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UNITED STATES PATENT OFFICE.

BIDSDALE ELLIS, OF OAK PARK, ILLINOIS, ASSIGNOR TO ELLIS FLOTATION COMPANY,
. ANC, OF NEW YORK, N. Y., A CORPORATION OF NEW YORK..

" SEPARATING PROCESS.

Original application filed April 15, 1918, Serial No. 228,623 'Divided and application filed ‘April 2, 1819,
Serial No. 287,030. Original No. 1,425,186, dated»Ahgust(B,. 1922, Application for reissue filed Angust
1, 1824. Serial No. 729,623. SRR L

To all whom it may concern: . in general to enhance the efficiency of con-
Be it known that I, RmspaLe Errs, a citi- centrating processes as hitherto carried out;
zen of the United States, and-a resident of to increase the percentage extraction and
Oak Park, in the county of Cook and State rate of separation of the metalliferous con- 55
of Illinois, have invented certain new and stituents; to improve the grade of concen-
useful Improvements in Separating Proc- trate; and in particular to improve froth
esses, of which the following is a specifica- flotation processes for the concentration of

tion. - - , T ores and similar comminuted ‘materials of .

My invention relates to processes for con- diverse character. - = ' © 60

10 centrating parts of masses of composite To this end my invention contemplates
character, such as metalliferous ore, by the use of electrolytes of various types and
treating the comminuted mass with a ftuid the modification of the flotation processes as

.. adapted to aid in the separation of certain commonly carried out to enable the benefi-
of the comminuted particles from others cial action of such electrolytes to be more 65

-15 having different qualities. : fully obtained :

: This application is a division of my co-  The effect produced by electrolytes may
pending application Serial No. 228,623, filed be conveniently classified according as they
April 15, 1918, and a continuation in part of ~ are due to purely physical phenomenon or
my co-pending application Serial No. 75,430 to chemical reactions in which the electro- 70

20 filed January 31, 1916. C lytes added react chemically or electrochem-

" Broadly my invention includes the use of ically with the constituents of the ore.
means for producing certain changes in the =~ The physical action of electrolytes, more
fluid and the particles of the mass whereby particularly inorganic electrolytes, appears .
the separation of certain of the comminuted to be dependent upon the valence (and to a 75
particles from others having different quali- lesser extent on the mobility) of the ions
‘ties is aided.. Preferably such means include - produced by the solution of the electrolytes
the use of substances adapted when dissolved In an ionizing fluid and is consequently elec-
“1n fluid, preferably anionizing fluid, to bring trical in-its nature. ' L
about certain electrical changes, and to this . I have found that the resultsof such physi- so
30 end to give polyvalent ions for aiding in cal action may be modified by changing the
‘the separation .of certain .of the particles time of addition of the electrolytes.. Thus
from others by means of a fluid having a certain types of electrolytes give improved
-preferential affinity for certain of the par- results when added prior to “ciling” and
* ticles. A .~ other types better results when added after ss
35 More particularly, in its preferred form, “oiling.” . ST C '
©  my invention relates to.processes for con- _ There is also a very, important relation
_centrating metalliferous ores by means of between the physical action of such electro-
‘the combined action of gaseous bubbles and lytes and the size of the particles.’ h :
- oil, or other substances soluble or insoluble, ~ While the effects produced by electrolytes go
‘40 adapted to aid in the formation of a froth of various types are readily demonstrable
containing the metalliferous constituents of the cause of these effects is far more com- .
the ore. A : - plex. ' ‘ :
My invention is particularly adapted for = In order, however, that the invention may
the concentration of sulphide ores; but is also be more fully understood T give a statement 95
5 applicable to the concentration of other ores, of the general principles underlying the for- -
such as oxides, carbonates’ or hydroxides, mation of a froth and the action of electro-
either unchanged or after a sulphiding or lytes in aiding or hindering the separation -
othér treatment, native or precipitated cop- of metalliferous matter by froth flotation
per, gold, and for the concentration of processes. - S '
60 graphite and other similar materials. . Practice carried out by me has shown that
- "]Ele principal objects of my invertionare results obtained by the use of electrolytes
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vary considerably according to the way in
which the gaseous bubbles are introduced to
form a froth. Bubbles may be introduced
in two general ways: In the first place, the
bubbles may be forced in from without, and

secondly, the bubbles of gas may be gener- -

ated, or otherwise produced in the liquid it-
self. As examples of methods of introducing
gas mechanically from the outside, the me-
chanica] agitation and pneumatic agitation
may be referred to. As examples of the
method of introducing gas by generating
bubbles of gas in the liquid itself, the sul-
phuric acid plus carbonate, and the vacuum
processes may be referred to.

The mechanical agitation process appears
to involve both methods of introduction in
varying degrees. The vortex of water pro-
duced by the rapidly rotating propellers
draws 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 supersatu-
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
air bubbles bodily from the external air
and second, the generation of air bubbles
ab initio on the surface of the oiled particles
of sulphide. .~ = - .

In the pneumatic agitation process the
generation of bubbles in the pulp does not
appear to take place to any great extent.

n the formation of a froth where Iiquid
oil ig used, there appear to be two important
operations, first the coating of the metal-
liferous particles with oil and second, the

formation of a viscous bond between such -

oiled particles and the gaseous bubbles.
In these operations electrolytes may act

"in four amongst other ways:—

First in determining the readiness with
which the oil can come into physical 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, . . )

ourth .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 electrolvtes in
any one or more of the above ways may be
the result of either:— o

() Changes.in the electrical conditions;

16,279

the particles to be floated; -~ -

(¢) .Changes in surface tension d\}é to ab--
sorption of the electrolyte at the oil-water, -

particle-water or air-water interfaces.
In the case of inorganic salts surface ten-
sion measirements indicated 'that (¢) 1s

(%) Chemical changes at the surface o‘f‘

70 -

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 actfon between the electrolyte and
the constituents. of the ore. : :

With the majority of ores the most im-

75

80

portant function of electrolytes in aiding . -

flotation appears to be the production of
favorable electrica} conditions. '
In this respect it is not the molecules of

the electrolyte which are active but the ions - -

produced by the dissociation of the electro-
Iyte when dissolved in an ionizing fluid such
as water, o

All electrolytes, whether salts, acids or
alkalies, when dissolved in an ionizing fluid
produce ioms 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
separately or the valence of both may
be increased simultaneously. These three
changes may be represented graphically as
follows: : ' :

MR~

(1) - @ ®
Ezamples.
Titanium . Titanium . Sodium
chloride. pyrophosphate. pyrophosphate.
TiCly TiPl(_)_r ’ NaP307

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

100

110
115

120

particles being almost invariably (with the

exception of oxides, hydroxides and some
carbonates) ' megative with respect to the
water. (ases, on the other hand, may be

130
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electrified in at least two different ways
which are essentially distinect:—first, fric-
tional electrification, and second, contact
electrification. If -air is blown thrcugh
water it becomes electrically charged by
friction with the water, and electricity may
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 liguid 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
gaseous) into a positive charge is brought

about by means of 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
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-
duced. This inhibiting action of tlie anion
increases as the valence increasés. On the
other hand, the original negative charge
may be increased by polyvalent anions: the
higher the valence of -the anion the greater
the increase in the negative charge which
can be produced. Cations irhibit this in-

crease in-negative.charge in proportion to -

their valence.

