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& (57) Abstract: An aerated treatment of water is performed using a serially coupled reactor and flotation tank and is performed using
so much activated sludge in the water that small bubbles from an aerator are entrained in the activated sludge, leading some of or all
the activated sludge to flotate in the flotation tank. A reactor (1) and a flotation tank (36) for performing the process are equipped
with at least one aerator (19, 20, 21, 22). A number of preferred processes and designs elaborate on the invention, including how the

a invention may be incorporated into existing wastewater treatment facilities and exploited there.



30 upconer or downconer provides a parallel coupling of |loops in the
reactor. Loop passage A reactor |oop has an average, inner length, and the
react or cwohesmedsave an average speed of novenent thr eggibk2beydosssp. When
t he average speed will have led to a novenent covering 35 the average,
inner length of the reactor |oop, one | oop passage is said to have taken
place. In the case of an aerated liquid, it is the average speed of the

| i quid which defines the.term "l oop assage". 2016/ 026062
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itself. This may be the case in conventional use of activated sludge for

treat nent of water.
Loop reactor .

Similarly, the term "loop reactor" is to be understood in its broad sense, i.e. it is to be
20 understood as any reactor of loop type, including but not limited to the well-known loop
reactors for wastewater treatment, and loop fermentors of any kind, and may employ any
means known in the art for propulsion of the reactor contents through the loop.
Loop reactors may be of an outer type, which means that no part of the loop is surrounded by
another part of the loop. Also, they may be of an inner type, which, in contrast, means that
25 some part of the loop is actually surrounded by another part of the loop. This is especially well
known in vertical loop reactors, in which a so-called 'downcomer' may be completely
surrounded by the so-called 'upcomer' or vice versa. Inner loop reactors with a surrounding
downcomer may employ one or more, internal upcomers, as may inner loop reactors with a
surrounding upcomer employ one or more, internal downcomers. Employing more than one

30 upcomer or downcomer provides a parallel coupling of loops in the reactor.

Loop passage

A reactor loop has an average, inner length, and the reactor contents have an average speed

of movement through the loop. When the average speed will have led to a movement covering
35 the average, inner length of the reactor loop, one loop passage is said to have taken place. In

the case of an aerated liquid, it is the average speed of the liquid which defines the term "loop

passage".



30 Treatnent of water using activated sludge nay be carried out using
alternating periods of aeration and no aeration. Through this,
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based OEBa d| ch‘%\%v% di scl osed herein of an ability of activated sludge, as
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In some situations, the limiting factor for the turnover or production process is the removal of
used bubbles.
This situation 1s known from the European patent EP 0 510 010, in which a centrifugal
separator built into the loop of a loop reactor is used to carry out a complete or partial removal

25 of the bubbles from the reaction liquid.

In other situations, the limiting factor for the turnover or production process is the oxygen
consumption capacity of the liquid itself.
This may be the case in conventional use of activated sludge for treatment of water.

30
Treatment of water using activated sludge may be carried out using alternating periods of
aeration and no aeration. Through this, nitrification of ammonium, nitrite, and organically
bound nitrogen can be achieved in periods of aeration, whereas denitrification of nitrate and
possible nitrite to gaseous nitrogen can be achieved in periods of no aeration.

35
The disadvantage to such an alternation between periods of aeration and periods of no aeration
is that this - in conventional use of the activated sludge - is a slow process, measured as degree

of achieved treatment per cubic metre of water per hour.



t he process of the invention, the optiml concentration of the activated
sludge w Il depend on the nature of the sludge, which will in turn be
dependent on the character of the wastewater and the design of the overall
treatment process, but sludge concentrations in or around the 30 interval
of 40-100 kg activated sludge per cubi2 netre of water will probably be
most beneficial. The increased amount of activated sludge per cubic netre
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Traditionally, around 4 kg of activated sludge is employed per cubic metre of wastewater. In
the process of the invention, the optimal concentration of the activated sludge will depend on
the nature of the sludge, which will in turn be dependent on the character of the wastewater
and the design of the overall treatment process, but sludge concentrations in or around the

30 interval of 40-100 kg activated sludge per cubic metre of water will probably be most
beneficial.

