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To all whom it may concern:. - :

Be it known that I, Ripspare Eris, a citi-
zen of the United States, and a resident of
Oak Park, in the county of Cook and. State
of Tllinois, have invented certain new and
useful Improvements in Separating Proc-

‘esses, of which the following is a specifica-

tion, :
My invention relates to processes for con-
centrating parts of comminuted masses of
composite character, such as metalliferous
ore, by treating the comminuted mass with a
fluid adapted to aid in the separation of cer-
tain of the comminuted particles from others
having- different qualities. S
. This application is a continuation in part
of my co-pending applications :— A
Serial Number 7863, filed Feb. 12, 1915,
Serial Number 36,161, filed June 24, 1915,

Serial Number 51,210, filed Sept. 17, 1915,

Serial Number 78,918, filed Jan. 24, 1916.
Broadly, my invention includes the use of

means for producing certain changes in the

fluid and the particles of the mass whereby
the separation of certain of the comminuted
particles from others having different quali-
ties is aided. Preferably such means include
the use of substances adapted when dissolved
in fluid, preferably an ionizing fluid, to
bring about certain electrical changes, and to
this end to give polyvalent ione for aiding
in the separation of certain of the particles
from others by means of a fluid having a
preferential affinity for certain of -the
particles. v : ' N
More particularly, in its preferred form,
my invention relates to processes for concen-
trating metalliferous ores by means of the
combined action of gaseous bubbles and- oil,
or other substances  soluble or insoluble,

adapted to aid in the formation of a froth.

containing the metalliferous constituents of
the ore. o ' ' :

My invention is particularly adapted for
the concentration of sulphide ores, but is:
also applicable to the concentration of other
ores, such as oxides,carbonates or hydroxides -
either unchanged or after g sulphiding or:
other treatment, native or precipitated cop-

per, gold, and for the concentration of
graphite and other similar materials.

The principal objects of my invention are
in general to enhance the efficiency of con-
centrating processes as hitherto carried out;
to increasethe percentage extraction and
rate of separation of the metalliferous con-

sﬁtuents; to improve the grade of concen-
trate: and in particular to improve frothflo-

tation processes for the concentration of.
ores and similar comminuted materials of

composite character. _ ‘
To this end my invention contemplates the
use of electrolytes of various types and the
modification of the flotation processes- as
commonly carried out to enable the benefidial
action of such electrolytes to be more fully
obtained. - - . -
The effects produced by electrolytes may
be conveniently-classified according as they
are due to purely physical phenomenon or to

- chemical reactions in which the electrolyte

added reacts chemically or electrochemically
with the constituents of the ore.

' The physical action of electrolytes;, more
‘particularly inorganic electrolytes, appears

to be dependent upon the valence (and to a
lesser extent on the mobility) of the ions pro-
duced by the solution of the electrolyte in an

ionizing fluid and is consequently electrical

in its nature. - . :

I have found that the results of such physi-
cal action may be modified by changing the
time of addition of the electrolytes. Thus
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certain types of electrolytes give improved -

restlts when added prior to “oiling” and
other types better Tesults when added after
“oiling.™ o o

There is also a very important relation be-

tween the physical action of such electro--

lytes and the size of the particles. :

" While effects produced by electrolytes
of various types are readily demonstrable,
thé cause of these effects is far more com-
plex. L : :

"-In order, however, that the invention may
be more fully understood I give a statement
of the general principles underlying the for-
mation of a froth and the action of electro-

. Iytes in aiding or hindering the separation

of metalliferous matter by froth flotation
processes. . - - - :
Practice carried out by me has shown that
results ‘obtained by the use of electrolytes
vary considerably according to the way in
which thé gaseous bubbles-are introduced to
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form a froth.  Bubbles may be introduced in

two- general ways: In the first place, the bub-
bles may be forced in from without, and sec-
ondly, the bubbles of gas may be generated,
or otherwise produced in the liquid itself.
As examples of methods of introducing gas

“mechanically from the outside, the mechani-

110
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cal agitation and pneumatic agitation proc-
esses may be referred to. As examples of
the method of introducing gas by generating
bubbles of gas in the liquid itéelf, the sul-
phuric acid plus carbonate, and the vécuum
processes may be referred to.” -

The mechanical agitation process appears

. to involve both metTlods of introduction in
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varying degrees. The vortex of water pro-
duced by the rapidly rotating propellers
dtaws into the ore pulp infinitesimally thin
films of air which break up into minute air
bubbles. . As these minute air bubbles have
a much higher solution tension than larger
air bubbles, the water becomes stipersatu-
rated so far as bubble formation on a sul-
phide or oil surface is concerned and as a
result air comes out of solution on the sur-
face of the oiled sulphide particles.. The
result of the violent mechanical agitation is
therefore two-fold, first, the introduction of
aif* bubbles bodily from the external air and

second the generation of air bubbles ab-

initio on the surface of
sulphide. _
h the pneumatic agitation process the
generation of bubbles in the pulp does not
dppear to take place to any great extent.
The formation of a froth in the mechani-
cal agitation process and the effect of elec-
trolytes thereon involves a large number of
factors. In this process, as in all froth flota-
tion processes, the basic principle is the se-
.of gaseous bubbles for metal-
liferous particles. Qil or a soluble frothing

the oiled particles of

- agent is almost universally employed an
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there has been much speculation as to the
function of such “modifying” agents. It
seems to be settled that oil does not increase
the affinity of the gaseous bubbles, for the
sulphide or other particles and that its prin-
cipal functions are to give increased sta-
b‘i%ty to the bubbles and to the bond between
the bubbles and the metalliferouns particles.

It has been shown that a bubble of air
gently lowered by suitable means into con-
tact with a particle of unoiled galena will
lift a cube ofp the latter weighing as much as
40 milligrams. -If the particle of galena is
coated with oil the heaviest galena cube

~which can be lifted will not weigh more than

about 30 milligrams:
however, much heavier than those present
in the ore pulp fed to a commercial flotation
apparatus. In ordinary flotation practice
if the metalliferous particles weigh much in
excess of 0.1 milligram, they cannot be
floated or only with great difficulty.

This failure to lift large particles appears

Such particles are,

to be due to the agitation of the pulp or to -

the shaking action resulting from the coales-
cence of the bubbles in the ore pulp or in the
froth to form larger bubbles. - Whether the
particles can remain attached to the bubbles
depends upon the relation between the in-

- tween the

1,426,185

.

ertia of the particle with respect to sudden
movement and the inertia of the bond be-

garticle and the bubble with re-
spect to sudden disrupture.

If two bubbles coalesce a larger bubble is
formed very rapidly and with almost ex.
plosive violence, owing to the very high sur-
Tace tension of water. This involves a sud-
den inwird movement of the greater part

of the air-water surface of the two air bub-

bles to the new pesition occupied by the air- -

-water surface of the la,rﬁer _air bubble

formed by their union. Ift e sulphide par-
ticle is not to drop it must move in the same
space of time from the position occupied by
the air-water surface of one of the original
bubbles to which it was attached to the po-
sition occupied by the air-water surface of
the new bubble formed therefrom. Whether
it can do this depends on the ratio between
the inertia of the particle and its strength
of adherence to the bubble. For this pur-
pose the strength of adherence would not ap-
pear to be so much its static adherence as
its inertia or resistance to sudden disrup-
ture. In ‘this respect the viscosity of the oil
layer would appear to play a very important
part since in- the Potter-Delprati process, in
which no oil is used “showering” of sulphide
particles, owing to coalescence of the bub-
bles in the froth is
jectionable feature; _

As the inertia of the particles varies with
the cube of their diameter while the strength
of adherence roughly varies with the area
or the square of the diameter by decreasing
the size of the particles they can be made to
adhere much more persistently to the air
bubbles. :

In ordinary flotation practice the finer the

ore is ground the higher the extraction and
the lower the grade of concentrate since the
fine particles of gangue as well as the fine
particles of sulphide float much more read-
ily than large particles,
. The oil by forming a very thin layer of
oil over the air-water surface also greatly
increases the viscosity of the latter and thus
stabilizes the froth as well as providing a
viscous connection or hond betieen that sur-
face and the oiled metalliferous particle.

In processes where liquid oil is added to
the pulp which is ground or agitated with
the oil prior to flo ation to coat the metal-
liferous Fa_rticles the great majority of the
air bubbles appear to receive their oil coat-
ing from the oiled metalliferous particles in-
stead of the
coated air-bubbles,

Thus preferential flotation may be car-
ried out by making the conditions such that
the sulphide particles to be floated are oiled
while the other sulphide particles remain
unoiled.

.. Hence in the formation of a froth where
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liquid oil is used, there appear to be two
important operations, first the coating of
the metalliferous particles with oil and, sec-
ond, the formatién of a viscous bond be-
tween such oiled particles and the gaseous
bubbles. ' .

In these cperations electrolytes may act in

four amongst other ways:— .
First in determining the readiness with
which the oil can come into physicial con-

“tact with the particles of sulphide.

Second in changing the readiness with
which the oil after contact with the particles
of sulphide will spread over the surface of
the latter and the tenacity with which the
oil adheres to the sulphide surfaces.:

Third in determining the readiness with
which the gaseous bubbles can come into
physical contact with the oiled particles of
sulphide.

Fourth in changing the readiness with
which the oil after contact with the gaseous
bubbles will spread over the surface of the
latter.

The changes produced by electrolytes in
any. one or more of the above ways may be

. the result of either:—
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(¢) Changes in the electrical conditions;

() Chemical changes at the surface o
the particles to be floated ; :

(¢) Changes in surface tension due to

adsorption of the electrolyte at the oil-water,
- particle-water or air-water interfaces.

In the case of inorganic salts surface ten-
sion measurements Indicate that (¢) is
negligible and this is confirmed by the fact
that where the action of electrolytes does
not follow certain laws based on the valency
or number of electrical charges carried by
the ions formed by the solution of the elec-
trolytes the deviation from these laws may
be attributed in most, if not all, instances,
to chemical action between the electrolyte
and the constituents of the ore.

With the majority of ores the most im-
portant function of electrolytes in aiding
flotation appears to be the production of
favorable electrical conditions.