In frictional electrification the valence of

the ions appears to have exactly the reveise
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 valénce of the anion, the.

smaller the concentration required to pro-
duce reversal, and the greater the positive
charged which is produced. Polyvalent ca-
tions have an exactly analogous effect to
polyvalent anions in the case of contact

electrification as they increase the concen- -

tration of polyvalent anions required to
bring about the reversal, and the effect of
cations in this respect.increases as the va-

. Ience increases. .

_ While the spreading of a drop of oil over
- a sulphide or similar surface is no doubt
_due to differences in surface tension at the

oil-water, oil-particle, and water-paiticle the
oil must first be brought irto actual physical
contact with the sulphide particle before it
can spread. Now it is the electrical factors
which. largely: determine whether or .not
such physical contact takes place readily or
difficultly. N ' DR

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,

under these circumstances electrical attrac-

tion.occurs. . _

In both cases if the oil globules once cornes
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 it is relatively difficult to get the
initial contact of the oil and sulphide and
so allow the surface tension forces to come
into play while in the second case it is rela-
tively easy. ’ . ' _

Consequent}y .as sodium pyrophosphate
tends to increase the negative charge of both

70

80

oil and sulphide it will inhibit “oiling”, just -

as acid aids “oiling” by reversing the sign of
the charge on the sulphide.

Although any anion, 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 di-

rection 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
much more weakly negatively charged
sulphide particlés.. . g

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 o1l this point is reached with a
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 0il to the same extent as
when acid only is used to give the sulphides
a_positive charge. As oil acquires and. re-
tains a megative 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

20

95

100

110

118

120

126

a much greater effect on the oil than on the. -

sulphides.
In general, the higher the valence of the

jons, the greater the electrical changes which

can be produced and the greater the differ-
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. ehces which can'be made between the electri-

cal potentials of two Suthances in contact
with the same solution.

As will appear later the type of S‘Ilt which
will give the oil a maximum nevatlve poten-
tial 1s in general the most efficient i 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 0111n<r Such
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a salt may, however, be used in relatwely
high concentratlons to'take advantage of the

. dmerence in the maximum potentml points

of oil and sulphide respectively. Fur.her, 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 negative potential on the oil to
the same cxtent as the acid ‘alone. Again,
“oiling” may be caused to takeplacein plain
water or acidified water and the sodium
pyroplmsphate or similar salt added after
oiling and immediately prior to flotation.
Delaylng the time of addition, of the so-
dium pyrophosphate does not entirely elimi-

nate its inhibiting effect on the oiling for the

reason that.in the mechanical ru)'lta’cmn proc-

ess, and to a much smaller extent. in the'

preumatic agitation process, the oiling; is in
part at least a reversible operation, possess-
ing therefore a position of equilibrium. With
mechanical agitation, therefore, the fact that
the oil ormmally udheled to the sulphides is
not suflicient and it is desirable, if possible,
that conditions during flotation should be
as favorable as possible for reoiling.

The greater the affinity of o1l for the metal-
liferous particles the more tenaciously will
the oil adhere once it has been brought into

contact with the particles and the more irre--

versible will the operation become.

The aflinity of oil for sulphide parti-
cles may be changed by salts, usually to re-
duce the adhesions (employed in preferen-
tial flotstion), but in some cases to increase it.
Such chanﬂes appear to be due to chemical
rather than electrical causes.

The differcnce betwen the cuemical and

the eleetrical action of sal sis well illustrated
by the action of potassium ferrocyanide ¢n
the flotution of copper ores. " In ncutral so-

* lutions this salt acts as a powerful poison

60

- 65

ferr ocyamde on the surfaces of the sulphide
particles.  On the other hand with an alka-
line solution of the same salt verv beneficial
results arc obtained since in the presence of
alkali insoluble copper ferrocyanide is not
produced so that the beneficial action of the
quadrivalent anion is obtained.

Copper sulphate has a very marked chemi-
cal actlon. With zinc ores ifs uce is very
beneficial, with pyrite ores it is deleterious.
With zine ores it-1s more beneficial than the
valency of the ions it ‘forms would warrant
and while copper sulphate and acid under

i 3,279

cerlain c1rcumstances a,ppear ‘to be more
efficient than either aluminum or sodium
pyrophiosphate and acid, a combination of

the latter salts with acid and copper sulphate

gives better results than copper sulphate and
acid alone.

The next 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 actual

70

5

physieal contact irrespective of the condi- ’

.tions which occur afterwards.

For efficient: flotation both alr-bubble and
particls must be oiled. Thls may. be done in
one of three ways. .-

(1) Sulphidessare 011ed and air bubbles
vet 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 oi]l from the air bubbles..
(3) Both sulphides and air bubbles are
oiled independently. The: first of these is

the method used in cn‘culatmﬂ mechanical-

80

85

agitation apparatus in whlch oil is added in :

hqmd {orm. .
- As aiready indicated, a salt of the type

“of sodium pyrophosphate gives the 011 an

increased negative charge “and the air s
strong frictional positive chiarge ( dependent
upon the rate of movement of the air rela-
tively to the water) thereby’ producing an

.90

95 -

zttraction between the oiled sulphide par-

ticles 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.

As the negative potential of silica and sili-
cates is also increased by a salt of ‘the type
of sodium pyrophosphate, an increase in the
amount of gangue floated would also be ex-
pected. Practice shows this to be the case.

