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METHOD FOR PRODUCING METAL SPHERES 
Gordon Henry Turner, John Richard Wellington, 

Charles Alexander Sutherland, and Arnold George 
White, all of Trail, British Columbia, Canada, as 
signors to The Consolidated Mining and smelting Com 
pany of Canada Limited, Montreal, Quebec, Canada, 
a corporation of Canada 

Filed Jan. 16, 1961, Ser. No. 83,067 
3 Claims. (Cl. 18-48) 

This invention relates to a method of producing metal 
spheres. It is particularly directed to providing a method 
for the manufacture of low melting temperature metals 
and alloys thereof, such as indium and alloys of indium, 
in the form of metal spheres. 

It'is known that metal particles of random shape and 
sizes can be formed by spraying the metal of interest in 
molten state into the upper part of a spray tower; by 
sputtering when molten metal is dropped on a cooler 
‘surface; and by granulation when a stream of molten 
metal is poured into a bath of chilling liquid. These 
methods are satisfactory for the purposes for which they 
are intended, that is, for example, to produce metal par 
ticles suitable for grinding into powder form for use in 
powder metallurgy, and to produce metal shot, such as 
lead shot. However, these known methods have the dis 
advantage that they do not produce the particles of the 
metal or metals of interest in substantially uniform shape 
and size. Also, these known methods are not applicable 
in certain instances such as, for example, the formation 
of indium spheres. 
We have found that low melting temperature metals 

and alloys can be produced in the form of spheres of 
substantially uniform shape and, if desired, of substan 
tially uniform size by an inexpensive and easily con~ 
ducted method. The method comprises, in general feed 
ing metal in the form of solid or liquid particles into a 
column of liquid having a lower density than that of the 
metal. The upper part of the column of liquid is main 
tained at a temperature above the melting temperature of 
the metal of interest and the lower part is maintained 
at a temperature below the melting temperature of the 
metal. It is found that the metal particles fed into the 
upper part of the column form liquid globules of gen 
erally spherical shape and they settle downwardly to 
wards and into the cooler lower part. As these globules 
settle through the cooler, lower part, they solidify and 
in solidifying they retain their spherical shape. The 
solid metal spheres settle to the base of the liquid col 
umn from which they can be removed, either intermit 
tently or continuously, and after washing and drying, they 
are ready for use. 
The operation of the method of this invention is de 

scribed in detail hereinafter as applied to the production 
of spheres of indium and indium alloys and lead alloys. 
It will be understood, of course, that the method can be 
employed to produce metal spheres from other low melt 
ing temperature metals and alloys. 

In practice, a liquid medium is selected with regard to 
its density, its boiling temperature and its inertness to 
the metal of interest. Its density must be less than that 
of the metal of interest and its boiling temperature must 
be safely above the melting temperature of the metal. 
The liquid medium also should be inert to the metal of 
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interest to avoid the possibility of chemical reaction with 
the metal particles. The heated upper part of the col 
umn must be of a depth su?icient to permit the metal par 
ticles fed thereinio to form molten spheres as they set 
tle through it. The cooler lower part must be of depth 
su?icient to permit the molten spheres to solidify as they 
settle to the base of the column. 
The height and diameter of the column are determined 

with regard to the rate of production desired. 
There are a number of suitable liquid media which 

can be employed in our process. 
We have used glycerol in the manufacture of indium 

and indium alloy spheres and we have used a silicone 
oil such as Dow Corning 550 ?uid in the manufacture 
of lead alloy spheres. Glycerol has a useful temperature 
range for the purpose of this invention of up to 200° C. 
and Silicone DC 550 has been found useful up to about 
425° C. 

Depending upon the form and the rate of feed of metal 
to the column, it may be necessary to heat the upper 
part and cool the lower part. For example, if the metal 
is fed as solid particles, it is necessary to supply heat to 
the upper part of the column. If the metal is added as 
molten globules, there may be su?icient heat in the metal 
to maintain the desired temperature without heat from an 
extraneous source. In order to solidify the molten 
spheres, it may be necessary to cool the lower part of the 
column. Conventional heating and cooling coils can be 
employed to heat the upper part and cool the lower part 
of the column. 
Some metals and/or metal alloys, such as indium and 

alloys of indium, tend to‘ resist forming into spherical 
shape during their passage through the heated part of 
the column. It may be that this resistance is caused by 
the formation of a ?lm, such as an oxide ?lm, on the 
surface of the liquid globule. We have found that this 
resistance can be overcome by adding to the liquid 
medium a minor amount of a solvent for the ?lm. A 
?nite amount, ranging from about 0.1 to about 0.5 per- _ 
cent, by weight, of an inorganic acid such as hydrochloric 
acid is suitable as a solvent for ?lms which form on the 
surfaces of such metals and alloys. 

