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UNITED STATES PATENT OFFICE. 

LOUIS PELATAN, OF PARIS, FRANCE, AND FABRIZIO CLERICI, OF MILAN 
... ITALY. 

PROCESS OF AND APPARATUS FOR DES U L-FURIZINGO RES. 

SPECIFICATION forming part of Letters Patent No. 581,004, dated December 18, 1894. 
Application filed August 28 1894, Serial No. 52,552, (No model.) 

2o al ?i?? it pay concern. 
Beit known that we, Lou IsPELATAN, a citi 

zen of the Republic of France, residing at 
Paris, France, and FABRIZIO CLERICI, a sub 
ject of the King of Italy, residing at Milan, 
Italy, have invented new and useful Improve 
ments in Processes of and Apparatus for De 
sulfurizing Ores, &c., of which the following is 
a specification. 
Our invention relates to a certain novel 

process and apparatus for desulphurizing 
and dead-roasting refractory ores and extract 
ing the precious metals from the same. 

In the reduction of refractory ores of gold 
and silver, it has been found practically im 
possible, by the processes heretofore em 

? ? 

ployed, to roast ores containing more than 
thirty per cent, of sulphur and desulphurize 
them in one and the same furnace to a point 
where only atrace of sulphurremains. Con 
centrates, or pyrites, roasted in a furnace 
without fire, will contain, when the process 
has been completed, not less than two per 
cent, of sulphur, which is too large a percent 

25 age to permit of obtaining good results by 
chlorination. If fire is applied, in the furnace 
in which said ores have been roasted, for the 
purpose of driving of the two per cent, of 
sulphur remaining in the concentrates, or 
pyrites, it is practically impossible to avoid 
heating the same so suddenly that they will 
bake into hard lumps, instead of burning, 
thereby rendering a perfect oxidation roast 
ing impracticable. 
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It has been found necessary, in chlorina 
tion works, in treating concentrates of pyrites, 
to employ two separate furnaces, one for 
roasting the ore to a point where not more 
than about two per cent. of sulphur remains, 
and a second and separate furnace for driving 
off this remainder by dead-roasting. The in 
creased extent and cost of the plant, due to 
the necessity of having this additional fur 
nace, and the greater time and labor required 
in carrying out the process of treatment, is 
a serious item in the expense of Operating 
the plant. It is the purpose of our inven 
tiom to remove this difficulty, to simplify the 
construction and reduce the cost of the plant, 
or reduction-works, and diminish the expense 

of recovering the precious metals from their 
refractory ores. 

It is our purpose, to this end, to provide a 
novel method, or process, of roasting refrac 
tory ores of the precious metals to the point 55 
of practical desulphurization at one and the 
same continuous operation. 

It is our further purpose to provide a novel 
form of furnace for practicing said method, 
or process; and, finally, our invention also 6o 
aims at the provision of an improved appa 
ratus whereby the processes of 'desulphuriz 
ing, chlorinating, and separating, or precipi 
tating, the precious metals from their cho 
ride solutions, may be continuously and au- 65 
tomatically carried on, with a large result 
ing gain in economy of time, labor, and ex 
pense, and an increased yield of the precious 
metals. 
To enable, those skilled in the art to which 7o 

our invention pertains to fully understand 
and practice our novel process and to make 
and use the apparatus devised by us, we will 
proceed to describe said process and appa- . 
ratus in detail, reference being had, for this 75 purpose, to the accompanying drawings, in 
which- - 

