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UNITED STATES

PATENT OFFICE.

JAMES H. BOYD, OF CHICAGO, ILLINOIS.

IMPROVEMENT IN FURNACES FOR REDUCING ORES OF PRECIOUS METALS,

8pocification forming part of Letters Patent No. 144,184, dated November 4, 1873; reissue No. 6,610, dated
Angust: 24, 1875 ; application filed Januazy 8, 1875,

P — ]

To all whom <t may-concern :

Be it known that I, Jamms H. Boyp, of
Chicago, in the county of Cook and State of
. Illinois, have inveeted certain Improvements
in Furnaces for Caleining, Desulphurizing,
-and Reducing Ores Containing the Precious
Metals, of which the following is a specifica-
tion : :

This improved furnace is intended to facili-

tate the treatment of ores containing gold,”

silver; and lead, by a continuous process. In
the suecessful working of ores for the goldand
rilver they contain, it is necessary first {o re:
move a large portien of the sulphur com-
_pounds and convert the base metals into ox-
ides by roasting while in contact with atmos-
phericair. Thenext step should be to remove
the oxygen by some suitable agent, as carbou.
The metals are thus left in a metallic state,
precipitated’in a mass or ‘Mmat,” leaving the
slag or impurities on the surface to be drawn
off. If the lead is in excess, the gold aund
silver will unife with it in the mat; if not,
they will unite with the iron and copper or.
other base metals contained therein, requir-
ing farther treatment with excess of lead to-
separate the gold and silver from the same,.

leaving the iron and copper and other impuri- |

ties to be raked or skimmed off, to be treated
for the copper it contains; or, if net suffi-
ciently rich in copper, again used as a reduc-
+ing agent or flux in the working of fresh ores
deficient in the baser metals. The enriched
lead remaining is either separated from the
precious metals by direct cupellation or by
the zinc process, or in any suitable mauuoer.
Heretofore these different operations have
been conducted in separate furnaces, causing
great loss of time.in handling, and in fuel in
reheating for the different operations; and it
hias Been practically impossible to add suita-
ble fluxes at the proper time,; and under suit-
able conditions of the ore, as they wers re:
quired. In my present invention, I obviate:
- the greater part of these difficulties and losses
by building my furnace in several compart-
ments; ineach of which a separate part of the

operation is carried on; and by feeding my ore

in a pulverized stateinto an inclined revolv:
ing cylinder, from whence it descends into the
reducing-chamber, I dispense with the neces-

sity of handiing the ore or allowing it to evol,
while, by thus arranging the several chambers
coutiguous to each other, I am enabled to op-
erate them all from a single fire, the chamber
in which that portion of the working is per-
formgd which reguirves the least heat being
located the farthest from the fire. And my.
present invention consists in the furnace here-
inafter described, consisting of a revolving

Jinclined cylinder, heated from the outside,

provided with internal lifts. or wings for agi-
tating the ore, with pipes for admitting air,
and with a funnel pipe for feeding in the pul-
verized ore at the .end farthest from the fire; .
in conjunction with a similar eylinder, heated
by the_flame passing throagh it, into which
the ore feeds from the first cylinder; also, in
conjunction with the above, the heat from the
fire will be first made use of nearest the grate
for reducing the dre, then in the second cylin-
der for roasting the ore directly by contact,
then in- the first cylinder for desulphurizing
the oré by heating it from the outside of the
c¢ylinder while it is agitated within in contact
with air. And the invention further consists’

in the mechanism for revolving the said cylin-

ders, and also in the construction and arrange-

‘ment of the parts of the furnace, whereby the

air which supplies the fire is heated by the
waste heat of the furnace before it reaches
the fire; and it also consists, especially, in the
arrangement and combination, with relation
to 'and in connection with the eylinders and
redneing-fluxes at different stages; and it
also consists in dividing the reduncing-cham-
ber into several hearths upon different levels,
separated by partition-walls or bridges, the -
hearth iuto which the ore first passes being
the highest and the others suceessively lower,
said hearths being connected one with the
other by ducts or passages passing ander the '
division- walls, all in combination with an
overflow-pot connected to the lowest hearth,

-whereby the height of the métal in all the

several chambers may be regulated by reg-
ulating the height of the bullion in the said
overflow-pot, all of which will be rore fully
hereinafter deseribed. S

In the accompanying drawing, which forms
& part of the specification, Figure 1 is a ver-
tical longitudinal section of the entire fur-
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nace,. Fig. 2 is a horizontal section on the
line # z of Fig. 1; and Fig. 3 is a transverse
T*ection of the cylinders, to show the ribs or
ifts. o

Like letters of reference in. the several
figures indicate like parts.

In the said drawing, A represents the fire-
place and grate of -a common, kind. B is
the reducing - chamber, divided inte several
bearths, b I’ ¥/, of which b is the lowest and
pearest the fire, the other two being higher,
all. being gently inclined, as shown, and sepa-
rated from each other and from the grate by
the bridges e ¢ ¢, which rise to an equal
height, and each higher hearth being placed
in communication with the next lower one by
a duct or passage, d.

