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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- basedpungairg;;r ane O%o&egggrggg 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
tank,s f cLagroag sep are: wsed dosokder b0 decimmose 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
t &1 HHE PR t ré?ﬁ“%gtﬁ %t ed to the a%%%%@gl% ,O“f
' 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
wat.er ,bodies clean: whigh geidel i;nesehave 30:adk eadyrse
been substantially converted to national | eqi Iﬂactl on,
howevRIeTFes cF PHE O SREuroPpEdd der pashe %%fa“()nﬁ y*=e

- 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

areicroorganisms are used in order o deCompcse recal
matter or other organic substances. 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



35 generally separated off by fine filters which
reliably separate off m croorganisns. [0003] In
.Germany, primarily in rural areas, in particular in

eastern Cermany, predom nantly- for - 2 - technical
or econom c reasons, currently an estinated
5.3-mllion people are not connected to the nunici pal

wast ewat er grid. Those af fected, as a consequence of

said EU di.rectives, had to be provided ,
STt Sy coiaier s BT " nrestned

t 05 t heniminicei palorgei dmer rnt tdwuopereat i on ofe avgwetioal
SRR T | p| #hbso Thigesidyat hgn acrs@{%@n@egrbz

demancle or detentralized wast ewat er treatnent g%g s
g‘el

whee | BY i Rl t fodate. °ro PTU06EF Srip *
5 t reptr@nnpkants aoesr eldtdiheel y W detyniticsticirbutted, the

whi ch. sewage_t.r atrre Ln consist of
~ coleteErdeco rallé{rier mﬁ?c%“g arn - %g Igﬁb %vf%egd o age
. t hteeagivartb arls(tpr €Fiyd n%lr"yiaiﬁaﬁﬂ created a h‘ Gh demam

cl %if&i&é’éﬂwla“&tédv%&@wba@}f/ %@@9%@"1&/ plants which is
clarification). The prelimnary clarification is used

i RS P €5 Fenove coar se conponents from the
10 wastewat er nechanically or by sinple sedinentation.

Th? E%) %m%gqpoggtﬁgse Which-arer S%ﬁ%&*@_tsedagé f caugtibe:y

reqgular time Intérvals.
ac‘t\’%%&bi’ orflftsd%ﬂékém‘ﬁ%al n&AFEr oﬁ’re@j’éﬁﬁsrrst"\ﬁﬁ @ﬁnperP%‘?WfS
thEOzbézﬁs:Ogbﬁab n:tUdrfd cadrcamst et heorsedonrdaryhich again is

clarl icaiion ta serv r se off
g rtdd Wﬁl ¢h T %8 muced éygglmﬂary

r oor ganl SnB have een intro
157t eeilnmm:aqata«@nt/@cm@aéewvb@iﬂé%ﬁecondary clerification) .

The preliminary clarificaticn is used in order first to
remove coarse components from the wastewater
mechanical‘iy or by simple sedimentation. The coarse
components which are separated 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-
bed processes, free-floating plastic bodies ars

employed which can £i11 up the activation tank



25 tank and/or to the prelimnary clarification tank.
Thi s equi pnent can be suppl enented, for exanple,. by
a conpressor which feeds oxygen to the activation
tank via a nmenbrane tube aerator, and also a
subnersi ble notor punp for transporting the excess
sludge. 30 [0005] In an activation tank, in the
course of time, excess clafified sl udge forns which

must _be r uIarIy dramn f f by suc -
AIYEFE%E%H% e Terme gﬁ%@%?ﬁ-%ed PP S st hs

areaaésdmkﬁowwnlan@lcmlﬁhéiannhﬁ@l%ﬁ Gflex eess freelg

sl udge.is. generakl y-deastically reduced. In contrast
to the classical activation tank, in noving-bed

processes, free-floating plastic bodies are enpl oyed
Smmtcmo&an:miIfedﬁhﬂh@eacsivakian EankherBaevél@gmﬂdgzof

et S f ound. 8., C .
T e I e W
nkllﬁ‘éﬂv@ﬁ éffSB@S ’T‘G[@@@ﬁ It vigéent ?%%TT%O‘” é’eﬁupﬂﬁéflm
- demgkmnt h8bet hesdenown: aowmgb@@@inéreteeea}snshed. Such

i ncr ng| at_are known as WBB[, -

oF RO L SRR vt Tk BAtthret PR tRAL 5 n
10 haudshbeén aBl 896t &3 betonelnstaybiesedhoSachlaet hpdastic

ar80§§é§ré$ﬁ?é Jé”cé?%ﬁggéhwﬂﬂﬁﬁ]%a%o%%JQQQOQEQeéOby the

also in DE 196 23 592. |n these-nethods g%% E% %

boBi BEC¥ETVE 58S -cdrtd dPCTIRTRRERR B8 YBFEBnIEEacty fre
theDnb@éfmﬁQﬁnmamny ?EhalﬁzedoangamaShBcnmgﬂ@Bpéyrpn the
meahggﬁe r 6. lQuavar g%ﬂl%rv%asy Lacaﬂﬁ&r%atﬂé@ | Yot hods