Figure 1, is a vertical, longitudinal section, 
showing our novel desulphurizing furnace. 
Fig. 2, is a transverse section of the same, 8o 
taken in the line 2-2, Fig. 1. Fig. 3, is a sec 
tional elevation, showing a complete plant, 
or reduction-works, for desulphurizing and 
dead-roasting, chlorinating, and precipitat 
ing the précious metals from their refractory 85 
ores, in accordance with our invention. Fig. 
4, is a sectional view of the same, the line of 
section being at right angles with that in Fig. 
3. Fig. 5 is a detail section showing one of 
the precipitating and collecting vessels. 9? 
The reference-numerall, in said drawings, 

indicates a furnace, which is constructed of 
suitable masonry, and inclosed upon four 
sides and the top. Tho structure contains a 
chamber 2, which is preferably of greater 95 
length than width, and from the central part 
of the top rises a chimney 3. The bottom 
of the chamber 2 consists of a floor 4, arched 
on its lower face to form the top of a fire 
chamber 5, having a suitable grate 6, and Ioo 
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adapted to the consumption of either coal, or 
wood. The floor 4 terminates, at one end, at 
a litle distance from the end wall of the fur 
nace, thereby forming an opening 7, which 
overhangs an outlet-chute 8, for a purpose 
presently to be explained. The chute 8 is 
formed by inclining the outer face of the end 
wall of the fire-chamber, the inclined surface 
being caused to traverse an opening 9 in the 
end wall of the furnace structure. 
Within the chamber 2 is arranged a series 

of horizontal soles 10, formed of cast-iron and 
separated from each other by substantially 
equal intervals. These soles extend across 
the width of the chamber and are supported 
by rolls 12, which are journaled upon fixed 
axes 13, in recesses 14, in the side-walls of the 
furnace. The length of the Soles 10 is some 
what in excess of the length of the chamber 
2, and their ends lie in, or should the soles 
be moved horizontally on their rolls 12, are 
adapted to pass into openings 15 in the end 
walls of tle structure. The Soles are moved 
in the manner referred to by means of chains 
16, secured to their ends and passing through 
openings in the Walls, the arrangement being 
such that the alternate Soles shall movein the 
same direction. For example, if the upper 
sole 10 is drawn toward the left-hand, in Fig. 
1, the sole next beneath it will be drawn to 
ward the right; the third toward the left, and 
so on. As they emerge from the end-walls of 
the structurel they pass between parallel ex 
tension walls 17, on which are mounted sup 
plemental supporting rolls 18. The chains 
16 are operated by independent drums 19, or 
any other suitable form of device. 
Immediately above each sole is arranged a 

series of hanging rakes 20, each rake consist 
ing substantially of a plate of refractory ma 
terial supported upon a horizontal axis, ar 
ranged transversely to the sole and at such a 
distance above it that the lower edge of the 
rake just clears the surface. All the rakes 
in each series are connected together by a 
rod, or other suitable connection 21, attached 
at one end to a bar 22 which passes through 
an opening 23 in the end-wall of the chamber 
2 and is connected to an arm 24. This arm is 
pivotally mounted in such manner that it can 
swing, as the sole is drawn into the chamber 2, 
thereby allowing all the rakes 20 to assume 
an inclined position so that they can pass 
over any ore resting on the sole. On the other 
hand, when the sole is withdrawn from the 
chamber. 2, the rakes will be held rigidly in 
vertical position and will sweep the surface 
of the sole. The bars 22 and arms 24 are, 
therefore, arranged alternately at opposite 
ends of the soles 10. The lowest series of 
rakes overhangs the sole resting upon the 
floor of the chamber 2, and as this sole is not 
moved the rakes are themselves made mov 
able by means of a long rod 25, which passes 
at each end through an opening 26, large 
enough to allow the rakes to pass. Each end 
of said rod is connected to a chain 27, which 

is operated like one of the chains 16. A slen 
der chain 28 is connected to one end of the 
rod over the outlet-chute S, and to the con 
nection 21, which communicates inclination 
to said rakes. By this arrangement the rakes 
are held in vertical position when moving to 
ward the right, in Fig. 1, and will sweep the 
ore resting on the lower sole into the opening 
7, by way of which it will descend to the out 
let-chute 8. When moving toward the left 
hand, the rakes are free to swing into an in 
clined position and pass over whatever may 
be lying upon the sole. 
By rigidly attaching a rod 22º to the piv 