The increased amount of activated sludge per cubic metre of water increases the oxygen

consumption capacity in the water, whereby an increased aeration intensity can be employed
35 and exploited, accelerating the treatment of the water. Similarly, the increased amount of

activated sludge per cubic metre of water accelerates the denitrification processes taking place

during any unaerated time periods.

These accelerations of the process rates are advantageous in that they provide a higher water



through the ejector or ejectors for every | oop passage, so that the ejector
or the ejectors are effectively part of the reactor |loop. This spreads the
bubbl es very effectively out into all the 30 sludge. In the case of a
vertical reactor |oop with a downconer and an upconer (out of which the one
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t hr ougivafendj usted) aeration into the flotation tank, preferably at a depth
bel ow the inlet for water, sludge, and bubbles from the | oop reactor. Such
aeration is best conducted by use of one or nore liquid-liquid ejectors
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reactor. The ejector or ejectors thus act(s) as an aerator or aerators according to the invention.

The advantage to this use of liquid-liquid ejectors is that it allows for large-scale production
25 of bubbles small enough to be entrained in the sludge.

This preferred process is especially advantageous if all or essentially all the water is led

through the ejector or ejectors for every loop passage, so that the ejector or the ejectors are

effectively part of the reactor loop. This spreads the bubbles very effectively out into all the
30 sludge.

In the case of a vertical reactor loop with a downcomer and an upcomer (out of which the one

part can be common to more than one loop), the ejector or ejectors may preferentially

constitute the upper connection between the upcomer and the downcomer.

35 In yet a preferred process according to the invention, bubbles are separated out of the water
and its activated sludge during passage through a centrifugal separator, preferably a cyclone
separator, built into the reactor loop, enhancing the removal of used bubbles from the water
and sludge.



fromthe flotation tank's upper part. A smaller or larger part of the thus
harvest ed sl udge may be reused in the reactor. 30 In yet a preferred
process according to the invention, the conduit |eading water and activated
sludge fromthe reactor to a flotation_ tank conprises a liquid-liquid
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operation
P flotation tank, preferably at a depth below the inlet for water, sludge, and bubbles from the

loop reactor. Such aeration is best conducted by use of one or more liquid-liquid ejectors being
25 supplied air, as described above.

The floated sludge may be led away (e.g. on a ramp or a belt conveyor or through pumping)
from the flotation tank's upper part.
A smaller or larger part of the thus harvested sludge may be reused in the reactor.
30
In yet a preferred process according to the invention, the conduit leading water and activated
sludge from the reactor to a flotation tank comprises a liquid-liquid ejector being supplied air
into it or inside it and - by the interaction between the motive liquid and the suction liquid -
comminuting this air into small bubbles being entrained in the activated sludge. The ejector
35 preferably receives, as a suction fluid, the complete flow of water and sludge being led directly
into the conduit from the reactor.

The advantage to using the ejector is in that this provides a very even and effective distribution



In a further, preferred process according to the invention, water with a
reduced content of or conpletely w thout activated sludge is passed out of
the flotation tank and into a liquid punp punping the water to any of or
all the above-nentioned |iqui d-quuidqe)j ectors as a notive fluid, 30 WO
2005/ 026062 PCT/ DK2004/ 000867 7 possibly together with water led directly
fromthe. r tor. to.the |liguid.pugp., The advantage to this preferred
proces Flgg%{%ruﬁli’lﬁs o ¢ eaﬁlu{i]ge t}’?abge t?%rt?ﬁded out that a reduced concentration
of activated sludge in the notive fluid of the ejector or ejectors may
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optimize this interplay by measuring in just one reactor and by use, quite simply, of regulation

of the aeration rate in this reactor - completely without any need for shifts between different

25 modes of operation in the reactor.