conpletely on the carrier teri al eas-
15 f | gPeFzeERBed W?ét%odgflﬁsrnéééﬁfat FBRELGRr U lor iGicHariyely
cakhbedoditalaxcl @sickeky araerobheal 1y Wswa hetthods, as &

aerat'fn)éf N alrn%%ﬁ%quaa§ a; Eesgﬁé éﬁ"‘n%:ca?fiers

IanOHUCtIOH (0] StIC cérrler on|z
by cai.op bord)dnt mmmmsml IaVEaﬁﬁtW$br mnf uniformly
di at Ebbubeded ofor F4#i @i 2edid- i nid hewaclduatbedazepge and

and . .
20 zre situated in the mov1ng sugpension, which gave rise

to the name Wirbel-Schwebe-Bett (WSBE) [Ffluidized bed-
moving bed]. Even in the case of greatly varying
inflow, e.g. in the holiday period, the biological
system in the activation tank always remains intact.
25
[0007] However, there is also the problem in the case
of wastewater purification by a WSB® method that mlcro—
organisms are discharged into the environment, that is
to say microbe-comtaining wastewater 1s introduced into
30 - 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
35 enable treated wastewater to be able to be reused =8
gervice water, the wastéwater must therefore Dhe

additicnally filtered.
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20 are situated in the noving suspension, which gave
rise to the nanme Wrbel - Schwebe-Bett (WSE(D)

[fluidized bed-noving bed]. Even in the case of

greatly varying inflow, e.g. in the holiday period,

the biol ogical systemin the activation tank always
remai ns intact. 25 [0007] However, there is also the
problemin the case of wastefater purification by a
WEB(r) nethod that m croorganisns are di scharged into
the environnment, that is to-say m crobe-containing

wa bt @t erFors 1mdt tzodtecedDENLBEBDBEthe dactrvhted ssokbwage
Zoaﬁﬁﬂﬁéﬂ%fﬁiéﬁimekyé”%aQQQ%?Péx“@keHﬂwxbpoP§]119 cered
avol m croor gani. sns from being 1 ntroduced

i nelereuss gobingaged BoFFOoroherad o858 8naB| grder o
t read £di washewal Bfet 01k abl ect-0ibe weusedrasesesyt cand

wat er, the waste st theretfore he additionally.

fifEeted. Ton W?%%&&?%Hmée$%1ance %DEﬁf§§6§éggrg¥ion
degevidres a& sewagettpéatheny pieht ,fathe avasmewat epepfige
which, &8 fd I tened Lhroughssubmprgedan ehafddddsal 19N the

menbranes in order_to 5 pass it thereafter into

seR G B8 ialerta6s ePYbi FOSRASFBUSE [T CEF DR L18ABIet o
dest¢ | ws:or mrenafehtrat4on. . device as a retroflttlng
-set for a small sewage treatnent plant which is
connect ed downstream of the activation tank but

upERP Elm o tHd @A U étrFiic filter mewbranes are

used which are arranged in a module form. However,
'organic filter membranes have the disadvantage that
they can only be regenerated or chemically cleaned
inadegquately, - 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
relatively high liguid pressures, they can 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
which can inove = freely in the activation tank,
mechanical defects on the organic membrane <¢an be
caused as a result of which the low-stability organic

fiiter membranes can be destroved within a short time.

[0011] The wuse of f£ilter memxbranes 1s in  addition
linked with the fundamental prcblem 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.
This leads to a drastic reduction in filter performance
to total blockage and therefore to fotal loss of the

filter membrane.



10 the sewage treatnent plant. [0010] In all cases
here organic filter Menbranes are used which are
arranged in a nodule form However, organic filter
menbr anes have the di sadvantage that 15 they can only
be regenerated or chemically_cl eaned i nadequately,

so that all of. these nenbranes nust generally be _ _ _ _

d | h d S
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remjﬁtilﬁaﬁl cralquEabclletay;ngucﬁint h@nsatopmatepat kel peghte
str}gg}ﬁ' ds pf@\ﬁﬁge%is sol BEYt CRRe: 68 M e ydaragededThetdseis

or gani c nbr anes becones parthc IarI serious in .
theme Q%Q@iden%%eotfrﬁ%% BEF nEthbas i %%%f?ecmlé‘r e
oppBst he , UNBECL) onet hbdcksanengn. t hese, aas @Twsul t the

ek Lhe Hla%/tse.tﬁ“:l ¢ Larfi féaggr Ehc Ip%?ftz%le%bﬁgdcaﬁs MIVEesult

freel e activation tank, nmechani cal defects on .
oft hehoPlyarine nekbiahen@an e catsett Heh PeIjoETgRce is

inMi6Rehhe alg@t\ifnSt ghid | ty afgaHim f Iﬂirﬁ‘{ nepbwanes, cahhis
be destroyed within a eshuollrrt ti e, 3 OOl%J;uﬂé‘zﬁeHﬁe
ProCeA Fer Fidrdnes i I H " 4ddi Tion 11 nke

adidindament el epnobbeni $ hatt duriang q‘qsrtt rafi okpsigg already

flﬁ%%%éanglathX‘eRNhll%hd%%%lttl%d ROutbhe o esrsitifcace off the
menbrane (what i's terned fouling) which provides

