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This invention relates to a novel process of"
concentrating minerals from their ores and to
new flotation reagents for use in such a process
which function as collecting and frothing agents,

in that they assist in producing a better froth &

and effect the collection of the desired mineral
values present in the ore in cooperation with
other frothing and collecting agents, if the met-
allurgy of the particular ore under f{reatment
makes the use of additional collecting or froth-
ing agents advisable. The new reagents are use-
ful in the beneficiation of ores, particularly met~
alliferous ores, such as copper, lead, zine, silver,
gold, and turgsten; and also nonmetallic ores,
for example, talc. They are useful in the bene-
ficiation of oxidized metalliferous ores as well
as sulphide metalliferous ores.

The use of sulphonated soaps of alkali metals
broduced by saponifying a sulphonated fatty acid

with sodium hydroxide, and the corresponding 20

Soaps of heavy metals, such as lead and copper,
produced by reaction between the alkali soap
and a heavy metal salt, such as lead acetate or
copper acetate, as flotation reagents for the con-

centration of metalliferous ores and of ores of 25

so-called non-metallie minerals, is now known.
However, I have found that organo-metallic
compounds.or mixtures thereof can be rendered
much more effective as flotation reagents if they,

(CL 209—166)
" and will not give as high recoveries of the de-

sired mineral values as-when the reagent is pre-
pared by neutralization of the sulphonated cas-
tor oil with an alkali or an alkaline earth metal
carbonate..- Reagents formed by saponifying
sulphonated castor oil with an alkali or alkaline
earth metal hydroxide, regardless of the amount
of alkali metal hydroxide used, produces a heavy,
matted froth as distinguished from 3 relatively

10 strong not-too-heavily mineralized froth in

which the bubbles are of the desired size, such
85 is produced by the product resulting from
the neutralization of the sulphonated castor oil .
with an alkali metal or an alkaline earth metal

15 carbonate. However, in order to obtain the ad--

vantages resulting from the present invention,
the castor oil must first have been sulphonated,
as satisfactory results have not been obtained
with.a product resulting from the treatment of
raw castor oil, either with an alkali metal or an
alkaline earth metal carbonate.

Accordingly, the present invention relates to
a flotation reagent which is the product, a deriv-
ative thereof, or a mixture of the products re-
sulting from the neutralization of sulphonated
castor oil with an alkali metal or an alkaline
earth metal carbonate, and to a froth flotation
method of concentrating minerals from their
ores with such a product or mixture of products.

or the products from which they are derived, are 30 While under certain conditions ammonium car-

produced by nelitralization of sulphonated castor
oil (the alkali salt of ricinoleo-sulphuric acid)
with an alkali or an alkaline earth metal car-
bonate, - inste ¥ ification of the sul-

phonated castor oil with an alkali or alkaline 35

earth metal hydroxide. An organo-metallic
compound when so prepared is effective when
the milling is carried out both in soft water and
hard water. Tt offers i.ncreased\'\advantages

when the milling is conducted in harg “water, 40

used, I prefer to use an alkali

metal or an alkaline earth—metalfliao_neutralizeﬂ\‘

the sulphonated castor oil, as the product re-
sulting from neutralization of the oil with am-
monium carbonate is relatively unstable and
loses its frothing-power.more readily and pro-
duces a froth of poorer quality. The use of 80-
dium carbonate as the ‘alkaline Theutralizing -

agent is preferred, and in the further description
of the invention reference will be made to so-

and results have been attained with such a re. ~-.dium carbonate as the meutralizing “agent,

agent when milling in sea water which hereto-
fore it has been impossible to attain when using
the usual frothers and collecting agents.