Tn this respect it is not the molecules of
the electrolyte which are active but the ions
produced by the dissociation of the electro-
lyte when dissolved in an ionizing fluid such
as water. _ :

All electrolytes, whether salts, acids or
alkalies, when dissolved in an ionizing fluid
produce ions to an extent depending upon
the degree of dissociation of the electrolyte.
The valence of these ions may range from
one to six and possibly, though not probably,
even seven or more. (

The simplest combination of ions is
M+*R- where M represents the cation or

" positive ion and R represents the anion or

negative acid radicle ion. Now the valence
of the cation or anion may each be increased

, B

separately or the valence of both may be
increased simultaneously. These three
changes may be represented graphically as
follows:

y M*R~ , 70
@) ' (e 3
Examples.
Titanium - Titanium . Sodium
chloride. pyrophosphate. pyrophosphate. 75
TiCly Na(P307

CTiP.0;

As the valence of the ions increases their
effect on the contact and frictional electrifi-
cation of the oil, sulphide and gangue par-
ticles and gaseous bubbles also increases,
whether the ions are positive or negative,
and these changes in the sign and magnitude
of the electrification of the constituents of
the ore pulp produce very marked results in
the formation of a froth and the separation
of the metalliferous matter by such means.

Solid or liquid particles of all kinds ac-
quire-a contact potential when suspended in-
pure water of from 0.03 to 0.06 volts, the
particles being almost invariably (with the
exception of oxides, hydroxides and some
carbonates) negative with respect to the
water. -Gases, on the other hand, may be
electrified in at least two different ways
which are essentially distinct:—First, fric-
tional electrification, and second, contact
electrification. If air is blown through -

80

86

90

86

water it become$ electrically charged by

friction with the water, and electricity may 100
be collected from the air and also from the
water. The potential of the water may
reach several volts. If a bubble of air is in
stationary contact with water, it acquires a
‘contact potential of the same magnitude as
that acquired by solid or liquid drops sus-
pended in water, namely, 0.03 to 0.06 volts.
In contact electrification the conversion of .
the original negative charge on a particle
suspended in water (whether solid, liquid or 110
gaseous) into a positive charge is brought
about by means off polyvalent cations; the
higher the valence of the cations, the smaller
the concentration of the electrolyte required
to bring about the reversal, and the greater 118
the positive charge which can be produced
thereby. If a polyvalent anion is present,
the concentration required to produce re-
versal is increased, and also the maximum
positive charge which can be obtained is re- 120
duced. This inhibiting action of the anion
increases as the valence increases. On the
other hand, the original negative charge may
be increased by polyvalent anions; the higher
the valence of the anion the greater the 126
increase in the negative charge which can
be produced. Cations inhibit this increase
in negative charge in proportion to their
valence. - ‘
In frictional electrification the valence of 130
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the ions ‘appears to have exactly the reverse
effect to what they have in contact electrifi-
cation. In order to produce a strong posi-
tive charge polyvalent anions must be used.
The greater the valence of the anion, the
smaller the concentration required to pro-
duce reversal, and the greater the posttive
charge which is produced. Polyvalent ca-
tions have an exactly analogous effect to
polyvalent anions in the case of contact elec-
trification as they increase the concentration
of polyvalent anions required to bring about

. the reversal, and the effect of cations in this

respect increases as the valence incréases.

The spreading of a drop of oil over a sul-
phide or similar surface is no doubt due to
differences in surface tension at the oil-
water, oil-particle and water-particle inter-

faces but before the oil can spread on such

a_surface it must be brought into actual
physical contact with the
Now it is the eléctrical factors which largely
determine whether or not such physical con-
tact takes place readily or difficultly.

In pure water an oil globule is strongly
charged negatively, a sulphide particle very
weakly negatively. Under these conditions
there is a slight-electrical repulsion, add a
salt of the type of sodium pyrophosphate
and the negative charge on both oil globule
and sulphide particle will be increased so
that the electrical repulsion is also increased.
On the other hand if a small amount of acid
is added the potential of the sulphide be-

‘comes positive ‘while reducing but not re-

versing the negative potential on the oil, un-
der these circumstances electrical attraction
oceurs.

In both cases if the oil globule once comes
In contact with the sulphide particle it will
probably spread substantially independently
of the sign and magnitude of the electrical
charges.on the two materials, but in the first
case 1t is relatively difficult to get the in-
itial contact of the oil and sulphide and so
allow the surface tension forces to come into
play, in the other case it is relatively easy.

Consequently as sodium pyrophosphate
tends to increase the negative charge of both
oil and sulphide it will inhibit “oi ing,” just
-as acid aids “oiling” by reversing the sign of
the charge on the sulphide.

Although any ion, particularly a high
valent ion, tends to change the contact po-
tential of any solid or liquid particles sus-
pended in an ionizing fluid in the same
direction there is a great difference in the
natural tendency of various substances to
acquire and retain a negative or positive
charge. Thus oil is normally strongly nega-
tively charged and a much higher concen-
tration of acid is required to neutralize and

reverse this charge than in the case of the d

much more weak

Y negatively charged sul-
phide particles.- gecs

sulphide particle.

1,496,186

Further with salts of the type of sodium

pyrophosphate the negative contact poten-

tial of oil, sulphide and other substances in-
creases to a maximum and then decreases
and the position of this maximum point de-
pends on the chemical nature of the sub-

stance. With oil this point is reached with

- higher concentration of salt than with
either sulphides or silica or silicates,

If a salt is used which is adapted to give
anions and cations both having a relatively
high valence, such as aluminum pyrophos-
phate it is possible to give the sulphides a
positive charge without reducing the nega-
tive potential of the oil to the same extent
as when acid only is used to give the sul-
phides a positive charge. As oil acquires
and retains a negative charge much more
readily than do sulphides, a trivalent cation
like aluminum has ‘a much greater effect on
the sulphides than on the oil, while at the
same time the quadrivalent pyrophosphate
ion has a much greater effect on the oil than
on_the sulphides.

In general, the higher the valence of the
ions, the greater the electrical changes which
can be produced and the greater the differ-
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ences which can be made between the electri- -

cal potentials or two substances in contact
with the same solution. ' :

As will appear later the type of salt,
which will give the oil a maximum negative
potential is'in general the most efficient in
aiding the adhesion of the bubbles of air to
the metalliferous particles, on the other
hand it is not the most efficient type for
oiling. Such a salt may, however, be used
in relatively high concentrations to take
advantage of the difference in the maximum
potential points of oil and sulphide re-
spectively. Further, a salt adapted to give
both high valent cations and anions may be
used to reverse the sign of the potential
on the sulphides without lowering the nega-
tive potential on the oil to the same extent
as'acid alone. Again,
to take place in plain water or acidified
water and the sodium pyrophosphate . or
similar salt added after -oiling and im-
mediately prior to flotation. .

Delaying the time of addition of the
sodium pyrophosphate does not entirely
eliminate its inhibiting effect on the oiling
for the reason that in the mechanical agita-
tion process and to a much smaller extent
In the pneumatic agitation process, the oil-

.ng, is in part at least, a reversible opera-

tion, possessing therefore a position of.

equilibrium. With mechanijcal agitation,
therefore, the fact that the oil originally
adhered to the sulphides is not sufficient and
it is desirable, if possible, that conditions
uring flotation should be as favorable as
possible for re-oiling.
The greater the affinity of oil for the
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metalliferous particles the more tenacioﬁsly

“swill the oil adhere once it has been brought

into-contact with the particles and the more
irreversible will the operation become.

.The affinity of oil for sulphide particles
may be changed by salts, usually to reduce
the adhesion %employed in preferential flota-
tion), but in some cases to increase it. Such
changes appear to be due to chemical rather
than electrical causes.

The difference between the chemical and
the electrical action of salts is well illus-
trated by the action of potassium ferro-
cyanide on the flotation of copper ores. In
neutral solutions this salt acts as a power-
tful poison owing to the formation of in-
soluble copper ferrocyanide on the surfaces
of the sulphide particles. On the other hand
with an alkaline solution of the same salt
very beneficial results are obtained since
in the presence of alkali insoluble copper

- ferrocyanide is not produced so that the

25

.80

85

40

beneficial action of the quadrivalent anion
is obtained. ‘ .
Copper sulphate has a very marked chemi-
cal action. With zinc ores its use is very
beneficial, with pyrite ores it is deleterious.

With zinc ores it is more beneficial than

the valency of the ions it forms would war-
rant and while copper sulphate and acid
under certain circumstances appears to be
more efficient than either aluminum or
sodium pyrophosphate and acid, a combina-
tion of the latter salts with acid and copper
sulphate gives better results than copper
sulphate and acid alone. , :

The action of copper sulphate on zinc ores
is probably due to the formation of a very
small amount of copper sulphide on the sur-
face of ‘the particles of blende owing to the
fact that zinc being more electronegative
than copper tends to replace the latter in
solution. The electrochemical action of cop-

" per sulphate is further indicated by the fact

45
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that the same or similar results can be ob-
tained by inserting a copper plate into the
flotation cell.

- The mnext factor to be considered is the
air-sulphide adhesion. At the first moment
of adhesion between the oiled sulphide par-
ticle and an air bubble there must be actial
physical contact irrespective of the condi-
tions which occur afterwards.

For efficient flotation both air-bubble and
particle must be oiled. This may be done
in one of three ways.

(1) Sulphides are oiled and air bubbles
get their film of oil from the sulphides.

(2) Air bubbles are oiled (as in the case
of oil vapor process) and the sulphides re-
ceive their oil from the air bubbles.

(3) Both sulphides and air bubbles are
oiled independently. The first of these is
the method used. in a circulating mechani-

-

3
“cal agitation apparatus in which oil is add-
ed in liquid form. . _ o

. As dlready indicated, a salt of the type of
creased negative charge and the air a strong
frictional pesitive charge (dependent upon

the rate of movement of the air relatively

to the water) thereby producing an attrac-

86

sodium pyrophosphate gives the oil an in- -

70

tion between the two oiled sulphide particles

and the bubbles of air.

The effect is to bring the air and oiled
sulphide particles into contact more rapidly
and certainly, and thereby increase not only
the extraction but also the rate of separa-
tion, as is shown by actual practice to be
the case. K

Further, it has been shown that after the
electrical charge on ‘the air has been re-
versed from ‘negative to positive increasing
the concentration of the electrolyte has no
great effect on the magnitude of the charge
so that the only electrical factor which will
change appreciably with the concentration
of sodium pyrophosphate is the charge on
the oiled sulphides. The extraction of the
oiled sulphides should, therefore, increase
in proportion to the increase in the negative
potential of the oil, and actual practice in-
dicates that the copper, etc., left in the tails
is roughly inversely proportional to the
contact potential on the oil. - '

As the negative potential of silica and
silicates is also increased by a salt of the
type of sodium pyrophosphate, an increase
in the amount of gangue floated would also
be expected. Practice shows this to be the
case. .

If frictional electrification is an impor-
tant. feature then sodium pyrophosphate
will give higher extractions with the me-
chanical than with the pneumatic agitation
process, owing to the much more violent
agitation in the former than in the latter
-case. This is also confirmed by practice.

