Zo ] el N
4 "\

July 7, 1925,

H. N. TRACY

1,544,957

PROCESS AND APPARATUS FOR METALLIZING ORES

L4408

Filed Jan. 5, 1920

2 Sheets-Shest 1

/8
/9
-5 E\\\\\ o “\\\§ %\‘1\
< ryryrs N
DRI NN 20
4 3de 39 5. % T
= P NN
\ 23
§\ 4
N
7] Q) R Y, 73
] ; o o UG DRUA VRO DA TN
3. i
A 6
45 L54 ’
“ 7 I AT
SR w | 5%
i ‘:.‘.-?':i S
T I R o A g
T e =3

/0
i
1 |
{ 1 a
\ \
iy
R
43
1
NN /4
22
4
» 22
53 FR
57
N M
et
=2 2
//7V€/‘77L0f‘

formorn M 7/“05}

2y

/

Y15 4 #Ofﬂny,



July 7, 1928, 1,544,957
H. N. TRACY

PROCESS AND APPARATUS FOR METALLILZING ORES

Filed Jan. 5, 1920 2 Sheets-Sheet 2

, /7
FG L. <

i 8
= ~
M5
0
o Tt £
R \ 4
TN HERIN ‘ / ]9 r
Rl M b ul
"nl'. | “\\ b 6/ Il]‘l
1 |‘|
|l ll |l 4 I|‘| ” ?-.?":I:'l‘ﬁ:r 1 \ [ l
RSk 1l

2

- 39
: Y/
4/ ?
Y
N P iz ~
NN
N N
%\\\m\ — — STEAM
Nk NN R : 55/43é
N N2 ANy ~ —17
NN NN -
N 45 N
\\\\ NN ok P //m;pﬁr
}\\\L\\\\\ \ ‘\(\~\\E\\\\\ \ N - brmon M Facy,
. WATEAR J . i u{(‘;‘
YT _\‘,_,.‘:&. s

A/;/ﬂsr/n-



5

[y

5

20

25

35

40

o
=

Patented July 7, 1925. o

PATENT OFFICE.

HARMON. N. TRAGY, OF LOS ANGELES, CALIFORNIA, ASSIGNOR T0 TRACY PROCESS
COMPANY; A TRUSTEESHIP, HARMON N. TRACY, GEQRGE MARTINSON, C. GLEASDN,
CHARLES L. ALLISON, AND WILLIAM A. MANSON, TRUSTEES. ~ = S

PROCESS AND APPARATUS FOR METALLIZING ORES.

Application filed January 5, 1920. Serial No. 349,408.

To all whom it may concern: :
Be it known that I, Harmon N. Tracy, a
citizen of 'the United States, residing"at Los

Angeles, in the county of Los Angeles; Cali-.

fornia, have invented new and uséful Im-
provements in Processes and A pparatis for

Metallizing Ores, of which the folloywing is'a
spécification. 7 e SR

This invention relates to such processes
and apparatus as T have set forth in’'ni;
Patent No. 1,214,844, dated Feébruary' 6,
1917, Apparatus for rediicing and’ métalliz-
ing orés; 'the present invention ‘relating
generally to such a process of metallizing or
extracting the metal from ores in the géneral
manner therein set forth. ~This present ap-
pliczitiiq11' is also in part a continpation of my
priofapplication”for process and apparatus
for metallizing ores, filed January 30, 1919,
under Sérial No. 273,982 ; this present dp-
plication taking the place of siid prior ap-
plication. ~~ T T T e el

"The "apparatus shown in Patent No.
1,214,844, is designed more particilarly to be
effective with ores which are not'so finely
crushed that they have a great tendency to
clog or choke.  The operation in’‘that’ ap-
paratus émbodies the downward pissage of
a column of ore into and through a U-shiaped
structire, through which the"ore passes’in a

more or ' less “continuotis  mass; "passing
through theé metallizing liguid (moltén Tead)

in the U-shaped passage. "With ‘dertain kirds
of ores, and in order to effect a high pei-
centage of extraction, T find it desirable ‘to
crush the ores very finély, and’then, instead
of feeding the ores through'thie apparatiis‘in
a _comparatively solid, or continuotis tass,
I find it desirable, in order to prevént’clog-
ging or massing or “balling” ot the ‘éres, ‘to
pass thé" ores through ‘the apparatus rela-
tively loosely, instead ‘of in" a“continuous
mass, 5o that the ores are at all times 'kept
loose and free from any liability to c¢log 'or
choke.in the apparatus. The presént inven-

tion is'distinguished by a ‘process in " which

the ore ‘is carried more or 1é8s loosely, as
specified, and further, §pecifically, (although
not limited to this) the ore is carried over
the surface of the mojten lead and is moved
down into the lead in intimate conltact there-

