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' To ell whom it mey concern’

Be it known that I, ‘ROBERT MGKNIGHT a cmzen of
‘the United States, residing at; Pltteburg, in the county
of Allegheny and. State of Penneylvame., have invented

. new and useful Imprevemente in the Art of Treating
‘Ores, of which the ,iellewmg is a epeelﬁeetmn |

My invention has reférence to a'treatment of eree b}'

a chloridizing roasting; In. '?Fhmh I effect. the ree.etmg.

by means of a superheated oxygen containing gas

having a temperature of about 500% C.-when entering
the furnace, preferably mtheut any outside source of:
‘heat.
" and . agltated a euperhee.ted oxygen containing’ gas |.

I project upon the ore while it is being roasted

having a temperature of about 500° C. " This greatly:

produced by the superheated oxygen eentammg gas;

By the fact that the roast is not cooled by -the intro-
. duction of cold air, and by the heat caused by the in--
‘cressed rapidity -of: the reactions produced renders a

leee degree.of heat in the roasting furnace neceme.ry or
obviates e.utlrely the need for this empleyment of ex-

reaction much more thorough, and' renders:the vola--

tile products £ free or nearly 8o from ge.eee that interfere |

with the successful operation of the process.
I will describe now lwdetaﬂ the manner in whlch'

I practice my invented.art.
'The oree suitable .for treatment. by my. invented

methed are ores containing materials such as eulfur

silica, arsenic or any other of the well h:mwn matenale_

that render the ore intractable when treated by-an

amalgamation. process, but which can.be rendered in-

nocuocus by ‘combining them with godium and oxygen.
These ores include those ‘where, for any reeeen, S0INE

of the materials are introduced into the ore. "As an

oxygen containing gas, I usually empley steam or at-
mospheric air or a mixture of steam and air. . -~ -
I make a mixture of the ore to be maeted mth ealt

The ore is reduced-to a fine consistency, most advan-
tageously, to about 30 mesh. The ore and salt mix-
ture should, of course be intimate. Practically salt to

‘about 10% of the ore is added. This percertage how-.
"ever depends entirely upon the quantity of the mate- 1

rials to be converted into oxysodium salts.
The mixture is roasted with agitation. This roasting

can be started either by the application of heat- other -
than that preduced by the heated oxygen containing |’

gas such as air or steam, or the heated oxygen contain-
ing gas such as air or steam can be relied upon for this
purpose from the begmnmg In some cases, the ore
can be more conveniently treated by the use of other
heating means besides the hot oxygen containing gas
such as. air or steam durmg the entire roast. During
this roasting and agitating a large and prefere.bly con-
tinuous supply of euperheated oxygen ceute.mmg gas

such as steam or air preferably having a tempemture
of about 500° C. is directed upon the roast.

I.j_ ‘The roasting is done, ‘preferably in a revolving cyl-
inder furnace, for,.by so doing, the agitation produced

such as air or steam or mlxture of the two is kept near
the surface of the ore, a new surface is continually pre-

60
is thorough, the euperheeted oxygen centmmng 2’8

sented to the a;lr and ceng of the oré in the cylinder

18 prevented Within reasonable limits the hotter the
air.or steam that is introdug¢ed the bettér. It can’ be

‘introduced into the furnace if desired through the ore’
Imthdmwal port. Preferably it is -introduced as -a.
large jet or blast of air or steam. The supply of OXy- ...

‘gen, whether derived from the air or steam.supplies or
“helps to eupply the large amount of oxygen required
in the’ conversion of the materials .that render the

erude ore refractory and increase the temperature of

the roast, both by its proper heat, and by the increased

mpldlt}?’ of the reactions produced ‘Another advan-

tage derwed by the use of the superheated air or steam
consists in that the volatilized preducts-are free from
reducing gases present in ordinary reastmg, such as
carbon monoxid; and thus renders it easier to retain
the volatilized metals in the form of soluble salfs.
Like all reactions produced in-the chloridizing. roast-
*ing of ores, the reactions produced in any invented art
are very eemplieeted and, in their details, are uncer-

united with the sodium of the salt to form sodium sul-
fate.
the case of many of the metallic sulfids. Several at
least seem to oxidize to sulfate which, with salt form
metallle chlorida - and sodium sulfate. Some metallic
chlérids sre decomposed by the roasting: process and
furnish free chlorin, which-is, of course, very active.
. The silica seems to partly become sodium silicate - di-
rectly with the llberatmh of chlorin, and thus even the

| gold becomes in part at least chloridized.

A typical probable reaction of an ore may be cited
and is shown below. This ore contains as materials
| reudermg the ore refre.ctery zme sulfid, leed eulﬁd
iron pyntes end silica.

(1) Zn3+ ZIISO

e ZnSO +em».lc1._.k:e»,,seul +ZnCl,
8) PbS-120, = PhSO.