Again, as it has been shown that increas-
ing the potential of the gangue increases

. the amount of the latter floated in the pneu-

matic agitation process the greater fric-
tional electrification of the air in the me-
chanical agitation process should result in
a further increase of the amount of gangue
floated. This also has been found to be the
case. o

The relative movement of the bubbles of
gas and water produces a positive or nega-
tive charge on the gas according to the ions
present in solution, and at the same time
gives the water a charge of opposite sign.
Now when polyvalent anions are present,
the charge so produced on the water is of
the same sign as that on the metalliferous
particles which it is desired to unite to the
bubbles of gas and consequently it is de-
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as it dppears to-have a repellent action on
the similarly charged-metalliferous. parti-
cles which prevents the union of these par-
ticles with bubbles of gas. I have found
B that this charge may be. advantageously
eliminated, preferably by grounding the
flotation apparatus so as to connect the wa.
ter electrically with the earth. - o
- The action of electrolytes in changiiiy the
10 readiness with which the oil after contact
with the gaseous bubbles will- spread over
the surface of the latter is probably negli-
gible in the case of inorganic salts. There

can be no chemical action at the air-water

15 interface such as may occur at the water-
sulphide interface so that -changes in sur-
face tension and the possible produiction of

an adsorbed layer of electrolyte arc the fac-

tors which may have to be considered. A
- 20 soap solution decreases the surface tension

and by adsorption forms a semi-solid layer -

at an air-water interface which interferes
‘with the spreading of the oil. In-the.case
of inorganic salts the tension is normally in-
25 creased instead of decreased and there is no

-appreciable adsorbed layer of salt at the

7,

air-water. interface.

- I have also found that the action of elee-

trolytes is greatly modified by the size of the

80 particles in the “ore pulo. .

coarse feed—say 80 to 100 mesh-the addi-

“wtion. of sodium” pyrophosphate even before

oiling greatly increases the extraction where-

as with slimes the addition of this salt be-

85 fore oiling may even decrease the extraction.

- This clearly follows from the fact that

the smaller the particles the more important

become the electrical factors in- oiling.

With particles of oil and sulphide 0.5 cm.

40 in diameter the electrical factors would have

little or no effect on the readiness with which

the particles come in contact. Reduce the

- diameter of both sulphide and oil to say

0.0004 em. when the Brownian movement be.

45 comes pronounced and the electrical factors
will be all important. »

I have found fhat actual contact between
oil globules having electrical charges of the
same size and a diameter of averaging about

50 0.0001 cm. is prevented by the like charges
on or the electrical double layer surround-
ing the globules (according as the globules
are considered as charged spheres or as
spherical condensers) unless the kinetic en.

55 ergy of the collision of two particles is suf-

ficient to enable the electrical repulsion to
be overcome or the electrical double layer
Yo be disrupted, and that the greater the
-electrical. charge on the globule the less

60 chance there will be that two globules col-
liding with one another will coalesce or ad-
here to each other. : -

The electrical charge carried by a sphere
charged to'a given potential varies directly

65 as the diameter. The charge carried by a

With relatively -

1,425,185

spherical*condenser varies as the square of
the diameter. As such. charged globules or
particles migrate in an electric field they
behave like charged spheres or imperfect
spherical condensers so that the charge will 70
vary with the diameter .at some power be- .
tween 1 and 2, say 1.5. = -

On the other hand the inertia or kinetic
-energy of a sphere increases as the cube of
the diameter. As the electrical factor is
proportional to (diameter) 1.5 while the
kinetic energy is proportional to (diameter) "
3 a decrease in the size of the particles- -
greatly increases the electrical factor as com.
pared with the factors dependent upon its
inertia or kinetic energy. .

In the pneumatic agitation process, un-
like the mechanical agitation Pprocess, I have
found that salts of the types- of thorium
chloride or aluminum pyrophosphate are, un--
der some conditions, distinctly deleterious,
whereas a salt of the. type of sodium pyro-
phosphate is very useful though not, produc-
ing as advantageous results as in the me-
chanical agitation process.- Further, while go
acid aids the action of salts in mechanical
agitation alkali is preferably used in the
Pneumatic agitation proeess, .

There appear to be various reasons for.th\f
difference between the mechanical and pneu;
matic agitation processes. . S /

Thus a reduction of the negative potential
‘of the oiled sulphides is particilarly dele-
terious in the pneumatic “agitation process

as much less frictional electricity is gener-
ated on the air than in the mechanieal -agi-
tation process, owing to the less violent agi-
tation. This is due to the fact that while
the sign of the charge on the air depends
upon the ions present in solution, its magni-
tude is largely dependent upon the speed at
whiclé the air bubbles .are moved through
the solution. DR

¢ Then the production of conditions advan-
tageous to oiling are more important in the
mechanical than in the pneumatic agitation
process and such conditions are aided by
acid or polyvalent cations,

Further, in the mechanical agitation proc-
ess some generation of gas-bubbles ab initio 115
on the surface of the oiled sulphides occurs.
The acquisition of a positive charge appears
‘to favor the formation of a bubble ab initio
in water since it has been shown that bubbles
of gas are often, if not usually, positively 120
charged when they have been generated
from a solution which would not give a posi-
tive charge to a bubble of gas introduced
bodily from an external source. '

Apparently, therefore, hydrogen or high 125
valent cations are useful as either directly
or indirectly providing positive nuclei fop
bubble formation.

On the other hand, as a positive \charge
favors and a negative charge inhibits bubble 130
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formation, if a salt of the type of sodium
pyrophosphate is used whick would tend to
give the bubbles a strong negative contact
potential, the bubbles may not come out of
solution so readily, but when once. formed

will adhere more tenaciously to the particles.
since by so adhering the area of the air-water -

interface is decreased.

In actual practice with the Elmore vacuum
process, which is perhaps the commonest
type of gas generating process, I have found
that all types of salts adapted to give high
valent ‘ions, whether cations or anions, are
useful and further, as in the case of the
mechanical agitation process, the addition of
acid greatly improves the results.

Various forms of apparatus for carrying’

out the separation of metalliferous matter
by flotation are well known and, as show-
ing examples of three t%pes of such ap-
paratus, United States Patents to Fyde,

1,022,085; Callow 1,104,755; Callow 1,125,

897; Callow 1,201,934 and Elmore 826411
may be referred to. -

For carrying out my invention apparatus
of well known types, such as those described
in the above patents of Hyde and Callow,
may be employed with such modifications in
construction and arrangement as may be
needed to enable my improvements to be
employed to best advantage. As flotation
apparatus of the type proposed for use with
my salts and other improvements are so well
known to those skilled in the art detailed
description will be  unnecessary. Conse-
quently in the accompanying drawing I
have given only a diagrammatic.illustration
of one construction and arrangement adapt-
ed for carrying out my improvements.

In the drawings 1 represents a tube-mill
to which ore is fed by means of a chute or
launder 2. Oil and such reagents as may
be employed to aid flotation and in par-
ticular the oiling of the - metalliferous
particles, for example an acid solution con-
taining such a quantity of sulphuric acid

and aluminum or titanium pyrophosphate -

that the pulp containing the slimes after
separation from the sands will contain in

the case of copper sulphide ores about 4 Ibs.-

of acid per ton of dry slime ore (for an ore
which normally requires 8 lbs. of acid when
used without added salt) and about 0.25 1b.
of aluminum pyrophosphate ‘or 0.10 lb. of
titanium pyrophosphate, are conveniently
added to the ore as it enters the tube mill
by means of pipes 3 and 4. ‘
The crushed and oiled ore passes from the
tube mill through pipe 5 to a Dorr or other
classifier 6. As the ore is ordinarily ground
with a much smaller amount of water than
is used for flotation the additional amount
of water may conveniently be added to the
pulp in the classifier. This classifier is pro-
vided with an inclined bottom 7 up which

7

<

the sands which settle out are moved by

-means of rakes (not shown) until they pass

over the lip or weir 8 into the pipe 43. At
the opposite end ‘of the classifier an over-,
flow lip or weir 9 is provided at a lower

classifier carrying the slime material in sus-

o
level than the lip 8 so that the water in the -

pension will all flow over the lip 9 while the' -

rakes in moving the sands over the lip 8 will
lift them out of the water and deliver them

76

to the pipe 9 very largely dewatered. By . .

this arrangement the electrolytes employed
for aiding oiling, which are more especially
useful in the flotation of slimes, are removed

" from the sands and retained in the slimes.

The slimes-pass from the lip 9 into a pipe
10 which discharges into the agitation cham-
ber 11 of a machine which may conveniently
be of the mechanical agitation type. As
the pulp flows into the pipe 10 further addi-
tional quantities of reagents, such .for ex-
ample as a solution of aluminum or titanium
pyrophosphate, may be added by means of

pipe 12. In the agitation chamber 11 a ro-.

tatable propellor 13 is provided driven by
gearing from a shaft 14. The aerated ore

pulp passes through the aperture 15 into the .

spitzkasten 16 in which the bubbles of air
carrying metalliferous particles form a layer
of froth 17 while the sands fall to the bot-
tom and can be discharged through the pipe
18 to the tailing pond or another machine for
re-treatment. ’1Phe froth flows over a weir
into a launder 19 from which the concen-
trates may be discharged. ’
Frequently it is desirable to introduce
frothing agent with the air or other gas em-
ployed for forming the froth either in addi-
tion to or in place of liquid oil or a soluble
frothing agent. Ior this purpose the upper
part of the agitation chamber 11 and
spitzkasten 16 are enclosed by a cover 21 at
opposite ends of which pipes 22 and 23 are
provided for ingress and egress of air carry-
in%a frothing agent such as oil vapor.
referably the machine just described is
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employed merely as a roughing cell and the

,concentrates discharged by pipe 20 are re-

treated in a cleaning cell, as 24.

With most ores this cleaner cell 24 is pref-
erably of the Callow or pneumatic agitation
type having a porous bottom 25 through
which air may be blown from pipe 26. This
air may, if desired, be charged with a
frothing agent such as oil vapor. To allow
the unutilized portions of the oil vapor to
be conserved the upper part of the cell is en-
closed at 27 so that the air liberated by the
breaking of the bubbles in the froth may be
led away by pipe 28 for re-introduction
through the pipe 26 with such further addi-
tions of air and/ or oil vapor as may be re-
quired. .

