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Description Purification method for effluent [0001] The present invention
relates to a filtration 5 device for wastewater purification, preferably for a
sewage treatment plant, to a sewage treatment plant having such a
filtration device, to a method of purifying wastewater, in particular
wastewater in a sewage treatnisst plaint:andalso to the use of a 10
ceramic-based memprane. for:separating.aff snicraerganisms, and if
appropriate, also fine solids; from wastewaters. [0002] inaddition to
screens and settling tanks 15 which, in a first step, free wastewaters from
cddr8éldompbrents; conventionatsewage tredthiert plantsaalsbi tmtairion
aryactivation tank and-a-seeendary, slarificationtank A dhe agtivationor
tank, microorganisms are edtin orger to decomapose fecal go matter or .
ot%@ew%ggeani% stibstances. The microorganisms Used ar“‘erseeapérfg{lé:d off &7
adgiv ysedimehtatian flom the twastewatsi stdseqléntlyato thethod  of
aelivatien fask, indhe secondary glarification dank andyia pastseeireulated o
todhe aelivation (ank. complele separglion gfths 26 microgroanisms s,
not pos%?ble ya sedimentation Process, and therefore microorganisms
whighaake tarifdcto healti¥aRcstinetimesPass intGHeeiifginent ©Lf
togethesavithstheavastewater. Hurepeandinian disectives oforfkerping- 1ids,
water bodies, clean, which guidelines have 30 already been substantially
converted to national legislation, however, prescribe on a Europe-wide
basis that only biologically clarified wastewater which is essentially free
frdmddRToorganisasimayde allowedstor deais offantd theenvironment.anks
The microorganigms-are, 35 generally-separated off hyfinesfilters whicharse

reliabl s . ‘
components, conventional sewage treatment plants also

contaln an activation tank and a secondary
clarification tank. In the activation tank,
microorganismg are uged in order to decompoge fecal
matter or other organic substances. The microorganisms
used are separated cff again by sedimentation from the
wastewater subseguently to the activation tank, in the
secondary clarification tank and in part recirculated
to the activation tank. Complete sgeparation of the
microorganisms 18 not possibkle by a gedimentation
process, and therefore microorganisms which are harmful
to health can sometimes pass inte the envirconment
together with the wastewater. European union directives
for keeping water bodieg c¢lean, which guidelines have
already been substantially converted to national
legislation, however, prescribe on a Burope-wide basis
that only bioclogically c¢larified wastewater which is
essentially free from microocrganisms may be allowad to
drain off into the environment. The microorganisms are
genarally separated off by fine filters which reliably

separate off microorganisms.

[0003] In GCermany, primarily in rural areas, in

particular 1in eastern Cermany, predominantly  for
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separate off microorganisms. [0003] In Germany, primarily in rural areas,
in particular in eastern Germany, predominantly for 2 _ technical or
economic reasons, currently an estimated 5.3 million people are not
connected to the municipal wastewater grid. Those affected, as a
consequence of said EU directives, h&d fo be provided with facilities 5 by

Degemper. 31 2005 %iﬁa%{&xi%ongsgtgoo%%,O,th% municipal gfg%oreb%ghe?g ed

operation of a small sewage treatment plant. This situation created a hi
demantfol detemraized wasfewatdr tRRRMBAREFRNGEWhidHisTunicipal
mairaisedttodater 16 [0004) Small Séwagedreatiaent plants sxguelatively ©
wideldigtribgied, which. sewage reaiment plants LORSIGEOLA BN ; ¢ 3 o
concrete container which again is subdivided into three chambers

( é’lirﬂﬁ\%m%%lariﬁéa%&éctivﬁﬂ&ﬁ}%k/sggond%??ﬁﬁﬂﬁéﬁ‘ﬁbn).t‘?’he the
prefimianyeclarificationds used inforderfiestatoiremove cearsezll sewage

carmparentsdrop the-wastewater mpeehanically oL by simple i o gemand
sedimentation, Thﬁﬁ,coa(rjse components which are separated off must pe

pumped o 20 af regtifar e ntEroaIsT The S(VAToN ANk BSitaifis c= 18

- micrdBigaiisis Whickpérform the biological purification, the secondary

clarification tank serves for separating off the microorganisms which have

b introd ed]l nd their recirculation to the activation 25 tank and/or to .
R e arcaon ank THi Eatipment Saribe S lplé RERTad =1

for ex8miple, By cohpréssor WhidT feeds ¥%§g6n tothesdctivation BRkATS
viaemembrarte taberaerator,anttalsea submersivte metdrpumpforn  is

tr%@&ﬂﬁ‘g@@&\g exceﬁsnt%uc'ge' three chambers {preliminary
clarification/activation tank/secondary clarification).
The preliminary clarification ig used in order first to
rEmove coarse components from the wastewater
mechanically or by sgimple sedimentation. The coarse
components which are separated off must be pumped off
at regular time intervals. The activation tank contains
microorganlisms which . perform the biological
purification, the secondary clarification tank serves
for separating off the microorganisms which have bean
introduced and their recirculation to the activation
tank znd/or to the preliminary clarification tank. This
equipment can be supplemented, for example, by a
compresscor which feeds oxygen to the activation tank
via a membrane tube aerator, and also a submersible

motor pump for transporting the excess sludge.

