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To all whom it may cance:rn;- | |
. Be it known that we, HENRY LIVINGSTONE

- SuiMAN, Hugr Frrzaris KiRgkPATRICK-PIC-

ARD, and JoEN BALLOT, subjects of the King
of England, residing in I.ondon, England,
have 1Invented certain new and useful Im-

~ provements in Ore Concentration, of which

1O

the following 1s a specification. |
This invention relates to improvements in
the concentration of ores, the object being to

separate metalliferous matter,. graphite, and

- the hike from gangue by means of oils, fatt
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acids, or other substances which have a pref-
erential afbinity .for rmetalliferous matter
‘over gangue. | . -

In the process described 1n the previous
United States patent, No. 777,273, granted
te A. E. Cattermole, an amount of oil vary-
ing from four per cent. to six per cent. of the
waight of metalliferous matter present, 1s agi-

~ tated with an ore pulp, so as to form gran-
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ules which can be separated from the gangue.

In the previous United States patent, No.

777,274, granted to A. E. Cattermole and
others, a stimilar method of separation is em-
ployed, oleic acid being produced wn siiu in
the ore pulp. - | o

" We have
oily substance be considerably reduced —say
to a fraction of one per cent. on the ore—
granuiation ceases to take place, and after
vigorous agitation there 1s a terdency for a
part of the oil-coated metalliferous matter to
rise to the surface of the pulp in the form of.&
froth or scum. This tendency 18 depé&ndent
on a number of factors. Thus the water 1
which the oiling is-:;effecied 1s preferably
slightly acidified by adding, say; a fraction

~_ of one per cent. up to one per cent. of sul-

40

furic acid or other mineral acid or acid salt,

the effect of this acidity being to 'Frevent
y
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~ is not to bring about the generation of gas for |

50

gangue from being coated with ouly sub-
stance, or, In other words, to render the se-
lective action of the oil more marked; but it
is to be understood that the object of using
aci¢ in the pulp according to this invention

the purpdse of flotation thereby, and the
proportion of scid used i1s msufhcient to
causc chemiecal action on the metulliferous
minerals present. Again, we have discov-
ered that the tendency for the oillysubstance
to disseminate through the pulp and the ra-

[ test 1s necessary

found th‘a,t. if the prbportion. of

idity with which the metalliferous matter
ecomes coated is increased if the pulp is

-warmed. . The formation of froth is assisted
| by the fine pulverization of the ore, and we
find that slime mineral most readily gener-

ates scum and rises to the surface, while

larger particles have less tendency to be in-

cluded in the froth. The proportion of min-
eral which fioats in the form of froth varies
considerably with different ores and with
differentr oily substances, and before utilizing
the facts above mentioned 1n the concentra-

substance. yields the
scum desired. -

proportion of froth or
The following is an example of the applica-

RICK-PICARD,
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_ 95
tionof any particularore asimple preliminary
to determine which oily . .
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tion of this invention to the concentration of -

& particular ore. An ore .containing ferru-

ginous blende, galena, and gangue consist-

ing of quartz, rhodonite, and garnet is finely

powdered and mixed with water containing

-8 fraction of cne per cent. or up to-one per

cent. of a mineral acid or acid salt, conven-
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iently sulfuric acid or mine or other waters =
ferric sulfate. To this 1s added a

_. mnta.inin%

very small proportion of oleic acid, (say from
0.02 per cent to 0.5 per cent on the weight of -
The mixture 18 warmed, say, to 30° to:

ore.)
40° centigrade and is briskly agitated in =
cone mixer or the like, as in the processes
previously cited, for about two and one-half
to ten minutes, until the oleic acid has been
brought into eflicient contact with all the
mineral particles in the pulp. |

~ When agitation is stopped, a large propor- |

tion of the mineral present rises to the sur-

face in the form of & froth or scum which has

deérived its power of flotation mainly from
the inclusion of air-bubbles introduced 1ntc

| the mass by the agitation, such bubbles or

air-filims adaering only to the mineral parti-
cles which are coated with oleic acid. 'The
minimum amcunt of oleic acid which can be

used to effect the fotstion of the mineral in

the form of froth may be under 0.1 per cent.
of fhe ore; but this proportion has been
found suitable and economical.
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If the ore were crushed to ninety mesh to

the linear inch, (hslf of which ore will pass.

