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‘The present invention relata to improvements

in the froth flotation concentrafion of metal-.

& liferous ores, especially sulphide ores. :
In my United States Patent No. 1,654,216, issued
Seplember 22, 1925, s process for the concentra-

tion of ores by flotation is described, which is es--

. gentially characterized by the use of sulphur de-

- 19 ‘rivatives of carbonic acid, particularly alkalf salts
_of xanthic aclds, as flotation agents. I have now
found. that complex acid compounds formed by

- *  the combination of xanthic acids with molyhdic

acld are extremely effective agents in the flota~

15 .tion concentration of metalliferous ores, concen-

trates of g high degree of purity being obtained
by their use, This {s particularly the case with
ores. containing molybdenum sulphide. It is very
difficult to obtain molybdenite concentrates of

29 sufficlently high grade by the use of heretofore

known flotation agents, especially when the crude
molybdenite-coataining ore also contains gangue
- minerals of the class called hydrous micss, such
as sericite. However, by the use of the xantho-~
25 molyhdic acld compounds of the present fnven-
‘tion, molybdenite concehtrates of & very high
grade can be obtalned, even in the case of ores
_ containing the gangue minerals stafed.
- . The invention is, of course, not limited to the
3¢ treatment of molybdenum-bearing ores, but mey
also be employed with improved results in the
concentration of other mefxilifercus cres, suchi
as those of lead, copper, zinc, gold, and sllver.
The xanthomolybdic ecid compounds of the
35 present invention can be prefared by acidifica-
tionof enaqueoussolution of xsnthete end molys-
date respectively present therein in proportions
equivalent to {wo molecules of zanthic acld snd
one molecule of molybdic acid. As the xanthate,
40 any one of various xaniheies fn ilie form of
alkall salts may be used, such xanthates includ-
ing sodlum ethyl xenthate, potassium amyl
xanthate, potassium octyl xanthate, potessium
phenyl-ethyl xanthat=, ete. Fue malvbdat: oy
45 pe any soluble salt of molybdic acid, such as am-
‘moniym molybdate or sodium melybdate. Upon

acidification, preferably with a mineral acid, of

the stated solution of xanthsiz and molybdatis,
the desired xanthomolybdic acid compound is
precipitated as a dark purplish ofly liquid which,
on standing, solidifies to & very dark colored
amotphous mass. The formua for the xantha-

molybdic acid compounds obtained in this manp- -

55 ner appears to be M0o01.(RO.CSSH) 2, wherein R

is an alkyl oraralblgroup. depending‘onthe
composition of the xanthate used.

Por the purpose of acidification, almost any
gcid can be used. Mineral acids are preferred -
because they are cheaper and bring about the re- g
action more rapidly than organic acids, but or-
ganic aclds .can also be used. BSatisfactory re-

sults have thus been obtained not only with such

commion mineral acids as hydrochloric acid and

sulphuric acid, but. also with such orgaunic acids 10

as acetic ascld, furoic acid, and oxalic acid. It
hsas been found, however, that some organic acids,
especially those which are substantially insoluble
in water, are Ineffective.- Among the mineral -
acids, sulphurous acid and boric acid have also 15
been found ineffective. - .
Purification: of the xanthomolybdic acid com-
pounds of the present invention can be effected by
solution in aqueous ammonia and reprecipitation
with a suitable acid. But this purification neéd 20
not be carried out prior to use of the compounds

- as flotation agents, the crude reaction products

being quite satisfactory for that purpose.

- A convenient method of preparing the xantho-
molybdic acid compounds of the present inven- 25
tion comprises the preliminary step of roasting
an ore product containing molybdenite, by which
roasting the molybdenum silphide fs converfed
into oxide, which is then leached out with a solu-
ton of caustic alkall to produce a soluble molyb- 30
date. To this Uquor is then edded the calculated
smoiat of the desired xauthate ead the required
acid to effect the reaction. Separation of the
xenthomolybdic acid compound thus precipitated,
if desired, may then be effected by well-known:
Jpeans.

The xanthomolybdic acld compounds of the
present invention are practically insoluble in
wsafer, but are soluble in many organic lquids,
ameng which may be mentioned chloroform, ace-
tone, and ether. Prior to use of the compounds
as flotation agents, therefore, it may be conven-
{ént to dissolve them in a sultehble sclvenf, which
mmay be one of the three indlcated, or any other.
But if it is desired to use the compounds in
solid form, they may be convenlently added to
the ore durlng grinding so as to become admixed
therewith.

1 have found that the simplest method of em-
ploying the xanthomolybdic acid compounds of 50
the present invention is to add them to the ore
pulp directly in the form of the mixture obtained
by acidification of the xanthate and molybdate

35

“solution used fn their preparation, without re-
moval of the reaction product. ‘This method ob- 55
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viously can be utilized to provide the required
amount of xanthomolybdic acid compound con-
tinuously in large scale operations.