As the concentrates only contain a small
percentage of water additional water may be
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introduced into the cell 24 by means of
pipe 36. '

he froth flows over weirs into launders’

along each side of the cell in the usual way
and the concentrates, and any froth which
does not break down in the launders, passes

" out_through the pipe 29.
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The flow of the tails into the pipe 30 is
controlled by a valve 81 operateg in well-
known way by a float 82. These cleaner
tails contain considerable quantities of met-
alliferous matter and so they are preferably
returned to the rougher cell by suitable
means such as a centrifugal pump 83 and
pipe 34. The cells, particularly the rougher
cell, are preferably electrically grounded in
any suitable way as illustrated diagram-
matically at 85.

The sands may conveniently be treated by
a similar arrangement of mechanical agi-
tation rougher and pneumatic agitation
cleaner.cells to those employed for treating
the slimes, and in the drawing the same ref-

erence letters are used for corresponding

parts in the two sets of cells. ,
However, the method of handling the cir-
cuit water i1s preferably somewhat different
in the case ofp sands than of slimes for the
reason that the sands are substantially de-
watered by the classifier and further, the
tails are readily dewatered as the sands
‘settle quickly. - These facts greatly facili-
tate the operation of the rougher and cleaner
cells on a closed cycle so far as the circuit
water is concerned. This is particularly ad-
vantageous with sand since for particles of
large size relatively large quantities of a
salt of the type of sodium pyrophosphate is
employed for aiding in the production of a
collective float of the values in the ore. In
many cases it is desirable that oiling take
place in acidified water and flotation in al-
kaline water and the dewatering of the
sands by the classifier reduces the amount of
alkali required to neutralize the acid in the
water still adhering to the sands and to give
the water the desirable alkalinity. ‘
For copper sulphide ores a convenient
concentration of sodium pyrophosphate is
6 Ibs. per ton of ore and if desired free
alkali may be employed in addition. The
amount O{Y alkali, such as sodium hydroxides,

" may conveniently range from 0.01 to 0.2 1b.
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per ton of ore in excess of that required to
neutralize any acid adhering to the particles
of ore as they leave the classifier.

In the first place, instead of discharging
the tails from the pipe 18 to the tailing
pond they may to advantage be transferred
to a settling cone 37 from which the circuit
water may be drawn off and returned to the
system by pipe 38, centrifugal pump 39 and
pipe 40. A portion of the circuit water
passing through the pipe 40 may conven-
1ently be diverted by pipe 41 to the cleaner

1,425,185

cell 24. With this arrangement flotation
takes place in the same solution in both
rougher and cleaner cells. .

Additional quantities of water, salt and/or
alkali may be supplied as required by
pipe 42,

For purposes of illustration I give in de-
tail the results of practice with a process of
the mechanical agitation froth type.

The amounts of electrolyte employed are
given merely as examples of concentrations
found suitable for certain ores, since, as is
well known to those skilled in the art, the
exact proportions of those substances which
may be used in flotation processes vary
somewhat according to the nature of the ore
treated. : , .

As it is.usually more convenient to. add
the electrolyte used. prior to oiling the ef-
fect of electrolytes added prior to oiling
will be considered first.

In the following examples.of practice car-
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ried out by me the ore employed was a -

cupriferous pyrite ore which contained about
42% of sulphide of iron and copper in a
gangue of quartz and slate, :

The ore was ground to pass 80 mesh and
was therefore relatively coarse as compared
with the slimes used in other practice which
‘will be referred to later.

For emulsification or oilir:f prior to- flo-
tation separation the ground ore was me-
chanically agitated with three times its
weight of water, 0.8% to 0.4% of its weight
of oil, and the desired quantity of electro-
lyte. The percentages of electrolytes used
are based on the ore and not on the water.

Using salts of a monovalent acid, i. e. hy-
drochloric acid, I found that the highest re-
coveries were obtained with the following
percentages of sodium chloride, ‘calcium
chloride and aluminum chloride (each used
alone without acid) respectively:—

Sodium chloride, NaCl_____________ 0.40%
Calcium chloride, CaCl,____________ 0279
Aluminum chloride, AI1CL,________ 0.06%,

This _table clearly shows that the higher
the valence of the cation the smaller the
quantity of salt required to give the best
results for that particular salt. It was fur-
ther found that not only did the amount of
salt required decrease as the valence of the
cation increased, but also the amount of sul- -
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phide floated increased as the valence of the 120

cation increased. The froth obtained with
aluminum chloride was not only thicker, but
also much firmer, finer and cleaner than the
froth obtained with calcium chloride, and

still more so than that obtained with sodium 125

chloride, and, further, the difference be-
tween the floats obtained with aluminum
chloride and calcium chloride, respectively,
was much greater than between calcium

chloride and sodium . chloride, respectively. 130
. _ vy
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However, for the
separation of sulphides, even in the case of
aluminum chloride, was inferior to that ob-
tained with sulphuric acid both as regards
quantity and quality of concentrate. -

Using salts of a trivalent metal with acid
radicles of different valence, the highest re-
coveries were obtained with the following

Aluminum chloride A1Cl, - 0.60%
Aluminum phosphate AIPO, (small
amount acid added to make salts

soluble) —ocoomommrmmmeme o 0.010%
Aluminum pyrophosphate Al, .
- (P,0,),; (small amount acid add-
ed to make salts soluble) - .- 0.0064%

Here again the efficiency of seperation im-
proved as the valence increased.

Using -salts of a monovalent metal with
acid radicles of different valence, the highest
recoveries were obtained with the following
concentrations i

Sodium chloride NaCl 0.40%
Sodium phosphate Na,PO, above_. 0.064%
Sodium pyrophosphate Na,P,0,-.- 0.016%

. With both sodium and aluminum salfs in-
creasing the valence of the anion not only
decreases the amount of salts required to

produce the best results, but also increases:
the. efficiency of separation. It will be ob-

served that the smallest concentrations were
obtained when the valence of both the ca-
tions and anions was the greatest, namely,
when aluminum pyrophosphate was used.

In connection with sodium pyrophosphate
T have found that there are two points of
maximum extraction, one about 0.016%
and the other above 0.3%. The contact po-
tential of oil steadily rises to a maximum
obtained with concentrations of sodium py-
rophosphate above 0.3%
of the first maximum point is probably due
to the fact that the difficulty with which oil-
ing of the sulphide particles can occur in-
creases to a maximum and then decreases as
the concentration of sodium pyrophosphate
is increased from zero to 0.3%. Of the two
points of maximum extraction the higher
concentration has been found by practice to
be the most efficient, and this is probably due
to the fact that not only is the contact poten-
tial on the oil much greater, which means
that the oiled sulphide particles will have a
more powerful attraction for the positively
(frictionally) charged air, but also because
at the higher concentration the difficulty of
oiling appears to be less than at the lower
concentration. '

Using sulphuric_acid alone, the best re-
sults were oﬁtained with a concentration of
1.2%. When, however, mixture of salts and
acid were used it was found that the
amount of acid which would give the best

articular ore used, the

so that the existence -

results in conjunction with salts was ap-
proximstely one-half’ that required when
acid alone was used in the .case._of salts
adapted to give trivalent ions, either posi-

- tive or negative, or both positive and nega-

tive, as will be seen from the table given be-
dow. In the case of salts adapted to give
quadrivalent ions, either negative or posi-
tive, it was found that the amount of acid
could be advantagéously increased beyond
this amount (i. e. 0.060%). For instance,

_with titanium sulphate, increasing the con-

centration of acid up to 0.74%, gave a stead-

ily increasing yield, so that the best results™

would be obtained with the even higher con-
centration of acid than that just referred to.
Similarly with sodium pyrophosphate, the
best results were obtained with a concentra-
tion of acid in excess of 1%. :

When the valence of both cation and
anion are increased above two the amount of
acid which can be usefully employed falls
oft below 0.60%. The figures for the best
concentrations of the salt and acid, respec-

tively in each case are given in the following
_table :—
AICY, e 0.12%
AL (SO,); —cmmmmm e 0.06%
AlPO, e 0.016%
AL (P,0,)g commmmmmme e 0.010%
Fe,(S0,) g cmmmcmccmmmmmmme e 1.16%
ST (5L T —— - 0.016%
Na, PO e 0.016%
H,80, 0.60%
H,80, e 0.60%
H,80, 0 oo 0.53%
H,S80, (below) oo 0.33%
2SO0, e 0.60%
H,S0, gabove) ____________________ 0.74%
H,SO, (above)_————ccciceeeeo- 1.00%

It will be seen that in each of the above
acid and salt mixtures there is.a relatively
much greater number of hydrogen ions than
polyvalent ions produced by the dissocia-
tion of the salt, whether such ions are posi-
tive or negative. ‘

_In the above practice, both with and with-
out acid, salts were used in the absence of
heat and of material, such as bichromates
adapted to inhibit flotation of certain sul-
phides.

I have further found that an acid solu-
tion of ' sodium ;grophospha.te—,o.é’»%
N3,P,0, and 1.00% H,5O,—gives better re-
sults than the above acid solution of sodium
pyrosphosphate, namely :—0.016% Na,P,0,
and 1.00% H,SO,. .

It was found that aluminum pyrophos-
phate gave higher extractions than either
aluminum chloride or titanium sulphate.
With most ores neutral sodium pyrophos-
phate gave higher extractions than alumi-
num pyrophosphate, and in practically all
cases a strongly acid solution of sodium py-
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‘rophoiphate gave much: better results than -

either neutral sodium pyrophosphate or alu-
minum pyrophosphate. . ,

- ‘Consequently it appears that of the fore-
going solutions the one generally most effi-
cient for the mechanical agitation process is
a strongly acid solution of sodium pyrophos-
phate.* Such a solution not only increases
the extraction but also raises the grade of
concentrate, shortens the time required “for

the flotation treatment and, especially where

low pulp densities have been used to permit
large amounts-6f oil to be used efficiently,
enables higher pulp densities to be employed.

The ore employed in the foregoing prac-
tice was ground to pass 80 mesh but if the

+ ore is ground to pass 200 mesh the results are
. markedly changed. _
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Ordinarily the finer the ore is ground the
more readily it floats but when a salt of the
type of sodium pyrophosphate is present
during oiling poorer results may be obtained
with slimes than with sands: B

This difference is much more marked with
zine ores than with copper ores, doubtless
due to the smaller affinity of oil for blende
than for sulphides of copper.

-As an example the results obtained with
a zinc ore assaying 16 to 18% zinc may be
given. The ore in the one case was ground
until 16% remained on 80 mesh, and in the
other case the ore was ground until prac-
tically all would pass 200 mesh. The per-
centages of zinc in the tails.-were as follows:

Electrolyte. Zinc in tails,
ctroly
Nature. Lbi;)}f' Cg;rdse Fine feed.

