 Patented Feb. I, 1902,

No. 693,3i3.

4 A POTTER.
~ TREATING ORES OR SIMILAR MATERIALS.

(Application filed May 18, 1899.)

Sheet 1.

3.Sheets

{No Model.)

7

A

L2z

b —

e A

M

=
gk
awxﬂ‘.\.v\\\\\\\u\

-

i A S

'

Z

ffffff’fffffffff
. ,p:' .

LT o
n T ey

- - — T = L]
—_— - -
—— ~ |l||||.l||.ll.|

T T——
RN
AR

===

R T —— T

A
. NN
hmﬁwﬁﬁ.ﬁ

B

L ]
-------
- ]

b |
. =
------

INVENTOR

N K
8 7 02
My, - ___-.\.. .

Da 4

or

(] e .

1 L |
AN .
RN

! . o
v at
] i ) ! ¥ r
T bty "\
- I _
r 4 -... -
.
: = | |
[ -0
v )
T e

. w“”.mmml
_”,..

b _...._w* N
L o

THE NORRIS PETERS CO.. PHOTO-LITHO. WASHINGTON, ©- C.

WITNESSES




Patented Feb. Il, 1902.

No. 693,313. B R
S - - L. A POTTER. "~
~ TREATING ORES OR SIMILAR MATERIALS.

- {Applicatiun'ﬁledr May 18, 1899, |

(No Model.) -3 Shéets—_-Sheet 2.

L]
R e
-

UL LT,

£ f’%’////’fﬂ 7 .

IT T
&7

—_— e = oW T

INVENTOR

_ 'J:I:’.‘wnnsss:s . . - - | - |
R S e
. 4 QRoneneteBucme

L THE KORRIS PETERS CO., PHOTO-LITHO., WASHINGTON, D. C.




No. 693,313. R ~ Patented Feb. 11, 1902.
o _ J. A. POTTER. - B
: TREATING ORES OR SIMILAR MATERIALS.

. . . {Application filed May 16, 18998.)

(No Model.) 3 Sheets—Sheet 3.

L
-
il .
|
I : t
I
o,
e ]
ATLY, i - A,

P4 4
&

- e ¥ [] a [ 3t ]

Y e 2t ¥ LI N ] o

78

Py lim by w g gt N AR, » o P L iy
* u aam * Ty - = ] Tl Ay 4"k gl
1 . Y - fir »l " 14 il Ty R ™
N L T e WL B ol ol e 3 . o A gl * gy ol - "
¥edend P B Tl AT T T X i 1 Fa F -t L L T
LR YA S A L 1 AL H . Y F ”
L L op B s g . bk e ML T,
AT TR L - b ] v g A" N
AU st - - ¥ - gy

- Mol )
.-I
A .%o
A e fy " AR .
LIS "":" .t LT T
et el Ll ® ey e
AT R st
e SpeTaT e e g ] A ARENT ""-..J 5
. ot .w -Il‘. -t o v 3
d .._—l LR = H‘_ U
o Fom gt d i atar, - “‘.:
M R e - L P LA, '

n
F & L) '
w By g g e e RS,

LI T L * Ty s '-.:'

. - » "'- . L] “. e -‘
'i-i. -- LR .: ) t* %
: ralp adU Bdy Ta il d L U ELE
N “":tt:.:h'.q.". h::- v
| IO TR A =17 A
PV - TR ICIAS CARE
. L)
h ; !t‘:.hl.l‘r:: "':"I nd P
‘.1.=:.‘-‘.-..-.‘£:.|:= ITVEL Y
- " -: ‘.-_‘-'*':..h‘.:‘i“. i . "'-i:frl-
L] & -
. * .
. L] * :‘ FI | "'.."‘ "'I. ‘.21.:-, l:,
- 4 L)
" "'i. ‘t’: . ' et *:;'; '*'i'lrl
"' * 3. 'j.'-'. 4 u;!.r.:::: n"
2 » - bl -y Y
‘...l“-.*;-i ..1 :l‘.:‘ y *m?l':.:f::-:
) L L
o e & F - LN l"" r) .:' - *a
:.".‘." . * H "l"u' "=l:"
- - Py . = . E r
'1:'.-;1- el . .‘..,, z ' 1".15-‘;-:'11
LT L opdg i ' pi
-l'l' :1- -l'.i. ."l' LWL L] l-=. '-:'I""
-y T -I. Ban g ¥ g Wk
:l: . T . - - _.I'l IH'-"-I"‘- F Y, 1... o :;'
[ e WAT e -:"1':-'-‘?.1
l‘ L f .-l. » ';J'y. !*‘l::-l:-: ‘n‘-"
[ [ f' .- Y ¥ *:" :. aa
¥ g ar L R | "*1';:*"‘\ ‘1"' :| -'l