4) PbSO,+2NaCl=PbCl,-+-N

(5) 4FeS, +150,-+ 2H,0--16NaC

(6) 4FeC) 480, =2Fe403+-6Cl

(7 ) R eTRRib 40 —2Na,810,--2C1,

(8) 2Au-{-3Clgmm 6

2 4.6, and 8 secondary reactions. |
| Frem this as an example, a practical mining man

the arsenides &c. ———Weuld act.

various metal are mostly volatile at the temperature
| and under the conditions of this mventlen These

This change is beheved not to be immediate in:

4f‘e01ﬁ—4H0H—BNB,304 -
105 ;

The chlorids, eubchlerlde eiyehler1de etc. of the
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are therefore collected in a suitable condensing appa-
ratus such as:is described in my Patent No. 737,103,
After the roast has been continued until the ore is
rendered non-refractory, which will be when the ele-
ments that render it refractory in its raw state are ren-
dered innocuous through entering nto compounds,
chiefly oxysalts of sodinm, the ore is removed from
the furnace and preferably allowed to pass into 2
suitable amalgamator while it is still hot. A very
suitable device for this purpose is the one invented by
me and shown in my application for Letters Patent
having the Serial Number 330887 filed Aug. 16, 1906;
which enables also the resulting solution to be saved
for further treatment by electrolysis or a suitable
chemical precipitant for the purpose of saving any
metals which may have remained in solution.-
‘There may be of course cases in which the ores as
taken from the.ground ore not refractory but which

are most easily treated by introducing elements that

render them so and such ores are equally susceptible
to treatment by the above described method.
Having now described my invention what I clzum

| and desire to secure by Letters Patent is:

. The art of reducing ores that contafn elements ren- -
dering the same refractory, whidh consists in- roasting a
mixture. of groynd ore and salt by means of a super-
heated oxygen containing gas, the salt being In suﬂlment
quantity to furnish sufficlent sodium to substantially con-

vort  the elements rendering the ore refractory, in 1its

crude state into oxysalts of sodium, roasting and agitat-
ing the mixture of ore and salt and simultaneausl
recting upon the same, supel.heated oxygen containing
gas continutng the roast until the elements rendering the
ore * refractory are thoroughly oxidized and metaliic
chlorids of metals contained in the ore are produced, “col-
lecting and condensing these volatile chlorids when vola-

tilized, and treating the residue of the ore Ly amalgamn* |

tmn, substantially as described.

. The art of reducing ores that contain elementis ren-
dering the same refractory, which consists in roasting a
mixture of ground ore and salt by means of ‘a super-
heated oxygen containing gas having a temperature of

about 500° C. on entering the furnace:; the salt being in

suﬂ’lclent quantity to furnish sufficient sodium to substan-
tially convert the elements rendering the ore refractory,
in its crude state into oxysalts of sodium, roasting and

di-

|

1

.eupcrht
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858,667

tleatmg the residue of the ore by amalgamatmn sul)-
stantially as described.

3. The art of reducing ores that centain elemenls-ren-
dering the same refractory, which consists in roasting a
mixtare of pround ore and salt by rmeans of a super-
heated oxygen containing gas without.any other source
of lieat. the salt bLeing in sufficient quantity to furnish
sufficient sodium to substantially convert the elements
rendering the ore refractory in its crude state into axy-
salts of sndium_, roasting and agitating the mixture of
ore and salt, and simultaoeously directing upon the same
‘ted m__ oen containing gas such as air or stesm,
continviag the roast until the eclements rendering the ore
‘E‘fl‘ﬂﬁtf' v are -horoughly oxidized. and metallic chlorids
.ined in the ove aure produced, collecting

and coiinsing these volatile chlorids whlhen volatilized,
and treaticg the residue of the ore by amalgamation, sub-

*"-‘ “'#ﬁ-._-

stantinlly as deseribed,

: 4, The art of reduuuﬂ: gres that contain elerients ren-
dertog. the same vefractory, which cousists in reasting a

mixture of ground ore and salt by means of a ‘super-
heated.-oxygen containing gas, the salt being in sufficient

quantity to furnish suflicient sedium to substantially con-

vert the element rendering the ore refractory, in its
crude state into oxysalts of sodium, roasting and agitat-
ing the mixture of orve and -sait, and simultaneously di-
reécting upon the same, a superheated oxygen containing
gas continuing the mast until the clements rendering the

.ore refractory are thoroughly oxvdized, and metallic

chlorids of inetals contained in the ore are .produced,
collecting . and condensing these volatile chlorids when
volatilized, and treating the residue of the ore by amal-
gamation and the resulting solution of the non-volatilized
solible chlorids by a wet method qubqtantm&v .28 de-
scribed. Rt

5. The art of reducing cres that contain elements reo-
dermg them refractory to treatment by amalgamation,
which consists In roasting a mixture of finely divided ore
and salt with agitation in a closed chamber and 51mu1-
tanecusiy . directing upon the said roasting ore, while
thus inclosed and agitated, a superheated oxygen con-
taining gas, continuing the roast until the elements ren-
dering the ore refractory are oxidized, forming metaltic
chlorids, apd treafing the ore residue by amalguamation
qllllhtﬂﬂtlﬂlh‘ as described.

6. The art of reducing’ ores containing elements rem-
dering the ore refractory in iis"raw state, which consists
in- roasting the ore with sufficient salt to provide suffi-
cient sodium to form oxysodium salts of the elemenis
rendﬂring the ore refractory until the elementis rendering
the ore refractory are formed into innocuocus compounds,
and then subject the ore while hot from the roasting, to

agitating the mixture of ore and salt, and simultanecusly | an amalenmation process; substantially as described.

directing upon the same, a auperheated oxygen contain-

inz gas having a temperature of about 500 C., continm-
ing the roast until the elements rendering the ote re-
tractory, sare thoroughly oxidized, and’ metallic chlorids

* of metal contained in the ore are produced, collecting and

condensing these volatite chlorids when volatilized. and

In testimony whereof I afiix my signature In presence
of two witnesses.
ROBERT M(_?KNI{}HT.
Witnesses :
FLiAs LELVOYE,
BI—:;}TM(:E FITZGERALD.
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