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WO 2008/ 120978 PCT/ NL2008/ 050126 1 A nethod for the
filtration of a fluid The present invention relates
to a nethod for the filtration of a fluid. The

Wlbad.eapri ses the step of neasuring the éf/llsz%SS/()aom
resistance R during said filtration. The i nvent

relates to the filtration of fluids 5 in general
using a filter medium To clean these filters or to
restore their, ori |na perf rmance all kind of
A@F@ﬁ’ﬁl g Hreftods ’a°f’e°‘%\vaﬂ g%l e, generally
specifically devel oped for a certain filtration
medi unfheHergevey infentien gelatgs $osalwerhod fier §bscri ption
EaMttdtijpe offed Mlyiddi Trecvetthotl ofpdibeattherstep o0 | i qui ds
meAB6k iAG hE anetdd IrbsaihoR Riupalgt bLidl arleustieg. menbr ane
f | |t 1 afHeOIhveft heEb 16k &ARL NGe MR BAAS 08 WENr1RZabUL NOt
{netrgﬁ usify Qaﬁﬁms mmma% SReR hake ¢l ealsng:
t or% tgelr o%lg néfj‘ls %J m)rxtcelalli..lr.n 1&% % 'IRK ne

|cu Ccro tralon or 15

MEASLE NG HCH KT R ol
a cperaip YRt “‘B?luﬂot%?‘é“orf%r%‘é‘é%"sy Rat2&r or
ther dspcpimticnptiliabe craipkt direckrsves etltyatipewér si bl e)
Ligeidsr anendndubian@iltsation inrpheticoinr wsinkevenppdriecat i on
£i0f rdthos rtealhaoliegysng i hodC sbtniUb A blad modf 1imieed et ai ned
tJBidxGhsHAg LR JRATYANG cSidgace 20 [eads to an

i ncreagq L4 :9PEak g &st‘io% h‘#aliﬁeé QoAb Reased
fl(:irn. tgé{n chE]S nPtl ocr:‘]ul%p croeflggra%l? E}.l of perl odi ¢

duce n it is-
b é?:%%&%?gff”l' lic?nf?“&on 3f ﬁ el[‘S‘Elmle% dbg?itagﬁ Foul i ng
Progerthen @f ROLARMS gﬁé’d°?er?FowatF’é\?ér%’ieBF‘Eenén%f "as te
witer eWeweyphl difrsykigigle Reeerandfeukfipglisng is 25
limetanied inadei dpplicstdpn tafethinfdegbmdegyf Thy dr odynami c
adcOf@61 onEXE th€ (e Haliriedl Gnall t 2 61 WAS Mne@braile OSE£hEOW
1ABE Rt AP Bncrehid ENEpakdMi@q fREEd, NGud Lo B ik Qea¥&X Y
e.}%ke | Yls o XRY Sfhal aeceggf@eoftggﬁohw@em}%st her the
OULING L2, LEYELIDIS, 0T oL, neegs%@rs t%ncong

i erc onB f?} emcl fee %]Ovvater
e bhp st bt LY ASOET ol £ ©
rUBFPLY GRS LrFovaRaie Uéa‘e‘heﬁ%"efﬁé’lg tE%E5t he feed
reypyeshtasaty vhdere thmdptioeped AS hydirdynaichfrrcadt
etemt@ndedny @ beckvasiplogt @oss-Fhow Bpemdthol.e water G ound
IMRbesiblaUEfRaRy Wat it (dmakery lowey) removed under
these conditions. Whether the fouling is reversible or not
depends on the interaction between the physiochemical feed
water properties, membrane properties and operating
conditions.

In water treatment the source of the feed stream can
have many origins, such as but not intended to be complete:
¢ Bore hole water
¢ Ground water
¢ Surface water (lake, river)
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WO 2008/ 120978 PCT/ NL2008/ 050126 2 Sea or brackish
wat er I ndustrial and/or nunicipal effluent
I ndustrial or rmunicipal influent Al kind of reject
w5 sRgithobkeed (aqueous) streams, such 5 aspg. 92008/030126
filter backwash water, cleaning-in-place (5 %;Q
water, etc., whereas many other |iquids are bei ng
produced or purified through one or nore filtration
eégé at]dall)waer, Wi nes, juices, etc. 10 Al
hE€e’} 85 EPY &3RY contain different conponent s
Wﬁ”éﬁs‘?&ﬁl MORETOFNIEERA T &fift "¢re filter surface or
netdusiial r paeirsl pindleanti rreversi bl e way. This
€ ulli kigdpeDeeds-tdodend dleedofiapeclspesideans t bechf | ui ds
t casbeardd Eipeedadsitasal w@enn cid@ingionante asIpf t he
fidadses vagesjedisimitsel f (such as e.g. pore 15 size,
vhe3tlsf RGE GHRRILiqueds Byd %Qﬂlaopéo%&éﬁ b pudsBeal a
thrau qporae o}: mo%/grﬁqygatiog Igg%pf uJu.cQ%sr E&IIWE,,{})@Q al so