through one hundred and fifty mesh sieve,)

the froth mey contain about seventy per cent.
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| toeighty per cent. of the metalliferous matter



resent in 'thé'ore_. This froth is removed |

om the pulp by spitzkast, upcast, skimming,-
draining, or otherwisé.: After subsidence the

" oil-coated metalliferous matter removed as

Wi

’I'Q

froth is separated from any liquid which may

‘have accompanied it and treated with a dilute

solution of caustic alkali, which removes the
oleic acid in the form of a solution of soap.
If desired, the oleic acid used in .the first

instance may be produced in sifu in the pulp

by decomposing a dilute soap solution with
mineral acid, as described 1m the previous
patent, No. 777,274, cited above. he oleic

- acid or other fatty acid forming the coating

L5
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on the metalliferous matter which produces

the froth may give rise to insoluble soaps on
the surface th e metalliferous matter if solu-
ble lime, iron, or other salts are present in
small quantity during the *
the breaking down o% the froth with alkali.

‘Such insoluble soaps are difhicuit to remove

and are capable of adhering to air and caus-
ing flotation, much the same as the fatty

- acids do.
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" The metalliferous matter. which did not
form part of the froth (generally the larger
particies) remains in admixture with the

- gangue in the pulp. . To recover this, the

pulp is distributed in a thin layer on a shak-
mg-table, convex buddle, or the like, where-
“on the mineral is exposed to a free-a!r sur- .
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- face, which exposure may be increased by the

35

application of air-blast or air-jets or the like

and thereafter brough_t onto the edge or sur-
face of liquid, whereby the metalliferous mat-
ter floats and is separated from the gangue,

- which sinks, as described in the specification
- of our previous United States application

- . Serial No. 246,637, filed February 20, 1905.
40 -

The proportion of mineral recovered in the
froth and that recovered

speaking, the froth will separate the slime
- mineral while the larger particles are re-

covered by the latter method. o
In the acecompanying drawings, Figure 1

is a diagram in perspective illustrating one

form of apparatus suiteble for carrying this

‘invention into practice, and Fig. 2 represents
» in perspective an apﬁar&tus for carrying out

a secondary step 1n the process.

- Referring to

~ which there may be any number in series) is
-~ provided with a rotatable stirrer B. Crushed

55

ore 18 fed from a hopper C into the vessel by |-

-~ a band D. A pipe i, controlled by a tap K/,

- deid orf other oll 1s introduced through the:
The outer cock G from

_60
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delivers circuit-water to the vessel; and clelc

pipe F and tap F'.
the vessel A communicates through a swan-

neck pipe H with the froth separating appa-
-ratus.

In passing from the frothing algar&—-‘
tus A to the spitzkasten (say between O and
K) the pulp may, if desired, be run m a thin

leadin

roduction or on |

b(ir table flotation
may be considerably varied; but, generally |

ig. 1, a mixing vessel A (of_

835,120

The froth-separating appé.ra;tuﬁ comprises =

geveral (say three) pointed boxes J’ J* J°,
which open at the top into & horizontal chan-
nel consisting of side walls- K. The channel
has a narrow inlet K’ and spreads out to a
wide outlet K* ~The pointed boxes J’ J* J°
have fullway-cocks I/ 1.2 I.* at the bottom,

M3,
the bottom of
N2N2 - o

The boxes are all filled with circuit-water.
The pulp from the vessel A is distributed hori-

upcurrent of water may be led 1n at
‘each box “through a tap N’

zontally from the flat trough O through the.
| inlet K’. _
{ ticles of. mineral sink into the first box J’,
| from which they are led to a shaking-table,
| convex buddle, or the like, to be treated as

The -heavy sands and coarser par-

above described. The middlings or medium
sands fall into the box J%, and if they contain

any mineral may be removed for further

treatment by agitation. The upcurrent of
wuter from the taps N’ N? prevents the dep-
osition of any slime in these boxes. 'The

fine sands or gangue slimes settle in the last’

box J3, from which ‘they are discharged to
waste or further treatment. .
The slime mineral in the form of froth or

to swan-neck discharge-pipes M’ M?
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So
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scum floats from the hquid and is carried by

the stream over the outlet K2 into a launder

P and thence to a filter-Q, where the metal-
liferous matter is removed from the circuit-
water, which isreturned to the vessel A bya

pump R. The circuit-water inay be brought

to the proper temperature by passing 1t
through a heater S, having a burner 5/, before
admitting the water to the vessel A.