The office of these several hearths in the re-
duction will be explained in course of the de-
seription of the operation of the furnace. The
Jowest. hearth b is connected from its lowest
point by the pipe o, with an overflow-pot, W, by
means of which the height of the metal in all of
the hearths b I’ " may be regnlated—that is to
say, the metal in’ the hearths will always
stand as high as that in the overflow-pot, and
higher, if of a less specific gravity. This
overflow:pot is fitted with a sliding gate, a,

which may be removed from its grooves and
replaced Ly another of gredter or less height,
whereby the height at which the metal will

ran off from the pot may be regulated. -Ad-,

jacent to the redueing-chamber is located the
revolving inclined cylinder C, which is made
open at both ends, so that the flame from the
reducing-chamber may pass directly through
it, and comé directly in contaet with the ore
contained therein. This cylinder is placed
higher than the bed of the highest of the re-
ducing-hearths, and is inclined so that the end
farthest from the fire is the bighest, sufficient
pitch being given to cause the ore to pass
‘through it gradually by its gravity ; and to
‘insure its passing through, ribs or lifts h are
‘affixed to the inside of the cylinder, which in
the course of the revolution cause the ore to
tumbleé about, and thus seek the lowest point,
and.at the same time be more fully exposed
to the action of-the flame. Adjacent to the
cylinder G, which I denouinate the roasting-
cylinder, is placed, in the same line, but
‘higher, the desulphurizing apparatus, consist-
ing ‘of a similar Tibbed inelined revolving
cylinder, D, which is closed at both ends-by
the stationary caps F ¥, so that the flame
from the meuth of the gylinder C only touches
the outer surface of this eylinder . The cap
¥ is fitted with a.duct or pipe, f,leading down
fiito the mouth of the eylinder G, to deliver
theé coutents of said cylinder D thereinto. Of
these cylinders it may be remarked that the
cylinder C should be lined ipteriorly with fire-
bricks, and the cylinder D with fire-clay or
other suitable material, to resist the action of
the sulphurous gases. The walls H of the
furnace are so built as to inclose the cylinder
C in a chamber, J, and the cylinder’ D 'in a

chamber, J/. The chamber J is floored at the
bottom by the floor j dividing it from the air-
space K, which communicates by the opening
%k with the open air; so that air to supply the
grate is forced to pass in at the opening k
through the air-space K; thenece by way of

the arch m into the chamber J; t'hence\h{’ &
e-

similar exit-arch, m/, into the air:space M,

neath- the reducing-hearth, By tHis means

the air before it reaches the grate is warmed
by the waste heat radiated from the chamber
J’, the eylinder C, and the several reducing-
hearths. The course of the pure air is-indi-
cated by the arrows upon the drawing, marked
rwith an open circle upon the shaft.- The course
of the subsequent draft of lame and products
of combustion is indicated by the arrows
marked with a black disk. Said -eourse, it
will be.observed, is over the reducing-hearths,
through the cylinder C, through the chamber
J*, and out at the exit-flue G. T '
The mechanism for revolving the cylinders
C and D consists of the worm P on the shaft
p, which shaft extends to. the ontside of the
farnace, and is provided with a driving-pulley.
(Indicated in dotted lines.) This worm Pact-
uates the pinion  upon the shaft g, which
shaft is attached to and supports the cylinder
D by means of the spider 7. To this shaft ¢
is affixed the cog-wheel T, which is a rim upon
the outside of the cylinder G, and attached
thereto, whereby the said cylinder C is re-
volved at a like turning, but in an opposite
direction to the cylinder D. The cylinder D
is supported upon the shaft ¢ and a similar
shaft at its other end, (not shown,) while the
eylinder O rolls upon itself in bearing§ 4t each
end, being supplied with triction - rotlers v 2.

The interior of the cylinder D is supplied with
“air by the air-pipe w, which takes warm air

from the chamber J, the air being discharged
from the cylinder by means of ?:he pipe w’'.

The funnels E B/ B are for feeding in ores,
fluxes, and reducing agents. The funnel B

enters the stationary cap F’, and serves to

feed in the pulverized ore. The funnel E’ en-
ters the cap F, and communicates, by the duct
Jy}lunicates with the reducing-hearth b”. 'The
two latter are for feeding fluxes and reducing
agents at different stages of the treatment.
The detailed operation and working of my
improved furnace will be as follows: The ore
should be first pulverized to a degree of fine-
ness sach as will permit it to pass through a

sieve of about forty meshes to the inch, more:

or less. The pulverized ore is fed into the
tunnel - pipe E, and enters the cylinder D,
where it is heated and agitated in contact
with air, but not in countact with tlfe flame.
The object of this part of the roasting is to
charge the ore as

with the cylinder C.  The funnel E com--

muech as possible with oxy- "

gen, so that when it comes in direct contact

with the. flame. in the eylinder G the sulphur
will be largely consumed. The metals, in the

form of oxides, pass on into the cylinder G,
where they are roasted in contact with the
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flame, being tumbled about and agitated as
before, the flame being fed by the combusti-
bles formed in the roasting-cylinder D by the
admission of oxygen. Af this point T add, by
way of the funnel E/, suitable fluxes—as, for
instance, if the ore contains sufficient lead al-
ready in the form of an oxide, and sulphate to
carry down the gold and silver, I would add
carbon or other suitable réducin g agent.

