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To all whom it may concern: 
Beit known that we, GeoRGE H. W.GToN 

and SAMUEL M. SEDDoN, citizens of the United States, residing, respectively, at 
5 Eureka, in the county of Juab and State of 
Utah, and at Salt Lake City, in the county 
of Salt Lake and State of Utah, have in 
vented certain new and useful Improve 
ments in the Wolatilization of Metals; and O 

the art to which it appertains to make and use the same. 
This invention relates to the extraction of 

metals from ores, or from other mixtures or 
compounds in which they may be found (all 
hereinafter referred to as ores), and is par 
ticularly applicable to the treatment of 
those ores in which the metals occur entirely 
or partially in a state in which they are not 
recoverable in substantial proportion by standard gravity and flotation concentra 
tion processes, or to the treatment of ores 
of such character that the metals therein 
have not, heretofore, been capable of satis 
factory extraction on a commercial scale by 
chloride or other volatilization processes. 
In accordance with the present invention, we add no chloridizing agent, thus permit 
ting the use of a higher temperature. than 

* otherwise without fusing the non-volatiliz 
able materials present, and this results in a 
higher yield of the volatilizable metals if 
the composition of the furnace charge is 
properly regulated as hereinafter set forth; 
and the non-addition of the chloridizing 

nt results, also, in obtaining a flue-gas 
which, owing to the absence of free chlorine 
and hyd oric acid and other acid com 
pounds formed in the presence of chlorids, 
permits the successful use of bag-filtration methods. 
In the Patent No. 1264586, of George H. Wigton, one of the present applicants, a 

rocess is described in which the ore is 
subjected to treatment by standard con 
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centration methods, such as gravity concen tration and flotation and the tailing from 
that operation is treated by a process known 
as chlorid volatilization. e practice of 

we do hereby declare the following to be a 
full, clear, and exact description of the 
same, such as will enable others skilled in 

the process of that patent, a silicious ore 
containing lead was first subjected to grind 
ing, then reduced to a freely flowing pulp. 
and afterwards passed over a series of grav- 55 
ity concentrating tables where a finished 
concentrate was recovered and an impov 
erished reject was sent to flotation ma 
chines; here, in turn, a finished concentrate 
and a tailing were made. The flotation tail 
ing was filtered and partially dried and was 
then sent to a rotary kiln, where, after the 
addition of a quantity of an alkaline or alkaline earth chlorid in excess of the com bining quantity necessary to effect chloridiz 
ing of the metal content of the feed, the whole charge was subjected to the action of 
heat and the metals were volatilized as 
chlorin compounds, and were recovered as 
such in the form of fume. In carrying out 
that method, we discovered that under cer 
tain conditions, hereinafter referred to, the 
addition of chlorids or any other substances, for the purpose of chemically reacting with 
the volatilizable constituents and thereby facilitating volatilization, is unnecessary as 
we can obtain a higher extraction and a 
more desirable product if no such sub 
stances are added in the volatilization proc 
ess. We discovered also that if the flota- 80 
tion concentration is omitted, when treating ores containing minerals normally recover 
able by flotation, it is difficult to volatilize 
the metals without the addition of salt or 
other chloridizing agent; from which we 
have concluded that such minerals, if oc curring in substantial proportions, should 
be eliminated or reduced in amount before 
employing our invention, or the charge 
should, by other means, be caused to be of 90 
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such composition as to act in the manner hereinafter defined. 
The conditions hereinabove referred to 

are attained in the highest degree by cor 
relation of the composition of the furnace 05 
feed, the temperature in the furnace, the 
time of treatment and the lege of thor oughness of the exposure of the charge to 

currents within the furnace; whereby e metals are substantially completely 100 
volatilized at a temperature below that at 
which liquefaction of any considerable part 
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of the non-volatilizable constituents of the 
charge will take place. Uniformity and 
uickness of heating and the degree of 

thoroughness of exposure of the charge, 
while not essential considerations, are im portant factors in improving the recoveries 
and in increasing furnace capacity. In the practice of the present invention, 
the range of temperatures through which 
volatilization of the metals takes place is de 
termined as to its lower limit by the tem 
perature at which the volatilizable elements 
of the charge melt or sublime, and as to its 
upper limit by the temperature at which 
liquefaction of any considerable part of the 
non-volatilizable constituents takes place. We so regulate the composition of the 
furnace charge that substantially complete 
volatilization of the metals will occur at a 
'temperature below that at which liquefac 
tion of any considerable part of these non 
volatilizable constituents takes place. It is 
desirable in most cases to so regulate the composition of the charge that incipient 
fusion of a substantial part of the non 
volatilizable constituents will occur at the 
same temperature. We also regulate the 

