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1. 
My present invention relates to a method of 

recovering from pyrite (FeS2) the valuable con 
stituents thereof and more particularly Sulfur 
and iron oxide, and also if desired, Sulfur dioxide, 
by utilizing the potential energy available in 
the material itself to provide the heat energy 
necessary for the Separation therefrom of at 
leaSt One atom of Sulfur. 
Warious methods and apparatus have been de 

vised in the prior, art for the recovering from 
pyrite of the valuable constituents thereof to 
this same general end; but in most instances the 
process has been One of a progressive partial 
burning of the entire material in one or more 
intercommunicating chambers. The objection 
thereto is that the entire process takes place 
in a single chamber or some continuation there 
of, so that the gaseous products of combustion 
are mixed. With the Sulfur distilled from the 
pyrite. This, in practice, presents an undesir 
able condition in that it is difficult to secure by 
Such methods a maximum yield of relatively pure 
sulfur, which is one of the most valuable con 
stituents of pyrite. S. m 

It has also been proposed in the prior art to 
distill sulfur from pyrite in the absence of air 
by the use of externally applied heat. How 
ever, this proposal contemplated the use of fuel 
of Some sort from an external source. The pres 
ent invention avoids the requirement for such 
fuel, and hence results in a measure of economy 
which constitutes the basis for a process as here 
in disclosed being commercially practicable. 
One of the objects of the present invention 

is to provide for the recovery from pyrite of the 
valuable constituents thereof as generally here 
inabove set forth, without requiring any ex 
ternai Supply of fuel or other energy Source ex 
cept such minor amounts of power as may be 
required for the operation of the mechanically 
noving parts of the furnace contemplated for 
use in accordance with the present invention, and 
except for the fuel required initially to establish 
the required temperature in the furnace to start 
the process. 
A further object of the present invention is to 

provide a commercially practicable method as 
hereinabove set forth by which the pyrite may 
be broken down into desired valuable products : 
in a simple, effective and economical manner, 
So that those productS may be marketed at prices 
comparing advantageously with the commercial 
prices of such respective materials when ob 
tained from other sources. . . . . . . 

Other and more detailed objects of the pres 
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2 
ent invention will appear from the following de 
Scription and appended claims When taken in 
connection with the accompanying drawings in 
which the single figure illustrates diagram 
matically, partly in elevation and partly in ver 
tical Section, an apparatus for carrying out the 
method of this invention. 
The process of the present invention is car 

ried out by the use of a means into which pyrite, 
preferably ground to a desired average particle 
size, is supplied into a muffle or distilling Zone, 
in which Sulfur is distilled therefron. Substan 
tially in accordance with the equation 

Fes:--heat=Fes--S 
The elemental Sulfur thus recovered is renoved 
from the aufie or distilling Zone through a Suit 
able duct to a condensing apparatus, wherein it 
is condensed and collected for sale or Such use 
as may be desired therefor. The Solid residue 
of iron sulfide is then passed by mechanical 
means from the ruffle or distilling Zone to a Suit 
able storage chamber therefor, from which this 
material is supplied to a combustion Chamber 

25 portion of the furnace in which the muffle is lo 
cated. This iron sulfide is there burned with air 
to provide the heat necessary for heating the 
muffle or distilling Zone and distilling Sulfur from 
pyrite. AS Such, the productS of combustion paSS 
in indirect heat eXchange relation to the dis 
tilling zone into which the pyrite is initially in 
troduced. The products of combustion inciude 
the Sulfur dioxide, which mixes with the remain 
ing gaseous constituents in the combustion cham 
ber to paSS to a Suitable recovery means and a 
Stack, and also iron Oxide. The iron oxide, which 
is Solid, may be removed from the combustion 
chamber for any desired use, for example, to be 
refined by the usual metailurgical processes used 
in Connection With iron ore to produce iron. The 
Sulfur dioxide may be partly or wholly absorbed 
by Scrubbing or other suitable means from the 
gaseous products of combustion leaving the com 
bustion chamber So as to remove it from the 
gases discharged to the atmosphere. The ab 
sorbed Sulfur dioxide may then be separated by 
any recognized method, usually by heat, from 
the absorbing liquid and used for such purposes 
aS may be desired. In accordance With the pres 
ent invention a part of this sulfur dioxide thus 
recovered and Separated from the products of 
combustion is used as a 'SWeep' gas bypassing 
it to and through a part of the muffle above re 
ferred to, so that it may serve as a gaseous ve 
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hicle for carrying the vaporized sulfur from the 
muffle to the condensing means therefor. 
Turning now particularly to the accompany 