If sodium hydroxide, for example, is caused 45

to react with sulphonated castor oil, saponifica-
tion of the oil will take place with the produc-
tion of a final product which, while being capa-
ble of operating as a collector in the concentra-

tion of minerals, bossesses much less selectivity 50

The‘ﬂota;tion“reaggnt of the present invention
is prepared by the neutralization of castor oil-
which has been sulphonated by reaction with
any appropriate sulphonating agent or in any
well known manner, with "sodium carbonate.
When a reaction product of a heavy metal is
desired, the product resulting from the neutral-
ization of the sulphonated castor oil with the
alkali metal carbonate, may be caused to resct
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with a salt of a heavy metal, such as lead acetate covery of that difficult fraction, and the beneflt
or copper acetate, whereupon the metal atom of the frothing properties of the alkali metal
of the heavy metal salt will be substituted in the product. The relative extent of collection and
neutralization product in place of the alkali met- flocculation, and frothing, produced by the re-
. al. Salts of various heavy metals, such as lead, 5 agent will depend upon the amount of the heavy
iron, zinc, manganese, cobalt and copper, may be metal salt added to the neutralized product and
used to form the heavy metal product, as the consequently upon the relative amounts of the

resulting product of all of them shows charac- heavy metal product and alkali metal products
teristic powerful flocculation of slimed minerals, present,
. - but ordinarily a lead salt js preferred. ' 10 = The alkali metal product prepared in the man-

Ordinarily a mixture of the product resulting ner set forth and the heavy metal product de-
from the neutralization of sulphonated castor rived therefrom’ will function as collecting and
oil with sodium carbonate and the heavy metal flocculating, and frothing agents, respectively,
product derived therefrom will be used. The al- with all types of ores and they have been found
kali metal or alkaline earth metal product of the 15 to be particularly useful with ores producing a
neutralization, supplemented by a small amount high slime content when pulped, such as ores
of pine oil or cresylic acid, forms an excellent containing sericite and chlorite, which when
frothing agent, while the heavy metal product pulped produce colloidal slimes.

derived therefrom is a powerful collecting and In the concentration of certain ores, the heavy
flocculating agent. However, either product may 20 metal product as prepared above may be the
be used without the other. . . only flocculating and collecting agent used, but

In one example, the reagent of the present in- . with most ores it will be found desirable to use

. vention was prepared by dissolving 75 parts by the présent reagent along with some of the stand-
weight of sodium carbonate in 1000 parts of ard collecting agents, such as the xanthates and
water, after which 50 parts of sulphonated castor 25 the “Aerofloats.” However, when the heavy
oil was added slowly, with stirring, to the solu- metal product is used, such additional collecting
tion of sodium carbonate. The resulting product agents may be used in lesser amounts. Also, in
was the sodium neutralized ricinoleo-sulphuric froth flotation it is desirable to use the usual
acid. . frothing agents along with the alkali metal prod-

In another example, 400-grams of lead acetate 30 uct as it ordinarily has insufficient frothing
in solution was added to 20 Ibs. of a solution of power when used alone, but when used with
the neutralized product prepared as set forth proper proportions of standard frothing agents,
above to form the lead salt of the neutralized such as pine oil or cresylic acid, improved metal--
ricinoleo-sulphuric acid. lurgical results and lowered total reagent costs

In preparing the alkali metal product in the 35 gre obtained. In froth flotation, it is only neces-
manner set forth, it is preferred to use an amount sary to use about 30 to 40% of the amount of
of alkali carbonate sufficient to neutralize sub- pine oil, cresylic acid or other frother ordinarily
stantially all of the sulphonated castor oil. Or- used, and to add sufficient of the alkali metal
dinarily, the amount of the alkali carbonate will product to produce the required volume of froth.
be between 1.1 and 2 times the amount of sul- 40 In that way, greater selectivity control is ob-
phonated castor oil. The amount of water may tained as well as the more rapid and effective
be varied but the amount given above, as well as emulsification, and . the production of froth of
the relative amounts of sulphonated castor oil smaller bubble structure which offers improved :
and alkali metal carbonate are preferred. 5 facilities for mineral flotation. :

When it is desired to produce a reagent in- ¢ In the concentration of minerals from their
cluding a mixture of the sodium carhbonate neu- ores, the present reagents may be used in the
tralized product and the heavy metal product form of the crude mixtures obtained in the man-
derived therefrom, the amount of heavy metal ner described above or the sodium compound or
salt added to the product resulting from the 5, the heavy metal compound or mixtures thereof,
neutralization of the sulphonated castor oil with as the case may be, may be separated and used

