Process and reactor for intensified and energy-efficient, biological
(waste-)water treatnent Technical Field The technical field of the

i nvent i orwooesmmnsiedously or intermttently aerated, biolpogipa@bodovesstment of
ei ther wastewater or contam nated water intended for use or reuse, in one
or nore reactors. Some concepts will be used in the follow ng text: Reactor
In all the follow ng text, the vvord "reactor” is to be understood in the
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at its top (e.g. a wastewater basin in a wastewater treatnent plant) or
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wel | - known | oop reactors for wastewater treatnment, and |oop fernentors of
any kind, and may enpl oy any neans, known in the art for propul sion of the
react or TURE EPREEPEHVIGRFIEAN thsole IOWé%teP‘éactors may be of an outer type,
whi ch rreans that no part of the loop is surrounded by another part of the

| oop.. Al so, they may be of an inner type, which, in contrast, neans that
some 1[9ar ean‘”’t he loop is actually surrounded by another part of the |oop.
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When the average speed will have led to a novenent covering the average,

inner length of the reactor |oop, one | oop passage is said to have taken
pl ace. Ipodlh@agﬁse of an aerated liquid, it is the average speed of the
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f | ui @oanghderdtéagiuiad amys 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".



a suction fluid. Activated sludge Activated sludge is sludge wth a high
content of living, mcrobial biomass. It is often used in treatnent of
wast ewat ewoanas/i2éoskhen added to the wastewater as part etTiossmagerent
process. The activated sludge is thenz2typically harvested fromthe treated
wastewater, so that (at |east a part of) the sludge can hereby be reused.
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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.



air with or without oxygen enrichnment) treatnment of water in a reactor,
whi ch process is characterized by the reactor being serially coupled to a
fl ot ati orwbanés/2e0sd by the water, being aerated extensi yelrgpK20042000851t | nOus
or intermttent node, contained in tha reactor and being passed into the
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The increased anount of activated sludge per cubic netre of water increases
t he oxygen consunption capacity in the water, whereby an increased aeration
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advant ageous in that they provide a higher water treatment capacity per
cubic netre of reactor volune, allowing a reduction_in the nunber of and/or
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(and adj Wadi@bdie) trédmmengh (adj usted) aeration into the flotation tank,
preferably at a depth below the inlet for water, sludge, and bubbles from
the | oop reactor. Such aeration is best conducted by use of one or nore
|'i qui d- | Tuditdnelle ciermsl ki pf 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
25 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
interval of 40-100 kg activated sludge per cubic metre of water will probably be most

beneficial.

30 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
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.

35 These accelerations of the process rates are advantageous in that they provide a higher water
treatment capacity per cubic metre of reactor volume, allowing a reduction in the number of
and/or the sizes of prospective reactors and thereby providing savings in both the construction

costs of water treatment plants and the maintenance costs of these.



supplied air, as described further below The flotated sludge may be | ed
away (e.g. on a ranp or a belt conveyor or through punping) fromthe

fl ot ati orwbanés/easpper part. A smaller or |arger part ofcrhbéwmodear vest ed
sl udge may be reused in the reactor. #n a preferred process according to
the invention, the conduit |eading water and activated sludge fromthe
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speed of ylkheadpstbbl es nmakes the conbi ned density of the water, sludge, and
bubbles in the upconer less different fromthe density of the sane in the
downconer, whereby the energy consunption for propul sion of the water
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aeration bubbles used in the loop reactor are so small, having been produced in any way

known in the art of producing small bubbles, that the bubbles are essentially entrained in the
25 activated sludge in the water at at least one point of aeration and either kept entrained during
the passage of the water through at least the majority of the reactor loop or at least released
so slowly from the water that some of the bubbles remain in the water during the passage of

the water through at least the majority of the reactor loop.

30 The advantage to entraining the bubbles in the sludge inside the loop reactor is that the hereby
reduced bubble rising speed in the water reduces the energy consumption for the aeration,

measured as the amount of energy used per kg of oxygen absorped by the water.

In an outer or inner, vertical loop reactor (employing at least one downcomer and at least one
35 upcomer), the reduction in the energy consumption is achieved in that the reduced rising speed
of the bubbles makes the combined density of the water, sludge, and bubbles in the upcomer
less different from the density of the same in the downcomer, whereby the energy consumption

for propulsion of the water through the loop is reduced.