With,
~ Now, in order effectually to carry out this

new process, I carry on the extracting or col-
lecfing” operation in" a non-oxidizing ‘atio-
sphere;” and preferably “carty  the ' bres
throtigh ‘the operations of reduction and 6f
collection in a’continuous atmiosphere, {hich
continuois atmospliere may be either the
same throughout or'it may’ be, in part, the
spent gases of the reduction précess:’ This
kimd of operation is carried out both ‘fof the
purpose of preventing reoXidization 6f the dé-
oxidized metal while 1t iz hot, dnd “also for
thé purpose of preventing oxidhtion ‘o ‘tie
lead” or "other ‘molten metal. I the heated
ore; after reduction, is dllowed to éomle iifto
an oXidizing dtmosphere, the metal will've:
oxidize. If the 1ead is allowed to bé oxi-
dized; a considerable quantify 5f'it will’be
cafried out of the dpparatus in thé forin of
led oxide, and thé loss of lead 'is*thits ery
great " As’is hereihafter ‘expldined: if is
possible to carry on the whole cotiibined prod-
ess of initial -heating, of roasting;” anl “of
deé-oxidizing and colléction of th’ metal, ¥11
in a single ‘piece of,'or artangemeilt 6%, ap-
paratuis; “and in this single’ organization’ 6f
apparatus, the ores dre carried ‘contifhuously,
during reduetion ahd collection, jii" o toR-

tinuously non-oxidizing atmosphere” = 7

- I'spéak hereiil of a4 bath of molten lead as

being siitable as5'a’ collection’ liquid$ but my

ihvention applies to any suitablé metal which
in" stated.

Also ‘while T describs Heyein certain pirticii-

will perform the  functions héi

lar kinds of apparatus élements, ty ‘process
and apparatus are not at all limjted to-siich
particular kinds of apparitus elements. "
“With” these” préliminary “obsétvdtions in
mind, the invention will be best uniderstood,
both nits broad and specific aspedts, from
the' f6llowing" detailed description’ of pré-
ferred forms of the process, and apparatus
i which'the process may pe darriéd 6h, 'ref-
érénce for this purposé being had “to’ the
agcompanying drawings in which=~ ™ "
Fig."1 is"a central verti¢al longitudinal
section showing a portion of 4 stitdble fort
of apparatus in which my process may ‘be
carried out; Fig. 2 i§'a simildf éetifral verti-
cal ‘longitudinal “section 'of the: remaifijn

portion of the apparatis; Fig. § i§"a cross
section takeén on liné 3°-3 d%‘, ig. 15 and

1‘[1€ ;4 —{ t\b.f

Fig 4 is a section taken on
Flg; 1‘ SR YRR eoa
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In the drawings I illustrate generally at
10 a pre-heater or roaster in the form of
a revolving drum; generally at 11 a de-oxi-
dizer or reducer; and, generally at 12 a col-
lector or amalgamator, being an apparatus
for absorbing or amalgamating the reduced
metal into a body of molten metal, such as
molten lead. For the purposes of the pres-
ent invention, the preheater 10, and the re-
ducer 11, have, as their functions, the initial
heating of the ore and the reducing of the
ore to reduce the metal therein to a metallic
state; in which reduced heated state the ore
is delivered to the collector 12. Broadly
speaking, it will be seen that any form of
preheater and of de-oxidizer (reducer) may
be utilized ; but in some cases it may not be

