METHOD FOR MONI TORI NG THE DEGREE OF FOULI NG OF A
FILTER The present invention relates to a nethod of
filter-, ing a fluid, in particular to a nmethod of
obtaining a status characteristic and a change
therein of a fluid to be filtered and a filter

medi um nore specifically to a nethod of charac 5
terising a fouling status and a change therein of a
fluid to be filtered and a filter nmedium The
invention relates in particular to a nethod by which
a status characteristic and a change therein can be
obtained froma filter nmediumand the fluid to be
filtered. Unless explicitly stated otherw se, the 10
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SttaiiSants is deposited in the form of a filter cake. Depend-
ing on the nature of the material that is filtered off, this
filter cake may vary greatly, for example, it may be a com-
pressible, a non-compressible or a compactable filter cake.

25 BAlso, the material filtered off may clog the pores of the
filter to a greater or lesser degree or may, for example, be
adsorbed to the filter material.

When the filter cake has reached a certain thick-
ness, the filter cake will generally have to be resmoved. The

30 manner of filtration and of removal of the filter cake de-
pends, among other things, on the type of filter medium,
which includes the nature of the filter cake. It is therefore
advisable to know the nature of the filter medium's. fouling
status and the nature of the filter cake, the fouling status

35 of the filter and the fouling characteristics of the fluid to



35 of the filter and the fouling characteristics of
the fluid to be filtered, with the object of, based
on such nmonentary status and associ at ed,

ti me-dependent changes in such status, becom ng able
to control, nodel and optim se inportant as- pects of
the filtration process, such as: 5 - the producing
part - the hydraulic/ mechanical purification part

(for exanple, the backwash); and - the chem cal
purification part. Both the material and the shape of
the filter have 10 an effect on the status
characteristic of the filter nm&dium to be obtained
during a filtration process. This applies es-
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ample, a gas) or a solid. However, the status of the filter
medium, in particular the nature of the filter cake is not
25 taken into account here.

There exists therefore a need of a method with which
the status and the change therein of the filter medium, that
is to say the status of the filter and the filter cake can be

~ determined in a simple manner. There is in particular need of

30 such a method in combination with a cleaning process.of the
filter, with the object of, based on such momentary status
and associated, time-dependent changes in such status, becom-
ing able to control, model and optimise important aspects of
the filtration process, as mentioned above.

35 It is the object of the invention to provide an im-
proved method of obtaining a status characteristic and a
change therein of a filtration process (this refers to char-

acteristics of the filter medium as well as the fluid to be



35 It is the object of the invention to provide an
im proved nethod of obtaining a status
characteristic and a change therein of a filtration
process (this refers to char- acteristics of the
filter mediumas well as the fluid to be 3 filtered
and the contam nants contained therein) in a sinple
manner. An object of the invention is in particular
to pro- vide a nethod which allows a fouling status
(and a change therein) of the fouling of a
filtration process to be charac- 5 terized. Another
object of the invention is to provide a nethod,
which allows the fouling status of a filtration proc-
ess fidtbeed handatherdiaedniaad sakbovesi richie tAsoeint) of a simple
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prevent clogging, and the choice of material to, for example,

avoid adsorption);
- the choice of the appropriate hydraulic/mechanical cleaning

methods;

25 - the choice of the appropriate chemical cleaning methods:;

- the ability to estimate the capacity of the filtration pro-
cess {(because the measure of irreversibility of the fouling
status becomes known or can be determined from the data to be

obtained);

30 - how to obtain data concerning the separating guality of the

35

fiitration process (because the ageing process of the filter
medium is known or can be calculated, and hence the life span
of the filter medium). Moreover, in this way information be-
comes available for the design and the operation of a filtra-
tion installation. )
In order to obtain at least one of the above-

mentioned objectives, the invention provides a method as men-
tioned abhove, which is characterized in that it comprises the



