the aluminum. During the 
treatment, boron is introduced in a finely dis 
persed state through the aluminum or aluminum 
alloy. 
The amount of hydrofluoboric acid or fluoborate 

which is employed at the time of treatment will, 
of course, depend upon the temperature of the 
molten metal and the amount of gas which is 
brought into reactive relationship with the alu 
minum. To obtain the best results the treatment 
should be continued for a sufficient length of time 
to introduce approximately .0005% to 0.1% of 
boron into the molten aluminum or aluminum 
alloy. If larger amounts of boron are introduced, 
the results are not so desirable, and if the treat 
onent is discontinued before .0005% of boron is 
introduced, the aluminum or aluminum alloy will 
either not be completely modified, or, if Com 
pletely modified, the modification will not per 
sist through repeated meltings and solidifications. 
We have found that if the liquid or solid Com 
pound containing boron and fluorine is introduced 
into the metal to be treated in quantities rang 
ing from approximately 0.1% to 3.0% by weight 
of the metal, good results will be obtained, espe 
cially if the aluminum or aluminum alloy is main 
tained in a somewhat pasty or thickened state, 
so that the gas bubbles will rise slowly and enter 
into intimate reactive relationship with the alu 
minum. 

If the hydrofluoboric acid or fluoborate Com 
pound is dissolved in a molten flux, there should 
be sufficient flux present to dissolve the compound, 
and the metal and flux should be stirred or agi 
tated so that the compound, or mixture of Com 
pounds, will be brought into intimate reactive 
relationship with the aluminum or aluminum 
alloy during the treating operation. 
The following specific example will serve to 

illustrate and explain our invention, although it 
will be understood that we do not desire to be 
limited to the particular compounds or propor 
tions of ingredients utilized. 
Approximately ten pounds of an aluminum alloy 

containing about 8% of copper was melted in a 
suitable container and covered with a flux con 
taining sodium chloride, potassium chloride and 
cryolite in approximately eutectic proportions. 
About 60 grams of ammonium fluoborate were 
placed in a pipe closed at one end, and the open 
end of the pipe was immersed in the molten bath. 
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The gas formed by the heating of the fluoborate 
rose slowly through the alloy, which was main 
tained at a temperature of approximately 730° C. 
The fiux was then removed from the surface of 
the bath and the metal cast in the usual manner. 
A spectroscopic analysis indicated that the treated 
alloy contained approximately .005% of boron. 
The resulting alloy had a fine, uniform grain size 
and its physical properties, such as tensile 
strength, elongation and hardness, were mate 
rially improved. 
As a further illustration of our invention, ap 

proximately ten thousand pounds of an aluminum 
alloy containing 8% of copper was melted and 
covered with approximately 140 pounds of a flux 
containing Sodium chloride, potassium chloride 
and cryolite in approximately eutectic propor 
tions. About 195 grams of ammonium fluoborate 
were introduced in the flux and the bath was agi 
tated vigorously. The flux was then removed 
and the molten metal poured. A casting having 
a fine, uniform grain structure was obtained. The 
metal was remelted and cast at a temperature of 
approximately 800° C. and the fine, uniform grain 
structure still persisted. It was again remelted, 
and a test Casting made from metal poured at 
approximately 760° C. was still well modified. 
The foregoing example illustrates the fact that 

aluminum or aluminum alloys modified by our 
improved process may be repeatedly remelted and 
recast, and the fine, uniform grain structure pro 
duced by the treating process will persist through 
out repeated meltings and Solidifications. 

Instead of treating the aluminum or aluminum 
alloy with hydrofluoboric acid or an alkali metal 
or ammonium fluoborate, ingredients which will 
react to produce these compounds may be utilized. 
For example, a mixture of boric acid and am 
monium acid fluoride, which react to form am 
monium fluoborate, may be employed, but We pre 
fer to use the hydrofluoboric acid or an alkali 
metal or annonium fluoborate. It will be under 
stood, however, that when the terms "hydrofluo 
boric acid' or 'fluoborates' are used in the claims 
it is intended to include compounds or ingredients 
which react to form hydrofluoboric acid or fluo 
borates of the type Specified. 
From the foregoing specification it will be ap 

parent that we have provided an improved proc 
ess of modifying or improving the grain struc 
ture of aluminum or aluminum alloys, For ex 
ample, aluminum or aluminum alloys treated by 
our improved process have increased elasticity 
and greater tensile strength, elongation and re 
sistance to fatigue than untreated metal. In 
addition, aluminum or aluminum alloys charac 
terized by a fine, uniform grain structure have 
better casting properties and are more suitable 
for rolling, forging, welding, and other purposes 
than unmodified alloys. 