"necessary or desirable to use the three de-

vices in combination. It may or may.not
in any particular case be necessary to roast
an ore before reducing or de-oxidizing it.
And it is not an essential of the present in-
vention, as considered in some of its aspects,
that the ore be reduced and then immedi-
ately be passed into the collector. And it
is possible to both heat and reduce the ore
in the collector without previous action; or
it is of course possible to put into the col-
lector ore which has already been reduced
in some independent manner, and this ore
will then be heated in the collector and its
metal extracted. And it is also possible to
use a previously reduced ore and heat it in
such a preheater as here shown, and then
deliver the heated ore to the collector. In
any such case, the non-oxidizing, or de-oxi-
dizing atmosphere, may be introduced to
the collector in any suitable manner and in
any suitable form. However, the combina-
tion of a de-oxidizer or reducer with the col-
lector apparatus is a convenient, economical

and desirable one because the de-oxidizer

then furnishes a non-oxidizing atmosphere
for the collector, because one and the same
provision of de-oxidizing or non-oxidizing
atmosphere will serve both for the de-oxi-
dizer or reducer and the collector. The de-
oxidizing gas used in the reducer may be
passed also through the collector; or the
spent gas from the de-oxidizer may be
passed through the collector. Also one
heating fire will serve for both the de-oxi-
dizer and the collector. T find it economical
and convenient to have a separate pre-heater
for the ore, even if ore which has been inde-
pendently reduced or de-oxidized is used,
and if no de-oxidizer is used in the combi-
nation. ‘

T illustrate an ore roasting or pre-heating
drum at 15, of any suitable type and rev-
oluble by any suitable mechanism. Ore is
fed into this drum at its upper end through
a chute 16 from a feeder bin 17. Heat is
supplied by an oil or other burner at 18
which throws a flame through a chamber

1,544,957

19 into the lower end of the drum. The up-
per end of drum 15 communicates with a
flue chamber 9 communicating with stack 8,
which provides means for exit of the gases
of combustion and provides the desired
draft. This draft should not’be too large—
as otherwise the fine ore dust will be car-
ried out the stack; and for this reason I vent
the collector and de-oxidizer heating fur-
nace independently of the drum.

The chamber 19 at the lower end of drum
15 communicates with a downwardly ex-
tending pipe 20 which, at its lower end,
communicates directly with reducing ap-
paratus 11.

The reducing apparatus 111 show con-
structed in a form which 'is particularly
adapted to handling such finely crushed ores
as are adapted for the extraction of silver
and lead, for instance, by this process. 1
employ a plurality of cylindrical chambers
21, each provided with a screw-conveyer 22.
The lower end of vertical pipe 20 communi-
cates with one end of the upper chamber
921; the spiral conveyer in that chamber con-
veys the ore toward the other end of the
chamber where it then falls through a verti-
cal connecting passage 23; and the con-
veyer 22 in the next chamber carries the ore
through that chamber to the vertical pas-
sage 24 through which the ore passes into
the collector apparatus 12. It will be under-
stood of course that the chambers 21, with
their screw conveyer 22, may be made as
long as desired ; that there may be as many
such chambers arranged in series relation as
may be desired; so that the time period of
the ore. in the de-oxidizing or reducing ap-
paratus may be suitable for the ore being
treated. .

The collecting or amalgamating apparatus
comprises essentially a liquid metal hold-
ing chamber 30, of a suitable length, and
preferably somewhat oval in cross sec-
tion with its longer section axis vertical.
Through the upper part of this chamber
there is a spiral screw conveyer 31 on a
shaft 82. . The chamber is kept filled with
lead to a level preferably just over the top
of shaft 32, the lead being introduced
and withdrawn through a passage shown
at 33. Shaft 32 is also provided with
beater or muller arms 34 to carry the ore
into the lead bath.

Below the spiral screw conveyer there is
another longitudinal shaft 35 which car-
ries on it a plurality of radial cleaner
bars 36. These cleaner bars are arranged
in such a manner on.shaft 35, so that,
when the two shafts 32 and 35 are driven
at equal speeds in opposite directions, (by
gears 37). the cleaner bars 36 will pass and
scrape against the opposite faces of the
spiral, as will be readily understood. These
cleaner bars thus perform the office of
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scraping from the spiral’ any ore which
otherwise would adhereto the' spiral;. and,
once’ adhering; gradually” gather moie’ and
more until the spiral is’ completely “ balled
up” with a mass of' the ore.

