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28 Ciafms,

‘This invention relates ¢o the concentration of
certain ores and minerais by flotation and com-
prises more particularly the concentration of
such ores and minerals by means of o new class

& of organic fotation resgents. .

It hes been shown by Ssyre in U. &% Pabend
1,612,138 that the hesvy webel sells of xontd
mz‘td are admirable ﬂm%iw m '@zm ina LMM&”
or alkaline pulp. &Su whes ave elody

16 to have g mearked 0@1@:’,{,&% 'm\w@m on sulBde miv-
erals, ms distinguished from gangue minersds and
cause the sulfide minerals to foet readily with
en aitendant high wecovery of metal velues
Both the heevy melsel snd slkali melel salls of

15 xanthic scid while of wnguestioned value as fo-

. tation agents are open (o certein objections in
respect to purity end stability.
One object of my invention iz to provide o
class of flotation agents which not only pozsess
20 the good flotation properiies resuliing from the
presence of the chemically reactive wenthic seid
group, but which are chemiczily different from,
and have properties equal to or beter than those
possessed by, the hesvy meiel salts of zenthic
25 acld. Moreover T have mund iﬂ, possible to pro-
duce compounds of this type in o very pure.sbate
gnd, in some cases, in the mzrm of lgulds ot
ordinary temperatures.

I heove discovered thet mwﬁ@us %Ws\mc R

30 thates, as distinguished from metal zantheiss,
constitule excellent flotation agents snd possess
the desirable properties specified above. These
new organic xanthate ﬁ@tmi@n egents hewe in

. general g moleculer structure ndicated by the

35 followlng type formule: -

B0 (e

40 where B represents an alltyl group, end X stends
for an organic radical such as (1) an fﬂmﬁ ETOUR
(which may or may not be the same as R), (B
an acyl group, or (3) enother gonthic radical
such, for exemple, 28

46 —Bm0mO—R

1

1. Alkyl zenthates. ‘ ,

The members of thiz cless heve the general

G0 line formiuie

B~0--CEE-R’

where § and R’ ave the seme or different alkyl
groups. Specific examples of this class are:

55 Ethyl ester of ethyl-zanthilc seld, CalyOCSE—
CoHs n-Butyl ester of ethyl-manthic ecld,
CaOCES—Calo :
santhic acld, (ColHsQUSBE—)1Calde

These compounds can be made by the action

00 of the appropriate alkyl chloride or alkylene di-

Ethylene -ester of ethyl-

(C1L. 200—168) _ _
chioride on sodium ethyi-xanthate (see Debus,

Liebig's annalen, Vol. 75, P. 137 (1850)3; or by
the action of the appropriate alkyl bromide or
alkylene dibromide (that s, efbyl bromide,

n-putyl bromide, end ethylene dibromide) upon
Journal -

sodium ethyl-zanthete (Szlomon
Prakiiache Chemde Second um"i"-s, Yol. €, ». $48
Ci8T2 ), ‘”“T m'am‘mimz of the sthylene ester
©ep siso We nel fir '”T eltische Chemle,
Hecondd Series, f]’o]i. vege 55 (1870 .

Flotation tests with ove obiained from the
Phelps Dodge Corporstion were yun a8 follows:

500 grems of roinus 28 mesh ore were ground
for 90 minubes iu o pebble mill with 598 ¢ ¢. of
weter, 0.8 groms of lme, and . Mp grors of ethyl
ethyl-zonthate. The Ume and the ethyl ethyl-
zanthete were ussd in the m@poﬂ;i@m of 3.4
pounds and §.10 pounds respeet tively per ton of
ore. The pulp from the pebble mill was diluted
to ohout two Miers, & drop of terpineol added,

and the resulting pulp treated in .o Janney lab-

oratory Hotation mechine.

The flotation results were as follows:
a0
% copper IR DeRds e e ﬂ:ngw
% copper In tmugmmrﬁ wmemmw_mw..,_,, W?ﬁ

v in rougl

of,

Jo €O i
Uulng ethylens @Jmmuk&n ?mm the fml«mmtr
resutis wers oblalned with ore from the Phelps

Dadge Corperation by the swne prosedure &s. ¢

previously describad.

% copper In headd. e am o ——— Jr/l%
9% copper in rougher concenbrait  amm—aw" 7.25
%, copper in rougher {alllng- .- - 88
% copper recovered in CORAERETRIC wamomw e 88.9

R Mm mmhmtw., )

Tho scyl xenthales, constifubing the second
cless of my Bew ﬂm on agends, heve the fol-
lowing general line formngda:

Rrred 332 8) BTG OV R,

where B mprmmm on allzyl group, and —CGOI RS
an acyl radicel, B2 representing elther & hydrogen
vadicol or o substituted or unsubstituted hydvo-
carbon radiesl. Specific exemples of this cless
i
Benzoyl ethyl-renthebe,
Acetyl ethyl-zenthate, ColsQC8 E=—C00-CHs;

Benzoyl mmmrﬂmmmwm b3, CiinOU8 8o
CO-Cellnsy )

Benwoyl - n-butyl-manthate, G Q08 B
CO-Cella: ’

Benroyl emyl-zanthate, CoHiOCH 800 Clls.