process conditions, such
Juige tFS%tnent auxiliary filter aids, tenperature

pH, cMdahhing Fogi HagamerentaNn Cif Lo sHa CEPPRER cont ai n
whigh |cgp g@rﬁmoé¢ssof°u129md filter enriasenporedt® iiai ch
reveEki®le jor threbesible way. Thimr Sollénd peocesovdpeernot
onlgenperd loy tHe imibOubchbe Bfliterdd blittubssioble foul i ng of
proBe A BEDIANELDY: NALIHGIhe ALPBREQ £ (RIh&Ls & NOVhodes
51z\éggsg§ﬂ&@atg¥agggc gg@&@%hgﬁc I\&%e&%é% €l ect h0| ytzg

eng z t!'{o d{ Oghngbgecgi?e can (f?gg égF r\llﬁ l:ug the

Pher aS|n9 | n ? %qp of
PEOgPra PR 1 W8t | BiY g’ B H Y He *@bnpl exi ty
aidsf teppPeRareRe E*heﬁ%%‘?‘f‘i“&ﬂ F?ﬂiﬁﬁﬁ'u?%ﬁ waters, NOM

pr ope¥atugal gptery epy copp@ie e laggectuper &fd bot h
di fSeaso nampanetk td 0 mlidhenskes rigndistfocawr to Regar di ng t he
chaf BBk 8L P6Rper.t ha@krally i iolmanyedat 3D that
(1rrb¥RUENISH DERIERQULE ROndnpr &N BN GEELdall dRy@nsEeTOr ane is
mack Q1] othQr»f&QQé?QhC bgrdéckemﬁg BAl &niteRihe

ticle size. .For other

el aE? g‘ée! coxacen r?tﬁgn, increas:.n eCIITeI ClafrI r? ghEITEdI a
1“°}5F‘i‘fﬁé‘?t‘1°@sh§ﬂr1’?h°ﬁh?}€y ad‘ﬂn"i?gf‘%\’ﬁf‘e“ef*f%a&fa on the
catiignd i(A-bEhali Befr toftherrompiaxi st oL 3WIHEMPUmM In the
chegfigitrg bf neheradirdatermet FYUBrdPeorticd Ayei YRFYf TAWFRg from
spe&i firnBtd betlaseadonowand Theg-ebfrectendenessrof t hese

met hofsgarding the membrane properties, it is observed
that irreversible fouling is enhanced if the membrane is
rough, hydrophobic or if the pore size is approximately
equal to the particle size. For other filter media other
process specific filter media properties will have
comparable effects on the fouling behaviour of the filter
medium,

In the state of the art, methods for removing fouling

from a membrane are known. The effectiveness of these methods
can be enhanced by, for example, a pre-treatment method to
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can be enhanced by, for exanple, a pre-treatnent

nmet hod to WO 2008/ 120978 PCT/ NL2008/ 050126 3 counter

irreversible fouling so as to be able to continue

W hg/aaesf il trati on operation under econompggingYoos0s0126

feasible conditions. Song feed water pre-treatnent

options for wultrafiltration are; (pre-) coagul ation,

activated carbon 5 (powdered or granulated) dosi ng or
cou oerr]ai:[rll\%v%rsfgl% goouilgnm at Iagnto georgﬁie gsc WF Séepar ate

eps dosin ol | oned by

meplegA0R 1 TSI PRREAF 1B F SEATTRALAY] S e

cordjisépnfat SAE §e8d tHREPF BEXFIAFR@PHOPStRE filtration
ulprafc g stionTére : pfrEsentcodanierion orrct ahed eprbdng
(polepas br grethlhted)i desinner 1¢zcoodgul Rreowagvihittdn i s t he
codbéL ald eBpnhta starguhaBin Befdiect Ferdanat is
folidwbd B QRvath hout rvchtBhadd eedinesialest.ation or pre-
sntt,.lnt%a@t'l%ntﬁetne@sedt@g@@a fopttn@ Ie: PLACESS pPauEL er' S
Thisargse nvent%gfl neegoent 0 rbs%r eldt Egg l Er}t RéOCGSS