In a further, preferred process according to the invention, water with a reduced content of or

completely without activated sludge is passed out of the flotation tank and into a liquid pump

pumping the water to any of or all the above-mentioned liquid-liquid ejectors as a motive fluid,
30



35 Are the two tanks already constructed, then the invention will have
supplenented a traditional water treatnent plant with an extra reactor
with an iwone@sasieaat er treatnment rapidity and possi bl pcalpaeosimwdszaneous
nitrification and denitrification and7reduced energy consunption per kg of
oxygen absorped by the water. This will be an inexpensive, both in

i nvest nepbssitdy hagethed WD 665 166y PO Dr2adb0 @086 1iquid pmmpper at i ng
costs, increase in the overall capacity of an already existing water
treatnent plant. In a further, preferred process according to the
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than by direct throughflow fromthe tank to the loop reactor. 20 If the

concentration of activated sludge in the proceeding water treatnent tank is
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control option is creéat Int e proporti tween how much water is
flowng fromthe proceeding water treatnent tank into the punp and how
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25 succeding water treatment tank.
In any case, water will have to be led out of the flotation tank, if one is applied, and is there
any activated sludge left in this water, then this sludge should preferably be precipitated out

of the water in order for the water to have been properly treated.

30 The two last-mentioned, preferred processes according to the invention may, by the way, be
combined such that water with a reduced content of sludge is led through the succeding water
treatment tank to the sludge precipitation tank.

Hereby, these two tanks will have worked roughly in the same manner as a complete water
treatment plant of usual design.

35 Are the two tanks aiready constructed, then the invention will have supplemented a traditional
water treatment plant with an extra reactor with an increased water treatment rapidity and
possibly also simultaneous nitrification and denitrification and reduced energy consumption per

kg of oxygen absorped by the water. This will be an inexpensive, both in investment terms and



correspondi ngly reduced flow of water fromthe proceedi ng water treatnent
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preferred processes.

25 The above, preferred process can be combined with the preferred process of passing of water
from the flotation tank to the liquid pump.

Hereby, a control option is created, in that the proportion between how much water is flowing
from the preceeding water treatment tank into the pump and how much water is flowing from
the flotation tank into the pump will be adjustable.

30 If the water from the preceeding water treatment tank has a relatively high concentration of
those substances, which are to be removed to a desired degree from the water, .a hereto
correspondingly reduced flow of water from the preceeding water treatment tank may be
employed, so that the supply rate of these substances to the loop reactor is kept at a desired
and not too high level.

35 Conversely, if the water from the preceeding water treatment tank has a lower concentration
of the substances, then a faster flow of water from the preceeding water treatment tank may
be employed, so that the supply rate of the substances to the loop reactor is kept at a desired
level also in this situation.



The activated sludge being added to the water in the preceedi ng water
treatnent reactor may be harvested fromthe flotation tank, if one is
enpl oyed,wonoéymmsehe precipitation tank, if one 30 isprerpKrzyedhoossy from
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Cross- semndurtdbadmgw xbffrmﬂcﬁrrboﬂlrmtm of an inner |oop reactor according
to the invention, taken along the line A-Ain Figure 1,

In one more, preferred process according to the invention, part of and only part of the activated
sludge being reused in the loop reactor is supplied to this by being added to the water in the
25 preceeding water treatment reactor and being transferred through the liquid pump and into the

liquid-liquid ejector or liquid-liquid ejectors in the loop reactor.

The activated sludge being added to the water in the preceeding water treatment reactor may
be harvested from the flotation tank, if one is employed, or from the precipitation tank, if one
30 1is employed, or from both of these.

The usual practice, which may actually be employed in the present invention as well, when
reusing activated sludge harvested at the last in a series of tanks in a water treatment plant is
to pass all the reused sludge back to the first (reactor) tank or tanks (if there are more than one
35 in a parallel setting) in the series. In the process according to the present invention it is,
however, when the passing of water and sludge from the first tank (the preceeding water
treatment reactor) takes place through the liquid-liquid ejector or the liquid-liquid ejectors of
the loop reactor, better to divide the activated sludge to be reused, such that only a part of the



