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Description Purification nethod for effluent [0001]
The present invention relates to a filtration 5
device for wastewater purification, preferably for a
sewage treatnent plant, to a sewage treatnent plant
havi ng such a filtration device, to a nethod of
purifying wastewater, in particular wastewater in a
sewage treatnent plant,pesandigitsonto the use of a 10

ceram c- basedpurr.}sir;gr ane O%o&e%&@r%g ng af; et _
ne solids,

fromwas [0002] In addition to screens and settling

t aep11d WALCRroBna fikshesbapxibeeswast ewaf ertsration
from coarse conponents, conventional sewage Lrgeatpppt .
pl TS Sal S cBREAFRE At adtT vatFoh' T'ank®and a T
secondar yrred ardrfd cataon, t aok.2 | Fewhesadtiopariesh plant
tanlkes i cLaoroani sy Ars taed duysonder cbo decamase of
fecal 20 matter or other organic sybstances. The .
nmerddvgan sFesS tRETSre sepattted gt By
sedi;ieat ati-epcheom iensast enat erl ssubsequent | wseo of  a
t heacti.vation.tank,_ | Secangdary c j.fi.catdi on .f
téﬁﬁfgﬁ&"ﬁsﬁgrt meﬂ%r% & ééﬁéfdéﬁﬂé off

recirculated to the activatjon ,
' trinkcocCoRpliete  separ dti orPRTORHE TS i kot gihi Enet s
I sz 00t RossiBke-bBy a _sedinentation process, and
therefore m croorgani sms which are harnful to health
can sonetines pass into the environnent together with
t heooveEsit ewat eAdEGE opeane unéoreatis ectridv esef6f iR e pF#Hg<s
Wav%ﬁ{cﬁ“)d%&sad an. Which grigdel ;neschave B30z 2 eadyrse
been substantially converted to national | eqi Iﬂactl on, .
howevRIeTFes cF PHE O SREuroPpEdd der pashe %%fa“()nﬁ y* s

- bi ghogical | yarcl araddedniaat ewatek whischd i sa  secondary
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essentially free- frgm mcroor 0aphsme mRy;ecalh onedan,
t " tE ' BT Gt o TTE ‘envitonnent. The m_cr oor gani sns
arei @S qarerialsy separgeed B f OBYSFi i f PPERFRCSHi chRce!
reliaply separate otlami €rogEgoiSHF. The microorganisms
used ave separated off 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 separation of the
microorganisms is not possible' by & sedimentation
process, and therefore microorganisms which are harmful
£0 health can cometimes pass 1inte the environment
together with the wastewater. European union directives
for keeping water bodies clean, which guidelines havel
already been substantially converted to naticnal
legiglation, howsver, prescribe on a Burope-wide basis
that only biologically clarified wastewater which is

1

ezsentially free- from microorganisms may be allowed to
drain off into the environment. The microorganisms are
generally separvated off by fine filters which reliably

separate off microcrganisms.

100031 In Germany, primarily in rural areas, in

narticular in eastern  Germany, predominantly - for



[0003] In Germany, primarily in rural areas, in
particular in eastern Gernmany, predom nantly- for -
2 - technical or econonic reasons, currently an
estimated 5.3-m|lion people are not connected to the
muni ci pal wastewater grid. Those affected, as a
consequence of said EU directives, had to be provided
with facilities 5 by Decertber 31 2005 either by
connectjion to the nunj Ci

al grid or_by the operatio :
of PG ISHAPH <Emagest PRt eftS picant SIS S] tUat Fon ®
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wast ewat er nmechanically or by sinple sedinentation.
ThER B eI GApbfefits which are separated of f nust be

10 punped off 20 at regular tine intervals. The

act byl Ot bank COpLAl NS HLEROO! 0ANIpSAE Which-Rentoveny
t he bi ol ogi cal purification he Secondar
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| 8 AT Al PR Ser veBLFbr SEPAREL | G SBFRePhe Plants
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reciyculation to_the actli ion t.ank. and/
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feeds OXMION 0+t ke 2a¢Ei¥ation tanksad ain Jremlr @nest to
tube aerator, and also a submersihle motor punp for . .
t r AREPET t i N T HE excEE® N udge. 30° - o=

mechanically or by simple sedimentation. The coarse
components whnich are separataed off must be pumped off
20 at regular time intervals. The activation tank contains
microorganisms which perform ~  the biological
purification, the secondary clarification tank serves
for separating off the microorganisms which have Dbeen
introduced and their recirculation to the activation
Z5 tank a:ad,/or- to the preliminary clarification tank. This
equipment ¢an be supplemented, £for example, by a
compresscr which feeds oxygen to the activation tank
via a membrane tube aerator, and also a submersible
motor pump for transporting the excess sludge.
30 '
- {0005] In an activation tamk, 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 te the clasgical activation tank, in moving-
bad rocesses, free-floating plastic bodies ars

employed which can £i11 up the activation tank



[0005] In an activation tank, in the course of tine,
excess clarified sludge fornms which nust be regularly
drawn off by suction. Alternatively; what are terned
novi ng- bed processes are also known in which the

amount 35 of excess sludge is generally drastically
reduced. In contrast to the ¢l assical activation

tank, in aning bed proces§e§ “free-floating plastic
bodles re whi can he 0
taﬁkrtu%; rqﬁﬁ% v o %P qorgaﬁ%%P%o%%anﬁé%gygu% fhis
fouﬂdelﬁmﬁﬁlscwas@h@otmlaﬁtthe prastd ¢ Podi éssandiresly
al ées%&eﬁa/ﬁusa%n@sgew the water. 5 [0006] In

recent years, as a further devel opnent of the known
novi ng- bed net hods, increasingly what are known as
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SUsPEBSHIOLa VR qmngﬁﬁﬂﬁtrb&eakaohhe hanesse methods, as a
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However, ther o the problemin the_ ca
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inflow, e.g. in the holidav period, the biological

system in the activation tank always remains intact.