If frictional electrification is an impor--
tant feature then sodium pyrophosphate will:

give higher extractions with the mechanical
than with the pneumatic agitation process.
owing to the much more Vlolent agitation in
the former than in the latter case. This is

~also confirmed by practice.
owing to the formation of inscluble copper -

The relative movement of the bubbles of
gas and water produces a positive or nega-
’tlve chﬂroe on the gas according to the ions

present in. Qolutlon and at the same time -

gives the water-a ch‘\rcre of opposite sign.
Now when polyvalent anions are plesent
the charge so produced on the water is of the

. same sign as that on the metalliferous par-

ticles which it is desired to unite to the bub-
bles of gas and consequently it is desirable

appears to have a repellant action on the
similarly

which prevents the union of these particles

100

105

110

115

120 -

125

“to get. rid of the charge on the water as it.

charged metalliferous particles .

130
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~ with bubbles of gas: T have found thatv thé

15

charge may be advantageously eliminated,

preferably by grounding the flotation appa-
ratus so as to connect the water electricalily
with the earth.: ) .

T have also found that the action of elec-

trolytes is greatly modified by the size of the

particles in the ore pulp. With relatively

~ coarse feed—say 80 to 100 mesh—the addi-
10.

tion of sodium pyrophosphate even before
oiling ‘greatly 1increases the “extraction
whereas with slimes the addition of this salt

before oiling may even decrease the extrac-

tion. - o - _ ,
This is due to the fact that the smaller

~ the particles the more important become the

20

electrical factors in oiling. Sl
In the pneumatic agitation process, unlike

the mechanical agitation process, I have

found that salts of the types of thorium

- chloride or aluminum pyrophosphate are,

23

30
33

40

50

under some conditions, distinetly deleteri--

ous, whereas a salt of the type of sodium

_pyrophosphate is very useful though mot

producing as advantageous results as -in
the mechanical agitation process. = Further,
while acid aids the action of salts in me-

- ¢hanical -agitation alkali is preferably used

in the pneumatic agitation process.” - -
There appear to be varlous reasons. for
this difference between, the mechanical and
pneumatic agitation processes.
Thus a reduction of the negative potential

of the oiled sulphides is particularly dele-

terious -in the pneumatic agitation process
as much less frictional electricity is gener-
ated on the air than in the mechanical 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
~ " which the air bubbles are moved through

the solution. S .
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

* 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
~charged when they have been: generated

‘ {rom a solution which would not give a posi-

655

. Dbubble formation.

" tive charge to a bubble of gas introduced
. bodily from an external source. . . :

Apparently, therefore, hydrogen or’ high

~ For carrying out my invention apparatus

‘of well known types; may be em'ployed»with'

such modifications in construction and ar- -~

rangements as may be needed to- enable my"
improvemerits to be employed to best advan-

tage. As flotation apparatus of the type 70

roposed for use with my salts and. other
improvements are so well known to those
skilled in the art detailed description will
be unnecessary. Consequently in the accom-

panying drawing I have given only a dia- 75

grammatic illustration of one construction

‘and arrangement adapted for carrying out

my improvements.

In the drawings

launder 2. - Qil and such reagents as may be

employed to aid flotation and in particular

the oiling of the metalliferous particles, for.

_example an acid solution contamming such a

quantity of sulphuric acid and aluminum or
titanium pyrophosphate that the pulp con-
taining the slimes after separation from the

:sands will contain in the case of copper sul-
" phide ores about 4 Ibs. of acid per ton of
‘dry slime ore (for an are which normally re- 90

quires: 8 1bs. of acid when used without
added salt) and about 0.25 Ibs. of aluminum
pyrophosphate or 0.10 1bs: of titanium pyro-
phosphate, are conveniently added tothe
ore as it enters the tube mill by means of
pipes 3 and 4. '

1 represents the tube mill - |
“to which ore is fed by means of a chute or 80

95

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.

vided with an. inclined bottom 7 up which

‘the sands which settle out are moved by

means of rukes (not shown) until they pass
over the lip or weir 8 into the pipe 9. At-
the opposite end of the classifier an overflow
lip or weir 43 is provided at a lower level
than the lip 8 so that the water in the classi-

100

This classifier is pro- -

108

110

fier carrying the slime material in suspen-

sion will all flow over the lip 43 while the -

rakes in moving the sands over the lip will
lift them out of the water and deliver them
to the pipe 9 very largely dewatered. By
this arrangement the electrolytes employed
in 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 43 into a

.pipe 10 which discharges into the agitation
chamber 11 of a‘machine which may con-

veniently be of the mechanical agitation

115

120

tvpe. As the pulp flows into the pipe 10

further additional quantities of reagents,

, ‘stich for example as a solution of aluminum
valent. cations are useful as_either directly .
or indirectly providing positive nuclei for.

or titanium
by means of

pyrophosphate, may be added
pipe 12." In the agitation cham-

ber 11 a rotatable propeller 13 is provided

driven by gearing from a shaft 14. The

128

130




aerated ore pulp passes thro_ugh the aperture

~ 15 into the spitzkasten 16 in which the bub-

- machine for retreatment.

10

15

bles of air carrying metalliferous particles

form a layer of froth 17 while the sands fall

to the bottom and can be discharged through
the pipe 18 to the tailing pond or another
The froth flows
over a weir into a launder 19 from which
the concentrates may be discharged.
Frequently it is desirable to introduce
frothing agent with the air or other gas
employed for forming the froth either in
addition to or in place of liquid oil or a

. soluble frothing agent. ' For 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-

. ing a frothing agent such as oil vapor.

. 20

Preferably the machine just described is
. employed merely as a roughing cell and the .

concentrates discharged by pipe 20 are re-

© treated in a cleaning cell, as 24.

30

35

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 froth-
ing 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. reintroduction
through the pipe 26 with such further addi-
tions of air and (or) oil vapor as may be
required. : v
- As the concentrates only contain a small

_ percentage of water additional water may

40

45

60

be introduced into the cell 24 by means of
pipe 36, . '

_The 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., '

The flow of the tails into the pipe 80 is
contrelled by a valve 31 operated in well-

‘known way by a float 82. These cleaner -
“tails contain considerable quantities of

metalliferous matter and so they are prefera-
bly returned to the rougher cell by substan-
tial means such as a centrifugal pump 33
and pipe 34. - The cells, particularly the
rougher cell, are preferably electrically
srounded in any suitable way as illustrated

iagrammatically- at 35. S

The sarid 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

reference letters are used for corresponding

parts in the two sets of cells,

-

‘to the sands and to
~sirable alkalinity.

