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. ‘FLOTATION OF ORES. .

Iifo'l)rawing,

-This_invention relates -to- the' concentra-
. tion of ores by flotation, and, more particu- .
larly, to the differential flotation o ‘mixed

- sulfide ores.” The invention has for its ob-
- & ject the provision of an ‘improved method
of concentrating ‘mixed or. complex sulfide
ores by differential flotation.
larly, the invention aims to provide an im-

- proved - method . of concentrating by differ-
- 10 ential flotation a mixed or’ complex -sulfide
ore containing either, or both lead or copper.
“sulfides -associated with either, or both zine:
or iron sulfides, == = - T
_Our: present invention involyes treating

- 18 the mixed or .complex stilfide ore, reduced.
- to a flotable size, with a halogen, such as
" chlorine; bromine, or iodine, either in neutral
(that is, non-acid) solution; or in ‘conjufic-
tion with an alkaline agent such as an alkali,”

20 alkaline salt, an alkali earth salt. or -hy-
- droxide, ‘and the like. The:lead: or. copper,

: . or both; may be floated as a primary prodiict
and the zine as a, secondary ‘product. . The
iron is inhibited from floating and remains
25 with the tailing.  If desired, .a*iron concen-
trate may be’secured by subjecting the tail-
‘ing to a flotation operation ‘in the presence
of “suitable oils or other flotation- agents.

- For example, the thus treated ore is subject-
30 -ed to a flotation operation and the lead or:
copper,. or both, may be - recovered -inthe

-~ flotation concentrate, while flotation of the
zine or iron sulfides, or both, is inhibited and -

" remains- with - the tailing: ' The tailing is
35 then subjected to ‘another flotation opéra-
" tion and’ the zing sulfidé ‘récovered: in the
- flotation concentrate while, flotation of the
. iron sulfide-is inhibited; L T e
- In general, the ore is ground to. the -de-

40 sired size in a ball ‘mill in the presence of a

,priate alkaline agent. ~In many ‘instances,
“improved. results. are obtained by the: addi-

~ tion of zinc sulfate.
45 is thereafter subjected to a- flotation opera-
~-tion in the-presence of an oil, or other ap-.
propriate flotation agent, whereby -a froth
15 formed containing most of the lead or_cop-
per, or both.  The oil, or other appropriate

50 flotation agent, may be added -at the ball.
mill, or .at the flotation machine, or at an
intermediate point, according to'the.charac-

. teristics-of the ore and flotation ‘agent. Af-
ter removal of the lead or copper; or both,
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More. particu- -

- from one another,
in' a tank or

“readiness i
‘passed to a_flotation machine of a suitable

-agents may be added to t

- in accordance

: 4 : 8 alkaline salt, an
" halogen alone or together with an appro- .

The thus treated ore .

1924. Serial No. 697,380,

‘an appropriate amount of an. alkaline agent,
or a halogen,
agent, is added. T
proved results may be obtained by the addi-
tion of copper sulfate with one or. more of
the other reagents.
then subjected to another flotation operation

to_form a froth containing most of the zinc.
1 _ inhibited from floating -

~and remains with the tailing. .

- If'the ore is already of such fineness that

sulfide. The iron is

the grains of the component sulfides are free
the ore pulp is subjected -

to a . time treatment 'in the ‘presence of s
halogen alone;
kaline_ agent, with or without zine sulfate,
-and ‘so constructed ‘as to give the pulp the
necessary treatment. The pulp is now in
for differential separation, and is

+ype, where, after the addition of oil or other

The remaining ore is

55
or a halogen and an alksline '
0" certain instances, im-

or in conjunction with. an gl- . .