In a one nore, preferred process according to the invention, the | oop
reactor is essentially vertical, and small bubbles entrained in the

act i vat edwel2uefgrsisdsi de the | oop reactor are being | ed wcrpk22oe/oeseer and
activated sludge passed through the céonduit to the flotation tank. The
advantage to the | oop reactor being vertical is in that this makes it
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pl ant an e operation of this. Wereas one in the BioDenitro process
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25 Hereby, the nitrification and denitrification processes in the water can take place
simultaneously within one and the same reactor and even with very short diffusion/convection
paths for the nitrogen compounds involved in the processes.

Thus, one avoids having to separate the nitrification and the denitrification processes either
spatially (e.g. into one each of two connected reactors) or chronologically (as in the BioDenitro

30 process of the Danish company Kriger A/S).

This accelerates the treatment of the water even further, and in addition it simplifies both the
construction of the water treatment plant and the operation of this.

Whereas one in the BioDenitro process optimizes the interplay between nitrification and
denitrification by advancing or delaying the shift between various modes of operation, usually

35 in two connected reactors, on the basis of measurements of dissolved nitrate and ammonium
in the reactor or both the reactors, the preferred process disclosed here will allow one to
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

i



and sludge. In a vertical reactor |oop with a downconer and an upconer (out
of which one may be part of nore than one |oop), the centrifugal separator
may pref ewelbgs/daeosbui It in as the upper part of the upcecemk2bew/moseart her,
preferred process according to the ingention, the centrifugal separator is
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act as an aerator or aerators according to the invention. The advantage to
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This spreads the bubbles very effectively out into all the sludge. In the
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upconer and the downconer. |n a further, preferred process according to the
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the water to any of or all the above-nentioned liquid-liquid ejectors as a
notive fluid, possibly together with water led directly fromthe reactor to
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in the loop reactor. The ejector or ejectors thus act as an aerator or aerators according to the

invention.

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

This preferred process is especially advantageous if all 6r essentially all the water is led
through the ejector or ejectors for every loop passage, so that the ejector or the ejectors are
30 effectively part of the reactor loop. This spreads the bubbles very effectively out into all the
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 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,
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intermttently aerated, succeeding water treatnent tank, i.e. a succeeding
wat er trewDmeeso26@act or. The advantage to this preferregcpmazessongs7t hat it
allows for a nore conplete treatnent of the water wi thout the activated

sl udge bei ng nourished insufficiently in the first-mentioned reactor, i.e.
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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



and stripping of any dissolved and toxic gases and/or volatile Iiquids
(when the preceeding water treatnment tank is aerated). In addition, a

pr eceedi ngowadsanedseeat ment tank wi t hout direct throughflpowpx208ioess7t o t he
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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.



tank should lead to an increase in the flow of water fromthis tank to the

punp. The water |level in the preceeding water treatnent tank nay be

nmeasur ed wo 2005026062t abl e way known in the art. If a |iqecdakqeim@ossyect or

is enployed as an aerator in the flotation tank or in the conduit | eading

toit fromthe |oop reactor, then the notive fluid being used in this

ﬂ ector Ehaly, gthpr@bpm;l@hxébéae;ewfamew fuemn \Qﬂbly utd R wWie® Frdre aht qj’re@deth’W&ﬂéﬁ
otatiop tan and no rom e in rea t tan

er by TR ph5f the BPRcBE db i Srel S ERtvnfopt i FoliER R h e Pon

past t hewilbb@subwtﬁtddo onHiercentral Hasmbmemeismmmemh eesphefremdiuhganatcencantreasnrent

tank w | lne%? gsgﬁﬁg thQ q{x%lﬁ?' /o?(%ﬂe (N%{ae?tn? rthe o%p%'leé?c?oro Q\gth?{he @{;ﬁ)tlohq{ﬁtda 4 IVQUI d

ej ectors enp aerators
necessar yfateo let)@bmt the nrﬁwdmgpuatptstrwmemwenkrshwulé lwait feraretdgcudnemeqhedlom Qf so

that wat ghef B‘am ﬂlﬂﬁaﬂﬁg ﬁ)ct‘ﬁ@?hﬁg Wﬁér@és éﬁlgﬁ‘%tle\;e@ﬂhh'e %r&%&dl%m%r kRhithehpe
water fromthe reacto d/ or [otation tank e|ng sed as notive

fluid i nta{lhéh‘é‘}léd?%ir to] #n rieEeape g Hiej ﬂﬁWtoﬁrYRat%”r rom thisetanl i thet Pyrem dihegwetsr i t

