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A nmethod for the filtration of a fluid The present
invention relates to a nethod for the filtration of a

W0 toos/tkoohe nmet hod conprises the step of neasurdTgLINE050126

filter resistance R duringisaid filtration. The
invention relates to the filtration of fluids in

general using a filter nmedium To clean these filters
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, generally specifically
devel oped for a certaln filtration nmedium However,

f or cihar ptegentsikentidre rgdaees pei amenipd fiowr ke nly
filtHak st od 4 Filiidit raei mexefl tongiit ses ane swesrbodne
meaghrF {zﬂhhofkftgrpfgglseyAéﬂ'Ru§ﬁfﬁagn§g43'Qﬂﬁtfédlbﬁat|On

back Shf%‘?%@'l n!g m:igpe dsco fgitpé{{} Pogf lﬂl@l& dto

e caI eanl n % |on such as

in gERETHOUSHGY SHLERF REFHILNE® FLPER %R
to gestoicc their mirégbfdll penfdrmanes aglt kid P r%’teiaéhf,“!i s a
met HoABTENR Wvajipbled dgaakborl f epeditecprddetre opedf £got abl e
a c&¥taPh %@?::?a%heﬁe&ﬁmt rl@:meq@fu 3k ¥aslieynatfike, HOWever,
the e'[e:[r:?%paﬂgx'zbvl: 1)‘1?% 2 tﬁle i FHJ&gtLr_Sfﬁtrhgl&fto'fon in the
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redg@gfﬂie and irreversible fouling. Reversible fouling is
removed readily under the influence of hydrodynamic forces
exerted during a backwash or cross-flow operation.

Irreversible fouling is not (or very slowly) 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
e Surface water (lake, river)
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Surface water (lake, river) Sea or brackish water

I ndustrial and/or nunicipal effluent |Industrial or
wonws/ciopa i nfluent Al kind of reject or/anddi/€emosnsoi2e

(aqueous) streans, such asjsand filter backwash water,

cl eani ng-in-place (CIP) waste water, etc. , whereas

many other i quids are being produced or purified

throu nmore filtration steps, such as beer,
* V\ﬁer?eg géﬁh “8f8" Al these feed streans contain
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ele&ﬁihayté)%bnéénﬁﬂ%&lénJ ietremdhgiMOM molecular weight,
increasing NOM hydrophob1c1ty and addition of divalent
cations (e.g. Ca ) Due to the complexity of solution
chemistry in natural waters, NOM properties are very source
specific and both seasonal and long-term trends occur.

Regarding 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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In the state of the art, nmethods for renoving fouling
froma nenbrane are known. The effectiveness of these

wombdroms7scan be enhanced by, for exanple, a  PCT/NL2008/050126

pre-treatnment nethod tocoumster irreversible fouling so
as to be able to continue nmenbrane filtration
oper ation under economcally feasible conditions .
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erson. According to the present invention,
th AR 3RS di cated in the preanble conprises the
sstRdexasionngf deedY$¥¥™claim 1 . Preferred enbodi nents
«fArtyheomEihbits are nentioned in the dependent clains .

JThe2r 8 Rnanes canehadiasénigy pfodeke ami had sileps in
eagdy;ipdi vidual claimw Il beconme apparent

For the description of the invention the applied
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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fromthe description and the Exanpl es. Dependi ng on
the filtration process nmany process paraneters can be
walzfsmmd7sand used to control the process, such BSI/NIL2008/050126
filter aid dosing, such as 4«oagulant 2 . changi ng of
feed properties, such as tenperature (viscosity), pH,
etc. 3 . changing filter nedium properties, such as
surface charge, packing density, etc. 4 . production
(PFUX) level 5 . production tine 6 . back flush [evel
Iz fPdex #1u8psingresseh agcFRAFIEANY cleaning tinme and
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coaguP%ﬁﬁS param¢dess as a consequence of Whl ch the
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erson I N a
(1ike Re- umber, annlng—factor and Ehe l ke)

13. etc.