Ovérﬁ%%lﬁ%ﬁg‘e to the material to be filtered. 35 This
|l eads to a drastic reduction in filter performance to

oto‘31t36}' %@%@ﬁ@n@gd eger@ﬂ@re%ﬁgséﬁglql%ﬁ&loj‘ntrgeeek to

pr@W@?l 53] |SéV‘E¥eorﬁ%elﬁ%ﬁB‘?%?ﬂéfer e§Bi e e%ﬁ’Farpuﬂleng
waGheanitBgs . | Thibi $ooperahi ehathe fpenspatia staredmuilsr, on

rever sed SO, hat. t he i_Qusl d t
H?é:ﬁtﬁﬁll%pe% % 1ctrrc])rc30 a%l\isgn% é’ %%%Iﬁéecﬁbrl\aﬂ?e@%%ﬂéﬂaters
KnoppospPteoxi raefcttl @ﬁ@b@@#’(wa%mkhg)as pgaid r glgalirugtien  of

flClQ;\é%lr'rﬂ&F}Bﬁyﬁé%' ® tbifc};?ﬁ&(ﬁld:@l p@]lci’t nﬁh&ik{ﬁﬁ‘lﬁeﬁl asc@ion or
result o ef ficiency of e filt
thert trmEtte ?g Pﬁ8‘3§3§88 aad]acf ourlta;mé:er Oan'\‘%nletX gleaning
stidpwewest bhi svordseds @Og@ri@’taﬂyy aﬁemsﬁéé?l@epar ate

equi pnent. In addition, cleaning is at the cost of

| osing already fil tered water which greatly reduces
[o0he | ebbborenuy tof & Heroverabkcbyst ephe present invention,

- there is provided a filtration appliance for wastecwater
purification, for a sewage treatment plant, comprising at least
two membrane plates made of & porous ceramic which are
arranged 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 0.5mm 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.



[0013] Enbodi nents of the present invention seek to
provide a sinple and i nexpensive solution for
purifying wastewaters. This solution shall focus, in
particul ar, on separating off m croorganisns
contai ned in wastewaters. Known prior art problens
such as said destruction of filter nmenbranes by
bi ol ogi cal or nechani cal action or the bl ockage of
nmenbranes and resul tant Cofplex cleaning steps must
be avoi ded as conpletely as possible. [0014]
According to a first aspect of the present invention,
[OPhérE is Apragwidded atei | r &9cORdappPPeice For the Ppresent

1n‘0@§{§%@t ernPl i fkcaliQigefion assawrger tdfali®ntplant, in
plant, conprising at |east two nmenbrane pl ates nmade

pagt i auiRer ous SBet AnPewal chr et @R ahgad  eSSBREFEFTY 4t 1r
thRer 8 1:8ls e 9Bgsangther 1k0kt s@panliiBgcO®faccording to the
m croorgani snms, each of the nenbrane plates having ‘
firatetRA9% at | east one channel for the outflow of
purified wastewater and a thickness between 0.5nmm and
10mm wherein.the nenbrane plates have a coating with
a thi ckness between 100nm and 150 um whi ch conpri ses
a separation layer having pores with a dianeter
between 1 nm and 1400 nm and whi ch consists at | east
in part of nanoscale particles. - 5a -
[ 0014a] According to a second aspect of the present
invention, there is provided a sewage treatnent
plant, in particular a snmall sewage treatnent 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
enbodi nents of the invention for wastewater
purification is provided in particular for use in a
sewage treatnent plant, in particular in a snal
sewage treatnent plant. It is distinguished in that
it conprises at |east one ceran c-based nenbrane for
separating off m croorgani sns.



[0016] A ceram c-based nenbrane is distinguished by
resi stance to biological or chemcal action and al so
by hi gh mechanical stability. In contrast to the
organic filter menbranes which are known fromthe
prior art, which have been used to date in smal
sewage treatment plants, af¢ltration appliance
according to enbodi nents of the invention having a
ceram c- based nenbrane nmay therefore be used wi t hout
Epoblens also in an g bed net hods art

sol i ft Selr el e batHent aﬁFgﬁF er “at'@ bélnents |
oaca:hedmgremlbhe f\ASB@nameew@uerl puwfhg@*ah@ﬂs Wt hogyided

iRf %@r@%uﬁ.&? bi gl Olgéé:alln cfi QQWQQQSQ:‘}e@)ﬁmteHQ plant, in
roorgani sns and at_the sane tine_reljab
péébh‘?‘é%@-‘é tifesé offalli FEVEGE dEr%ﬁngﬁgpé?%aebt mattert®
d@@ﬁlh@u_ﬂﬂ@é@pr iate ralao hic rebbabtysseparat ed efdft. Apne
sane {i td 1 st an 0 Imec tion,
cegem% ? ge r%fr_[%? tfotr Q@Bb?@ltlﬁ% off

