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This invention relates to new and useful im 
provements in processes for casting metal alloys, 
and more particularly for casting alloys con 
prising principally aluminum and beryllium. . 
The importance of aluminum-beryllium alloys 

in the manufacture of articles and devices re 
quiring lightness, strength and high corrosion 
resistance properties is well known. One out 
standing property of these alloys is their extraor 
dinary stiffness or rigidity. . . This may be as 
much as two or three times as great as the stiff 
ness or rigidity of aluminum or aluminum alloys 
which contain no beryllium, and as much as from 
three to four or more times as great as the stif 
ness or rigidity of magnesium base alloys. An 
other distinct property of aluminum-beryllium 
alloys resides in their comparatively high hot 
strength which may be as much as three or more 
times that of aluminum or other aluminum al 
loys lacking in beryllium. This is no less true 
in respect to articles and devices produced by 
casting aluminum-beryllium alloys into the struc 
tural shape or form desired. Prior to the pres 
ent invention, however, no one has been able 
practicably to produce large commercial castings 
of aluminum-beryllium alloys which are satis 
factory, 
This has been due to several problems arising . 

from differences which exist between these two 
metals in respect to their physical and chemical 
properties and characteristics. For example, 
aluminum melts at about 650 C., a temperature 
very much lower than beryllium which melts at 
a temperature of about 1250 C., and to produce 
a complete alloy solution of aluminum and be 
ryllium, the two metals must be heated at least 
to the melting point temperature of beryllium 
and generally somewhat above this temperature. 
At these high temperatures, the metals, and par 
ticularly the aluminum, readily combine with and 
absorb various combustion and Surrounding gases 
such as nitrogen, oxygen and hydrogen, which 
are evolved from the molten mass during cool 
ing and solidification thereof, thus producing 
large gas pockets and blow-holes in the Solidified 
alloy. 
Another difficulty is presented by the tendency 

for the beryllium in the alloy to solidify sub 
stantially more rapidly than the aluminum con 
tent and, because of its lower specific gravity, 
the more rapidly solidified beryllium rises to the 
surface of the mass, Hence, it has been neces 
sary, to prevent segregation of the two metals, 
and lack of unifornity in the cast, that the melt . 

rapid chilling of the melt does not produce a 
uniform cast due to the fact that the outer por 
tions of the metal are caused to set very much 
more rapidly than the interior portions, with 

5 the result that the interior remains liquid for 
a longer period and tends to become porous and 
Spongy causing a pronounced difference in the 
flowing qualities of the metals as between the 
interior and exterior portions of the ingot, result 

0 ing in cracks, splits and other defects when forged 
or rolled. 
With the foregoing in mind, the principal ob 

ject of the present invention is to provide a novel 
process for making castings of aluminum and be 

15 ryllium which are characterized by their uni 
formity in structure and composition and which 
are not subject to cracking and splitting upon 
forging or rolling, . 
Another object of the invention is to provide 

20 a process of the character described whereby 
large commercial castings of alloys of aluminum 
and beryllium may be successfully produced in 
both a practical and economic manner. 
A further object of the invention is to provide 

25 a process as set forth whereby the occurrence 
of gas pockets and blow-holes are entirely elimi 
nated from the casting produced.......... . . . 

... These and other objects of the invention and 
the various details and steps comprised therein 

30 are hereinafter fully set forth, described and 
claimed. 
In practicing the present invention, a suitable 

crucible of Sufficient size is selected and this may 
be a crucible of standard graphite-clay mixture 

35 or other suitable construction. In preparing for 
the melt, the desired proportion of beryllium 
metal, preferably in the form of lumps, is first 
placed in the crucible at the bottom thereof. 
The desired proportion of aluminum metal is then 

40 placed in the crucible upon the beryllium, and 
on top of the aluminum there is placed a predeter 
mined amount of a suitable flux material. 
The Selection of a suitable flux is important in 

that it must be non-volatile and exhibit a solvent 
45 action on the oxides present in the two metals 

to be alloyed. Too, the flux must be one having 
little vapor pressure in the temperature range of 
1250° C. to 1350° C. and also must be a flux that 
is practical to use, both from the standpoint of 