[0605] In an activation tank, in the course of time,
excess clarified sludge forms which must be regularly
drawn off by suction. Alternatively, what are termed
moving-bed processes are also known in which the amount
of excess sludge is generally drastically reduced. In
contrast to the classical activation tank, in moving-
bed rocesses, Tree-floating plastic bodies are

employed which can £f£ill up the activation tank
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30 [0005] In an activation tank, in the course of time, excess clarified
sludge forms which must be regularly drawn off by suction. Alternatively,
what are termed moving-bed processes are also known in which the
amount 35 of excess sludge is generally drastically reduced. In contrast
to the classical activation tank, in moving- bed processes, free-floating

plastic bodies ateemployed whigh.can fill up hg activation dank3 3, oy ¢

virtually comipletely. Microorganisms are found in this _case both onthe
pla_EE bodesand Aiso Fledly Bhésended MM HWateAET00B6FM reCERELY
yearspasaddrther development of the known moving-bed methods,
increasingly what are known as WSB(r) methods (fluidized bed-moving
bed-b{i}ofilm &nethods) have been able to become established. Such ¢
met oS are’destithéd. for 8xaniple, PDE 1012758% and 10718 TEDE ©
19623 3924n these hrathbes also: prastie . bodiesrserge g carrisiswhichce
Cam becolonizeshhy the- migroorganisms - Eae mierogrganismsda WSBE) 1m
methaqds.are qqoweve enerally localized virtually completely. on the
CHT e R ol W RorEets MR- Bt te 15 Pha P Share S
ofigiRafcarfist obEegEusively driderchiealy Guithelt adratiBry 1754 and
\AésaPs(ds) m@th@q:s,Ma 2@5@ of theﬂntmdas@n@@ihdbe gtagﬁq caTigrsic
0?48?58(9 bgé%%ooéga@ s ate opfimally, and uniformly 1 distibuted.(or 1,
"fluidized") in the activated zone and 20 are situated in the movin
s&@p‘éﬁ%?b’fﬁ%?ﬁ@ﬁl@avégﬁ& T thePh&Ae WiBEl- Schwebe®s e D)
[fluidized:lredremovinghed].cEven. incttie case of igatlyoraryimgeinflonr, the
€.8= %‘r@&ho.' E‘E!é}l perigd, the,piglogical system:in the:activation tanks + hods
always remains intact. .y , ,
opérations were originally carried out exclusively
anaercobically (without aeration), in WSBR® methods, as a
result of the introduction of air, the plastic carriers
colonized by microorganisms are coptimally and uniformly
distributed (or “fluidized”) in the activated zone and
are situated in the moving suspension, which gave rise
to the name Wirbel-Schwebe-Rett (WSRE®) [fluidized bed-
moving bed]. Even in the case of greatly varving
inflow, e.g. in the holiday period, the b»ioclogical

gsystem in the activation tank alwayvs remaing intact.

[0007] However, there is also the problem in the case
of wastewater purification by a WSB® method that miczo-
organisms are discharged intoe the environment, that is
to gay microbe-containing wagtewater ig introduced into
the activated soil zone or into a receiving body of

water.

[0008] To avold harmful microgrganisms from being
introduced into the activabted soil zone and/or to
enable treated wastewater to be able to be reused as
service water, the wastewater must therefore be

additionally filtered.
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25 [0007] However, there is also the problem in the case of wastewater
purification by a WSB(r) method that micro- organisms are discharged into
the environment, that is to say microbe-containing wastewater is
introduced into 30 the activated soil zone or into a receiving body of
water. [0008] To avoid harmful micréor%a"nisms from being introduced
into the activated soil zone and/or to 35 enable treated wastewater to be
able to be reused as service water, the wastewater must therefore be

addf8dlly fiitred 245669 FOFiInstHELCDE 19867890 B8scAbes Avage
sewageteegtmentplant, theavastewatenobwhiclt isditérgd throughltered

submerged migrofitration membyanes in order ta 5 pass it thergafterdnto a
service water reservoir and reuse it. DE 20315451 describes a

mitSfitration” HBVRE A retrofitting s&Ffof A¥maiPsSvageseatinént and
plaatwhichis conngtted dowhAsfreamioef the Iaetivation tarkbottupstrean on

ofhe actual putlet of 10:the sewagedreatment plant. [Q01Q}nall cases e
h%re organic filter, membr nes are. used which are ar. arégeg in a mod Ieth
form: However, Forganic filtermembraies have fe dis3avantagethar1s-"¢
they eanednlybe Fegeneratéd orctersieallyxfeaned inadedulatelytsbethatof
altektheseapembranasdsaust genetally be renewed in relatively short time
periods (<iyear). In addition, organic membranes have only a restricted
mechanical stability, such that at 20 relatively high liquid pressures, they
caP@3&l berd €2 THE UBBTF oRJEc Afembranes becshegnes are

partiedlariyserfousinsthesabevementidned anoviagdied form. However,
organic filter membranes have the disadvantage that
they can only be regenerated or chemically <¢leansed
inadequately, so that all of these membranes must
generally be renewed in relatively short time periods
{< 1 year}. In addition, organic membranes have only a
restricted maechanical stabilicy, such that at
relatively high liguid pressures, they can easily be
damaged. The uge of organic membranas becomes
particularly serious in the abovementioned moving-bed
methods, in particular in the WSB® method, since in
these, as a result c¢f the plastic carrier particles
which can move freely in the activation tank,
mechanical defects on the organic membrane can be
caused as a result of which the low-stability organic

filter membranes can be destroved within a short time.