_the alkali metal carbonate will depend upon the alone. i

relative amount of heavy metal product, as & col- The amount of reagent which will be used will,
lecting or flocculating agent, desired in the final in accordance with the usual practice, depend
product. Accordingly, the amount of lead acetate 55 upon the particular ore being treated, the exact
which may be added in the first example referred chemical and . mineralogical nature thereof, the

to-above may vary from a relatively small amount, ~ chemical character of the mill water and the
such as 100 grams;if-the above parts are com- temperature and physical characteristics of the
puted in pounds, to a sufficient amount to react particular pulp being treated; it being well unde

with and convert a large part of the alkali metal go stood that eachbaich "of material-may present
compound to the corresponding lead compound. its‘;:}x/vﬁ?:ms with respect to the amount of
If the reagent is to be used only for frothing, nx(;/ﬂo fion reagents which should be used to obtain
heavy metal salt-will be added thereto, while i the optimum results. It is also to be understood
& collecting or flocculating agent alone is-desired that subsequent to the mixing of the . reagents
the amount of heavy etal salt added may be 65 with the cre pulp, the actual step of separating

sufficient t}corﬁert all of the alkali metal prod- themineral values may be effected in any desired -
uct into the corresponding heavy metal product:- type of flotation machine or even by tabling.
_-While either the alkali metalproduct prepared The advantages of the reagents of the present

.//as described or the heavy metal produvet derived invention in ‘the concentration of minerals will

therefrom will give improved results in w2 con- 70 be better understood from the following examples
centration of ores, I usually prefer to use & mix- of its use, in all of which the reagent propor-
ture of the alkali metal and heavy metal products . tions are given on the basis of pounds per ton of
in nrder to obtain the benefits of the collecting dry material treated, and the assays of the gold-
and flocculating properties of the heavy metal bearing ores are given in gold value per ton
_product on slimed mineral, and increase the re- 75 of dry material,
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Example I

Old stamp mill tailings from the Chicagof dis-
trict of southeastern Alasks assaying $3.10 in
"gold and consisting mainly of auriferous pyrite,
free gold, and a small amount.of amalgam, along
with quartz and considerable quantities of seri-
cite, calcite, chlorite and graphite were ground so
that all of it passed through a 65 mesh screen and’
68% passed through a 200 mesh screen. The

ground product was made into a pulp containing 10.

22% solids and to it was added in a conditioning
tank:

’ . Pounds
The reagent as prepared above and con-

taining the sodium and lead products.... 0.4 15

. Amyl xanthate - 0.15
Pine oil 0.02
Starch _.. ; 0.1

The starch was added as a —depressant for the

graphite, the amyl xanthate as an additional 20

collecting agent, and the pine oil as a frothing
agent. :
The addition of reagents required one minute,
after which agitation was continued for another
minute.
- ferred to a froth flotation machine of the me-
chanical type, where it was agitated for eight
minutes, during which time a rougher concen-
trate was floated and collected. Upon removal
of the tailings, the rougher concenfrate was re-
turned fo the flotation machine where, without
further addition of reagents, it was again treated
for four minutes to float a finished concentrate.
The tailings of this cleaning treatment con-

stituted a middling which was returned for fur- 32

ther treatment. The finished concentrate assayed
$176.40, the middlings $5.07 and the tailings $0.44,
With similar tests made with the same ore and
under the same conditions, except that 0.03 Ibs.
of Aerofloat #31 was used instead of the reagent
of the present invention, the concentrate as-
sayed $141.10, the middlings $3.32 and the tail-
ings $1.05. ‘
Example II .