It will also be seen that because the hydro 
fluoboric acid or fluoborate compound is in a 
liquid or solid form, it may be readily forced 
beneath the molten bath or dissolved in a flux, 
and because it forms a gas when heated to a 
temperature below that of molten aluminum, 
gaseous bubbles containing boron and fluorine 
are brought into intimate contact with the mol 
ten aluminum. Or aluminum alloy. 

During the treatment of the aluminum Or 
aluminum alloy by our improved process, it will 
also be seen that it is not necessary to heat the 
aluminum to a temperature substantially higher 
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than its melting point, and excessive oxidation 7s 
  



of the aluminum will, therefore, be avoided. 
Since the molten metal is also maintained in a 
soft or somewhat pasty state, the bubbles formed 
by heating the solid or liquid compound contain 
ingboron and fluorine will rise slowly through 
the molten bath and will be maintained in inti 
mate contact for a substantial length of time 
with the molten aluminum. The grain refine 
ment or modification process may, therefore, be 
performed in an economical manner, without 
utilizing a large excess of the modifying material. 
To those skilled in the art many modifications 

of and widely differing embodiments, and appli 
cations of our invention will suggest themselves 
without departing from the spirit and scope 
thereof. Our disclosure and the description 
herein are purely illustrative and are not in 
tended to be in any sense limiting. 
What we claim is: 
1...The method of improving the character 

comprises maintaining the aluminum or alumi 
num alloy in a pasty state and treating the metal 
with a normally liquid or solid boron compound 

25 containing boron and fluorine, which has a 
melting point below the melting point of alumi 
num or the aluminum alloy being treated, and 
permitting the gas which is formed to pass slow 
ly through the soft or pasty metal into intimate 

30, contact with the aluminum or aluminum alloy 
being treated. 

2. The method of improving the characteris 
tics of aluminum or aluminum alloys which com 
prises maintaining the aluminum or aluminum 
alloy in a pasty state, forcing a normally liquid 
or solid boron compound containing boron and 
fluorine, which forms a gas below the melting 
point of aluminum or the aluminum alloy being 
treated, into intimate contact with the metal, 

0 and permitting the gas which is formed to rise 
slowly through the soft and pasty metal. 
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istics of aluminum or aluminum alloys which 

3. The method of improving the characteris 
tics of aluminum or aluminum alloys which com 
prises maintaining the aluminum or aluminum 
alloy relatively close to its melting point so that 
it is in a pasty state, forcing a fluoborate com 
pound below the surface of the metal, and per 
mitting the gaseous bubbles which are formed 
to rise slowly upward through the pasty metal. 

4. The method of improving the characteris 
tics of aluminum or aluminum alloys which com 
prises maintaining the aluminum Or aluminum 
talloy relatively close to its melting point so that 
it is in a pasty state, forcing an alkali metal 
fluoborate below the surface of the metal, and 
permitting bubbles formed to rise upwardly 
through the molten metal. 

5. The method of improving the characteris 
tics of aluminum or aluminum alloys which com 
prises mixing a normally liquid compound con 
taining boron and fluorine with an absorbent 
material, bringing the absorbent material con 
taining the boron and fluorine compound into 
contact with the aluminum or aluminum alloy 
in the pasty state, and permitting the gas which 
is formed to come into intimate contact with the 
metal being treated. 

6. The method of producing aluminum and 
aluminum alloys of fine and substantially uni 
form grain structure which persists throughout 
repeated meltings and solidifications of such 
aluminum or alloys thereof, which comprises 
treating a bath of molten aluminum or aluminum 
alloy... with .1 to 3% by weight of sodium fluobo 
rate by disposing the sodium fluoborate near the 
bottom of the bath of molten metal, thereby 
forming bubbles of gas containing both boron 
and fluorine in chemical combination, which 
bubbles pass upwardly through the bath and re 
act with the metal. 

JOHN G. G. FROST. 
WAER BONSACK. 
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