otal axis 24, which supports the arm 24, and 
allowing the rod to hang down outside the 
furnace, as seen in dotted lines in Fig. 1, the 
rod 21 may be drawn to a limited extent, out 
of the opening 23, causing the rakes 20 to as 
sume an inclined position as heretofore de 
Scribed. 
We have shown the chamber 2 provided 

with seven of the soles 10, as we regard this 
number as preferable, though we may use 
either more, or less. In use, the fourth Sole, 
counting from the top, is of such length, or is 
so placed, as to extend from one end-wall of 
the chamber to the other as shown in Fig. 1. 
This sole is distinguished from the others by 
the reference-numeral 10°. The other soles 
10 are so placed as to provide an opening, at 
alternate points, between their ends and said 
end-walls. The products of combustion pass 
ing from the fire-box through the opening 7, 
at the end of the lower sole, flow between the 
latter and the sole next above, passing be 
tween its end and the other end wall, thence 
between the second and third soles and 
around the end of the latter, into the space be 
tween the third and fourth soles. After trav 
ersing the space between the latter, the hot 
products and gases enterpipes 29, which com 
municate with said space through the side 
walls and thence pass upward and enter the 
lower part of the chimney 3. By this arrange 
ment, no fire is allowed to enter the parallel 
spaces between the four upper soles. 
The ore is supplied to the chamber by means 

of an automatic feeder, mounted on the top 
of the structure 1, at the end through which 
the upper sole 10 is drawn outward. The 
feeder consists of a hopper 30 having beneath 
its contracted throat an equalizing fan-wheel 
31, by the rotation of which the pulverized 
ore is caused to pass through the inlet-open 
ing 32 and enter the chamber 2 in a substan 
tially uniform stream. 
driven at a constant speed by any suitable 

ea.S. 
The manner of operating the desulphuriz 

ing furnace is as follows: The furnace being 
suitably charged with ore and the proper de 
gree of heat being established, the ore lying 
upon the three lower soles 10 is roasted by 
the flames in conjunction with the oxygen of 
the air, which mingles with the products of 
combustion, the entrance of the air being 

The fan wheel 31 is 
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amply provided for by the openings 7, and 
26. The orelying upon the four upper soles, 
however, will be roasted, by the heat of its 
own combustion, the products of combustion 

5 being practically excluded from that portion 
of the chamber lying above the fourth sole 
from the bottom. The ore in this portion of 
the chamber 2 will be roasted to the point 
where all its sulphur, excepting one to three 

Io per cent. or thereabout, is driven off. When 
this result is obtained, the ore is transferred 
from the space above the sole 10, to the soles 
lying below it. This is accomplished by draw 
ing the sole 10° toward the right-hand of Fig. 

I5 1, the sole 10 next beneath it remaining in 
the position shown in said figure. The rakes 
20, being rigidly held in vertical position, 
sweep the ore of the sole 10 as the latter 
moves outward and spread it with substan 

20 tial uniformity on the sole 10 beneath. The 
latter being, in turn, drawn out toward the 
left hand, spreads the ore it supports in a 
similar manner upon the sole beneath it, 
which being, in its turn, drawn out toward 

25 the right hand, deposits the ore on the sole 
resting on the floor of the chamber. It is re 
moved from this sole by drawing the rakes 
but toward the right hand of Fig.1, said rakes 
sweeping the ore off the surface into the open 

3o ing 7, through which it passes to the outlet 
chute 8. 
In operating the furnace, as the pre is fed 

in at the top, the mode of procedure is sub 
stantially as follows: The upper sole 10, be 

35ing drawn out toward the left hand of Fig. 1, 
the ore is fed in by means of the hopper 30 
and fan-wheel 31, the upper sole being, mean 
time, drawn in Ward by a uniform motion. 
The ore is thus spréad with approximate uni 

4o formity on the surface of said upper sole, the 
rakes 20 being thrown into an inclined posi 
tion, as the sole moves into the chamber, as 
shown in dotted lines. After remaining a 
suitable length of time, the upper sole is. 