8" due t0 astic carrier particles tloating
mmr@thleg@@wlvatl on tank. This becones particularly

positi veI y noticeable with respect t o mai nt enance

i nterval s and time, of ne,

CIk-gpjeefe fergnﬂé:i‘rgjraa?ﬁéj f“em%fefl o1t ratllgon appl(zgéylShed by
re&acanamlc&g tm eibbdshent sobf cheaicalemdtgwn sand also by
hiBPLaREaRE &L € r@%qult% pOI@U%&ﬁrr%@tC thN the organic

prlnC|pIe t he shape of tE n%lﬁ Iate mayi% nich
- £xltsa perkssBRs YEBFCFnéf’%n ROWL ‘?eoc]ilé:)ﬁglﬂr whte
hdeiiyeamne upsledt es piayeben psred er rquagmttcrha@dtnmu péants, a
le'n% a&cmsnt E)qll\éln al ,eas dln[goog-§] élﬁb@dﬁﬁ@x{@r%ﬁf the

rane pl ate has a coatln b
lrpreéftéqoanbwve@@pei se¥anf creaged ore s 4t f}eafféﬁore e
udMY ChiGPRGLESt Srablégastalisy pamt , mbmngemd prr&aétd‘rcromj in

embodi nent s, . essent | al I npl I
pfb%ﬂ‘f%]tae% ?’}Sf’er apl y, %(%Jcefseggﬁggtg%on ay er plants
opemdtadon agtondhoscate pdra i ¢ISE® omeébo‘lieas¥t S%WStamS
i"ﬁﬁ&m R G aﬁh¥ Q:Kﬁflﬁfgafma/l Ofac&tldneaa&ugé&’o byy the

parti r of Ieast 40% b
mimgam&agca%& Brec saPE caktn roReRN hergarates
tiperd | clfefls havineg ao&edsanapfarww@ewe@ glatiteys tdgan 1f
;%%&{?rf%%%f era ybee%lﬁgﬁmyis%pﬁ'ﬂatbﬂ Rart. cant athée%&me

am partlcular Yy rerer Yy | ess t han
CiHocelSi 6 MiCLE el H LE S VA o AT AR o BT eHample

d@bt atped physmreans cosfrﬂueght -sxattaidang ekperiment $n the
200201 ACCQLAENG 1 QTDAALIROL S 0L L8, J Ve ki <R 1y

bt ane plate ‘coating nentioned may consi st
nelkclarsilee| yich t FesaeCheatf oMBLREPHRET on M2 ls nand
1 PrPaidd et arhy pepbeshied enbodi ment, the coating,
however, further conprises at |east one further
por ous Iayer whi ch is arranged between the menbrane
[pdEtle amdfehebaly,| eastedn@rsepaf atti éa Ltapdd onThHerdiiance

+@@§&1 ew%e@ﬁ%g pRrkay s ishdrefesablynt he eUt@mbrane
ayer a he m croorgani sns are eSfent

ket U1 . D02 PR Lot P AP aTee Bt (Tee ©F
e nbeaneapt apeapeetavaliley fasely t bhiokarss Betrwaars tk0ge,
roungn% 150 cpggr}cgﬂfcjlf)r ﬁgh)ﬁrgﬁgm%@@ H\g‘yarlge 180988} red,

N ti cu om approxi matel'y 25 gmto 60 gm
mal'thég?éi Fal Ges ﬁ?%@%@’%ﬂﬁ@ lé’ldéSlQBﬁiLyC%%et he cases in
whi ch the coating consists of the at | east one

por ous er.a t separ.at |
@@@%f T Go2® éﬁ% Fthi c%%essm% t ﬁé { é"%t%%oﬁét%n has
asepaprttinon | Apes | preferebabl prﬁlpﬂfhéeﬁang“’é bekS@dn one
sé&&ré‘m&@dﬁé@ﬁ i PRI tbeyt afsi Att heagange petveenns
gm and 50 pni,in particular approximately 25 gm
[0023] The th| ckness of the at | east one further

porous |ayer is preferably in the range between 100
nm



- 8 - and 75 gm in particular in the ranoe between 5
gmand 50 gm in particular approximately 25 'gm
[ 0024] The porous ceranic of the nenbrane plate 5
(substrate) has pores preferably having a di aneter
between 100 nmand 10 gm particularly preferably
begmgen SOSCPF1and 6 gm in particular between 500 nm
an gm 0025] . The at | east_.(n furt S
oy e RAE PO} e B ETabEy Ry B dranstar Bor oden °f
n=h0@can apsiriZ Jrs . pareifeubary y Tp‘reefsalc@ma)tl@@t WRERE 5@@‘3 a
frf?t !818 éf nb cgfétbgykﬁfle@etcypeﬂ: GQQaém" aﬂdbgo@eﬁ@’ht,

e case of a nenbrane @te rOV|d
amtﬂﬁuh@r §Fe§ﬁéa§€baﬁ§i|6ﬁ I%S@ﬁt paP{i ¢t fhe
pR@heusiZze Okt heast 4@@3@-@@&g$@paratlon | ayer is

very inportant for separating off the m croorgani sns.