The method of prepering these acyl zanthabes
may be Mustrated by the following example:

280 grams of benzoyl chloride axe diszolved In
50@ c. c. of henzene, and 320 grams of potassium
ethyl-zanthete n 1008 ¢ . of ether ave added.
After ellowing the mixture to stand with frequent
agitation for several days, the precipitated pelas-

O OB S GO Cels;
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" % copper in rougher telling_.._..____ ____

2

sium chloride is filtered off, and the flltrate
evaporated first in a desiccator and then under

vacuum by means of g hot water bath. By fol-

lowing this procedure there may be obtained
150 grams of benzoyl ethyl-xanthate having a
purity between 83 and 84%, as shown by total
sulfur analysis.

When tested as a flotation agent, benzoyl ethyl-
xanthate gave the following results when tested
in the menner previously described with ore from
the Phelps Dodge Corporation:

% copper in heads_____________________..
Y% copper in rougher concentrate ... _.._

% copper recovered in concentrate.__..___

- 3. Zanthyl sulfides: )

Important flotation agents of this class of
compounds are fthe sulfocarbalkoxyl disulfides
suich as sulfocarbethoxyl disulfide (that is, ethyl-
zanthy! disulflde), sulfocarbomethoxy! disulfide,
efe., having the general line formuls:

R—0C—C(8)—8—8—C(5)—O0—R’

where R and R’ represent the same or different
hydrocarbon radicals, especially alkyl radicsls.
This class inciudes also the corresponding xanthyl
monosulfides (that is, xanthic acid anhydrides)
guch as ethyl-xanthyl monosulfide,

C:Es0CS-8-C8-OCqHs.

As examples of other disulfides there may be
mentioned,— .

Propyl-zanthyl disulfide, (CsH«C—-C(8)8)a

n-Butyl-zenthyl-disulfide, (C:HsO-—C(8)3)32

Amyl-zenthyl disulfide, (C:HuO—C(S)8)3

Flotaiion tests with ethyl-xanthyl disuifide;
carried out in the manner previously described,
with ore from the Phelps Dodge Corporation
gave the following resuits:

% copper iInheads_ . e 1.48
% copper in rougher concentrafe_......__ 5.9¢
% copper in rougher tailings. oo A9
% of copper recovered in concentrate_ . ___ 89.9

Although my flotation agents are effective to
& certain extent in an acid pulp, much better
results’ are obtained by operating with a non-
acid pulp, that is, che which has bkeen rendered
neutral or alksline, preferably with lime. A
frothing agent, as for example terpineol, is also,
ordinarily, necessary, since my new Hotation
agents have little, if any, frothing power.

" The xanthyl disuilfides described above may be
readily prepared by the action of a halogen or
other suitable oxidizing agent upon a sait of
xanthic acid such as sodium xanthate. A good
method for preparing these disulfides, and spe-
cifically the n-butyl-xanthyl disulfide, is given
by Adams in his U. S. Patent No. 1,491,021. Ac-
cording to that patent sodium hydroxide is mixed
with carbon disulfide in approximately molecular
proportions, while cocling, just enough water be-
ing added to permit the caustic soda to dissolve;
the reaction mass is then chlorinated at about
40-50° C., the oil formed being removed. The
product of this reaction is n-butyl-xanthyl
disulfide.

Although my invention has been described with
reference to certain specific examples, it will be
understood that my invention is not limited to
these examples, but may be modified in various
respects without departing from the scope there-
of, as set forth in the appended claims.

I claim: )

1. In the process of concentrating ores and

1,048,758

minerals by flotation, the step which comprises
subjecting the ore in the form of a pulp to a fiota-
tion cperation in the presence of an ethyl ester
of ethyl xanthic acid.

2. In the process of concentrating ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of a pulp to =
froth flotation operation in the presence of an
ester of an alkyl-xanthic acid.

3. In the process of concentrating ores and

80

86

- minerals by flotation, the step which comprises

subjecting the ore in the form of & pulp to & froth
flotation operation in the presence of a xanthyl
disulfide.

4, In the process of concentrating ores and 20

- minerals by flotation, the step which comprises

subjecting the ore in the form of o pulp fo &
flotetion operation In the presence of an acyl
derivative of an alkyl xanthste.

5. In the process of concenirating ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of a pulp fo 2
froth flotation operation in the presence of an
ester of & xanthic acid. :

6. In the process of concentrating ores and 140
minerals by flotation, the step which comprises
subjecting the ore in the form of g pulp to a froth
fiotation operation in the presence of an ester of
en alkyl-zenthic acid.