16,279

}IOiveVer, the method of Handling the
circuit water is preferably somewhat dif-
ferent in the case of san

o6

than of slimes

for the reason that the sands are substan-
tially dewatered by, the classifier and fur- -

ther, the tails are readil
sands settle quickly.
facilitate the operation of the rougher and

dewatered as the

cleaner cells on 2 closed cycle so far as the

circuit water is concerned. This is par-
ticularly advantageous with sand since for

70

hese facts greatly . -

15

particles of large size relatively large quan- -

‘tities of a salt of the type of sodiam pyro-

phosphate. is employed for aiding in’ the
in the ores. In many cases it is desirable
that oiling take place in acidified water

"production of a collective float of the values -

80 -

and flctation in alkaline water and the de-
watering of the sands by the classifier re- .

duces the amount of alkali required to neu-
tralize the acid in the water. still

adhering.
give the water ‘the. de- -

85,

For. copper sulphide ores a ‘convenient

concentration. of ‘sodium.
6. Ibs. per ton of ore and’ if desired free
alkali ma
amount of alkali, such as sodium hydroxide,
may conveniently range from 0.01 to 0.2 1bs.
per ton of ore in excess of that required. to

‘neutralize any acid adhering to the parti-

cles of ore as they leave the classifier.
In the first place, ,
ing 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 portien of the circuit water
passing through the pipe. 40 may con-
veniently be diverted by pipe 41 to the
cleaner cell -24. With this- arrangement
flotation take place in the same solution in
both rougher and.cleaner cells,
- Additional quantities of water, salt and
(or) alkali may be supplied as -Tequired
by pipe 42. = " .o

For purpose 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-t is usually more convenient to add the

electrolyte used prior to oiling the effect
of the electrolytes added prior to oiling will

be considered first.

In the following examples 6f=»p1'acticé.

carried out by me the ore employed was a

be employed in addition. The -

instead of di‘sch’af'gf

pyrophosphate is =

95

"100°
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. cupriferous pyrite- ore -which contained

@

10

‘about 42% of sulphide of iron and copper

in a gangue of quartz and slate. - oL
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 emulsificat’on or oiling prior to
flotation ‘separation the ground ore was me-.
chanically agitated . with ‘three times its

weight of water, 0,3% to 0.4% of its weight
of oil, and the desired quantity of -elec-
trolyte. The percentages of electrolytes
used are based on the ore and not on the
water. ) S )

Using salts of a monovalent acid, i’e.
hydrochloric acid, I found that the higliest

. recoveries were obtained with the following

30

- and still more so than that obtamed with
sodium chloride; and; further, the difference

40

. ‘aluminum’ chlori

[}
<t

60

- Aluminum = phosphate

percentages of sodium chloride, calcium
chloride and aluminum chloride (each used
alone without acid) respectively:— " -

Sodium: chloride, NaCl______.____ 0.
Calcium chloride, CaCl,_ - S
Aluminum chloride, AlCl;——-— - ‘

This table clearly shows that th:e higher
the valence of the cation the smaller the

quantity of salt required to give the best re-

sults 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-
phide floated increased as the valence of the
cation increased. The froth obtained with
aluminum- chloride was not oply thicker, but

"also. much firmer, finér and cleaner than.

the froth obtained . with calcium’ chloride,

between the floats obtained with aluminum

chloride and' calcium chloride, respectively,

was much  greater than between . calcium

chloride and sodium: chloride, respectively:.
particular ore used, the .

However, for the

separation of su]&ﬁudes, even in the case of

e

tained with sulplniric 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

-concentrations:—

Aluminum chloride AlCL, _-___
“A1PQ,
(small amount acid added to
make salts scluble)____._.___

"0.60% .

-0.010%.

"Aluminum pyrophosphate = ‘Al,

(P,0,), (small amount .acid

added to make salts soluble)__ 0. 0064%

Here again fhe efficiency of separation im-

proved as the valence increased. )
Using salts-of a monovalent metal with

~ acid radicles of difference valence, the high-

Sodium chloride NaCl_______.__

was inferior to that ob-

.acid than that just referred -to.
with sodium pyrophosphate, the best results.

est recoveries were obtained with the fol-

lowing concentrations :— S
0.40%
Sodium phosphate Na,PO,(above) 0.064%
Sodium pyrophosphate Na P,0,-- 0.016%
With both sodium and aluminum salts in-
credsing the valence of the anion not only
decreases the amount of salts required to

7

65

0

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,. .

was used. : ,
In connection with sodium pyrophosphate

when alum’num with sodium pyrophosphate

80

1 have found that there are two points of ..~

maximum : extraction, one. -about 0.016%
and the-other above 0.83%. The contact po-

tential of.oil steadily rises to a maximum
-obtained with concentration of sodium pyro- .

phesphate above 0.8% so that the existence

" of the first maximum point is probably due-
ifficulty with which:

to the fact that -the
oiling of the sulphide particles can occur
increases to a maximum and then decreases

‘as the concentration of sodium pyrophos-
phate is increased from zero to 0:3%.
‘the two points of maximum extraction the

Oof

higher concentration has be¢n found by
practice to be the most efficient, and th's is

85 .

90

probably due to the fact that not only is. -

the -contact potential on the oil - much
greater, which Means that the oiled sulphide

particles will have a more powerful attrac-.

ticn for the positively (frictionally) charged
air, but also because at the higher concen-
trdation the difficulty of oiling appears to be
less than at _the lower concentration.’
Using ‘sulphuric acid alone, the best re-

100

105

sults were obtained 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. results in
conjuncticn with - the salts ias approxi-
mately one-half that required. when acid

110

alone was used in the case of salts adapted :
to give trivalent ions, e:ther positive or neg-

ative, or both positive and negative, as will

‘be &een from the table given below; In the

case of salts adapted to give quadrivalent
ionms, -either negative or positive, 1t. was

“found that the amount of acid could be ad-.