50 economics and handling. The use of a flux com 
prising calcium chloride has been found most ad 
vantageous in practicing the present invention in 
that it meets all of the essential conditions just 
mentioned, and appears to be the only alkaline 

be rapidly chilled. On the other hand, however, 55 earth chloride capable of efficiently dissolving re 
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fractory oxides. To the calcium chloride flux 
may be added a relatively smaller amount of a 
suitable fluoride. The fluoride employed prefers 
ably is calcium fluoride, but the fluorides of bar 
ium, strontium and magnesium can be used, al 
though they are considerably more expensive 
than calcium fluoride. * 
The addition of the fluoride to the flux renders 

the latter more fluid and precludes any tendency 
for the melt to become "gummy' because of the 
solvent action of the chloride op the solid matter 
in the melt, producing an intrease in the melt 
ing point. Care should be taken that the fluo 
ride constitute the minor proportion of the flux 
to prevent reaction thereof with the crucible, and 
very good results have been obtained by these 
of a flux consisting of about 85% calcium chlo. 
ride and 15% calcium fluoride. The quantity of 
flux employed for a given amount of aluminum 
and beryllium may vary widely, although gener 
ally good results are obtained with the flu pres 

a temperature from about 500 C. to 600 C., after 
which the crucible and its contents are again 
heated to a temperature of from about 1300 C. 
to about 1350° C. to again render the alloy com 
pletely liquid. The melt is then skinned to re 
move any droSS and other materials from the Sur 

O 

20 
ent in an amount approximately about 10% by . 
weight of the aluminum and beryllium. Thus, 
in making an ingot weighing 50 pounds, the 
amount of flux used generally would be about 5 
pounds. W 

After the aluminum and beryllium metals and 
the flux have been placed in the crucible in the . 
manner previously described, the crucible cove 
is then placed in position to close the crucible and 
the latter and its contents are heated to a ten 
perature of from about 1300 C. to 1350 C., and 
maintained within that temperature range for a 
length of time sufficient to insure complete alloy 
solution of the beryllium in the aluminuin. 
During heating of the crucible and its contents, 

and as the temperature thereof increases, it will 

30 

be obvious that the aluminum which has a melt- . 
ing point of about 650° C. will first melt and flow 
downwardly through and into the interstices be 
tween the pieces of beryllium in the bottom of 
the crucible. 
portion of the crucible, and as the temperature 
continues to rise, the flux in turn melts and cov 
ers the entire mass of metal within the crucible. 
As previously stated, the fux employed is just 

sufficiently volatile at temperatures from about 
1250° C. to 1350° C. to produce a vapor at slight 
pressure within the crucible, and this relatively 
slight vapor pressure serves to prevent the sur 
rounding air and furnace gases from entering 
the crucible. In addition, this slight Wapor pres 
sure generated by the flux has been found to act 
in a rather peculiar and positive manner to ce 
ment the crucible cover to the crucible, thus mak 
ing the latter substantially air-tight. 
The length of time that the crucible and its 

contents must be maintained at the required ten 
perature to insure complete alloy solution of the 
beryllium in the aluminum, of course, will depend 
upon the size of the melt ani the conditions 

This completely fills the botton, 

40 

face thereof. 
At this point there is added to the melt a small 

amount of a silver-sodium alloy comprising from 
about 2% to 5% sodium, balance silver. The 
amount of silver-sodium alloy added to the melt, 
of Course, will depend upon the Weight of the melt, 
and good results generally are obtained by the 
addition of from about .50% to 4.0% by weight 
of such alloy. The addition of this silver-sodium 
alloy is advantageous in that it is substantially 
heavier than the aluminum-beryllium alloy, and, 
therefore, immediately sinks to the botton of the 
melt in the crucible, where it is dissolved and the 
sodium content thereof liberated. The liberated 
Sodium readily and quickly combines with any 
remaining gases and solid impurities, such as 
oxide, and carries them to the surface of the melt 
where the gases are liberated to the atmosphere 
and the oxide slags may be skimmed from the 
surface of the melt. The silver enters the melt 
and alloys therewith, functioning to increase the 
hardness of the ultimate cast. The sodium exerts a powerful scouring and scavenging action on 
the melt and also appears to function to produce 
a refined or Smaller grain size in the ultimate 
cast. The excess sodium which does not combine 
in the liberation of gases and solid impurities in 
the melt burns off, and this action is evidenced 
by flashes of light appearing in the surface of 
the melt. 
The temperature of the melt is now allowed to 

