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This invention relates to flotation processes and more
particularly to frothing agents for the froth flotation of
ores.

For dressing ores by froth flotation, it is necessary to use
collectors and frothing agents, in addition to regulating
reagents. Heretofore, terpene alcohols in industrial
form, for example pine oil, have played an important role
as frothing agents. Further known frothing agents are
the homologues of phenol, particularly fractions of tar
acid rich in xylenol, and aliphatic alcohols of medium
molecular weight such as amyl alcohol, hexanol and
heptanol.

Although the above mentioned aliphatic alcohols were
in part superior to the terpene alcohols as regards their
surface activity, i.e. their ability to reduce the interface
tension of water/air, and though they yield pure con-
centrates, they could not equal the terpene alcohols in
importance since the flotation froths produced by these
aliphatic alcohols break up more readily and possess only
little bearing strength.

It has also been known, heretofore, that higher
oxethylated reagents with relatively long aliphatic chains,
for example fatty alcohols oxethylated with at least 6
mols of ethylene oxide and similar products which are
used as textile auxiliaries and washing agents, froth very
much with water. These substances are, however, not
adapted for use as frothing agents for flotation processes,
since the froths obtained therewith are very voluminous
and so stable that they do not break up as rapidly as is
desired after they have left the cell in which the flotation
is carried out. Furthermore, froths obtained from flota-
tion pulps in the presence of these reagents contain only
relatively small quantities of ores. Products of this kind,
therefore, do not constitute suitable frothing agents.

Now I have found that by addition of short

+CH;—CH,—0%

chains to saturated monohydric aliphatic alcohols of
medium length of chain, i.e. to at least one alcohol of 4
to 8, preferably 5 to 8 carbon atoms, for example butyl,
amyl, hexyl or octyl alcohol, reagents can be obtained
which are excellent frothing agents for flotation processes,
while the surface activity of the starting alcohols is
changed only insignificantly, if at all, and which are far
superior not only to the starting alcohols but even to the
terpene alcohols. The substances used according to the
present invention contain at least 1 mol and preferably
not more than 5 mols of ethylene oxide (hereinafter some-
times referred to as EO) in the form of the grouping
—CH;—CH;—O— per mol of alcohol. In addition, in
accordance with the present invention, substances ob-
tained by reacting ethylene oxide with a mixture of
alcohols or with branched alcohols such as tertiary
butanol, isobutanol, isoamyl alcohol, ischeptano! or iso-
octanol may also be used.

In this connection, there are also known frothing agents
for flotation processes which have been obtained by addi-
tion of propylene oxide to lower alcohols, for example
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methanol. In these frothing agents, however, the neces-
sary surface activity is obviously produced, in the main,
by the ether chain itself, since the starting alcohols such
as methanol are not sufficiently surface-active to be suit-
able for use as frothing agents for flotation processes. It,
therefore, could not be foreseen that by addition of the
shorter chains of ethylene oxide which are richer in
oxygen and poorer in hydrocarbon to aliphatic alcohols
of sufficient surface-activity but insufficient frothing prop-
erties, there are obtained—without essential alteration of
the surface-activity of the basic alcohol—reagents which
are better frothing agents than the basic alcohols, the
terpene alcohols and also the polypropylene glycol ethers
mentioned above. This was the more surprising since sub-
stances' which have been obtained by addition of a few
mols of ethylene oxide to terpene alcohols or to xylenol
are not better but, on the contrary, rather less adapted
for use as frothing agents than the starting products which
have not been reacted with ethylene oxide.

The frothing agents according to the present invention
are especially applicable to sulfidic ores, primarily ores of
the metals lead, zinc, copper, molybdenum, nickel, cobalt
or antimony, which are often associated with other ele-
ments such as silver, mercury, gold, cadmium or arsenic.
If desired, the frothing agents of the present invention
can also be used for oxidic ores or those of carbonate or
silicate nature, for example, of the above mentioned ele-
ments or the elements tin, tungsten or uranium. They
can further be used for the flotation of salts, for example
of potassium chloride, or for the flotation of fluor spar
(fluorite) or phosphorite. Furthermore, the frothing
agents of the present invention can be employed in the
flotation of iron pyrites and they are of special importance
in the flotation of sulfidic lead ores or sulfidic lead-zinc
ores as well as of simple or complex sulfidic copper ores.

The quantity of frothing agent to be used depends on
the ores, the quantity of water employed, the size of the
grains of the ores, the gangue, the working conditions
(for example preliminary enrichment) and the frothing
agent used. In the case of galena or sulphidic lead zinc
ores the quantity of frothing agent, for example, pref-
erably amounts to more than 20 grams per ton of ore.