It is found that provided there is no agglomeration or 
coalescing of molten spheres through contact during their 
passage through the heated part of the column, the size 
of the resulting sphere is in direct proportion to the 
weight of the metal in the original solid particle. Thus, 
spheres of substantially uniform size can be obtained by 
feeding into the column individual metal particles of sub 
stantially uniform weight and feeding the particles into 
the column in a manner such that there is minimum con 
tact between the individual metal spheres during their 
passage through the upper part of the column. Thus, 
when a product of substantially uniform size is desired, 
the metal should be added to the column as solid par 
ticles of substantially uniform weight. However, molten 
metal, or a metal alloy, can be sprayed into the heated 
upper part of the column and substantially uniformly 
shaped solid metal spheres will be collected in the base 
of the column but the spheres will be of random sizes. 
It is very di?icult, if not impossible, to spray molten par 
ticles of substantially uniform weight and also to prevent 
contact of sprayed molten particles as they settle through 
the upper part of the column. However, the solid metal 
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spheres produced by spraying molten metal into the up 
per part of the column can be segregated into desired 
sizes by conventional screening or centrifuging pro 
cedures. 
The following example illustrates the operation of 

the process to produce indium metal spheres of prede 
termined size, in this instance 15 mils in diameter. Discs 
of indium metal of a diameter of about 15 mils were 
punched from a sheet of indium metal which previously 
had been rolled to a thickness of 10 mils. These discs 
were fed into the upper part of a column of glycerol, 
about 3 feet high and about 3 inches in diameter. Indium 
has a melting temperature of about 155° C. The upper 
part of the column was maintained at a temperature of 
from about 170° C. to about 200° C. and the lower 
half was maintained at about room temperature, about 
20° C. A ?nite amount of hydrochloric acid, equivalent 
to about 0.25% by weight of the glycerol in the upper 
heated part of the column, was added to the top of the 
column of glycerol. The indium discs melted and as 
sumed a spherical shape during their passage through 
the heated part of the column and solidi?ed in the form 
of spheres during their passage through the cooled, lower 
part of the column. The ‘metal spheres which collected 
at the bottom of the column were removed and washed 
successively with water, alcohol and acetone and were 
then dried. 
The spheres produced in the above operation were 

substantially circular in shape and were 15.0 mils in diam 
eter within 10.1 mil. 

It is found that the size of the metal spheres can be 
varied by varying the weight of the original solid par 
ticles of metal. In the above example, the original 
indium particles are in the form of discs but other shapes 
can be used. 

In a further example of the operation of the method of 
this invention, molten indium was sprayed into the top of 
a column of glycerol, the upper part of which was main 
tained at a temperature above the melting point of in 
dium and the lower part was matained below the melt 
ing point of indium. The product from this spraying 
‘modification was in the form of substantially circular 
rspheres but the spheres were of random sizes. Metal 
'spheres of desired sizes were segregated from the product 
by screening. 

In the above examples glycerol constituted the liquid 
‘medium in which the spheres were formed. Glycerol 
has been used as the liquid medium in the production of 
spheres from indium and indium alloys such as ger 
titanium-indium, gallium-indium and tin-indium alloys 
having melting points below 200° C. Silicone oil has 
been used for the production of spheres from antimonial 
lead and cadmium-lead alloys having melting points be 
low 400° C. 
An apparatus suitable for conducting the method of 

this invention is illustrated partly schematically and part 
ly in section in the accompanying drawing. Discs 10 of 
uniform diameter and of substantially uniform thickness 
are punched by a conventional punching device 2, illus 
trated schematically, from a strip 1 of substantially uni 
form thickness of a relatively low melting temperature 
metal or metal alloy, such as indium or an indium alloy. 
The discs can be, for example, of a diameter of 15 mils 
(0.015 inch) and a thickness of 10 mils (0.01 inch). 
The punching device 2 is of a conventional design and 
can be manually or automatically operated. It can be 
located in any convenient position, such as above a feed 
ing device 3 which receives the punched discs and ad 
vances them to the open upper end of the column 4. 
The column 4 is open ended andd e?ned by a circular 