[0007] However, there is also the problem in the case
of wastewater purification by a WSB® method that micro-
organisms are discharged into the environment, that is
to say microbe-comtaining wastewater 1s introduced into
the activated soil zone or into a receiving body of

water.

FO0DB] To avoid harmful microcrganisms from besing
introduced intc the activated goil =zone and/or to
enable treated wastewater to be able to be reused =8
gervice water, the wastéwater must therefore be

additicnally filtered.



30 the activated soil zone or into a receiving body

of water. [0008] To avoid harnful m croorganisns

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 nust
therefore be additionally flltered - 4 - [0009] For

i nstance, DE 19807890 describes a sewage treatnent
plant, the wastewater of which is filtered through
subnmerged mcrofiltrati on nmenbranes in order to 5
passoid] t Fereaftetanad,0 aESREFITES Watescrebesval r sandge

reQ?ééﬁﬁen Dgf%9n§15é§& %%é%ehgggx c%‘%ﬁg%%ltfgtEgmtered

dévic retrof rtting -set sewage
tr@anfcmh smb@nﬁfrgﬁﬂu @hcrgihbfh%fﬂt% St EEaRfoPTERE tO
5 acﬁiéfﬁti@nuﬁ@ﬂgaﬂgr upsts eamsefvibe astual rewbl-ediof ang
10 the se tplant, [.0010] In all cases...
hef 825t gani c $ raﬁ%?fgggeﬁseg'wﬁﬁcrtgﬁz%“atlon
ardanged ias aanod@FEOféthin$bwﬁv@r?&nigéhi@ﬂﬁﬁﬂteﬁewage

mepbranes. have,the,di sadvant agg dhaly l&ﬁd&&e%n onl ¥ne

be regenerat'ed or chemcally cleaned ina ate '
oA S ofee HeYe HERbF HBs et o yobilet of

10 I etiegetbuiaye elraticmehy shart. tinme periods (< 1 year)
In addition, organic nmenbranes have only a restricted
nmechani cal stablllty, such that at 20 relatively high
| i §00 ¥ Jor dos urlds , cadfsy ket éamiy%efl&éﬁ%gé@mrﬁ%%s@re
Ofu@é@amm@cﬁemﬁkanaﬁrbﬂggﬂeajpaatuﬁﬁhﬂkdyfsemlom®wener,

t he_abover ent i oned i be S | rt -
in°¥$ﬁnlq NSEEk?Ifnﬁégﬁ, SFanaln t9ésed15Q5£aﬁé%§ﬁ that
15 of thére pldast prleartd ereparereted or chemically cTear*ed

inadequately, - s¢ that all of these membranes must
generally be renewed in relatively short time periods
(< 1 vyear). In addition, organic membranes have only a
restricted mechanical stability, such that at
20 relatively high licuid pressures, they cen easily be
damace& The use of organic menbranes becomes
partzcularly serious in the abovementioned moving-bed
methods, in particular in the WSB® method, since in
these, as a result of the plastic carrier particles
25 which can move . freely in the activation tank,
mechanical defects  o¢n the organic membrans can be
caused as a result of which the low-stability organic

fiiter membranes can be destroved within a short time.

30 [0011] The wuse of f£ilter memxbranes 1s in  addition
linked with the fundamental ©prceblem that during
filtration, a covering layer is deposited on the outer
surface of the membrane (what is termed fouling) which
provides & resistance to the material to be filtered.

35 This leads to a drastic reduction in filter performance
to total blockage and therefore to fotal loss of the

filter membrane.



25 which can Move freely in the activation tank,
nmechani cal defects on the organi c nenbrane can be
caused as a result of which the lowstability organic
filter nmenbranes can be destroyed within a short

time. 30 [0011] The use of filter nmenbranes is in
addition linked with the- Fuﬁdanental pr obl em_t hat

(A on: & sovering. Laverls, deposiLed fBrane

refqautreeg)re@hﬂeh pileuntleg. alneshdtanperas ivhe that @sraeate
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cove uires reqular cleaning. ;jn taI}LtS d‘%@%@:ﬂ%lﬂon the result
0% & eam | & r ovar sed bt t he preV|ousI