- An alternative method for the recovery of
any sunk oiled metalliferous matter which
may be deposited in the second and third
spitzkasten is as follows: The products sus-
pended in circuit liquor are removed from

‘the spitzkasten and placed in a vessel 1n
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which they are submitted to an additional |

pressure of air or other:gas of from, say, one

to two atmospheres or over. On relief of
such pressure the bubbles of air or other gas
s0 generated throughout the mass at once
sweep to the surface thereof all the metallif-
erous matter in the form of a froth which can
be separated as before. This i1dea 1s not
claimed broadly in this case, ‘but forms the

‘subject-matter of an application filed by us

on January 9, 1906, Serial No. 295,326.

Referring to Fl% 2, a mixing vessel a (of |
e

which there may be several in series) is pro-
vided with a rotatable stirrer 5. Crushed
ore or similar finely-divided mineral is fed
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into the vessel a. A pipe ¢, controlled by a

tap ¢/, delivers circuit-water to the vessel,
and in cases where o1l 1s used the oit is 1ntro-

duced through the pipe & in quantity sufli- -

clent to produce a thin coating of oil on these
mineral particles for which oil has an affinity.

layer over a -smooth slightiy-inclined plane. | , The pulp mixed with oil escapes over the
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| liﬁ- of the discharge-conduit @’ “and 'pﬁ.sséS-
~ through the pipe a* to a }irlump e.
- pulp 1s pumped throug

" dischar

thr e-pipe ¢’
1mto the closed chamber *f, which 1s

structed to withstand a considerable internal

4

- ratus used may be varied without departing

from this invention. | | EE R
- What we claim as our invention, and desire

‘Hence the

cOon-

835,120

per- cent. on. the ore), warming the. ﬁﬁxtlire,

agitating the mixture until the oil-coated

‘mineral matter forms into a froth and sepa-
rating the froth from the remainder by flota-
tion. R N .

the froth froin the remainder by flotation.

7. The herein-described process of concen-

-trating ores which. consists in mixing the

| . , S 70
> pressure and 1s provided with a safety-valve | 4. The herein-described process of concen-
- f’, the pressure-gage f*, and a gage-glass f* | trating ores which consists in finely powder-
to indicate the level of the pulp in thecham- | ing the ore, mixing it with slightly-acidified
- ber. " An outlet-pipe g, having a cock g’, | water; adding a small proportion of an oily
10 leads to a series of spitzkasten A, filled with | substance having a preferential affinity for 75
- circult-water. ' S metalliferous: matter (amounting to a frac-

- The operation 1s as follows: The cock ¢’ is | tion of one per cent. on the ore), warming the
closed. ' Pulp is pumped into the chamber £, | mixture, agitating the mixture until the oil-
which contains air or other gas, and the | coated mineral matter forms into a froth,

15 pumping 1s continued until the pressure in | separating the froth from the remainder by 8o
. the chamber rises to, say, fifty to one hun- | flotation, and removing the oily coating
dred pounds per square inch. The pressure | from the mineral... - - -~ -
1s sufficient to cause the air or other gas to be'{ 5. The héerein-described process of concen-
~ dissolved to a considerable extent in the pulp. | trating ores which consists in mixing the ~
.20 After the l_aﬂse of a few minutes for the due { powdered ore with water, adding a small pro- 8s
solution of the compressed air or:a portion of:| portion of oleic acid amounting to 0.02-0.5
1t by the pulp or the liguid the cock ¢’ is | per cent. on the ore, agitating the miixture
opened and the pulp is discharged into the | until the oleic acid has been brought into effi-
-+ open spitzkasten h, where the liquid ‘is of | cient ' contact with the, mineral and has
. 25 course under atmospheric -pressure. -The | formed a froth therewith, and separating the go.
 pulp e may be stopped during this discharge. | froth from the remainder by flotation. .
he whole of the mineral to which air ‘bub- 6. The:herein-described process of concen-

‘bles are attached—say the oiled mineral-—at | trating ores which consists in mixing the
once riges to the surface as a coherent scum | powdered ore with water containing a frac-