The metallurgy of certain gold-bearing ores
involves the recovery of elementary gold, galena,
and very small amounts of argentite and chal-
copyrite, with the rejection of pyrite, pyrrhotite
and graphite in the tailings.
slime’ flotation circuit. in the treatment of such
ores assaying $0.40 were made into various pulps

containing from 12 to 30% solids (averaging .

about 20%) to which were added in a condition-
ing tank: .
’ Pounds
The reagent as prepared above and

containing both the sodium and

heavy metal compounds________ 0.03 to00.07
Amyl xanthate. . 0.006 to 0.012 60
Pine oil 0.03 t00.07
Stareh____. ——- 0.04

The pulps thus conditioned were treated in a
froth flotation machine for 'a period of three
minutes.
ore treated was very rapid, the usual time for
emulsification needed by pine oil or cresylic acid
was not necessary and greater volumes of froth
were produced. Therefore, it was possible .to

successfully use a relatively short period of treat- 70

ment of the conditioned pulp in the froth flota-
tion machines. : g

The finished concentrate assayed on an*aver-
age $300.00 and the tailings $0.15, The average

5 ¢

The pulp thus conditioned was trans- 235

30

40 -
45i

The heads of the 50

56

" at which the operations were carried out. With

As the action of the frother on the 68

, Copper sulphate_..._.

Treagent cost was $0.013. The recovery of lead
in the slime size was high. :

Example IIT

The heads of the slime flotation circuit in the
reatment of ores of the kind referred to in
Example IT were prepared and treated in a simi-
lar manner with the same reagents used in Ex-
ample IT, except that the reagent was the sodium
product as prepared above, no heavy metal
product being present. The finished concentrate
assayed $300.00, and the tailings $0.17.  ‘The
reagent cost was $0.015 per ton treated. The
recovery of lead in the slime size was also high,

In tests on the heads of the slime flotation
circuit in the treatment of ores of the kind re-
ferred to in Examples IT and IIT but using stand-
ard reagent, the finished concentrate assayed
$200.00 and the tailings $0.20 with a reagent cost
of $0.035 per ton treated. o

Exzample IV

In another test, old stamp mill tailings which
had been under sea water for 24 years and which
assayed $3.00 were ground so that 92% passed
through a 100 mesh screen and 65% passed a

200 mesh screen. The ground tailings were made

int:.o a pulp cpntp,ining approximately 20% solids,
using one half sea water and one half fresh
water. To the pulp thus prepared there was

‘added in & conditioning tank:

. - Pounds
The'rgagent as prepared above and con-
taining both the sodium and lead prod-

ucts 0.05
Amyl xanthate__.____ - 0.15

- Cresylic acid -- 0,02 .
- Reagent #637_ - 0.02
Diesel oil . 0.01

The Diesel oil was used to prevent an excessive
amount of light unstable foam which otherwise

- would be produced when milling in sea water,

thereby enabling the use of the regular frothers.

The pulp thus conditioned was treated in a
froth flotation machine in the manner set forth
n the preceding examples to produce s finished
concentrate. The concentrate assayed $175.00,
and the tailings $0.70, The values were in the

‘form of exceedingly fine pyrite, a small amount

of free gold, and amalgam. . »

In this example the reagents of this invention
were found to have the ability to form a stable
iroth, to flocculate and assist in the recovery of
minerals that could not be recovered with the
standard reagents under the difficult water, min-

eral surface conditions, and the low temperature

standard ;‘eagents, the same ore gave concen-
tra_tgs which assayed from $105.00 to $140.00
while the tailings assayed from $1.20 to $1.50.

Ezample V
In this example, ore from 3z small gold prop-

erty in southeastern Alaska where flotation fol-
lowed amalgamation, fine regrinding and tabling

was ground, formed into g series of pulps and

treated, in both fresh water and salt water, in

the presence of the following reagents:

. Poun

The lead product as prepared above._______ O.gg
Aerofloat #25 S 0.10
Reagent #301_____________ "7 0.12
Reagent #208______ . ———— 0.10
Reagent #637. 0.05
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The assays under salt water and fresh water
conditions- were as follows: :

‘With salt water circuit ‘With fresh water circuit .
Heads Cone. Tails Heads Cone, | Tails
$13.00 | $335.00 | $3.75 $0.25 | $175.00 | $3.15