s for

c°’f‘%’ﬂﬁ‘€/’1°ﬁ i hFrac?ﬁ?’gcaﬁg?begr?ecﬁgf‘t arer. Forward
mephrgahifh reetqysgawbwan&)otww’%ﬁdﬁm&m’cﬁbﬂ%f °nB¥a such
tidsratire $teguiHpveverheothpt PopeadsiRaFandterptdrBrPY i qui ds
chéengdepbienpemneiat €)1taatimnnpoocesse of | i qui ds and
gases; 20 Backwashing; Cheni cal enhanced backwash
Cl eanigd@rded- H-268 <5WLEkAbA QA nthiRasYREEM  Any
refi®/1R) 1BL11R0 Gon FhinordfP20MAGQ0 the il 1ering
Qr 8 ws§d aflius in gS= flow nd)I %@ F?f k&l?c? oge:ﬁe% ép“ on
of "tHE I8 8 trﬁ 'ed ani; t i s not
of “Hb8F (HRCUTAINY P18 EREPER LT0E CABRRTT be
speeid-i thef Brrgatdr PRITTIFPES Of lflaeﬁftSn@“daﬁae%w | 30 be
detBerkviesiddaby an experienced or skilled person.
AC Chemdica ehlerich@ bpriesent | nvention, the method as
isndiLeatifg ihrpllabe preanbl e conprises the steps as
'.n@ggﬁtagggni 9t t6balygtch Preferred enbodi ments of the
AP 943 ge BNt i oned in  the dependent claims. The

er %nce gl'ggglogctl\{xgngiqgeﬁ ?g tthges%saxmeg.tpq.if‘ée psS in

eac “i N ai m w ecome apparent fromthe
deJEFTPt i on and the Exanples. Depending on_ the
filtrdfioF gheptsCasTituny eotwertion the dpplied

cleaning method is not of importance and the action to be
taken will be specific for a certain type of fouling and will
be determined by an experienced or skilled person.

According to the present invention, the method as
indicated in the preamble comprises the steps as indicated in
claim 1. Preferred embodiments of the methods are mentioned in
the dependent claims. The preference and advantage of the
method steps in each individual claim will become apparent
from the description and the Examples.

Depending on the filtration process many process
parameters can be defined and used to control the process,
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paranmeters can be defined and used to control the
process, WD 2008/ 120978 PCT/ NL2008/ 050126 4 such as:
1. filter aid dosing, such as coagul ant 2. changi ng
W 200888078 operties, such as tenperature (\Bcga@SdobYshi26
pH, etc. S 3. changing filger medi um properties, such
as surface charge, packing density, etc. 4.
production (flux) level 5, production time 6. back
flush level 10 7. back flush tinme 8. (chem cal)

U@ 8¥ning tinme and flux | evel 9. hydrodynani c
éoncﬁltl\‘—ﬁnéld SorRIasSUFR ddi P8P aFhs vel ocities
(ZGOmhﬂm}OGSOfofeqan@Pﬂ’fttlteénts)‘dl@S’ Ye@ReYAtEEY ) cl eani ng
condivisamnasty)sueth eisc.chemi cal type, 15 concentration,
far. e HheRfiYg 11108 né@pesapantees, sattbenaiucons of
par afBLtLs, Spacklify dddsit@nNy¥e€onbi nations of two or nore

qf tgbc QG RYE (gﬁg‘f&n@g process paraneters 12. any
%o | ng\tl ons of (optionally dinensionless) ratios 20

nore of the above-nentioned process
r?ar é?‘?ﬁl‘eﬁlgs}hﬁﬁ %lhar acteristic filter medium
di- sk fesh Eff%e Re- nunber, Fanning-factor and the
|8i-k edchar@icaby @le%ngrﬁém%név%rftla@éefﬂat is obtained with
tshe hyetdiydamizcomddiivgst sutthes priggherigdent i on,
dur i Rgoytied (chxinti@si ot ameenitzekOpt bet ween
Proe dekehita i &1 841 ny AoH@S 1 61y, | Sighnt &ie chérilchI aypon, i s

t hatco&mgs}tqgﬁroge ﬁtaqdeﬁn[:{?v%h% bl &Gpbithi-6g i s kept | ow
an agg be renoved easily using

:Lons

afg) %Neam N 0 a
ef%’l’r‘g%‘b ‘Eé)arfﬁ ﬁé oot '?%e pgr]gg%n °Yen$/“gﬁ%%8%§a
coagQHOS?ﬁs P@raaubeéa as a consequence of which the
rdsi tyasrebinations P§ (oPFiopatlvamienRionles| F#fgoMi | |
st aybased emstvyl er tmore off athgeatwy e ersnt idhed fRICFESP
enmbogi-ametess ane @peddtkiaake \ilent hatied dinengbns he
depe&%@taech@{b@’é, rhiQWBY Shctdr BES 386 15kél 1 ed in the
3{ readily able to amend the enbodi nents

escri bed to provide alternatives that are all part

of h%‘hg raed%gpttage rl:ngtE] tilsorl:talned with the method

according to the present invention, during which the
resistance is kept between predetermined set values during the
filtration, is that the degree of irreversible fouling is kept
low and any fouling obtained can be removed easily using an
appropriate cleaning method. According to a preferred
embodiment 6f the present invention a coagulant is added, as &
consequence of which the resistance value is limited and the
fouling will stay reversible to a large extent.

