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(54) Flotation process

(67) Particles suspended in a liquid are
caused to fioat on the liquid, to facilitate
separation from the liquid, by adhesion
of the particles of gas bubbles, the gas
bubbles being formed by injecting into
the liquid, a second liquid saturated
with a gas, the second liquid being
injected in a number of consecutive
steps.
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SPECIFICATION

A method and a device for making flotatable
particles suspended in a liquid by means of gas
bubbles

The invention relates to a method and a device for
making particles, which are suspended in a liquid
and are to be removed therefrom, flotatable by
means of gas bubbles, which particles are made
lighter than the liquid by adhesion of gas bubbles.
This is, in particular, favourable for suspended
components having a specific weight which only
slightly differs from that of the liquid, and/or when
the separation thereof is considerably retarded by
friction forces. Also in the case of particles which are
heavier than the liquid, the separation sense can
often be reversed in that manner.

To that end a liquid, and generally the cleaned
carrier liquid, is saturated under pressure with a gas,
in particular air, and is depressurized just before
being introduced into the liquid to be treated, a large
number of gas bubbles then being generated, at
least a part of which will attach themselves to
particles suspended in the liquid. These particles
then become considerably lighter than the carrier
liquid, and can, therefore, be separated from the
liquid by flotation.

However, the gas bubble adhesion will take place
more difficultly as the gas bubbles are bigger in
relation to the particles to be made flotatable.
Already when being generated these bubbles sub-
stantially vary in size, which variation is still in-
creased in that these bubbles will coalesce to form
larger bubbles, and, thus, a limit is set to the flotation
effect of the bubbles.

it is an object of the invention to improve the
flotation effect obtainable with gas bubbles, and to
provide a method to that end in which into a first
liquid to be treated as second liquid is introduced
which, at the pressure and temperature of the first
liquid, is supersaturated with a gas, which method is
characterised in that the introduction of the second
liquid is done in at least two successive steps, and
this in such a manner that the concentration of the
dissolved gas in the first liquid is increased first
before, by a subsequent introduction of the second
liquid, a generation of the most effective small gas
bubbles is effected.

For it has appeared that the liquid to be treated is,
generally, subsaturated or at best saturated with
gas, in particular air, so that, when introducing gas
bubbles, at first the concentration of dissolved gas
inthe liquid is increased until the gas pressure in the
liquid more or less corresponds to that in the gas
bubbles, and only then a sufficient gas bubble
generation can occur. It has appeared that, when
introducing the gas at once, smaller gas bubbles will
be insufficiently generated, which is a consequence
of this pressure difference. If, now, the gas is
introduced in consecutive steps, a saturation of the
liquid can be obtained to such an extent that, in a
subsequent step, a sufficient number of gas bubbles
suitable for flotation purposes will be obtained.

In particular this step-wise introduction of gas is

70

75

80

85

90

95

100

105

110

115

120

125

130

obtained in a liquid which is continuously supplied
to a separation device by means of a duct or pipe line
by introducing the gas in this duct or pipe line in
different consecutive points which are mutually
separated in the liquid flow sense.

If, moreover, additional substances for promoting
separation are to be dded to the liquid, this can be
done with a simultaneous introduction of gas, which
may lead to a better effect of those substances in the
liquid to be treated.

The invention relates, furthermore, to a device
which is designed for executing this method.

The invention will be described below by refer-
ence to a drawing, showing in:

Figure 1 a diagrammatical plan view of an embodi-
ment of a device according to the invention; and

Figure 2 a transverse section on line -1l of Figure
1.

Before describing the method and the device
according to the invention, the backgrounds thereof
will be considered first.

The invention is based on the insight that big gas
bubbles behave differently from smaller ones. The
internal pressure of a gas bubble in respect of the
liquid is, inter alia, dependent on the gas bubble in
respect of the liquid is, inter alia, dependent on the
surface tension of the liquid boundary layer sur-
rounding the gas bubble. Furthermore this pressure

_is of interest for the migration of the gas from the

bubble into the liquid, for which, of course, the
concentration of the gas dissolved in the liquid is
important too. Generally speaking this pressure
difference is proportional to 1/r, if r is the radius of
the gas bubble under consideration. The surface
area of the bubble is proportional to r? and its
volume to r®. The diffusion of gas towards the
surrounding liquid is proportional to the pressure
difference and the surface area, so that the loss of
gas by diffusion related to the volume of the bubble
will, in first approximation, be proportional to (1/
r).r%/r® = 1/r This means that small bubbles will
dissolve relatively faster than bigger ones. Moreover
the collision probability between two gas bubbles
and the coalescence thereof into a bigger one is at
feast proportional to 12, which probability is, for
bigger bubbles, substantially larger than for smaller
ones.