filtration process (because the ageing process of the
filter mediumis known or can be cal cul ated, and
hence the life span of the filter nediun). Moreover,
in this way information be- cones available for the
design and the operation of a filtra- 35 tion
installation. In order to obtain at | east one of the
above- nentioned objectives, the invention provides a
met hod as nmen- tioned above, which is characterized
inthat it conprises the ¢ steps of: a) filtering a
contamnated fluid in order to renove from said
fluid contam nants, which are deposited on a filter
in the formof a filter cake, 5 b) subsequently
feeding through the filter nmediuma substantially
non-fouling fluid at: 1. a varying flux, and
- measustens tdfe driving force, or Il. a varying
driving for::ea)t and taeasyrd %n}tﬁﬁxnaﬂt%d{ E%Ziad Cdn order to remove
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status charact efgstebecof w@ihl bt aldR ofé AS@EMariNset of
Pgrtlcul ar, it dm%kes ahd possi ble to obtain a _
"d) on the baSlS of the comparison in step c¢) charac-
terising a status characteristic or a change
" therein of the filtration prbcess (for example,
the fluid to be filtered or the filter medium) ,
20 wherein during successiQe periods of time the steps a) to d)
are repeated, and the values obtained 'in step d) during suc-
cessive periods of time are compared with each other in-step
d) in order to obtain a change in the status characteristic.
‘Using the method according to the invention, it is
25 very simple to obtain a status characteristic of a filtration
process. In particular, it makes it possible to obtain a
fouling characteristic and a change therein of the filtration
proéess. Since the-fluid that is fed through the filter cake
and the filter is substantially not contaminated, there will
30 be no further change in the filter cake during characterisa-
tion. ’

The method according to the invention also makes it
possible to determine the amount and the nature of the depos-
ited material. An advantage is obtained with respect to the

35 known methods for determining the amount of the deposited ma-
terial. For, according to other methods, it is necessary ei-
ther to provide extra measuring equipment or to make physical
changes to the filter cake in order to measure its progres-



fouling characteristic and a change therein of the

filtration process. Since the fluid that is fed

through the filter cake and the filter is
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tamlnatlon takes place. This means that the variation in the
flux has to be much faster than the bulld up of the fouling,
in which case the characterisation itself could take place
with the same feed as the one being purified in the filtra-

25 tion.

' According to a preferred embodiment of'the inven-—
tion, good results are obtained when during step b) .the sub-
stantially non-contaminated fluid is fed through the filter
medlun in the direction of filtration.

30 According to a preferred embodiment of the inven-
tion, further particularly good results are obtained when
during step b) the substantially non-contaminated fluid is
fed through the filter cake counter to the direction of fil-
tration.

35 It is in any case preferred that the further in-
crease of fouling of the filter during the characterisation
be maximally 10% of the fouling already present, preferably

maximally 5%, more preferably maximally 2%, still more pref-



in which case the characterisation itself could take
place with the sane feed as the one being purified
inthe filtra- 25 tion. According to a preferred

enbodi nent of the inven- tion, good results are

obt ai ned when during step b) the sub- stantially
non-contam nated fluid is fed through the filter
mediumin the direction of filtration. 30 According

_to a preferred enbodi nent of the inven- tion, further
particularly good results are obtained when during
step. b) the substantially non-contam nated fluid is

fed through the filter cake counter to the direction

of fil- tration. 35 It is in any,case preferred that

the further in- crease of fouling of the filter
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this further increase of fouling is expressed in(§§§é 6 — )
driving force, which is neas- ured at a

pre-determined flux. 5 (page 6 ) 6 According to a
further .preferred enbodi nent of the invention, the
standard set conprises at |east one set se- |lected

from substantially constant flux values at varying
.driving force values; substantially constant driving
force 5 values at varying flux values; and increasing

or decreasing driving force values at increasing or
decreasing, respec- tively, flux values and wherein

each of these sets represents a fouling

characteristic. Such sets provide a satisfactory
description of possible types of fouling conditions.