3o or froth. A surface current of water is | tion of one per'cent. of sulfuric acid, adding a 95
‘maintained 1n the spitzkasten, and the float- | small proportion of oleic acid amounting to
ing material is thus removeéd and separated | 0.02-0.5 per cent. on the ore, agitating the
from the gangue, which femains'sunk or sus- | mixture until the oleic acid has been brought
- pended 1n the liquid. =~ = . . into efficient contact with the mineral and - -
.35 The nature and arrangement of the appa- | has formed a froth therewith, and separating 100

. to secure by Letters Patent,is— = . | powdered ore with water containing a frac-
40 1. The herein-described process of concen- | tion of one per cent. of sulfuric acil;f, adding 105
trating ores which consists in- mixing the | a small proportion of oleic acid amounting to
powdered ore with water, adding a small pro- | 0.02-0.5 per cent. on the ore, warming the

portion of an oily liquid having a preferential | mixture to 30°-40° centigrade, agitating the
- afhinity for métalliferous matter, (amounting | mixture until the oleic acid has been brought
45 to a fraction of one per cent. on the ore), agi- { into- efficient contact with the mineral and 110

" tating the mixture until the o6il-coated min-

- eral matter forms into a froth, and separat-
g the froth from the remainder by flota- |

has formed a froth therewith, and separating

the froth from the remainder by flotation.
8. The herein-described process of concen-

- tion. - o o ‘trating ores which consists in finely powder-
50 ' 2. The’herein-described process of concen- | ing the ore, mixing it with water containing a 115
trating ores which comnsists in mixing the | fraction of one per cent. of sulfuric acid, add-
- powdered ore with slightly-acidified water, | ing sufficient oléic-soap solution to produce
- adding a small proportion of anoily liquid | oleic acid amountingto 0.02-0.5 per cent. on
- -'having a preférential affinity for metallifer- | the ore, warming the mixture to 30°-40°
§5 ous matter .(amounting to a fraction of one | centigrade, agitating the mixtire until the rze

: | - oleic acid has been brought into efficient con-
- until the oil-coated mineral matter forms | tact with the mineral and has formed & froth
into a froth and separating the froth from the | therewith, separating the froth from the re-
remamder by flotation.. -~ - - | malnder by flotation, filtering off the froth |
.- The herein-described proeess of concen- | and removing the oleic acid therefrom by 125
' X3 -tréeatment withanalkalz, -
9. The process of concentrating powdered
_ores'which consists in separating the mineral
from the gangue by coating the mineral with
~o0il 1p water centaining a small quantity of -

per cent. on-the ore), agitating the mixture

'3

60

trating ores which consists in mixing the
- powdered ore with slightly-acidified water, |
~adding -a small proportion of ‘an oily liquid
having a preferential affinity for metallifer-

65 ous matter (amounting to a fraction-of one

130
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| ores which consists in separating t

-

oil, a.gltatmg the mixture to fonn a froth,

| and c:e%

rating the froth.
he process of concentrat1n%1powdered
e mineral

from the gangue by coating the mineral with

oil in water containing a small quantity ofoil,
- warming the mixture, agitating

the mlxture

- to form a froth, and separatmg the froth.

[o

- from the gangue by coating the mineral with.

IS
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-~ of o1l on the ore, agitatin
cause the oil-coated mineral to form a froth,
-and separating the froth from the remmnder-

- frot
" 12.The process of concentratin powdered
ore which consists in separating the minerals:

11: The process of concentrating powdered

ores, which consists in separating the mineral

oil in water containing a small quantity of oil,
and a quantity of acid insufficient to cause'
chemical action on the metalliferous miner-
als present, agitating the mixture to fGI‘]]l A
, and sep&r&tlng the froth. .

from gangue by coating the minerals with oil
in water containing & fraction of one per cent.
the mixture to

'-mg less than one

835, '120‘

er cent. of sulfuric acid,
adding suflicient oleic-soap solution to
duce oleic acid amounting to 0.02-0.5 per

cent. on the ore, warming the mixture to 30°-
40° centigrade, a%tatmg the mixture until .

the oleic acid has een brought into eﬁclent
contact with the inineral and has formed =&
froth with the finer mineral, distributing the

mm:ture on the surface of a current of water '

pro-.
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running over columns of water, so that the
coarser ininerals and sands, the finer sands |
and the gangue slimes successwely deposit

~out while .the froth is floated away by the

current, filtering off the froth and remov'm%

the oleic acid therefrom by treatment with
| an alkah and separating t]:m coarser mineral

from the sands by exposing them a.lternately
to air and water.
In testimony whereof we have signed our

_ﬁnam es to this specification in the presence of

two subscribing witnesses.