1 r ! bty b 0T
a T "
" gy dpda IR 4
FEA at P : A ‘:-f..":'-
.ll--l' l-‘ .—' -y :‘ '*.'-. ; ;'l “": 'l
+ o - N L] - -i“:-"-l.l f'l‘.. ‘.‘ ._.':.'l'
] [T
IR A £SO W
.1-"- - S T L » 'd‘ 'L:l:"...'. N Tanlue
| - i i .'l'*‘-‘ I‘_'* ' . - W e b "‘llli-l"l'l"h"'
ll'_ - . IR . i ey - : ..-'-t:q -:.._-.."‘-.,.'r.: -0
s N "'".. L & P oA ¥ e EEERER LT vl It Y ey,
h .'I"-u' -'l-‘ - L] t - "'-".-..i._ _:*‘l--:“:‘..|: |.'.. "'.1.. o ﬂr‘-". t_-tlin
/ . TR y ¢ m M, .“ 1 T S h e -
- '__‘. * g S '_' "oy # Il'dl - a i'i"""*‘.‘.' 1"1-‘:-"1 % tpaf N
. ¥ TR T - | L] T F -
N . gtont RNy, e " "ata ';':, l‘: '-.".:*'-'-t:-'d-:';:._-'rl
L L . | T L |
N ) “« IIIl- 1 . e ‘:.'.:-“'I'-“I e * "'."": '...'::'ta“' :
- t‘..l.*.‘ ‘: _7. '._'I“"l-. 1-.:: 1
- ol ) -l' L ':.:..-l-' "'" F N
-
Il
A,
a '
o '&E m«:.f E
r . \ -,
Ir . ' .
|
1
LI
 ar
1 0
" W
. AL '
s §
L] o *I_ L -
1 _:'...::I\J‘r _ *
bl o
1 1 '




10

15

20

. c¢reasing tempemture, S0 that the metals of

28

UNITED STATES PATENT OFFICE.

el e o T T T T R O

——— e S

JOHN A. POTTER, OF CLEVELAND, OHIO.

TREATING_ORES OR SIMILAR MATERIALS.
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To all whom it ma: Y CONCErw:
Be it known that I, JOEN A. POTTER, of

Cleveland, in the county of Cuyahoga a,nd

State of Ohm have invented a new and use-

ful Improvement in Apparatus for Treating

Ores or Similar Materlals of which the fol-
lowing is a full, ¢lear, and exact descr 1ption,

reference bemﬂ' had to the accompanying
drawings, formmg patt of thls speclﬁca,tlon y
1in which— -

Figure 1 shows in Vertlcal centml section

a smeltmn* furnace constructed in accordance
- with my mventlon
the furnace, partly broken away to show the

Fig. 2 is a plan view of

construetion. Fig. 3 is a plan view of the
furnace-body. Flﬂ' 4 is a detail view show-

ing one of the d&ms and Fig. 5is a Slmﬂar_
view showing a modlﬁed form

In treatmw ores with my improved appftra-
tus I mtroduce the ores to be smelted, to-

gether with an appropriate charge of reduc—.
mwmateua,l and flux, mtoafurnace chamber,

whlch is moved thlouﬂ'h a prowresswely-m-

theoresare reduced successively and removed

~ by liquation as they reach the proper zone of

heat, In this way the reduction and separa-

 tion of the metals are aceomphshed qmekl y

and very efficiently. |
While the apparatus may be modi

"ed in

'many ways within the scope of my invention
prefer to use

as defined in the claims, yet I-

~ certain apparatus which b have mveuted a,nd

35

which I will now describe.
In the drawings, 2 represents the body of

the furnace, whlch 1s annular in form and is.