If too large an amount of silica is contained
in the ore, forming silicate of lead, I would
add metallic iron to combine with the silica,
. and set the lead free. If the ore was deficient,
in or contained no lead I would add iron in the
form of an oxide, or in the metal state, to be
converted into oxide at a higher heat, which
would again’ make it necessary to add its re-
ducing agent, which may be carbon, at the
funnel B, opening into the reducing - cham-
ber; otherwise it would be consumed before
the iron-grrived at a suitable heat for its re.
duction.’ : : '

Again, if the ore contain
more than necessary to carry down the gold |
and silver, I would add silica to unite with a
portion of .the iron, forming silicate of iron,
which would not precipitate itself ‘with the
metals, leaving ‘the gold and silver with the
iron, and so om, such fluxes, in short, being
added at proper times, -as the dasec demands.
-As the mass arrives through the lower eylin-.
der it is at a high heat and easily reduced in
the reducing-chamber, the metals and heavier
portion of the slag precipitating in their order
of gravitation, leaving their light or most lig-
uid portion and best-reducing part of the slag
on the surface, to be coutinually acting on the
fresh arrivals from the roasting - chambers,
The metals and heavier portions in their order
pass, by way of the duct d, from the hearth
b to the hearth », In this chamber or hearth
b an opening through the furnace-wall (not
shown in the drawing) leads off continually
the slag from a point above the precipitated.
metals. From:this hearth ¥ the metals or the
mat flows, by a second duct, 4, into the hearth
b. ‘In this hearth lead in the liquid state is
retained for the -treatment of the mat or pre-
cipitated metals by stirring the mass and
bringing the same in contact with the lead,
at which the-gold and silver will unite with
the lead, forining what is termed “lead-bull-
ion,” leaving the iron and copper and other
substances floating on the surface, to be raked
or skimmed off, the bullion to be withdrawn
through the pipe or outlet at the bottowm, con-.
nected with the overflow-pot W, 50 constructed
as.to retain any depth of lead in the hearth
be necessary for the treatment of
subjected to any of the well-
es for separating the gold and.

8:t00 much iron, or

| A condeénsing apparatusand suctici-fan may

specified.

relation to the
chamber B, of the funnel-pipes B B/ E~, for
feeding in at various points the pulverized ore
and floxes and reducing a
eration
fled.

B, divided into the
levels, the duets d
‘flow-pot W, whereby
the metals in the red
regulated, substantiall

3

| condense the vaporized products of the fur-

naee.’ v .

I am aware that ore has been roasted in a
cylinder to which the heat was applied exter- -
nally; but I ath not aware that two cylinders
were ever used in combination, in one of which
the ores are roasted, and at the same time spp-
plied with oxygen and coutin uously fed through
a second cylinder, in which the flame from the
furnace passes directly in contact with the ore.
Itwill also be observed that the melting-hearth
and fire would operate stubstantially ‘in the
same manner for reducing the ore whether one
or more cylinders should be used for roasting
the ore. . S '

Having thus fully described my invention,
that which I claim as new, and desire to se-
cure by Letters Patent, is—

- L. The combination of thee
on the outside onl
ceiving the. flames
fied.

2. The combination and arr
stantially ag shown and
clined revolving ribbed
ally heated, as deseribed, and reducing-cham-
ber B, constructed and operating in the man:
ner essentially as described. v
3. The reducing-chamber B
the hearths b & b, bridges ¢ ¢’ ¢, and ducts
d, substantially as specified. - :
4. The combination and arrangement of the
fire-grate A, reducing-chamber B b b’ b, eyl-
inder C, and:cylinder D, all inclosed by the
farnace-walls, substantially as specified. _
5.-The combination of the cylinder C, fric-
tion-rollers v* v, cogged rim T, cog-wheel S,
shaft q, spider 7, cylinder D, worm P, shaft p,
and screw Q, substantially as specified.

6. The arrangement and combination of the
ingress %, air-space K, arches m w’, compart-
ment J, air-space M, and grate A with the re-
ducing-chamber B, cylinders C and D, and.
compartment J’, for the purpose of wariming
the air to supply the grate, substantially as

ylinder D, heated
¥, and the cylinder C, re-
directly within, as speci-

angement, sub-
described, of the in-
cylinders C D, sever-

y provided with

7. The combination and arrangement, with
¢ylinders C D and reducing-

gents during the op-

of the furnace, substantially as speci-

8. The combination of the reducing-chamber

hearths b ¥ ¥ at different
, conductor-pipe o, and over-
the height and flow of
ucing-chamber may be
¥ as specified.

JAMES H. BOYD,

Witnesses: :
HEINRICH F. BRrUNS,

be: applied at the pipe W, if it is desired to
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