[0011] The wuse of filter membranes is in - addition
linked with the fundamental ©problem that during
filtration, a covering layer is deposited on the outer
surface of the membrane {(what is termed fouling) which
provides a resistance to the material to be filtered.
This leads to a drastic reduction in filter performance
te total blockage and therefore to total loss of the

filter membrane.
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methods, in particular in the WSE(r) method, since in these, as a result of
the plastic carrier particles 25 which can move freely in the activation tank,
mechanical defects on the organic membrane can be caused as a result
of which the low-stability organic filter membranes can be destroyed
within a short time. 30 [0011] The use of filter membranes is in addition

!irtlgﬁ;il\gith the fundamental preblem, that during. filtr; ionigfgyeri%layg@l o

is deposited on the outer surface of the membrane (what is termed i
fOUTHGT Fhich* Frovides®a redftarice 6 Hé faltérial to be filtefe P BB S °7
leads tepadrasticereductanm in fiiter perdformdnce tatotal bidbekageandusly

:Esﬁf%%&t?@%l&%s fta?flghecﬁ@ﬁbr memh an%a-é{[OQA%];Q&?CBflI@;E%ter
is covering layer on the membrane requires regular cleaning. In this

BB T o EAte- SHEUTH T e or R ihat I R inerl ®
watstis then plrdped baek tmough sheefilter 5smembranecinsthe oppositert
dizeetiomthackwashing)-«As e restilt, fhe cavering layer is-atleast i partne
detarhed. as 2 tesul of whch fhe eficiency ofthe fitr performance i,
incréased a &infor a certain™ fime. However, this procedure geferally. — "
réitiies 10SeBEIRE equiphicht. IPBAEITEIBH  CleanliRy Bratkh¥ coseefiires
losingralseady fiierecshwater which greatly ireduces ibe efficieneyofdhe the

oyerall system, [0013] The pbieet of the present invention js to 15 proyide, .,
& £

a simple and inexpensive solution for purifying wastewaters. This solution
sRAFTCEE, infFariédiar L R Sépafatingtoff B orgaishh§®ontained in

wastewaters. Known prior art problems such as said destruction of filter
megargnesPybiologicalor o the present invention is  to
provide a simple and inexpensive solution for purifving
wastewatrers. Thig sclution shall focus, in particular,
on separating off microorganisms contained in
wastewaters. Known prior art problems such as said
destruction of filter membranes by Dbiological or
mechanical action or the blockage of membranes and
resultant complex cleaning steps must be avoided as

completely as possible.

[0014] This object 1is achieved by the filtration
appliance having the features of claim 1, the sewage
treatment plant having the features of claim 15, the
method having the features of claim 18 and also the use
having the features of claim 23. Preferred embodiments
of the filtration appliance according to the invention
are shown in dependent claims 2 to 14. Dependent claims
16 and 17 relate to preferred embodiments of the sewage
treatment plant according to the invention. in
subclaims 19 to 22 and 24, preferred embodiments of the
method according to the invention and alsc of the use
according to the invention are shown. The wording of
all claims is hereby made a content of this description

by reference,
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20 mechanical action or the blockage of membranes and resultant
complex cleaning steps must be avoided as completely as possible.
[0014] This object is achieved by the filtration 25 appliance having the
features of claim 1, the sewage treatn%ent plant having the features of
claim 15, the method having the features of claim 18 and also the use

hayipgdhe features of claim 23. Preferred gmbodiments, of fhe filteation

appliance, according to the invention 30 are_shown in dependent claims 2
to 11 Bépendentclaifid® 16 Hmu™t7 rélate topraferred embodifientssst 10
theasewage areathoent plaat accordingtewae mventientirersubgldiars=19 tan
22 ahdi24, paeferred emhodiments of the. method according tothe  r 3¢
miél{engclon and atllso of the us_eh35 accordlngcto the,lnventlontare shown.

The Wordifg 6T St clalifis is héreby tade & COHEREST thiddesthiption by™e
refererees 6bpeas) A filtratiohzppliance afeording te dpedavention for of £
wastewsaterpurifisation is provided in particular for use in a sewage
treatment plant, in particular in a small sewage treatment plant. Itis 5 -
distinguished in that it comprises at least one ceramic-based membrane
fok&palating off SictdErgeatsfls. [0DIBT Arterakfic-sHsedimembrane is by
distisguished by £10 resistance 40 biologicalnr eéhemical astionand=aAlse Ly
by -high [ tahili contrast-1o t ic filter b .
i are A o 1 B0 4 L hth hacs beah sed o Gt 1 S
séwagé fredtmant “piafits V4 fiftfatiGi SppiaRtE addording e thesor  axt,
irventibn havirg acceramiczfased riembrane may tHerefareglee tsed tment

- Withgut-problems alsojinmoving-bed meathods.dn o .cording  to  che

invention having a ceramic-based membrane may therefore
pe used without problems also in moving-bked methods, in
particular also 'in small sewage treatment plants
operated according to the WSBR® method. It withstands
without problems the biological action caused by the
microorganisms and at the same time reliably separates
these off. Fine solids and suspended matter can if
appropriate also be reliably separated off. At the same
time, it is resistant to mechanical action, for example
due to plastic carrier particles floating in the
activation tank. This becomes particularly positively
noticeable with respect to maintenance intervals and

lifetime of the membrane.

[0017] Preferably, a membrane o a filtration
appliance according to the invention 1s a membrane
plate made of a porous ceramic. In principle, the shape
of the membrane plate may Dbe freely chosen. For
instance, round or rectangular membrane plates may be

preferred, matched to the respective individual case.