In the case of various sulphidic lead zinc ores, for which
the frothing agents of the present invention are particu-
larly suitable, the quantity of frothing agents necessary
for obtaining the same effect can vary between about 7
and 125 grams per ton of ore. As compared with the
known frothing agents, in all these cases a considerably
smaller quantity of the frothing agents according to the
present invention is required; the reduction, in general,
amounts to 40 to 70 percent of the quantity of the known
frothing agents, — S

Hence, the frothing agents according to the present in-
vention are much more efficient than the known frothing
agents.

Due to the selective properties of the frothing agents
of the present invention it is possible to separate minerals
which cannot be separated otherwise. For example, cop-
per pyrites can be separated to a large extent from
gersdorffite (a sulfidic iron-nickel arsenic mineral) even
in ores which are very poor in metal (for example 1.7
percent of Cu:0.1 percent of Ni).

In the following Table 1 the effect of two known froth-
ing agents (Nos. 1 and 2) is compared with that pro-
duced by the frothing agents according to the present in-
vention (Nos. 3-6). The tests were made with pure
galena in a 50 gram mineral separation cell and in 4
series of experiments 12.5, 25, 50 and 75 grams each of
frothing agent per ton of ore were added. In each case
100 grams of potassium ethyl xanthate per ton of ore
were added as collector,
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TABLE 1
Yield in percent obtained in the flotation of galena
12.6
Frothing agent g.jt. |25g.ft. g.ft. | 75 g/t
ofore | ofore | of ore | of ore
1. terpineol 38.8 55.5 82.2 93.2
2. tetra - propylene - glycol - mon-
omethylether .o oo 38.4 6.6 83.4 04.6
3. amylaicohol +2EO_ oo .. 38. 76.4 88.3 95.0
4, amylalcohol + 4 EO 49.2 £84.8 2.5 96. 6
5. hexylalcohol +2EOQ___..__..__._. 30.3 83.4 91.2 95.8
6. hexyl alcohol + 4 EO . A 83.8 92.2 97.0

The superior properties of the compounds according to
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ing agents, while the same result was obtained. The re-
duction in the quantity of frothing agent used amounted
to as high as 75%. The variations are caused by—among
other factors—the different character of the ores due
to the individual ore deposits, furthermore by the work-
ing conditions (for example primary enrichment, degree
of comminution and amount of water) and also by the
efficiency of the individual frothing agents used for the
purpose of comparison. :

The values ascertained for the reduction in consump-
tion could be verified in tests lasting several days.

When the frothing agents according to the present in-
vention are used, there is no fear that working troubles or
other difficulties will arise.

the present invention can also be seen from Table 2 in 15 TABLE 4
“{}uch the weights of the concentrates of galena are in-
dicated, which weights were obtained under constant condi- Technical flotation tests with lead-zinc ores
tions in flotation experiments in the Fagergren-laboratory-
cell. 600 grams of an industrial lead ore containing 13.5 frothin
{)er;ent gf galetrllla t§1~lfl‘.}’ih;l’erceut of Pb()11 werg subjected 20 ageﬁtt: mﬁgumon
o flotation wi e frothing agents indicated in Table Ore according| In con-
i 5 2 known frothin, ent, to the sump-
}. The quantity of gqlena discharged by the froth flow- %m'}ﬁ%g 3?,"&&3,‘, o ?;,/t, g o8 present tlonI,)
ing over was determined. As collector 50 grams of 1?;(’)%“- Dercent
potassium ethyl xanthate per ton of ore were added. . zt
TABLE 2 ® hy 7.8 4.6
1.50......._| Pb frot! ent on the A 3
btlalsilgg o%g tar ofi-ter-
concentrate of pineol, 30.
Frothing agent (150 g./t.) galens in g. 2 R, Ph frothing agent on the 40.8
. basis of terpene alco-
- 30 hol, 71.
1, terpineol 25.4° 2.59...caee-} Zn frothing agent on the 74.5
2. tetra-propylene-glyecol-x thyl ether. 45.8 basis of terpene alco-
3. amyl alecohol + 2 EO 53.0 - hol, 106.
4, amyl alcohol + 4 EO 57.4 2513 ceenn Zn frothing agent on the 5.5
5. hexyl aleohol - 2 EO .- 59.1 basis of terpene alco-
6. hexyl alcohol 4- 4 EO 63.5 hol, 115,
35

