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Description

Procese and apparatus for separating off suspended matter
from liquids

The invention relates to a process for separating off by
flotation (pressure release) suspended matter from
liquids which are present in a gas-introduction reactor.

The invention further relates to an apparatus for carry-
ing out the above process.

It is known to separate off by sedimentation the solids
of a waste water flowing off from an activation stage.
However, in many cases, the sedimentation operation is
very susceptible to breakdown, in particular when the
settling process proceeds too slowly as a result of
insufficient density differences between activated sludge
and water. In many activation plants small gas bubbles
have an interfering effect on the sedimentation process,
which small gas bubbles are carried with the sludge-water
mixture from the activation stage to the secondary
clarification, or are formed by degassing as a result of
oversaturation with gas or as a result of biochemical
reactions in the secondary clarification tank.

As an altermative to sedimentation, flotation of the
solids from the sludge-water mixtures is known. A dis-
tinction is made between two flotation processes, that is
gas-introduction flotation and pressure-release flota-
tion.

In gas-introduction flotation, gas is introduced into the
sludge-water mixture in the contact and mixing zone of
the flotation plant in the form of gas bubbles which
generally have a bubble diameter of 200-1000 uym. The gas
bubbles accumulate on the sludge flocks and pull the
sludge flocks to the surface. With the aid of a skimmer,
the sludge is removed. Gas-introduction flotation poses
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problems in the activated-sludge process since the bubble
sizes which &an be achieved on gas-introduction are
generally too large with respect to the sludge flocks.
These relatively large bubbles adhere only in part to the
sludge bath. This can be remedied by addition of organic
flocculants which additionally considerably increases the
pProcess costs. '

A substantially better bubble spectrum - smaller bubbles
- can be achieved by pressure-releagse flotation. The gas
bubbles in this process are generated by depressurizing
a liquid saturated with air at high pressure (4 to 6 bar)

and are thus uniformly distributed in the sludge-water -

mixture. In pressure-release flotation, generally termed
dissolved air flotation, a distinction is likewise made
between two process variants, that is dissolved air
flotation with full-stream aeration and dissolved air
flotation with part-stream aeration.

In dissolved air flotation with full-stream aeration, the
sludge-water mixture taken off from the activation tank
is saturated with air at pressures of 0.5 to 6 bar and
then depressurized upstream of the flotation cell. The
disadvantage of this process, apart from the high operat-
ing costs for saturation with air, is on the one hand the
susceptibility of the plant to blockage by the activated
Bludge and on the other hand in the disintegration of
activated-sludge flock.

In dissolved air flotation with part-stream aeration,
fresh water or some of the effluent purified clarified
water is saturated with air at a pressure of 4 to 6 bar,
mixed with the sludge-water mixture and depressurized in
a contacting and mixing zone of the flotation plant. The
costs for the generation of the pressurized water are
also very high with this variant. For 1 m® of sludge-
water mixture, in such plants up to 1 m® of pressurized
water is required.
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The object therefore underlying the present invention is
to create a process which utilizes the advantages of
pressure-release flotation but which the energy
requirement for flotation to a considerable extent.
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The object is achieved by the process described at the
outset in which the suspension to be withdrawn f£for
flotation is conducted at a flow velocity < 0.3 ms™?
against the natural direction of bubble rise, gas being
additionally introduced into the suspension, the gas-
treated suspension being withdrawn at the bottom of the
gas-introduction appératus and fed to flotation.

Gas can be introduced into the suspension by passing in
air, pressurized water or a mixture of microbubbles and
water. The gas-treated suspension can be subjected to
further introduction of gas before it is passed to
flotation.

In the apparatus for carrying out the process, a downflow
reactor having a slenderness ratio of height to diameter
(H/D) > 1, preferably 3 < H/D < 30, can be arranged in a

_ gas-introduction reactor having a liquid depth of 5 to
30 m.

The downflow reactor can of course be arranged equally
successfully between the gas-introduction reactor and
flotation device and in the flotation device itself.

The advantages of the process according to the invention
are essentially that the gas content in the sludge-water
mixture, that is in the suspension, can be considerably
increased with minimal energy consumption. Furthermore,
the process makes it possible to influence the carbon
dioxide concentration present in the suspension by
varying the additional amount of gas.

The invention is described in more detail below with
reference to examples. In all the examples, in the result
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the solids content in the clarified water is intended to
be s 30 mg/l and the rate of sludge rise =z 15 m/h.