Off i Whé@led et epL £ dremy plﬂ’?peghﬁac@l]tﬁﬁlbué’ﬁrt ﬁ’énﬁnlcteer is
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£l IR g HQWRKer it BhS PLaceduregensr ahd yef QUi of the
separate equi pnent. I n addition, cleaning is at the

ovgsstl ofYS'6¥ing al ready filtered water which greatly
reduces the efficiency of the overall system [0013]
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wakdklvhekkar Tﬁmss%baﬁaﬁbﬂg sokfl 1mferaer gani gmeticular, on
cont ai.ned i n-wast ewa rt, problens
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wast ewat er purification, for a sewage treatnent

pl ant, conprising at least two menbrane pl at es nmade
[ COfL4a aoa:onslmﬁrtama: fitristh agpechr phnged ressenti apvgntFen,

-t par al | el r%v%gda”o”ﬁ t{r%%lgﬁp rp?lllggcé)f for wastewater

Sroorg i Sms. ~each o l'at es havi ng
puirhf cantal dry gbr| eastvame tohakmalt Péﬂmtrhéioélm-"ﬂ”éw Gt least

twgurl flrlxbed yast %tvé%ger d a¢thi ckggm betyesn O. SaELaNd: e

erei'n rane pl ates have a coating with
araahhic keessthef heenn 100 lead te50numMRHIER EQnpTIRsesting

ofam?\lveen %{19&3 a&% Hogf” 0% RRLESaM tha8e4i:aRBhEN internally

nm an nm and whi ch consi sts at | east
ati heqrar pnefclranes cilze thareitciles, of pugified wastewater and a

thickness between 0.5mm and 10mm, wherein the membrane plates
have a coating with a thickness between 100nm and 150 um which

comprises a separation layer having pores with a diameter between

1 pm and 1400 nm and which consists at least in part of

nanoscale particles.



[ 0014a] According to a second aspect of the present
invention, there is provided a sewage treatnent
plant, in particular a small sewage treatnment plant,
characterized in that it has at |east one filtration.
appl i ance according to the first aspect. - 6 -
[0015] A filtration appliance according to
enmbodi nents of the invention for wastewater
purification is providedTifparticular for use in a
sewage treatnent plant, in particular in a smal
sewage treatnment plant. It is distinguished in that
[0PE 4ebnpr iAerainheas? ohe SGerafi cebRRdd rfnbitdfe PBH?SSNt
1n§@ﬂ@f@r¥'n9hc9;g %Crﬁ%wagﬁs@s sev[a%QelG&reAatment plant, in

ceram c- based nmenbrane is distinguished b reS|stance_
par bl biBiogh c&ra bl éﬁ‘éﬁﬁ?%aFr@d%,ttH}e@ﬁ nd-ar sy Rrgh “ed 10
thdBchani£alatstapitidye dinceontidasdptioahbe ofgamiieg to the
filter nmenbranes which are known fromthe prior art,
figklk cheRfFe been used to date in small sewage
treatnment plants, a filtration appliance according to
enbodi ments of the invention having a cerani c-based
menbrane may therefore be used w thout problens also
I n nmovi ng-bed nethods, in particular also in small
sewage treatnent plants operated according to the
WEBO net hod. It w thstands w thout problens the
bi ol ogi cal action caused by the m croorgani sns and at
the sane tine reliably separates these off. Fine
sol ids and suspended matter can if appropriate al so
be reliably separated off. At the sane tinme, it is
resi stant to mechani cal action, for exanple due to
- plastic carrier particles floating in the activation
tank. This becones particularly positively noticeable
with respect to mai ntenance intervals and lifetinme of
the nenbrane. [0017] Preferably, a nmenbrane of a
filtration appliance according to enbodi nents of the
invention is a nenbrane plate nmade of a porous
ceramic. In principle, the shape of the nenbrane
plate may be freely chosen. For instance, round or
rectangul ar nmenbrane plates may be preferred, matched
to the respective individual case. [0018] In a
preferred enbodi nent the nenbrane plate has a
coating. This preferably conprises at |east one
separation |layer which consists at least in part, in
sone preferred enbodi nents, essentially conpletely,
of nanoscal e particles. Preferably, the separation
| ayer has a fraction of nanoscal e particles of at
| east 5% by weight, particularly preferably of at
| east 25% by weight, in particular of at |east 40% by
wei ght [0019] Nanoscal e particles are taken to mean
here particles having a nmedian particle size of |ess
than 1 gm preferably less than 500 nm in particul ar
| ess than 100 am particularly preferably | ess than
50 nm These size figures relate to val ues which were
obt ai ned by nmeans of light-scattering experinents.



[ 0020] According to enbodi nents of the invention, the
menbrane plate coating nentioned nmay consi st
exclusively of the at | east one separation layer. In
a particularly preferred embodi ment, the coating,
however, further conprises at |east one further
por ous Iayer whi ch is arranged between the menbrane
plate and the at | east one separation |ayer. The at
| east onem;eparation | ayer is preferably the outer

er at ich the mcr ani sns_ar.e_essentj
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(ﬁ%ﬁﬁ%é Forf1dyér i §'% eV Prportant St of sgpar g =°
tmﬁdettufﬂncﬁhmﬁgaﬁp$n§s Prefler abtyendedepeatdatgon can  1f
aggﬁyo%’ri%%% POres Pavi-Rdidply separated off. At the same
time, it 1is 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 of a filtration appliance
according to embodiments of the invention is a membrane
plate made of a porous ceramic. In principle, the shape of
the membrane plate may be freely chosen. For instance,
round or rectangular membrane plates may be preferred,

matched to the respective individual case.