: time of treatment to the degree of tempera 
ture, the highest temperature requiring the shortest period and the lowest temperature requiring the longest period of heating. 
We likewise regulate the thoroughness of 
exposure of the charge to the current of 
furnace gases so that volatilization of the 
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method o 

70.1 per cen d 2.9 percent; sulfur, 1.7 percent. 

metals and removal thereof will be sub stantially complete within the treatment 
period. A description of a specific example of one 

P practicing this invention fol 
lows: An ore was treated that had the follow 
ing composition: Gold, 0.065 oz. per ton; 
silver, 29.3 oz. per ton; lead, 9.4 per cent; 
silica (SiO,), 61.3 per cent; iron, 8.1 per 
cent; lime 6aÖ), 2.6 per cent; sulfur, 3.9 
per cent. This ore was crushed to passa 
20-mesh screen and concentrated on shak 
ing tables to remove some of the heavier 
metallic compounds, such as for instance, lead, iron and zinc sulfids, lead carbonate, 
etc. The table tailing was reground toP 
a 48-mesh screen and was then treated by 
froth flotation. This treatment removed a further part of the sulfids and produced a 
tailing suitable for treatment by volatiliza 
tion. The assay of this material was as foll 
lows: Gold, 0.042 oz. per ton; silver, 14.5 
oz. per ton; lead, 4.1 per cent; silica (SiO.), cent; iron, 7.4 per cent; lime 

e concentration above described so changed the material treated, by elimina 
tion of low-fusing metallic sulfids and by 
increase in the proportion of silicato lime and iron, that temperature, of liquefac 
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tion of the non-volatilizable portion of the 
material was raised, with resulting benefit to the subsequent volatilizing operation. 
The flotation tailing was next filtered 

and dried and then introduced into the 
yolatilizing furnace. By pre-drying the feed, fuel consumption in E. E. izing 
furnace is lessened, furnace city is in creased, and incipient fusion of the charge 
near the feed end of the furnace is more 
readily accomplished. Volatilization was performed in a rotary 
kiln eighteen (18) feet long and thirty-six 

70 

(36) inches external diameter, with a slope 
of one-half inch per foot and lined with 
four and one-half (4A) inches of fire 
brick. The furnace was fired at the feed 
end with pulverized bituminous coal, and 
a flame extending to or nearly to the dus 
charge end of the furnace was maintained, in order to provide substantially uniform 
heating throughout the length of the fur 
nace. This method of firing effected in 
cipient fusion of the finer non-volatile par 
ticles of the charge very shortly after the 
introduction of the ore into the furnace. The finer particles, thus softened, cohered and were thereby prevented from being car 
ried by the furnace gases with the vola 
tilized metals into the flues and fume-col 
lecting apparatus. The grade of the fume 
is raised by thus eliminating non-volatile 
dust. This makes a more satisfactory prod 
uct for smelting. Another advantage in 
this method of firing lies in the fact that 
any furnace accretions that may form are : 
produced near the feed end of the furnace, 
where they are readily accessible for re 
moval. The heat in the furnace was maintained 
at a temperature, such that the calcine or waste -product discharged showed incipient 
fusion. In this particular operation this 

re was between, 2300 and 2500 
egrees . , The kiln was charged continuously at 

the rate of six tons per twenty-four hours 
and was revolved at a speed of one revolu 
tion per minute. The time of treatment was 
about one hour. Under these conditions the 
degree of exposure of the heated charge to 
the furnace gases was sufficient to remove 
the volatilized metals in the time allowed. The gaseous product of the furnace was 
cooled and filtered through woolen and 
cotton bags and the fume thus collected. 
The nature of this product was such that 
it was non-corrosive to these bags. 
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The products resulting from the above W 
treatment assayed as follows: Fume; gold, 0.31 oz. per ton; silver, 1810 
oz. per ton; lead, 87.8 per cent; silica 
(SiO,), 25.0 per cent; iron sulfur, 3.2 per cent; line (CAO), 4.5 per 
cent. - 
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Calcine; gold, 0.01 oz. 
0.5 oz. perton; lead, 0.1 
(SiO,), 89.2 
sulfur, 

5 cent. 
This bomplete operation represented a 

recovery of 98.9 per cent of the lead, 98.3 
sent of the silver, 88.5 per cent of the 
O. 
g The drawings show a flow sheet which ill 
lustrates a practical operation of the 
process. 