115

vantageously increased. beyond this amount

(i. ¢.0.060%). For instance, with t'tanium

‘sulphate, increasing the concentration of

acid up to 0.74%; gave a steadily increasing

.yield, so that the best results would he ob-

tained with the even higher concentration of
Similarly

were obtained: with a concéntration of acid

"in‘excess of 1%.
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When the valence of both cation and an-
ion are increased above two the amount of
acid which can be usefully employed falls
off below 0.60%. The figures for the best
concentration of the salt and acid, respec-
tively, in-each case are given in the follow-
ing table:— :

AlCY, . . 0.12%
AL(SO,)y oo 0.06%
AlPO, L 0.016%
CALPO Yy e 0.010%
Fe,(80,); oo 0.16%
Ti1(SO, )y oo __ 0.016%
a PO, 0.016%
H,80, o __ 0.60%
HSO, 0.60%
HSO, . ___ 0.53%
H,S0, (below)______________..___ 0.33%
SO, T 0.60%
H,SO, (above) _________________ 0.749%
H,SO, (above) . ____________ 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
without, acid, salts were used in the absence

. of heat and -of material, such as bichromates

adapted to inhibit flotation of certain sul-
phides. S C ,
I have further found that an acid selution
of sodium pyrophosphate—0.3% Na,P,0,
and 1.00% H,SO,—gives better results than
the above acid solution of sodium pyro-
phosphate, namely:—0.016% Na,P,0, and
1.00% N,SO,. . o '
It was found that the aluminum pyro-
phosphate
either aluminum chloride or titanium sul-
phate. With most ores neutral sodium
pyrophosphate gave higher extractions than
aluminum pyrophosphate, and in practi-
cally all cases a strongly acid solution of
sodium: pyrophosphate give much better re-
sults than either neutral sodium pyrophos-
phate or aluminum pyropbosphate.
- Consequently it appears that of the fore-
going solutions the one generally most effi-
cient for the mechanical agitation process is

~a_strongly dcid solution of sodium pyro-

phosphate. Such a solution not only in-
creases the extraction but also raises the
grade of concentrate, shortens the time re-
quired for the flotation treatment -and, es-
pecially where low pulp densities have been
used to permit large amounts of oil to be
used efficiently, enables higher pulp densi-
ties 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 290 mesh the results

~are markedly changed.

‘ther use.

gave higher extractions than-
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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 ob-
tained with slimes than with sands.

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

than for sulphides of copper. :
Preferably, therefore, prior to flotation

treatment the ore is classified in order that
" _the sands or larger

articles 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. sodium pyrophesphate. In

* the case of the slimes the electrolyte may be

of the type specially adapted to aid the oil-
ing of the particles, e, g. an acid solution of
aluminum pyrophosphate.

This classification treatment has the fur-

70

80

85

ther advantage that.it facilitates the recov- -

ery of the sodium pyrophosphate for fur-
It is comparatively easy to de-
water sands as they settle rapidly ‘and can
be readily separated from water by means of
drainage belts or the like. Slimes, on the

~other hand, require much longer time to

settle and more careful treatment to separate

the water. ,
The amount of aluminum pyrophosphate

required is so much smaller than the quan-

90

95

tity of sodium pyrophosphate needed to .

give best results that the de-watering of
the slimes is not nearly as important as the
dewatering of the sands. ‘

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

100

105

In practice using a low grade copper ore V

ground with oil and floated in the presence
of 6 Ibs. of sodium pyrophosphate by the
mechanical agitation process an extraction
of 97.5% was obtained with a concentrate
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 939% instead of
97.5%, but the .concentrate only weighed
16% of the original feed instead of 25%.

110

115

Accordingly, I propose to employ the two

rocesses in conjunction in order to com-
ine 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
m‘itly be used in both rougher and cleaner
cells. . : o :
Further, I may employ sodium pyrophos-
phate or other salt merely to improve the

grade of concentrate.. ‘Thus in the case of

zinc ores the beneficial effect of sodium or

125
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. aluminum pyrophosphate on the grade of
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concentrate may be as important as the effect
of these salts in increasing the extraction.
In practice with zinc ores I have found

‘that a salt such as copper sulphate having

a beneficial chemical or electrochemical ac-
tion should be employed in addition to acid
and pyrophosphate, whether sodium or
aluminum. » ' . .

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

“With relatively coarse feed 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 1.00% Cu
ground 16% on 80 mesh.

When the ore and oil were both ground
and subsequently floated- in the presence
of 0.109 Na,P,0, solution (on the water)
the taills assayed 0.11% instead of 0.88%
when ground with plain water and then
floated in a solution of sodium pyrophos-
phate of that strength. The same ore, both
ground and floated in plain ‘water, gave a
tail containing 0.25% Cu.

With smaller concentrations of salt the
effect is more pronounced. For instance,
with a 0.008% solution (on the water) of
Na,P,0O, on a sample of ore assaying 1.92%
Cu, the tails assayed 0.35% Cu when the
salt was added prior to grinding and 0.42%
Cu when the salt was added after grind-
ing as compared with 0.47% Cu for plain
water. This is probably due to the maxi-
mum negative potential or the sulphides be-
ing reached in much lower concentrations
than 0.10% sodium pyrophosphate. If this
is the case, then in a 0.10% solution, the
negative potential 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

‘lbs. per ton) the tails contained 0.07% Cu.

When sodium pyrophosphate (10 lbs. per
ton) was added with the acid prior to oil-
ing the copper in. the tails increased to
0.18% 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 concen-
trate. from 8% Cu to 17% Cu as well as
very materially hastening the rate of separa-
tion.

~As the addition of alkali to a solution
containing a salt of the type of sodium
pyrophosphate greatly aids the latter in in-
creasing the negative charge on the oil I
may, especially after oiling in acidified solu-
tion, make the solution alkaline by the addi-

tior. of caustic alkali simultaneously with
the introduction of sodium pyrophesphate.
(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. o

The use of various salts adapted to give
high valent ions has been referred to, and
in particular, sodium-and aluminum pyro-
phosphates.
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 available
salts capable of giving anions having a high
valence will be considered first.

‘As exaniples of hexavalent anions the
tetraphosphates such as Na,P,0,, and hexa-
metaphosphates such as Na.P,0,; may be
veferred to. As instances of salts capable
ot giving quadrivalent anions may be men-
tioned the pyrophosphates such as Na,P,0O,,
ferrocyanides such as K,Fe(CN),, pyro-
arsenates such as Na,As,0, and pyroanti-
monates such as K,Sb,0,.
trivalent anions phosphates such as Na,PO,,
ferricyanides such as K,Fe(CN), or arse-
nates Na,Aso, might be used.