supported on an inclined annular track 3,
preferably by interposed antifrietion balls or

* rollers 4, on which it may be rotated, the axial

40

- suitable mechanism, and I h&ve 11111strated,

line of rotatlon B B being inclined from the

vertical. The furnace may be rotated by
for that purpose a drwen pinion 5, meshing
with an annular rack 6 on the ander side of
the furnace. The annular roof 7 of the fur-
nace is stationary and covers the annular fur-
nace body or hearth. I

by beams 8, radiating from the base of & cen-

50

~ enable the hearth to rotate fleely I prefer to Do removed from the furnace in large bulk,
'1‘he operation of the apparatus when used

tral stack 9 which is supported on a pier or
other smtable foundation 10, and in order to

p1 ovide the hem th with a series of antifric- |

prefer to support it

[

tlon-rolleis 11 ‘which bear
surfaces formed on the under side of the roof.
The air and gas are supplied to the body of

the furnace. through suitable ports, and in

‘against su1table .

55 -

order that they may be heated prior to their

| thehearth below at ports12'13',

a port 15.

nular furnace- chamber
passes under the depending diaphragm 17’ it
is leveled off into thin layers by the lower

;fla,etory lmm L
erably composed of carbon bound with lime, -
and itisdivided into compartments by refrac- | |

final delivery into the furnace I prefer to.

make the roof hollow as indicated in Figs. 1
and 2, so as to a

Tord air-passages 12 and gas-

60

passawes 13, which open downwardly 111130

The gas- -SUup-

plyisintroduced into the passage 13 by a pipe

14,while the air enters the passage 12 through

The ores to be reduced, too'ether-

with the other portions of the charge,are 1111;1'0-' -
duced into the furnace through the charn'mg- -

phragms 17 ‘17', which extend downwardly

through the roof and are water-cooled, being

opening 16 and between p&ltltlonb or dia-

70

preferably provided also with lifting ‘mech- .

anism, which may consist of a hydrauhc cyl-

inder 18 enabhnﬂ‘ them to be lifted a short

_,dlstance whenever the furnace is rotated.
The direction of retation of the furnace is

shown by the arrow a, and the stack-flue is

on the far side of the dlaphraﬂm 17', leading -

throucrh the roof into the central staek flue 9
and eommumeatmﬂ' at the roof with the an-
As the material

edge of the dlaphragm which in t,hls Iespeet
acts as a seraper.

- The body of the furnace has a smtable re-
, the bottom of which is pref-

tory cross-dams 19, the furnace being subdi-
vided thereby into eompartments ¢ C.
dams are desirable when the furnace is used

80-'.. o

85','__ '.

These go

for sepa,ratmﬂ' metals by reducing a metal

and removing it from the oxidsof other metals

‘before the heat is sufficiently high to reduce

the latter oxids; but where this method 18 not;

alloy of metals is to be obtained, the dams

need not be employed. At each dam and on
each side thereof I form a tap-hole 20, and I
may apply to the furnace, adjacent to’ these
tap-holes, suitable spouts 21 or a forehearth

22, the latter being applied where metal is to

100 .

95 '.' : . . i
necessary, as where only one metal or an
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2

for the reduction and liguation of several
ores is as follows: The mixture of ores to be
reduced is introduced through the charging-
door 16 into that one of the compartments c
whieh is then between the partitions 17 17,
Then, these partitions being slightly raised
above the bottom of the furnace-hearth, the
hearth or body of the furnace is rotated 1in
the direction of the arrow «,soas tocarrythe
ore under the partition 17’ into the working
portion of the structure at the stack, which
is the coolest portion of the furnace-chamber.
Meanwhile theair and gas are discharged into
the furnace at the ports 12°13’, and the prod-
uctsof combustion travel thence to the stack-
flue 9, the hottest portion of the furnace
stucture being near the inlet-ports 12 13" and
the temperature diminishing thence toward
the stack-flue. As the furnace is rotated at
intervals intermittently or slowly the layer
of charge material contained in the compart-
ment under consideration becomes hotter,
and as the appropriate temperature for the
reduction of each metal is reached that metal
is reduced and becomes liquid and may be
allowed to run off through the spout at the
lowest point of the chamber against the dam,
the inclination of the furnace causing the ac-
cumulation of the molten metal at the spout.
After the more reducible oxids are reduced