ing drawing, there is shown a furnace generally 
indicated at , including a muffle 2 which is di 
vided into various portions or shelves aS shown 
at 3, 4, 5 and 6. Pyrite, preferably ground to a 
predetermined average particle size, is adapted 
to be supplied to the muffle portion 2 through a 
suitable means here shown as a funnel or hopper 
having a passage means 8 communicating with 

the uppermost shelf or muffle portion 3 for the 
supply of pyrite thereto, preferably adjacent to 
the outer edge thereof as shown. A Suitable 
valve mechanism generally indicated at 9 is pro 
vided in the passage means 8 for controlling the 
supply of pyrite to the muffle portion 3, While 
preventing escape of gaseous sulfur therefrom 
through the passage means 8. The shelf or 
muffle portion 3 communicates with the next 
lowermost shelf or muffle portion 4 through a 
central enclosed passage 9. The muffle portion 
4 communicates with the next lower muffle por 
tion 5 through one or more enclosed paSSages 
f adjacent to the periphery thereof. Muffle 
portion 5 communicates with the lowermost 
nuffle portion 6 through a Central enclosed paS 
Sage 2. 
Means are provided for moving the Solid ma 

terial through the several muffle portions alter 
nately inwardly or outwardly in a generally ra 
dial or Spiral direction, Such means comprising 
a rotatable shaft 3 which is journaled at 4 
in the upper end portion of the furnace i and 
has secured thereto in each of the muffle portions 
3 to 5 a plurality of laterally extending arms 
5 having inclined rabbies 6 thereon. The di 

rection of inclination of the rabbles is such as 
to move the Solid material in each of the por 
tions 3 to 6 inclusive toward the exit from that 
portion. Thus the rabbles in the uppermost of 
the muffie portions 3 are so directed, in View of 
the direction of rotation of the shaft, 3, as to 
move Solid materal progressively inwardly from 
the periphery of this portion to which this ma 
terial is Supplied from the passage means 8 
toward the central passage 2. Suitable means 
are provided for rotating the shaft 3. As shown 
herein, Such means comprise a source of me 
chanical power indicated as an electric motor 
f, which is connected to drive the shaft 3 by 
a Suitable Sprocket chain and sprockets generally 
indicated at 8. 

It is contemplated that the pyrite will be pro 
gressively heated as it moves through the vari 
ous muffle portions 3 to 6 inclusive and finally 
will be brought up to a temperature such as to 
distill off one of the atoms of sulfur therefrom 
in accordance with the equation given above. 
This vaporized sulfur then passes through a 
Suitable passage 9 from the lowermost muffle 
portion 6 to a condensing means generally indi 
cated at 20, wherein it is condensed and the 
condensate collected at a collecting point dia 
grammatically illustrated as a pan or tray 2. 
While the solid residue, which is substantially 

all iron sulfide (FeS), may be burned directly 
upon being discharged from the muffle, it is con 
templated that a better control may be had of the 
proceSS if this material be first discharged into 
a Suitable storage chamber, such as that indi 
cated diagrammatically at 22. For this purpose 
a doWinwardly inclined passage 23 is shown lead 
ing from the outer periphery of the bottom of 
the muffie portion 6 to the storage chamber 22. 
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4 
A desired part or all of the material from the 

Storage chamber may be returned to a combus 
tion chamber portion 24 of the furnace by 
being blown thereinto by a suitable blower 25, 
to which the material is supplied through a 
paSSage 26 from the storage chamber 22 and 
from and by which it is blown through a pipe 
or duct 27 having a nozzle portion 28 thereon di 
rected into the combustion chamber 24. In the 
combustion chamber 24 substantially complete 
combustion will take place of the iron sulfide 
to produce as final products sulfur dioxide and 
iron oxide. 
Means are provided in the lowermost portion 

of the combustion chamber 24 for disposing of 
the solid residue of iron oxide. Such means 
comprise a means similar to that used in the 
nyluffle portions for moving solid material there 
through and includes a shaft 29 having a plural 
ity of arms 30 Secured thereto and provided with 
rabbles 3. Means are provided for rotating 
this mechanism, comprising any available source 
of mechanical power here diagrammatically indi 
cated as an electric motor 32, which is mechan 
ically connected to drive the shaft 29 by means 
diagrammatically illustrated at 33 as sprockets 
and Sprocket chain. This iron oxide is then 
moved to an outlet passage 34, from which it 
may be conducted to any suitable collection point 
therefor. This material is one of the final 
products of the process and may be further han 
dled Or treated in any desired way. 
The gaseous products of combustion from the 