{00181 In a preferred embodiment the membrane plate
has a coating. This preferably comprises at least one

separation layver which consists at least in part, in
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particular also in small sewage treatment plants operated according to
the WSB(r) method. It withstands without problems the biological action
caused by the 20 microorganisms and at the same time reliably separates
these off. Fine solids and suspended matter can if appropriate also be
reliably separated off. At the same fimé, 1t is resistant to mechanical

achon,, f%féie & fug Ig plastic carrier particles floating nthe 25, ¢
activation tank. This becomes partlcularfg? ositively” noticeabte with
reSpBEEo mainteiance HitervalR e Tifetitve of thé mefibraAé Jon17Aaver

PM@r@Iﬁméﬁrﬂma@é ofarfiltratione 3papplianee aee:(_)rdtngltgatla_e 5% by
inyention is aﬁ%@%pﬁ}e Dade of aPArous gergmic. o principlegthe,
shape of the membrane plate may be freely chosen. For instance, round

offetEhgular mBATbraf pidtes M be Prefered® midtched %-the

respective individual case. 35 [0018] In a preferred embodiment the

mepyyane platechas acoating. Thisqreferably comprises.at leastone oo
separation Iaéle which consists at least in part, jn 7 some preferred
, €

emnbodinterts, esa&ntislly 2ompetély, df hdrnoscile parficledt Pretéiblyrar
the séparativdiaye-has adrrticihefnanvscale paiticleszof @it dedst 5% es s

bm@iejgmopaﬁﬁbgula@ﬁi@[@@wg/atml gé%bly iwglyﬂtmﬂaaarﬁ@ul%.
of at least 40% by weight. [0019] Nanoscale.particles are taken to mean
hez?ée%%rtfoéfe%eha%r%l gemsed i%]%léptaertirc%g s?’i%l&éﬁegs'fh%% 1 ,epr%rgeraaﬁﬁed
|e8% tRFREH0 Pitn, ih PaFi eSS 10%h &R0 HiRS&rticularly preferably
less than 50 nm. These size figures relate to values which were obtained

bWBBE%W‘ﬁﬂ898§%§5§m9§“95Qm§9§ention, the membrane plate
coating mentioned may congist exclusively of the at
least one separation layer. In a particularly preferred
embodiment, the coating, however, further comprises at
least omne further porous layer which is arranged
between the membrane plate and the at least one
separation layer. The at least one separation laver is
preferably the outer laver at which the micrcoorganisms

are essentially separated off.

[0021] The cocating situated on the membrane plate
preferably has a thickness between 100 nm and 150 um,
preferably between 500 nm and 100 um, 1in particular
from approximately 25 um to 60 um. These values
preferably also apply to the cases in which the coating
consists of the at least one further porous layer and

the at least one separation laver.

[0022] The thickness of the at least one separation
layer is preferably in the range between 100 nm and
75 wm, in particular in the range between 5 um and

50 um, in particular approximately 25 um.

0023} The thickness of the at 1lesast one further

porous layer 1s preferably in the range between 100 nm
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[0020] According to the invention, the membrane plate 15 coating
mentioned may consist exclusively of the at least one separation layer. In
a particularly preferred embodiment, the coating, however, further
comprises at least one further porous layer which is arranged between
the membrane plate and the at least ofe 20 separation layer. The at least

ong separation '%X»?fﬁsalp{%fgr%‘%&thleno%fé'a#r atwhichthe .\ 5 1 ana
microorgan‘isfhs are essentially separated off. [%6%] e coating sittatéd
on théFhemBratfgHate* 28 prefr 4B Haks & thickie sstbetween 100 nm

and 150 gm, preferably between 500 nm and 100 m, in particular from

apRexiately, 25 my{0.60.gm. 1hese values preferably glspapplyto the,

cases in which the coating consists of the at least one further porous™

layBFERET36 He al*Rast BAE EBpakstiondager: 0027 iHecthickneds Brahe
atleastene sépdration layet is preferably imthe:rangezbetweep 400:nmbly
and (2B, inparticlacindhesrange between s mand 3530 M.dR 500 nn

paartigugar approximately 25 m. [0023] The thickness of the at least one

further p& us layer is preferably in the range between 100 nm 8 and 75
m, in particular in the range between 5 4m and 50 um, in particular

aneximatetn 25 s Q@24 Theporous ceramisafdhe mambrane-plale, pe s
(Sypetalellias oles Rreferably 1aving 2 diameter, bafpen 4000 and..,
10 m, particutarly prefe ably betweer 500 Am and 6 m, In paﬁlcu ar .
b@fVEer 586G FifY arktk S Hf D025} THER feaStBheurtisiporousiayer. =
has: petes: preferablybaving sl diametanbetweeaenh00 nm and 2 m,
particularly preferably between 500 nm and 1 am, in
[0026] In the case of a membrane plate provided with
at least one separation laver, in particular the pore
size of the at least one separation layver 1is wvery
important for separating off the microcorganisms.
Preferably, a separation layer has pores having a
diameter between 1 nm and 1400 nm, more preferably
between 50 nm and 500 nm, in particular between 50 nm
and 300 nm, particularly preferably between 200 nm and
300 nm.

[0027] The pore size of posegibly underliving layers
generally does not directly affect the separation of
the mnicroorganisms. However, it 1is preferred that
underlying lavers have larger poreg than the sgeparation
layer. Particularly preferably, with respect to the
pore size, there is a gradient to the outer separation
layer. For instance, it 1s preferred that the pore

gizes decrease towards the ocutside.

[Q0281 In preferred embodiments having' at leasgt one
further porous layver Dbetween the at least one
separation layer and the membrane plate, the size of
the pores of the at least one further porous layver is

between the size of the pores of the separation laver
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particular between 600 nm and 900 nm. 15 [0026] In the case of a
membrane plate provided with at 'Least one separation layer, in particular
the pore size of the at least one separation layer is very important for
separating off the microorganisms. Preferably, a separation layer has
pores having a 20 diameter between T nm and 1400 nm, more preferably

betwean a0,nm,and 500./m, in pagticular bepyeen, 30 eﬂeaog%%@ I e
particularly preferably between 200 nm and 300 nm. 25 [0027] The pore

