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Peocess and apparatus for separating off suspended matter fromliquids
The invention relates to a process for separating off by 5 flotation

(pressure rel egpedsguspepded matter fromg - |iquids wagepepss/@PIEsSENt in
a gas-introduction reactor. The invention further relates to an

apparatus for arréz I ng out the above process. It is known to
separate off bPe8E&ILREAPRtion the solids 10 of a waste water flow ng off
froman activation stage. However, in many cases, the sedinentation
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density differ &momslhagudden activated sl udge

The invention relates to a process for separating off by
5 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

10 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

15 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

20 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

25 gas-introduction flotation and pressure-release £lota-
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
30 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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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.



-2- pr Oiseh&t B BedARemsckd vVat ed- sl udge process since the bubble

54 zes whi ch ca* | | on gas-introduction are = Fa Y toe-
| arge with resgpesi i m;E udge fl ocks. These rdl atiS/&HFE] BELN
bubbl es adhere 'Of to the 5 slydge bath. This cakEBeAvBredi edi by
addi tion of organic fl occul ants which additional I'y considerabty—

increases the The ocBj@6€SEhéHSESre underlyingllkheaprieakhy Datvéstidmbhid e
spectrum - snall er bubbl es - can ,be achj ',I\./ed b ressure-rel easg
flotation, ThetBasmRAtaBpPEOCRRS, ALSH JiEbtizen kbR Adartages ©
depressuri zi ngpressuselreleadseat (flaitativnt h hut atwhiickh ptbesurengrgyo 6

bar) and are i ' ' dj gex r
m xture. In prgggﬁgggigﬁgaég{‘%% g%?%énﬂ %geﬁaerdﬁs;'%t%err%%g% gx\e@hgi'ssol ved air
flotation, a distinction is |ikew se made 15 between two process variants,

that is digsol ygad %’;aﬁect 1gf Al Wy rfd! droddipaaRiaiied) #0the

di ssol ved air otation wth part-stream aerati_on. I n di ssol ved

air flotati on fBtEetulin smhdgh abhat suppengion tog RegWikhdzawhi xEF e
taken of f frometBeaggbhvald Ofondidted ats aSaflewt odlvelbyaid @13 pmesSures
of 0.5to 6 bagggggst the natural direction of bubble rise, gas being
additionally introduced into the suspension, the gas-
10 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

15 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

20 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.

25 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

30 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



t hen depressurized upstreamof the flotation cell. The di sadvant age of

this process, apart fromthe high operat- I ng costs for saturation
with air, is on the one hand the susceptibility of the plant to
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underlying the_pres g £ Ek58t: Emén®) 08B SofhaThagéi | i zes
t he advantageslaf% %ﬂ%co@é@ﬁ%&gre ggsgt%ﬁo a%?on but whi ch %ecrgafgg t he
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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.

10 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

15 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

20 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
25 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
30 flotation of the solids. This means that only 60% of the

pressurized water is necessary for the same result.



requi renent for flotation. 5 The object is achieved by the process

described at the outset in which the suspension to be w thdrawn for
flotation is conducted at a flow velocity [err] 0.3 ns[err] agai nst the
natural direction of bubble rise, gas beigg- additionally introduced

into the suspension, the gas- 10 treated suspension being withdrawn at the
bottom of the Exam@pae 3ntroduction apparatus and fed to flotation.

Gas can be introduced into the suspension by passing in air,
pressurized water or a m xture of m crobubbles and wat er. The
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For adequate separation of biomass (s 30 mg/l of clar-

ified water) and water, 14 m® of pressurized water at
10 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
15 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
20 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
25 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

30 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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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.



In a discontinuous flotation e sl udge' eronXture
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process. 10 Pheeheqolaglsr ate of sludge rise of [err] 15 mh and a solids
concentration in the clarified water of s 30 ng/l was achi eved at an
addition of 3.5 1 of pressurized water (44.0% by wei ght).
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10 gas-introduction apparatus and feeding it ¢to
flotation.
2. 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

15 water.

3. 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,

20 4, 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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| f. the activated-sludge/water m xture is passed by the 25 process

according to the invention against.the direction of bubble rise

t Airough an apparatus (downfl ow col um) havi ng a sl enderness ratio of
H D equal to 594/ %dls Gfo air being igitroduced, only 1.7 1 of
pressurized water at 5 bar (22% by weight) are required for the

di sconti nuous Bstrdd©ict ithHe Widdlesaeel ds. This neans that only 60% of the
pressurized water is necessary for the sanme result.