The xanthomolybdic acid compounds of the
present invention are very effective in the flota-
tion of molybdenite from copper-molybdenum
ores subsequent to their treatment for a removal
of copper sulphides, as in the process described
in United States patent to Earl H. Brown, No.
2,070,076, issued February. 9, 1937. In this proc-
ess copper sulphides are selectively floated away
from molybdenite by adding to the ore pulp a
small quantity of starch or other protective col-
loid, acting to depress the molybdenite and in-
hibit its flotation, other agents being also present
in the pulp to effect flotation of the copper sul-
phides. It has now been found that by subse-
quent treatment with a xanthomolybdic acid
compound of the material remaining after such
a flotation of copper sulphides, & molybdenite
concentrate can be obtained containing a very
small proportion of gangue minerals.

When necessary, of course, the concentrates
initially obtained by the use of the =xantho-

"molybdic acid compounds of the present inven-

tion can be improved in grade by retreatment
in the usual manner. .

. I have found that it is possible to employ the
xanthomolybdic acid compounds of the present
invention in acid ore pulps, as well as in pulps of
a neutral or alkaline character. They are there-
fore very useful in the flotation of metallic values
from materials that have been subjected to
hydrometallurgical processes.

The xanthomolybdic acid compounds of the
present invention are employed essentially as col-
lectors. To any one skilled in the art, however,
it is obvious that they can be used in conjunction
with other collectors, such as xanthates or dithio
phosphates. And they may be used, of course,
with such additional flotation agents as frothing
agents, inhibiting agents, activating agents, etc.

Examples will now be given describing certain
tests which have been made in carrying the in-
vention into effect, it being understood that the
various reagent proportions indicated in each ex-
ample are expressed in the usual manner as
pounds per ton of dry material treated.

Ezample 1

A 1000 gram sample of Nevada Consolidated
Copper Company ore, of a particle size to pass
10-mesh, was reground wet for four minutes in a
ball mill with 12 Ibs. of lime per ton of ore. The
material thus initially treated was transferred to
a laboratory size subaeration flotation machine
where it was conditioned by agitation with 0.1 1b.
of pine oil per ton and 0.02 Ib. of ethyl xantho-
molyhdic acid per ton, the latter agent being
added as a solution in acetone. 8Subsequently, the
pulp was treated in the machine for the produc-
tion of a froth, which was removed in the usual
way. The results of the test are shown in the
following table:

Percent Assay, per- | Distribution,
weight cent Cu percent Cu
100.0 1,11 100.0
4.48 22.24 89. 68
95. 52 0.12 10.32
Ezxample 2

The procedures of Example 1 were repeated on *

another 1000 gram sample of the same copper ore,

2,148,475

but with 0.1 1b. of amyl xanthomolyhdic acid per
ton replacing the ethyl xanthomolybdic acid of
that example. Substantially the same results
were obtained, as shown by the following table:

Percent Assay, per- | Distribution,
welght cent Cu percent Cu
100.0 1.12 100.0
4.59 22.00 88,82
95, 41 0.12 10.18
Example 3

Here 0.10 1b. of butyl xanthomolybdic acid per
ton was used instead of the ethyl xanthomolbydic
acid of Example 1. All other conditions were
exactly the same as before, the test being carried
out on still another 1000 gram sample of the
same copper ore. The following table indicates
that again stmilar results were obtained:,

Percent Assay, é)er- Distribution,
weight cent Cu percent Cu
100.0 1.12 100.0

4.70 21.36 89,77

95.30 0.12 10.23

Good results were also obtained when octyl
xanthomolybdic acid was substituted for ethyl
xanthomolybdic acid on a similar copper ore. -

Ezample 4
A 1500 gram sample of a similar copper ore, in

" the form of a pulp of 50% solids, was reground

for five and one-third minutes with 5 Ibs. of lime
per ton. Cecnditioning of the reground ore was
in this instance carried out with a mixture ob-
tained by adding hydrochloric acid to admixed’
aqueous solutions of sodium molybdate and so-
dium ethyl xanthate. These two solutions were
used in quantities to produce 0.04 1b. of ethyl
xanthomolybdic acid per ton, agitation of the
pulp being carried out with the total amount of
the mixture, simultaneously with 0.067 1b. of pine
oil per ton. Thereafter, frothing was carried out
and the froth removed in the usual manner. The
following table shows the results of the test:

Percent Assay, é)er- _Distributfon,
weight cent Cu percent Cu
100.0 1.06 100.0

4.37 23.20 96,36

95.63 0.04 3.64

COMPARATIVE TEST 1

Another 1500 gram sample of the same copper
ore as in Example 4 was processed in the manner
described in that example, but omitting the use of
the ethyl-xanthomolybdic-acid-containing mix- ¢
ture. Instead, 0.04 1b. of sodium ethyl xanthate
per ton of ore was added to the reground ore,
the procedures being otherwise exactly the same,
The results in this instance were as follows:

Percent Assay, Distribution,

welght percent Cu | percent Cu
Heads 100.0 1.10 100.0
(077 P I 4.49 22.30 9.29 &
Tall o iceaee 95. 51 0.10 8.7

COMPARATIVE TEsT 2

In this test, employing still another 1500 gram
sample of the same copper ore, its conditioning 4



10

15

2,148,475 : 3

subsequent to regrinding with lime was carrled
out with pine oil only. Except for this difference
the conditions of the test were identical with those
outlined in detail in Example 4, the lime and pine
oil being empleyed in the same amounts. The
following results were obtained:

Percent
weight

Assay,

percent Cu | percent Cu

.05 100.0
. 80.71
0.21 16.2

h = CL:Y: L I —— " 100.

P
38°
8
9

Example §

A 1000 gram sample of 10-mesh Desloge Lead
Company ore was reground in the ball mill for

* fifteen minutes at about 50% solids with 1 Ib.
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of soda ash per ton. To the reground ore, in the
flotation machine, was then added a mixture ob-
tained by adding a 0.9% solution of sodium
molyhbdate, acidified with hydrochloric acid, to a
1% solution of sodium ethyl xanthate, the quan-
tities of the solutions being adjusted so as to form
0.04 1b. of ethyl xanthomolybdic acid per ton.
Cresol was also added at the rate of 0.1 Ib. per
ton. Preliminary agitation was carried out with
these reagents, subsequent to which a flotation
concentrate was removed in the usual manner.
The following table indicates the results of the
test. ' .

Percent Assay, per- |Distribution,
welght cent Pb percent Pbh

100.0 458 100.0

8.46 52.0 6.0

01, 54 0.2 4.0

" COMPARATIVE TEST 3

Distribution,

a mixture obtalned by mixing & golution of sodi-
um molybdate, acidified with hydrochloric acid,
with a solution of potassium secondary butyl xan-
thate, which solutions were used in quantities to
produce 0.3 1b. of butyl xanthomolybdic acid per
ton. Preliminary agitation was carrled out with
the said mixture, together with 1 Ib. of copper
sulphate (CuS04.5H20) per ton and 0.3 1b. of pine
oil per ton, subsequent to which a floating froth
was produced and removed in the usual manner.
The results are shown in the following table:

Percent | Assay, per- | Distribution,
weight cent Zn percent Zn
100,0 14.8 100.0

22,50 84.0 $7.37

77.50 0.5 2.63

_ 7
CoMPARATIVE TEST §

Another 1000 gram sample of the same zinc ore
as in Example 6 was processed in the same man-
ner as in that example, but with the butyl-xan-
thomolybdic-acid-containing mixture replaced by
0.3 1b. of potassium secondary butyl xanthate per
ton, the results in this instance being as follows:

Percent Assay, Distribution,

weight percsnt Zn percent Zn
Heads b 100.0 14.9 100. 0
(0701 11 22.07 62.8 96.89
Tall o ceciaeeees 77.03 0.6 311

CoMPARATIVE TEST 6

On stil! another 1000 gram sample of the same
zinc ore as in Example 6, with no other agent
than the copper sulphate and pine oil of that
example, all other conditions remaining the same,
the following results were obtained:

Employing ancther 1000 gram sample of the -
same lead ore s in Example 5, the procedures of Percent Assay, | Distelbution,
that example were repeated with the ethyl-xan- weight | percentZn | percent Zn
thomolybdic-acid-containing mixture replaced by ;

0.04 1b. of sodium ethyl xanthate pér ton, the re- Heads 123‘23 ﬁ' g 1.0
sults of this test being as follows: £0. 67 25 13.91
Toroont | AR |Tereont 10 Ezample 7

_ A 1000 gram sample of 10-mesh Mexican Can-~

delaris. ore, containing gold and silver, was re-

gg:gt:::::::: “?ﬁgs 5:4{.;4 1321(7)8 ground wet in the ball mil! and thereafter trans-~
Tafl oo 2.5 0.25 522 ferred to the flotation mechine. Conditioning
in the machine was then carried out with 0.2 I,

CoMPARATIVE TEST 4 of pine oil per ton, 0.1 1b. of cresol per ton, and

Still another 1000 gram sample of the same
lead ore as in Example 5 was taken, which sample
subsequent to regrinding with soda ash was con-
ditioned with cresoi only. The conditions were
otherwise the same &s in that exemple, includ-
{ng the amounts of soda ash and cresol, the fol-
lowing results being obtsined:

Porceut Assay, per- | Distribution,
weight cent Pb percent Pb
'
Heads..—cccceeeiaee- 160.0 4.59 1€0.0
6. 61 61.0 87.78
93.39 0.6 ) 12.21
Ezample 6

A 1000 gram sample of 10-mesh Joplin zinc ore

was reground wet in the ball mill for ten minutes_

and thereafter transferred to the flotation ma-
chine. There was then introduced intc the pulp

a mixture obtained by mixing a solutfon of so-
ditm molybdate, acidified with hydrochloric acid,
with & solution of potassium amyl xanthate, the
quantities of which solutions were adjusted to
produce 0.2 Ib. of amyl xanthomolybdic acid per
ton of ore. Subsequently, frothing was carried
out and a concentrate removed In the usual man-
ner. The following table indicates the results «f
the test:

Assay {n ozfton [ Percentdistributicn
Percent !
weight )
Au Ag Au Ag
Heads_....____ 100.0 0.743 33.2 1.0 100
Cone..oeeeenn. 3.650 18. 751 763.86 91, 44 84. 18
Tail o o..__. i 96. 341 0. 068 5.45 8. 56 15,82

- CoMPARATIVE TRST 7
Employing another 1000 gram sampie of the

16
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same gold-silver ore as in Example 7, the pro-
cedures of that example were repeated, substitut-
ing for the amyl-xanthomolybdic-acid-contain-
ing mixture 0.2 1b. of potassium amyl xanthate
per ton, the following results being obtained:

" Assay in ozfton | Percentdistribution
Percent
weight .
Au Ag Au Ag
Heads..oc.-.- 100.0 0.711 33.70 100.0 100.0
Coneoueaea 3.627 17. 646 785.63 89.97 84,55
Tall ... 96.373 0.074 5.4 10. 03 15. 45
. CoMpARATIVE TEST 8

On still another 1000 gram sample of the same
gold-silver ore as in Example 7, the following
results were obfained employing as agents the
pine oil and cresol only of that example:

Assay in oz/ton | Percent distribution
Perpet?tt
weig!
An Mg Au Ag
Heads oo 100.0 0.694| 36.46| 100.0 | 100.0
Cone....____ 2.267 11.614 866. 62 39.07 53.89
Tail. .. 97. 733 042 17.2 . 60.93 46.11
Example 8

A 1500 gram sample of Climax Molybdenum
Corporation ore, of a particle size to pass 10 mesh,
was reground wet in the ball mill for fifteen
minutes. Preliminary agitation of the reground
ore was then carried out in the flotation machine
with 0.27 1b. of sodium cyanide per ton, 0.034 1b.
of terpineol per ton, and a mixture obtalned by
adding a solution of sodium molybdate, acidified
with hydrochloric acid, to a solution of sodium
ethyl xanthate, which solutions were used in
quantities to form 0.2 Ib. of ethyl xanthomolybdic
acid per ton of ore. Thereafter, the pulp was
subjected to froth flotation in the usual mannkr,
the results being shown in the following table:

Distribution,
Percent Assay, per- d
i percent
weight cent MoSs MoS;
Heads ..o ocooeueoannn 100.0 0.844 100.0
COne. oooecceeee 0.954 63.6 71.84
Tail. 99,046 0.24 28.16
CoMPARATIVE TgsT 9

Another 1500 gram sample of the same molyb~
denum ore as in Example 8 was processed in iden~

tical manner, except that the use of the ethyl-
xanthomolybdic-acid-containing mixfure was
omitted, the sodium cyanide and terpineol only
of that example being used. The results in this

instance were as follows:
Distribution,
Percent Assay, per- 4
weight cent MoSs pfﬁes?t
Heads. ..o ceeeens 100.0 0.79 100.0
CONCaccceceamccccacan 0. 887 €0.0 67.37
Tail, oot 98,113 0.26 32.63
Example 9

A sample of 10-mesh Miami Copper Company
ore, containing both sulphide and oxidized cop-
per minerals, was reground wet in the ball mill
for ten minutes and thereafter transferred to the
flotation machine. Preliminary agitation of the

2,148,475 _
material in the machine was then carried out’

with 0.1 Ib. of pine oil per ton, and & mixture

obtained by mixing s solution of sodium molyb=
date, acidified with hydrochloric acid, with &
solution of sodium ethyl xanthate, the quantities
of which solutions were adjusted to yleld 0.04 1b.
of ethyl xanthomolybdic acid per ton of ore.
Frothing was then carried out in the machine,
yvielding a concentrate of sulphides. The remain-
ing pulp was then’' removed from the machine,

- thickened, and leached with sulphuric acid to

dissolve oxidized copper, the dissolved copper be-
ing then precipitated in the pulp in the form of
metallic copper by addition of metallic iron.