SRR BHFOSIbIY thEryig a§ers HeheraliPdoed heEdirecPafisdt the™ i s
separation ofrtheamicicorgamisins. Howeverait ispiefesed thatore sizes

upderlying layers-havedargerpores thanthe separation. layer. Ratticularly .,
prefe[abl)i, fwith respelgt_:tg the 30 pore size, there is a gradient to thlg outer

separation” iy8r. For dtarice, 1§ preferted tRRF (e pore® sigds™ LePping
deerdaseasrards the cutsideRf0oRsTm prefarred ermodimentshawingsatch

least ener 3% futhenpoious layes between theatigastone sepamatiogn e

Ia_ayer and the membrane plate, the S_Lize of the pores of the a% least one
reast ?ne seg@gatlo? %yer ca exc?%% he gize of
further porous layer is between thesize of the pores of the separation

/et OSTatrairRst porerEfesy And itk sife ofthshoreofthe thembrameus
plaie which has the largest pores) This applies in particular to the mean
values of pore sizes within the layers (since the pore size is frequently 5
non-uniform within a layer, if appropriate overlapping with respect to the

ab8816Pd pore §izeR AN Goi=SaEH Ghat For BxampleT e éize siihee s
largedtperesof the atieastone Sepacationdayerscanexceed theisize of in

the,smallest-pnoreg o the atleast-qpesfurther poroUs 1 zagition o
oxidic ceramics such as aluminum oxide ceramics, in
further preferred embodiments, non-oxidic ceramics can

also be used.

[0030] The nanoparticles of the separation layer are
preferably oxidic nanoparticlesg, in particular aluminum
oxide particles. In addition, in particular, alsc nano-
particlegs of zirconium dioxide or titanium dicxide or
else mixtures of =aid oxidic ﬂandparticles can be
preferred. For particularly thin separation lavers, in
particular =zeolites are very highly suitable. In
further preferred embodiments, the nanoparticles can

also be non-oxidic nanoparticles.

[0031] In a particularly preferred embodiment of thea
filtration appliance according to the invention, the
membrane plate has internally at least cone channel for
the outflow of purified wastewater. Preference,
however, iz given to a plurality of channels which are
preferably arranged in paxallel to one another which
extend uniformly over the interior of the membrane

plate,

{00327 A filtration appliance as c¢laimed 1in the
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10 layer). [0029] The porous ceramic of the membrane plate is preferably
a ceramic based on a metal oxide, in particular based on aluminum oxide.
In addition to 15 oxidic ceramics such as aluminum oxide ceramics, in
further preferred embodiments, non-oxjdic ceramics can also be used.
[0030] The nanoparticles of the seﬁar%\%oﬁ layer are 20 preferably oxidic

nanoparficles, g parteylaraluminym -oxide particles., 10 addition, iy an
particular, also nano- particles of zirconium dioxide or titanium dioxide or
eRehixiureS G A BRdIThanpartiifes’cae faféired Foramber of
partichiaxlysthip Separaticrelayersyin 25 paeticliar zéalites are venchighlyor

Slﬂﬁﬂpi%glﬂngjrth@épé%fﬂf@gyem@\qg*ﬂﬁmsa g anopadicles can: alsohs-

naon-oxidic nanoparticles. [0032] In a particularly preferred embodiment
b S A5h PR CE e Bor g Efhe nvedfior ahe. AMbmBA L Bt
has irternaligrdtieast oneletiarmel fermtheéceutflonedfepurified wastewaterger

Preference, Lrowenerisgiven to-a plurality obehamnglswhich &gl cration
p@fer@p%%ggngjeﬁi i£1 arasllee\IItO one Qp%lgg hich 35 extend uniformly .
overthe iriterior of the rﬁembra%%aﬁla 61 %\%{A%Ir%%ron appﬁance as
claikred APeetT3preSent invention has preferably at least 2 membrane
plates. Depending on the individual case, the number of membrane

Plgges,can vary grﬁaltlé/rgggggtanggjp%%gygg/inggg@gi]\_zglyns&nalI to  the

amounts of wastewater, 5 filtration lances having 3 to 15,7in particular
340V AiembFane flate &t BEPreterred. Iffafgerss  structure  which

enables the number of membrane plates to be varied in

accordance with the regpective reguirements.

[0034] In a particularly preferred embodiment of the
filtration appliance according to the invention, the at
least 2 membrane plates are arrancged essentially in
parallel to one ancther. In thig cage Lt is Iurther
preferred that the distance Dbetween a plurality of
membrane plates which are arranged eggentially in

parallel to one another is essentially always the same.

[0038] As hasg already been desgscribed, the ghape oI a
membrane plate in a filtration appliance according to
the invention can 1in principle be selected freely,
depending on the individual case. The same applies in
principle also te the dimensions of a membrane plate,
wherein the length or width of & membrane plate
generally does not exceed 150 cm. For instance, in a
preferred embodiment, a rectangular membrane plate has
a length of eapproximately 50 cm and a width of

approximately 11 cm.

[0036] The thickness of a membrane plate 1In a
filtration appliance according to the invention is here
generally preferably in the range between 0.15 mm and

20 mm, in particular between 0.5 mm and 10 mm. In =a
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amounts of wastewater are produced, however, filtration appliances
having several hundred membrane plates are also conceivable. 10 [0033]
A filtration appliance according to the invention has preferably a modular
structure which enables the number of membrane plates to be varied in
accordance with the respective requir fents. 15 [0034] In a particularly

preferred embadiment of the, hltighion appliance accordingtodhe .o has

invention, the at” least 2 membrane plates are arranged essentially in
pﬁratﬁ}éilfg%‘ﬁé AnGBthetPRTRS- 84565t ¥ farthBr 20 preferred that the

distance between a plurality of membrane plates which are arranged
essadin]ly in paraielde oneranotherris esgéntially always thengameo  the

[A935L As:has alteagly hegn daseribed. the spape of agdmembrane platg, .

in_a filtration appliance according to the invention can in principle be
séletledfiredly, dEFEHARYCR thedfidividud TASE. Th sameiapplidd fEent
principtetalso to thedirhensiohs of a memisranegiate, twheteintlie lepgthnt

opwidth of amembrane plate-3Q generaly doespatexceed 150CmFQtent
instance, in a preferred gmbodlment, a rectangglar membrane %Igte has
f«

altemgth of ZppFeXimately 30 et Ant % Widtof approxiffaély 11tm 1
[0036} The thiekress of amndmbranessiatécinta B35filtration apphdnce
according to the invention is here generally preferably in the range

betyeam0.15am ard 120 mm A particljachetween-@synArand 49 mm.ye
ina-11 partic Iar§I<y preferre eng:)odlmen& a membhrane QI e hasda ™
thiCkHESS O Approximately Btvim,>==" adcdiately Teplainsd. The

corresponding parts of the description are hereby

explicitly incorporated herein by refersnce.

