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This invention relates to the recovery of tin 
and more particularly to improvements in the 
procedures for the separation of tin from other 
metals commonly associated with it. 
scription particular reference will be made to the 
recovery of tin from cassiterite ore or concen 
trates from Bolivia. However, the process as a 
whole and the various novel steps of the process 
are aiso applicable to the recovery or separation 
of tin from other ores or tin concentrates or from 
other sources and particularly sources in which 
tin is associated with a relatively large amount of 
iron and silicates. . 
Most ores and concentrates of tin, such as the 

concentrates produced in Bolivia, consist prin 
cipally of the mineral cassiterite (atin oxide hav 
ing the formula SnO2), Oxides of iron such as 
hematite or combined iron silicates, and silica 

In the de 

10 

15 

Such as the mineral quartz or combined silicates. 
In addition to these principal constituents, there 
are generally the minerals of other metals such 
as arsenic, antimony, lead, bismuth, silver, etc., 
present in relatively minor proportions. When 
such concentrates are melted down by applica 
tion of temperature and in the presence of just 
sufficient reducing agents, for example, solid car 
bonaceous matter such as coal or coke, or gaseous 
reducing agents such as carbon monoxide or hy 
drogen, the tin is first reduced to stannous oxide 
and combines with the silica to form a fluid stan 
nous Silicate of the generalized formula 
(SnO) ccSiO2) y, and the ferric oxides are reduced 
to ferrous oxide to form ferrous silicates of the 
generalized formula (FeO) (SiO2) y If reduc 
tion is carried further than the point at which 3 
these tin and iron silicates are formed, they Will 
be reduced to metallic tin which will remain in 
equilibrium with the stannous silicates of the 
slag, and if carried far enough iron compounds 
will be reduced to metallic iron which will remain 
in equilibrium with the ferrous silicates of the 
slag. These equilibriums are such that when the 
ratio of iron to tin in the original ore or concen 
trates is relatively high, and it is desired to reduce 
the amount of tin in the slags to a point where the 
slag may be discarded without excessive loss of 
tih, it is necessary to reduce to metal, along with 
the tin, a certain proportion of the iron. The 
proportion of iron reduced with tin increases 
rapidly as the ratio of iron to tin in the original 
ore or concentrates increases. 

If lime is added to the ore or concentrate to be 
smelted, it has the effect of increasing the ratio 
between metallic tin and tin combined as a sili 
cate so that lower commercial slags can be prQ 
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duced by the addition of lime, but the proportion 
of iron reduced with the tin to metal remains 
roughly the same. 
Thus, in order to produce tin free or relatively 

free from iron in the reduction of low grade tin 
concentrates, it is necessary to limit the reduc 
tion to a point where excessive amounts of tin 
will remain in the Slag. 

In order to meet this problem, previous com 
mercial practice in the Smelting of tin ores has 
been to first reduce the ore by smelting with car 
bonaceous matter only to a point where metallic 
tin relatively free of iron is separated from the 
molten bath, leaving a slag which contains too 
much tin to allow its rejection. This slag is then 
generally separated from the reduced tin metal 
by skimming and further reduced with additional 
carbonaceous matter to a point where a commer 
cial grade of slag has been produced through the 
reduction of iron as well as tin to metal. The 
iron-tin-alloy known as “hardhead” thus pro 
duced is then generally re-smelted with fresh 
Cassiterite concentrates and through the chem 
ical reaction: 

the iron in the metal is oxidized by the tin oxide 
in the fresh charge and returned to slag. 
This method of smelting tin concentrates be 

comes practical when the grade of concentrates is 
relatively high-say, 50% tin or better-but even 
at best, requires an expensive rehandling and re 
Cycling of slag and hardhead materials. 
When the grade of concentrates is low-say, 

from 45 or 50% tin down to 10% tin-this method 
or reducing tin becomes increasingly impractical 
as the proportion of the total tin which can be 
reduced from the slag without reduction of iron 
with it becomes less and less. 
In order to avoid this difficulty, various 

Schemes have been proposed whereby the tin is 
Separated from the iron by making use of the 
fact that stannous sulfide is volatile at elevated 
temperatures at which iron sulfide is not volatile. 
Tin oxide such as cassiterite SnO2 may be turned 
to stannous sulfide by contact with sulfur in 
Sufficient quantities to carry out the reaction: 

or by reaction with carbon and sulfur 
to the simplified equation: 

Previous methods of carrying out this sulfidation 
have contemplated and practiced the sulfidation 

according 