[0018] In a preferred embodiment the membrane plate has
a coating. This preferably comprises at least one

separation layer which consists at least in part, in



20 di aneter between 1 nmand 1400 nm nore preferably
between 50 nm and 500 nm in particular between 50 nm
and 300 nm particularly preferably between 200 mm
and 300 nm 25 [0027] The pore size of- possibly
underlying |layers generally does not directly affect
the separation of the microofgani snms. However, it i

t is
preferred that underlying | ayers have |ar
s _anFFﬁéeEEﬁ%raf?%ﬁéﬁﬁéﬁégf Pé???%ﬁj%%’yy 6%%#%?2%?@2 of
natbkhalespecti dlest.herd@epaply sitde, adperetisralayadi éht
frta%thS 9ut ShnoELAl &1 Lop: ] avar .o Foft | Dshancesi byl Sieight,
preferred that the pore sizes decrea Dtomards.th%
Pag i SR ERE LY 0®28Ferﬁbg¥ efdr r 88 ehifoii m%ﬁtﬁs Révi iy %

pdreast 1 one B35 tf uekhersoparousidiayer between the at

| east one separation layer and the nenbrane plate,

the size of the pores of the at |east one further .
[P6LdUTahayerld odtinden BRE §RE® of° tARADOIES diPthE ©°
haﬁzﬁga;i@tzkneafiiu@%@értiﬂ& s%izéﬁfﬁw hest pose Bizes)pantrably

e o e pores of _the. ra | at whi

L99gs Fﬁ@nlaﬁaéstnEOre§f. ?ﬁfglggggieg%sﬁ pgﬁfﬁcuﬁgp to”
pdrte coeanl w ap uge e lyoressi zban wh§ hith- t Reejaayerse flgures

re(l%itgcetc; h@aﬂ?ébe %h%ghi%efréeodtﬁ:%tﬂn%d by means of light-

scattering experiments.
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[0020] According to embodiments of the invention, the
membrane plate coating mentioned may consist exclusively of
the at least one separation layer. 1In 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 one separation layer. The
at least one separation layer is preferably the outer layer

at which the microorganisms are essentially separated off.

[0021] The coating situated on the membrane plate preferably
has a thickness between 100 nm and 150 pm, preferably between
500 nm and 100 pm, in particular from approximately 25 pmm to
60 pm. 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 layer.

[0022] The thickness of the at least one separation layer is
preferably In the range between 100 nm and 75min particular in

the range between 5 1m and 50 pm,in particular approximately 25 pm.

roe23] The thickness of the at least one further porcus layer

is preferably in the range between 160 nm
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20

25

35

5 non-uniformwithin a layer, if appropriate
overlapping with respect to the absol ute pore sizes
can occur, such that, for exanple, the size of the

| argest pores of the at | east one separation |ayer

can exceed the size of the smallest pores of the at

| east one further porous 10l ayer)- [0029] The porous
ceram c of the menbrane plat% is preferably a ceramc
based on a nmetal oxide, in particular based- on

al @ NS 46, PPF SAGHILEE 0ATt 6785 76%RFEI CoLEPEh ey and
sueh as dfUﬂhﬁﬂﬂt@x&ﬂQﬂﬁﬁkﬁﬁh@ﬁﬁlyn25Uﬁmher preferred
enbodi nents, non-oxidic ceram cs can al so be used.

[ 0030] The nanopartlcles of the separation |ayer are
20t praler abky pricdi:e nanopaiti cPés, thA paffPewtar plate

al uminum.exi dehéz@rtlb&é@ss ﬂﬁéraggb&yomammgoaat | gubdsier

al SO nano- ) rtlc es of coni um di axi g gr tita flum

di X5 EFE or sémh1i¥ﬁ}e oM ai PO dE P hahopaF EF &t &3ty

cahileﬂaeaemr ef0sr med. arkbr € pant i cul apkyithlar sepawetn oh00 nm
% |;n 25 particular zeolites are very highly

SU|ta g ‘In further preferred enbodi nents, the

nanoparticies can al so be non-oxidic nanoparticles.

[ 008dds 1l nTaspatt Leukar byepratensedbenhedilngst bbstheres

30 filtra i on a pl_i anc i Ng. he n n

t W™ TSTHT Eﬁe Elvgtng hasgl i) éé?%gl 1F&Jy%’ rfea% r}]\éﬁe&& z

ch@@Wuﬂcuﬂ@wlwheptﬁﬁ¢¢ﬁﬁﬁ&bfbﬁ@W?ﬁﬂedﬁMb§Wbmaﬁ%r m, in

Preference, Beweuer ESodhweihd o phurality of
channel s which are preferably arranged in paraIIeI to

one anot her which
[0626] 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 layef is wvery
important for separating off the microorganisms.
Preferably, a separation layver has pores having a
diameter betwesn 1 nm and 1400 m_n-, more preferably
between 50 nm and 500 nm, in particular betx;veen 5C nm
‘and 300 nm, particularly preferably between 200 rm and
300 om |

[0027] The pore sgize cof possibly underliying layers
generally does not directly affect the separation of
the Vmicroorganisms. However, it is preferred that
underlying layers have larger pores than the separation
iaver. Particularly preferably, with respect te the
pore size, there is a gradient to the outer separation
layer. For instance, 1t is preferred that the pore

gizes decresce towards the outside.