10 According to anot her enbodi nent, the standard set

is fornmed by a set of paraneters of a node

describing the rela- tion between the driving force

and the flux. Conparison of



t he nmeasured value with a standard set of neasuring
values at a certain flux value also provides a

useful indication of the 15 characteristics of the
fluid, the nature of the fouling, and the status of
the filter nmedium The characterisation is preferably
selected fromat |east one of conpressible filter

cake and non-conpressible filter cake. Based on this
characterisation, an appropriate 20 nethod with

respect to controlling, nodelling and optimsing the
filtration process can be chosen. According to a
suitable further devel opment of the invention, after
the conpletion of step d). in accordance with th »
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the filtration process can be chosen.
According to a suitable further development of the

invention, after the completion of step d) in accordance with
the invention,
25 e) the filter is subjected to a cieaning treatment in or-—
der to substantially remove the filter cake,
£) whereafter the steps b) and c) are carried out in order
to characterise the modified status after the cleaning treat-
ment. If the cleaning treatment is shown to have been inade-
30 quate, steps e) to f) may be repeated. In this way it is pos-
sible to determine whether the filter device can be cleaned
adequately or how the filter device could be cleaned ade-
quately (namely by comparison with a standard set of data).
According to a further preferred embodiment, the
35 standard set of data is obtained from characterising a non-
contaminated filter, for example, a new filter with non-
contaminated fluid. The fluid used for the characterisation

is preférably the same as the fluid used for determining the



1. a varying driving force wherein the flux is 10
nmeasured, and staring the values of the driving force
and the respec- tive flux in a standard set of data.
Al t hough the invention is not limted to a particu-
lar type of filtration mode, it is preferred that the
filtra- 15 tion steps occur in dead-end node. This
allows a precise de term nation of the relation
between the driving force and flux. However, a
person skilled in the art of filtration will. be
acquainted with the fact that under well-defined
condi - tions such a process can al so be carried out
in cross--flow 20 node or in a conbination of the
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end mode.
During the application of this method, it is

preferred for other (physical) characteristics of the medium
to be determined such as, for example, the temperature for

25 determining the viscosity, the turbidity, the particle size
distribution, the concentration, the conductivity and the
like. The specific other characteristics to be measured de-—
pend on the model used for the filtration process, wherein
the resistance is also explicitly specified (such as Darcy’s

30 law relating to so-called cake layer filtration). The effect
of contamination on the resistance can be deduced by also
comparing with the resistance of a clean filter with a non-
contaminated fluid. Based on that it is possible to calculate
the amount of contamination.

35 . When, for example, different flux values are set for
substantially non-contaminated fluid passing through the
fouled filter medium (i.e. the filter and thes filter cake), a
graph is provided in accordance with the invention, showing



5 through a filter cake, plotted against a variable
that is proportional to a quantity of filtered
material. In this case surface water was filtered.
As can be seen fromFig. 1, such a filtration curve
can be represented by a second order poly- nomal. 10
Fig. 2 shows the filtration curve of industria
backwash water. In this case also, the filtration
curve seens to be representable by a second order
polynomal. In a sense, there is a substantia
simlarity be- tween the filtration curves. Based on
this one cannot deter- 15 mine & he characteristics of
the fluid and of the filter me dium It is therefore
not tress¢litdonehin riafeear B GriBEry dercedidthpntiux. The
conta@hyre Mxdehti ng:1and ophivd satéonnefl fhen ttbkafurve of
il thati on progess mﬂbg p%%l §esééhs@»1am more detail.
characterlsatlon trat% Rrocess |

hae | resz.?hance

carried out "t% dc@SPaiﬁ% FAvent |
giaphgouqﬁ;a Ehbvar pﬁk@hep$q%?§ﬂe%gq}ngﬁda4Varlable that is

respespéntabyal aice aohtiahtid: offi gilte3e8hoasertihe. In this case
progﬁgifa fpér L %g§£§@cg<t$gloggh sdhie b rg. 1, such

ca ean at different

t ly-—
fluRek* rﬁtl%ﬁu&é’ecfs%’é r§85?15?“h ? Thé PSSP aissT Poty
i nchelaisds with an in- 25 crease in flux value. In
1oontrast torifg.g2 Shodd Ghed rshows ibhatudveeof esidistrial

tan;g;‘mg,ggﬁ Merl ngﬁe@zﬁ% Wb a1d, nglﬁga@lnga{iéﬁ( .curve seems
and Qf% ore _show, t hat 53 behaviour of