A consequence thereof is that, if initially a more or
less uniform distribution of the bubble sizes is
present, the smaller ones will quickly.disappear by
dissolving, and the number of bigger ones wiil
increase by coalescence. Moreover, as the concen-
tration of dissolved gas in the liquid increases, the
bigger bubbles will take in gas again from the liquid,
in particular since a certain concentration gradient is
present around such bubbles.

On the other hand small bubbles will easier adhere
to suspended particles than bigger ones. Starting
with a given size distribution of the bubbles and
suspended particles, one might make an estimate of
the adhesion probability at a given residence time.
This is, however, traversed by the short life of the
smaller gas bubbles, which, eventually, restricts the
period suitable for attachment very considerably.
Also the bubbles already attached to particles may
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disappear again by dissolving, and are, then, lost for
the flotation effect.

The invention is, now, based on the insight that, by
dividing the air bubble introduction in partiai steps,
the number of active air bubbles can be increased,
and this because: )

1. ateach renewed introduction small bubbles
will be generated again, which are, partly, available
for attaching themselves to suspended particles;
and :

2. after each introduction of gas bubbles the gas
content of the liquid increases, so that successively
smaller bubbles can survive in the liquid without
being quickly dissolved.

Itis, of course, possible to treat a quantity of liquid
present in a vessel with gas bubbles at intervals, so
that, then, the gasification steps mentioned above
are distributed in time. However, in a continuous
treatment, e.g. at the entry side of a separation
device, this will be objectionable, so that, then, a
step-wise introduction of gas will preferably be
obtained by providing additional injection pointsin
the supply duct or pipe line towards the separator,
which points are situated at mutual distances in the
flow sense.

In Figures 1 and 2 an embodiment of such a device
is shown in a diagrammatical manner. The device
shown comprises a basin 1 in which a plate separ-
ator 2 is arranged at an angle in respect of the
horizontal plane. By means of a partition 3 this basin
is divided into a supply chamber 4 and a discharge
chamber 5, the part 6 of said supply chamber 4
above the inclined upper surface of the plate separ-
ator 2 having a triangular cross-section. At the other
side of the basin 1 an overflow weir 7 is arranged,
over which a floating layer 8 can flow off towards a
discharge trough 9, the latter communicating with a
discharge duct 10, and, if necessary, skimmers or the
like may be used for moving the layer 8 towards the
weir 7. The discharge chamber 5, on the other hand,
is provided with an overflow weir 11 for determining
the liquid level in the basin 1, followed by a
discharge trough 12 and a discharge duct 13 for the
treated liquid.

Near the deepest point of the space 6 a supply
tube 14 is situated which is provided with con-
tinuous or interrupted outflow slots 15. Outside the
basin 1 the tube 14 communicates with a supply duct
16, and a supply nozzle 17 extends into the tube 14,
which nozzle is connected, by means of a relief valve
18, to a duct 19 which is connected to a pump not
shown, by means of which a pressurized gas, in
particular air, is supplied to the liquid. In this manner
alarge number of gas bubbles is generated in the
liquid supplied through the duct 16 by the abrupt
pressure relief of the liquid saturated with gas, which
bubbles can attach themselves to the particles
suspended in the liquid, and then these particles will
flotate towards the floating layer 8. Subsequently the
liquid flows through the separator 2, in which the
remaining lighter particles and gas bubbles will be
separated, and possibly present heavier particles
will sedimentate there and will be collected in a
funnel 19. The clean liquid flows off over the-weir 11
towards the discharge duct 13.
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It has now appeared that the separation effect can
be very considerably improved by providing, in the
duct 16, additional injection nozzles 20 and associ-
ated relief valves 21 which are connected to the
pressure line 19 as well. The relief valve 18 can,
accordingly, be adjusted more sparingly so as to
reduce the quantity of pressurized liquid introduced
by the nozzle 17 in accordance with the quantity
introduced by the nozzles 20. The distance between
the additional nozzles 20 is, then, chosen in such a
manner that, taking into account the flow velocity of
the liquid in the duct 16, there will be sufficient time
for dissolving the gas in the liquid, thereby impro-
ving the gas saturation degree.