70

other container large énough - -

(2

appropriate flotation agent, a froth contain- :
ing the lead or copper, .or both, is produced;

the flotation of the zine
The further treatment

‘g previously described,
e
preceding the flotation of t
that the pulp and ‘
time to interact. . . -

-Our investi
ber of the ha

ogen group may be employed

practice, either-bromine,

chlorine, or iodine

and iron is inhibited.
of  the pulp and sub-
_sequent flotation of the zinc. is conducted
although the' re-
ulp at any point
e zinc, provided. -
reagents have .sufficient"

with the invention; that is, in

ations indi(:até"the;t a,ny mem-

may be employed withhe%ua;ll_y good results, -
2,

In conjunction with a

ogen, we may em-

ploy an alkaline agent, such 'as an alkali; an =~

droxide, and the like.
line agent employed
nature of the: ore, as
stood by. the. art. In treating some ores, it is

bination with ‘the other reagents, ‘as it aids

The practice of the inveéntion will be fur:
ther illustrated by the following examples:

- 1. /1000 grams
‘which was'added 500-cc. of water; bromine—
1.0 1b. per ton, .
per ton, and zinc sulfate—0.5 b, per ton of

. in securing a lead product low in zinc. . -

“The ‘particular alka-’
is_determined by the
will be readily under--

sodium bicarbonate—3.0 1bs.-

alkali earth salt or hy- .

- advantageous to employ zinc sulfate in com- *

10

of ore (through 10 mesh) to-

106

ore, were ground until the ore minerals (sul- .
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15

35

85

‘60

a
fides) were free and of a size suitable for
flotation. The pulp was then diluted- to

about 4 parts of water to 1 part of ore by
weight and transferred to a laboratory flota-
tion machine, 0.3 Ib. of Barrett No. 4 oil
added, and the resultant froth, containing
the lead (galena) removed; 1.0 lb. of caus-
tic soda and 1.0 1b. of copper sulfate were
added to the pulp, and allowed ‘to mix
and react with the pulp for two minutes. A

“froth containing the zinc formed upon the
addition of 0.8 lb. of a coal tar creosote and -

0.1 1b. of a steam distilled pine oil, and was
removed. This froth was given one cleaning

in the same machine, but without further

addition of oil or other reagents, resulting in
a zinc concentrate and a zinc cleaner tailing
or middling product. The results of -this
run are indicated in ‘the following tabula-

tion:
Assay Per cent recovery
Per . ¥ ¥
cent 7 :
Product t:tlal Per | Per | Per i :
weight cent | cent | cent Fe Zn Pb
81 "Fe | Zn | Pb
6.6 15.2°| 8.6 100.0[100.0|100.0
3.6 10.6 | 550 5.9 7.6 | 69.3
4.71 40.1 7.91 17.71,80.5| -22.9
9.11 13.4 2.0 | 12.¢ 8.2 2.2
7.6 1.0 0.8: 63.2 3.6 5.1
9.7 9.9 99.5

2. The same procedure as in Example No. .

1, but in which 1.0 lb. of iodine per ton of
ore is substituted for bromine:
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1bs. of sodium bicarbonate, and 1.0 1b. of bro-
mine, but zinc sulfate omitted. -
. - 3
Assay Per cent recovery
l,“t ; ;
oo —
Product .| total | o | Per Per | Per :
weight| Ag. cent |cent {cent| Ag. | Fe | Zn | Pb
: £ |"Fo.| Zn | Pb
- . - L
Head...occooeen 100.0, 8.35 6. 53.15.15 7.78:100, 0100. 01100. 0100,
Pb Conc. T 13138 | 4.0 [15.5 |47.5 | 68.8] 8.1} 13.4) 80.
Pb tailing. ...~ ©86.9,3.0.| 6.9 15.1 | 1.8 | 31.2) 91.9] 86.6) 20.
Total_.__. mm'{ . 100. 0(100. 0100, 0100.