‘the spoutisremoved, and asthe compartment

reaches the hottest part of the furnace the fore-

- hearth 22 (shown in Fig. 3) may be attached,

35
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at different points.

and the metal which has not been reduced
at the previous lower temperature is finally
tapped off. This last metal to be reduced is
cenerally present in the greatest volume. I
therefore employ the forehearth for its re-
moval, and as it flows from the forehearth
through the tap-hole 22" it may be cast into
an ingot. | |
In operating upon an ore containing iron,
copper, and lead, and perhaps a little gold

and silver, I mix a charge of such ore consist-

ing of oxids of metal with a reducing agent,
such as coke-dust. The mixed ore and the
coke-dust are ground fine and the mixture is
spread on the bottom of the furnace between
the dams or partitions. When one compart-
ment is filled, the furnace is moved to bring
the next compartment into place, each filled
compartment moving toward a hotter zone.
The hot gases and flames travel from the low
side of the furnace around it for about two-
thirds of its diameter before entering the
stack, and hence give different temperatures

hotter zones the oxid of lead will first be re-
duced at about 1,700° Fahrenheit, and the
cglobules of metallic lead will pass down
through the charge and collect in the lower
part of the ehamber at the lowest point,where
the tap-hole is located. This tap-hole is open
during this stage and allows the lead to run

Agsthe mass of ore in one.
compartment ig thus moved step by step into

!

693,313

' the furnace or may be moved along beneath

the spout. Asthe furnace moves fartherinto
more intense heat the oxid of copper begins
to be reduced and runs off through the same
tap-hole with any remaining lead into another
receptacle provided for it. As the furnace
moves into hotter zones more pure copper is

separated from the oxids and allowed to pass

off. When the copper has thus been sepa-
rated and removed as far as possible, as the

temperature is reached which will reduce oxid

of iron the tap-hole is plugged up and this
chamber is moved into the highest heat. T'he
remaining material is thus formed into a liq-

uid mass, which .can be drawn off by attach-

ing the forehearth or any other suitable way.
This method of liguating the metals from the
mixed oxids depends on subjecting the mass
to successively-higher heats,and I havefound
by experiment that oxid of lead will be re-
duced at about 1,700° Fahrenheit, while it
needs from 2,200° to 2,500° Fahrenheit to re-
duce oxid of copper and 2,800° to 3,000 Fah-
renheit to reduce oxid of iron. A slagisnot
formed until the reduction of the oxid of iron
has taken place. 'This is earried out by ad-
mitting lime into the furnace at the highest
heat, while it will form a slag of less specific
gravity than the metal, and when thisis in a
liquid state the slag and metals are tapped

into the forehearth and arrange themselves

therein according to their specific gravity.

If the dams or partitions are not used, the
metals will form alloys at different stages of
the reduction and accumnlate at the lower
part of the furnace, where they can be tapped
oft.

It will be understood that the operation of
the furnace is continuous, each compartment
as it comes under the charging-door 10 re-
ceiving a charge of cre and reducing mate-
rial, which is spread in a thin layer and is
progressively reduced during the rotation of
the furnace in the manner described above,
being brought gradually from the low tem-
perature to the required high temperature
for final reduction. At the position of the
forehearth shown in Fig. 3 the dam 19 sepa-
rates two compartments, which owing to the
inclination of the furnace slope in opposite
directions, and I therefore employ two tap-
holes, one on each side of the dam, for the re-
moval of the metal from each of these cham-
bers. Where metals are not to be separated
by liquation, partitions need not be used, and

| the metal may be allowed to accumulate and

be tapped off when desired, or where the par-
titions are present I may remove seetions of
them at their outer end, so as to put the ad-
jacent compartments into communication, as

| shown in Fig. 5. The slag becomes liquid af-

ter the metal is reduced and floats on top of

| the molten metal, flowing off through the tap-

holes after the metal is withdrawn. |
The rotation of the furnace aids the reduc-

out into a receptacle, which may be hung on ! tion of the ores and accumulation of the re-
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- s1sts in completely reducing the metals from
10

duced metals, not only by the agitation, but

alsobytheflowingof the reduced liguid metal
over the very hot reduced or partially-reduced.
but unmelted portion of the metal contained

in the charge. The reduced unmelted metal

18 thus washed out or absorbed by the highly-
heated melted body. This action of the lig-

uid metal upon the material below greatly as-

the ores, and thus saves loss which would
otherwise result. -As above stated, I prefer
to make the bottom of the furnace of ecar-
bonaceous material, the effect of which is to

~assistin the 1eduet10n of the ore charged 111130

the furnace..
It will be understood that within the scope

of the following claims many changes may be

made by the 'skilled memllurgist--aﬂd me-

. chanie without departure from myinvention.