At or near the end of chamber 30 there
is arranged a’ cross-conveyor 40 in the form
of a' screw-conveyor which extends out-
wardly from the' chamber through' a’ pipe
41. Over the cross conveyor, or at any
other place on the lead chamber 30, there
may be an inspection opening' 39:
spent ore or gangue is finally discharged at
the' outer end of' this conveyor throtigh a
pipe or chute 42, which; in this case; pref-
erably leads downwardly to a cooler 422

Cooler 42* may comprise a suitable shell:

with  water tubes 42 arranged across it
The hot ore comes into contact with the
tibes: steam is- thereby generated which
may be used for motive power, ete. about
the plant. At the same time, by tHis ar-
rangement, air is excliided from: the ore
until it has cooled:

The lead chamber 30 is supported!in a
futnace chambet 45 embodied in the-brick-

work structure 44 which: encloses and forme

the support for the various parts of the
apparatus herein deseribed: An' oil or
other burner 47 furnislies heat to the fur-

nace 45 to heat thé collector apparatus 12

and to keep: the lead in proper molten
condition and at' a proper operating’ tem-
perature. It is preferred: to keep the' leacl
at a temperature high enough to keep it
freely liquid; and: yet of course not high
enongh to: volatilize' the lead, ner high
enough to heat’ the ore so” mueh as to cause
it to have an undue tetidency to stick or
“hall ”.

The furnace chamber 45 commiunieates-at

its rear-end with: the chamber 46 in which:

the redueing apparatus: 11 is mounted: and

from the upper end: of this cHamber 46
there is- a draft opening 43 whieh leads to

any suitable stack: for carrying off the gases
of combustion. Chamber 46 does not' comni:

municate with chamber 193 the gases of-

combustion from: the burnér at 47 are not,

in this form of apparatus, passed: through:
the preheating: drum' 15; because i this

particularinstance the preheating drum 15
15 designed to be a roasting drum as well
as'a preheater, and because exeessive draft
is not wanted i tHe drum:

The' various parts- of! the  apparatus: may:

be driven from any suitable source; and:

means may be provided in: the driving
arrangement. for so regulating' and con:
trolling; or fixing® for any particular ore;
the relative speeds of operation; as' will be
hereinaftet deseribed: For the purposes:of’

illustration, although of course it will' be:

understtiod' that’ my apparatus is not’ limited

The:

ot

various parts of the apparatus driven by
motors’ M. and contfol%)ed' by’ revstats K.
Thus the feedet at F which: feeds the ore
into the roasting’ drum, and the roasting
drwh, may be controlled in speed,; and also
the spirals 22 in the redueing apparatus 14
may be controlled- in: speed: and the spiral
conveyor and- othier parts in the collector
may be controlled: in speed; and also tlie
final discharge spiral conveyor 40 may be
controlled in speed.

Of courseit will bereadily understood that
the apparatus herein shownmay bevariedin
size and’ arrangement; and the parts may
be" assembled in any desired: degree of du-
plieation in one plant, all as may be desired
for any particular installation oy for the
treatment of any particular kind of ove, all
as will be readily understood by those skilled
inthe art

In the operation of my apparatus as now
desciibed; and: preferably, I introduce tlhie
reducing’ fluid; preferably in the form of a
gas, through the pipe 50 at the outer end of
dischiarge’ conveyor” 41. The reducihg gas
is eithier forced by its pressure or drawn by
the diaft through. the apparatus, through
the' conveyor pipe 41, and thence’ into the
colleetor' and: therice through the  collector

12 and’ throiugh: passage 24 into: the re- !

ducing apparatus. It passes through the
reducing apparatus and thence through the
pipe 20'into the chamber 19; where any gases
(stuch as CO) coming unused from the re-
dueing apparatits are burneds and: become a
part of the' fuel; and thence' through the
drumn: 15 and into and through the discharge
stack'8. Now the operation of' the various
parts is preferably so regulated that the
roasted and heated ore discharged: from:the’
drum 15 and discharged through' the pipe
20" into the reduecing' apparatus 11, is not
sufficient tb clog the reducing’ apparatus 11.
That' is; the cyllidrical chambers 21 of: the
rediicing . apparstus are preferably never
completely filled with the ore, but the ore
is fed through the cylindrical chambers more
or less loosely by the spital conveyors there-
inj so’that: there is'at all times sufficient space
for fres passage of the reducing gas, and of
the spent: gasTesulting from the redueing gas
after it has acted upon theoreginthereducer.
The ore dropping through connections 23
and 24 sifts down:throtugh a‘rediteing atmos-
phere. The ore passing: from the reducing
apparatus: 11 passes: directly down through
the passage 24 into the collector and' rests
upon the surface of the liquid lead. Now
the parts are preferably rotated! at such
speed” that the ore’ preferably forms only
a- relatively thin layer over' the surface
ofi the' liquid lead; the ore being fed for-
wardly. at all tinies Hy the conveyor 31, so:
that' the:ore:is spread in a uniform layen