from t helehQ10R theBEdcOEding Hat @redBidit tkahef bEhhRALREE BS aRf SRfBidFay Cnd W€ in
i nvention, part of and only part of the activated sludge being reused in

t he Ioophre tor is supplied to this by being added to the water in the
preceryi ng water treatnent reactor and being transferred through the liquid

d t ds i.d t th
oot or 1A Tous Pt i R BardeG, fhadc pribe ilfufon R o8 b cotifih "
wat er trkadinent it &aot dre lmsap' rba:tcbrathﬁas&ledndtmrﬂmkid)eﬁﬂg)um ianthisagjkgtod homihe i s

enpl Oyedpre%agl{'] G fPJnfr‘%hg/‘ &m}]dog’}eéc%}&nd?ofr tﬁ?{ﬁo{gﬁoﬁ%}&%?@ anc?hgt{]ﬁ?g ROt h

of these act ua resent
i nvent i opreaesding watemeaimue@ugnk\g{@m \mteédrosm ﬂwgyemdmewé@r teaatinery pllm hag n a

seri efs Of otk Sed PusPteAbES rddcfrt BN, Al faler itnl NS Sctink WS fSHaEH whiudge

back to the first (reactor) tank or tanks (if there are nmore than one in a
paral | el wilbbe tisapd iih thenlooBdR3Y. | n the process according to the present

i nventi on dldo drfe,orliﬁk\ﬁ@ [nd NQEA efcbRrPasSbRa a:sfaeymzexer@aﬁ i ltwlgsp fdaeioy then
first tankf geéece gtﬁ’ ter,treat ﬂH}reactor kIP Iacet rougtpthe
li quid-11 am °&r PSS H%P‘HHP% Gif BPEER B fsotf’ ‘Ft%ps"r kY
better t froghi thbdﬁedebﬁngoﬁatmaﬁrmknsﬂltudge it mthmméumeothe suttdr frdratthe dop xaaaaaf t

of t aL_Irgcgor thg gggaggg itaf,ne qlr)lfg %seh motlv% E% e]e in ’}ﬁ% fio% 10nqimk (()31’5&1 tﬁ)ezo

the sTudge is a Feacto

kg of actandaitdehditgithye fermtheyledp peactagzubi c rretre of vvater in the preceedl ng
water treatnent reactor, this will, however, increase the water treatnent
capacity of this ap I‘OXI mately fi vefol d as corrpared to a preceedi ng water
t r eat meni PEHREIGy PR Ted pEPGest #reordingalo 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



4 kg of activated sludge per cubic netre of water. Hereby, the preceeding
water treatnment reactor will, at a plant redesigned to make use of the
present iwoentsmmezhave its water treatnent capacity i neceasadosudderci ently
to make good use of the water treatnemt capacity increase obtained in the
rest of the plant through enploynent of the present invention. The
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enbodi mrent of a flotation tank useabl e according to the invention, Figure 5
shows a Tiengiefereidnabesest destritiddr 4bogh atd®d B usdeaftoad aebéiagicomibinabfe. That is,
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has an opuL&brCnhAisner wall 2 and an adjacent bottomwall 3 which together
define a cylindrical reaction container (i.e. reactor), which is open at

its top. An inner, cylindrical tube 4 defines an inner upconmer 5 in the
react or mlef])@sc,ykm@rofpkwahggs and bubbl es nove essentially upwards in the

congr The c n l.ar, .space roupdi ng the | nner comer 5
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Figure 1 is a longitudinal, sectional view executed through the axis of an embodiment

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,



bubbl es nove essentially downwards in the downcomer 6. The outer downconer
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|'i qui dl | @thating edge of the guiding plate 14 are visible. The mlet aperture 15 is cons‘ututed 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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surface of the Figure a further part of the ejector 19 is seen, the ejector
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of the |lafng aaticenfteaFightee cross-secti onal shape of the upconer 5 is
circul ar beneath the cyclone separator 8 Oher cross-sectional shapes,
e.g. polygonal, inclusive of quadratic and rectangular, are al so usable.