S
theU?%1té?p%§f8 P |e§8FOndlf "Rt fiough
Fig. 2 30 ShowsSeh- tfﬁelfseﬁ@taﬁle%tagttﬁahgwnllallty be-
i nctwezaeshavftintaaticcreeases. .Basedake tHhasmate orgnnphi geter—
16S ok El@é’%@rg¥té%&Q@Bgsﬁif—p'fllbid/ an@ oEh€he filter me-

f l UC?( r el Pg: Qgele ec?li-_uer ?) { hSeSlfbllette% h%@?@f béltt. b%OLEQJt de-

resstﬂlthFPgO‘"f'r smltﬁélrsmofiséélngsénﬁla?%trmﬁéﬁ%%% o RKE torar
di fifierexntiop atoeedd gherhis basvialue. It may be
concl uded {heh .a idhat-her prasenbncasenthei fidd@bncakecess is

2J e%%u:{gcggu;rgﬁnasgﬁcrofl%gchﬁc&l @FQ :L%Q%W@lérp thhg g}apﬂss as

resse ux va hi s |ncr %SGS
t hé P@éﬂ§&5ﬂ%erlqyles 3 and respectlvcly, are ained. Fig.

3 shows the progression of the resistance through the filter
cake when clean fluid is fed through at different fluxes. It
can be clearly seen that the resistance increases with an in-
25 crease in flux wvalue. '
In contrast to Fig. 3, Fig. 4 shows that the resis-—
tance does not increase with an increasing flux.
Figures 3 and 4 therefore show that the behaviour of
the filter cake is completely different. Although Fig. 2
30 shows that the resistance strongly increases with an increase
in cake formation, this is not caused by the compressibility
or the flux-related behaviour.of the filter cake but by, for
example, a volume effect.
However, the filter cake resulting from the surface
35 water behaves differently at a higher flux value. It may be

concluded that in the present case the filter cake resulting

from surface water and shown in Fig. 1, is compressed at a

higher flux value. This incresases the resistance.



In the case of the industrial wastewater on the other
hand, the resistance does not increase when the flux

is increased. In this case, the filter cake is not
conpressible. In this exanple the resistance may

i ncrease, for instance, 5 because the flow passage
becones physically clogged up with naterial filtered

out of the fluid. The fluid that can be used to carry

out the charac- terisation may, for exanple, be clean
liquid. If the liquid to be purified contains only

few contam nants, only very lit 10 tle fouling w |

be added to the filter in the 8hort period of tine

in which the characterisation is carried out. In that
case it nmaylbeheccept alfl ¢htoinBetrhel |Wagtedater ke the

pur btnadnagd, fdie debost peef assd RG it h[eCfeabc when the flux is
gh?%?&}tetedhgéﬁtilpn%lg agsoel“,lr%gb %11&:e (t:%( Cﬁesgggil bc:m%regalble
or 1 dd %%B&?Hlleawe sﬁ?&%ﬁéﬁ%‘é% NGy é’b‘b‘l%alsvesf?ﬁaﬁtnseﬁnce'
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caftyingosupret frrndhar tiphs chetreriedtsaonon FOIf tdeatse, it is
PURPHS ®oskiblRISHo dREuPOSTebh eqiiat dbSEONuMNeGkdt Mfth clean
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20tolbe filtered. Ln ,any.case

25

30

35

be filt i NS 0SS|
duf iy © ﬁa*f%ecrféﬁtgaﬁadﬁ 8 f&%tmfeg?e? Y éélﬁéé%hé?f .

f i $Qurael oht U teatalluarpasaliele dgfc sapstlaradal [fyledesah £luid
f | frtcch tHAI 8iltsadf ot aidede Fadt th20 cheeeSSaliyakfiot he