té: this' particulsr provision; I show the’ over: the: surfade ofthe lead.. It will' be
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seen that the devices at 10—11 form, in effect,
a feeder for the collector apparatus. At the
discharge end of the collector chamber the
ore may be piled up somewhat to perhaps
a little higher level than it is throughout the
length of the collector chamber; and the
discharge conveyor 40 takes the ore out of
the collector chamber as fast as it is moved
to the discharge end of that chamber.

Now, in the mode of procedure as herein-
above outlined, it will be seen that the ore,
at all times when it is in the collector ap-
paratus, is in a non-oxidizing atmosphere;
in fact, in an atmosphere of the reducing or
de-oxidizing gas. This reducing or de-
oxidizing gas first passes through the col-
lector apparatus, then passes into the de-
oxidizing apparatus where it de-oxidizes the
fresh unreduced and heated ore coming into
the de-oxidizing apparatus from the pre-
heater 10. The spent gas then passes on out
through the pre-heater. However, it is pos-
sible, and particularly so with some kinds of
ores which need not be so finely crushed, or
with ores which do not have any great
tendency to clog, to feed the de-oxidizing
gas into the de-oxidizer at such a point as
designated 502, In all cases it will of course
be understood that the de-oxidizing gas 1s
fed in under a pressure sufficient to exclude
atmosphere from all the parts. If a suffi-
cient quantity of ore is fed into the de-
oxidizing apparatus, so as to more or less
partially fill the chambers 21 ; or if the screw
conveyor in the upper chamber 21 is, for
instance, run a little more slowly than the
screw-conveyor in the lower chamber 21 so
that the upper chamber is somewhat more
filled with ore than the lower chamber: then
when the de-oxidizing gas is fed in at 50°
under a sufficient pressure, a part of it
would of course pass upwardly and a part
pass downwardly. This gas, or at least a
part of it, is used up in de-oxidizing the ore:
so that the gas which then passes down-
wardly along with the ore into the collector
is in that case, or partially is, the spent gas
from the de-oxidizing operation. In this
case it will be seen that the ore in the col-
lector is in an atmosphere of spent gas from
the de-oxidizer, which spent gas is of course
a non-oxidizing gas, under the conditions in
the collector. The temperature in the re-
ducer is usually higher than in the collector,
to maintain an efficient reducing tem-
perature; and I protect the collector with a
brick arch at 452 so that it does not get the
full heat of furnace 45. Arch 45* I now
make of loosely laid brick; it is not com-
pletely tight. The collector 12 is heated
mainly by radiation from the heated brick
of the furnace. At the rear end of the
furnace the gases are led through flues 45°
into the chamber 46 above the arch and
above the collector; and in this chamber 46

1,544,957

the reducer 11 is directly exposed to the heat

of the gases of combustion.

In practice, the reducing gas is, in any
case, fed to the apparatus somewhat in ex-
cess over that roquired for actual theoretical
operation of reduction, so as to be sure of
supplying the various parts of the appa-
ratus, and particularly the colicctor appa-
ratus, with a suflicient quantity of non-oxi-
dizing atmospbere: and at a pressure suffi-
ctent to exclude atmospheric air from the
whole interior of the apparatus.

I have said that one of the functions of
the apparatus at ¥, 15, 11 is as a feeder for
the collector apparatus 12. This apparatus
is so regulated as to feed the ore to the ap-
paratus 12 at a speed so that the apparatus
12 can keep the ore spread cut over the sur-
face of the lead in a relatively thin layer.
The ore thus is maintained at all times in a
comparatively thin layer floating above the
lead. The buoyancy of this ore—the resist-
ance which is opposed to sink the ore in the
lead—prevents the ore from being merely
carried around with the conveycr., Thus the
ore must be moved forwardly over the sur-
face of the lead at all times by the action of
the conveyor. There is thus no tendency to
choking of the ore, the ore is at no time un-
der any great pressure and is always loose
and free; but at the same time the lead sur-
face provides the necessary element to cause
the ore to be moved longitudinally by the
rotation of the conveyor screw.