Preferred embodiments are specifically mentioned in
the dependent claims. However, a person skilled in the art is
readily able to amend the embodiments described to provide
alternatives that are all part of the present invention.

The advantage of the invention is now exemplified by
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The advantage of the invention is now exenplified by
WO 2008/ 120978 PCT/ NL2008/ 050126 5 reference to the
use of a coagulant, that is used to decrease the
wESlshARge. However, instead of using the gagylABLsi126
Concentration as control paramet er any ot her
appropriate control paraneter (or set of control
parameters) can be chosen 5 which is able to decrease
the resistance in the forthcoming filtration
refAieBFY &P. thrhess Af ér geagulantdethiatiets nsed he defvraskr ame
thenreah$tahcpr Ebevabl ynstead orft nolngpeeareierans | | be
copbangadoand cdnteor puraetaf abhethdd bp@bpoiateesi st ance
codtidl RRahdtel OMRAsdthof tdoiBrol HAMEBN A rs) Lanh Bel &h%sen
wiREP A8 TdRed of hd bl O DS QLY. Lh%hel%urlcu\ﬁlgl

fl&gzsalt§$ terlvylcr Sggtetr(\)wol 'I“CJl:fm J]t e, qeqzl at Change
e Initraj tO avold the

lno‘(r*:hclﬁh Fen erag%y “3n F’F° VRHETD1%E ‘I"dg §Pa"9F4 i 39% he
th§| PR 8 e efltlh@atif*? IBF L PRAT §’elc}u%‘h cfé“c?a'ﬁd He

tipet dpveyptedf afdthcherefstingd Hirltegtdan ighexiah atheed

fiftdat b cédapingg oemedres pawf orched inMNaxkdidte dbnge

inr @ sostranoalis cdetrer mineskedgad AyoidNehedbcdiRt-end2084 I Ol .

anParat@bens raenghangadeancidiRged bhdd afid On starts

fl@%'tﬂ:nbmgném chh Be nﬁx\@erﬁlﬁEéd Qgﬁ thé rbogﬁ?zn.e 5?|evgge

anrglagéée@n&ﬁtg.f sta%ﬁ%ec nabe aég%omegg',ge% e ggc N

‘eéls&a%?e é g’éﬁﬁ ﬁ‘é“é‘ c‘T“S °% FPEe 5P RABAEERESh or
e (R E*?ﬁwéh’c?éﬁt’:?&c%ﬁééh 29941 Breegetietht I¢var e t he
segbimgs- nonents in tine. More in general, the

det er Mrngenieorl bhe trhgistpes &4 axaemre@ratat&o be carried
begitinindn oArdach i ditt @it @ stépt erzmab caat amodbes ibmgdkshed
thetealit orabbneBkapOiN tyakl ahuhirely LhesRwasn ¥al ues are
chERTRANLL WL BaS&LarRf wﬁl%aeg[eelggaelly aélléeam (Xt he
mo Q\%E ﬁotiﬁehléorge%sgén%@?t the am:>u :Lon ofcti, agu' ant

con araneters) is

red‘estté?ﬁ% Aed? ‘]lﬁ"f be Caﬁfﬁeﬁ‘ °°(th ey tfr"éﬁagh“ fheerva
at 3 SLSH IS IPh oF ks 8% GB" PEinf aBfesdUrish fivkeel val ue,
valyps fie| emparesl pltdnnedt $lorekeramgy valyes 3@nnewns of a
bapksc kfvtb s oramrefrarti cdle aloeaniofigsoagslang @enareal | y
vakowh ahf dther abbtroTharahakees 0f debemiBed.Mum

duE8g Sleafiie r¥albHe ths&résb&aelsé eh&idassk Qp dhe basis of
prE&Q%aQ@%\éi&Uft@ filh@r ' Lie%ﬁed f @lx %%QJBRL %yat whi ch
me):(:@sl. UE a agadfk(qgs%vg£ Sl Q}Le%lgglucierlaglz\gal Qﬁ %e 9%11§r5 As far

I h
kn{.awn "iln t? tcl ()I‘li]xedgk)on.ce o?q'_lfll anta umt ﬁ%“ﬁ?%‘sc@n‘t’a%“ﬁf/eﬁtl on

caPEPe determlned on the ba51s o known behaviour of the
filter, for example at which value an irreversible foullng is
obtained.