charact er Iﬁ@tahoan&@ﬁlqgﬁofiﬁakﬁgt@l)@%swatlhadm i gui.d
acCl

Sch g dea PR S, SricHer b FReBot b paraile:
(ﬂqQFPﬁ@thQJrQQGt%ﬁkﬁ96§8rﬁ%&£Lth°@éﬁEHQﬂ mRY, Wy example,
t trer ebedt efdge crecesgAaPyt tlory dhheacespeetive. fid tthati oase,
Untihkt t Ghite ndydbaul deGal by1 unCeHe 35cHae¢ 1 £ om tdhe uat bey
fEQBQEQA&}QhQQiI@'igAmggéséukéégﬁglfgkiJ%rED?ng out the char-
acterisation. For that purpose it must be possible to discon-
nect the respective filtration unit from the feed of fluid to
be filtered. Instead of that, it must be possible during
characterisation to connect the respective filtration unit to
an inlet of substantially clean fluid. This is of course not
necessary 1if the characterisation can alse take place with
the liquid to be filtered. In any case, however, facilities
must be provided to allow either the flux or the driving
force to be varied. In gensral it will therefore be necessary
for the respective filtration unit to be hydraulically uncou-
pled from the other filtration units. A person skilled in the
art is well able to implement such uncoupling, for example,
by providing valves in appropriate places.
According to a further embodiment, it is possible to



art is well able to inplenent such uncoupling, for
exanpl e, Dby providing valves in appropriate places.
According to a further enbodinment, it is possible to

10 carry out the characterlsatlon in cross-flow

i nstead of dead- end node. Filtration can al so take

pl ace in cross-flow, whereas, for exanptle,
characterisation takes place in dead- end node. O
course, all other conbinations are also possi 5 ble.
However, an enbodi nent wherein at |east the

characteri- sation takes place.jn dead-end node, is
preferred. As al ready nentionéd, the resistance can

be deter- f‘“ c1¥a I actsugancg th§ndcrr|owsn forlglgn_égcg) of dead—
exanplé t?fé trans-2fi9ter pressire or

pr e$8dr BOdMPF 11 Rt ira é%%ealfﬁ éf‘k%eﬂéécﬁ ir r%PFBnIlOW'
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a SO neasure
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1pe ebed eof Het@tiPne tHE Fakistrdnee ‘b’fthaté‘ﬁe%#f* of Darcy's
filtser:. This is measured by filtering clean [iquid
(or .an- other suitable fluid) through the clean
filter at different 30 flux values. At the active
region the filter resistanceg _CHB& be approxi mated as

follows: RVFR 0+BJ (2) 35 or:a/ (1)

15
Abbreviations:
R = total resistance;
TMP = driving force;
n = viscosity;
20 J = flux.

Finally, it is preferred to also measure the tem-
perature of the fluid during step b). From the nature of the
fluid and the temperature it is possible to accurately deter-

25 mine the viscosity. According to Darcy's law it is then pos—
sible to calculate the resistance. 1f no fouling is present,
this law can be used to determine the resistance of a clean
filter. This is measured by filtering clean liquid (or an-
other suitable f£fluid) through the clean filter at different

30 flux values. At the active region the filter resistance can

be approximated as follows:

By =RA{0+BJ (2)

RM =R.1{o +B'77J , (3)



R, = Raro +B'RJ (3) 11 Abbreviations: Fri = filter
resi stance; RHO = fl ux-independent portion of the
filter resistance; B = proportionality constant; 5

Bl

= proportionality constant. Once the filter

resistance is known, a resistance in a seria
approxi mati on may be used to determ ne the resis-
tance of the fouling. 10 RF = Ti1ll1P R (4) 111 W
Abbreviations: 15 Rr = current filter cake

resi stance. The resistance fromthe fouling depends
on the de- gree of fouling and possibly also on the
flux. This has al- ready been hown clearly in the
above. The resistance is 2Q therefore represented as
f unebbesvioftienther the clean water flux or as
fungli on. of;1tbhe Eéhgeaﬁﬁavolune per filter sur- face.

Acc rd|ng,to a, b

%gb? '¥§nkheffiﬂ4é§tkgghsLance,

occuf%s 'b" ansigfggead en Itration, and in that
cas@ thrsFVaP?rb%ﬁPélF%C@PFE%?Wy related to a degree
of Boul i=ngrapdriiondéitRsohphagt by: |, At, (5) dt 30

"Abbreviations: w=fouling load; t =tinme. For a -

conpr essi bl g, €ake | gy, Lhe; Sieliabi on hekueen rdistance in

- cake | ayer Fesi st ance and pressure dr over tq} 315—
| ayerseiigls peRiP 2 fedh §a8f 2% HE SoltP oW 17g “ehpi F1% %
r el ednc@noflhe REulwagl +/ j dP (6)

10

15

20

25

30

TMP ' | (4)

RF' = o RM

Abbreviations:
Rr = current filter cake resistance.