HENRY LIVINGSTONE BULHAN .
- HUGH FITZALIS EIBIPATRIGE-PIGARI}

of the mixture. JOHN BALLOT.
13. The herein-described process of con- |  Witnesses; | |
centrating ores which consists in finely pow- Gro. J. B. FRANELIH ;o
- dering the ore, mixing it with water contain- T.J. Osman. .
DIE CJL_A.IMEB-

11111

: Lsmited

[Oficial Gazette, April 3, 1917]

, Dlsclaimer in Létte_rs Patent No, 835,1 20,

835,120. -—-H enry Lzmngstone Sulman, Hugh Fttzalw Kzrkpatmk—Pward and J a?m
o ORE CONGENTRATION.
- 1906-. Dmclmmer ﬁled March 28 191 7 by the asslgnea Mmerals Sapamtum,

Patent dated November 6,

1‘--...

« Your petltmner t.herefore for the pur[ﬁ)se of complying with the reqmrementa
of the law in such case made and provided, and of dlsclmmmg those. parts of the
thmg patented whlch ]rour petrtioner does not choose to claim or hold by virtue of
‘said Letters Patent N@ 835,120, doea hereby dlsclmm from claims 9, 10 and 11 of
sa.ld Letters Pa.tent N o. 835,120, any process of concentratmg powdemd ores
excepting where the resulta obtained are the results obtained by the use of oil in a
quantity amounting to a fraction of one per cent. on the ore. &

DIBQI..AIMER

835 120——Ham'y Liarivlg'atm Sulman, Hugh Fitealis Etrkpatmk-Pmrd', and
- Jokn Ballot, London, England. Ogre CoNOENTRATION. . Patent dated Novem-

ber 6, 19086. Dlsclalmar filed June 27, 1922, by the: amlgnee, M merals Separa-

tion Nért}a American G’orpomtiom

“Your petitioner therefore for the purposé 0f assuring d,lsclalmer of those parts
“of the thing patented which your petitioner does not choose to claim or hold by .

&

virtue of said Letters Patént; if such parts have not been already fully disclaimed,
. does hereby disclaim, as of Mardl 28, 1917, as well as of to-day, from claims 9,
10, and 11 of said Letters Patent No. 835,120 any process of concentrating pow-
dered ores excepting where the results obtained are the results obtained by the
~ .use of oil in a quantity. amountmg to -8 fractmn of one per cent on the ore,” =

[Offcial Gasette July 11, 1968.]
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| ores which consists in separating t

-

oil, a.gltatmg the mixture to fonn a froth,

| and c:e%

rating the froth.
he process of concentrat1n%1powdered
e mineral

from the gangue by coating the mineral with

oil in water containing a small quantity ofoil,
- warming the mixture, agitating

the mlxture

- to form a froth, and separatmg the froth.
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- from the gangue by coating the mineral with.
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“Your petitioner therefore for the purposé 0f assuring d,lsclalmer of those parts
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Disclaimer in L’ette_rs Patent No. 835,120

DISCLATMER.

835,120.—Henry Lrvingstone Swlman, Hugh Fitzalis Kirkpatrick-Picard, and J ohn
 Ballot, London, England. Ore CoxceEnTRaTION, Patent dated November 6,
1906. Disclaimer filed March 28, 1917, by the assignee, Minerals Separation,

Lamited.

said Letters Patent No. 835,120, does hereby disc
sald Letters Patent No. 835,120, ; &Ny process

excepting where the results obtained are the resul
quantity amounting to a fraction of one per cent.

[Official Gazette, April 8, 1917

ts obtained by the use of oil jn &



| purpose of gssuring disclaimer of those parts
petitioner does not choose to claim or hold by

7, as well as of to-day, from claims 9,

centrating pow-
results obtained by the

r cent on the ore.”
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