Preferably, a separation |ayer has pores haV|n
[ adiz&ire tleno bet e are It isheaind T 408K i PR hr ¥t St Sﬂﬁﬁyldes

agrﬁg@gggmégl&m @&tlﬂtiﬁ%@ lﬂﬁlzel arpaets cubat betme emr S raly
nm_particularly pre ferahly we 00

legid 366" nm>° §5 P@OZ?fnThgaro%%L%Hie o%% p%@?ﬁ 100 o,
patdenl yihg pryfersogendrak| yhaweso not- dfpesd | %ﬂ@f ffé@tures

rd g SERAr %ih@&s of;nt Be WeGEOGANNMSASB HyHOMENMET , ot liight-
preferred at underlying |ayers have | arger pores

sAHARTERS SEFALBEIEA- | ayer. Particularly preferably,
with respect to the 30 pore size, there is a gradient

[ O%OﬁheAguéfnﬁ] sep at Ie%oli?r\{gﬁts Forr | ngtangavkitic, the
erre Sth e pore sizes decrease. toward the
nayltrengeplate 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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[0028] In preferred enbodi nents having at | east one
35 further- porous |ayer between the at |east one
separation |ayer and the nenbrane plate, the size of
the pores of the at |east one further porous |ayer is
between the size of the pores of the separation
layer. - 9 - (smallest pore sizes) and the size of
the pores of the nenbrane pl%te (whi ch has the
| argest pores). This applies in particular to the

VEl u8s of mréclé:r\%% Wit FPR FRBYP ayeFeetsi hogr and
t heo petr,e:isi gertsoll £quenidoximanenyunt farm within a
| ayer, if appropriate overlapping with respect to the
absol ute pore sizes can occur, such that, for
exbiir4d, tThe sipeouh tﬁ@rﬁaﬁgespfpoFég oferkgang plate

| epSiH0Ne caePakaLi Ot ay en eanexepethiie, i ae 8f abbesr

snallest por%s of the at. [ east one fur&he& por ous
%‘S}'@ET nm  and 10 pm, particularly’ préferably
betweon 500 nm and & um, in particular betwesen 500 peg

and 3 um.

[0025] The at least one further porous layer has pores
preferably having a diameter between 500 nm and 2 um,
particularly preferably between 500 nm and 1 pm, in

particular between 6500 nm and %00 nm.

[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 microcrganisms. However, it 1s 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 bepa'f‘auon
layer. For instance, it 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



parfectest PRTadET

[0029] The porous ceram c of the menbrane plate is
preferably a ceram c based on a netal oxide, in
particul ar based- on al um numoxide. In addition to
15 oxidic ceram cs such as al um num oxi de ceram cs,
in further preferred enbodi nents, non-oxidic ceranics
can-alFso be used. [0030] The nanoparticles of the
separation |layer are 20 pre@erably oxi di c
nanoparticles, in, particular_alumnu I de o
£5oh, Sh PAF (T &fh AlSores of the
narobpanti chlesceof (whichnilwm ditbri desrest t aprem - This
dioxihde ot else. nlxi ur es, of s aldh.Oxigh G Nanopartd o:ess
can be pre?erjeg. For particularly thin separation
| aéhdn iTRe25l BT cUFEI 2 ebP? t 8878 &1¢6r y thi gHFprently
suichabherotn fwetherapreferr ed-eappdopeiiss dhe-lapping

[OOSR RSB hare1 BT S T3 0 ot BB ERBoc mant a1 e

parti cul ar rred odi nen

Yy pre

© 3¢HEit t fari oncapbti afce Hecorcdi F¢et darpest verty 6, the
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t he Menang.dl ateahas dht esnal | yaat ckeasé eA8 size of
channel for the outfl oaw of wast e

purifie ter.
PR Oa e HOREVEE 10 GTeith o S Ui | Ty giex porous
chanmrel}s which are preferably arranged in parallel to
one anot her which 35 extend unifolLaly over the

interior of the neModrane p|ate. ] 3 ,
© [00291 The poroug ceramic of the membrane plate 1is

preferably a ceramic based on a metal oxide, in
particular based on aluminum oxide. In addition to
oxidic ceramics such as aluminum oxide ceramics, in
further 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
‘prefer;ed. 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



- 10 - present invention has preferably at |east 2
menbr ane pl ates. Dependi ng on the individual case,

t he nunber of menbrane plates can vary greatly. For
instance, for purifying relatively small anounts of
wastewater, filtration appliances having 3 to 15, in
particul ar 3- 10, - menbrane pl&tes can be preferred
If larger anounts of wastewater are produc

HGRENET , IRYFR T oRe8ppPTanted Havidly 1°880er3) membdrane
flundsed mepenanegploat ehearieddvdaduadneriseabltte fUB083] of
%ﬁ%&ggéatlgatgﬁpléﬁﬁcgmﬁﬁpor eggl 0 eg@gdlﬂggﬁ cﬁI for
he hventidn has pr ef erabl fﬁj ul ar structure

piicly ieabl sl a hevalirbeFmaf ner?é‘ro&matspl abés tigpevater,

ﬂﬁyﬁﬁ§%ﬂdh é§§¥¥ékﬁgé5ﬂw$fh@h§ ReSPETt i Ve partlcular 3-
eqU|r nent s i_cul rl&fpreferre

ar
b D%ﬁp%4ﬁ§?|%??a?Fo§r§%SFF§ ce TacdordHg T 1nts
dfhezarsneeateonam her atudeshstho¥enembr anet phai @3 wrellances