[0028]1 In preferred embodiments ha{ring at least one
further - porous layer Ietiween the at least ons
separation layer and the membrane plate, the size of
the pores of the at least one further porous laver is

between the size of the pores of the separation layer



35 extend uni foLaly over the interior of the neMrane
plate. - 10 - present invention has preferably at

| east 2 menbrane pl ates. Dependi ng on the individua
case, the nunber of nenbrane plates can vary greatly.
For instance, for purifying relatively small anounts
of wastewater, filfration appliances having 3 to 15,
in particular 3- 10,-nenbraﬁe‘plates can be

referred, |If Iarger amunt s wast ter are

P s ts of .
priG¥aceast nBRETePIZE51 14t | OF appld afces having °F ©he

sexgibabnbundisck ndwbiane Iplat ebearalesd concesvabliis
[eagg%g]ieé ?él %%?E:Egﬁlénppéé ance ACCOrdiNGEd Ofr pore sizes

)odi men 1 e I nvention has preferably a_nodul ar
stHGEEBr E&hghi B Efabl B4 e tARINBEE ¢ oS LAENTSaner PNy

t acheuwvarbed whthaccar dapee, WiEh apheopespect dwerlapping

~ i . 00341 ..l i I f
[ egul rggggtegf F% ?}ﬁsnﬁl%e%aygggusmx pLe cg&g}%q such

e atlon I ance according to

© t Hdaitnvéari onamphe, athd criste 2imdfer AAEIpF At @ the

20
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30

35

arfrangedessent kabl Yo dibparald-€l 40 eneeanother sikd of

thiis case.it is further referrfd t hat thg q}stance <
béte &¥=d L5 ar AT rjrg]r?oraaﬁﬂe Pt & hi Eh-arfe o7
arlmargéd essentially in parallel to one another is

essentially always the sane. [0035] As has al ready
been described, the shape of a_ _.in principle also
t OA0RE 1di HeRSIRHLUST SCTRINGT aRé piift ePSRRETET nPLRe® 5
| engiferapiwi deh efranteny=ane plcat eagenetal| yodoss in
runar §%gﬁdr15gg§% 3 %%r éfﬁﬁ;; ! okgdg.pnﬁaegﬁggtion to
ertio Jnen?, a rectangul ar menbrane plate has a | ength

ofoxdppcoxferearelge 50ueh @vd al Wil oP*APpr e FEEEFY 1D

fod=

1l Gher preferred embodiments, non-oxidic ceramics can

also be uged.

[0030] The mnanoparticles of the separation layer are
preferably oxidic nanoparticles,‘in particular aluminum
oxide particles. In addition, in particular, alsc nanc-
particles of zirconium dioxide or titanium dioxide or
else mixtures of said o=xidic nanoparticles can be
‘preferred. For particularly thin separation layers, in
particular =zeolites are very highly suitable. In
further prefsrred embodiments, the nancoparticies can

also be non-oxidis nanoparticles.

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

plate.

{00321 A filtration appliance as claimed 1in the



[0036] The thickness of a nenbrane plate in .a
filtration appliance according to enbodi nents of the
invention is here generally preferably in the range
between 0.15 mmand 20 mm in particular between 0.5
mmand 10 mrm In a partlcularly preferred

enbodi nent, a nenbrane pl atelthas a thi ckness of
apprOX|nater 6 mMm 0037% A sewage treatnenf plant
RACEEREI N YH ErBbdin@ent BTeFeIHeLY nvidnt 16ASEs < membrane
pd@%bsngum&ﬁ@@dungthatﬂHe hasiiatiduedstcaere fiHet natibem of

| iance ai med i e toi nt

re ngbl§§§%$%eW%5% -Jé%?* eg%?gnt g%%or%ﬁgtance’ tor

reyri3cdiiment sr@ifaith‘éemveﬁfﬂaéﬁ |s':ma>1§HEeﬁ I @Em@l@stewater,

fineatanin Félmaﬂdb@alﬁéﬂrﬁﬁ%aB haviTg, aipupki-teatnan 3-
to 5000 ger ons gg to a r |dent];i ure

]gﬁtput fo

nﬁ(ﬁkﬁﬁeﬁh trif r58wce accordi ng
aﬁﬁwadt&wateroérQkmr@duaadﬂ bovkasral Eeatyabeen appllaﬂces
hgl Igsat eLy,&xpl ai nedsrIhe cpimespandi pgapasts ffetheiso

escription are hereby explicitly incorporated herein
Wy crdféidice. [0039] Preferably, a sewage treat ment
pl ant as cl ai ned in the present invention has at
ne n

heast anepcliyal W NabRAkahab VASIEMAes . cbn dibich e

y pum
O éh@opgﬁﬁngh@n r@@m{ef%raablﬁmaﬁ hféi9 lb{aelf eftEgrture which

e@m meat ofuridie sewagentyreakbment aipiantcadsor gangetio in
nventi. at | east one ndar | arification
'a?%ﬁﬁéqQﬁe Wégﬁeﬁ%?é?esggcgéﬁnecgéﬁl oﬁ%§%1eanwof t he at

| east one activation tank. [0041] A filtration

@'@3’4%8 BEcQr dgagt&eufgiapgl B & Hed herbRveRthen 6an the
In this case be connected not only dlrectléFto an