The advantage that is obtained 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 of the present invention a coagqulant is added, as a
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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readily able to amend the enbodi nents described to
provide alternatives that are all part of the present

wO eentopsn. The advantage of the invention i S FRIMNL2008/050126

exenplified byreference tosthe use of a coagul ant,
that is used to decrease the resistance. However,
i nstead of using the coagul ant concentration as
contr ol ararreter any ot her appropriate control
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cheflialy (ESEod bESRuazh A Botere oLy mie Fie SPErent
momgrits  InfdRe - Jforeokty Feapra.ofthe tf@t?alf"d@téfma?ﬁ/ theher
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means of a backwash or a chemical cleaning, as is generally
known in the art. The choice of the maximum resistance value
can be determined on the basis of known behaviour of the
filter, for example at which value an irreversible fouling is
obtained.

As far as an addition of a coagulant (also 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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As far as an addition of a coagulant (also known by
the term"filter aid") is regarded, the present
WO eentopmsn i s directed to a nmethod of in-line PCT/NL2008/050126
coagul ation, so as to inpreve filtration of a liquid
with a nmenbrane filter. It has shown,that in-Iline
coagul ation to sone extent can be of benefit for the
performance of the filtration process. For exanple, a
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This observation further motivates the desire for a method for
minimal dosing of coagulants.

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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conventional dose, usually found by jar tests, or to
test a nunber of concentrations in a pilot plant study
weds/s®bect i ng the nost appropriate one. HowevRIT/NLA008/050126
the dosing is not continuously adapted to seasonal and
long-termtrends in the water conposition, alteration
of other operating settings andgradual changes in
menbrane properties, it can be expected that under- or
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r|
case of mgmbrane filtration, Darcy’s law relates the

resistance to the flux J, the transmembrane pressure AP and
the viscosity n:
AP
Ry + Re = (1)
nJd
Figure 1 sketches the resistance during a series of
subsequent filtrations and backwashes between two chemical
cleaning phases. The initial resistance Ry 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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subsequent filtrations and backwashes between two
chem cal cl eaning phases. The initial resistance Ro
WO s008hB9resi st ance at the end of a backwash orpd¢TEL2008/050126

start of a filtration phase The objective,

stabilization of the filtration sequence, is to

control the final resistance before the chem cal

cleaning. In principle, the operating variable that
mosth A3 lueage sen itgﬁl crrteelind variabdat yhoulddbs shoaph es
the ghoipulabed clagseblas Théiecoagul pitl avrebnrast &yl end Tite
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n E{c{tratlon X cannot be manipul ated freely. The
maniedlet e TESHYi'guration is the structure in which the
i
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the tingorreatipun| Aoed feam §h¢ evaildid ej meéarvaetnemn toetheen t he
man Py st hanidak . f eiad inweé eictpsOpetbéas tasd t he nenbrane
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whidteedbamdha Soutsad hér adapilyt keowe0aghe ashtedsi ng to
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dosu}(% (f(1r)¥:5 th.e g ﬁ:c'lé C£')er151r gan IS S%g 1n P the
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2 However, the control Obj ective does not reqw re us to
keep Tymicabbunt §eedbagki erpteohimrans, ugndotd diasy thaut
contha lbd nalrivbldiati sn dceepiamtl et PoentatHowaveshape of a
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fouI %“' a0 &slfta ﬁerp;{?v‘idf'rghg%ﬁ%'%& Hn'atﬂ%iu%”i Based on the
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trajectories, an expression for a desired initial resistance
trajectory as a function of the cumulative filtered volume per
unit area (Vy) is assumed:

-V /Veq
Rg,d(Vg) =Ry + oyVr + 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, R; is gain of
the exponential rise and Veq is its characteristic volume. The
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-F/Veq Ro, d (VF) =R" +aiVF+R * (1-¢e) (2 It
is assuned that the initial resistance of the first

wd 2008/tmbison foll owi ng a chenical cl eani ng phasCT/SL10h&050126

menbrane resi stance RM Thi 9 | eaves us three degrees of
freedomto define a trajectory, a is the final slope,
R is gain of the exponential rise and Veq is its
characteristic volunme, Theresulting traj ectory can be
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Si ncerkie tcbat AL Vid @he tdIGorNiHn @haf ideteahiid how

the ﬁ&b%ﬁﬂ%ﬁ bt alihéd ‘Se%@m Erl%e coaal apte %%HEF&‘E @Ebﬂn I's
is useadt Egd ?ng tl ne 1pulal:ec{ rvgr%ag. H%J.nce anP%ajec}:céf%