5. 1000 grams of ore were ground to the
‘required fineness' with 500 cc. of water, 1.0

1b. of chlorine, and 1.21bs. of sodium hydrox-
ide per ton of ore. The pulp was then di-
luted to about 4 parts of water to 1 part of
ore by

flotation machine. After the addition of 0.3

1b. of Barrett No. 4 oil (per ton of ore), a

froth was produced which contained the lead
(galena) ; then 1.0 Ib. of sodium hydroxide
per ton of ore was placed in the pulp, and
after a time interval of two minutes, 0.8 lb.

of coal tar creosote and 0.1 lb. of pine- oil -

were added, and a froth containing the zinc
(sphalerite) produced. The iron remained
in the tailing. : _

- Per Assay Per cent recovery
- cent -
Product tt?ttal Pert I’m‘t Pez;l F z .
iy cen! cen cen! ] n
weight| "Fg | Zu | Pb
6.7 1431 7.9]100.0 | 100.0 | 100.0
55| 16.2] 506 6.4 141 70.4
50} 50.8| 6.0 148 70.00 1.9
131 3.0 32| 152| 125 3.2
S| o8| o3| e 33| 22
100.1 | -90.9| 9.7

3. The same procedure as in Example No.

1, but in which 1.0 Ib. of chlorine is substi-

tuted for the bromine, and 3.0 lbs. of sodium
carbonate for- the bicarbonate: :

N ;
Por 558y Per ognt recovery
cent - = : '
Product ¢ (;)t(ai" P“; Pe»rt Pert- 1‘: L .
f cent |-cent | cen (] Zn :
weight| "ge’ | Zn | -Pb
100.0 . 7.7{ 1.2 5.7 | 100.0 { 100.0 | 100.0
8.4 6.2 1401 5.6 6.8 10.5) 74.6
. .| 14.5 6.9 48.7 6.0 13.0| 63.0| 152
Zn middling...- 9.0 14.0| 24.0 3.0| 16.4] 19.3 4.7
Tailing..._--c.. 68.1 7.2 L2} 0.5 63.6 7.3 6.0
Total....- 100.0 99.8 | 100.1 | 100.5

4. The same mechanical procedure as in

Example No: 1. = The reagents -used are 3.0

Assay | Per cent recovery
. P:tol )
cen! :
Product total | Per | Per | Por )
-|weight| cent | cent | cent | Fe Zn. | Pb.
St Fe Zn Pb I :
Head. 100. 0 8.2 12.8 8.7 | 100:0 | 100.0 | 100.0
Pb R.conc.....| 14.6 4.0} 18.4| 453] 72| 210 758
Zn oonc...... -{ 16.2 52| 48.6 7.7 10.3 ] 6L.5{. 144
Znmiddiipg | 97| 89 13} L0} 645 60} 69
Total____. ws| - 82.0 | 88.5 1

> 6. 1000 grams of ore (through 10 mesh)
were ground to the required fineness with
500 cc. of water, and bromine equivalent to

- 1.0 1b. per ton of ore. The pulp was diluted

as before and then passed to a flotation ma-
chirie. Upon the addition of 0.4.1b. of Bar-
rett No. 4 oil (per-ton of -ore), a froth con-

iron remaining in the tailing. A.zinc con-
centrate is not shown, but may be made in
the same manner as in preceding tests.

o|looe

s

70

76

80

weight and placed in a laboratory

85

95

100

105

110

taining the lead was produced; the zinc and ‘

115

120

125

Assay Per cent reeo\veryv .
. T
losn "
Product Per | Per | Per | . |
eight| cent | cent | cent | Fe Zn | Pb.
Fe | Zn Pb .
6.32 | 14.07 | 6.61 | 100.0 | 100.0 | 100.0
35 96 |526 | 51| 69| 125
N 6.6 |14.4 | 20 ] o490} 931 215
Total...>| 100.0 ) 100.0 | 100.0 | 100.0
- 7. 1000 grams of an ore were ground to
‘the desired fineness in a ball mill with 3.0.-:

1bs. of sodium carbonate, 1.0 lb. of zinc sul-



- Barrett No. 4 oil. . The greater portion of.
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fate, and 1.0 lb. of chlorine perlton of ore,

and 500 cc. of water. The

ulp was diluted
as before and then place

“in- a flotation

machine of ‘a suitable type, oil added, and .
the froth containing the lead removed. To
the pulp in the flotation machine, 2.0 Ibs. of -

chlorine per ton of ore was added. A. froth
rich in zine
and

oil. "The remainder of the zinc wis floated
and removed by the ‘addition of 0.5 1b. of

the iron rémained in the tailing: - The zinc

rougher concentrate was cleaned once, form-
ing a zinc concentrate and a zine middling.-