The radial beater or muller rods at 34
provide means for carrying the ore into in-
timate contact with the lead. Their func-
tion is to agitate the layer of ore so that
every particle of ore will be brought into
contact with the liquid metal surface; and
they of course to a certain extent carry the
ore somewhat below the liquid metal sur-
face. I preferably keep the molten lead lev-
el just slightly over the top of shaft 32, so
as to prevent the ore from coming into direct
contact with the shaft, and thus prevent any
tendency of the cre to stick to the shaft.
The whole apparatus is to be so designed and
the conditions of operation are to be so
maintained, to suit any particular kind of
ore, that the ore is carried through the ap-
paratus in as large quantity as possible, and
that each particle of ore is carried into in-
timate contact with the liquid lead. Under
these conditions the ore which emerges from
the final discharge pipe at 42 is entirely
spent; or practically entirely so. T have
found by actual operation of an apparatus
of the kind herein described. carrying on my
process as herein described, that T am en-
abled to obtain extractions better than
ninety percent from lead and silver ores,
for instance. )

The spirals and the beater fingers slip
through the ore comparatively easily and do
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not exert any great pressure against it; al-
though the spirals have a tendency at times
to .pick up a piece of ore; and if this piece
of ore were left upon the spiral it would of
course immediately forin the nucleus for
gathering other particles of ore and the
spiral would soon become “balled up”. The
cleaner fingers on the shaft 35 effectually
prevent. this. The spiral does not have to
exert any great longitudinal pressure against
the ore to move it; and the beater fingers
disturb the ore slightly each time they pass
through the layer of ore. There may be a
large number of these beater fingers,

The spent ore at times carries with it
small particles of the lead ; but these may be
recovered easily by cooling the gangue be-
low the melting point of lead (in the cooler
49*) and then separating the lead out by
any suitable mechanical methods. A dry
concentrator will do this effectively. The
values are taken out of the apparatus by
withdrawing a part of the lead bath from
time to time. In fact, from time to time a

part of the lead bath may be withdrawn and

new lead put into the bath.

By my process of operation the ore is kept
free flowing and capable of coming into in-
timate contact with the liquid metal and
giving up its metal. And at the same time
I provide means for effectually moving the
‘ore and for saving the lead from loss by

.oxidization ; and also for preventing any re-

oxidization of the metal in the ore.

Tt will now be readily seen that ore which
has been already independently reduced by
any means may be introduced to the collec-
tor or amalgamator apparatus through the
feeder apparatus, as typified at 11; and this
ore may be heated and raised to the requisite
operating temperature by any suitable pre-
heating or roasting means, -or by the heat
supplied -at 47; and then the reducing sub-

stance, as a ga?s, may be fed into the appa-

Tatus in the manner here described, and the

temperature in the apparatus may then be
raised to -such a point as to heat the ore
sufficiently to then cause the reducing action
on the ore; and then the collection operation,
as hereinbefore described, will take place.
In such a case the collecting or amalgamat-
ing apparatus, becomes, in itself. an appa-
ratus complete in itself for reducing, metal-
lizing and collecting the metal from the ore.
It is not a requisite of my invention, in its
broader aspect, that a preheating or reduc-
ing apparatus must be used with the collect-
ing or amalgamating apparatus, as sepa-
rate elements of the operation.

Having described a preferred form of my
invention, I claim:

1. A method of extracting metal from
ores containing metal in metallic state, em-
‘bodying passing the ore over the surface of
a liquid metal, and moving the ore into inti-

B

mate contact with the liquid imetal as it
passes over it.

2. A method of extracting metal ‘from
ores containing metal in metallic state, em-
bodying passing the ore over the surface:of
a liquid metal, moving the ore into intimate
contact with the liquid metal as it passes
over it, and maintaining a non-oxidizing at-
mosphere on the ore and liquid metal.

3. A method of extracting metal from
ores containing metal in metallic state, em-
bodying passing the ore over the surface of
a liquid metal 1n a relatively thin body.