Hy804 e ecuree conere cannmanan 1.15%, 0. 29

1805, L bR IO %
Ha804.. - S O, 0.62%
Cu804...... [ 3% IR RN
NasPs0;. 0.60 |.o.cemeeeeidiniaanann..
T 0:38 | ek |

L0 b 8 3 7/ 3
1329 X T SR e B DR
HiB04 eeeeiianneaidaiiinn. 8 - 1, 56%, 4, 8%,
CusOs. LTI 0.24 .ot b IO
NaP:0 B | Ll I R IR

With a _copper ore containing about 0.9
to 0.95% Cu similar, though less pronounced,

. results were obtained. With coarse feed the
- use of about 10 Ibs. per ton of sodium pyro-
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phosphate reduced the copper in the tails
about 75%. In the case of fine feed, how-
ever, the copper in the tails was increased
nearly 100% by the same amount of salt. -
If instead of a salt such as sodium pyro-
phosphate adapted to inhibit oiling a ‘salt
is used which aids oiling the reverse result
is obtained. Thus using 4 lbs. H,SO, and
0.24 1b. AL, (P,0;), per ton with the above
copper ore the tails with coarse feed con-
tained 700% more eopper than the tails with
8.8 lbs. H,SO, and 12 lbs. Na,P,0, per ton.

-age belts or the like.
_hand, require much longer time to settle and

1,495,185

In the case of fine feed with aluminum pyro-
phosphate the copper in the tails was re-
duced 70% as compared with the acid solu-
tion of sodium pyrophosphate. .
Preferably, therefore, prior to flotation

70

treatment the ore is classified in order that -

the sands or larger particles may be oiled
and floated in a different electrolyte than
the slimes or fine particles. For the sands
the electrolyte may be of the type specially
adapted to aid ‘the flotation of .the particles
when oiled, e. g?\sgjdium pyrophosphate. In
the case of the slilnes the electrolyte may be
of the type specially adapted to aid the oil-
ing of the particles, e. g. an acid solution
of aluminum - pyrophosp%xate. ,
This classification treatment has the fur-
ther advantage that it facilitates the recov-

ery of the sodium pyrophosphate for further .

use. It is comparatively easy to de-water
sands as they settle rapidly and can be read-
ily separated from water by means of drain-
Slimes, on the other

more careful treatment to separate the water.
The amount of aluminum pyrophosphate
required is so'much smaller than the quan-

‘tity of sodium pyrophosphate needed - to
give best results that the dewatering of the -

slimes is not nearly so important as the
dewatering of the sands. ;

In addition to classifying. the ore accord-
ing to size of particle I have found it useful
with certain ores to employ mechanical agi-
tation rougher cells in combination with
pneumatic agitation cleaners, ?

In practice using a low grade copper ore

ground with oil and floated in the presence

of 6 lbs. of sodium pyrophosphate by the
mechanical agitation process an extrac-
tion of 97.5% was obtained with a concen-
trate weighing 25% of the original feed.
On the other hand, using the pneumatic
agitation process and the same amount of

such salt, the extraction was only 93% in-.
stead of 97.5%, but the concentrate only.
- weighed 16% of the original feed instead

of 25%. Accordingly, I propose to employ
the two processes in conjunction in order
to combine the good features of each. I
have found that the above concentration of
such salt gives very beneficial results in both

forms of process so that the same solution
may be used in both rougher and cleaner.

cells,

Further, I may employ sodium  pyro-
phosphate or other salt merely to improve
the grade of concentrate. Thus in the case
of zinc ores the beneficial -effect of sodium
or aluminum pyrophosphate on the grade
of concentrate may be as important as the
effect of these salts in increasing the ex-
traction, ' :

In practice with zinc ores I have found
that a saltsuch as copper sulphate having
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& beneficial chemical or electrochemical ac-

and pyrophosphate, whether sodium or
aluminum. - . .

The concentrations of sodium pyrophos-
phate found most beneficial with zine ores
appear to be very considerably lower than
in the case of copper and other ores.

Efficient results with a zinc ore assaying
16.8% zinc have been obtained with the fol-
lowing mixtures and amounts of electro-
lytes:— - :

a {NaquOL.‘ ................................... 1.2 11?‘5. per ton

Cu0s... conin 0.3
HeS04 e cvieaieieeoranvadoasanesnanen P 4.

[ZE TR

0,24 1bs. per ton
..... 4.0 £ o "
Sl 0,30 % ¢ U

In the foregoing practice the salts were
added prior to the oiling treatment. Where,
however, the electrolyte used is adapted to
inhibit oiling its addition may to advantage
be delayed until after the metalliferous
particles have been oiled.

With relatively coarse feed such a change
in the time of addition has only a slight
effect on the extraction. This was shown

* in the flotation of a copper ore assaying
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1.00% Cu ground 16% on 80 mesh.

When the ore and oil were both ground
and subsequently floated in the presence of
0.10% Na,P,O, solution (on the water) the
tails assayed 0.11% instead of 0.088% when
ground with plain water and then floated in
a solution of sodium pyrophosphate of that
strength.” The same ore, both ground and
floated in plain water, gave a tail contain-
ing 0.25% Cu. °

With smaller concentrations of salt the
effect is more pronounced. For instance,
with a 0.003% solution (on the water) of
Na,P,0, on a sample of ore assaying 1.92%

Cu, the tails assayed 0.55% Cu when the salt

was added prior to grinding and 0.42% Cu
when the salt was added after grinding as
compared with 0.47% Cu for plain water.

This is probably due to the maximum nega- .

tive potential or the sulphides being reached
in much lower concentrations than 0.10%
sodium pyrophosphate. If this be the case,
then in a 0.10% solution, the negative po-
tential of the sulphide will be brought to a
value approaching zero.

The effect of changing the time of addi-
tion of the sodium pyrophosphate is much
more marked in the case of slimes.

In the case of a copper ore slime assaying
about 0.92% Cu using acid alone (H,SO, 7
1bs. per ton) the tails contained 0.07% Cu.

- When  sodium_pyrophosphate (10 lbs. per

ton) was added with the acid prior to oiling
the copper in the tails increased to 0.13%
but when added after oiling (acid added

before oiling) it decreased to 0.045%. This
change in the time of addition also increased
the grade of rougher concentrate from 8%
Cu to 17% Cu as well as very materially
hastening the rate: of separation. _

As the addition of alkali. to a solution

‘containing a salt of the type of sodium py-

rophosphate greatly aids the latter in in-
creasing the negative charge on the oil, I
may, especially after oiling in acidified so-
lution, make the solution alkaline by the ad-
dition of caustic alkali -simultaneously with
the introduction of sodium pyrophosphate.
Caustic alkali in very small concentrations
(up to about 0.001 normal) itself increases
the negative potential of oil as well as in-
creasing the amount of high valent anions
produced by the dissociation of the sodium
pyrophosphate.

In practice carried out using the Elmore
vacuum process I have found . that advan-
tageous results are obtainable by the use of
high valent ions, both positive and negative
and that the addition of acid is normally ad-
vantageous. The concentrations suitable are
substantially the same as those above given

iR
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in the case of the mechanical agitation proc- .

ess so that I do not give further particulars
of such practice here.

T have found that oiling is a very impor-
tant factor in the vacuum process and there-
fore, I may oil in the presence of acid and
add the sodium pyrophosphate or other salt

‘after oiling and before flotation.

. The use of polyvalent. ions particularly
anions is applicable not only to the flotation
of metallic sulphides but also to metallic
carbonates or oxides either with or without
sulphidization. Carbonates, oxides and basic
sulphates tend to aggregate at the interface
between oil and water so that they are ca-
pable of acting as emulsifying agents. Sul-
phides on the other hand tend to leave the
water entirely and enter the oil bodily so as
to become completely surrounded by the oil.
The affinity of carbonate, etc., particles for
oil is therefore much, less than 1t is for sul-
phide particles. For this reason the agita-

‘tion should in general be as mild as possible

to avoid separating the oil and particles of
carbonate mechanically. Thus in practice
on one carbonate ore a negative concentra-
tion was obtained with the mechanical agi-
tation process, while with the much less vio-
lent pneumatic agitation process, using the
same ore, an extraction of 46% was ob-
tained. , '

I have further found that the affinity of
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the particles of carbonate for oil increases -

- very rapidly as the size of the particles de-

creases. -Hence preferably the ore should
be ground until the carbonate particles are
smaller than 200 mesh.” I have further
found that the size of the particles of car-

- bonate produced by grinding the ore is de-
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Apéndent not only updn the length of time

occupied by the grinding but also upon the
way in which carbonate occurs in the ore.
If the ore is one in which carbonate has been
deposited from solution, the carbonate will
be present-in the form of extremely thin
layers over the surface of the particles of
gangue, so that frequently the ore has the

.appearance of being very rich when in real-

ity it is very poor owing to the extreme thin-
ness of the surface deposits. If such an ore
is ground for even a short while this ex-
tremely thin surface layer will be removed
in the form of exceptionally small particles.
On the other hand, when the carbonate oc-

~ curs in separate masses of homogeneous car-
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bonate, which may be larger than 40 mesh,
grinding the whole ore until it will pass
through 200 mesh will not bring the car-
bonate particles into such a fine state of sub-
division as is prodyced in a water-deposited
ore after much shorter grinding.

For floating carbonates and other “oxi-
dized” ores without sulphidization the elec-
trolytes added should, in general, be ca-~
pable of giving anions having a coagulating

effect superior to that of monobasic acids,

such as hydroxyl or polyvalent anions, and
preferably anions having as high a valence
as possible. I have found that the addition
of acid reduces the extraction and grade of
concentrate obtained. I have further found
that the use of a salt of the type of alumi-
num pyrophosphate is in general deleterious.
Consequently I prefer to employ neutral or
alkaline solutions of a salt of .the type of

- sodium pyrophosphate adapted to give a
. monovalent cation and a high valent anion.

40

Practice carried out by me with. a New
Jersey carbonate of copper ore of the water-

- deposited type using 0.016% sodium pyro-
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phosphate in neutral solution gave an ex-
traction of 81%, using the mechanical-agi-
tation process.

The affinity of “oxidized” metalliferous
material for oil may be increased by sulphid-
ization, either of the peripheries of the par-
ticles or of the entire material of the par-

_ticle.

If the particles are only “filmed” with sul-
phide the agitation.should be as mild as
possible to avoid rubbing off the film. Thus
in practice carried out by me using a cop-
per ore containing about 1% of copper; as
carbonate, I found that, other conditions be-
ing the same, a much higher extraction was
obtained by floating the ore previously sul-
phided wet and cold by hydrogen sulphide
(which only produced filming) by the pneu-
matic-agitation process than by the much
more violent mechanical-agitation . process.