As far as an addition of a coagulant (alsc known by
the term “filter aid”) is regarded, the present invention is
directed to a method of in-line coagulation, so as to improve
filtration of a liquid with a membrane filter. It has shown,
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directed to a nethod of in-line coagulation, so as to
inprove filtration of a liquid with a nenbrane
filter. It has shown, WD 2008/ 120978
8/ 050126 6 that in-line coagul atiy
vgﬁ(/g%%%gn be of benefit for the perfor rrangg/ 0?00?/WE6
filtration process. For exanple, a reduction in the
hydraul i ¢ resistance of the fouling | ayer can be
observed. This suggests that either a nore perneable
thehia-Binescdagpintdomtot vme | qxtertnadn endf berefstrface i s
thbefer€srmpricd ecttdd fiagadtnst pkotdsantrsr dafpilegr sror e,
reBydti aall inCerzl BAThAG o SesiBERice &l OGL EMB.ind 113044 Yan t he
bePEIRBAL FHB! ddg¥eds BRktERnENE fe SORBNARANOM and
isl ngpw'&yﬁ{e %aha %&%s&gg@'ﬂsybét@{ gs&ctwe
agger ﬁéﬁr{‘ra&nce 0 ur§h qeueﬁ)édr glol%ec sngJt Ieo or exanpl e
eGSRt eégffa&ﬁyb _ ;?FB‘&??&? %‘PE&Hr"s"‘oPgtt‘ﬁ—b%eevé?
enhHeef Qi 1 BEPRRLYY] FRICEHagtiigt RSANHR 1LY daprqvest he
thg tnetr fomphngeh of Fubsaiyest hovaesgrsgubmdcRe: efFnpdel y, it
ROVNIN MBnd @edw@egechporohcantrafioh e opanasduign dgst s, due to
prédieni slksrsb®s consunpti on and the increased di sposal
costs Hlveddle agp@NGRNLS 3k 6 nSEineaksa m&dla}éa nde@agul ant
| dual s, @hé%t BEL FER Grah yﬁse P,]ys&ye 100810

| SSUGS in

:jja eS;Eorttlon QEC{ et ga%ai]p% %895 dl]le ?ld:hein t10oms cases

copfurpELEy T DSARTEASth ALSRATR AL G SLRBUI ant 50
coRepPEFRtEl §trgpRelendhy FRAT SRRt E BTl sndhiibane

refridate atcrered bHeMewslos tnge oradiiery the paofcsf @radéty and
caenieadi trefisue$ imhdownptmesenirocaveesnt ifon exhpliesk@ goal to
softé QUbée 18 iG0OEbndeHeiged Biidtaddd@ig @ oagea@Yl ant, which
ad?PRkl S R s iR PUFL AR EL 108 Mhedbran?hEGR rithienf i | tration

pr Oce%néé‘o‘é@c&dﬁ&s kg ed &%i&fd”&ﬁa%&mem'éf e 1 S
different from.t con\ientl ona 00'5“?1 coagu ant

prc%er?gen’f f a 1°8h *actofdiRg %ﬁpfcﬁ”d °Yhe art
St\?\ﬁﬁeé‘ﬁ 952 SRPAEG It YPHE &"eﬁwttf‘%ﬁlﬁﬂ““ﬁ‘t a4t @Bod
whigy Fh%r?ﬂé‘f’iaéﬁ’f‘r BERfIEFS Shapse 2 FIsEarsfe e fPHRAgBy dREage of
ist fiE Cprens efron| hgepanivertionsalt hpltimun coppdeed to t he
cogamEertipo alconiing mentheusder dgS thengrst which éads 30 to
ailei Bt gmedednicbidrat idmnat) WBRAI fdoaSsafifle}a0tbn eé@nas of
DQWeainkll SrebsfbNalg W f bhaknfmhiv¥alies ihendesire
%‘Ireﬁ éBEEﬁLOQko%Bmo'E‘aP'o%ﬂmuﬂo%nﬁ&&ﬁl&oggiﬂlam&s I'n

art common ti mal

o both % Aol 11t§ ion pro &rt?TCsF Iacueao%fi anQo&él t}e or to

Thﬁ%s"f’s%l“’égl%ﬁbrége%f“"gd’ﬁ 5%f"l‘eatd %‘rf§ f 3 ’?ﬁtf‘%‘f Bf ant
migiiidydofiBe S| LEERITGEs -