Si mi | ar |'Ihe lohe reactys 4-is échd wrnirksterdess hefvingheesiapomsstent witb esbaing udedvie atwatere

t he samag%] satdiadihe cyclone separator 8 as inside the cyclone separator 8.
Nor does the s ape of the downconer 6 of the | oop reactor 1 have to be
cylid@rical-annular; its outer wall 2 does not even have to be cylindrical.
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and e eq 1(1)c{g% f%(?ﬁl tl%eou;?c]diner 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
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i nlet aper;ures 23, 24, 25, and 25 for liquid (these suction inlet
apertureé Y& in the F| gure coincidentally placed directly above part of
one each of the inlet apertures 15, 16, 17, and 18) as well as the ejector
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for activ or wat er, sl udg
and B@bbfigerefl. érﬁ)Qﬁ@éeSdbM@f@h’é’ﬁﬂ 6f thedopm rezcign blr&Flgmel)u thtdferyas ﬂléa@nemgube

motive flpy deatis¥aked Brd2B thé Ml&lé éegwa%rqsq&w%ﬁe qs)eaﬁtpé d%ﬂ&lé‘@therc%fr@fnence
IS rrade o Figures 5 and The  di sposition o fF 2 h d-1iq eetﬁ)rs
19, 20, g cyglﬁae QQparrﬂ;ﬁxarﬁgleét 5I@uFtH’tga§‘ir€ﬁ?SI° igure e upper sur aces of the

guiding plates 11, 12, 13, and 14 are visible, as are the positions of the inlet apertures 15, 16,
17, 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
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menben 3nvdorddsr Qfet ﬁbmm)ﬂ@?%&gr&%r%? 1n%r£l 19t ation tank 36 has been

dr awn sllghtly hi gher than t p reactor Figure 1) as an
adapt at iToRtheEne15e OpR O iMATE jaetatess (npleshopmein theuRigeres.upreferably rone e hbwot @it on

tank beisagpladdayfuid- hqu &Eor§ Hf 3 a§s¢gd Rotd& 15@%%{156}8%@% nidt ﬂ'fé gg&grs](%s) due
to bubbl%s ra gg ibj in the flotation tank :
an axi ali% ?fgqo & éﬁurise £ Hhﬂfeh]t"BHdﬁacé‘?f @npdiiewsnt) bit p&S&lbquﬁr@HIemfmnd
ej ector 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
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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



the flotation tank 36, 38 denotes a conduit or aperture for water and
sludge fromthe flotation tank 36 to the succeedi ng water treatnent reactor
47, and 39odesmkem2an outlet for water, possibly with seceps2acgeose it,
fromthe flotation tank 36 and for use as a notive fluid in ejectors. 48
Denotes a liquid punp supplying notive fluid to the ejector or ejectors
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25 aeration rate in the flotation tank 36 will be adjustable through adjustment of the pumping
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.
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use of 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.
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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.
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5. A process according to claims 3 or 4, characterized in that for each loop passage the water

is supplied less oxygen than could have been utilized by the activated sludge in the water
30 during the loop passage.

6. A process according to any of claims 3 to 5, characterized in that for each loop passage all
or essentially all the reactor water is passed through a centrifugal separator, preferentially a
cyclone separator, for separation of all of or a part of, preferentially all of or the majority of,

35 the bubbles from the water, said separated bubbles being led either to the surface of the water
or out of the reactor loop.
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aperture (27, 28, 29, 30) preferably conpletely subnmerged in the water in
t he downtlonereac®y .according to claim 10, characterized in that 1t is a loop reactor (1) comprising

at least one downcomer (6) and at least one upcomer (5) interconnected at the lower (7) end

of the upcomer (5) and at the upper (19, 20, 21, 22) end of the upcomer (5), and that a cyclone

* separator (8) is integrated in such a way into the upper half, preferentially the upper quarter,
25 of the upcomer (5) that all or essentially all the water passing up through the upcomer (5)

passes through the cyclone separator (8) on its way up inside the upcomer (5).

12. A loop reactor according to claim 11, characterized in that the aerator is a liquid-liquid
ejector (19, 20, 21, 22) comprising an air inlet aperture (55) positioned near or around the inlet
30 aperture (42) for the ejector's (19, 20, 21, 22) motive fluid and terminating in a gradually
widehing outlet section (45), and that the ejector (19, 20, 21, 22) pumps water containing
activated sludge from the upcomer (5) of the loop reactor (1) to the downcomer (6) of the loop
reactor (1), preferably by the ejector (19, 20, 21, 22) constituting an upper connection between
the upcomer (5) and the downcomer (6), albeit with the ejector's (19, 20, 21, 22) outlet
35 aperture (27, 28, 29, 30) preferably completely submerged in the water in the downcomer (6).