- 5- Exanpl e 3 In a continuous biological waste water

purification fPamtess amcbappasahysafdd separgitiagt offit suspendsd matter

flotation f;%&uffggﬂg%a surface area of 10 nferr], 40 nferr]/h of
mXture

sl udge- 5 water aving a solids content of 4 kg of dry matter
per nmferr] are withdrawn fromthe activation tank and fed to the

flotation cellzy the process for separating off by flotation (pressure
release) suspended matter from liquids which are present
in a gas-introduction reactor, the suspension toc be
withdrawn for flotation is conducted at a flow velocity
= 0.3 m/s against the natural direction of bubble rise,
gas being additionally introduced into the suspension.
The gas-treated suspension is withdrawn at the bottom of
the gas-introduction  apparatus and it i1is fed ¢to
flotation.
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30 cell. Concentrations < 20 ng/l are achieved. R@Lf&\t}gw“@fyw E
t he apparatus according to the invention depi cted fli agrammat | cal
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m xture is arranged in the connection line 9 between an

0 tank 1 and flotation cell 7. 10 indicates the clear
The object is achieved by the process described at the

outget in which the suspension to be withdrawn for
flotation is conducted at a flow velocity < 0.3 msg-?l
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 apparatus and fed to flotation.

Gas can be introduced into the suspengion by passing in
air, pressurized water or a mixture of microbubbles and
water. The gas-treated sguspension can be subjected to

further introduction of gas before it is passed to
flotationm.

In the apparatus for carrying out the process, a downflow
reactor having a slenderness ratio of height to diameter
(/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 proceseg makes it poséible to influence the carbon
dioxide concentration present in the suspension by
varying the additional amount of gas.

The invention is8 described in more detail below with
reference to examples. In all the examples, in the result
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In accordance with the process s according to the inven- tion, the
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feed 6. The flow ‘of " ihé‘ sl udge-water m xture int "ow reactgor
4 s directed against the natural di7ection of bul e rlﬁeSEP\ __________ he
fl ow vel oci té belef; in the range from0.01 to 0. 3lLnls —pr ~£dom
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1. A process for separating o suspended ma = Fon | SAuq!

pr esent !On a gas-introduction reactor by flotatio ['Wﬁ%@%‘ﬁﬁk éf’\é@ls )],

whi ch conpri ses conducting the suspension havi nqpﬁgs ‘HiiBbles .t o be
wi t hdr awn for flotation in_ a downflow reactor at aflowvelomty

[err] 0.3 m's agaitndtPregrss for separating: off syspended anattenfrom liguids which ate, present eby
addi tional |y introdyc -lﬂééd&icﬂ&? reactor by ﬂnc%l?a%oﬁt@%?éﬁ% PhledBd), RAEH Cifnprises

pressuri zed and air saturate er or
conducting the suspension to be withdrawn for flotation in a downflow reactor

5 at a flow velocity < 0.3 m/s against the natural direction of bubble rise,
withdrawing the gas- treated suspension at the bottom of the downflow reactor
arranged in the gas-introduction reactor and feeding it to flotation.

2. The process as claimed in claim 1, wherein gas is introduced into the
suspension by passing in air, pressurized water or a mixture of microbubbles
10 and water.

3. 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.

4. 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) >
15 1, preferably 3 > H/D < 30, is arranged in a gas-introduction reactor having
a liquid depth of 5 to 30 m.

This Sheet Has Been R

LT



of air-mcrobubbles and water into the suspension to introduce
m cr obubbl es +nto—the—suspension where the m crobubbl fat:t:ae:hﬂt:é::ﬁﬁ”"
suspended natt he gas-treated suspensFﬁ%Cﬁh‘@%@"ﬁé%%
the [gas-i ntroﬁmw]ﬂ‘ﬂlﬁaﬂ" m downf | ow reactor andiifeedi @g @
flotation nded matter attached toﬂmn gb 8818
separated of f by fl oati ng away t7romthe i qui di=

as claimed in claim1l, wherein the gas-freated suspension is
subj ected to further introduction of gas before it is passed to flotation.

e bt Sy

3. A appar agpaA@r.-carrying out the process as clainmed in claiml in
whi ch a downf | ow reactor having a slenderness ratio of height to
di aneter (H D) > 1, preferably 3 <HD<30, is arranged in a

as-introduction reactor | dept of o> to 30, mfor
gO?\d{JCtI ngua !sluspe c?fé\/fpﬁde%%tmg " et S“SB‘??%B‘?&%H ém?llm“ﬁewg’é’ﬂ]tﬁfe[ err]
0.3 nis agai nst thepx@%n%'ﬁﬂl g &l ihR6ducABn Rlacdt BY BiBtation [(preskure Felease)], which

comprises conducting the suspension having gas bubbles to be withdrawn
for flotation in a downflow reactor at a flow velocity < 0.3 m/s against the
natural direction of bubble rise, thereby additionally introducing gas into
the suspension by passing pressurized and air saturated water or a mixture
of air-microbubbles and water into the suspension to introduce
microbubbles into the suspension where the microbubbles attach to
suspended matter, withdrawing the gas-treated suspension at the bottom of
the [gas-introduction apparatus] downflow reactor and feeding it to flotation
wherein suspended matter attached to microbubbles is separated off by
floating away from the liquid.

2. The process as claimed in claim 1, wherein the gas-treated suspension is

subjected to further introduction of gas before it is passed to flotation.

3. A 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)

p > 1, preferably 3 < H/D < 30, is arranged in a gas-introduction reactor
having a liquid depth of 5 to 30 m for conducting a suspension having gas

bubbles at a flow velocity < 0.3 m/s against the natural direction of bubble

rise.