drop to about 1150° C., after which it may be 
poured or cast in suitable molds. The molds used 
may be cast iron, and very good results have been 
obtained using molds of this composition. It is 
to be pointed out, however, that the molds in 
which the melt is cast should be provided with 
relatively thick walls and with a generous "hot 
top'. Experiments have shown that this 'hot 
top' should contain an amount of alloy which is 
at least about 10% of the Weight of the ingot, and 
preferably about 25% of the weight thereof, and 
when the melt is poured into the molds, they 

50 

present in the furnace employed. Generally, 
however, a period of from two to four hours is . 
required. W 

When the crucible and its contents have been 
heated, as aforesaid, for the required length of 
time to produce a completely liquid alloy solution 
of the beryllium and aluminum, the cover is re 
moved from the crucible and the latter and its 
contents is allowed to cool sufficiently to solidify 
the alloy in the crucible. During solidification of 
the melt, large quantities of gas are evolved there 
from, and this evolution may continue until the 
alloy is substantially solidified. Cooling and so 
lidification of the alloy is allowed to continue to 

O 
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should be thoroughly dry and should be at about 
the temperature of the atmosphere in the foundry 
or general surroundings. 

Generally, molds employed for casting bars, 
rods, or similar finished articles, such as pistons 
or the like, should be relatively short or squat 
and the length thereof roughly should not exceed 
three times the diameter. Preferably, the sides 
should be parallel. On the other hand, ingots 
for the production of sheet stock should be as 
thin as possible, and for commercial size ingots 
for this purpose, should not exceed about two 
inches in thickness and from twelve to twenty 
four inches in width and depth. 

It is desirable to permit the melt to cool down 
to a temperature of about 1150° C. before pour 
ing, as this is about the lowest temperature at 
which the melt can be poured and cast with good 
feeding. By allowing the melt to cool down as 
far as practicable prior to pouring, along with 
other factors, such as a thick wall mold and a 
generous "hot top,' causes the melt to be chilled 
sufficiently rapidly to prevent Segregation when 
it is poured, with the result that castings of uni 
form structure, density and composition are ob 
tained. 
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From the foregoing, it will be observed that 

the present invention provides a novel process 
or method for making commercial castings of 
aluminum-beryllium alloys of uniform structure 
and composition which are not subject to crack 
ing or splitting and which are free from gas pock 
ets and blow-holes, for the process provides both 
a practical and economic process for the manu 
facture of large commercial castings of alumi 
num-beryllium alloys wherein the disadvantages, 
objections and difficulties of prior practices are 
eliminated or OWerCOne. 
The present invention is not intended to be 

limited to the disclosure herein, and changes 
and modifications may be made within the scope 

10 

5 
of the claims without departing from the inven 
tion. 

clai 
1. The method of producing commercial cast-, 

ings of aluminum-beryllium alloys which com 
prises placing in a crucible predetermined pro 
portions of aluminum and beryllium together with 
a suitable oxide solvent flux which exhibits Sub 
stantially no vapor pressure at temperatures of 
from 1250° C. to 1350° C., covering the crucible 
to enclose the contents thereof from the atmose 
phere, heating the crucible and its contents to 
a temperature of from about 1300° C. to 1350° C. 
to produce a complete alloy solution of the alumi 
num and beryllium, degasifying the melt by cool 
ing the same to solidification, reheating the cruci 
ble and its contents to a temperature of from 
about 1300° C. to 1350° C. to again render the 

20 

30 

alloy molten, adding to the melt a relatively small 
amount of a silver-sodium alloy, cooling the melt 
to a temperature of about 1150° C., and then pour 
ing the net into a suitable mold. 