[0039] Preferably, a sewage treatment plant as claimed
in the present inventlion has at least one activation
tank for wastewater. In thisg the wastewater 18

biologically purified by microorganisms.

[0040] In a further preferred embodiment of the sewags
treatment plant according to the invention, at least
one gecondary clarification tank for wastewater ig
connectaed downsgtream of the at least one activation
tank.

{00411 2 filtration device according to the invention
can 1n this case bhe connscted not only directiy to an
activation tank but also to a secondary clarification
tank.

(00421 As has already been mentioned, the present
invention also comprises a method of purifying
wastewater, in particular in a sewage treatment plant.
This 18 distinguished in that microorganisms situated
in the wastewater are sgeparated off by means of at

least one ceramic-based membrane.
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[0037] A sewage treatment plant according to the invention is

distinguished in that it has at least one 5 filtration appliance as claimed in
the present invention. Preferably, a sewage treatment plant according to
the invention is a small sewage treatment plant, in particular having a
purification output for 1 to 5000 pe?sc}r?s (up to a resident figure of 5000).
1Q 484381 The filtratign devige acgarding o fhe invention fas already . ; o

been adequately explained. The corresponding parts of the description

AR RdrRbY eXpliCHIfRicT frafed ereinbyT@feréiite: {0639 Praferdbly;
asenagedreatment plant asclgimednd 5 in thecpresentinvestiithas at i on
least @ne activation tank for wastewater. In this the wastewater is
biologically purified by microorganisms. [0040] In a further preferred
embodiment of the sewage treatment plant according to the invention, at

eh8P%blone Becondary A6 BHkTor WASIEWAtEMS conriettetPd &S

dewsstreaim of therat |eastonecactivation itank. 004t A Bkratiorsdevicdaxry

acgording;to the ipvention candn this case begonnegted not onlydirectly
to an 25 activation tank but also to a secondary clarification tank. [0042]
AS HaS KRy Dedhheffionéd: th&'present invention also comprises a
method of purifying wastewater, in particular in a sewage treatment plant.
30 Thasis distimguished em that mierooliganishissituated ethebwastéwatene

are-separated off by-roeans of gk Jeast opg geramic-baged memprane. 12,
[0043] The metho ccordln%to the invention Ygreferabl\}\/r comprises a
bid ?fﬁﬁﬁb&[ gﬁﬁgo rganlsms [rom wastewaters.

[0046] In a preferred embodiment of the use according

to  the invention, the ceramic-based membrane is

1]

membrane plate made of a porous ceramic which is
provided with an, i1f approprizate, multilayer coating
which comprises a separation layer which consists at

least in part of nancscale particles.

[0047] MNot only the membrane plate, but also the
coating comprising the sgeparation laver have been
described in the context of the explanations of the
filtration appliance according to the invention. Here
also, corraspondingly, reference is made to the

relevant parts of the description.

T0048] The above and other advantages of the invention
will  ©become apparent from the description of the
following example and the figures in combination with
the subclaims. The individual features of the invention
cann be implemented each alone or in combination with
one another. The examples and figures serve only for
ililustration and for Dbetter understanding of the
invention and are in nc way to be understood as being

restrictive.

[0049] In the figures:
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wastewater by microorganisms in at least one activation tank. 5 [0044] In
a further preferred embodiment a method as claimed in the present
invention comprises a secondary clarification of the wastewater in at least
one secondary clarification tank. [0045] The present invention likewise
relates to the 10 use of a ceramic baséd fnembrane as filter for

~ separating off microorganisms from wastewaters. [0046] In a preferred

embodiment of the use according to the invention, the ceramic-based
membrane is a membrane plate made of a porous ceramic which is 15

provided with 281 ¥ apgiproprid®, muftidyer CHEIRG SWRichRbAifisesi®r @
separation layer ihickconsigisairdeast inpartofenanascale pasticlesSevice

[0047] Not oply_ the membrane.plate; but.alsq he ﬁgéﬁiﬁ%fc‘%ﬁ’ﬂgﬁi@ﬂsth% or

separation layer have been 20 described In the context of the
explanation§ 8FPffeStrafoncifpiiarfceHccbfifing'td thé invemtioR® Brecase
also, correspondingly, teferehcesis madezbd the relévanhBartslof then <the

description. {0048} The-abave and other advantages of the.igvention. 25,
will become apparent from the description of the following example and

the figures ir?gg ﬁ?atigﬁ%itlpefhess%%%laim%?ﬁ”hecmﬁ?ﬁ%faﬁ feRTUrSE oft °F
the inventiorr Tagivlse: inplemented rackhatonelednvoniisinatisnr with one
another. The examples and figures serve only for 30 illustration and for

better undergfanding of thevinvergjon and-ase in. nosway {a be,undgrstopd;
as being restrictive. [004 Inth%flgures: 13 Flg. |: shows on the left: ,
menﬂnane;ﬁﬁ%g* Aa tharoug a membrane p.lLate which is

suitable according to the invention. In ths
lower region (dark) the relatively coarse-
grained structure of the porous ceramic of the
membrane plate may be seen. At the top {(light)
the significantly finer structure of a thin
coating (here only consisting of a separation

layer) on the porous ceramic may be seen.