ELER TR Qon3 b it aFSer 95 % $&cortfar yREFRF1$T caf'6n &°
1é @k, 2[(xhﬁﬁrawg has aaleseadyebeemraegeilonedsentially in
pspiggﬂ%jﬂe'%s t'a%o%%%ent TRV e 10N LSO LOMPET S8 ther

url yI ng wast ewat er, gartlcu ar in a
PEehREESIt r“e%@*ﬁen*%h%l St %e‘b"r &% ngui ShetFg ity of
méfaka ik Cr pORgaBi SHBisiH uaded | arthegudst esakeriandéy in

o3RIt 6d QL BYoIRAPS: Ol Abnl9ast, ODR £ Al <hAsed

Ounts

[0035] As has already been described, the shape of a
membrane plate ln a filtration appliance according to
embodiments of the invention can in principle be selected
freely, depending on the individual case. The same applies
in principle also to the dimensions of a membrane plate,
wherein the length or width of a membrane plate
generally does not exceed 150 cm. For instance, 1in a
preferred embodiment, a rectangular membrane plate has a
length of approximately 50 <cm and a width of
approximately 11 cm.

[0035] The thickness of a membrane plate in a
filtration appliance according to embodiments of the
invention 1is here generally preferably in the range
between (.15 mm and 20 mm, in particular between 0.5 mm

and 10 mm. In a



- 12 - [0043] The nethod according to enbodi nents of
the invention preferably conprises a biol ogica
purification of the wastewater by m croorganisns in
at |l east one activation tank. [0044] In a further
preferred enbodi nent a nethod as clained in the
present invention conpriséslé'éecondary clarification
of the wastewater in at |east one secondary
clarification tank. 4 od] pf Lhe-bnesent
DeGHL P oY | DA RS SMr e TE Thg deaeopfl b
tiderariss bds edpremirmielas & iM%-er for separating of f
m croorgani sns fromwastewaters. [0046] In a
referred enbodi ment of the use accordi 0
(aTn GrRv A TR O bt oy Bre 14 R e
ofpliate Tradatafora ipordius: ioguashedwhnchlis pEolRrEedtw BAST
d 'Eif‘t?:?éa@%ﬂ atagytpilofﬂélr!dé ayer £pathag whi chhe present

Sdiments
rane

onéL
conpri ses separ

. _ n | ayer which con§i5t§ attlea tant

invergaran of AFFoSEaE Yoar t ifcl eSEVREG47] “Not “Oht'y thé

admyTRrake pbatésbdlincaltso bhe woat iingecobpni sihg & hemall
separation_|Layer hay en descri . 4 sthe t gxt

S Fhe 5%5?5W§?£onspg?gfhe fﬁ?trétloﬁcgggﬁran%gg é i

padddrditignt oueRbbdEnent stef S He HEFPEREi ¢H° Herd gt

FgprLespongingl y, reference is nade to the rel evant
ggﬁts of the description. [0048] The above and ot her
advant ages of enbodi ments of the invention wll

[ hETONET I pat Bnt 2 € 1 om déel desaeFptibnd of ot HELPEI MBI figO”

1j%§agﬁbgn@ﬂg%tﬂgsfgggégéyl%e%ﬁ”@b%@hé@@lyﬂEﬁ$ﬂhﬁned. The
subcl'arns. The individyal features of .enbodinents,af
cerreInwEHtIDn 2AACbe Phpl dfént €6 EactP HtBhe B i n Y
egonRiirati oncyipdrarel aratherby Thefeeanpl-es and

figures serve only for illustration and for better

under st andi ng of the invention and are in no .tod .
[ B3 Underasicosdlas Fei SRy ticeimgat Posas alsnm‘f%éme +hn

thd OPreSent- ik¥ention has at least one activation tank
for wastewater. Tn this the wastewater 1s biclogically

purified by microorganisms.

[0040] In a further preferred embodiment of the sewage
treatment plant according to the invention, at least one
secondary clarification tank for wastewater is connected

downstream cf the at least one activation tank.

[0041] A filtration device according to embodiments of
the invention can in this case be connected not only
directly tc an activation tank but also to a secondary

clarification tank.

[0042] As has already been mentioned, embodiments of the
preseht invention also comprises a method of purifying
wastewater, in particular in a sewage treatment plant.
This is distinguished in that microorganisms situated in
the wastewater are separated off by means of at least

one ceramic-based membrane.