It is to be understood that a number of 
variations may be made in the procedure 
without affecting the principle of the meth 
od. For example, there may not be 
enough coarse valuable mineral in an ore 
to warrant the use of gravity concentration; 
or the ore may not require treatment by 
flotation, if it is sufficiently free from float 
able minerals. An oxidizing roast may pre 
cede the volatilizing treatment and may be 
the only preliminary treatment required. In 
some cases no preliminary treatment may be 
necessary, if the ores are properly selected or 
mixed. In other cases the desired composi 
tion of the furnace charge may be attained 
by the addition of certain relatively infusi 
ble substances, such, for instance, as lime 
or silica to the ore. The feed may be 
added either dry, or wet to the volatiliza 
tion furnace. Other types of volatilization 
furnaces and other fume-collecting devices 
m be used. 

he removal of sulfids effected by con 
centration or otherwise in the regulation of 
the furnace charge, as specified, eliminates 
from the furnace gases, substances such as 
sulfuric acid and sulfur oxides that are cor 
rosive and destructive to bags through which 

per ton; silver, 
per cent; silica. 

per cent; iron, 5.0 per cent; 
0.1 per cent; lime (CaO), 1.4 per 
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the furnace gases containing them are 
filtered. 

In the chlorid-volatilization process the 
gaseous product of the furnace is almost 
necessarily of an acid character and will 
corrode and destroy cotton and woolen bags 
used in its filtration. The collected chlorid 
fume requires an intermediate treatment to 
change its chemical composition and make 
it suitable for smelting. In our process, by 
reason of the fact that we add no chlorids, 
the gaseous product of the furnace is not 
rendered corrosive and destructive by rea 
son of substances added to the charge, and 
the substantial absence of chlorin in the 
collected fume renders this fume amenable 
to smelting without intermediate chemica 
treatment. 
What we claim is: 
1. The process of extracting metals from 

their oresby subjecting the ore to the action 
of heat, which consists in so regulating the 
composition of the material to be treated 
that no considerable of its non-volatiliz 
able constituents shall become fused or 

liquefied at the temperature at which the 
metals are substantially completely volatil 
ized, and collecting the volatilized metals. 

2. The process of extracting from ores, 
metals occurring entirely or partially in a 
state in which they are not recoverable in substantial proportion by standard gravity 
or flotation concentration processes, or 
which occur in ores of such character that 
the non-volatilizable constituents undergo 
substantial fusion or liquefaction at the tem 
perature of volatilization of the metals, 
which process consists in so, regulating the 
composition of the material to be treated 
that no considerable part of its non-volatiliz 
able constituents shall become fused or liq 
uefied at the temperature at which the 
metals are substantially completely volatil 
ized, charging such material into a furnace, 
heating the same to a temperature above 
that at which the metals will volatilize and 
not above the temperature at which the non 
volatilizable constituents will exist in a 
state of incipient fusion, and collecting the 
volatilized metals. . 3. The process of extracting metals from 
their ores by subjecting the ore to the ac 
tion of heat, which consists in so correlating 
the composition of the material to be treated 
the temperature, the time of treatment, and 
the exposure of the material under treat 
ment to furnace gases, that the metals shall 
he substantially completely volatilized below 
the temperature at which liquefaction of 
any considerable part of the non-volatiliz 
the volatilized metals. 

4. The process of extracting metals from 
their ores by subjecting the ore to the action 
of heat, which consists in so correlating the 
composition of the material to be treated, 
the temperature, the time of treatment, and 
the exposure of the material under treatment 
to furnace gases, that the metals shall be 
substantially completely volatilized at a 
temperature not exceeding that at which the 
non-volatilizable constituents will exist in a 
state of incipient fusion, and collecting the 
volatilized metals. 