4. A method of extracting -metal from
ores containing metal in metallic state, em-
bodying passing the ore over the surface of
a liguid metal in a relatively thin body, and
moving the ore into intimate contact with
the liquid metal as'it:.passes over-it.

5. A method of extracting metal -from
ores containing metal in metallic state, em-
bodying passing the ore over the surface of
a liquid metal in a relatively ‘thin body,
moving the ore into intimate contact with
the liquid metal as it passes over it, @nd
maintaining a non-oxidizing atmosphere on
the ore and liquid metal. ’

6. A method of extracting metal from
ores containing metal in metallic state, em-

bodying passing the ores into contact with 95

‘heated molten metal, and maintaining upon
the ores and upon the heated molten metal
throughout the period of contact between
them a non-oxidizing atmosphere.

7, A process, embodying reducing metallic
ores, passing the reduced ores into contact
with liquid metal to -extract the reduced
metal, and maintaining a non-oxidizing at-
mosphere on the ores, throughout the opera-
tions of reduction and extraction.

8. A process, embodying continuously re-
ducing metallic ores, continuously passing
the reduced ores into contact with liquid
metal to extract the reduced metal, and
continuously maintaining a non-oxidizing
atmosphere on the ores throughout the op-
erations of reduction and extraction.

9. A process, embodying continuously re-
ducing metallic ores, continuously passing
the reduced ores into contact with molten
metal to extract the reduced metal, and con-
tinuously maintaining a non-oxidizing at-
mosphere on the ores and on the entire body
of molten metal during the operations of
reduction and extraction.

10. A process, embodying reducing ‘me-
tallic ores in a reducing atmosphere, pass-
ing the reduced oves into contact with -the
upper surface of a body of liquid metal and
maintaining a mnon-oxidizing atmosphere
upon the ores throughout the period of con-
tact with the metal. : ,

11. A process, embodying reducing me-
tallic ores in a reducing atmosphere, passin
the reduced ores over the surface of a liqui
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metal and maintaining a non-oxidizing at-
mosphere upon the ore and upon the liquid
metal.

12. A process, embodying reducing me-
tallic ores in a reducing atmosphere, pass-
ing the reduced ores over the surface of a
body of liquid lead, and maintaining a non-
oxidizing atmosphere upon the ores and
upon the liquid lead.

13. A process, embodying reducing me-
tallic ores, passing the reduced ores Imme-
diately across a body of liquid metal, and
maintaining a non-oxidizing atmosphere
upon the ores throughout such operations
and upon the liquid metal.

14. A process, embodying reducing me-
tallic ores, passing the reduced ores imme-
diately- across a body of heated molten
metal, effecting intimate contact between
the ore and metal, and maintaining a non-
oxidizing atmosphere upon the ores through-
out such operations and upon the heated
molten metal.

15. A process, embodying reducing me-
tallic ores in a reducing atmosphere, then
passing the reduced ores over the surface
of ‘a liquid metal, and maintaining a non-
oxidizing atmosphere throughout the con-
tact area of the metal.

16. A process, embodying reducing me-
tallic ores in a reducing atmosphere, and
then passing the reduced ores over the sur-
face of a liquid metal, and maintaining
thereon an atmosphere of the spent reduc-
ing atmosphere used to reduce the ores.

17. A process, embodying reducing me-
tallic ores in a reducing atmosphere, and
then passing the reduced ores over the sur-
face of a liquid metal, and supplying a sur-
plus of such reducing atmosphere at a pres-
sure to exclude atmospheric air and main-
taining an atmosphere over the liquid metal
of the surplus and of the spent parts of the

reducing atmosphere used to reduce the ores.

18. Apparatus of the character herein de-
scribed, embodying a liquid metal holding
chamber adapted to hold a charge of liquid
metal partially filling it, a conveyor adapted
to move ore into contact with said liquid
metal, means to supply ore to the conveyor,
and means to maintain a non-oxidizing at-
mosphere in the chamber.

19. Apparatus of the character herein de-
scribed, embodying an element in which an
ore is reduced, an element in which metallic
metal is extracted from such reduced ore,
means for discharging reduced ore from the
first mentioned element into the second men-
tioned element; and means for feeding a
reducing gas into both elements in common,
so as to form a continuous atmosphere of
reducing gas for the ore throughout both
elements.