Thereafter, upon return to the machine, the pulp

was reconditioned with 0.1 1b, of pine oil, 0.1 1b.
of Barrett No. 4 flotation oil, and 0.26 1b. of ethyl
xanthomolybdic’ acid as a mixture prepared in
the same manner as above indicated in this ex-
ample, all per ton of dry ore. Frothing was then
resumed and a cement copper concentrate sep-
arated. The results obtained are shown in the
following table, wherein the tailing refers to the
material remaining after the second flotation

operation:
. Percent Assay, Distribution,
weight cent Cu peteent Cu
Heads ' 100.0 2.41 100.0
Cu sulphide cone_..__._ 2.087 42,12 38.43
Cement Cu cone__.___ 4.541 20.76 " 56.02
- 1 S 93.372 0.195 7.55

The pH value of the liquid from the talling was 4.8,
Example 10

A 1000 gram sample of the same copper ore as
in Example 9 was reground -wet for ten minutes
and thereafter "leached, at about 359% solids,
with 36 grams of sulphuric acid to dissolve the
oxidized copper, the resultant pulp being then

filtered and washed once with water. The solids

thus obtained were made up into a freely flowing
pulp, which was agitated in the flotation ma-
chine with 0.1 1b. of General Naval Stores No. §
pine oil per ton and 0.08 lb. of ethyl xantho-
molybdic acid per ton, the latter agent being
added as a mixture obtained by adding e solution
of sodium molybdate, acidified with hydrochloric
acld, to a solution of sodium ethyl xanthate.
Subsequently, a flotation concentrate was re-
moved in the usual way. The following table
indicates the results of the test:

Percent Assay, é)er- Distribution,

weight cent Cu percant Cu

Heads 100.0 2.27 100.0
Leached Cl.oocecnnen . 1.167 100.0 51.32
Flot Conee s 3.614 26.8 42.60
____________________ 95. 219 0.145 6.08

The pH value of the liquid from the tailing was 6.0.
Ezample 11

A 1000 gram sample of the same copper ore &s
in Example 9 was reground wet for ten minutes
and thereafter leached with 36 grams of sul-
phuric acid to dissolve the oxidized copper. The
dissolved copper was precipitated in the form of
metallic copper by agitation with 20 grams of
metallic iron, whereupon the pulp was subjected
to flotation in the usual way, employing as re-
agents 0.1 1b. of General Naval Stores No. 5

*pine oil, 0.1 1b. of Barrett No. 4 flotation oil, and

0.26 1b. of ethyl xanthomolybdic acid, all per
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" ready -been removed, was retreated eight

ton1 of ore, the last-mentioned agent being added
as a mixture obtained by admixing a solution of

sodium molybdate, acidified with hydrochloric -

acld, with a solution of sodium ethyl xanthate.

Both sulphides and cement. copper were simul-.. .

taneously removed in this test, the results of
which are shown in the following table: -

. The DH vlus of the water from the tailing was 49,
Ezample 12 _
A 1000 gram sample of 10-mesh Arizona Mo-

lybdenum Corporation ore, containing both cop- - 1 col : J _
denite, the-copper content therein being 0.26%.

per sulphides and molybdenite, was reground wet

in the ball mill for fifteen minutes. Thereafter, .
the pulp was transferred to the flotation machine -

where it was treated for the production of &
copper concentratq by employing. as reagents
1 1b, of starch, 0.1 1b. of sodium ‘ethyl xanthate,
and 0.25 Ib. of cresol, all per ton of ore, the usual
conditioning period with these reagents preceding
the frothing of the pulp.. With theé material re-
maining was then admixed 0.5 1b. of ‘amyl xan-
thomolyhdic acid per-ton, added as a mixture ob-
tained in the manner described below,. together

~ with 025 1b. of pine ofl per ton; & rougher mo-

38

40

Iybdenum concenirate being. subsequently ‘sepa-
rated. Upon removal of the tailing, this rougher
concentrate was conditioned in the machine with
0.5 Ib. of sodium cyanide per ton and 0.1 ‘1b.
of pine ofl per ton, whereupon a final niolybdenum
‘concentrate .was obtained, the talling. of ‘this
cleaning operation constituting & molybdenum
middling. [ : DR
The aforementioned mixture used in floating

the rougher molybdenum -concenirate was ob-
tained by first preparing a sodium molybdate so- -

lution from a molybdenite middling: obtained in
concentrating. a copper-molybdenum ore, this

- middling being roasted and thereafter leached

55

rf]

with sodium bydroxide solution. ‘To the sodium -

molybdate solution thus obtained was added a
potassium amy! xanthate solution in relative pro-
portion of two molecules of xanthate to one
mgolecule of molybdate, hydrochloric acid being
then added to the resultant solution to effect the
reaction. In thus preparing the mixture, the
mixed solutions of xanthate and molybdate were
employed in. quantities suffcient to form the
aforestated 0.5 Ib. of amyl xanthomolybdic acid
per ton of ore, The results obtained in the above
test are shown in the following table:

Assay percent | Peresnt d!stri_bution
we -
Cu MoS; | Cu MoSy
Heads. ... 100.0 0,826 1L & 100.0 100.0
Cu Core. ... 4,91 10,3 L 80.78 .37
Mo Cone.. ... 122 0.38 91. 50 0.731 @ MM
Mo Midd...... 3.61 L84 610 10.60 14.86
........ 90, 26 Qoss( 0077 | 7.921{ 4,63
Ezample 18

A rougher molyhdenite concentrate containing

sbout 2.9% MoS: and obtained by froth flotation
of & sample of ore from Utah Copper Company,
from which sample a copper concentrate bag al-

e | Assay Distribution,
Percent ’
weght | pert | persent
100.0 " '9.376 100.0 ..
: 5,82 ‘38,08 . 93.26
- 18 RS T2 [T ¥

5

times
employing as reagents sodium cyanide and bhutyl

xanthomolyhdic acid.  : This last-mentioned agent

was produced from secondary butyl xanthate and
ammonium- hepta molybdate. : The amount of
sodium cyanide; "2.98" 1bs. ‘per ‘ton of material
retreated, was-added during the first five re-

-« treatments. The xanthomolybdic acld was added

in equal amounts inthe last three retreatments,
the fotal amount being 0.04 1b. per ton of ma-
‘terial - retreated. “The :final ‘concentrate con-

;" tained 42% molybdenlte sud 013% copper.

" Starting with & rougher molybdenum Soncen-

trate of the same character as in Example 18,

. the procedures of that example, with the butyl
‘xanthomolybdic acid omitted and with the eya-
‘nide used in the last eight of nine retreatments,

gave a’final concentrate of only 752% molyb-

 Ezample 14

A 1500 gram sample of Nevada Consolidated

Copper Company ore, of & particle size to pass s

. 10-mesh screen and in the form of & pulp of 50%

12

18

solids, was reground for flve and one-third min-

utes- with 5 Ibs, of lime per ton of ore. .The
reground pulp ‘was transferred to the flotation

‘machine, diluted to about 23% solidg, and condi-
tioned. by: agitation with'a ‘mixture obtdained by

adding " & - hydrochloric-scid-acidified  aqueous

‘solution of sodium molybdate to an aqueous soly~

tion. of potassium phenyl-ethyl xanthate in such

-quantities as;to produce ‘.04 Ib. of beta phenyl- .
ethyl xanthomolybdic-acld per ton of ore, agita- -

tion of-the pulp being carried out stmultaneotsly
with 0.067 Ib. of pine oil per ton'of ore. - There-
after, frothing was -carrled out and the froth
removed in the usual manner, The following
table shows the reésultsof the test: =

e

Percent - Distribut
. weight . o

percent Cua

w000 | e | 100.0
3] -2\ - o240
0567 | 0.085 7.00

Ezample 15

 The procedures of Example 14 were repeated on

gnother 1500 gram sample of the same copper
ore, but increasing the amounts of acidified sodium
molybdate and beta phenyl-ethyl xanthate so as
to produce 0.08 Ib, of phenyl-ethyl xanthomolyb-
dic acid per ton of ore, eliminating the lime dur-
ing grinding, and carrying out the conditioning of
the pulp and subsequent frothing in a circuit
made acid with 6.1 Ibs. of sulphuric acid per ton
of ore. The results of this test were as follows:

CC

1073
18.16
.10

Distribution,

Percent,
percent Cu

weight

100.0

s SR 100.0
39 0118
8.82

5.
alls. oo 94,61

In each of the following three examples, the
same xanthomolybdic acid compound was used,
but was prepsred with the use -of s different
organic actd as a solution-acidifying agent.

Ezample 16

A 1500 gram sample of 10-mesh Nevada Con-
solidated Copper Company ore was reground in

55
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the ball mill for five and one-half minutes with 1.5
liters of water and 7.5 grams of lime (equivalent to
10 Ibs. per ton of ore). The material thus treated
was-transferred to the flotation machine where it
was conditioned by agitation with 0.067 Ib. of pine
oil per ton and 0.04 1b. of ethyl xanthomolybdic
acid per ton, the latter agent being prepared by
acidifying d solution containing the required
amounts of sodium molybdate and sodium ethyl
xanthate by means of acetic acid. Frothing was
then carried out and the froth removed in the
usual manner. The heads assayed 1.119% Cu,
the concentrate 22.0% Cu, and the tailing 0.0719
Cu, which represented a recovery of 93.95% of the
total copper containéd in the heads. o