Fig. 2: shows an SEM image of a section through a
membrane plate which is suitable according to
the inventicn. Three layers may be seen, namely
on the left the geparation layer, in the center
a further porcous layer and on the right a
membrane plate made of a porous ceramic. The
layers and the membrane plate i1tself each
consist of aluminum oxide. The separation layver
and the further  porous layer each have a
thickness of approximately 25 um. The thickness
of the membrane plate is up to 3.25 mm. The
pore gsize decreagses toward the separation laver
from 4000 to 6000 nm {(membrane plate) through
approximately 800 nm {(central further porous
Laver) e approximately 200 nm  {separation

layer) .
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preferred embodiment of the filtration device according to the invention
having channels for 5 conducting away purified water. In each case the
exits of a plurality of channels in the membranes which are arranged in
parallel to one another may be seen. The channels serve for conducting
away the purified wastewater. 10 On the right: microscopic detail of a

Ceoss _sectian, thraugh adnembrane plate which.is. suliable according,to ¢
the invention. In the lower region (dark) the relatively coarse- grained
structure of tHe'FErotEberdimic of the 3% MSHBrRHEDIdte P& besean e
At the top (light)pthessigrificantlyofimersstrucre of a thin coating (here

only consisting of a separation layer) on the porous ceramic may be

seen. Fig. 2: shows an SEM imag%}ggﬁﬁggtion through a 20 membrane
plate which is suitable according to the invention. Three layers may be
seen, namely on the left the separation layer, in the center a further
pORRBAAyerEndhort BREMGIEA nfefRbiarieftite MaddBfd pfsustade of
ceramics The2b layers and-ihe heembeane plate-itself eachr Conpistralf  the
alumjppm oxide, he separation layer, and the further porous layer.each -,

have a thickness of approximately 25 m. The thickness of the membrane

piafe 5 G 53, 28 Tht % 35 6re diz& d8crenSes Towditithe SR pardtioht™
layeerfeorh #0006 006 hax Grembradé platépttrbegly . approximately were

800 nm (central fyrther.porouys -Jayer) to-appreximately 200 BMs; itration

(sega ation layer). 14 _ . . . ,
appliance ” acdording to the invention. EBEven after a
plurality of weeks, however, neither damage nor wear of
the membrane could be observed, and the membrane

throughput was also very satisfactory.
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Fig. 3: shows a filtration appliance according to the invention having ten
membrane plates arranged in parallel to one another. Example 5 [0050]
In a long-term experiment, a study was made of how stably a filtration
appliance according to the invention behaves on operation (moving-bed
method) . In this study moldings nfad]eSOFpIastic (K1 Biofilm Carrier

Elements from Kaldness, 3103 Jonsberg, Norway) were 10 constantly in
contact with the membrane of afittrationapptiance according to the

invention. Even after a plurality of weeks, however, neither damage nor
wear of zhe membranetcoutd be observedanrd the membranewastewater

thrOl_Jgh%tfé{%% also:vaty satistactony, 15 - Ratent glaims 1. A filtralion: rent
appllance}for wastewater purification §referﬁ1%ﬁf [ a sewage tregtm%nt .
5 plant, i fAfticulaP for @ sméit 8%& tre &8t prant idtising at -~
least ong beramic-lrasedr frsimisrane for separdting @ffemicroorganisnisz 2ed
The filtration-appliance.asGlaimed inclain 2, L0-charagterizegdn that the

membrane is a membrane plate made of a porous ceramic. 3. The

filtration appliance as claimed in claim 2, characterized in that the
membrafiesplaté hasar 18Tcoatimny- WhlkbEcomprisestd Befardfonayers 1
which cansists @t deast #xparh ofnanoseale paiglesard: The filtratiembrane

applianc 1%%@3{{3%@%9%71 ., Gharacterized in that the coating

comprises at 20 least one further porous layer which is arranged between
the membrane plate and the separation layer.
3. The filtration appliance as claimed in claim 2,

characterized in that the membrane plate has a
coating which comprises a separation layver which

consists at least in part of nanoscale particles.

4, The filtration appliance as c¢laimed in claim 3,
characterized in that the cecating comprises at
least one further porous laver which i1g arranged
between the membrane plate and the separation

laver.

5. The filtration appliance az claimed in one of
claims 3 or 4, characterized in that the coating
has a thickness between 100 nm and 150 pm,
preferably between 500 nm and 100 pm, in

particular from approximately 25 um to €0 um.

6. The filtration appliance as claimed in one of
claims 2 to 5, characterized in that the porous
ceramic of the membrane plate hag pores having a
diameter between 100 nm and 10 pm, particularly
praeferably between 500 nm and 6 gm, in particular

between 500 nm and 3 pum.