In the art it is common practice to apply the optimal
conventional dose, usually found by jar tests, or to test a
number of concentrations in a pilot plant study and selecting
the most appropriate one. However, if the dosing is not
continuously adapted to seasonal and long-term'trends in the
water composition, alteration of other operating settings and
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the nost appropriate one. However, if the dosing is
not continuously adapted to seasonal and | ong-term
trends in the water conposition, alteration of other

' settings and WO 2008/ 120978 <
“@?%%gw 050126 7 gradyal changes in rreﬁ%Tr[gIﬁZgosmwm
properties, it can be expected that under- or
overdosing will occur. According to the present
invention, this adaptation is achieved by feedback
gredypl rebhnge¥hi pemdsentt PiapechiEsonitr edrabesxpertadcont r ol
thaty stdem Drconpiésnngit hectaot.| Bedondingt epshe peasmti ng a
infdnki®l, @S| fhpiteon (aldthie@AMPAkEdiBatineonBasur ed
filternd @slsthaNGGemabhaeideld & aS&htad1 Byfdat erm ned
contafrkgﬁs {RSEALANGE MALUCTe AR ind Ar £:§300REL Y, RRL L1 Ng
s OG0 o ITRLE BEOCES S GONN! LOL, . BALABLETS f Such as
Yeptf ot TThited to coagulant dlci3| n i va uesa); and
set|6f SFRITHERE S C3F Fa3s PORGF ISV IALER® 8Pt he cont ! ol
CORFRPRATEINGr ST 1P of HReCcUAFOTURTOWEE iYL Al ue) from said
ragpeetersTheudy parduy npsalimdfed fo|dopgulepagabsigi on i s
vaBieali bad dttoninhgtheofvelsporaitndvapreocedde dompravenent
pafinetqie(dgatde Gabitayt osemhaaney NAV sacameal is of
SEeCONGR! Yrinky | JIROIJrANLE infeeYudbiiGnt Qs t he present
stadlY BRLL N os QHI yfi%%:%ﬁ!ké 584490, QhptEndde! &f ation
-Segiiens 5 considereg, Hese: ( The ampuni, of fouling
PermEate T AFY SRed E 0 Aaccumil ot e batWedh "t wo i nt ensi ve
MRATETE n g OpHESRS 'fgs'iffhprﬁ’§e'bthé’?ﬁe6_‘§f°“6I @i ng phases in
stapd st pf 1the AL iciesasreres B8 s@ptIaRFEhiAPLert ai n
the @n¢ymy nafs fouldng ahat Ze alheewinte gecwletet between t shoul d
twé iinsdnsbe chiaaiid phasds (Bloeh rmeseigtidardeciesninggood
phdBRa Silal GerbOdnet hEl tasiidnt nebds L6 Wel ReptpiERenicekthibhe
posdst em and will serve as controlled variable. The
resi Stange: i,8 {fecstiPdOlon]die i FE T ARGICEISEARCE 25
uFS'E'if‘i% FpRrogL &Sl VELY, g&%"" ”qufg%okn%grgé'uﬁé gpce R
WIS ‘Case of nenbrand 11 ltratron, Darcy s |aw
foyldpq PEESPREN Fifs PETEAR Y BHERE TP 7R SOCFRES
vapipRs nBith FETHEtPICESSUFRE AP S dEhe BEDTRRT 6815y AP
Ry 30d RHpregREssivgly) grovinh Fpglipe resikeneh@s. fhehe
casecof skb@neee dultmgien, Secgss 0w reldigequent filtrations
resiRfada clorash esub et wae nt dansneabedtieCidesslecainiang phases.
thd R@sdddidy gl resistance RD is the resistance at
oP
Ry + Re = ___ (1)
nd
Figure 1 sketches the resistance during a series of
subsequent filtrations and backwashes between two chemical
cleaning phases. The initial resistance Rp is the resistance at
the end of a backwash or the start of a filtration phase. The
objective, stabilization of the filtration sequence, is to
control the final resistance before the chemical cleaning.

In principle, the operating variable that has the
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phase. The objective, stabilization of the

filtration sequence, is to control the final

e before the chem cal cleaning
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unit area (Vg) is assumed:

es)lr? 1nl g esgéta ce)

-Vp /Veq
Rg,a(Vg) =Ry + ajVp + R * (1 = e ) (2)