combustion chamber 24 pass thence through a 
pipe Or passage here indicated at 35. A portion 
Of the Sulfur dioxide may be used in accordance 
With certain Specific phases of the process of 
my present invention. Use of the remainder is 
per Se not a part of this invention. Such re 
mainder may pass through an extension 36 of 
the pipe 35. 
In accordance with my present invention a 

branch pipe 37 is provided from the pipe 35, 
through which a selected portion of the products 
of combustion are withdrawn under control of 
a valve 38 therein. This portion of the products 
of combustion are then taken to a means for the 
Segregation from the gases of sulfur dioxide. 
Such means may be of any type conventional in 
the art and may for example include means for 
absorbing the Sulfur dioxide in a suitable absorb 
ent liquid Such, for example, as water, or a que 
ous Solutions of ammonium sulfite, ammonium 
bisulfite, Sodium borate, calcium borate, sodium 
phosphate, calcium phosphate and possible other 
materials. The sulfur dioxide thus absorbed may 
later be driven from the absorbent solutions by 
known methods such as the application of heat, 
resulting in Substantially pure gaseous sulfur di 
Oxide. This equipment, the details of which form 
per Se no part of the present invention, is dia 
grammatically illustrated herein at 39. A pas 
Sage 40 is shown leading therefrom for the re 
mainder of the products of combustion, which 
have been freed from most, if not all, their con 
tent of Sulfur dioxide; and a passage 4 is shown 
through which recovered sulfur dioxide may be 
passed to other portions of the process. 
In accordance With the present invention, it is 

contemplated that a...Selected amount of this re 
covered sulfur dioxide will be used as a “sweep' 
gaS. For this reason the pipe or passage 4 is 
shown leading to the lowermost muffle portion 
6, So as to cause this gas to sweep through this 
muffle portion and act as a gaseous vehicle for 
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5 
insuring the flow of the gaseous sulfur from the 
muffle to the condenser 20. Suitable means (not 
shown) may be provided associated with the con 
denser 20 for the recovery for subsequent use of 
non-condensible gases including, in accordance 
with the speeific embodiment of this invention 
herein disclosed, primarily sulfur dioxide. 
While there is shown and described herein but 

One principal form for the present invention, it 
will be obvious to those skilled in the art that 
both the process thereof and the apparatus may 
be varied. Within the teachings herein Set forth. 

... I do not wish to be limited, therefore, except by 
the scope of the appended claims, which are to 
be construed validly as broadly as the State of 
the prior art permitS. 
What is claimed is: 
1. The method of recovering from pyrite the 

valuable constituents thereof, comprising the 
steps of introducing Soleiy pyrite into a distilling 
zone out of contact with air and products of 
combustion as such, and therein continuously 
distilling Sulfur therefrom to leave a Solid residue 
by heat solely supplied externally of Said ZOne, 
continuously condensing the gaseous Sulfur from 
said Zone and passing the resulting Condensate to 
a collecting point, continuously burning at least 
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ing it, passing the resultant condensate of pure 
sulfur to a collecting point therefor, continuous 
ly burning at least a part of the residue of iron 
sulfide from said distilling zone with air to pro 
duce iron oxide; and gaseous products of com 
bustion including sulfur dioxide and to supply 
heat as aforeSaid Without contaminating said 
Solid material in the distiling ZOne, paSSing Said 
iron oxide to a collecting point therefor, continu 
ously recovering pure sulfur dioxide from the 
gaseous products of combustion, and continuously 
passing a selected part only of this recovered 
pure Sulfur dioxide through Said distiling Zone 
as the Sole Sweep gas to act as a carrier for the 
vaporized Sulfur from Said distiling Zone to the 
condensing chamber therefor. 

4. The method of recovering from pyrite the 
Valuable constituents thereof, comprising the 
Steps of continuously introducing a Solid material 
consisting of pyrite ground to a predetermined 

. . average particle size into a distilling Zone out of 
- contact with air and products of combustion as 

25 

a part of the solid residue from said distilling zone 
to generate heat and to produce iron. Oxide and 
Sulfur dioxide, and passing the gaseous products 
of combustion in indirect heat exchange relation 
to said distilling Zone. So as to Supply heat as 
aforesaid without contaminating the material in 
the distilling Zone. 