20

‘The invention is useful for the reduection
of the precious metals mixed with lead, tin,
or copper ores, but is not limited thereto,
since it may be applied to the reduction of.

- copper, iron, manganese, and other ores for

30

the manufacture of steel and . for other DHI‘-
poses in metallurgy.-
I claim—

1. A rotary furna,ce hancr a body of annu-
‘lar form, and ‘a roof covering at least a por-

tion of said annular body, sa,id roof being hol-
low and having inlets for gas. and*air, and

downwardly—dlreeted ports substdutlally as.

- deseribed.

35

40

2. A rotary furnace lla,vmﬂ' a body of annu-
lar form, provided with dams forming differ-
~ent echambers therein, and a statlonary roof
covering at least a portmn of the annular

body; substantlally as described. *
- 3. Arotary furnace having a body of annu-
lar form with radial dams, and a hollow roof

~over the furnace and havmo' air and gas in-
- letsand downwardlv-_dlreeted ports substan- |

tially as described.
4. A rotary furnace ha,vmﬂ* & body of annu-

lar form arranged in mclmed position, and a
~ hollow roof covering at least a portion of said.

body,and havingair and gasinlets, and down-

- wardly- directed ports, substantlally as de-|
: .SOI'lbed

50

A furnace ha,vmﬂ' an annilar body, and

| ,statlonmv roof, means for rotating the body,

acharging-opening leading into the bod Vs a,n_d |

having partitions at both sides thereof, said
furnace having an inlet for combustible fuel,
and a stack-outlet; substantially as described. 55
6. A furnace having an annular body, and
stationary roof, means for rotating the body,
a charging-opening leading into the furnace, -
.and having partitions at both sides thereol,
said furnace having an inleti for combustible 6c
fuel, and a stack-outlet, said stack being in
proximity to the charging-opening and the
fuel-inlet being at a more remote point; sub-
stantially as descrlbed |
S b Afurnaeehavmgabody of annularform, 65
meansgforrotating thesame, astationary roof |
dams dividing the chambers into compart- |
ments, and tap-holes in said eompartments*'~-'
substantially as described. - |
- 8. Afurnacehavingabodyof annularform 10
means forrotating the same, astationary roof
and tap-holes at intervals around the bodv,_
substantially as deseribed. |
9."Afurnacehavingabody of annulal form,
mechanism for rotating the same; and a rela- %5
tively stationary roof, sald roof being hollow
and having downw&rdly-dlrected ports and
said furnace havmﬂ' au-mlets substantlally-

1 as described.

10. A furnace havmn* Q. body of annular 86
form, means for. rotatmﬂr the same, a station-
ary roof and tap- holesatmtewalsaround the
‘body, said furnace-body bemn' 1ncl1ued* sub— ;
stantially as described. o
- 11. A furnace havmﬂ' an annular body,i.85'
means for rotating the same, a stationary hol:
low roof having. downwardl} directed ports;
air-inlet ports and an.outlet-flue leading.
through the roof to a stack; substa,ntla]ly as. o
descrlbed + - go .
12. A furnace havmﬂ' & bed;;&r of a,nnular..'_- :
form mechanism for rotamnﬂ'the%ame,mela,-: L
twely stationary roof having a hollow portwn--—- |
with downwardly - dlrected ports, air-inlet

| ports, a stack-flue leading through the roof, g5 '

“and a partition arranged 60 prevent short-cir-

cuiting from the ports to the staek-ﬂue, sub-'

.stantlally as desceribed.
1In testunony Whereof 1 hswe hereunto set -.

J OHN A. POTTER

my hand:

| Wltnesses
- THOMAS W. BAKEWELL
J. W, ATWOOD, :
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