‘ S Assay [ Per cent recovery
cent of| . . . - e
. Product total | Por | Per | Per I R
o “.{weight| cent | cent | cent | Fe Zn |- Pb
Fe | Zn' | Pb | . o
........... 100.0 | 7.6071 1146 | 5.67 | 100.0 | 100.0 | 100.0
PbR.cone.___| 10.2 | 6.8 |15:8.(4L4 | 91| 141 744
Zn cone...... -2 M4.11 8.3 | 500 6.0 | 1.7 A5 150
Znmiddling. =)~ 8.7 1138 | 20| 30 | 158] 74| 48
Tailing......... Jenolnz Lz 05| &4] 70| oo
Total.....| 100.0 | - S 00,0 | 100.0 | 100.0
- 81000 grams of ore were ground to the
;o desired fineness in'a ball mill with 1.0 1b. of

. diluted as before and passed

. elevator-in-practicg

chlorine; 0.5 1b. of zinec sulfate; and 3.0 1bs.
of .sodium: bicarbonate ‘per ton.of ore;. to-
gether with 500 ce. of water.
to. 4 flotation
machine, o1l ‘added, and the.

‘machine, 1.0.1b. of caustic soda ‘was added,
. allowing a" time ‘treatment of ‘two minutes-

(equivalent to 'p’tiss'a%e.t_hrbugh launders and .
: i - operation), ‘and upon -

the addition of 0.4 1b. of Barrett No, 4- oil

and 0.05 of steam distilled :pine oil, a froth
. formed, which contained the zinc.© = .-

L z,‘, B

-3 - .
e
WERE |

Cu R. conc. 8
Zn R. come. 4
Tailing..... k el 8

"Total ..o 100.0 ) 100.0 [ > 1000

lead and zinc, subject, of course, to the same

- restriction; i, e.; the nature of the ore and

~ ball mill with 2.0 Ibs. of caustic soda, 1.0 Ib.

-condition ‘of the ore pulp. - L
©'9.71000 grams of ore- (through- 10, mesh)

were ground -t6 ‘the necessary fineness in a

. of chlorine: per ton of, ore, and: 500 cc. of

30

.water. . The pulp was diluted as before and
‘passed to:a flotation machine, and upan the
addition of a suitable oil, a frothcontaining

(blende) formed immediately, - |
resulted in the removal of a consider- -
able portion of sthe zine without the use of "¢

‘combined with

‘used
_that any

,The pulp was.

froth contain- -
“ing the copper removed; to the pulp in’ the:

-tain farther ‘amount for the

the qofppe.r_'v‘vas- formed and removed, the

- That part of
the copper; as in chalcopy-
rite and bornite, ¢annot be separated from
the copper. The high percentage of iron

. in the’ copper’ concentrate ‘is -due .to- this

fact.

2 In the practice of the iil_ventjon ag illus-

trated by the specific examples, the halogen
will vary, but it must be borne in mind

10

18

iron, for the ‘most part, remaining'‘in the -
tailing. . e R L
: : sy | per cent recovery
: : . Per cont : - .
Product ° . of tb%]atl P - ¢ P.' i
: Tl weig er cent.| Per cent R .
S e ¥e }.Cu Fe‘
Head_...oo ... 10001 4011 156 1000 - 100.0
Cu_R. cone B A LA M X ST+ B o
lir 7820 006 | 130 149 63.5
i00.0.| - 1000|1000

the iron' which,is chemically =

80

‘member of this group—bromine,

chlorine, .or iodine—may be ‘substituted for_

the ‘one used, ‘and substantially the same :
- result” obtained. I o
- The_particular alkaline agent employed -

i dgtermined by the nature of the ore—in
sonié ores a certain alkaline agent will give
better results than another, and vice-versa.

a lead product low in:zinc. SR
After an ore has been treated with a suf-

i)