7. The filtration appliance as claimed in cone of

claims 3 to &, characterized 1in - that the
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5. The filtration appliance as claimed in one of 25 claims 3 or 4,
characterized in that the coating has a thickness between 100 nn; and
150 m, preferably between 500 nm and 100 m, in particular from
approximately 25 m to 60 m. 30 6. The filtration appliance as claimed in
one of claims 2to 5, characterized in'thaf the porous ceramic of the

membraé‘@p@??t'}%%porfé ing.a diameter between 100 nui: apd 10, .,
gm, particularly preferably between 500 nm and 6 m, in particular 35
betweerP560 Fi#and FYrA~7 P fltrdfon Eﬁﬁﬁaﬁﬁf%bééf chfn¥E foné of™
claims 3to6, Tharacterizedrinithat hell6 sepdratiinllayérdiaspores00 nm
having a diameigr .between 1 nm and 1400 nm, preferably between 50
nm and 300 nm, particularly preferably between 200 nm and 300 nm. 5
8. The filtration appliance as claimed in one of claims 2 to 7,
charactéfized inithattheiporousroeraaric of the merhbramesplate is ane  of
oxidic cefamics in-partiular based,on-aluminum oxide.t1,9. Thedfiltration,
appliance as claimed |tn one of cIairInr%S to 8, ch%ragterized in that the . a
nanopar%%ife%molf?he geparé iGN Iarf}gr arreaélffdicpnéanoeparﬁ“cﬁes whichare “*©
preferabhpseletted fromeks thecgrdap Havitfefalomitumioxide) Arbhftim
dioxide, titanium dioxide and mixtures thereof. 10. The filtration appliance
as claimegln ae,qf. glaims 2 (0.9, charaglerized ip f3tig membrang o
20 plate has mternaﬁy at least one channel for the .

claims 3 to 8, characterized in  tha

(W)

the
nanoparticles of the sgeparation laver are oxidic
nanoparticleg which are preferably sslected from
the group having aluminum  oxide, zirconium

dioxide, titanium dioxide and mixtures therecof.

10. The filtration appliance as claimed 1in one of
claims 2 to 9, characterized in that the membrane
plate has internally at least one channel for the

ouetflow of purified wastewabter.

11. The filtration appliance as claimed in one of
claimsg 2 to 10, characterized in that it has at

least Z membrane plates.

12. The filtration appliance as claimed in claim 11,
characterized in that the at lesast two membrane
plateg are arranged essentially in parallel to one

another.

13. The filtration appliance as claimed in claim 12,
characterized in that the distance between a
plurality of membrane plates which are arranged
éssentially' in  parallel to ons  anothexr 15

esgentially alwaysg the same.

iA...\
.

The Zfiltration appliance as c¢laimed in one of
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outflow of purified wastewater. 11. The filtration appliance as claimed in
one of claims 2 to 10, characterized in that it has at 25 least 2 membrane
plates. 12. The filtration appliance as claimed in claim 11, characterized
in that the at least two membrane plates are arranged essentially in
parallel to one 30 another. 13. The filtration appliance as claimed in claim

12, characigtized;inthatthe disfance befweensa ;plurality ot membrane .

plates which are arranged 35 essentially in parallel to one another is

essentidhy &hFaysdfie Samé M4 fHESiltrRioi 4pblidnce aSRlaifed i of&"
of 17 claims.21e.4 By charaeterized irb that thewthehibrane platehasacular

- thicknesg petween 0;15 mum-angd 20.mm, preferably between 0.5 mm and

10 mm, in particular of approximately 6 mm. 5 15. A sewage treatment
plant, in particular small sewage treatment plant, characterized in that it
has$ at |least erwdilteaticrrapyiierice asclaimied iRonessitiaimslEto 18mall

10 16. Thesewage freatment plantas:claimed:in claim; 1a,gchakacterized 1 ¢

in that it hgg ata Iteait one. agtiveati%n iankafp{ wlgstaewaie% 1%5 17a'sl'h% 1 aimed
sewage ‘f‘reatment p%n% Ss Claimed in‘one of claims 155r 1 :

characterize@if tidt ithas &e |dast®nésecondary clarification tank for
wastewater. 20 18. A method of purifying wastewater, in particular in

16. The sewage treatment plant as claimed in claim 15,
characterized 1In that it has at least one

activation tank for wastewater.

17. The sewage treatment plant as claimed in one of
c¢laims 15 or 16, characterized 1in that it has at
least one secondary clarification tank for

wastewater.

18. A method of purifyving wastewater, in particular in
a sewage treatment plant, characterized in that
microorganisms  situated 1n  the wastewater are
separated off by means of at least one ceramic-

based membrane.

19. The method as c¢laimed in claim 18, comprising a
biclogical purification of the wastewater by

microorganismg in at least one activation tank.

20. The method as claimed in claim 18 or claim 19,
compriging a secondary clarification of the
wastewater in at least one secondary clarification
tank.

21. The method as claimed in one of claims 18 to 20,
characterized 1in that the milicroorganismsg are
separated off from the wastewater by at least one

filtration appliance &s claeimed in one of claims 1
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characterized in that the microorganisms_are separated off b

a sewage treatment plant, characterized in that microorganisms situated
in the wastewater are separated off by means of at least one ceramic-
based membrane. 25 19. The method as claimed in claim 18, comprising
a biological purification of the Wastevv7 ter by microorganisms in at least
one activation tank. 30 20. The method"as claimed in claim 18 or claim 19,
comprising g gecondary clarification of the wastewater in at least one
secondary clarification tank. 35 21. The method as claimed in one of
claims 18 to 20, characterized in that the microorganisms are separated
off from The=wastewader by at leastrene filtratidn appliahce asataintetlinzed
one of clgims 11810 14 22, Themethod as.claimedin claim ?séﬁf by a
a
filtration apphance RRving TRBMbTaNe plates Ertshged T parafial to dhie™ = ©°
another.z223: Fheedse of azeramiclbdsedomembrané as filter for
separating off microorganisms from wastewaters. 10 24. The use as
claimed Jn.dlaim 23, charadterized in that the eeramig-based membrane js
a‘Membrane pFa‘?e made of a porous céramic WRICH 78 provided “with an, i
approprigre waliEyer esatify WARN I E6MPHsEs s epatatforiager -
which consists at least in part of nanoscale particles.

24. The use as claimed in claim 23, characterized in
that the ceramic-based membrane 1is a memnbrane
plate made of a porous ceramic which is provided
with an, if appropriate, multilaver coating which
comprises a separation layer which consists at

least in part of nanoscale particles.