2. The method of producing commercial cast 
ings of aluminum-beryllium alloys which com 
prises placing in a crucible predetermined pro 
portions of aluminum and beryllium together 
with a suitable oxide Solvent flux which exhibits 
substantially no vapor pressure at temperatures 
of from 1250° C. to 1350° C., covering the crucible 
to enclose the contents thereof from the atmos 

40 

45 

phere, heating the crucible and its contents to a . 
temperature of from about 1300 C. to 350° C. 
to produce a complete alloy solution of the alumi 
num and beryllium, degasifying the melt by cool 
ing the same to Solidification, reheating the cruci 
ble and its contents to a temperature of from 
about 1300° C. to 1350° C. to again render the 

50 

alloy molten, adding to the melt a relatively 
Small amount of a silver-SOdium alloy, cooling. 
the melt to a temperature of about 1150° C., pro 
viding a mold having a hot-top of a volume about 
10% to 25% the volume of the mold, and then 
pouring the melt to fill both the mold and the 
hot-top. 

3. The method of producing commercial cast 
ings of aluminum-beryllium alloys which com 
prises placing in a crucible predetermined pro 
portions of aluminum and beryllium together 
with an oxide solvent alkaline earth chloride 
which exhibits substantially no vapor pressure 
at temperatures of from 1250° C. to 1350° C., cov 
ering the crucible to enclose the contents thereof 
from the atmosphere, heating the crucible and 
its contents to a temperature of from about 1300° 
C. to 1350° C. to produce a complete alloy solu 
tion of the aluminum and beryllium, degasifying 
the melt by Cooling the same to solidification, re 
heating the crucible and its contents to a ten 
perature of from about 1300° C. to 1350° C. to 
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again render the alloy molten, adding to the melt 
a relatively small amount of silver-sodium alloy, 
cooling the melt to a temperature of about 1150 
C., and then pouring the melt into a suitable 
mold. w 

4. The method of producing commercial cast 
ings of aluminum-beryllium alloys which Con 
prises placing in a crucible predetermined pro 
portions of aluminum and beryllium together 
with an oxide solvent alkaline earth chloride 
which exhibits substantially no vapor pressure 
at temperatures of from 1250° C. to 1350° C., 
covering the crucible to enclose the contents 
thereof from the atmosphere, heating the cruci 
ble and its contents to a temperature of from 
about 1300° C. to 1350° C. to produce a complete 
alloy solution of the aluminum and beryllium, 
degasifying the melt by cooling the same to solid 
ification, reheating the crucible and its contents 
to a temperature of from about 1300° C. to 1350 
C. to again render the alloy molten, adding to 
the melt a relatively small amount of silver 
sodium alloy, cooling the melt to a temperature 
of about 1150° C., providing a mold having a hot 
top of a volume about 10% to 25% the volume 
of the mold, and then pouring the melt to fill 
both the mold and the hot-top. 

5. The method of producing commercial cast 
ings of aluminum-beryllium alloys which Con 
prises placing in a crucible predetermined pro 
portions of aluminum and beryllium together 
with a flux comprising a mixture of Calcium chlo 
ride and calcium fluoride in predetermined pro 
portions exhibiting substantially no vapor pres 
sure at temperatures of from 1250° C. to 1350° C., 
covering the crucible to enclose the contents 
thereof from the atmosphere, heating the cruci 
ble and its contents to a temperature of from 
about 1300° C. to 1350° C. to produce a complete 
alloy solution of the aluminum and beryllium, 
degasifying the melt by cooling the same to 
solidification, reheating the crucible and its con 
tents to a temperature of from about 1300° C. to 
1350° C. to again render the alloy molten, add 
ing to the melt a relatively small amount of 
silver-sodiurn alloy, cooling the melt to a tem 
perature of about 1150 C., and then pouring the 
melt into a Suitable mold. 