Example 17

The procedures of Example 16 were repeated on
another 1500 gram sample of the same copper ore,
but in this instance the ethyl xanthomolybdic acid
was prepared with the use of furoic acid for acid-
ifying the ‘solutlon of sodlum molybdate and
sodium ethyl xanthate. The heads assayed
1.128% Cu, the concentrate 22.48% Cu, and the
tailing 0.07% Cu, which represented a recovery of

% 94.08% of the total copper contained in the heads.
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Erample 18 -

Here the xanthomolybdic acld of Example 16

was prepared by adding oxalic acid to the solution
of sodium mslybdate and sodium-ethyl xanthate.
All other conditions were exactly the same &s in
that-example, the test being carried out on still
another 1500 gram sample of the same copper ore.
The heads assayed 1.123% Cu, the concentrate
24.38% Cu, and the tailing 0.076% Cu, which rep-

resented a recovery of 93.52% of the total copper -

contained in the heads.

COMPARATIVE Tmsi' 11

Repeating the procedures of the last three ex-
amples on a further 1500 gram sample of the same
copper ore, but omitting the use of the xantho-
molybdic acid, a concentrate was obtained weigh-
Ing 25.3 grams and assaying 20.66% Cu, account-
ing for only 456.78% of the total copper contalned
in the heads, the assay of which was 1.117% Cu.
" None of the procedures herein described in
detail should be interpreted as limiting the inven~
tion, which procedures may be modified in mgny

50, ways without departing from its spirit.

60

© What is claimed is:

1..In the concentration of metalliferous ores by
froth flotation, the step which consists in carrying
out the froth flotation operation with the aid of a
xanthomolybdic acid compound. .

2. In the concentration of metalliferous ores by
froth flotation, the step which consists in subject-
ing an-.acid pulp of the ore to froth flotation in
the presence of a xanthomolybdic acid.,

3. In the concentration of metalliferous ores by

* froth flotation, the step which consists in effecting

85
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the froth flotation operation with the ald of a
xanthomolybdic acid obtdined from s soluble
xanthate and a soluble molybdate by the action of
an acid. i

4. In the concentration of metalliferous ores by
froth flotation, the step which consists in effecting
the froth flotation operation with the aid of a
eompound of the general formula

Mo003.(RO.CSSH) 3,
wherein R is an alkyl or aralkyl group.

5. In the concentration of metalliferous ores by
froth flotation, the step which consists in effecting

- thereto,

2,148,475 : .

the froth flotation operation with the ald of a
compound of the general formula, -

M003.(CaHz4+10.CSSH) 2

wherein 7 is & whole number, :

6. In the concentration of metalliferous ores by
froth flotation, the step which consists in subject-
ing to froth fiotation an aqueous pulp of the
metalliferous ore admixed with a xanthomolybdic

5

acid added thereto.in the state of solution in a 10

. sultable solvent,

7. In the concentration of metalliferous ores by
froth flotation, the step which consists in sub-
Jecting to froth flotation an aqueous pulp of the
metalliferous ore admixed with a xanthomolybdic
acid added thereto in the state of solution in
acetone, o : -

8. In the concentration of metalliferous ores by
froth flotation, the step which ¢onsists In ¢ |
out the froth flotation operation with the aid of

aqueous medium & soluble xanthate, a soluble
molybdate, and an aéid. C

9. In the concentration of metalliferous ores by
froth flotation, the step which consists in carry-
ing out the froth flotation operation with the aid
of the material obtained by the action of an acid
on admixed solutions of & salt of a xanthic acid
and a salt of molybdic acid. . .

15

the reaction product obtained by admixing in an: 20

25

10. In the concentration of 'metalliferous ‘ores gq

by froth fotation, the step which consists in
carrying out the froth flotation operation with
the ald of the material obtained by the reaction
in an aqueous medium of g soluble xanthate, &
soluble molybdate, and a mineral acid, the said
xanthate and molybdate being employed in rela-
tive proportions equivalent to two molecules of

. Xanthic acid and one molecule of molybdic acid.

11. In the concentration of metalliferous’ ores
by froth flotation, the step which consists
carrying out the froth flotation operation wi
the aid of the material obtained by roasting &
molybdenite ore, leaching the roasted ore with s
solution of caustic alkali, and reacting the result-
ant liquor with a soluble xanthate and an'acid, -

12. In the froth flotation concentration of
molybdenum ores, the step which consists in ef- ]
fecting the froth flotation operation on the molyb-
denum ore by the aid of & xanthomolybdic scid
compound. :

In 4

[

13. The process of concentrating ores contain- 50

ing molybdenite by froth flotation, which com-
prises admixing & pulp of the molybdenite-con~
taining ore with a compound of the general for-
mula MoOs.(CsHix+10.CSSH) 2 where 2 15 a whole
number, treating the pulp by froth flotation s0 as
to produce a concentrate rich in molybdenite, and
separating the concentrate. . '
14. The process of concentrating ores contain-

ing copper and molybdenum sulphides, which 60

comprises subjecting a pulp of such an ore to a
treatment resulting in a removal of copper sul-
phide, treating by froth flotation the remaining
pulp admixed with a xanthomolybdic acid com-

pound so as to produce a concentrate rich in 65

molybdenite, and separating the concentrate.