05

-In treating some ores, it is advantageous to
“use zinc sulfate ini combination with the.

other reagents. as it aids greatly in making _

100

ficient' amount.of a halogen and the separa-.

tion ‘of lead ‘sulfide or copper sulfide from

zine sulfide is obtained, we have found that -

& further addition of a halogen: (the quan--

tity varying with the ore and pulp condi-
pulp, either with’ or without "
an alkali, will cause the immediate forma-
- tion of a’ froth. high in zine, and leave the
[ pec cant rscomery Xom in the tailing; i e., inhibit.the iron"
- | Per cent récovery - :

tion) to the

from. floating. In some cases s clean tail-

\ing may be magle without the firther use of
~-oil; in others an oil'is required; -©. . .
- It will be noted, however, that the ‘separa-
“tion. of lead 'sulfide .or “Copper sulfide, of .
‘both, from zinc sulfide / in-¢
- of the ways previously mentioned, and that
» . the separation of zinc snlfide :
L b fide may be accomplished by the use of a
This separation may be made by’ any of

the methods specified” in the separation of.

may be made in-any
from iron sul-

halogen. alone, or in'conjunction with an

‘alkaline' agent such as an alkali, alkaline

salt, alkali earth: salt or hydroxide.. .The

103
110
ns

120

‘amount. of .the halogen used is dependent, -

upon:the particular ore or metallurgical
product to be “treated—a -certain- ‘amount

being necessary- for the separation of lead or
coppér sulfide. - from. zinc “sulfide, and a cer-

zin~ sulfide from iron sulfide:

~* Our invention is applica'ble.tb ores; coh- )

centrates, tailings, and other metallurgical

128

separation of ..

130
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products containing lead, copper, zinc, or
iron sulfides in any combination, for which
the term ore is used throughout this sepcifi-

_cation and the appended claims.

The addition of the halogens to ore pulps
may be made in several ways; bromine, a
liquid, and iodine, a solid, may be added
directly to pulp in a ball.mill, or in a tank
at any desired point; chlorine, a gas, may be
added as chlorine water, or the pulp muy be
chlorinated at any point in the flow.

Tt is_sometimes desirable to sccure an
iron eoncentrate, since in many ores gold
and silver occur, with the iron, and may be
recovered in this way. In floating the iron
after removal of zinc, heavy oils, such as an
acid sludge, coal tar creosote, or pine tar,
either alone or in combination, are effective.
It is understood, of course, that other oils
or oil combinations may be used advautage-
ously in this connection. . »

While it seems probable from our investi-

- gations that fluorine behaves like the other

(34
Cen

30

halogens with respect to its differential ac-
tion on sulfide minerals, the practical diffi-
culties in using fluorine in a flotation mill

are so great that we now consider fluorine-
“impracticable in the commercial practice of

the invention and on this account and. to

this extent we exclude fluorine. . '
We claim: - | . '

. 1. The proeess of concentrating by froth-

flotation an ore containing sulfides of lead,

copper, zinc, and iron, which comprises

5 treating the ore with a halogen in such

. amount. as will substantially inhibit the

40

45

b0

55

sulfides is in large part inhibited.

flotation of zinc and iron sulfides, and sub-
jecting the so treated ore to a flotation oper-
ation in which the lead and copper sulfides

are in large part recovered in the resulting .

froth and the flotation of the zinc and iron

2. The process of concentrating by froth-

flotation an ore containing sulfides of lead,

zinc, and iron, which comprises treating the
ore with a halogen in such amount as will
substantially inhibit the flotation of zinc
and iron sulfides, and subjecting: the so
treated ore to a flotation operation in which

‘the lead sulfide is in large part recovered in

the resulting froth and the flotation of the
zine and iron sulfides is in large part -
hibited. L . : '

8. The process of concentrating by froth-
flotation an ore contajning sulfides of lead
and zinc, which comprises treating the ore
with a halogen in such amount as will sub-

 stantially inhibit the flotalion of zinc sul-

fide, and subjecting the so treated ore to a
flotation operation in which the lead sul-
fide is in large part recovered in the result-
ing froth and the flotation of the zinc sul-
fide is in large part inhibited.