Lhangedsessent i allhygi-agparaddieta o 0@%@@9} hefre I Nalso
thiscase it is further preferred that the distance

PeRdeild Sl urality of menbrane plates which are
arranged essentially in parallel to one another is

(8535t ihal £y, @l $R0R el %Oéédrﬁ% aﬁoa'ermments
g Ve 3ppiithpel

een descrl nci ple al so
Ofothﬁel§V%ﬁ$©@n§a%fPléeg%ﬁ%ﬁ’%mea prn%rfl arm%rre%ﬁtlr?e which

eh%‘ﬁgat:h QheW it af @fn&[&rm&@em;m@t@enebalbey gaesed in
xceed go cm_For |nstaﬂ% s ke g;eferred

fﬁ%hr et Hi AT el ane bl ate has a | ength

of approximtely 50 cmand a wi dth of approxi mtely
[@éBé?n In a particularly preferred embodiment of the

filtration appliance according to the invention, the at
least 2 membrane plates are arranged essentially in
parallel to one another. In this case it is further
preferred that the distance between a plurality of
membrane plates which are arranged essentially in

parallel to one another is essentially alwaYs the same.

[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



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

enbodi ment, a nenbrane platé Has a thickness of
approximately 6 nm [0037] A sewage treatnent plant

accor t o _enbaodi mren e i
Padﬁ%??ﬂ@ﬁ?%r%%e i Haf mgédlﬁ%%ﬁgt a|| gn\aégéa Egﬁg %?%er ation
trapdricaryc & faspgiraiigth tial  He Pr-esent i nventi on.

Preferably, a sewage treatnent plant accordlng to

enbodi nents of the i
e invention .is a SEEL g %ﬁbodiments
g a pur| IC

(G0t Ferte RISt E TSt iRl By Havt at ]
oﬂtﬁwtlﬁﬁnthdm 150@ﬁq&er@@u§hedplﬁotbatestdéﬁﬁ fFgtpest

of 5000 ddd rati op; gdevige accendi ngréee
CTenbodi nen 3 6$§ ¥P%€£ﬁ%%o%%hég éﬁgea ; ngrégent

i rattaulatel y é’%@fﬁn@é&y The 2cor PEYBERA ngXSEﬁ“San et
d@%&@ﬁh@tlﬁa af-dEnehy sexpf i cittd y inmeotporat e ker rall

%ﬁ referencgﬁﬁ%gO?gL%g_gferaggy ﬁ%f%ﬂgﬂguireﬁngﬂg a

2] bresent i‘nvention has at
pimsascagienaculpati a7t Ankot oY ChvaSrERBE el U0 | TP thi ETHENT

Rstewat &iodys biol ogically purified by
croorgani sns. [0040] In a-further preferred

enbodi nent of the sewage treatnent plant according to
[@m} rm&wtfnhtratlcblea@tvo@@ secondany BPapmPPdatedhs ©oF

an t t 0] t e
g Ok BT et P ratk o Fo %@efg%\“??h ey

C@@Nﬁ&f@f&@é&dl?@r?% e%odltr]ﬁi?nt sd% SRR JIc')rp\/en?ll on GgReRY
et itd1its yCaseohso connetkedinoby ontfiemdincest |y to an
activation tank but also to a secondary clarification

t ank.
[0039] Preferably, a sewage treatment plant as claimed in

the present invention 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
present 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.



[0042] As has already been nentioned, enbodi nents of
the present invention also conprises a nethod of
purifying wastewater, in particular in a sewage.
treatment plant. This is distinguished in that

m croorgani sns situated in the wastewater are

separated off by means of atl4d east one ceranic-based
menbrane. - 12 - [0043] The nethod according to

enbodi nents- of the invention preferably conprises a
[@n4ﬂ]oqﬂﬁammmubdfacabmdmn@ft@hembwﬁﬂmamaﬁepfbyhe invention

m g8 tle ti n of the
PTUGH I T SOTOFIRSE b of orvod Shodl aeht % aothod
W@ﬁf@“ﬁ@@rl P h@lﬁﬁ@@éﬁa@m%nﬂporﬁ%o&ﬁ@?%es%e activation
tSgeondary clarification of the wastewater in at |east

one secondary clarification tank. [0045] Enbodi nents

of the present invention |ikewise relate to the use
[@iMﬁh} cénani c-hadéemeppednsrad feMRQH U sépafating 2°

fmd¥ crorgani %%@sEﬁQHWﬂﬁﬁﬁﬂﬁ&@hﬁf§®méﬁig%ﬂ En Beccndary
freferred enbodi_nent, of the use accordlnqa E €.t
a ne

LR §8int O% heCCer ditc- bR EHCHERDF and ™ rane
sptat @z npdel of 1 & ot ous t@nlani ¢ which is provided with
an if appropriate, nultilayer coating which
rises a separatlon | ayer which con3|sts at f st
ﬁéerse