45 drawn out toward the left, thereby deposit 
ing the ore upon the next sole beneath. As 
the upper sole returns into the chamber, it re 
ceives a fresh charge of ore from the feeder. 
The second sole being now drawn out toward 

5o the right, the ore deposited on it is spread on 
the third sole, and the second being drawn into 
its normal position, receives, in due time, a sec 
ond charge of ore from thre upper sole in the 
same manner, and the third sole from the top 

55 receives its charge from the one next above in 
a similar way. It will be noted that, as the ore 
descends from one sole to the next below, it 
is subjected to an increased temperature. By 
the successive increments of heat to which it 

6o is subjected, in traversing the upper por 
tion of the chamber 2, its sulphur is driven 
off, save only from one to three per cent. or 
thereabout, as already stated. Its treatment 
in passing successively to the fifth, sixth, and 

65 seventh soles, on each of which it is roasted in 
conjunction with air and fire, eliminates the 
remaining sulphur, or practically so. 

It is evident that the furnace may be filled 
with ore on the four upper soles, including the 
sole 10 and those above, before the process of 
roasting begins, and that the first operation, 
after the roasting has progressed to the proper 
point, will be to transfer the ore on the sole 10 
to the sole next below, then to shift the ore on 
the three soles next above 10 one step down 
ward a second charge being then fed to the 
upper sole. When all the soles are occupied, 
the ore is simply shifted from the sole om the 
floor of the chamber 2 to the outlet chute 8, 
then from each sole next above to the one be 
low, in succession. This operation is per 
formed at intervals of from ten to thirtymin 
utes, according to the nature of the ore and 
the circumstances of each case. A quantity 
of ore may be transferred from the upper to 
the lower sole 10, in the manner described, in 
a very short time and a single workman can 
operate three such furnaces without excessive 
effort. Each furnace is capable of roasting 
from six to ten tons of ore per day, to practi 
cally complete desulphurization, the daily 
output varying according to the nature of 
the ore. 
We prefer to supply the automatic feeder of 

the furnace with concentrates, or dry, crushed 
pyrites, or other ores, by means of a spiral car 
rier 33, which discharges directly into the hop 
per 30, as shown in Fig. 3. The roasted ore, 
when discharged by way of the outlet chute 8, 
falls by its owngravity into a receiver 34, from 
which it is taken by spiral carriers 35 to a plu 
rality of tanks or vats 36. These vats, which 
are duplicates one of another, have filtering 
layers 37 at bottom, formed of any suitable 
material, and below said filtering layers and 
the perforated false bottoms 37, on which they 

receive the filtered liquid. In a convenient po 
sition above the vats are arranged reservoirs 
39, lined with lead, or other suitable material, 
and containing a chlorine solution, containing 
about one percent. of free chlorine. When the 
tanks, or vats 36, are filled with roasted ore by 
the spiral carriers 35, they are closed by a cover 
which is applied with care, and the chlorine 
solution is allowed to run through the mass 
of roasted ore. The gold is dissolved thereby, 
or, to speak more accurately, is transformed 
into a chloride, which is readily soluble in 
water. This chloride solution is passed 
through the filtering material 37 into the com 
municating chambers 38, from which said so 
lution is conveyed by a pipe 40 to a series of 
precipitating vessels 41, in which the precious 
metal, or metals, are eliminated. The pas 
sage of the chloride solution through the fil 
tering material 37 may be expedited by means 
of atmospheric pressure a pipe 42 being ar 
ranged to connect the series of chambers 3S 
with a pump 43, by which the air is withdrawn 
from said chambers. The normal atmos 
pheric pressure on the solution in the tanks, or 
vats 36, forces said solution through the fil 
tering material, and, as the communicating 
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chambers 38 are tightly closed againstallac 
cess, save through the filtering material 37, 
the pressure also serves to drive the filtered 
solution through the pipe 40 and the series of 
precipitating vessels 41. 
As the chlorination process, by which the 