Figure 3 is a cross-sectionel view of an enbodi nent of an inner |oop
reactor according to the invention, taken along the line B-Bin Figure 1,
30 Fi gur ewd 2065/@606@ngi t udi nal , sectional view executed thrmigoddoessaxi s of
an enbodi ment of a flotation tank uswabl e according to the invention,
Figure 5 shows a |ongitudinal section through the axis of an embodi ment of
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Her eby, the water, sludge, and bubbles are being given a rotational
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of an inner loop reactor according to the invention,

25 Figure 2 is a cross-sectional view of an embodiment of an inner loop reactor according

to the invention, taken along the line A-A in Figure 1,

Figure 3 is a cross-sectionel view of an embodiment of an inner loop reactor according

to the invention, taken along the line B-B in Figure 1,

30
Figure 4 is a longitudinal, sectional view executed through the axis of an embodiment
of a flotation tank useable according to the invention,
Figure 5 shows a longitudinal section through the axis of an embodiment of a liquid-
35 liquid ejector of a design useable in loop reactors according to the invention,

Figure 6 is a cross-sectional view of the liquid-liquid ejector, taken along the line C-C
in Figure 3,



25 the cutting surface of Figure 1) the introductory edge of the guiding
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treat rgen’;[hepclzu@cgng surface of Figure 1) the introductory edge of the guiding plate 13 and the
terminating edge of the guiding plate 14 are visible. The inlet aperture 15 is constituted by the
rectangular area defined by the introductory edge of the guiding plate 11, the terminating edge
of the guiding plate 14, the inner tube 4, and the core 9, whereas the inlet aperture 17 is
constituted by the ractangular area defined by the introductory edge of the guiding plate 13,
30 the terminating edge of the guiding plate 12, the inner tube 4, and the core 9. Correspondingly,
the inlet aperture 16 not visible in the Figure is constituted by the rectangular area defined by
the introductory edge of the guiding plate 12, the terminating edge of the guiding plate 11, the
inner tube 4, and the core 9, whilst the inlet aperture 18 not shown in the Figure is constituted
by the rectangular area defined by the introductory edge of the guiding plate 14, the

35 terminating edge of the guiding plate 13, the inner tube 4, and the core 9.
If there is a desire to have the cyclone separator 8 equipped with lamellae, as described above
for one preferred process, then these lamellae may be devised similarly to the guiding plates

11, 12, 13, and 14 with the difference that their extension inwards from the inside of the inner
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is not fixed. There does not have.to be exactly four ejectors Ieadi ng from
the cycl one separator ‘8 - or each cycl one separator 8 in case of

enpl oy neltte lobp meacwr tinam onenderstend dsiipeing, a Siecongisteat woth itheeg oyed if momteme
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| ess a throttle valve controlling the aeration rate. The ejectors 19, 20, 21, and 22 pump water and
sludge from the upcomer 5 of the loop reactor 1 to the downcomer 6 of the loop reactor 1. In
25 addition to this, the ejectors 19, 20, 21, and 22 comminute the air being sucked in by them into
suitably small bubbles distributed essentially evenly into the through the ejectors 19, 20, 21,
and 22 flowing water and sludge.
Also during the operation of the loop reactor 1, some water with sludge and bubbles is passed
out of the loop reactor 1 through an outlet member 35 having its inlet in the downcomer 6.
30
It is not crucially important for the operation of the loop reactor that the cross-sectional shape
of the upcomer 5 is circular beneath the cyclone separator 8. Other cross-sectional shapes, e.g.
polygonal, inclusive of quadratic and rectangular, are also usable. Similarly, the cross-sectional
area of the upcomer 5 does not have to be the same beneath the cyclone separator 8 as inside
35 the cyclone separator 8.
Nor does the shape of the downcomer 6 of the loop reactor 1 have to be cylindrical-annular;
its outer wall 2 does not even have to be cylindrical. The outer wall 2 may have other cross-

sectional shapes, e.g. polygonal, inclusive of quadratic and rectangular. Furthermore, the loop



advant ageous. 15 Furthernore, the outlet nenber 35 does not have to have
its inlet in the dowconer 6. The inlet may be positioned anywhere in the
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al l ow fof*"*t 0 be effectively mxed into the water, sludge and bubbl es
coming fromthe liquid-liquid ejectors 19, 20, 21, and 22. Fi gure 3 shows a
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bubbl es fromthe downconer ur e shows an axi a el/ ongi t udi nal
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ad] acentn’ and 18, being bounded, as the inlets are, by the visible, terminating edges of the guiding