The resistance from the fouling depends on the de-

gree of fouling and possibly also on the flux. This has al-

ready been shown clearly in the above. The resistance is

therefore represented as function of either the clean water
flux or as function of the filtered volume per filter sur-

face. According to a preferred embodiment, filtration occurs
by means of dead-end filtration, and in that case this vari-

able is dlrectly related to a degree of fouling and is de-—

fined by:

mv
=J (5)
dr

Abbreviations:
W = fouling load:;
t = time.
For a compressible cake layer, the relation between
cake layer resistance and pressure drop over the cake layer

is shown by means of the following empirical relation:



1

5 wherein: Ca = fouling load a = specific cake |ayer
resistance = conpressibility factor 10 Apr pressure
drop over the cake layer n = enpirical fit factor
The pressure drop over a cake | ayer cannot be neas-
ured directly, but can be calculated fromthe
measured resis- 15 tance in accordance wth
Formula-1. dPF = RF J77 (7) Equation (6) substituted
in (7) with n=I for nost of 20 the applications
results in: ar =wa(1l+)6APF)Jq (8) Wth a
conpressi bl e cake | ayer, the pressure drop 25 over
the cake layer is a function of " the location in the
cake layer. For a tubular filter nmedi um
di scretisation of (8) re- sults in: dPF [1 ,- /3PF 30
77 (~)J (9) The solution o Lhii equation filled in
at (6) re- sults in: 35 RF ="aaf8 ¥4 éaw DI77) (10) (6)
wherein volune factor O is provided by: 13 = -Ln
-22=.Y 4 21*rA" (r ) (11) 5 with r = radius of the
filter medium X = thickness of the cake layer It
shot’§=B&” hoted that N from Formula (11) approxi -
mat @es 1 # ofoutlhihg akie | ayer, flat nenbrane systens

andal ow 1Qp6ek e daactdpns .0ngede filtration
curye is determned, the rgla- tion between the
degfee of TOLFTHY ARE Y HEFREi st ance i s
0 "APr = pressure drop over the cake layer

n = empirical fit factor ‘

The pressure drop over a cake layer cannot be meas-

ured directly, but can be calculated from the measured resis-

15 ‘tance in accordance with Formula 1.

AP, =R.Jn - (7)

BEguation (6) substituted in (7) with n=1 for most of

20 the applications results in:

AP, =wa(l+ AP, )Ty (8)

With a compressible cake layer, the pressure drop

25 over the cake layer is a function of the location in the cake

30

35

layer. For a tubular filter medium discretisation of (8) re-
sults in:

1 dP, -
—_——= + B PAr
L S0 o)

The solution of this equation filled in at (6) re-
sults in:

Ry =ao® 1+ fan®J7y) (10)

wherein volume factor ® is provided by:



known. Thus this value can be used to cal culate the

anount of fouling after a cleaning treatnent by

nmeasuring the resis 15 tance when filtering a cl ean

fluid through a cleaned filter. As described above,

it is not.possible to determne the characteristics

of the cake layer fromFig. 1 or Fig. 2;, Fig. 3 or

Fig. 4 is also needed to be able to determ ne the
conpressibility p. Wien this Dis known, the curve
fromFig. 20 1 or Fig. 2 can be fitted to Fornula

(10); for this purpose various mathematical routines

are known such as, for exanplel3 the Sinplex nethod.

By regularly carrying out the characterisation in
accordance with the invention, the entire filtration
process 25 can be nonitored for ¢h in the

status characteristics, soPtE LWEE— ges in the (11)
characteristics of, for exanpfi , ‘thd fAuid to be T
filtered, the nature of the filter cake and the

condiitdhon of the filter can be foll owed. Based on

this, theraecﬁhgrgffehlt@i&&nmea%ess can be |
descri bed, controll el E ?a ed and optimsed. In
-addi®ti on? VPcﬁP%VTé%s P%f . on how to adapt _
the char act dti 8tduds! be QQﬁ?dfFUﬁkiqaﬁHOEnF?¥ﬁ¥lacéé§bi%BPIOXI‘
andmgtaki1 yecef thie chikkbt BAydrt, SEldt nEhbramy elysiens ignd low