gold is transformed by chlorine gas, to a chlo 
ride which is soluble in water, does not differ 
substantially from that discovered by Platt 
ner and now in general use, in the art to which 
our invention pertains, a detailed description 
of said process is not considered necessary. 
The precipitating vessels 41, one of which 

is shown in detail in Fig. 5, contain chips, or 
articles of aluminium, or zinc, resting on per 

forated diaphragms near the lower ends of said 
vessels. 
the mass of aluminium or zinc particles, and 
they are connected in series, so to speak, by 
pipes 45 leading from said outlets to the in 
lets 46, which are below the perforated dia 
phragms. The pipe 40 enters the inlet of the 
first vessel 41, and a pipe 47 extends from the 
outlet of the last vessel over a tank 48, which 
receives the fluid after it has traversed the 
vessels 40. - 
The gold contained in the chloride of gold 

solution after passing through the filter, is 
precipitated by the aluminium particles or 
by the zinc and settles thereon in the form of 
a fine powder. Being detached by the con 
tinuous upward current, the precipitated par. 
ticles work their way downward by their own 
gravity and collect in the lower ends of the 
vessels 41. As these vessels and the method 
of using the same are fully described in an 
application for Letters Patent filed by us on 
the 1Sth day of July, 1894, Serial No. 517,940, 
further description thereof in this specifica 
tion is un necessary. 
In some cases it may be necessary to allow 

the chlorine to act upon the ore for a longer 
time than that occupied by the chlorine solu 
tion in percolating the mass of ore in the 
tanks, or vats 36, and for this purpose the 
connection between the tanks or vats 36 and 
the chambers 38 is closed and the chlorine 
solution is retained in the tanks as long as 
may be necessary. This treatment effects a 
considerable economy in the consumption of 
chlorine. 
The tank 48 contains a mass of chips, turn 

ings, or particles of aluminium, by which any 
small quantities or traces of gold still remain 
ing in the solution after coming from the 
precipitating vessels 41, are collected and 
saved. 
Should the ore contain free gold it may be 

obtained by allowing the tailings from the 
tanks 36 to run upon amalgamated copper 
plates 49. 
After chlorination, the coarse gold which 

is not dissolved by the chlorine solution is so 
thoroughly cleansed by the action of said so 
lution, that it can be caught and retained by 

The outlet 44 to each vessel is above 

the copper-amalgamated plates, upon which 
the tailings are discharged, as last described. 
What we claim is 
1. The process herein described for de 

sulphurizing refractory ores, said process 
consisting in arranging the ore in a series of 
quantities each of which is a step nearer the 
fire, roasting part of the whole number of 
quantities in direct contact with the fire, and 
simultaneously roasting the remaining num 
ber of quantities without access of fire, and 
periodically advancing the whole series a 
step, whereby one of the separate quantities 
is discharged from and another is brought 
into the fire, while all the quantitles in one 
part of the series are brought a step nearer 
the fire, substantially as described. 

2. The process described for desulphuriz 
ing refractory ores, said process consisting 
in arranging. the ore in a series of separate 
quantities, separating several of said quan 
tities from the remaining quantities, roast 
ing the entire series simultaneously, part of 
the whole series with, and the other part 
without direct contact with the fire, and 
transferring the entire series step-by-step to 
bring the quantities in one part into and 
through the fire and out of the furnace, and 
to advance the quantities in the other part 
toward the fire and bring them successivel 
into the first series, substantially as described. 

3. The process described for the complete 
desulphurization of refractoryores by a sin 
gle, continuous treatment, said process con 
sisting in arranging the ore in separate 
quantities one above the other, roasting 
those quantities above a given point without 
access of fire, and those below said point in 
the presence of both air and fire, periodically 
transferring the several separate quantities 
of ore a step downward whereby they suc 
cessively approach, enter, and ultimately pass 
through the fire and out of the furnace, and 
periodically supplying quantities of fresh ore 
at the top, substantially as described. 