SIS ance
for prhec dptYigH| Ekltratigegesifhiare n’a%/tﬁéc’g‘i‘\feﬁ $n velocity
coagwiamt byoncent et ien [is= a@agtted onk(t(ine +pdy IfiilyratiphF)ate
the (fdment ) Yhe( 4pitdiR1VEGRtEndsS iEhestamateéd] IHehncgaian, t]t is

dls&tlﬁecQf‘-tJoQHréhe'rni§9Is@B' Qﬂulcﬂtxx%@/ k- giU%% P:QLUé‘i%cW be
lglven y: (h)< ()ExanpesTe
xbﬁ’erl rrents vvere performed on a pilot plant scale
flltratlon unit which is scheg)atlcally shown .i n flgure
4 . Two N t-Nrcainegx Ko Fere) BulT e witd a 4
fiItrat| on surface of 2 40 meach were used. These
consi st wfichdk liswthe oet parlensgain, nr is the

controller integration interval. The bounds can be given by:

Cip < Cing) < Cw» (5)

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 mzeach 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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PES/ PVP nmenbranes with an internal dianmeter 0.8 nm and
an effective length of approximately 1.5 m. The

WO poen2eals fi bre volume is approximately 16 1 ,PETINL2008/050126

addi ti onal dead volunme o ftthe systemis estinmated at 8
1 . The feed water was taken fromthe Twente Canal and
pre-filtered (200 mm nesh size) to prevent too |arge

particles fromentering the system The feed water was
the isyptent d¢ patidagedtatnBobisly refreshed and well stirred
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bot t omn gipaphl &powspdfieeet fvﬂstpélffoﬁ:iﬂas,e tﬁhaﬂgﬂﬂten t he
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tratlons
andaY1q5 SefﬁﬁTF rﬁ?at hese effects occur within a few

filtration phases. This confirms that the coagulant
concentration is a suitable control wvariable.

Looking 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 n\l.
After a subsequent period of 83 filtrations at 0.5 ppm, the
concentration was increased agaln to 1.0 ppm. This resulted in
a stable resistance of 9. GOXIO ml. 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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concentration was increased again to 1.0 ppm This
resulted in 11 -1 a stable resistance of 9.60*10 m.
wdFroosntobiss it is concluded that the effect of PCT/NL2008/050126
decreasing the concentration is not necessarily
reversi bl e by increasing the concentration. A system
is called controllable if by using adm ssible inputs
is possible to steer the system from anyinitial
1n1§Pét Batg Ehpyi hidirlsfEate - &infce irreveraiklinifeutng i ng
canrggnhotrepevedanby eih byt d¢Einhpigtephipdssabhottoposadtbl e t o
any [sR3€4 fby &lyagevdd ARiaiyl Gty¥ed ContdcAhabiKilitg. is an
mpJ;QgLe quloa@féy By 4 temslﬁaogst@&ttrsimeaw @fe Systems to

intrinsic_lack this operty
1nt1hln51c r!l.acg fret gﬁ pro ertay té:nce 1ﬁ\gorta %p%onnste rajégct ory

the r?@éd%“t“& JGﬁB%’é'h "\WF‘E‘T] t©aPe thgsentE 3 EBntrol | er
ensyre phg contraligekis Rbleletd toack thf edasdrpd Hrajpetony.

1f at ienpitefipted topoOg®sanan Nheéasdiblie sat ppomtt thé he
conta@ i EPlsly8ernd Vah &8 GABthUNSt able. Fromfigure S it is

est | "Péo%dfin{h&}te g @%Qgésh%aw@%ﬁ”& fﬁgﬂ%?%r ation of

Ongres resi st ce equal to
P >ﬁ°ﬁﬁ?’é"t‘?tﬁ°’b AEqOm PPRNERSYES abbdt r??ﬂes &affe for
charwt Ravac FEa@Pﬁgx’a‘?ﬁfeaEd ed8i my + rdigogabant the

same& (ot epthal noreas Bags @tdodedrersimy abesagailant a sui t abl e
con&tRaOfon-. 1BadelCof Q2G| gFiceeoNddial, | £rsushopid gien of