When, however, flotation by the mechan-
ical-agitation process was carried out in an
atmosphere containing hydrogen - sulphide

1,425,185

so that the film of sulphide was renewed
whenever it was rubbed off, and oil was
added in successive amounts, an extraction
of 98.7% of copper was obtained.

I have found that heat very materially
aids the sulphidization of the particles so
that the particles may not only be filmed,
but practically wholly converted into sul-
phide by passing hydrogen sulphide into
boiling hot wet ore pulp.. By sulphiding
hot before flotation when the amount of

. water in the pulp is much less than it is dur-

ing flotation loss of hydrogen sulphide by
solution is reduced to a negligible amount,
particularly since the gas is very difficultly
soluble in Hoiling hot water.

This method also facilitates removal of
excess of hydrogen sulphide by boiling the
pulp for a brief time to avoi
deleterious effect of hydrogen sulphide on
flotation, particularly if natural sulphides
are also present in the ore.

One of the important factors in floating
sulphidized material is to_collect the parti-
cles of sulphidized material by the oil, and
as this is morc difficult than in the case of
natural sulphides the mixing of the oil and
the ore should be much more thorough than
is required for natural sulphides. This mix-
ing may to advantage take place either after
or during sulphidization in a ball or pebble
mill as a more intimate mixing can be ob-
tained in that way than bv the usual emul-
sifiers or Pachucas. In some cases it may
be desirable to sulphide the ore in a silex-
lined pebble mill in the presence of oil.

Acid, either alone or with a salt such as
aluminum' pyrophosphate, may be sdded to
the mixture prior to mixing with the oil
in order to aid the collection of the parti-
cles of sulphide.

For natural sulphides salts adapted to
give either polyvalent anions or cations can
be used to great advantage in the mechan-
ical-agitation process, and there is relative-
ly Iittle difference between the extractions
obtained with quadrivalent anions and ca-
tions for example. In the case of artifically
formed sulphides, however, there is a very
marked difference as will be seen from the
following table:

Percentage
of ore
floated.

Extrac-

Solutiou (% on ore). tion.

T 0 X R D ey 51.6%

0,30% NasPs07 e eoeen meceteereeanannanns ’
0.30% Haf04...... L2011 } 8.2%

0. 015% TH(S0D. . e veemonenenmonnns
0,809, HaS0a oI } 86. 8%

" 16.0%

Small additions of. 0il were added at suc- -

cessive intervals. L
As in the case of natural sulphides the

the possible
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addition of the sodium pyrophosphate may
to advantage be delayed until after the sul-
phided material has been mixzed with oil.

The tails should perferablv be drained not -
only to save the electrolytes used, but also
to save the copper sulphide in-suspension.
Further, the tails may often to advantage
be washed after draining with a view to re-
moving any fine particles of sulphide which
may be adhering to the particles of gangue.

T have also found that the results with
silicate of copper ores are in_general much
poorer than those obtained with other
“oxidized” copper ores..

The use of various salts adapted to give
high valent ions has been referred to, and
in particular, sodium and aluminum pyro-
phosphates. Other similar salts might be
used although these two appear to be the
most readily available.

As in general the anion appears to be
more important than the cation the avail-

“able salts capable of giving anions having

a high valence will be considered first.

As examples of hexavalent anions the
tetraphosphates such as Na,P,O; and hex-
ametaphosphates such as Na,P,0,, may be
referred to. As instances of salts capable
of giving quadrivalent anions may be men-
tioned the pyrophosphates such as Na,P,0,,
ferrocyanides such as K, ,Fe(CN),, pyroar-
senates such as Na,As,O, and pyroantimo-
nates such as K,Sb,0,. Similarly for triva-
lent anions phosphates such as Na,Po,, fer-
ricyanides such as K ,Fe(CN), or arsenates
Na,AsO, might be used. '

1f valence were the only factor to be
considered the tetraphosphates and hexamet-
aphosphates would be superior to salts
which give quadrivalent or trivalent anions.
However, another, almost equally important
factor is the extent to which the salt and its
corresponding acid dissociates, as this deter-
mines the number of high valent anions .
furnished by a given amount of salt. Any
polybasic acid or salt of siich acid dissociates
in stages. In other words, cations are given
off progressively with the formation of nega-
tive ions of increasing valence. For instance

yrophosphoric acid (H,P,0,) dissociates

t to form H,P,0, ions, a certain num-
ber of which then split up to form
H,P,0,  ions, 4/ certain number of which-
split up to form HP,0, " jons a num-
ber of which split up to form PO, "
jons. The dissociation constants of the
first, second, third and fourth hydrogen

1.1X102 2.9%10:7 and 3.610°.
Consequently the amount of quadrivalent -
P,0,  ion formed is much less than
the amount of the trivalent ion, which in
turn is very much less
the divalent ion which in turn is less than
the amount of the monovalent ion. The

1.4X10%,

than the amount of-'found that

first and second dissociation constants are

less than those of sulphuric acid so that
pyrophosphoric acid is an even stronger acid
than ‘sulphurie.
the other hand
tion constant for the first, second and third
hydrogen .ions being 1.1X107%, 2X107 and
3.6 16, \ co R
Comparing these constants with those for
pyrophosphoric acid it will be seen that
phosphoric acid only
valent ions as pyrophosphoric acid gives

divalent and as many divalent as the latter

gives trivalent ions. Consequently even
though pyrophospheric acid did not give 2
quadrivalent ion while phosphoric acid can
only give a trivalent ion pyrophosphoric acid

Orthophosphoric acid on
is 2 weak acid, the dissocia-.

&
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76

glves as many mono- -

80

would be much superior to phoesphoric acid -

on account of the much larger number of
di- and trivalent ions it gives on dissociation.
The dissociation of the acid corresponding

to the salt added is very important-since,

particularly when the electrolyte ig added
prior to oiling, acidified solutions in eneral
give better results than neutral so utions.
Especially after oiling, and this, of course,
includes the cleaning of rougher concen-
trates, the solution may to_ advantage be
made slightly alkaline. Not only" do
hydroxyl ions tend to increase the negative
charge ‘on the oil but also the addition of
alkall greatly increases the concentration of
high valent anions. .

This latter effect results from the fact that
the product of the concentrations of. the
hydrogen and hydroxyl ions is always 10"'%

In a solution containing only 0.05% of
sulphuric acid the hydrogen ion concentra-
tion (assuming complete dissociation is
1%10-2. In a solution’ containing 0.05% of
sodium hydroxide the hydroxyl ion con-
centration (assuming complete dissociation)
is 1.2X102 so that the hydrogen ion con-
centration will be less than 1072,

The charge from acid to alkaline solution
involves a change of hydrogen ion concentra-
tion from 1Xx10,, to 1X10,, which will
result in 1§reatly increasing the dissociation
of the H,P,0, , HP,0, ~ and similar

ions.

Tn view of the importance of the hydrogen

ion concentration and the dissociation con-
stants of the first, second, etc., hydrogen ions
of the acid corresponding to the salt used
it is unusually advisable to employ salts of
inorganic acids in preference to those of
organic acids as the dissociation of the acids
formed in the presence of sulphuric acid is

-much greater in the case of inorganic acids

than of organic acids.

Relativegr little is known of tetraphos-
phoric acid, but the fact that it has been
| over ten times the amount of
sodium tetraphosphate is needed to produce
the same effect on flotation as a given amount
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of sodium pyrophosphate indicates that the’
salt and  acid disassociate far less com-
pletely than do the pyrophosphates. -~ -

Ferrocyanic acid is a strong acid and its
salts suc{ as potassium. ferrocyanide give
very good results in flotation where the for-

‘mation of insoluble ferrocyanides can be

avoided. In view, however, of the fact that
pyrophosphoric does not readily form in-
jurious insoluble compounds its use is ordi-

. narily to be preferred.
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So far as trivalent salts are concerned
these would be superior to pyrophosphates
only if they dissociated to an unheard of
degree.” Phosphates havé been shown to be
far inferior to pyrophosphates dnd probably
‘the same 1is true of the arsenates.

The ferricyanides are in general open to
the same objection as the ferrocyanides,
namely the formation of insoluble com-
pounds which poison flotation.

It appears therefore that the pyrophos-
phates are the most suitable source of high

valent anions for flotation.. Sodium pyro- -

‘phosphate, which appears to be the most gen-
erally useful pyrophosphate can be very
cheaply and -easily prepared from the com-
hosphate of soda of commerce
(Na,HPO,) by simply heating it to drive off
water.

Since in connection with some ores and
slime material in particular it may be found
advisable to use asalt adapted to give
cations and anions, both of high valence,
the availability of suitable high valent ca-
tions will be considered. 4
- 'While in the case of polyvalent anions the
dissociation constants of the corresponding
acid appears to be one of the most important
factors, in the case of polyvalent cation the
mobility of the ions appears to be a_very
important factor. For instance, the alumi-
num ion has a greater mobility than the
ferric ion, and it is found that aluminum
salts are much more effective in .flotation
than are ferric salts. For instance when
ferric sulphate was used in conjunction with-
acid, the best results were obtained with a
concentration of 0.16% of the salt as com-
pared with 0.060% of aluminum sulphate.
This difference between the mobility of the
aluminum and ferric ions i$ in part if not
entirely due to the smaller atomic weight
of the aluminum ion, since according to the
kinetic theory the velocity of movement of
the ions in solution is inversely propor-
tional to the square root of their mass, con-
sequently since the atomic weight of alumi--
num is 27 and that of iron is 56, we should
expect a greater mobility of the aluminum
as compared with iron which is exactly the
case. :

However, the atomic weight is not the
only, and in some cases not even the prin-
cipal factor which determines the mobility

‘certain conditions are quadrivalent, the most
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of theion. This is due to the fact that prac-
tically all ions are hydrated to a greater

or less extent. For instance, the hydrogen

ion has two waters of hydration, the po-
tassium ion averages 9.6 waters of hydration,
while the lithium ion has 24 waters of hy-
dration. This attached water has, of course,
the effect of slowing up the action of the
ion in solution, so that whereas the hydrogen
ion with an atomic weight of 1 hasa mobility
of 318, and the potassium ion with an atomic
weight of 39 a mobility of 65.3, the lithium
ion with an atomic weight of 7, has a mo-
bility of only 33.4. Other things being equal
therefore, ions having a high mobility should
be selected in preference to those having a
low mobility, - .