25 plates and the introductory edges of these, as each of the introductory edges in this™
embodiment happens to be positioned- directly underneath the terminating edge of one of the
other guiding plates. In the cutting surface of the Figure, sections through the liquid-liquid
ejectors 19, 20, 21, and 22 and their respective suction inlet apertures 23, 24, 25, and 25 for
liquid (these suction inlet apertures are in the Figure coincidentally placed directly above part

30 of one each of the inlet apertures 15, 16, 17, and 18) as well as the ejector outlet apertures 27,
28, 29, and 30 are visible. 33 Denotes the inlet tube for activated sludge, and 35 denotes the
outlet member for water, sludge and bubbles from the downcomer 6.
As in Figure 1, the tubings leading motive fluid and air to the liquid-liquid ejectors are not
shown; reference is made to Figures 5 and 6.

35 The disposition of the liquid-liquid ejectors 19, 20, 21, and 22 imparts a weak rotational
movement to the water, sludge and bubbles at the top of the downcomer 6 of the loop reactor
(1 in Figure 1). This distributes the activated sludge from the inlet tube 33, in that this

activated sludge moves with the surrounding water and sludge around the inner tube 4 and



bottomwall 61 as well as an inlet nmenber 35 (which equals the outlet
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Thi s i s these, can be commisioned in the lower part of the flotation tank, preferably below the inlet
25 member 35. This will enhance the flotation of the activated sludge and thereby reduce the
amount of activated sludge moving from the inlet member 35 to the outlet members 38 and
39,
The flotation tank 36 has been drawn slightly higher than the loop reactor (1 in Figure 1) as
an adaptation to the possibility of the upper sludge surface in the flotation tank being above
30 the water surface in the loop reactor (1 in Figure 1) due to bubbles trapped in the sludge in
the flotation tank 36.

Figure 5 shows an axially longitudinal section through an embodiment of a liquid-liquid ejector

for use in a loop reactor according to the invention. Only the cutting surface itself is shown
35 in the Figure.

Preferably, the liquid-liquid ejectors in the loop reactor (1 in fig. 1) are of identical design. The

Figure shows, as an instance, the ejector 20. 40 Denotes a tubular inlet member for air being

sucked in, which air is introduced into the liquid-liquid ejector 20 through the inlet aperture



only in the drawing; both the two nenbers will typically extend further
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25 member 41 are visible.

Figure 7 shows a flow sheet of an embodiment of a water treatment plant including a loop
reactor according to the invention. 46 Denotes a preceeding water treatment reactor, and 47
denotes a succeeding water treatment reactor surrounding the loop reactor 1 and a flotation
30 tank 36. 35 Denotes the conduit leading water, sludge, and bubbles from the loop reactor 1 to
the flotation tank 36, 38 denotes a conduit or aperture for water and sludge from the flotation
tank 36 to the succeeding water treatment reactor 47, and 39 denotes an outlet for water,
possibly with some sludge in it, from the flotation tank 36 and for use as a motive fluid in
ejectors. 48 Denotes a liquid pump supplying motive fluid to the ejector or ejectors (19, 20,
35 21, and 22 in Figures 1-2) of the loop reactor 1. The pump 48 receives water, possibly with
some sludge in it, from the flotation tank 36 through a conduit 56 and also water with sludge
from the preceeding water treatment reactor 46 through a conduit 57. 49 denotes a further

liquid pump being supplied water, possibly with some sludge in it, from only the flotation tank



36 and to be used as a the notive fluid in one or nore air-supplied
ejectors in the lower part of the flotation tank 36. 50 Denotes a conduit
passi ng wabenosanees! udge fromthe succeding water trearocemkoeanissy 47 to
a precipitation tank 51. Sone harvest®d sludge is passed to the |oop
reactor 1 and the preceeding water treatnent reactor 46 by the conduit or
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work performed by the air pump.
For further illustration and explanation of the invention, the following shall be mentioned:

30 At the commencement of operations at a water treatment plant including both a loop reactor
according to the invention and of further tanks at least the flotation tank and a succeeding
water treatment reactor and a precipitation tank, initiation of the biological water treatment may
be performed as a propagation of the activated sludge mainly in the succeeding water treatment
reactor, with sludge being harvested in the precipitation tank and return of the harvested sludge

35 to the succeeding water treatment reactor. During this phase, water may be led directly into
the succeeding water treatment reactor, bypassing the loop reactor and flotation tank.

Before the concentration of the activated sludge passes the upper limit for effective

precipitation in the precipitation tank, one begins passing sludge to the loop reactor.



Before the concentration of the activated sludge passes the upper Iimt for
effective precipitation in the precipitation tank, one begins passing
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tank an eadln water into this is only relevant in
case of lbelyeecRpdiagwruftfqalneaitresdiddt ati on of the activated sludge. 30 In
addi tjpon to the enbodi nents of the invention as defined in the clains, the

foll ow nﬂ P .
est Mode for Carrying Out the Invention
The best mode for carrying out the invention, at least when using the invention for treatment
of waste water, is considered to be to use all the preferred processes described above, at least
if very high concentrations of activated sludge are employed in the loop reactor. The use of
25 lamellae in the cyclone separator may be omitted by using slightly lower concentrations of the
activated sludge in the water, and the use of an aerator in the flotation tank and/or in the
conduit leading water into this is only relevant in case of otherwise insufficient flotation of the

activated sludge.
30

In addition to the embodiments of the invention as defined in the claims, the following

embodiments are also preferred:

35 1. A process wherein air bubbles are being introduced into the flotation tank by an aerator
placed inside the flotation tank, preferably beneath an inlet aperture for water from the reactor

passing water and sludge into the flotation tank.



enbodi nents are also preferred: 35 1. A process wherein air bubbles are
being introduced into the flotation tank by an aerator placed inside the
fl ot at i orwbanés/02preef er abl y beneath an inlet aperture forcuatoodoosert he
reactor passing water and sludge int® the flotation tank. WO 2005/ 026062
PCT/ DK2004/ 000867 18 11. A process wherein activated sludge is being
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act i vat e¥. 8| prdegss wheremn saten evitht @bdocedicrmertation qﬁrae‘aeseetl slgdgeais grasset! romabfrent

tank (@ ﬂl@‘"’ffdtﬁfod t%ni( %0{1%1{ gdlﬁ g\{i}lﬂglufeﬁdé g/ Wﬂéﬁ%o%lﬂl}rqﬂfoﬁfgea %I%Qgedm

onwards to one nor e e] ectors
wat er acVpigg tr&@’tﬂb?nﬁmﬂicwé mfrrmoaed po dhg abovej rreeess 18y imp ecpmsnta@@ vank| from

process WhRkh§aft oF dPall tthé)f)reE RRaRE ivigt ?sdpo%sﬂdgg;\%is%' B PASSHH asgmtgr\gate
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into thigeaihdnt tank or reactor is led through a conduit including a liquid pump and onwards to one
or more liquid-liquid ejectors in the loop reactor, said water acting as a motive fluid in said
ejector or ejectors.
25
VIIL. A process wherein a part of the activated sludge being passed to the loop reactor (e.g.
as 1n the above processes II, V, or VI) is being passed via the preceeding water treatment
reactor, so that the sludge is suspended in the water in the preceeding water treatment reactor
and passed with this through the conduit and the liquid pump to the liquid-liquid ejector or the
30 liquid-liquid ejectors in the loop reactor, whilst the remaining part of the activated sludge being

passed into the loop reactor is passed directly into this.