4. The process described, which consists 
in arranging separate quantities of ore one 
above another, roasting part of said quan 
tities without contact with fire and the re 
mainder with contact of both air and fire, 
transferring the separate quantities of ore 
periodically a step downward to bring them 
successively nearer to and into the fire, car 
rying the separate quantities of said ore 
through the fire and out of the same, trans 
ferring the roasted ore to a vat, flooding it 
with a chlorine solution, filtering, and finally 
precipitating the chlorides of gold by alu 
minium, substantially as described. 

5. A furnace for desulphurizing refractory 
ores, said furnace having a series of horizon 
tally movable soles arranged one above an 
other over the fire-chamber of a furnace, a 
series of rakes arranged over each sole and 
pivotally connected to each other, below their 

o 

75 

85 

y 95 

CO 

II (Od 

I I5 

I 25 

13o 

  



531,004 5 

pivotal supports, and to a pivoted rod capable 
of Swinging outwardly, one of said soles be 
tween the top and bottom being adapted to 
cut of the upward passage of air and products 
of combustion, and means for conducting the 
latter from the space beneath said sole to the 
chimney, substantially as described. 

6. A furnace for desulphurizing refractory 
ores, the same comprising a series of soles ar 

Io ranged one above another in a closed cham 
ber above the fire-chamber, one of said soles 
at or near the middle of the series being 
adapted to cut of the upward passage of air 
and products of combustion, means for draw 

I5 ing said soles out of and into said chamber 
... independently; a series of rakes arranged over 
each Sole and connected to each other and to 
an arm in such manner as to turn on pivotal 
supports when the soles are drawn into the 

2O chamber and to stand rigidly vertical when 
said sole is drawn out and external pipes con 
necting the space beneath the middle sole with 
the chimney, substantially as described. 

7. In a furnace for desulphurizing refrac 
25 tory ores, the combination with a series of 

soles arranged one above another in a cham 
ber over the fire-chamber, their edges resting 
on rolls mounted on fixed axes in recesses in 
the walls, of means for drawing said soles out 

3o of and into said chamber in opposite direc 
tions alternately, supplemental supporting 
rolls mounted on extension side-walls, rakes 
arranged over each sole and connected to 
gether and to a pivoted external arm, a series 

35 of movable rakes over a fixed sole at the bot 
tom of the fire-chamber, an outlet chute and 
an automatic feeder for supporting ore at the 

5 

top, one of the soles at or near the middle of 
the series being adapted to cut off the passage 

4o of air and products of combustion, and deflect 

the same into external passage, substantially 
as described. - . 

8. The combination with a desulphurizing 
furnace having horizontally movable solesar 
ranged in a vertical series in a chamber over 45 
the fire-chamber, of means for drawing said 
solesindependently out ofándinto said cham 
ber, external pipes connecting the chimney 
With the space beneath a sole at or near the 
middle of the series, a feeder, a chlorination 5o 
tank having filtering material in its bottom 
and receiving the roasted ore from the fur 
nace, and reservoirs containing a solution of 
chlorine arranged above the level of the tank, 
Substantially as described. 55 

9. The process described for recovering gold 
from its ores, the same consisting in arrang 
ing the ore in separate quantities removed, 
successively, a step farther from the fire, sepa 
rating part of the whole number of quantities 
from the other part, roasting the whole series 
by a single fire simultaneously, one part with 
and the other part without direct access of fire, 
advancing the separate quantifies periodi- . 
cally to bring them nearer to, into, through, 65 
and out of the fire, treating the roasted ore 
with a chlorine solution, filtering, precipitat-. 
ing the gold from the chloride solution by alu 
minium, and recovering the coarse gold pres 
ent, in the tailings by amalgamation, substan- 7o 
tially as described. 

In testimony whereof we have hereunto set 
our hands and affixed our seals in presence of 
two subscribing witnesses. 

LOUIS PELATAN. [IL. S.) 
FABRIZIO CLERICI. L. s.) 

Witnesses: 
A. H., NORRIS, 
CHAS. B. TILDEN. 