Aluminum has an dtomic weight smaller
than any other tri-valent metal, and since
with the exception of iron its salts are
cheaper than those of ‘other trivalent metals
its salts are particularly suitable for use in
flotation. :

There are a number of metals which under
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common being titanium and tin.. Some of
the rare earth metals also give quadrivalent
cations, such as germanium, thorium, vana-
dium, uranium and zirconium. Of all these
metals the cheapest is titanium, since the
oxide, rutile or ilmenite is found in consider-
able quantities. Titanium has also the
smallest atomic weight as its atomic weight
is only 48 as compared ‘with 118 for tin and
230 for thorium. Titanium sulphate pro-
ducing only a divalent anion was found to

95

100

‘be inferior to aluminum pyrophosphate and

when titanium pyrophosphate was prepared
it was found to be largely colloidal in char-
dcter, so that, although theoretically it 105
should be superior to aluminum pyrophos-
phate, the number of positive and negative
quadrivalent ions produced was apparently
not sufficient to enable it to give superior
result to aluminum pyrophosphate. The 110

‘pyrophosphates of other quadrivalent metals

might possibly be used to advantage if their
cost is not prohibitive.

There are also a number of metals which
form pentavalent salts, the principal of 115
these ‘being tungsten. This metal 1s also
hexavalent under certain conditions. How-
ever, many of these salts do not appear to
exist in the presence of water, at least to any
appreciable extent. For instance tungsten 120
pentachloride on treatment with large quan- -
tities of water is at once decomposeg almost
entirely into blue oxide W,0; and hydro-
chlorie acid with the evolution of heat. -

While I have referred to the employment 125
of oil as a frothing agent, I may use a sol-
uble organic frothing agent such as amyl
a!fohol either alone or in conjunction with
oil. -

" Further, although oleic acid and similar 130
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fatty acids and resinous acids might be
used, I prefer not to employ such substances
es are capable of forming insoluble com-
pounds with the aluminum or other similar
salts used for aiding flotation.

With certain ores the use of an organic
frothing -agent may be wholly dispensed
with and a froth formed by the aid of inor-
ganic material, more particularly salts of
the type of sodium pyrophosphate.

Although in the foregoing descriptions of
actual practice air only was employed in

other practice carried out by me other gases’

have been employed and in particular air

‘with additions of readily condensible gases.

As a general rule, the readiness with which
a gas will condense upon a surface depends
on the ease with which the gas can be lique-
fied. For instance, carbon dioxide condenses
to a greater extent on a sulphide surface
than does air for the reason that the critical
temperature of carbon dioxide is 431° C,,
whereas that of oxygen and nitrogen are,
respectively, —118° C. and —146° %

In some cases I may therefore employ air
or other gases containing as a frothing agent
a readily condensible vapor such as the va-
por of a hydrocarbon oil; gasoline for ex-
ample, or a more volatile member of the
same series. Further, in place of oil vapor,
I may use the vapor of a soluble organic
compound such as amyl alcohol.

Such oil or other vapor may be employed
either in substitution for or in addition to
the use of oil in the liquid state or the in-

troduction of a soluble organic frothing

agent independently of the air or other gas
re(ﬁlired to operate the process..

lectrolytes are preferably added to the
ore pulp to aid the separation of the metal-
liferous constituents when such frothing va-
porisused.

I claim: .

1. The process of concentrating ores
which includes mixing the comminuted ore
with water and an oily liquid to oil the
metalliferous particles, then aerating the
mixture to form a froth and separating the
froth from the remainder by flotation, and
which further includes the addition, inter-
mediate the oiling and aeration treatments,
of material adapted to give anions having
a greater valence than two for aiding the
formation of a froth.

2. The process of concentrating ores
which includes agitating the comminuted
ore with water and an oily liquid to oil the
metalliferous particles, then disseminating
bubbles of gas through the ore pulp by the
action of moving agitators to form a froth
and separating the froth from the remain-
der by flotation and which further includes
the addition, intermediate the oiling and
aeration treatments, of material adapted to

give anions having a greater valence than
two for aiding in the formation of a froth.

3. The process of concentrating ores

which includes mixing the comminuted ore
with water and an oily liquid in the presence
of an electrolyfe adapted to aid in the oil-
ing of the metalliferous particles, then add-
ing an electrolyte adapted to aid in the flota-
tion of the particles so oiled, subsequently
aerating the mixture to form a froth and
separating the froth from the remainder by
flotation. - ,

4. The process of concentrating commi-
nuted masses of composite character which
includes the treatment of the mass with a
fluid adapted to aid in the movement of
certain of the comminuted particles rela-
tively to others having different qualities,

and which further includes the use of a so--

lution containing anions formed from non-
metallic oxides having a_ valence greater

.than three for increasing the selective action

of the fluid. :

5. The process of concentrating ores
which. includes mixing the comminuted ore
with water, aerating the mixture to form
a froth and separating the froth from the
remainder by flotation and which further
includes the use of anions having a greater
valence than three for aiding in the forma-
tion of the froth. :

6. The process of concentrating ores
which includes mixing the comminuted ore
with water, disseminating bubbles of gas
through the mixture by the action of moving
agitators to form a froth and separating
the froth from the remainder by flotation
and which further includes the use of an-
ions having a greater valence than three for
aiding in the formation of the froth.

7. The process of concentrating. ores
which includes mixing the comminuted ore
with water, disseminating bubbles of gas
through the mixture by the action of mov-

-ing agitators to form a froth and separating

the froth from.the- remainder by flotation
and which further includes the use of ca-
tions having a greater valence than three
for aiding in the formation of the froth.

8. The process of concentrating ores
which includes mixing the comminuted ore
with water, disseminating bubbles of gas
through the mixture by the action of mov-
ing agitators to form a froth and separating,
the froth from the remainder by flotation
and which further includes the use of anions
having a greater valence than two and ca-
tions having a greater valence than one for
aiding in the formation of the froth. ‘

9. %‘he process of concentrating ores which
includes mixing the comminuted ore with
water, disseminating bubbles of gas through
the mixture by the action of moving agita-
tors to form a froth and separating the
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froth from the remainder by flotation and
which further includes the simultaneous use
of acid and a salt adapted to give anions
having a greater valence than two for aid-
ing'in the formation of the froth. i

10. The process of concentrating” ores
which includes classifying the comminuted
ore into sands and slimes, subjecting the
sands to flotation treatment in a solution
containing an added salt adapted to give
anions of greater valence than that of the
cations and the slimes to flotation treatment
in acid selution.

11. The process of concentrating ores
which includes classifying the comminuted
ore into sands and slimes, subjecting. the
sands to flotation treatment in a solution

- containing anions of greater valence than
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that of the cations and the slimes to flota-
tion treatment in acid solution of a salt of
a polyvalent metal, ‘

12. The process of separating composite
comminuted masses which includes a pre-
liminary flotation treatment by mechanical
agitation, separation of the froth produced
by such agitation, and a secondary reclean-
ing flotation treatment of such froth by
fluid-pressure agitation, and which further
includes the use in each agitation treatment
of a solution' containing ions having a
greater valence than two.

18. The process of separating composite

comminuted masses which includes a pre-

liminary flotation treatment by mechanical
agitation, separation of the froth produced
by such agitation, and a secondary reclean-
ing flotation treatment of such froth by
fluid-pressure agitation, and which further
includes the use in each agitation treatment
of a solution containing anions having a
greater valence than cations..

14. The- process’ of concentrating ores
which consists in mixing the powdered ore
with water to form a pulp, adding a small
proportion of a liquid frothing agent as such
to the pulp, introducing into the pulp bub-
bles of a non-frothing gas carrying a froth-
ing agent, allowing the bubbles to rise to the

.surface of the pulp to form a froth and

separating the mineral carried by the froth
from the remainder of the ore. :

15. The process of concentrating ores-

which consists in mixing the powdered ore
with water to form a pulp, adding a small
proportion of a liquid oily frothing agent as
such to the pulp, introducing into the pulp
bubbles of a non-frothing gas carrying a
frothing agent, allowing the bubbles to rise
to the surface of the pulp to form a froth

and separating the mineral carried by the

froth from the remainder of the ore.

16. The process of concentrating ores
which consists in mixing the powdered ore
with water to form a pulp, adding a small

proportion of a liquid frothing agent as

1,425,185

such to the pulp, introducing into the pulp
bubbles of a non-frothing gas carrying a
frothing agent in gaseous form, allowing
the bubbles to rise to the surface of the pulp
to form a froth and separating the mineral
carried by the froth from the remainder of
the ore. ‘ e

17. The process of concentrating ores
which consists in mixing the powdered ore
with water to form a pulp, adding a small
proportion of a liquid oily frothing agent
as such to the pulp, introducing into the
pulp bubbles of a non-frothing gas carrying
a frothing agent in gaseous form, allowing
the bubbles to rise to the surface of the pulp
to form a froth and separating the mineral
carried by the froth from the remainder of
the ore.

18. The process of concentrating com-
posite comminuted masses of composite char-
acter which includes the treatment of the
mass with a fluid adapted to aid in the
movement of certain of the comminuted par-
ticles relatively to others having different
qualities, and which further includes the use
of a solution containing positive ions hav-
ing more than one electrical charge and
negative ions having more than two elec-
trical charges for increasing the selective
action of the fluid. o

19. The process of concentrating com-
posite, comminuted masses of composite char-
acter which includes the treatment of the
mass with a fluid adapted ‘to aid in the
movement of certain of the comminuted par-
ticles relatively to others having different
qualities, and which further includes the use
of a solution containing positive ions having
more than one electrical charge and negative
ions having more than three electrical
charges for increasing the selective action of
the fluid. : -

20. The process of concentrating com-
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posite, comminuted masses of composite char- .

acter which includes the-treatment of the
masses with a fluid adapted to aid in the
movement of certain of the comminuted par-
ticles relatively to others having different

.qualities, and which further includes the use

of a solution containing negative and posi-
tive ions both having more than two elec-
trical charges for increasing the selective
action of the fluid.

21. The process.of concentrating compo-
site, comminuted masses of composite char-
acter which includes the treatment of the
mass with' a fluid adapted to aid in the
movement of certain of the comminuted
particles relatively to others having differ-
ent qualities, and which further includes
the use of a solution containing positive

.ions having more than two electrical charges

and negative ions having more than three
electrical charges for increasing the selec-
tive action of the fluid. .
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99, The process of concentrating cor-
posite, comminuted masses of composite
character which, includes the treatment of
the mass with a fluid adapted to aid in the

-movement of certain of the comminuted

particles relatively to others having differ-
ent qualities, and which further includes
the use of a solution containing positive
ions having more than three electrical
charges for increasing the selective action
of the fluid.