6. The method of producing commercial cast 
ings of aluminum-beryllium alloys which com 
prises placing in a crucible predetermined pro 
portions of aluminum and beryllium together 
with a flux comprising a mixture of calcium chlo 
ride and calcium fluoride in predetermined pro 
portions exhibiting substantially no vapor pres 
sure attemperatures of from 1250° C. to 1350° C., 
covering the crucible to enclose the contents 
thereof from the atmosphere, heating the 
crucible and its contents to a temperature of 
from about 1300° C. to 1350° C. to produce a com 
plete alloy solution of the aluminum and beryl 
lium, degasifying the melt by cooling the same . 
to solidification, reheating the crucible and its 
contents to a temperature of from about 1300° C. 
to 1350 C. to again render the alloy molten, add 
ing to the melt a relatively small amount of silver 
SOdium alloy, COOling the melt to a temperature 
of about 1150 C., providing a mold having a hot 
top of a volume about 10% to 25% the volume of 
the mold, and then pouring the melt to fill both 
the mold and the hot-top. 

7. The method of producing commercial cast 
ings of aluminum-beryllium alloys which com 
prises placing in a crucible predetermined propor 
tions of aluminum and beryllium together with 
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a flux comprising calcium chloride about 85% 
and calcium fluoride about 15% and exhibiting substantially no vapor pressure at temperatures 
of from 1250° C. to 1350 C covering the crucible 
to enclose the contents thereof from the atmos 
phere, heating the crucible and its contents to a 
temperature of from about 1300° C. to 1350° C. 
to produce a complete alloy solution of the alumi 
num and beryllium, degasifying the melt by cool 
ing the same to solidification, reheating the 
crucible and its contents to a temperature of 

10 

from about 1300. C. to 350 C. to again reader 
the alloy molten, adding to the met a relatively 
small amount of silver-sodium alloy comprising 
about 2% to 5% sodium and balance silver, cool 
ing the melt to a temperature of about 150 C., 
and then pouring the melt into a suitable mold. 

8. The method of producing commercial cast 
ings of aluminum-beryllium alloys which con 
prises placing in a crucible predetermined pro 
portions of aluminum and beryllium together 
with a flux comprising calcium chloride about 
85% and calcium fluoride about 15% and exhibit 
ing substantially no vapor pressure at tempera 
tures of from 1250° C. to 1350° C., covering the 
crucible to enclose the contents thereof from the 
atmosphere, heating the crucible and its contents 
to a temperature of from about 1300 C. to 1350 
C. to produce a complete alloy solution of the 
aluminum and beryllium, degasifying the melt by 
cooling the same to solidification, reheating the 
crucible and its contents to a temperature of from 
about 1300° C. to 1350° C. to again render the 
alloy molten, adding to the melt a relatively small 
amount of silver-sodium alloy comprising about 
2% to 5% sodium, and balance silver, cooling the 
melt to a temperature of about 150 C., provide 

5 

20 

25 

30 

ing a mold having a hot-top of a volume of about 
10% to 25% the volume of the nold, and then 
pouring the melt to fill both the mold and the 
hot-top. . 

9. The method claimed in claim 7 wherein the 
amount of flux employed is about 10% by Weight 
of the aluminum and beryllium, and the amount 
of silver-sodium added is about 0.50% to 4.0% 
by weight of the melt. . - . 

10. The method claimed in claim 8 wherein the 
amount of flux employed is abct 10% by weight 
of the aluminum and beryllium, and the amount 
of silver-sodium added is about 0.50%. to 4.0% by 
Weight of the melt. 

11. The method of producing commercial cast 
ings of aluminum-beryllium alloys which com 
prises first placing in a crucible a predetermined 
amount of beryllium, next placing in said crucible 
a predetermined amount of aluminum upon the 
beryllium, then placing in said crucible a suit 
able oxide Solvent flux which exhibits substan 
tially no vapor pressure at temperatures of from 
1250 C. to 1350° C., covering the crucible to en 
close the contents thereof from the atmosphere, 
heating the crucible and its contents to a tem 
perature of from about 300° C. to 1350° C. to 
produce a complete alloy solution of the alumi 
nun and beryllium, degasifying the melt by cool 
ing the same to sodidification, reheating the 
Crucible and its contents to a temperature of from 
about 1300° C. to 1350° C. to again render the 
alloy molten, adding to the melt a relatively small 
amount of a silver-sodium alloy, cooling the melt 
to a temperature of about 150° C., and then 
pouring the melt into a suitable mold. 

HUGH S. COOPER, 