Claims 1. A process for effecting a continuously or intermttently aerated
treatnent of water in a |loop reactor containing activated sludge as well
as water being treated and using one or nore small- 5 bubble aerators for
aeration, characterized in that the activated sludge is growi ng to and/or
bei ng supplied in an anmount |eading t®a higher concentration of activated
sludge in the water in the |oop reactor than the usual 4 kg of activated
sl udgeClimscubi ¢ netre of water being treated and hi gh enough to
facilitate entrai nment of the bubbles fromthe small-bubble aerator or
aeratois sai d bubp] es thereby bfconjng essentially entrained in the
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ejectors are effectively part of tﬁe react’or I oop. 20 4. A process

acch} Al iy thel9ppEeastosy 3 characterized in that said ejector or ejectors
Is/are generating the driving force propelling the water with its sl udge

and bupbles through,.the reactor |oop. ,25 5. A pro ccording to any of
C1 8 o2 A oo SRR B IR 1 B Lied in 5t ARG AL BPTRPT OF febtoR
essent iséiré JiquildHiquink ejectacfspbeing sapplied apraysintrotiotiongif thisostot ori isideits/their
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either to the surface of the water or out of the reactor loop. 30 6. A
proces ccording tg claimb5, characterized ip that aiy is _introduced into
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generating the driving force propelling the water with its sludge and bubbles through the

reactor loop.

25 5. A process according to any of claims 1 to 4, characterized in that for each loop passage all
or essentially all the reactor water is passed through a cenirifugal separator, preferentially a
cyclone separator, built into the reactor loop, for separation of all of or a part of, preferentially
all of or the majority of, the bubbles from the water, said separated bubbles being led either
to the surface of the water or out of the reactor loop.

30
6. A process according to claim 5, characterized in that air is introduced into a peripheral outlet

conduit for water and sludge from the centrifugal separator.

7. A process according to any of claims 1 to 6, characterized in that the reactor is serially

35 coupled to a flotation tank and being supplied activated sludge, and that small bubbles
entrained in the activated sludge inside the loop reactor pass with the water and activated
sludge through the conduit to the flotation tank, leading to flotation of some of or all the
activated sludge in the flotation tank.



8. A process according to any of clainms 1 to 7, characterized in that for
each | oop passage the water is supplied | ess oxygen than could have been
utilized by the activated sludge in the water during the |oop passage. 5
9. Aloop reactor (1) for performng the process according to claim1l and
conprising at |east one downconer (6) and at |east one upconer (5)

I nterconnected at the lower (7) end oé the upconer (5) and at the upper
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t he upcbamacterizyd Shaina centefugelmepanatar ig e)ult inkhthietuper part hE thej unsomer €)( 19,
0, 181, 22) outlet aperture (27, 28, 29, 30) pr eferably conpletely

subrrergled in the water in the downconer . A reactor plant conprising
a | oop Pedclosp 18Ry acALing toy plaing O, @hﬁ?ﬁﬁ“@dﬂ@ that theiopiidhealissRagator 45 hat a
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sai gyej ector preferably is so built into the conduit (35) that it receives,

as a suction fluid to the ejector, the conplete flow of water and sl udge
bei ng 11&dAdlopp aeaciori ascerdingeto dleimsfl or {@sghatactarizedién thes thepreratoy is a liquid-

liquid ejector (19, 20, 21, 22) comprising an air inlet aperture (55) positioned near or around
the inlet aperture (42) for the ejector's (19, 20, 21, 22) motive fluid, terminating in a gradually
widening outlet section (45), and constituting an upper connection between the upcomer (5)

25 and the downcomer (6), albeit with the ejector's (19, 20, 21, 22) outlet aperture (27, 28, 29,
30) preferably completely submerged in the water in the downcomer (6).

12. A reactor plant comprising a loop reactor according to any of claims 9 to 11, characterized
in that a conduit (35) leading water and activated sludge from the reactor (1) to a flotation tank

30 (36) comprises a liquid-liquid ejector being supplied air into it or inside it and by the
interaction between the motive liquid and the suction liquid comminuting this air into small
bubbles, and that said ejector preferably is so built into the conduit (35) that it receives, as a
suction fluid to the ejector, the complete flow of water and sludge being led directly into the
conduit (35) from the reactor (1).