Fig. 1: shows on the left: nmenbrane plates for a

preferred enbodi nent of the filtration device

according to the invention having channels for

conducting away purified water. In each case the

exits of a plurality O channels in the -nenbranes

whi ch axearranged in paraltelto one another nay be

seen. The channels serve for conduCting away the

purified wastewater. 10-On the right: m croscopic
(@Bt 3 ITHef retbpdsacsectiion threuyhlimemssbrdnghpl dheention
p¥g%é¥gﬂl Sdl, ?gkgﬁ?CQ£rQﬁEﬁ£@9c%ﬁe HIVERL QR oA N dh€ the

ower Tegi on (dar the relatively coarse-grained, .
waRweteire of PHETPOFOURIYET afic ¥f tRESES Cﬁiﬁwbﬁsﬁé‘f&tw“
tHhiat e may be seen. At the top (light) the

significantly finer structure of a thin coating (here

only consisting of a separation |ayer) on the porous
[@e4aim Gnmay by, FirgfozredhoWPHHIBEM | fagBSbioa as
T i il v sl
ording to invention, ree_| ayers my en,
el Y0 the Pert Wb SUBAFACTORT| aydr . Th ¢ fgaSE one
seett@try acfarihieraporousahayer nmenbrane pl at e made of
a 25 layers and the nmenbrane _consist of al um num

oxi de. and the thickness of the SOEore fro . .
[0045] Embodiments of the presen invention likewise

relate fto the use of a ceramic-based membrane 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 provided with
an, if appropriate, multilayer coating which comprises a
separation layer which consists at least in part of

nanoscale particles.

r0047] Not only the membrane plate, but also the coating
comprising the separation layer have been described in
the context of +the explanations of the filtration
appliance according to embodiments of the invention. Here
alsc, correspondingly, reference ig made to the relevant

parts of the description.

[004817 The above and other advantages of embodiments 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 embodiments
of the invention can be implemented each alone or in
combination with one ancther. The examples and figurés
serve only for illustration and for better understanding
of the invention and are in no way to be understcod as

being restrictive.

[0049] In the figures:
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and on the right a porous ceramic. The plate itself
each The separation |ayer |ayer each have a 25 4m
The thickness up to 3.25 nm The the separation |ayer
approxi mately 800 rim (central further porous |ayer)
to approximately 200 rim (separation layer). - 14 -
3: shows a filtration appliance according to the

i nvention having ten nenbr ahe Pl ates arranged in

-parallel to one another. Exanple 5[0050] In-a

| ong-term experinent, a study was made of how stably -
a filtration appliance according to the invention -
behaves oghgpgrameRﬁ&ﬂDQEﬁg:bed@mﬁkhﬁd) placddi Sor a

study nol di ngs_nmade lc EKL.Bio [
El enent s Pr8g1ﬁﬁ?dn Ogﬁ%%% Togsbegg £*£ OE Qiiylce
10 constaﬁﬁbyrﬁnn@oﬁQaEEGMkﬁﬁeﬁhéO%Bh%Y%ﬁé %ﬁa?9915 for

f|Itratlogogggg+a&gea@g§ogﬁhﬁgl%@_hﬁgxpnven§|@achagnﬁ
after a plurality of

eks, v her e
nor wear EPetH%“ﬁﬁnﬁ?gea é%ﬂ?ﬁﬁﬁ‘}oﬁ% r3 ann ﬁ' the
menbr ane khmbugh@mtwwwnhzﬂma)amaamgsdtnsfa@r@l 1 to ome

another may be seen. The chamnnels serve for

conducting away the purified wastewater.

On the right: microscopic detail of a cross
secticn‘ through a membrane plate which is
suitable according to the inventiom. In the
lower region (dark) +he relatively coarse-
grained structure of the porous ceramic of the
membrane plate may be seen. At the top (light)
the significantly £iner structure of & thin
coating (here only consisting of a separation

layer) on the perous ceramic may be seen.

Fig. 2: shows an SEM image of a s=ection thrbugh =
membrane plate which isg guitable accoxding to
the invention. Three layers may be seen, namely
on the left the separation layer, in the center
a further porous layer and on the right a
membrane plate made of a porous ceramic. The
lavers and the membrane plate itself each
censist of aluminum oxide. The separation layer
and the further porous layer each have a
thickness of approximately 25 um. The thickness
of the membrane plate 1is up to 3.25 mm. The
pore size decreases towafd the geparation laver
from 4000 to 6000 nm (membrane plate) through
appfoiimateiy_ 800 nm {(central further porous
layer) to approximately 200 nm ({separation

layer) .



Patent clainms 1. Afiltration appliance for

wast ewater purification, for a sewage treatnent

pl ant, conprising at |east two nenbrane plates . 5
made of a porous ceram c which are arranged

~essentially in parallel to one another for separating

of m croorgani sns, each of the nenbrane pl ates having
internally at |east one chanhel for the outflow of
purified wastewater, .and,a_thick e D a
10mh%- '%ﬁe%g?"ﬁs t fie %ﬁggéﬁgkp|a§1pg§3§g€etag%§6%%i‘%% ?ﬁle
a t hi cknessvertQidget eehnd 00rm AILISOpRATSSh crranged
conprises;a separadi an lAennbakiag pores with a

di aneter between 1 cm and 1400 nm and whi ch consists
at least in part of nanoscale particles. 2. - The