Experiments have shown that the flotation effi-
ciency of the gas bubbles, i.e. the ratio between the
amounts of gas attached to suspended particles-and
the total amount of supplied gas, can be substantial-
ly improved in this manner, so that even a substan-
tially smailer amount of pressurized liquid can be
used. This leads to accordingly substantial energy
savings, and, moreover, the compression pump may
be made smaller which will fead to corresponding
cost reductions too.

In the duct 16 often a constriction 22 is present,
and a supply 23 opens in said duct 16 at the
upstream side thereof for introducing a flotation
promoting agent, e.g. a polyelectrolyte. It has
appeared that, if an additional gas injection nozzle

16" with relief valve 17 is arranged in said supply 23, .

a considerably better effect will be obtained. If the
agent thus supplied induces a lowering of the
surface tension, the overpressure in the gas bubbles
will be lowered accordingly, so that the dissolution
tendency of the gas bubbles is reduced. This can
have an additional beneficial influence on the separ-
ation effect of the gas bubbles.

A further advantage is that the relief valve 13,
which, in the existing devices, is designed for
passing a relatively large amount of liquid saturated
with gas, can be made substantially smaller when
using the method of the invention. This too will lead
to additional savings.

It will be clear that the invention is not restricted to
the embodiment described above. For instance the
use of a plate separator 2 is not required if, with gas
bubbles alone, a sufficient flotation of the compo-
nents to be removed is obtained. Furthermore the
supply of additional substances can take place in
other points, for instance in the basin 1 itself.

Sometimes it will be favourable to use an open
trough for at least a part of the duct 16. The =
advantage thereof is that, then, the effect of the
pressurized liquid introduced by means of the
nozzles 20 is directly visible, which will simplify the

- adjustment of the relief valves 21.

Within the scope of the invention many other
modifications are possible.

CLAIMS

1. A method for making flotatable particles sus-
pended in a liquid by adhesion thereof to gas
bubbles, in which, into a first liquid to be treated, a
second liquid is introduced, which, at the pressure
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and temperature of the first liquid, is supersaturated
with gas, which second liquid is obtained by dissolv-
ing gas at a higher pressure, which liquid is depress-
urized first before introducing it into the first liquid,
characterised in that the introduction of the second
liquid is made in at least two consecutive steps, and
this in such a manner that the concentration of the
dissolved gas in the liquid to be freated is increased
first before, by a further supply of the second liquid,
the production of the most effective small gas
bubbles is brought about.

2. The method of claim 1, in which the first liquid
to be treated is led, by means of a duct or pipe line,
towards a separation device, in which flotation of
components made flotatable takes place, characte-
rised in that the introduction of the second liquid
takes place at least partly in this duct or pipe line in
different successive points which are mutually sepa-
rated in the flow sense.

3. The method of claim 1 or 2, in which additional
substances for promoting the separation are added
to the first liquid, characterised in that in the supply
of these additional substances also the second liquid
is added.

4. A cevice for executing the method of any one
of claims 1..3, comprising a space for containing the
liquid to be treated, and means for introducing
therein a second liquid supersaturated with a gas,
which means comprise one or more injection noz-
zles with associated relief valves, which are or can be
connected to a source of a liquid with a gas
introduced therein under pressure, characterised in
that the introduction means are designed for intro-
ducing the second liquid in a number of consecutive
steps.

5. The device of claim 4, in which the space for
containing the first liquid comprises a supply duct or
pipe line and a flotation vessel connected thereto,
characterised by several injection nozzles, at least a
part of which opening into said duct or pipe line.

6. The device of claim 4 or 5, provided with an
additional supply for flotation promoting subst-
ances, characterised in that in this supply an addi-
tional nozzle for supplying the second liquid is
arranged.

7. A method substantially as hereinbefore de-
scribed with reference to the accompanying draw-
ings.

8. Adevice substantially as hereinbefore de-
scribed with reference to the accompanying draw-
ings.
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