20. Apparatus of the character herein de-
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scribed, embodying an element in which an
ore is reduced, an element in which metallic
metal is extracted from such reduced ore,
means for discharging reduced ore from the
first mentioned element into the second men-

tioned element; said elements being in com- ;

munication with each other so that they
may have a common atmosphere; and means
for feeding a non-oxidizing gas into the ele-
ments to provide a non-oxidizing atmos-
phere throughout both of them.

21. Apparatus of the character herein de-
scribed, embodying a liquid metal holding
chamber adapted to hold a charge of liquid
metal partially filling it, a conveyor adapted
to move ore over the surfuce of said hquid
metal, means to supply ore to the chamber,
and means to maintain a non-oxidizing at-
mosphere in the chamber.

29. Apparatus of the character herein de-
scribed, embodying a liquid metal holding
chamber adapted to hold a charge of liquid
metal partially filling it, a conveyor adapted
to move ore over the surface of said liquid
metal, means to supply ore to the chamber,
regulatable so as to maintain at all times a
thin layer of ore over the surface of the
liquid metal, and means to maintain a non-
oxidizing atmosphere in the chamber.

23. Apparatus of the character herein de-
scribed, embodying a liquid metal holding
chamber adapted to hold a charge of liquid
metal partially filling it, a conveyor adapted
to move ore over the surface of said liquid
metal means to supply ore to the chamber
regulatable so as to maintain at all times a
thin layer of ore over the surface of the
liquid metal, means to maintain a non-oxi-
dizing atmosphere in the chamber, and
means in conjunction with the conveyor to
beat the ore into the liquid metal during its
movement over it.

24. Apparatus of the character herein de-
seribed embodying a liquid metal holding
chamber adapted to hold a charge of liquid
metal partially filling it, a screw conveyor
extending longitudinally of the chamber and
horizontally therein, and adapted to move
ore over the surface of said liquid metal,
means to supply ore to the conveyor, and
means in co-operation with the conveyor to
disturb the ore and to cause it to be carried
into intimate cantact with the ligiud metal.

25. Apparatus of the character herein de-
scribed, embodying a liquid metal holding
chamber adapted to hold a charge of liguid
metal partially filling it, a screw conveyor
extending longitudinally of the chamber and
horizontally therein, and adapted to move
ore over the surface of said liquid metal,
means to supply ore to the conveyor, and
means in co-operation with the conveyor to
disturb the ore and to cause it to be carried

65

85

90

100

110

126

into intimate contact with the liquid metal,



)

1,544,957

said means embodying radial beater fingers
mounted upon the screw conveyor.

26. Apparatus of the character herein de-
scribed, embodying a horizontal liquid metal
chamber adapted to hold a charge of liquid
metal partially filling it, a horizontally ex-
tending conveyor adapted to move ore over
the surface of said liquid metal, means to
supply ore to the conveyor, and cleaner
means in said chamber adjacent srid con-
veyor and operatable with said conveyor to
clean from it any ore which may adhere to
the conveyor.

27. Apparatus of the character herein de-
seribed, embodying a horizontal liquid metal
chamber adapted to hold a charge of liquid
metal partially filling it, a horizontally ex-
tending conveyor adapted to move ore over
the surface of said hquid metal, means to
supply ore to the conveyor, and cleaner
means in sald chamber adjacent said con-
veyor and operatable with said conveyor to
clean from 1t any ore which may adhere to
the conveyor, said cleaner means embodying
a shaft parallel to the conveyor and close to
it, and a plurality of cleaner bars mounted

7

upon said shaft, and adapted to rotate into
contact with the spiral conveyor.

98. A process of extracting metal from
ores containing metal in metallic state, em-
bodying passing the ores in comparatively
small mass into intimate contact with a
metal, which is maintained in molten and
oxidizable condition by heat, and maintain-
ing a non-oxidizing atmosphere upon the
entire body of ores and upon the liquid
metal.

29. A process of extracting metal from
ores containing metal in metallic state, em-
bodying introducing the ores together with
a non-oxidizing atmosphere into intimate
contact with a metal which is maintained
in molten and oxidizable condition by heat,
and maintaining the non-oxidizing atmos-
phere on the surface of the liquid metal.

In witness that I claim the foregoing I
have hereunto subscribed my name this 29th
day of December, 1919.

HARMON N. TRACY.

Witness:
VIRGINIA BERINGER.
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