vertical wall 5, such as glass. A ?ask 6 is removably 
positioned below the open bottom end. A rubber sleeve 
7 connects the upper end of the ?ask 6 to the open lower 
end of the wall 5 in liquid tight engagement. A conven 
tional pinch cock type valve 8 is provided in the rubber 
s eeve. 
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4 
Conventional heating coils 11 are provided around the 

upper part of the column 4, such as electric resistance 
coils. Conventional cooling coils 12 are provided around 
the lower part of the column, such as water cooling coils 
provided with water inlet and outlet connections 13 and 
14 respectively. 
The column 4 is ?lled with a liquid medium, such as 

glycerol, which has a boiling point safely above the melt 
ing point of the metal or metal alloy discs 10. The up 
er part of the column is heated to above the melting 

point of the discs 10 by the heating coils 11 and the 
lower part is maintained below the melting temperature 
of the discs. 

Relatively low melting temperature metal or metal 
alloy discs of substantially uniform diameter and thick 
ness are fed into the heated upper part of the column 4 
wherein they melt and form molten metal spheres 100. 
As the spheres settle into the cooler, lower part of the 
column, they solidify as substantially circular solid 
spheres 1011 which are collected in the ?ask 6. When the 
?ask is ?lled with these solid spheres to the desired ex 
tent, the pinch cock 8 is closed, the ?ask removed, emp 
tied, and thereafter replaced. 

it will be understood, of course, that other types of 
conventional or unconventional apparatus can be em 
ployed in the operation of this method and it can be con 
ducted on a continuous, semi-continuous or batch basis. 
The method of this invention possesses a number of 

important advantages. It is easily and inexpensively con 
ducted to produce metal particles in substantially spheri 
cal form. If desired, the spheres can be produced of 
substantially uniform size. The method is of particular 
advantage in instances in which uniformity in size and 
shape of the product is important, such as in the produc 
tion of indium and indium alloy spheres used in the man~ 
ufacture of transistors and the like. 

It will be understood, of course, that further modi?ca 
tions can be made in the preferred embodiment of the 
invention described herein without departing from the 
scope of the invention as defined by the appended claims. 
What we claim as new and desire to protect by Letters 

Patent of the United States is: 
1. The method of producing spheres of a metal se 

lected from the group consisting of indium and its alloys 
which comprises feeding non-spherical particles of the 
‘metal into the upper part of a column of liquid which is 
maintained at a temperature above the melting tempera 
ture of the metal whereby the metal particles form molten 
metal spheres as they settle through the upper part of the 
column towards and to the lower part thereof, maintaining 
the lower part of the column of liquid at a temperature 
below the melting temperature of said metal whereby 
the molten metal spheres are cooled and solidi?ed dur 
ing their settling to the bottom of the column, and col 
lecting solid metal spheres from the bottom of the col 
ume; said liquid having a boiling point higher than the 
melting point of the metal, being inert to and of lower 
density than the metal and containing a ?nite amount of 
hydrochloric acid the amount of said acid not substan 
tially exceeding that required to remove ?lms which form 
on the surfaces of metal particles fed into said column 
which would interfere with the conversion of the metal 
particles to spheres. 

2. A method according to claim 1 wherein the non 
spherical particles which are fed to the column are in 
the solid state. 

3. The method of producing spheres of a metal selected 
from the group consisting of indium and its alloys 
which comprises feeding non-spherical particles of the 
metal into the upper part of a column of glycerol which 
contains from about 0.1% to about 0.5%, by weight, hy 
drochloric acid and which is maintained at a temperature 
above the melting temperature of the metal whereby 
the metal particles form molten metal spheres as they 
settle through the upper part of the column towards and 
to the lower part thereof, maintaining the lower part of 
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the column of glycerol at a temperature below the melt 
ing temperature of said metal whereby the molten metal 
spheres are cooled and solidi?ed during settling to the 
bottom of the column, and collecting solid metal spheres 
from the bottom of the column. 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 
83,152 Glasgow et a]. ____».._.>...__ Oct. 20, 1868 

1,393,393 
1,762,693 
2,038,251 
2,573,935 
2,574,357 
2,919,471 
2,952,868 

6 
Linebarger __________ __ Oct. 11, 

Linebarger __________ __ June 10, 

Vogt ________________ -__ Apr. 21, 
Stulzman ____________ __ Nov. 6, 

Stammer et a1. ______ .__ Nov. 6, 
Hechinger ____________ __ Jan. 5, 

Rowan ______________ __ Sept. 20, 

1921 
1930 
1936 
1951 
1951 
1960 
1960 