If valence were the only factor to be con-
sidered the tetraphosphates and hexameta-
phosphates would be superior to salts which
give quadrivalent or trivalent anions. How-
ever, another, almost equally important fac-
tor is the extent to which the salt and the
corresponding acid dissociates, as this deter-
mines the number of high valent anions
furnished by a given amount of salt.
polybasic acid or salt of such acid disso-
clates in stages. In other words, cations are

of negative ions of increasing valence. For
instance pyrophosphoric acid (H,P,0,) dis-
sociates
tain number of which then split up to form
H,P,0, - ions, a certain number of “which

split up to form HP;O, -- ions, a num--

ber of which split up to form P,0,----
ions. The dissociation constants of the first,
second, third -and fourth hydrogen ions
of pyrophosphoric acid are respectively
14107, 1.1X102, 2.9107 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 than the amount of the
divalent ion which in turn is less than the
amount of the monovalent ion. The first

Other similar salts might bes

Similarly for

Any
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- given off progressively with the formation -

rst to form H,P,0,- ions, a cer-
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and second dissociation constants -are less

than those of sulphuric acid so that pyro-
phosphoric acid is an even stronger acid
than sulphuric. Orthophosphoric acid on
the other hand is a weak acid, the dissocia-
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.tion ‘constant for the first, second and third
hydrogen ions being 1.110%, 210" and .

3.6:x1073, , ,
Comparing these constants with those for

pﬁrophosphoric- acid it will be seen that

phosphoric acid only gives as many mono-

-valent ions as pyrophosphoric acid gives

divalent and as many divalent as the latter

ives trivalent ions. Consequently even
though pyrophosphoric acid did not give a
quadrivalent ion while phosphoric acid can
only give a trivalent 1on pyrophosphoric
acid would be much superior to phosphoric
acid on account of the much larger number

of di- and trivalent ions it gives on dis-

sociation.
The dissociation of the acid correspond-

ing to the salt added is very important.
since, particularly when the electrolyte is

added prior to oiling, acidified solutions in
general give better results than neutral so-
Iutions. Especially after oiling, and this,
of course, includes the cleaning of rougher

~ concentrates, the solution may to advan-

25

30

35

tage be made slightly alkaline. ‘Not only
do hydroxyl ions tend to increase the nega-

tive charge on the oil but also the addition

of alkali greatly increases the concentra-
tion of high valent anions. :

This latter effect results from the fact that
the product of the concentrations of thehy-
drogen and hydroxyl ions is always 10-14,

In a solution containing only 0.05% of

sulphuric acid the hydrogen ion concentra-

tion (assuming complete dissociation is
1102 In a solution containing 0.05% of
sodium hydroxide the hydroxyl ion concen-
tration (assuming complete dissociation) is

" 1.2XX107% so that the hydrogen ion.concen-

40
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80

tration will be less than 10-12,
The change from acid to alkaline solu-
tion involves a change of hydrogen ion con-

cenfration from 1102 to .1X10?2 which

will result in greatly increasing the dis-
sociation of the H,P,0,~, HP,0,~ and
similar ions. : :

In 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 usually 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.

Relatively little is known of tetraphos-

‘phoric acid, but the fact that it has been

found that over ten times the amount of
sodium tetraphosphate is needed to produce
the same effect on flotation as a given amount
of sodium pyrophosphate indicates that the
salt and acid dissociate far less ccmpletely
than do the pyrophosphates,

16,378

. Ferrocyanic acid is a strong acid and its
salts ‘such as potassinm ferrocyanide give

very good results in flotation where the for-,

85

mation of insoluble ferrocyanides can be - -

avoided. 'In view, however, of the fact that
pyrophosphoric acid does not readily form
injurious insoluble compounds its use is or-
dinarily to be preferred. o

So far as trivalent salts are concerned.
these would be superior to pyrophosphates
only if they dissociated to an unheard of

degree. Phosphates have been shown to be
far inferior to pyrophosphates and prob-.

ably the same is 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-v

phates are the most suitable source of high
valent anions for flotation. Sodium pyro-
phosphate, which appears to be the most
generally useful pyrophosphate can be very
cheaply and easily prepared from the com-
mon _ phosphate of soda of commerce
(Na,HPO,) by simply heating it to drive
off water. - : B ’

Since in connection with some ores and

_slime material in particular it may be found

advisable to use a salt adapted to give ca-
tions and anions, both of high valence, the
availability of suitable high valent cations

-will be considered.

While in the case of polyvalent anions the
dissociation constants. of the corresponding
acid appears to be one of the most im-
portant factors, in the case of polyvalent
cation the mobility of the ions appears to
be a very important factor, For instance,
the aluminum ion has a greater mobility
than the ferric ion, and it is-found that alu-
minum salts are much more effective in flota-
tion 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 compared with 0.060% of aluminum sul-
phate. This difference between the mobility
of the aluminum and the ferric ions is in
part if not entirely due to the smal’er atomic
ing to the kinetic theory the velocity of
movement of the jons in solution is in-

weight of the aluminum ion, sinie accord- :
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versely proportional to the square root of -

their nasses, consequently since the atomie
weight of aluminum 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 princi-
pal factor which determines the mobility of

the ion. This is due to the fact that prac- :

tically all ions are hydrated to a greater or
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less extent. For instance, the hydrogen ion
has two waters of hydration, the potassium
ion averages 9.6 water of hydration, while
the lithium ion has 24 waters of hydration.
This attached water has, of course, the effect
of slowing up the action of the ions in so-
lution, so that whereas the hydrogen ion
with an atomic weight of 1 has a mobility
of 818, 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 atomic 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 un-
der certain conditions are quadrivalent, the
most common being titanium and tin.
Some of the rare earth metals also give
quadrivalent cations, such as germanium,
thorium, vanadium, uranium and zirconium.
Of all these metals the cheapest is titanium,
since the oxide, rutile or ilmenite is found
in considerable 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
producing only a divalent anion was found
to be inferior to aluminum pﬁ'rophosphate
and when titanium pyrophosphate was pre-
pared it was found to be largely colloidal
in character, so that, although theroretically
it should be superior to aluminum J)yrophos-
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
pyrophosphate 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
these being tungsten. This metal is 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 tung-
sten pentachloride on treatment with large
quantities of water is at once decomposed
almost entirely into blue oxide W,0; and
hydrochloric acid with the evolution of
heat. N

_ 'While I have referred to the employment
of oil as a frothing agent, I may use a sol-
ible organic frothing agent such as amyl

alcohol either alone or in conjunction with

oil. : S '
Further, although oleic acid and similar

I

fatty acids and resinous acids might be

used, I prefer not to employ such substances

as 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, description 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 condensable 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 lig-
uefied. For instance,” carbon dioxide con-
denses to a greater extent on a sulphide sur-
face than does air for the reason that-the

(i1

80

critical temperature of carbon dioxide is

~+-31° C. whereas that of oxygen and nitro-
gen are, respectively, —118° C. and
—146° C. :

In some cases I may therefore employ air
or other gases containing as a frothing
agent a readily condensable vapor, sach as
the vapor of a hydroearbon oil, gasolene for
example, or a more volatile member of the

-same series. Further, in place of oil vapor,

90
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I may use the vapor of a soluble organic

compound such as amyl alcehol._ ..~

Such oil or vapor may be employed either
in substitution for or in-addition to the use
of oil in the liquid state or the introdue-
tion of a soluble organic frothing agent in-
dependently of the air or other gas required
to operate the process. ’

Electrolytes are preferably added to the _

ore pulp to aid the separation of the met-
alliferous constituents
vapor is used.