Table 3 shows the results of flotation tests in an in-

dustrial flotation plant for lead zinc ore, the quantities of

frothing agents required per ton of ore being indicated.
The consumption of frothing agents was determined in
a 24 hour operation per ton of ore charged. From this
table, too, it can be seen that the frothing agents accord-
ing to the present invention are superior to the known
compounds serving as frothing agents. )

TABLE 3

Metal content: 6% Pb and 2.5% Zn
Frothing agent consumption/t.
pine ofl 11
tetra-propylene-glycol-monomethyl ether.....coooloooac 85
hexyl alechol + 2 EO p 5

Table 4 shows some results ascertained in tests in in-
dustrial plants with respect to the different effect produced
by known frothing agents and the frothing agents accord-
ing to the present invention, sulphidic lead ores or sul-
phidic lead-zinc ores having been subjected to the flotation
process. ‘In genmeral these ores are floated in a selective
manner. The tests were in part carried -out in the zinc
circuit and in part in the lead circuit as well as in both
stages of fiotation at the same time.

The tests were carried out as follows:

First, the average consumption of the known frothing
agents which were used at that time in the plants con-
cerned was determined. = Subsequently, the flotation was
carried out with a frothing agent according to the present
invention and the average consumption per ton of material
charged was determined in the same manner. Care was
taken that all other flotation conditions were kept con-
stant; -The effect produced by the dressing process was
constantly controlled by vanning and by microscopic
evaluation of the concentrates and tailings.

In all the flotation plants concerned a smaller quantity
of frothing agent according to the present invention per
ton of material charged was used than of the known froth-
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When the frothing agents of the present invention are
used, known collectors, for example xanthates of alcohols
containing up to about 6 carbon atoms, can be employed.

I claim:

1. The method of concentrating ores which comprises
subjecting an aqueous pulp of said ore to froth flotation
in the presence of a collector and in the presence, as a

_ frother, of at least one compound of the formula
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R—(OCH,CH,),—CH

wherein R is a saturated aliphatic hydrocarbon radical
having 5 to 8 carbon atoms and »n is an integer from 1
to 5.

2. The method as claimed in claim 1 wherein R is
a saturatéd aliphatic hydrocarbon radical having 5t06
carbon atoms and n is an integer from 2 to 5.

3. The method of concentrating suifidic ores which
comprises subjecting an aqueous pulp of said sulfidic
ore to froth flotation in the presence of a collector and
in the presence, as a frother, of at least one compound
of the formula . :

R—(OCH;CH;),—0H

wherein R is a saturated aliphatic hydrocarbon radical
having 5 to 8 carbon atoms and n is an integer from
1to5S.

4. The method of concentrating sulfidic lead contain-
ing ores which comprises subjecting an aqueous pulp of
said sulfidic lead containing ore to froth flotation in the
presence of a collector and in the presence, as a frother,
of at least one compound of the formula

R—(OCH;CH;),—O0H

wherein R is a saturated aliphatic hydrocarbon radical
having 5 to 8 carbon atoms and n i3 an integer from
1to 5. . )

5. The method of concentrating sulfidic lead zinc ores
which comprises subjecting an agueous pulp of said sul-
fidic lead zing gre to froth flotation in the presence of
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a collector and in the presence, as a frother, of at least
one compound of the formula )

R—(OCH,CH,),—OH

wherein R is a saturated aliphatic hydrocarbon radical
having 5 to 8 carbon atoms and n is an integer from
1tos. -

6. The method of concentrating sulfidic copper con-
taining ores which comprises subjecting an aqueous pulp
of siad sulfidic copper containing ore to froth flotation
in the presence of a collector and in the presence, as a
frother, of at least one compound of the formula

R—(OCH;CH,)—O0OH

wherein R is a saturated aliphatic -hydrocarbon radical
having 5 to 8 carbon atoms and 7 is an integer from
110 5. : :

7. The method of concentrating ores which comprises
subjecting an aqueous pulp of a sulfidic ore of an ele-
ment seletted from the group consisting of lead, zinc,
copper, molybdenum, iron, nickel, cobalt, and antimony
and mixtures of these elements with the elements silver,
mercury, gold, cadmium, and arsenic to froth flotation in
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the presence of a collector and in the presence, as a
frother, of at least one compound of the formula

R—(OCH,CH,),—OH

wherein R is a saturated aliphatic hydrocarbon radical
having 5 to 8 carbon atoms and # is an integer from
1to 5. .
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