4, The process of concentrating by froth-
flotation an ore containing sulfides of cop-
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per, zine, and  iron, which comprises
treating the ore with a halogen in such
amount as will substantially inhibit the
flotation of zinc and iron sulfides, and sub-
jecting the so treated ore to a flotation oper-
ation in which the copper sulfide is in large
part recovered in the resulting froth and
the flotation of the zinc and iron -sulfides
is in large part inhibited.

5. The process-of concentriting b froth-
fotation an ore containing sulfides ot copper
and -zine, which comprises treating the ore
with a halogen in such amount as will sub-
stantially inhibit the flotation of zinc sul-
fide, and subjecting the so treated ore to a
flotation operation 1n which the copper sul-
fide is in large .part recovered in the re-

70

75

80

sulting froth and the flotation of the zinc -

sulfide- is in large part inhibited.

6. The process of concentrating by froth-
flotation an.ore containing sulfides of copper
and iron, which comprises treating the ore
with a halogen in amount approximating
one pound per ton of ore, and subjecting
the so treated ore to a flotation operation
in which the copper sulfide is in large part
recovered in the resulting froth and the flo-
tation of the iron sulfide is in large part
inhibited. '

7. The process of concentrating by froth-

85

90

'

flotation an ore containing sulfides.of zinc -

and iron, which comprises treating the ove
with a halogen in amount approximating
one pound per ton of ore, an -subjecting
the so treated ore to a flotation operation
in. which the zinc sulfide is in large part
recovered in the resulting froth and the
flotation of the iron sulfide is in large part
inhibited. - : .

8. The process of concentrating by froth-

100

108

flotation an ore containing sulfides of lead, -

_ copper, zinc, and iron, which compijses

treating the ore in a non-acid pulp with a

halogen in such amount as will substantial-

ly inhibit the flotation of zinc and iron sul-
fides, and subjecting the so treated ore to a
flotation operation in which the sulfides.of
lead and copper are in large part recovered

“in the resulting froth and the flotation of the

zine and iron sulfides is in large part in-
hibited. s .

9. The process of coneentrating by froth-
flotation an ore containing sulfides of lead,

_zine, and iron, which comprises treating the

ore in a non-acid pulp with a halogen in

“such amount as will substantially nhibit

the flotation of zinc and iron sulfides, and
subjecting the so treated ore to a flotation.
operation in which the sulfide of lead is in
large part recovered in the resulting froth

and the flotation of the zinc and iron sul-

fides is in large part inhibited.

10. The process of concentrating by froth-
flotation an ore containing sulfides of lead
and zine, which comprises treating the ore

110

116

120

126



- amount as will su

‘the sulfide of lead is in large part recovered,
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i a non-acid pulp with a halogen in such-
» stantially inhibit the flo.-
tation of zinc sulfide, and- subjecting the so
treated ore to a flotation operation in which

n the resulting froth-and’ the flotation of
the zine sulfide is in large part- inhibited. .-

. 11. The process of concentratin by froth:

~ flotation an ore containing sulfides of cop-

- hibit the

15

20

25

1ing froth and the flotation of
© dron sulfides is in large part inhibited.

in a non-acid pulp

per, zine, and iron, which ‘comprises treating
the ore in a non-aeid pulp with a-halogen
in siich. amount ag will snbstaintially“-in-
flotation  of zinc and iron sulfides,
and subjecting the-so- treated ore to.g flota--
tion operation’ in which the sulfide:pf cop-.
per is in large part Tecovered in the result:
1 the zine and
12. The process. of concentral
flotation an ore containing sulfides o

¢ copper .
and zine, which. comprises treating

the ore:
‘with. a-halogen in such’
amount as will substantially inhibit the flo- .
tation of zine sulfide, and subjecting the so -
treated ore to a 'ﬂotation.operation in whicli

- the " sulfide of copper is'in large part re-

an

. Approximating one

35

. froth and t
.1s in large part inhibited. - :
The process of concentrating by froth.- ‘

40

~ Is in large part

50 -

55

60

_ hibited. -

and subjecting the so treated ore to a flo.

froth and- the flo.
e is in large . part .

covered in the resultine
tation of the zine sulhgd
inhibited. . - a T S
. 18. The process of concentrating by froth-
flotation an ore containing sulfides ofy copper
and iron, which ‘comprises treating.