It is assumed that the initial resistance of the
first filtration following a chemical cleaning phase is the
membrane resistance Ry. This leaves us three degrees of freedom
to define a trajectory, o; is the final slope, Ry is gain of
the exponential rise and V.q is its characteristic volume. The
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first filtration followi ng a chem cal cl eaning phase
is the nenbrane resistance R This | eaves us three
degrees of freedom to define a trajectory, ai is the

pe, R is gain of the exponential, [
‘{5&%} |/132§4|7 s characteristic 9voI ume. The WO 2%6%?%’8@%126
PCT/ NL2008/ 050126 9 resul'ting trajectory can be

| i near, exponential or a conbination. Two exanpl es
of desired initial resistance trajectories are shown
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Examples
The experiments were performed on a pilot plant scale

filtration unit which is schematically shown in figure 4., Two
Norit-XIGA™ SXL-225 FSFC modules with a filtration surface of
40 mz each were used. These consist of hollow fibre porous
PES/PVP membranes with an internal diameter 0.8 mm and an
effective length of approximately 1.5 m. The internal fibre
volume is approximately 16 1, the additional dead volume of
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effective length of approximately 1.5 m The internal
fibre volune is approximately 16 1, the additi onal
dead vol une of WO 2008/ 120978 PCT/ NL2008/ 050126 10
mis estimted at 8 1. The feed
V%ggoog%?)%%mthe Twent e Canqb and pre-fil tﬂﬁﬂi’g@%"%ﬁ
nmesh size) to prevent too large particles from
entering the system The feed water was buffered in a
5 continuously refreshed and well stirred feed tank.
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cog&a&eareamtigoy MBSph D ELRa3e L9411, 10 1.0 ppm This

resul En klng at figure 5 in more detail, it can be seen
that during the first 81 filtrations at a concentratlon of 1.0
ppm, the resistance reached a stable value of 7. 45x10 ml.
Aftexr a subsequent period of 83 filtrations at 0.5 ppm, the
concentration was increased agaln }o 1.0 ppm. This resulted in
a stable resistance of 9. 60!10 m . From this it is concluded
that the effect of decreasing the concentration is not
necessarily reversible by increasing the concentration.

A system is called controllable if by using

admissible inputs it is possible to steer the system from any
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a stable resistance of 9.60x10 m. Fromthis it is
concluded 35 that the effect of decreasing the
concentration is not necessarily reversible by
g the concentration. A systemis
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=3 xlO m and Vgq =0.1 m. The resulting curve is plotted as a
dashed line in figure 3.

The controller was implemented in the control
software of a pilot plant. Its performance is evaluated by
applying the control to a sequence of filtrations. The
filtration flux (J¢ =75 1/mh), the filtration duration (tg =
600 s), the backwash f£lux (Js = 250 1/m2h) and the backwash
duration (tg = 60 8) were all kept constant, The initial
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=3 x10 mand Veq =0.1 in. The resulting curve is
plotted as a dashed line in figure 3. The controller
was i nplenmented in the control software of a pilot

V%gorg%ww%s performance is eval uated by 35¥ﬁ£&%¥0i0§}(%0126
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filtration flux (Jr -75 1/ the filtration
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paﬁ’i‘ét%rﬁnﬂ”eof‘e ﬁ?%eters are necessary. The
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reﬂi%%gﬁc%ddaale&éc&k; Jds| ddsahd0By Was. defiiradyby 10Qn. 2,
le‘n ak = 3 XQO m and Veq =0.1 m. The backwash flux {(Jr
=250 l/m h) and the backwash duration (ty = 45 s) were kept
constant. Foxr surface water with a turbidity in the range of
5-15 NTU typically a coagulant concentration of 2 ppm would be
used. This was chosen as initial concentration. The results
are shown in figure 7. The top graph shows the measured and
desired initial resistance, the middle graph shows the control
error and the bottom graph shows the coagulant dose.

It can be seen that due to the high initial dosing,
the measured initial resistances are well below the desired
trajectory. Consequently the concentration is lowered. At the
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of 2 ppm woul d be used. is was chosen as initial
concentration. The results are shown in figure 7.
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time, but can al so be conpensated by increasing the
anount of nenbrane area to keep the filtration
capacity at its desired |evel. W 2008/ 120978
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sai d al. Remthodpecpaimmet erlaimalluechdtadtagi i by
manil pilaaingosaidloe deash bt POrhnatG0v4liue pric@edingi $814,
£i0B2dA64,66b 280t DY ea BRI PPl tdiohi $ thdlenbfasSE pPNE

pn%{&'clﬁt&[ui\ﬁ%' y&%tgy rdup gSQIerdeftleHJﬁ\QA Ifqgtra%g s to
lze apredetermne I ncrenent of a predi ct ted