I@%ﬁ br tEgfodigfedeal @ particl BSCSEBBA 7 Xt bty
r &BfhE ane ﬂh@tasebuﬁfaiS©efhmlcebas®@ cenprasengst higllter

t ~gont ext
i R e R R i

according to enbodi nents of the invention. Here al so,
[@@qéﬁspﬁng'ﬁngerEG&eéﬁﬁéalménﬂade ttoet hesa ed@vanting to

arts of the d ription ] ve_and
VAR RELTR!  EMBod R A1 Tk TRUGHET on i ] ToniErane
pb&t@nmadppar%na ﬁﬂnmmnhecaesﬁﬁﬁpﬂﬂ@ﬁﬂbf1%h@rﬁMHdﬁﬁlﬂ?th

Xar ig i Nat W idh tden
gu bc ﬁ§Q@$E2$F% |3ﬁgﬁgﬁ%'eaturesjg$ﬁenb dlnent%f%fes i

S??@F@?ﬂRﬂn|L§He€anwﬁéchnp?%ﬁﬁﬁﬁ§ﬁj &hchli§Pohe of %ar OF

ngodbehati parwidheone anot her. The exanpl es and
figures serve only for illustration and for better

understanding of the invention and are in no W%%
[pe4 UndBe st obdY a§hBeMRFLEESEr FdditFe. JH0049959 coating

cbhgYL88hg the separation layer have been described in
the context of +the explanations of the filtration

one

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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- 13 - Fig. 1: shows on the left: nenbrane 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 & channels in the - menbr anes
whi ch axearranged in parallel to one another may be
seen. The channel s serve fofﬂconduC1|ng away t he

~purified wastewater. 10-On the right: mcroscopic

detail -of a cross section through a nenbrane plate
which is suitable according to the invention. In the

| awey. negiabwtdask) die r’@ﬁlvedeytmeaesepgatmmecfov a
structure_of .the porous.c of_.t.he

pl ate may beEEEn i@g??ﬁﬁ% %F ??i:fgikggﬂyg%lH%Vlce
S|gnlflcaﬁﬁbyrﬁlm@ru%t?h%tHﬁ@e@?‘@ﬂt PR e at haTg e rier
only consishifig: 8fg aaseparitiion ddayie0n the cBeROUS: se

ceram c nmay be seen Qus_an. S
section th 8u§ﬁ3§526”§e%bF§H@“%1§?e gﬁgngq§U|%abqﬁﬁ
accordlngwhmbthﬁe$nmenﬂ1@nxaEhE@@cbdy@nspﬁaylbé‘géeﬁﬁm

namel y on Behhffylgheb§e%@kﬂt|Oﬂhéaﬁﬁ&nnéﬂst@%rve for
center a- urt rous | ayer nenbrane pl ate nmade of
a conductlﬁg'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 is 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) .



- 10

25 |l ayers and the nenbrane _consist of al um num

oxi de. and the thickness of the 30pore from and on
the right a porous ceramc. The plate itself each The
separation |layer |ayer each have a 25 4m The

~thickness up to 3.25 mm The the separation |ayer

approxi mately 800 rin1(centg | further porous |ayer)
to approxi mately 200 rin1(se%a?ation | ayer). - 14 -

S noES Bt R LA aRRL A0, 20600L CRdot Bl 0o the

ten e rane es arran
paral | el invgmeuanohh@;ng Ten membrapa plates arranged

in paralliel to one another.
Example

[0050] 1In -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 made of plastic (KL Biofilm Carrier
Elements from ZXRaldness, 3103 Tgnsberg, DNorway) were
constantly in contact with the membrane of a filtration
appliance according to the invention. Even after a
plurality of weeks, however, neither damage nor wear of
the membrane could be obéerved, and the mnembrans

throughput was also very satisfactory.
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Exanpl e 5[ 0050] In-a | ong-termexperinment, a study

was made of how stably a filtration appliance

according to the inventionjbeehaves on operation

(novi ng-bed nethod). In this study nol dings nade of .

plastic (KL BiofilmCarrier Elenents from Kal dness,

3103 Tonsbera, Norway) were 10 constantly in contact

with the nenbrane of a filtration appliance according

to the invention. Eve r urality of. weeks,

however, neither da ggghéﬁi%%%ﬁé of the nenbrane

coul d be observed and t he nenbrane throughput was

aAS fﬂ% gt?éﬁl 8&35? Qteﬂgsgéﬁgﬂg% 1 uf&flcatlon, for a

f||trat|on appl “Fance for wastewat er purl?lcatlon Tor

as Sewage rERBETEMLapE antSTEORPRY sthgleast] dast Tewerane plates

MR ape pl af8s,,s> dRd&:of & :PArous Cgf%g%dw.s%@n@{ﬁly in

arranged essentially 1 n parallel to one another

szeqmrléel nep ofhenhuedsrganr srenareéattd oft ﬁfﬁér@%ﬂa%‘ﬂr each ot
%%&B@%ﬂ ng }fgse&]a@ul l%ttel:&aislty Qeeleca@%naﬁé dr@fntNeror the

0 [

[ ow ed was emater and t hi ckness
b@mcéew of SWﬁléﬁéd 10mRevAReY edH t%ethﬁéﬁlﬁﬂsafné’eEW%&%so Smm - and

hay,, awﬁQfgl'nn hWi b ahBi SkReSShadd Dbelween; 100Am, aﬂdlcknes s

150 pm whi ch conprises_a separation |ayer having
pesteiseni tra dpdnete i p8tiide AOPERFANY Sf@@éawrﬂnaﬁayer having

V\ﬂ%l@% Gonsi Sts Ak de@skwidh pakty 0fid NANOSedl £1d which consists
particles. 2. - The filtration appllance as clai ned

| #i dleaFn B Péﬁ%r%ﬁé%%@&e 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
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6.