7. In the process of concentrating ores and 105
minerels by flotation, the step which comprises
subjecting the ore in the form of a pulp to &
froth fiotation operation in the presence of o
sulfocarboxyl sulfide.

8. In the process of concentrating ores and 110
minerals by flotation, the step which comprises
subjecting the ore in the form of & pulp to e froth
fiotation operation in the presence of & sulfo-
carbalkoxyl sulfide. ’

9. In the process of concentrating ores and 115
minerals by fictation, the step which comprises
subjecting the ore in the form of a pulp to & froth
fiotation operation in the presence of an ethyl-
‘xanthyl disulflde.

10. In the process of concentrating ores and 126
minerals by flotation, the step which comprises
subjecting the ore in the form of a pulp to =
froth flotation operation in the presence of an
acyl alkyl-xanthate.

11. In the process of concentrating ores and 126
minerals by flotation, the step which comprises
subjecting the ore in the form of a pulp o & froth
flotation operation in the presence of & substance
whose molecular structurc is that indicated by
the following general formula:

R—O0—C(:8)—8—X
where R is 8 hydrocarbon radical, and X is a
radical containing at least one carbon atom.

12. In the process of concentrating ores and _
minerals by flotation, the step which comprises 136
subjecting the ore in the form ot a non-acid pulp
to & froth flotation operation in the presence of &
substance whose molecular structure is that in-
dicated by the following general formula:

R—0—C(:8)—8—X

where R is a hydrocarbon radieal, and X is &
radical containing at least one carbon atom.

13. In the process of concentrating ores and
minerals by flotation, the step which comprises 145
subjecting the ore in the form of an alkaline pulp
to a froth flotation operation in the presence of
8 substance whose molecular structure is that
indicated by the following general formula:

R~0~—C(:8)—8-—-X
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where R is an aliphatic radical, and X is a radical
containing a carbon atom.

14. In the process of concentrating ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of an alkaline pulp
to a froth flotation operation in the presence of 2
substance whose molecular structure is that indi-

~.cated by the followipg general formula:
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R—0O—C(:8)-—8—~X

where R is an aliphatic radical, and X is a radical
containing both sulfur and carbon atoms. .

15. In the process of concentrating ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of an alkaline pulp
to a froth flotation operation in the presence of
an ester of & xanthic acid.

18. In the process of concentrating ores and
minerals by flotation, the step which comprises

‘subjecting the ore in the form of an alkaline pulp
to a froth flotation operation in the presence of -

an acyl derivative of an alkyl-xanthic acid.

17. In the process of concentrating ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of an alkaline pulp
to a froth flotation operation in the presence of
an scetyl alkyl-xanthate,

18. In the process of concentrating ores and
minerals by flotation, the step which comprises
stbjecting the ore in the form of an alkaline pulp
to a froth flotation operation in the presence of
an ethyl alkyl-xanthate.

19. In the process of concentrating ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of an alkaling pulp
to a froth flotation operation in the presmce of
an alkyl-xanthyl disulfide. :

20. In the process of concentratmg ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of a pulp to a froth
flotation operation in the presence of an acyl
alkyl xanthate in a non-alkaline medium. )

21. In the process of concentrating ores and

3

minerals by flotation, the step which comprises
subjecting the ore in the form of a non-acid pulp
to a froth flotation operation in the presence of
acetyl ethyl xanthate.

. 22, In the process of concentrating ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of a non-acid pulp
to a froth flotation operation in the presence of
an alkyl xanthyl disulphide.

23. The process of concentrating ores which
consists in agitating a pulp of the ore with di-
xanthogen under such conditions that a mineral-
bearing froth is formed, and separating the froth.

24. The process of concentrating ores which
consists in agitating a pulp of the ore with di-
xanthogen in the presence of a mineral-frothing
agent so as to produce a mineral-bearing froth,
and separating the froth.

25. In the process of concentrating ores and
minerals by fiotation, the step which comprises
subjecting the ore in the form of a pulp to a froth
fiotation operatmn in the presence of a xanthyl
sulfide,

26. In the process of concentrating ores and
minerals by flotation, the step which comprises
subjecting the ore in the form of a pulp to a froth
flotation operation in the presence of the product
obtained by the reaction of a halogen upon an
alkali metal xanthate.

27. In the process of concentrating ores and 105
minerals by flotation, the step which comprlses
subjecting the ore in the form of a pulp to a froth
flotation operation in the presence of the product
obtained by the reaction of an alkyl halide upon
an alkali metal alkyl xanthate.

28. In the process of concentrating ores and
minerals by flctation, the step which comprises
subjecting the ore in the form of a pulp to a froth
flotation operation in the presence of the product
obtained by the reaction of an acyl halide upon 113
an alkali metal alkyl xanthate.
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