I claim: : :
+ 1. The process of = concentrating ores
‘which includes mixing the comminuted ore
with oil in -the presence of an acid, then
aerating the so-oi{)

100

105

when such frothing -

110 -

ed ore pulp to forn: a col-

lective froth and separating the froth from -

‘the remainder by
ther includes the addition subsequent to the
oiling treatment of material adapted to

otation and which fur-:

115

change the contact potential of the oil to a

-potential more negative than before for aid-
ing the formation of a collective froth.
~ 2. The process of concentrating ores
which includes mixing the comminuted. ore
with oil in the presence of material adapted
to change the contact potential of the par-
ticles of ore to a potential more positive

-than before, then aerating the so-oiled ore
pulp to form a collective froth, and separat- -

ing the froth from the remainder by flota-
tion and which further includes the addition

120

125
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: subsequent to oiling ffa&ﬁﬂéﬁt of naterial

~adapted. to cliango the contact potential of.
‘oil to a ‘potential more negative than before
for aiding 'in the formation of a collective

froth.. , - S
3. The: . process of concentrating ores

~which- inchides ‘mixing the comminuted ore

T

with. water.and ‘an oily liquid, aerating the:

mixture to form a froth, and separating

the froth: from .the remainder by flotation,

+and which further includes acidifying the

ore pulp prior to oiling and the addition’

subsequent to-piling 'of material adapted to

" educe the. hydrogen ion concentration and

. .two for aiding the formation of a froth.

to give anions having a greater valence:than

4. The process :of . concentrating - ores

" which _in¢ludes: mixing the comminuted ore

20, ( : v
. ticles; then aerating the mixture to form s

with water and‘'an oily liquid jn the pres-
ence of ‘acid to oil .the metalliferous par-

froth. and eeparating the froth' from the

. remainder by flotation, and. which .further
. includes the addition intermediate the oiling

25

and aeration” treatments of ‘sodium pyro-
phosphate. = - ...~
. 5. The process of concentrating ores

- which includes mixing the comminuted ore
~with water and an oily liquid; aerating the

30

mixture to form a froth and. separating the.

froth from the remainder by flotation and
which® further includes acidifying the ore

. pulp prior to viling:and the addition of

35

_‘.a'froth‘. o

alkali intermediate the oiling and aeration
‘treatments for aiding in the formation of

6. The process of concentrating o>res‘whi(':bh

* includes mixing the comminuted ore with

| 40

water and an oily liquid in the presence of
acid to coat the metalliferous particles ‘with

. oil, then adding an electrolyte adapted to

45

50

_give higher valent anions than cations to

a1d- in the flotation of the particles so oiled,
subsequently. aerating the mixture to form
a froth and separating the froth from the

-remainder by flotation.

7. The. process of concentrating commi-

nuted masses of composite character which

includes the treatment of the mags with an
ionizing liquid and a gas, said liquid con-

- taining in solution su%é,tances adapted to

. from those of different character to a
" . 55

- tional electrical charge on the gas and which'

80

change the contact potential of the constitu-
ents of the composite mass to be separated
ten-
tial more negative than before and a apted
simultaneously to produce a positive fric-

further includes the movement of the gas
relatively to the liquid and the substantial

elimination of the electric charge produced

on the liquid by such movement.

8. The process of separating composite
comminuted masses which includes a pre-
liminary flotation treatment by mechanical
agitation, separation of the froth produced

16,279

by such agitatibﬁ and a secondary reclean-

ing flotation tredtment of such froth by fluid -

a solution ' adapted to changethe contact

‘pressure agitationi,” and . which' further in- . -
‘cludes.the use. in each agitation treatment of

70

potential ‘of the valuable constituents of the -

fore. -

9. The process of concentrating commi-

‘nuted’ masses ‘of composite character which

includes the treatment of the mass with an
lonizing liquid and a gas, said liquid con-

froth to a potential more negative than be-

75

taining in solution substances adapted to -

produce an electrical charge on the gas of
opposite sign to that on the constituents of

~ the composite ‘mass to-be separated from

those of different character, and which fur-
ther includes the movement of the gas rela-
tively to the liquid and the substantial elimi-
nation of the electric charge produced on
the liquid by such movement.

10. The process of concentrating commi-

includes the treatment of the mass with an

-lenizing liquid and a gas, said liquid con-
taining in solution negative ions having a

valence greater than two, said gas having
an electrical charge of opposite sign to that
on the constituents of the composite mass to
be separated from those of different charac-
ter; and which further includes the move-
ment of the gas relatively to the liquid and
the substantial elimination of the electric
charge produced on the liquid by such move-
ment.

11. The process of concentrating commi-

‘nuted masses of composite character which

mecludes the treatment of the mass with an
tonizing liquid and a gas, said liquid con-
taining in solution negative ions having a
valence greater than three, said gas having
an electrical charge of opposite sign to that
on the constituents of the composite mass to
be separated from those of different charac-
ter, and which further includes the move-
ment of the gas relatively to the liquid and
the substantial elimination of the electric
charge produced on the liquid by such move-
nent. . :

12. The process.of concentrating compos-
sce, comminuted masses of composite char-
acter which includes the treatment of the
mass:with a gaseous fluid adapted to aid in
the movement of certain of the comminuted
particles relative to others having different
qualities, and which further includes the use

.of a solution containing a salt of pyrophos-

phoric acid and a monovalent cation for in-
creasing-the selective action of thé fluid.
13. The process of concentrating commi-
nuted masses of composite character whicli
comprises mixing the mass with an ionizing
liquid containing mnegative  ions having
valence greater than three, and passing bub-
bles of gas upwardly through the mixture in

80

‘nuted masses of composite character which.