Example 1

iIn a discontinuous flotation experiment, 8 1 of sludge-
water mixture having a pH of 6.8, a temperature of 20°C
and a biomass concentration of 4 g/l were withdrawn from
a waste water purification plant having an activation
space of height 3.8 m and mixed with pressurized water
(5 bar superatmospheric pressure) by the known process.
The required rate of sludge rise of z 15 m/h and a solids
concentration in the clarified water of s 30 mg/l was -
achieved at an addition of 3.5 1 of pressurized water
(44.0% by weight).

Example 2

In a discontinuous flotation experiment, 8 1 of sludge-
water mixture having a pH of 6.8, a temperature of 20°C
and a biomass concentration of 4 g/l were withdrawn at
the bottom from a waste water purification plant having
an activation space of height 10 m. For the flotation of
the solids, 2.7 1 of pressurized water at 5 bar (35% by
weight) were required for the known process in order to
obtain the required solids concentration of = 30 mg/1l in
the clear stream at a rate of sludge rise of = 15 m/h.

If the activated-sludge/water mixture is passed by the
process according to the invention against the direction
of bubble rise through an apparatus (downflow column)
having a slenderness ratio of H/D equal to 5, 0.6 1 of
air being introduced, only 1.7 1 of pressurized water at
5 bar (22% by weight) are required for the discontinuous
flotation of the solids. This means that only 60% of the

pressurized water is necessary for the same result.
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Example 3

In a continuous biological waste water purification plant
comprising a 10 m high activation tank and a flotation
cell having a surface area of 10 m?, 40 m*/h of sludge-
water mixture having a solids content of 4 kg of dry
matter per m’ are withdrawn from the activation tank and
fed to the flotation cell.

For adequate separation of biomass (s 30 mg/l of clar-
ified water) and water, 14 m® of pressurized water at
5 bar per hour are fed to the sludge-water mixture by the
known process. The solids concentration in the clarified -

water is 24 mg/l and is thus below the objective.

If the sludge-water mixture withdrawn from the activation
tank is passed by the process according to the invention

against the direction of bubble rise through an apparatus

having a height of 9 m and a diameter of 0.4 m, that is
a slenderness ratio H/D equal to 22.5 and 1 m® g , ) Of
air per hour is introduced, only 8 m3/h of pressurized
water are required for a solids content of 16 mg/l in the
clarified water.

Example 4

10 m®/h of sludge-water mixture are continuously with-
drawn in a side stream from a 20 m high gas-introduction
reactor having an integrated downflow column and passed
to a flotation cell having a clarifying area of 2 m?. The
biomass concentration is 3 g/l. To separate off the
activated sludge within the objective of < 30 mg/l of
solids concentration in the clarified water, 1.5 m*/h of
pressurized water at 5 bar are fed into the flotation
cell. Concentrations < 20 mg/l are achieved.

The figure shows the apparatus according to the invention
depicted diagrammatically in an exemplary embodiment. In
a gas-introduction reactor (activation tank) 1 having a
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waste water feed line 2 and gas feed line 3, there is
arranged a downflow reactor 4. The arrow 5 indicates the
direction of the sludge-water mixture and 6 the air feed
for the additional gas-introduction to the sludge-water
mixture. A flotation cell 7 (pressure-release device not
shown) is grouped with the gas-introduction reactor 1. In
the present example, the apparatus 8 for producing and
adding pressurized water to the sludge-water mixture is
arranged in the connection line 9 between an activation
tank 1 and flotation cell 7. 10 indicates the clear
stream.

In accordance with the process according to the inven- -
tion, the sludge-water mixture is fed via the downflow
reactor 4 to the flotation cell 7, gas being simulta-
neocusly introduced through the air feed 6. The flow of
the sludge-water mixture into the downflow reactor 4 is
directed against the natural direction of bubble rise,
the flow velocity being in the range from 0.01 to

0.3 m/s, preferably from 0.05 to 0.2 m/s.
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A procezss for separating off suspended matter from
liquids which are present in a gas-introduction
reactor by flotation (pressure release), which
comprises conducting the suspension to be withdrawn
for flotation at a flow velocity s 0.3 m/s against
the natural direction of bubble rise, additionally
introducing gae into the suspension, withdrawing the
gas-treated suspension at the bottom of the
gas-introduction apparatus and feeding it ¢to
flotation.

The process as claimed in claim i, wherein gas is
introduced into the suspension by passing in air,
pressurized water or a mixture of microbubbles and

water.

The process as claimed in claim 1 or 2, wherein the
gas-treated suspension is subjected to further
introduction of gas before it is passed to
flotation,

An apparatus for carrying out the process as claimed
in claim 1 in which a downflow reactor having a
slenderness ratio of height to diameter (H/D) > 1,
preferably 3 > H/D s 30, is arranged in a gas-intro-
duction reactor having a liquid depth of 5 to 30 m.
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