10.60 250.30 2.76 10.85 195.30 3.50
10.85 235. 20 3.45 9.70 250,00 2.97
10.50 270.20 3.35 9.80 163.85 2.55
11.20 225.00 | .3.35 13.40 205.40 | 3.45
9.45 225.00 | 3.00 12.90 350.00 | 38.75
9.05 270.00 3.50 12,60 250.40 3.50 .
10,68 | - 268.67 | 3.31 Averages11.17 28.56 | 3.27

In a series of compérative tests made under
similar conditions except that the lead product
was not used as the collecting and flocculating

agent, the assays were as follows:

With salt water circuit 'With fresh water circuit
Heads Cone. Tails Heads Cone. | Tails
$12.95 $402.10 ([ $4.55 $10.25 $212.30 | $4.20

9,45 387.10 4.55 11.25 237.40 3.50
11.20 204.40 4.20 8.70 140.70 3.35
10.85 196,00 4.02 10.30 150.30 4.53
11.55 158,80 6.30 10.60 185.00 3.67
12.95 280.70 | 4.90 10.30 200,00 4,02
11.20 308.70 4.90

. 11.45 289,70 4.77 Averages 10.23 187.61 3.88

Ezample VI

In another test on gold-bearing ores the re-
agents used were as follows:

’ Pounds.
The lead product as prepared above__._—..— 0.08
The sodium product as prepared above_____ 0.40
Pine oil- — - 0.04
Starch .___- _— - 0.04
The assays were as follo‘ws:l
Heads- ——— $ 044
Concentrates . - 249,90
Tails...— — 0.17

In this example the test was of four hours
duration. It is to be noted that the lead product
of the invention was the only collecting and
flocculating agent present. .

Ezxzample VII

In this example a gold-bearing ore was treated
in the usual manner with the following reagents:

. Pounds
Zine product as prepared above__ ... .. 0.08
Sodium product as prepared above_ ... -0.40
Pine oil_. 0.04
Minerec “B” - - 0.003
Starch _— - 004

‘The Minerec “B” was used along with the zinc
product of the invention as a collecting and
flocculating agent. The assays were as follows:

———$ 044

HeadS oo
Concentrates - 256,30
Tails._- 0.17

Example VIII

In this example a gold-bearing bre similar to

10
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that used in Examples VI and VII was treated
with the following reagents:

’ Pounds’
Iron product as prepared above ... _____ 0.08
Sodium product as prepared above . .-._- 040
Pine oil . 0.04
Minerec “B” - _~ 0.003
Starch : - 0.04

The assays in this example were as follows:

Heads i ——$ 044
Concentrates 298.20
Tails 0.17

In the above examples the tests were run pri-
marily for the recovery of the gold content of
the ore. However, the ores contained traces of
copper as the sulphide, chalcopyrite, and lead as
galena. The final concentrates were ‘found to
run about 3% in copper and about 40% in lead,
thereby demonstrating the effectiveness of the
reagents in the recovery of those metals. The
flotation heads assayed from 0.05% to 0.07%
lead. ‘

Example IX

In a test run on a high grade silver-lead ore
from the Mayo district of Yukon Territory in
which the silver carrying minerals present were
tetrahedrite, proustite, argentite and galena, and
which also contained zine, pyrite cerussite and
anglesite, a pulp of the ore was treated in the
usual manner with the following reagents:

. Pounds
Sodium product as prepared above_ ... 0.50
Pine oil : 0.05
Amylxanfhatp 0.12
Sodium carbonate 0.30
Sodium cyanide 0.40

The sodium carbonate and sodium cyanide were
added to depress zinc and iron sulphide. The
assays were as follows: -

Heads $137.94 0z. ag.
Concentrates. 1164.62 oz. ag.
7138 0z. ag.

The silver loss was due to the presence of

" anglesite and cerussite.

50

60

In a test made on an ore containing tungsten
as well as copper, where the usual mill practice
is to float copper and table flotation tailings for
recovery of tungsten, the addition of a small
amount of a mixture of the sodium and lead
products of the invention caused the tungsten to
be floated along with the copper.