/15in that the coating conprises at |east one further
porous | ayer which is arranged between the nenbrane
pl ane and the separation l-ager. 3. The filtration
appliance as clainmed in one of clainms 1 or 2,
20characterized in that the coating has a

t hi cknessfrom approxi mately 25 pmto 60 pm 4. The
fiItration appliance as claimed in one of clains 1 to

& ar%'rt%%ﬁa%%eeg%% tp'%?%soﬁ'%\év' n%u%ugﬁé@é'i Cbecﬁueérl?ezoo nm and

rane ores I amet er between
Igﬂ)cmmand 150 pm in particular between 500 nm and 6
Tim 5. The filtration appliance as clainmed in one of

claims 1 to 4, characterized in that the
The filtration appliance as claimed in one of claims 1 to 5,

characterized in that the porous ceramic of the membrane plate

is an oxidic ceramic, in particular based on aluminum oxide.

The filtration appliance as c¢laimed in cne of claims 1 to 6,
characterized in that the nanoécaie particles of the separatiocn
layer are oxidic nanopartiéles which are selected from the group
having a aluminum oxide, zirconium diogide, 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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11.
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-16- separation |ayer has pores haying a dianeter

bet ween 200 cm and 300 nm 6. The filtration

appl i ance as clainmed in ongvef clainms 1 to 5,

Scharacterized in that the porous ceram c of the

menbrane plate is an-oxidic ceramc, in particular

based on al um num oxide. 7. The filtration appliance

as clained in one of clainms 1 to 6, characterized in

c alms F na OS gctpeq:rltze{i Stggt telgi% S@J@%B@trhé?r[%ra&@ plates

Ia dfSar & oxfd:c nanoparti cl es mhlcﬁ are sel ected

fmannatumugmea@cﬁavppgoxumﬂUﬂﬁyn@nm@X|de, zi rconi um

di oxi de, titanium di oxide and m xtures thereof. 8.

The filtration appliance as clained in claiml,

chasacetgeer itzedtinan it hdanthe idi seahicallpet WBehl gsewage treatment
Pgnacl It q:facggpreQil’]e Ipl §B§§mlt0|?1a§r eatarfa%@gedone fiitration
sseﬁtl y I'n par al ITel “"to one another is

eas@nﬁmablysaﬂmay@iﬂﬁec§@n€f olaife If Pt Pati on

appl i ance as clainmed in one of

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.



-17- clainms 1 to 8, characterized in that each of the
menbrane plates has a thickness of approximtely 6

mm 10. A sewage treatnent g ant, in particular small
sewage treatnent 5plant, characterized in that it has
at |east one filtration appliance as clainmed in one

of claime 1 to 9. 11. The sewage treatnent plant as
clainmed in claim10, chapagtsatged In that it has at

| east one activation tank for wastewater. 12 The
sewage treat ment pl ant- as cl ai ned |r}E ne of cl ai ns, 10
orTha prewgnac tBF PRRHOTR e HEt®S tthds dﬁtréfaé?no Piance
Se@&ﬁdﬂéyt&béﬂéﬁ i pationcddink f opragstevat efor a 18wage
Abst r The resent i NV el sto i
fl?r]f?aa 6% appriahce ™ oF \%gét g\%?er%ﬁrl |€g\tallcl)n sewage
prefertasing deng  senageictegat AENtSBFantre| ferenic-based
pagdizaul-ar sor sapagakiqéea@ganidﬁﬁiﬂ@%mmanm a sewage
conpri si ng at Ieag} one cer gm c- gagg agg{gw{gran

s eIy é:f“fanm Horar €is, 2 t S3uage ?‘r%ajt rrent
pIm&hchavmﬁg wuchtye g | Waate‘@ant@ppl p@nci-}ar’lalq‘i@t@ﬁod Bf &

y%ﬂnﬁe teladN RAIdJLYW 3 dridodgSavade £
ée%‘{r%‘% ant \Aﬁv\lﬁgr el n mcr OOI‘ %nl Srlsngr esent IDrr{aseI}

t hin mé@?evva%sé?ewéﬁ@fse%’é? aFBBABFF By mtany of'®3rS | &4st 3t
ONE=£& akh & - basetl dadyean ererantiral seid 4l use die ause

ceram_c- ba%%m”%age@”?ne%rgkﬂl Lterg f @{%,g,&paggy RA-QFEting

ni ef obr gani-shs an appropriate, fine solids, from
wasfewatergorganisms and, 1I appfoprwate, flne solids,

from wastewaters.