the aé%gl‘ Qic%nqa;:gll 3‘:0;:16110 9%8[11&“ % E!ML ofl Id théﬁ Lnons

toa i eye nost O EISTO

The JURPRE % ELLF TBEL 9 RS éegc??*aﬁ"? o PRCTBASH9E ¢ he
is pyafly avtivdiedehe rket 2Bn The merdtipPRAsteAn( a‘pﬁﬂeeﬁ it el y
the cdaighl4rat comsntratBaseds omchhéssemudmproxindtely 5
£i1£0HcQ@BAALI 88sddbAT MAlseOhurdti s 0aEU Lamgz«aen&r ahk&fval
@Iﬁo%g?ﬁgne% €0 ﬂ#agh&ﬁdagg &ﬁ;

ection o eS|red|n|t|aI

appf°é§f“§f%]ﬁcégtfrl “E_YSYY paraneters is_in principle
ar bi t Fg )?elel"ﬁfl}§ of \tihgedsadrrdt ipigial rugsdetGees may be
trajegiory gidrepetdyisc bs canrbéensiplecarbd trarysalhed y aceidai n

varOfpss ati tragbctdiostmalebe HMBYSHle,t BRiGLkastdeON Of a
selgag@ 95 s%QE%lecet:EﬂneQLQf%ﬂoﬁapQ%qggtmg Sm%epf this
the, se gngn |0 o o) g e t E}gl <|>n tL\I ty’
t?161f|5 Hh@tfe?§ cﬁ’ S&H 6%?1 ctﬁaY ’ﬁw Y
scope of this 1nvent10n In cons:.deratlon of the
controllability, the parameters were chosen such that the
desired trajectory seems feasible compared to the availab_Jée
measured trajectory. It is defined by eqn. 2 with a;j =0 m , R¢
=3 xlO m1 and Veq =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 szequence of filtrations. The
filtration flux (Jr =75 1/m h), the filgration duration (tg =
600 s), the backwash flux (Js = 250 1/mh) and the backwash
duration (tp = 60 s) were all kept constant. The initial
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desired trajectory seens feasible conpared to the
avai | abl e neasured trajectory. It is defined by egn. 2
wonms1amp7s=0 m, Rr 12 -1 =3 *10 m and Veq =0. IPQWNL2Dh&050126
resulting curve is plottedias a dashed line in figure
3 . The controller was inplenmented in the control
software of a pilot plant. Its performance is
eval uated by applying the control to a sequence of
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for hberincrhesiny trealstaese Stthacepnieepkern kheepasinggeasichal t
the RBEQIRSLCSR, hhell hEddd abbon ewhbdrsn@neoagiant dosi ng
resils@80S §Ra AL WISEAN:RG S GHIEPCh or o st QTP NSRS F Qe t he

i.ncr I'ng resl n h . [
it Goalh st g 6 IO Lepag Dy oot no
onwirdst ¢y FRats VaRtarieparins the Goeqelay. capegtration
occwmpprioxdhmateluse8 twwosntdre srall daviatdonst emdder eaches
initdilad Sisp@hdd.. Fromthis point onwards only snall
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app ioerd l'lseee fTIaLLg alt)l.o‘ﬂ'lef ldg;(iraé%dirflzj.éi}a?[r gglt\égltggr? ver e
res%;tipce traject0ﬂ¥ Yﬁs defined by eqn. 2, with oy = 1.0
x10 m , R, = 3 x10 m and Veg =0.1 m. The backwash flux (Jr
=250 1/n3h) and the backwash duration (tz = 45 s) were kept
constant. For 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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applied (see Table 1 ) . The desired initial

filtration resistance trajectory was defined by egn. 2
wo200Ad0om = 1.0 11 -2 12 -1 ¢c lg m, R = 3 odmNmoasieso12e