thvgig&gqqaggtgnp above .speci.fi- cally mentioned
is |imted

enbodlnents _
appended cl 8 § IIEé%lﬂkfﬁﬁﬁﬂﬁ éfpﬁ%ﬁgrfln%? method jela

of Eién ekreitwgea tfﬂ%ﬁegf%é’rfa&@ﬂ*@eé“?nthet &Eipance 13
conprid@®es Thhe ©tiepsadie @n béldsex ng erlcoibaeai tiat edount of

fl uf&bii%gorGEgl tocﬁéﬁﬁ&ﬂ% thE QSR éfﬂiééarlniéthe resis-

ont am e on.a_fi
B et For I BP A YL G o ouh) s SR e Buacer
t hr ough theAiﬁkﬁéF”ﬁﬁﬂﬁﬁﬁY%'J§ub§t% ﬁ@??yble to dftermine

2.

noneHeouhiangctdiisdiat (ofl tha walreyilngef [ipop &pg. 1 or Fig. 27
measiyf i ROoEhe dr hViZid sof RELR 0 B dvhe fo Vd@dtWrR@ne the
dr'éﬁm&gegg{bfith”Q rﬁ%%EUEﬂPQ élgg known, the curve from Fig.
20 1 or Fig. 2 can be fitted to Formula (10); for this purpose
various mathematical routines are known such as, for example,
the Simplex method.
By regularly carrying out the characterisation in
accordance with the invention, the entire filtration process
25 can be monitored for changes in the status characteristics,
so that the changes in the characteristics of, for example,
the fluid to be filtered, the nature of the filter cake and
the condition of the filter can be followed. Based on this,
the entire filtration process can be described, controlled,
30 modelled and optimised. In addition, it provides information
on how to adapt the characteristics of the fluid and on the
capacity and guality of the filter itself.
The invention is not limited to the above specifi-

cally mentioned embodiments. The invention is limited by the

appended claims only.



flux, c) conmparing: |. the measured val ues of the
driving force with the respective flux, or IX the

neas- ured value of the flux with the respective driv

15 ing force, using at |east one standard set of

data, and d) on the basis of the conparison -in step

c) charac- terising a fouling status of the fluid to

be fil- tered or of the filter medium 20 wherein

during successive periods of tinme the steps a) to d)

are repeated, and the val ues obtained in step d)

during suc- cessive periods of tinme are conpared with
each other in step d) in order to obtain a change in
the status characteristic. 2. A nethod according to
claim1, characterised in 25 that during step b) the
substantially non-contam nated fluid is fed through

the filter nmediumin the direction of filtra- tion.

3. A nethod according to claim1, characterised in

that during step b) the substantiéally

non-contamnated fluid 30 is fed through the filter

cake counter to the direction of filtration. 35 15

4, A nmethod according to ondENPERESUBIME of the pre
ceding clains, characterised in that the standard set

of step 5 c) is aohéaiodeds friope@neaSUtERLa R @ iseq in
subst aphialilty conphr@ubednefddebgror.Sai d nmeasur errent

i nvol ving a subskantd e 5.

., A net hod aCtL:ng ﬁrlfnfgr?l& 3595?&::39%/%?2% lnu%% orger _to remove
ceding clains, characferise ahéf‘a?tﬁe Wiy aF g derpsd ted
coni 10 prises at®l 8akt? 8ﬁe"’§éPesf€F@c‘tfe6 filoer cake,

subst ant i al | yPtoSsamentiy (eediioybleroah vidrey ifhgter medium a
driving force vaktbesmntsybist aptifabling conist ant dri vi ng
force val ues at 1var yi ngrfingxeMal, ues] médddiriRy Heeasi gy
or decreasing drivimgrédoree values at increasing or

daor easi ng, respgect bV@Arxrnngy ldf%vi’r@;' Egzsceangnm%r guxn_mg the
each of £lux,

¢) comparing: I. the measured values of the driving
forqe with the respective flux, or.IX. the meas-~
ured value of the flux with the respective driv-—

15 ing force, using at least one standard set of

data, and

d) on the bas:s of the comparison -in step c)'charac~
terising a fouling status of the fluid to be fll—
tered or of the filter medium,

20 wherein during successive periods of time the steps a) to d4d)
are repeated, and the values obtained in step d) during suc-
cessive periods of time are compared with each other in step
d) in order to obtain a change in the status characteristic.