15, The process of concentrating ores contain-
ing copper and molybdenum sulphides, which
comprises treating a pulp of such an ore in the
presence of a flotation inhibitor of molybdenite
so as to separate & concentrate rich in copper
sulphide; and treating the remaining pulp, after
the addition of & xanthomolybdic acid compound
50 as to remove a froth flotation concen-
trate rich in molybdenite,

70
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16. The process of concentrating ores contain-
ing copper and molybdenum sulphides, which

* comprises treating a pulp of such an ore in the

10
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presence of a protective colloid so as to remove
a floating concentrate rich in copper sulphide,
adding to the remaining pulp a Xanthomolybdic
acid compound, and thereafter treating the said
remaining pulp by froth flotation so as to re-
move & concentrate rich in molybdenite.

17. The procesg of concentrating ores contain-
ing copper and molybdenum sulphides, which
comprises treating a pulp of such an ore in the
presence of a flotation inhibitor of molybdenite
so as to remove a floating concentrate rich in
copper sulphide; and separating from the remain-
ing pulp by froth flotation a molybdenite concen-
trate with the aid of the material obtained by the
reaction in an aqueous medium of a soluble xan-
thate, a soluble molybdate, and an acid.

18. In the process of concentrating metallic
copper by froth flotation, the step which consists
in subjecting a pulp containing metallic copper
to & froth flotation operation with the aid of -
xanthomolybdic acid compound.

19. The process of concentrating ores contain-

ing sulphide and oxidized copper minerals, which
comprises subjecting a pulp of such an ore to a

treatment resulting in the separation by fotation

of a concentrate rich in copper sulphide, leaching
the remaining pulp with an acid to dissolve the
oxidized copper, precipitating the dissolved cop-
per in the form of metallic copper, and treat-
ing the resulting material in the presence of a
xanthomolybdic acid compound so as to separate

by froth flotation a concentrate rich in metallic

copper.
20. The process of concentrating ores contain-
ing sulphide and oxidized copper minerals, which
comprises treating & pulp of such an ore with
the aid of a xanthomolybdic acid compound so as

CERTIFICATE OF
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to separate by froth fiotation a concentrate rich
in copper sulphide, leaching the remaining pulp
with an acid to dissolve the oxidized copper, pre-
cipitating the dissolved copper in the form of
metallic copper, and treating the resulting mate-
rial in the presence of a xanthomelybdic acid
compound so as to separate by froth flotation a
“concentrate rich in metallic copper,

21, The process of concentrating ores con-
taining sulphide and oxidized copper minerals,
which comprises leaching such an ore with an
acid to dissolve the oxidized copper, removing the
solids from the dissolved copper, and treating a
pulp of said solids in the presence of & Xantho-
molybdic acid compound so as to separate by
froth flotation a concentrate rich in copper sul-
phide. .

22, The process of concentrating ores contain-
ing sulphide and oxidized copper minerals, which
comprises leaching such an ore with an acid to
dissolve the oxidized copper, precipitating the dis-

? .
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solved copper in the form of metallic copper, sub-

Jecting the resulting material to froth flotation in
the presence of a xanthomolybdic acid compound
so as to produce & concentrate rich in copper sul-
phide and metallic copper, and separating the
concentrate. ’

23. In the concentration of metalliferous ores
by froth flotation, the step which consists in
carrying out the froth flotation operation with
the aid of ethyl xanthomolybdic acid.

24. In the concentration of metalliferous ores
by iroth flotation, the step which consists in
carrying out the froth flotation operation with
the aid of amyl xanthomelybdic acid.

25. In the concentration of metalliferous ores
by froth flotation, the step which consists in
carrying out the froth flotation operation with the
aid of butyl xanthomolybdic acid.

. CORNELIUS H. KELLER.

CORRECTION. o . .
o Februery 28, 1939.

. KELLER.

It?ié,hereby certified that error appeers in the printed spe¢;f1cat;én
'._f.")‘f t&'ie éﬁo{re numbered pat‘e‘nt requiring correctionas follows; Page 3, second
éolumn,1ihe70,1n£he;£éb1e;thirdcolumnthereof;fortpgnume;aljﬂ3.7511
read 18.571; and that the said Letters Patent shouldbe read with this cor-
pection therein that the same inay_ conform to the record o‘f the case in the

Patent 0fflce. . - |
Signed and sealed this Lth day of April, A. D. 1939.

(Seal)

Henry Van Arsdale

Acting Commissibne_r of Patents,
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