“filtration appliance as & ¢ in claim 1,

- 10

characterized /15in that the coati ng conprises at
' e@%tso?”eﬁ uLt Rer DOLOUS L AYLLndMY Chh | Srialyf aRgethade of
between the menbrane plane and _Et,hg separ ation Iaygr.tbe
3.5oFhesErPiy atf ofidppRiarite aé?ﬂaa‘lcﬁeda‘f%o%ff@gof - =
cliaiv tloar r2nagehanactperbzedni rnbiatg thed coatiay - In
hag & thigknessht om appyoxi FRLEl¥::25 RN B98O R arrier
Elements from ZXRaldness, 3103 Tgnsberg, DNorway) were
constantly in contact with the membrane of & filtration
appliance according to the invention. Even after a
plurality of weeks, however, neither damage nor wear of
~ the membrane could be observed, and the nembrane

throughput was also very satisfactory.
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4. The filtration appliance as clainmed in one of
clains 1 to 3, characterized in that one porous
ceram c of the nmenbrane pl-ate 25has pores having a

di anmet er between 100 cm and 150 pm in particul ar

bet ween 500 nmand 6 Tim 5. The filtration appliance
as clainmed in one of clains 1 to 4, characterized in
that the -16- separation |ayer has pores haying a

di aneter between 200 9&%%99 Qm m 6. The filtration
: g%% $ .

appl i ance as cl ai ned cfainms 1 to 5,
5characterized in that the porous ceram c of the

nbr.ane_pl ate | idic c ' ' 1
B T g
asewglgai medatmerdnerlehtel admry iz ity &) EeRptadter pgegrang plates

t%ﬁﬁe tQ§ Qﬁnﬁg¥8ﬁse £@¥£ﬂi€'%§d€£,tiy% SQfEHh%%BC”Essentially in
parallel to one another for separating of microorganisms, each of
the membrane plates having internally at least one channel for the
outflow of purified wastewater and a thickness between 0.bmm and
10mm, wherein the.membrane”plqtes have a cocating with a thickness
between 100nm and 150 pm which comprises a separation layer having
pores with a diameter between 1 nm and 1400 nm and which consists

at least in part of nanoscale particles.

The filtration appliance as claimed in claim 1, characterized
in that the coating comprises at least one further porous laver
which is arranged between the membrane plane and the separation

layer.

The filtration appliance as claimed in one of claims 1 or 2,
characterized in that the coating has a thickness from

approximately 25 pm te 60 pm.

The filtration appliance as claimed in one of claims 1 to 3,
characterized in that one porous ceramic of the membrane plate
has pores having a diameter between 100 nm and 150 ym, in

particular between 500 nm and & um.

The filtration appliance as claimed in one of claims 1 to 4,

characterized in that the



10

T 15

10 | ayer are oxidic nanoparticles which are sel ected
fromthe group having a al um num oxi de, zirconium

di oxi de, titanium dioxide -amd m xtures thereof. 8.

The filtration appliance as clained in claiml,
characterized in that the distance between a

plurality of nmenbrane pl ateswhich are arranged
-essentially in parallel to one another is ,
es“f’esear}:talt?gllyl l V@.yt‘?’ast I?)%régnﬁav gﬂg Eh%igfn%{:é@tﬂecﬁ%een 200 mm and
appliance as Taimedin one of °-17- claims 1 to 8, ,
chdr awt-eri zed in that each of the nenbrane pl ates has

a thickness of approximately 6 mm 10. A sewage

treatnment plant, in particular small sewage treatnment
Spieantiltclaar aot epbzeanda ahatldimedagdnarnfeast copgns 1 to S,
féﬂatf %tc%gg{]ze"i]ipghl aHCE AFe %cﬁ'oﬂgdcbga&ir@ & Glai®mnlab® plate
97 1T, e sewage treatnment plant as clainmed in claim

105 avharadieriszeditn Thapriicuhas 2aeef asplgheun oxide.
activation tank for wastewater. 12 The sewage

treatnment plant as clained in one of clains 10 or 11,

cHur abitidmiaréan i Apphianga 4o laimPeadt 6Re sEcohyHry 1 to o
Cék@iﬂafcltgﬁ?gké)@ fl@nghitortﬂl@sffa%%&ﬂe particles of the separatiocn

layer are oxidic nanopartiéles which are selected from the group
having a aluminum oxide, zirconium dioxide, titanium dioxide and

mixtures thereof.

The filtration appliance as claimed in claim 1, characterized in
that the distance between a plurality of membrane plates which
are arranged essentially in parallel to one another 1is

essentially always the same.

The filtration appliance as claimed in one of
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10.

11.

1z.

- 18 - Abstract The present invention relates to a
filtration appliance for wastewater purification,
preferably for a sewage treatnent plant, in .

particular for a small sewage treatnent plant,
conprising at | east one ceram c-based nenbrane far
separating off mcroorganisns, to a sewage treatnent
plant having such a filtration appliance, a nmethod of
puj[al ¥I cho %\A@g térllzgdpafr tthgil:”e% hI&E 3G BCane plates
t Féatment p a‘i I'n"m croorgani sms present in
th@smmsmEMm®e$cﬁiepgepmwmﬁﬁaiyoﬁfm@y means of at | east
one ceram c-based nenbrane, and also to the use of a
ceram c-based nmenbrane as filter for separating off

i c peoTggarireatnarid, clishtappropeiat@ilafi AEa k| $ersigsf rgipatment

V\]_@f’anecwatcﬁ{a%acterlzed in that it has at least one filtration

appllance as claimed in one of claims 1 to 5.

The sewage treatment plant as c¢laimed in claim 10, characterized

in that it has at least ome activation tank for wastewater.

The sewage treatment plan‘t as claimed in one of c¢laims 10 or
11, characterized 1in that it has at least one secondary

clarification tank for wastewater.