Vbg =0.1 m. The backwash f3ux (J =250 1/mh ) and the

backwash duration (tB = 45 s ) were kept constant. For

surface water with a turbidity in the range of 5-15

NTU typically a coagul ant concentration of 2 ppm woul d
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capacity. This last can be acceptable for a certain
period of tinme, but can al so be conpensated by
WO mos/easisng t he anount of nenbrane area to keake2008/050126
filtration capacity at itsidesired level .CLAIMS 1 . A
method for the filtration of a fluid using a filter
medi um characteri zed by neasuring a fouling status
val ue; conparing the nmeasured fouling status val ue
with a set of predeter fRE® fouling status val ues and
correspondi ng process paraneter val ues; and
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maipRl 26 5260 e LAt 4D RLA %&%ﬁd&egupﬁ{g %Qiéés
£i %talg{gpl_ned by the tinme interval between t sai
cl'eanings after which at |east one process paraneter
i s mant-pd BtEwd sccordingiteodlaict dr dthegactexizednbyl or 5
manipghatiagt eridzad bsastebrs rHamameteirheapecdet Brgrisaed
£ipaatosh,asot N thi fealiQel £3ERdGdFXAEA MncPEiAASBEI £ the
prdBReyE 6duh oM iRde s Ak SnfRIptORR PRINQULEE Y at | east
one. Procesg. ALATELEl, ANY/OL, L L1 abing sdld gl eani ng
action 7 -cAethod aceord iy t 4 afy ror thepr &edi ng
thay SPAeLTeCRETIEPE | RAFd o nis Hate TR d Ryc B Hidreaneter s
intgrysérodtwean divol ealst coemniohs affeguvtbinh dosieagt one
prédeskr pdrametéd Wws, minipulatddan time, backwash tinme, cross
flow vel QehldhodPh&S iRl 1 FAGMCHL ! GRMLIMtarized
byI éf%%%fﬂihgcggg:%Qgééﬁérggnég ngfqugggtﬁzg%QQé to reach a
maximum increase in the measured fouling status and then

manipulating at least one process parameter and/or initiating
said cleaning 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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soak tinme, type of cleaning agents, conbination of
cl eaning agents, and relaxation tine. 8 . A nethod

woemog@brsg to claim7 , characterized in that HEJT@NL2008/050126

process paraneters are compi sed of any conbi nati onof
two or nore of these process paraneters . 9 . A nethod
according to claim7 and 8 , characterized in that the
process paranmeters are determ ned by (optionally
of RS PBRT s Fhesp PEScIrssRFFRLENW®- or nore of said
process paredired cxsogdihg ltar clctier ¥ sdridc 8§ | dHaghcta@dizam
in dbEENSleOpfocedB. praiiothidd 286 @t dAthddObRNbpefiofd1aiys 1
dinen9{ o185 AGheEbL b sRY JFPQ%QLQraInt@ o?n Q{G)gggcggs
par%gxg u'sag§d %ﬁgggcg orit Dlec ffliw:gr t24P8 I'Ft ered, so as to
Set the ToulThy status to a predere ey st ue . 11.
A et H8d AZESPER iAFeredingy tofanyhet fledsdi hg 8 ai ns,
charpgterized ibyedaniprullaging jap amduntsef stogpularit! added $o
thef flb¥datecbeaalallvdridei so tazetd Qidti BRe FHoal sy issatBATY £d,
predles flined@tvah @@st one process paranmeter is mani pul at ed
S0.88 100 KGRRnbHGLBULI0: 51 ANSe AlndpRLEGLSr M Ned
l\/,aI ue, in a 3econ_ $ etg, I'T_'sdi d_process’paraneter has
cl3ipae fRATacFaEet et $81 i TPR TSP U dci®ani ng
filiraperbprd aihgreis ttde; fardng epP@dvs nip Fepsured; svheredn
at Jessndnst peeas tmrpatedry is inifuh@iddodo aaC @bdkdp t O
theC lf3h Ning lstaHN8r FE L biréct elrii At Bidd ;0 iR DRSSP Y LRAPEL er
if 15318 ;ﬁ:g?gég gggaxgeq%lrngasaggam%r gl Ira]retcg%epnruen%%t \er rﬂ]e')ed
val ue of the coaqgul ant_dosing.Is a maxl num ya?ue_. 13.
PeXfomiNgod HEEBr d’ef’o°%r?)9"6fgéltﬁfh§nf repppting said
firshapne cepeFedters PREeTSRRYY f oul i ng status is conprised
of a fl2l.t®Emetbed tcenedingakoeclaim 11, characterized in
that said 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.