2. The method of recovering from pyrite the 
valuable constituents - thereof, comprising the 
steps of continuously introducing a Solid mate 
rial consisting of pyrite ground to a predeter 
mined average particle size into a distilling Zone 
out of contact with air and products of Combus 
tion as such, continuously moving such pyrite 
through this zone, while Supplying heat Solely 
externally of said zone to distill Sulfur continu 
ously therefron and leave a Solid residue of iron 
sulfide, continuously passing the vaporized sulfur 
free from products of combustion as Such to a 
condensing chamber and therein condensing it, 
passing the condensed sulfur from the CondenS 
ing chamber to a collecting point therefor, COin 
tinuously passing the solid residue of iron sulfide 

30 

35 

Such, continuously moving the imaterial thus in 
troduced through said distilling Zone, continu 
ously distilling pure Sulfur from the pyrite thus 
introduced during its passage through said Zone 
to leave a Solid reSidle of iron Sulfide, continu 
ously passing the vaporized sulfur free from prod 
ucts of combustion as such from said distilling 
Zone to a condensing chamber and therein con 
densing it, passing the resultant condensate of 
pure Sulfur to a collecting point therefor, coin 
tinuously passing the Solid residue of iron Sul 
fide from said distilling zone to a storage chamber 
therefore, continuously passing iron sulfide from 
Said Storage chamber to a combustion chamber in 

40 

50 
from said distilling Zone to a storage chamber, 
continuously introducing iron Sulfide from Said 
storage chamber into a combustion chamber dis 
posed in indirect heat exchange relation to said 
distilling zone and burning the iron Sulfide in Said 
combustion chamber with air to produce sulfur 
dioxide and iron oxide and to generate the heat 
necessary for the distillation of sulfur in said 
distilling zone as aforesaid Without contaminat 
ing said solid material in the distilling Zone, pass 
ing the sulfur dioxide thus produced to a selected 
point, and passing the iron oxide thus produced 
from said combustion chamber to a Selected col 
lecting point therefor. 

3. The method of recovering from pyrite the 
valuable constituents thereof, comprising the 
steps of introducing a solid material consisting 
of pyrite into a distilling Zone out of contact 
with air and products of combustion aS Such and 
therein continuously distilling sulfur therefrom 
by heat Supplied solely externally of said Zone to 
leave a solid residue of iron Sulfide, continuously 
passing the vaporized Sulfide free from products 
of combustion aS Such from Said distilling ZOne 
to a condensing chamber and therein condens 
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ing chamber. 

indirect heat eXchange relation with said distill 
ing ZOre and therein burning it. With air to provide 
gaseous products of combustion including Sulfur 
dioxide and a solid residue of iron oxide and to 
Supply the heat required for the distiling. Of Sull 
fur as aforesaid without contaminating said 
Solid laterial in the distilling Zone, continuously 
moving the iron oxide thus produced out of said 
combustion chamber to a collecting point there 
for, recovering. a selected part of the Sulfur di 
oxide from Said products of combustion as pure 
Sulfur dioxide and continuously passing Such re 
covered pure sulfur dioxide into and through 
Said distilling Zone to act as the sole sweep gas 
and carrier for the vaporized pure sulfur en 
route fron said distilling zone to said condens 

5. The method of recovering from pyrite the 
valuable constituents thereof, comprising the 
steps of continuously introducing a solid material 
consisting of pyrite ground to a predetermined 
average particle size into a distilling. Zone, out, 
of contact with air and products of combustion 
as such, continuously moving Such pyrite through 
this ZOne While Supplying heat solely externally 
of Said ZOne to distill pure Sulfur continuously 
therefrom and leave a solid residue of iron sul 
fide, continuously passing the vaporized sulfur 
free from products of combustion as such to a 
condensing chamber and therein condensing it 
to form pure sulfur, passing the condensed pure 
Sulfur from the condensing chamber to a col 
lecting point therefor, continuously passing the 
Solid residue of iron Sulfide from said distilling 
Zone to a storage chamber, continuously blowing 
iron Sulfide by the use of combustion-supporting 
air from Said storage chamber into a combustion 
chamber which is disposed in indirect heat ex 
change relation to Said distilling zone, and burn 
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ing said iron sulfide in said combustion chamber UNITED STATES PATENTS 
with combustion-Supporting air to produce Sul- Number Name Date 
fur dioxide and iron oxide and to generate the 40.3576 Stansfield ---------- Jan. 17, 1922 
heat necessary for the distillation of pure sulfur 1731516 Bacon II Oct. 15, 1929 
in said distilling zone as aforesaid without con- 2,037891 Bacon et al. -------- July 27, 1937 
taminating the imaterial in the distilling Zone, 2,087,892. Bacon et al. -------- July 27, 1937 
passing the Sulfur dioxide thus produced to a 2,037.393 Bacon et al. July 27, 1937 
Selected point, and passing the iron oxide thus 2,087,894 Bacon et al. -------- July 27, 1937 
produced from said combustion chambel' to a al 
Selected collecting point therefor. l() OHER REFERENCES 

CHARLES W. CLARK. Rambush, N. E.: “Modern Gas Producers,' Van 
Nostrand Co., New York, 1923. 
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