ou in gtatgs duri gg &rideterm ned periaod. 5. A
net hod’‘a hGTB Rt A2 fa cheFasEe SR Y 20
mRRRAEE FHEdRT ePHTE PETRET W idetBrarhedidy the
fidtption.nt erval between two sai d cl eanings after which
at | eabt Agwehoprocedingas anetrel, idarmtepidedtilnd. 6. A
manepllath ngCeanditngedd ledpiRafletdr Eluehrirasd @aided by
£idef L5 60 nk@gstﬂﬁré’éﬁggtaebfgd@%@&rd %&ﬁem@fta' me to
pre@AGHd afouzi%gn@swy@umgr;q&@dat@m %%@?AH ed fouling
St at Uss aEl ekgéf B& Uy é%; @5 'cE‘Qi ET dc% f eQrPceSS
cleans

|n|

ng action.
D R R EBI e AP0 ThBPRARS BY PSS ol ai 1o

1“(’5ﬁ’é%c‘i%?‘?‘”i‘e8”‘i fa %&feaf‘h’égsp?%és‘é‘lﬁ'hraénﬁaéfl m¢ chosen
PIPERTH pAramg@r| Epgenipntatefl: | coagul ant dosi ng,

filtrat. smmefthok ac¢arddingate @na:tni AEyr bachwesitetized,
byC 8@:Smifnli oYV thel grebdvernieagid ri@i b9, the QAL €A keLdneani ng
mabe VB Yidtre ad2O 06 QAL b b@ad Ofou €135 RGs 398 Mnen SOAK
maﬁ'ﬁ};@.atltrﬁépﬁ: an&;l Wbp&eQQ%QL%tgp gp&;&t irg.QJ.thlng
sag.h eﬂngﬂgg action.

7. A method according to any of the preceding claims,

characterized in that the process parameter is chosen from at
least one of: coagulant dosing, filtration flux, filtration
time, backwash time, cross flow velocity, bleed ratio,
chemical cleaning interval, concentration of cleaning agent,
soak time, type of cleaning agents, combination of cleaning
agents, and relaxation time.

8. A method according to claim 7, characterized in
that the process parameters are comprised of any combination
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agents, and relaxation tine. 35 8. A nethod accordi ng
to claim7, characterized in that the process
paraneters are conprised of any conbinati on WO

2008/ 120978 PCT/ NL2008/ 050126 15 of two or nore
WOore%e2Prbcess paranmeters. 9. A nethod acco’?‘b‘i’Wng@@wl%
claim7 and 8, characteri®ed in that the process
paraneters are determi ned by (optionally

di mensi onl ess) ratios based on two or nore of said

o E@E OS Snobe pAr GiEBE QirscaRtbaBBsRes eri stic filter medium
di mensg.0ASmethdd) acddABIN 08 ALLOH AiJaTs,! endRYei-6d A1 B

114 thatgthe I&E?& QEAH@@&LSerJrEQ\]_eQ‘H r@tdllgbg %ﬂ: g%. gt of

SO as

t dt f,
diﬁu@:@sqgh%g %gglol gased onetwo u'r moro e I{ie‘?rr?]c%ed val ue.

pafﬁ"e%irs ,ﬁmﬁﬁf’?ﬁ?&tﬁ‘%ﬁicd |fh]gtef d“egh‘ﬂ“ Sfmei“ﬁéc’"ﬁr ecedi ng

cl ai met?- chrthodeGoPEd ot At ofiqtadms Lrstd step a
chpragiterized byj manipekedingndn \eiewrei pf tcheguflent lAdedstat us i s
theefiold e¢d, benfigitered, a¢ abeastetOnbe FroCiagSstpaiandtLer i S
prAddtiepiilnat @d1s0 as to keep the fouling status at a

predetiar M AechokakdiBraing @ SHFQRGNS! SRcediBgl I sai d
c180% O RALRIRLCL, BA% . 6AGNED.2 REE d.\efﬁrlw Psed val ue,
fo?xraiQJ q}xcp gvhére&' e?am Qc?:lSt eetat Sal m%asu ec?

seconc AR na? ely.

Sal
atl asg\ °ﬁ§tg%8865508%’?“8? ’cs mRRERIF R SO ﬁ%lr t8ckeEPi zed i n
the fopling; FFabps@Es Predelpmtiard jvalupicHagutesaed déshng and
1ffrddgineces20p3tqme paretict eearhad @ prHdgterpingdhealpsagul ant
pedbEning & claamimyi yuem ofv adide £fi1k8r; Andreiepediagaatidi ng to
fiasny and sedamin®eds -alt&matélyar acteri zed in that said
fouling. st AbSdl SccopdRpi b 1, bldrh&lerifisd $fance
thX@lsH?d process parameter is a coagulant dosing and wherein
the predetermined value of the coagulant dosing is a maximum
value.
13. A method according to any of claims 1 - 12,
characterized in that said fouling status is comprised of a
filter resistance value.