23. The process of concentrating com-
posite, comminuted masses of composite
character which includes the treatment of
the mass with a fluid adapted to aid in the
movement of certain of the comminuted
particles relatively to others having differ-
ent qualities, and which further includes
the use of a solution containing positive
jons having more than three electrical
charges and negative ions having more than
one electrical charge for increasing the se-
lective action of the fluid.

94. The process of concentrating com-.

posite, comminuted masses of composite
character which includes the treatment of
the mass with a fluid adapted to aid in the
movement of certain of the -comminuted
particles relatively to others having differ-
ent qualities, and which further includes
the use of a solution containing positive
ions_having more than three electrical
charges and negative ions having more than
two electrical charges for increasing the se-
lective action of the fluid.

95. The process of concentrating com-
posite, comminuted masses of composite
character which includes the treatment of
the mass with a fluid adapted to aid in the
movement off certain of the comminuted
particles relatively to others having differ-
ent qualities, and which further includes
the use of a solution containing negative
ions having more than two electrical charges
and a relatively much greater amount of
hydrogen ions for increasing the selective
action of the fluid. '

96. The process of concentrating com-
posite, comminuted masses of composite
character which includes the treatment of
the mass with a fluid adapted to aid in the
movement of certain of the comminuted
particles relatively to others.having differ-
ent qualities, and which further Includes
the use of a solution containing negative
ions having more than three electrical
-charges and ‘a relatively much greater
amount of hydrogen ions for increasing the
selective action of the fluid. ’

-97. The process of concentrating com-
posite, comminuted masses of composite
character, which includes the treatment ‘of
the mass with a fluid adapted to aid in the
movement of certain of the comminuted
particles relative to others having differ-

L7

ent qualities, and which further includes
the use of a solution containing positive
ions having more than one electrical charge,
a relatively larger number of hydrogen
ions and negative ions having more than
two electrical charges for increasing the
selective action of the fluid.

28. The process of concentrating com-
posite, comminuted masses of composite
character which includes the treatment of
the mass with a fluid adapted to aid in the
movement of certain of the comminuted
particles relatively to others having differ-
ent qualities, and which further includes
the use of a solution containing positive
ions having more than one electrical charge,
a relatively larger number of hydrogen ions
and negative ions having more than three
electrical charges for increasing the selec-
tive action of the fluid, .

29. The process of concentrating com-
posite, comminuted masses of composite
character which includes the treatment of
the mass with a fluid adapted to aid in the
movement of certain of the comminuted
particles relatively to others having differ-
ent qualities, and which further includes the
use of a solution containing negative and
positive ions both having more than two

‘electrical charges and a relatively larger

number of hydrogen ions for increasing the
selective action of the fluid. '

30. The process of concentrating com-
posite, comminuted masses of composite
character which include the treatment of
the mass with a fluid adapted to aid in the
movement of certain of the comminuted
particles relatively to others having’differ-
ent qualities, and which further includes
the use of a solution containing positive
jcns having more than two electrical
charges, a relatively larger number of hy-
drogen ions and negative ions having more

‘than three electrical charges for increasing

the selective action of the fluid.

31. The process of concentrating compos-
ite, comminuted masses of composite char-
acter which includes the treatment of the
same with a fiuid adapted to aid in the move-
ment of certain of the comminuted particles
relatively to others having different. quali-
ties, and which further includes the use of &
solution containing positive ions having
more than three electrical charges and a
relatively larger number of hydrogen ions

for increasing the selective action of the

fuid. : o
392. The process of concentrating com-
posite, comminuted masses of. compositeé
character which includes the treatment of
the mass with a fluid adapted to aid in the
movement of certain of the comminuted par-
ticles relatively to others having different
qualities, and which further includes the
ase of ‘a solution containing positive ions
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having more than three electrical charges, a
relatively larger-number of hydrogen ions
and negative 1ons having more than one elec-
trical charge for increasing the selective ac-
tion of the fluid.

33. The process of concentrating com-
posite, comminuted masses of composite
character which includes the treatment of
the mass with a fluid adapted to aid in the
movement of certain of the comminuted par-
ticles relatively to others having different
qualities, and which further includes the use
of a solution containing positive ions having
more than three electrical charges, a rela-
tively larger number of hydrogen lons and
negative ions having more than two electri-
cal charges for increasing the selective action
of the fluid. ' ~ ‘

34. The process of concentrating sulphide -

ores which includes the treatment of the
comminuted ore with a fluid adapted to aid
in the movement of sulphide particles rela-
tively to other particles of the ore, and which
further includes the use of a solution con-
taining negative ions having more than three
electrical charges for increasing the selec-
tive action of the fluid. '
35. The process of concentrating sulphide
ores which includes the treatment of the com-
minuted ore with a fluid adapted to aid in
‘movement of sulphide particles rela-
tively to other particles of the ore, and
which further includes the use of a solution
containing positive ions having more than
one electrical charge and negative ions hav-
ing more than two electrical charges for in-
creasing the selective action of the fluid.
38. The process of concentrating sulphide
ores'which includes the treatment of the com-
minuted ore with a fluid adapted to aid in

'the movement of sulphide particles rela-

tively to other particles of the ore,and which
further includes the use of a solution con-
taining positive jons having more than one
electrical charge and negative ions having
more than three electrical charges for in-
creasing the selective action of the fluid.

37. The process of concentrating sulphide
ores which includes the treatment of the com.-
minuted ore, with a fluid adapted to aid in
the movement of sulphide
to other particles of the ore, and which fur-
ther includes the use of a solution contain-
Ing positive ions having more than two elec-
trical charges, negative ions having more
than one electrical charge and a relatively
much larger number of hydrogen ions than
said positive ions for increasing the selective
action of the fluid.

38. The process of concentrating sulphide
ores which includes the treatment of the com-
minuted ore with a fiuid adapted to aid in
the movement of sulphide particles rela-
tively to other particles of the ‘ore, and
which further includes the use of a solution

particles relatively -

1,495,185

containing negative and positive ions both
having more-than two electrical charges for
increasing the selective action of the fluid.

39. The process of concentrating sulphide
ores which includes the treatment of the com-
minuted ore with a fluid adapted to aid in
the movement of sulphide particles rela-
tively to other particles of the ore, and which
further includes the use of a solution con-
taining positive ions having more than two
electrical charges and negative ions having
more than three electrical charges for in-
creasing the selective action of the fluid.

40. The process of concentrating sulphide
ores which includes the treatment of the
comminuted ore with a fluid adapted to aid
in the movement of sulphide particles rela-
tivély to other particles of the ore, and which
further includes the use of a solution con-
taining positive ions having more than three
electrical charges for increasing the selective
action of the fluid.

41. The process of concentrating sulphide
ores which includes the treatment of- the
comminuted ore with a fluid adapted to aid
in the movement of sulphide particles rela-
tively to other particles of the ore, and which
further includes the use of a solution. con-
taining positive ions having more than three
electrical charges and negative ions having
more than one electrical ‘charge for increas-
ing the selective action of the fluid.

42. The process of concentrating sulphide
ores which includes the treatment of the
comminuted ore with a fluid adapted to aid
in the movement of sulphide particles rela-
tively to other particles of the ore, and which
further includes the use of a solution con-
taining positive ions having more than three
electrical charges and negative ions having
more than two electrical charges for in-
creasing the selective action of the fluid.

43. The process of concentrating sulphide
ores which consists in agitating the commi-
nuted ore with a solution containing posi-
tive ions having more than'.one electrical
charge and negative ions having more than
two electrical charges and a frothing agent
until a froth is formed which contains sul-
phide particles, and separating the froth
from the remainder by flotation.

44. The process of concentrating sulphide

ores which consists in agitating the commi-

nuted ore with a solution containing posi-
tive ions having more than one electrical
charge and negative ions having more than
three electrical charges and a frothing agent
until a froth is formed which contains sul-
phide particles, and separating the froth
from the remainder by flotation,

45. The process of concentrating sulphide
ores which consists in agitating the commi-

nuted ore with a solution containing posi-

tive ions having more than two electrical
charges, negative ions having more than one
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electrical charge and a relatively mu(_:h
larger number of hydrogen ions than said
positive ions and a frothing agent until a
froth is formed which contains sulphide

particles, and separating the froth from the

remainder by flotation. . :

46. The process of concentrating sulphide
ores which consists in agitating the commi-
nuted ore with a solution containing nega-
tive and positive ions both having more than
two electrical charges and a frothing agent
until a froth is formed which contains sul-
phide particlés, and separating the froth
from the remainder by flotation. :

47. The process of concentrating sulphide
ores which consists in agitating the commi-
nuted ore with a solution containing positive

ions having more than two electrical charges -
and negative ions having more than three

electrical charges and a frothing agent un-
til a froth is formed which contains sul-
phide particles, and separating the froth
from the remainder by flotation. '

48. The process of concentrating sulphide
ores which consists in agitating the commi-
nuted ore with a solution contalning positive
ions having more than three electrical

charges and a frothing agent until a froth

is formed which contains sulphide particles,
and separating the froth from the remainder
by flotation.

49. The process of concentrating sulphide
ores which consists in agitating the com-
minuted ore with a solution containing posi-
tive jons having more than three electrical
charges and negative ions having more than
agent
until a froth is formed which contains. sul-
phide particles, and separating the froth
from the remainder by flotation.

50. The process of concentrating com-
minuted masses of composite character
which includes the treatment of the mass

with an ionizing liquid and a gas, and

~which further includes the movement of the

gas relatively to the liquid, and the sub-
stantial elimination of the electric charge
produced on: the liquid by such movement.

51. The process of concentrating com-
minuted masses of composite character
which includes the treatment of the mass
with an ionizing fluid and a gas, and which
further includes the relatively rapid move-
ment of the gas relatively to the liquid, and
the substantial elimination of the electric
charge produced on the liquid by such
movement.

52. The process of . concentrating com-
minuted masses of composite character
which consists in mixing the comminuted
mass with water containing in solution
negative ions having a valancé greater than
three,.agitating the mixture to form a. froth
and separating the froth. ‘

53, The process of concentrating com-
posite, comminuted - masses of composite
character which includes the treatment of
the mass with a gaseous fluid adapted to aid
in the movement of certain of the com-
minuted particles relatively to others hav-
ing different qualities, and which further
includes the use of a solution containing a
pyrophosphate for increasing the selective
action of the fluid.

54. The process of concentrating com-
minuted masses of composite character
which includes the treatment of the mass
with a fluid adapted to aid in the movement
of certain of the comminuted particles rela-
tive to others having different qualities, and
which further includes the use of a solution
containing anions comprising . phosphorus,
and having a greater valance than three for
increasing the selective action of the fluid.
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