90

95
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_ violent mechanical agitation” whereby - the-
" sulphide particles are separated “from the
gangue.. :

15

16,379 ' ' o 18

the substantial absence of violent mechani-
cal agitation whereby “certain of the com-~
minuted particles ‘are separated from others -

having different qualities. BT
14. The process of concentrating sulphide

ores which comprises mixing the -commi-

nuted ore with oil and a solution containing

anions having. 4 valence greater than three

" and passing bubbles of aifrvupwa;rdli: through

the mixture in the substantial absence of

15. The process of concentrating sulphide
ores which comprises mixing the commi-
nuted ore with oil and a solution containing
anions having a valence greater than three
and passing a gaseous fluid through the mix -
ture in the substantial absence of violent
mechanical agitation whereby the sulphide
particles are separated from the particles of

~ gangue.

.80

16. The process of concentrating commi-

nuted masses of composite character which
comprises the formation of a non-permanent
froth by mixing the mass with an ionizing

liquid, and passing bubbles of gas through-

the mixture to form a relatively non-perma-
nent froth with certain of the comminuted
particles having a preferential affinity for
such gas bubbles and separating the froth so
formed from the remainder of the ore, and
which further includes the use of anions
having a valence greater than three for- in-
creasing the said preferential affinity.

17. The process of concentrating. ores .

which includes mixing the comminuted ore

with oil, then aerating the oiled pulp, form-
ing a collective froth and separating the

froth from the remainder by flotation, and
which further includes the addition subse-
quent to the oiling treatment of material

_.adapted to change the contact potential of

oil to a potential more negative than before
for aiding in the formation of said-collec-
tive froth. . , :

18. The process of concentrating ores
which includes mixing the comminuted ore
with oil, then aerating the oiled pulp, form-
ing a collective froth and separating the
froth from the remainder by flotation, and
which further includes the addition subse-
quent to the oiling treatment of alkali for
aiding in the formation of said collective
froth. ‘ ' o

19. The process of concentrating ores
which includes mixing the comminuted ore
with oil, then aerating the oiled pulp, form-

“ing a collective froth and separating the

froth from the remainder by flotation, and
which further includes the addition subse-
quent to the oiling treatment of alkaline
material adapted to give hydroxyl ions and
anions having a greater valence than one

[}

for aiding in'the formation of said collec- 65 '

tive froth. _ '
120. The process of concentrating ores .

which includes mixing the: comminuted. ore

" with oil, then aerating the oiled pulp, form-- .
‘ing ‘a collective froth and s'efs)arati_ng the 70

froth from the remainder by flotation, and

.which further includes the addition subse-

quent to the oiling treatment of alkaline ma-

‘terial adapted to give hydroxyl ions and

anions having a greater valence than two 75

for aiding in the formation of said -collec-

tive froth. : S
21. The process of concentrating ores by -

flotation which includes mixing the ore with

a modifying. agent, aerating to form a col- 80
lective froth and separating the froth from
the remainder by flotation, and which fur-
ther includes the addition of alkali under
such conditions-as to aid in the formation of
said collective froth without inhibiting the 85
coating of the metalliferous particles of
said ore by the modifying agent.

99. The process of concentrating ores by -
flotation which includes mixing the ore witK .
a modifying agent, aerating to form a col- 90
lective froth and separating the froth from
the remainder by flotation, and which further .
includes the addition .of alkaline material
adapted to give hydroxyl ions and anions

having a greater valence than one, under 95 .-

such conditions. as to aid in the formation

of said collective froth without imhibitin

the coating of the metalliferous particles o
said ore by the modifying agent. U
23. The process of concentrating commi- 100
nuted masses of composite character which
includes the treatment of the mass with an
ionizing liquid and a- gas, said liquid con-
taining in solution substances including hy- ,
droxyl ions in excess of those produced by 108
hydrolysis and adapted to change the con- -
tact potential of the constituents of the com-
posite mass to be separated from those of
different character to a potential more nega-
tive than before and adapted simultaneously 110
to produce a positive frictional electrical
charge on the gas, and which further in--
cludes the movement of the %'as relatively to
the liquid and the substantial elimination of
the electric charge produced on the liquid 115
by such movement. ' ‘
924, The process of concentrating com-
minuted masses of composite character
which includes the treatment of the mass
with an ionizing liquid and a gas, said lig- ‘180
uid containing in solution added substances '
including the salt of a weak polybasic acid
and hydroxyl ions in excess of those pro-.
duced by hydrolysis and adapted to change .
the contact potential of the constituents of 186 .
the composite mass to be separated from

‘those of different character to a_ potential
" more negative than before and adapted -
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simultaneously to produce a positive fric-
tional electrical charge on the gas, and
which further includes the movement of the
gas relatively to the liquid and the substan-

tial elimination of the electric charge pro-

duced on the liquid bv such movement.

25. The process of concentrating com-
minuted masses of composite character
which includes the treatment of the mass
with an jonizing liquid and a gas, said lig-
uid containing in solution substances in-
cluding anions having a valence greater
than two and hydroxyl ions in excess of
those produced by hydrolysis and adapted

to change the contact potential of the con-

stituents of the composite mass to he sep-
arated from those of different character to a
potential more negative than before and

adapted simultaneously to produce a posi-

tive frictional electrical charge on the 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.

26. The process of concentrating ores by

- flotation which includes mixing the ore

with a modifying agent, aerating to form

18,279

a froth and separating the froth from the -
remainder by flotation, and which further
includes the use of an added salt of a weak
polybasic acid and hydroxyl ions in ex-

- cess of those produced by hydrolysis for aid-

ing in the formation of the froth.

27. The process of concentrating ores by
flotation which includes mixing the ore with
a modifying agent, aerating to form a
froth and separating the froth from the
remainder by flotation, and which further
includes the use of an added salt of a poly-
basic acid and hydroxyl ions in excess of
those prodiced by hydrolysis for aiding in
the formation of the froth.

28. The process of concentrating ores by
flotation which includes mixing the ore with
a modifying agent, aerating to form a
froth and separating the froth from the
remainder by flotation, and which further
includes the use of anions having a valence
greater than two and hydroxyl ions in ex-
cess of those produced by hydrolysis for aid-
ing in the formation of the froth. .

In testimony whereof I hereunto affix my

signature. .
‘RIDSDALE ELLIS.
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