£ A the: ore
n a non-acid pulp with a halogen in

amount
pound per ton of ore,

-and subjecting the so treated oreto & flota-

f;iop' operation in which the sulfide of copper
is in large Eart recovered in the resulting”
e flotation of the iron sulfide

ﬂot.at_i‘onban' ore containing sulfides of ‘Zine .
and iron, w ‘comprises - treating the ore

tation’ operation in which the sulfide of zinc.
i recovered in the resulting
froth and .the flotation of the iron sulfide
is in large part inhibited,. - o
5. The process of concentrating by froth

flotation an ore containing sulfides of lead,
¢opper; zine, and -iron, which ‘comprises

‘treating the ore with a halogen and an alka-

line agent in such amounts as will substan- -
tially inhibit the flotation of zine and iron
sulfides, and subjecting the so treated ore to
a flotation operation in ‘which the Tead and
copper sulfides are in large par recovered
in the resulting froth and the flg :ation of the

zine and iron sulfides is In large part in-

16. The process of‘concentrating by froth

- flotation an ore containing sulfides of lead,

63

zine; and iron, which comprises treating the
ore with a halogen and an alkaline agent

amounts as will

, - inhibited, * :
ting by froth- -..

ln such ﬁ'rhdunts
ibit the flotation
and subjécting the

of . zinc and iron

and ¢

e flotation of the -zinc- and’
fid

es-1s in large part inhibited,
flotation ' i

and zine, ‘which comprises treating the ore
with & halogen snd an alkaline g
substantially in
tation of zinc sulphide, a
so- treated ore to° a .flotation operation in
which: the lead sulfide s in large part re-
covered in the resulting froth and_ the flo-
tation. of- the zinc sulphide is in large part

18.: The :process of cotcentratin
flotation an ore ‘containin sulphic¥
per, zinc, and iron, which comprises_treat-
as will
inhibit, the flotation of zine and:
and :subjecting the so treated

substantially
iron sulfides,
ore to a flo-

tation operation in which the copper sulfide
is i the resulting
zine and iron -

Is in-:large ‘part recovered in.
froth and the flotation of the z
sulphides is in large part inhibited. :
-19. The process of cconicentrating by froth

flotation an ore eontaining sulfides of copper
' treating the ore.

and zin¢, Which comprises

by: froth
es of cop-

Ing the ore’ with -2 halogen and an alkaline
‘agent, in such .amounts

as will substantially in-.
sulfides, .
S0 treated ore to a flota- . -
‘tion ‘operation  in which the lead’ sulfide is.’

‘in large part; recovered in- the resulting froth
i iron: sul-
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-17.. The process of concentrating by -ff,oth -
L an ore. containing sulfides of lead
(]
ent, in such - -
ibit the flo-
and -subjecting the’

0

with a halogen and an alkaline agent in such .-

amounts as'will substantially inhibit the flo
tation of zine sulphide,

and subjecting the so 1
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treated ore to a flotation operation in which © -
the. copper sulphide Is.in large part recov-

ered in the resulting froth and the flotation*
of the zine sulphide is in large part inhibited. ios
flotation an ore containing sulphides of cop- -

20. The process of concentrating by froth

per.and. iron, which comprises treating the

" ore with a halogen and an alkaline agent in

such ‘amounts- as" will substantially inhibit

the flotation of iron sulphide, and subjecting
flotation’operation in .