From the foregoing it will be apparent that the
product of the neutralization of sulphonated
castor oil with an alkali or alkaline earth metal
carbonate, and the corresponding heavy metal
product, are particularly useful as frothing and

- collecting agents in the concentration of metals

65

75

by the froth flotation method, and possess ad-
vantages in such a method over similar coliecting
agents prepared by saponifying the sulphonated
castor oil with an alkali metal hydroxide such
as sodium hydroxide. -

In the accompanying claims, the term “alkali
carbonate” is used as a generic term to include
an alkali carbonate such as ammonium carbonate,
alkali metal carbonates and alkaline earth metal
carbonates.

I claim:

1. A process of beneficiating metalliferous ores
which comprises admixing ground ore with a
reagent prepared by reacting sulphonated castor
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oil with at least 1.1 times its weight of an alksli
carbonate and separating in an aqueous pulp the
mineral values from the ore.

2. A process of beneficiating metalliferous ores
which comprises admixing ground ore with a
reagent prepared by reacting sulphonated castor
oil with at least 1.1 times its weight of sodium
carbonate and separating in an agueous pulp the
mineral values from the ore.

3. A process of beneficiating metalliferous ores
which comprises admixing ground ore with a
heavy metal compound prepared by reacting a
salt of a heavy metal with the product of neu-

tralization of sulphonated castor oil with an al-

kali carbonate, and separating in an aqueous pulp
the mineral values from the ore.

. 4. A process of beneficiating metalliferous ores
which comprises admixing ground ore with a lead
compound prepared by reaction of a lead salt
with the product of the neutralization of sul-
phonated castor oil with sodium carbonate, and
separating in an aqueous pulp the mineral values
from the ore. :

5. A process of beneficiating metalliferous ores
which comprises subjecting ground ore.to froth
flotation in the pr¢sence of a reagent prepared
by reacting sulphonated castor oil with at least
1.1 times its weight of an alkali metal carbonate,
and separating in an aqueous pulp the mineral
values from the ore,

6. A process of beneficiating metalliferous ores
which comprises subjecting ground ore to froth
flotation in the presence of a heavy metal com-
pound prepared by reacting a salt of g heavy
metal with the product of the neutralization of
sulphonated castor oil with an alkali metal car-
bonate, and separating in an agueous pulp the
mineral values from the ore.

7. A process of beneficiating metalliferous ores
which comprises subjecting ground ore to froth
fotation in the presence of a lead compound
prepared by reacting a lead salt with the product

10
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of the neutralization of sulphonated castor oil »

with gn alkali meta] carbonate.
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8. A process of beneficiating metalliferous ores
which comprises subjecting ground ore to froth
flotation in the presence of the product resulting
from the neutralization of sulphonated castor oil
with an alkali carbonate and in the presence of a
heavy metal compound formed by the reaction of
a heavy metal salt with such neutralization
product.

9. A process of beneficiating metalliferous ores
which comprises subjecting ground ore to froth
flotation in the presence of the product of the
neutralization of sulphonated castor oil with an
alkali metal carbonate and in the presence of a
lead compound produced by reacting such a neu-
tralization product with lead acetate.

10. ‘A process of beneficiating metalliferous ores
which comprises subjecting ground ore to froth
flotation in the presence of a lead compound pre-
pared by reacting a lead salt with the product of
the neutralization of sulphonated castor oil with
from 1.1 to 2 times its weight of an alkali metal
carbonate.

11. A process of beneficiating metalliferous ores
which comprises admixing ground ore with a
reagent prepared by reacting a salt of a heavy
metal with the product of the neutralization of
sulphionated castor oil with sodium carbonate.

12. A process of beneficiating metalliferous ores
which comprises subjecting ground ore to froth
flotation in the presence of g lead compound pre-
pared by reacting lead acetate with the product
of the neutralization of sulphonated castor oil
with sodium carbonate. ]

13. A process of beneficiating metalliferous ores
which comprises subjecting ground ore to froth
flotation in the presence of the product resulting
from the neutralization of sulphonated castor oil
with an alkali carbonate and in the presence of a
lead compound prepared by reacting such a neu-
tralization product with a lead salt.

HUGH W. COKE.