5. The process of extracting metals from 
their ores by subjecting the ore to the action 
of heat, which consists in so correlating the 
composition of the material to be treated, the 
temperatures, the time of treatment, and the 
exposure of the material under treatment to 
furnace gases, that the metals shall be sub 
stantially completely volatilized at a tem 
perature below that at which liquefaction 
of any considerable part of these non-vola 
tilizable constituents takes place, and that 
incipient fusion of a substantial par 
non-volatilizable constituents will occur at a temperature below that necessary for sub 
stantially complete volatilization, and col 
lecting the volatilized metals. 
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able constituents takes place, and, collecting 
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6. The process of extracting metals from 
oxidized ores by subjecting the ore to the 
action of heat, which consists in so correlat 
ing the composition of the material to be 

5 treated, the temperature, the time of treat 
ment, and the exposure of the material under 
treatment to furnace gases, that the metals 
shall be substantially completely volatilized 
below the temperature at which liquefaction 

10 of any considerable part of the non-volatiliz 
able constituents takes place, and collecting 
the volatilized metals. 

7. The process of extracting metals from 
ores containing one or more of the metals, 

15 lead silver and gold, by subjecting the ore 
to the action of heat, which consists in so correlating the composition of the material 
to be treated, the temperature, the time of 
treatment, and the exposure of the material 

20 under treatment to furnace gases, that the 
metals shall be substantially completely 
volatilized below the temperature at which 
liquefaction of any considerable part of the 
non-volatilizable constituents takes place, 

25 and collecting the volatilized metals. 
8. The process of extracting metals from 

oxidized ores containing one or more of the 
metals, lead, silver and gold, by subjecting 
the ore to the action of heat, which consists 
in so correlating the composition of the 
material to be treated, the temperature, the 
time of treatment, and the exposure of the 
material under treatment to furnace gases, 
that the metals shall be substantially com 
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which liquefaction of any considerable part 
of the non-volatilizable constituents takes 
place, and collecting the volatilized metals. 

The process of extracting metals from 
partially oxidized ores, containing one or 
more of the metals, lead, silver and gold, by 
subjecting the ore to the action of heat, which consists in so correlating the composi 
tion of the material to be treated, the tem 

45 perature, the time of treatment, and the ex 
posure of the material under treatment to 
furnace gases, that the metals shall be sub 
stantially completely volatilized below the 
temperature at which liquefaction of any 
considerable part of the non-volatilizable 
constitutents takes place, and collecting the 
volatilized metals. . . - 

10. The process of extracting metals from 
their ores by subjecting the ore to the action 

pletely volatilized below the temperature at 
substantially completely' volatilized below 

15,981. 

of heat, which consists in so correlating the 55 
composition of the material to be treated, 
the temperature, the time of treatment and 
the exposure of the material under treat 
ment to furnace , that the furnace 
gases shall be non-corrosive and the metals 
shall be substantially completely volatilized 
below the temperature at which liquefaction 
of any E. part of the non-vola 
tilizable constitutents takes place, and col 
lecting the volatilized metals. 

11. The process of extracting metals from 
their ores by subjecting the ore to the action 
of heat, which consists in so correlating, the 
composition of the material to be treated, 
the temperature, the time of treatment, 
and the exposure of the material 
under treatment of furnace gases, that 
the metals shall be substantially completel 
volatilized below the temperature at whic 
liquefaction of any considerable part of 
the non-volatilizable constituents takes 
place, and collecting the volatilized metals 
in the form of a fume of substantially non 
chlorid character. 

12. The process of extracting metals from 
partially oxidized ores containing one or 
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more of the metals, lead, silver and gold, by 
subjecting the ore to the action of heat, 
which consists in so correlating the composi 
tion of the material to be treated, the tem 
perature, the time of treatment, and the 
exposure of the material under treatment to 
furnace gases, that the furnace gases shall 
be non-corrosive and the metals shall be 90 
the tamperature at which liquefaction of 
any considerable part of the non-volatiliz 
ablee constituents takes place, and collecting 
the volatilized metals in the form of a fume 
of substantially non-chlorid character. 

13. The process of extracting metals from 
their ores by subjecting the ore to the action 

95 

of heat, which consists in regulating the 
composition of the furnace charge by re 
moving from the ore a substance or sub 
stances that liquify or bring about lique 
faction of any considerable portion of the 
non-volatilizable constituents at a tempera 
ture below that at which substantially com 
plete volatilization of the metals take 105 

GEORGE H. WIGTON. 
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place, substantially as described. 

  

  