the =o treatéd ore to a
which  the -copper sulphide is in large part
recovered in the resulting froth and- the flo-
tation ‘of ‘the iron sulfide is in‘large part in-

hibited.,

21. The process of concentrating by froth
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flotation an ore containing sulfides of zinc '

and iron, which comprises treating ‘the ore
with a halogen and an alkaline agent in such
amounts as will substantially inhibit the flo-
tation of iron sulphide, and subjecting the

so treated ore to a flotation. operation in.
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which the zine sulphide isin large part re- .

covered in. the resulting

inhibited. -

22. The procéss of concentrating by froth
flotation an ore containing sulphides of lead
and zinc, which comprises treating the ore
with 'a halogen, an alkaline agent, and zine

froth and ‘the-flo-
“tation of the iron sulphide is in large part
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-“covered in the resulting

8

sulphate and thereby inhibiting in lar%e art
the flotation of zinc sulphide in the OIF
ing flotation operation, and subjecting the
so treated ore to a flotation opération In
which the lead sulphide is in large part re-
froth and the flo-
tation of the zinc sulfide is in large part in-

" hibited.
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23. The process of Acongentmﬁng by froth

flotation an ore containing sulphides of lead,

“zinc, and iron, which comprises subjecting

1
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* jecting the so treated remaining ore

<,

pulp to a fotation operation

“copper . sulphide while
~part the flotation of the zinc and iron sul-

the ore. in the form of an ore pulp to the
action -of a halogen in such amount as will
substantially inhibit the flotation of zinc and
iron sulfides; subjecting the so treated ore
and - thereby
effecting in large part the flotation of the

lead sulphide while inhibiting in large part

the flotation of the zin¢ and iron sulfides,

treating the remaining ore pulp with a halo--
gen in such amount as will substantially 1n--

hibit the flotation of iron sulfide, and ‘sub-
jecting the so treated remaining ore pulp to

“another flotation operation in ‘which the zinc

sulfide is in large part recovered in the
resulting froth.

24, The process of concentrating by froth
flotation an ore containing sulfides of copper,
zinc, and iron, which ‘comprises subjecting
the ore in the

iron sulfides, subjecting the so treated ore
pulp to a flotation operation and thereby
effecting in large part the flotation of the

ile inhibiting in large

fides, treating the remaining ore pulp with a
halogen in such amount as will substantially
inhibit the flotation of iron sulfide, and sub-
pulp
to another flotation operation in which the
zine sulphide is in large part recovered in the

resulting froth.

line agent

_to-another

form of an ore pulp to the
action of a halogen "in such amount as will -
substantially inhibit the flotation of zinc and.
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. 25. The process éf.concentrﬁting by froth 46

flotation an ore containing sulfides of lead,
zine, and iron, which
the ore in the form of an ore pulp to the
action of a halogen in such amount as will
substantially inhibit the flotation of zinc and
iron sulfides, subjecting the so treated ore
to a flotation operation and thereby effecting
in large part the flotation of the lead sulfide
while inhibiting im large part the flotation of
the zinc and iron sulfides, treating the re-
maining ore pulp wi

in such amounts as will substan-
tially inhibit the flotation of iron sulfide, and
subjecting the so treated remaining ore pulp

resiﬂtinﬁ froth.

26. T

zine, and’iron, which comprises subjecting
the ore in the form of an ore pulp to the
action of a halogen in such amount as will
inhibit in large part the flotation of the zinc

: : flotation operation in which the 60
zinc sulfide is in-large part recovered in the .
_ ¢ process of ‘concentrating by flota--
tion an ore -containing sulfides of copper,

comprises subjecting

with a halogen and an alka-

and. iron sulfides in the following' flotation. 3

_ operation, subjecting the so-treated ore pulp
to a flotation operation in which the copper .
‘sulfide is in large part‘recovered in the re-
froth “and the flotation of -the zinc e

sulting
and iron sulfides is in large part inhibited,

gen:and an alkaline agent and thereb;
hibiting in large part the flotation o
iron sulfide in the following flotation .opera-

in-

tion, and subjecting the so-treated remain-

ing ore pulp to another flotation operation

in which the zinc sulfide is in large part re-

covered in the resulting froth and the flota-
tion of the iron sulfide is in large part in-
hibited. - :
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