2. A method according to claim 1, characterised in

25 that during step b) the substantially non-ceontaminated fluid

is fed through the filter medium in the direction .of filtra-
tion.

3. A method according to claim 1, characterised in
that during step b) the substantially non-contaminated fluid

30 1is fed through the filter cake counter to the direction of

35

filtration.



15 these sets represents a fouling characteristic. 6.
A nmet hod according to one or several of the pre-
ceding clains, characterised in that the standard set
is fornmed by a set of paraneters of a node
describing the rela- tion between the driving force
and the flux. 20 7. A nethod according to one or
several of the pre- ceding clainms, characterized in
that the characterisation is selected fromat |east
one of conpressible filter cake and non-conpressible
filter cake. g.. A nmethod according to one or severa
of the pre- 25 ceding clainms, characterized in that
during step b) the sub- stantially non-contam nated
fluid does not substantially in- crease the degree of
fouling of the filter any further. 9. A nethod
according to claim8, characterised in that the
further increase of fouling of the filter during the
I O characterisation is maximally 10% of the fouling
al ready pre sent, preferably maximally 5% nore
preferably maximally 2% still. nore preferably

maxi mal | y 1% anda neshodraeterdaby yomans ormadderad. &the pre-
10. A #@iiR90-13869) UihRehdrQ@r £odl A Lnat CHAr 364 RELSERLI 8 step

35 ghag) 4 Be JcHEEJBeEr&{‘% mﬁ@&%x@rﬁe LOYE | ngu}&éta%{)ah ?fsx?rgfouled

t e.. erIn meas
1oy etk B St Sl b RATE A ULBE B B 8P on,

pre- é@BFﬂEMEF%?ﬁ%u“%haracterlsed in that after step

d) has been®k6 AcBEHPBPRGAEIing) to (e 94 [sepriylsof the pre-
subj ecedidat olaimsl edniragtdrieat inngrtt e gtdedardoset com-
sulsst pntdeal by leespveetdre Béldeerd cake; ahetsmianfy epnstant
f), stap bindes aepaaiad apd gy, t&teprliess suppeaitedily

in O:Ed}lz%EaﬁtQ dghafr@ck&rde39altu|3§ qodhiied 818 Ysiues; 8na in-
12. Ag §Cc? Lol ng .t &’n%f'?é rPolJ:e vaﬁb@é et E‘Iér%‘égulgn or

t hat Jehgeic’stl%n ares gceg Q S% lue an%ah!r gee eac of
asur e- At of 8 sdbs Hn a’fl unf ou é‘f”r'{

ohT o 'RESE FPEREP T HE g0t VERLTS COBOERRTIAEFy

non- cont anPnat &d™F4GR Pecpsding Fr‘ét%&do’éééﬁ?ﬁatln@ftla’eoﬁ’ée’

or sEFEINg chfinshechgracteriged dai Hiptckhy pandard set is

char fexmegi Be@d st tofapaxahetdrs| pf a@t inodelsdeperigéng the rela-

tion between the driving force and the flux,

20 7. . A method accordlng to one or several of the pre-
ceding claims, characterised in that the .characterisation is
selected from at least one of compressible filter cake and
non-compregsible filter cake.

8. A method according to one or severai of the pre-

25 cedihg claims, characterised in that during step b) the sub-
stantially non-contaminated fluid does not substantially in-
crease the degree of fouling of the filter any furthex.

9. A method according to claim 8, characterised in
that the further increase of fouling of the filter during the
30 characterisation is maximally 10% of the fouling already pre-
sent, preferably maximally 5%, more preferably maximally 2%,
still more preferably maximally 1% and most preferably maxi-
mally 0.5%.
’lO., A method according to claiﬁigr. characterised in
35 that the further increase of fouling is ékpressed in the
driving force, which is measured at a set flux.
11. A method according to one or several of the pre-
ceding claims, characterised in that after step d)'has_been

-



cur in dead-end node, in sem -dead end node or in
cross-flow node. 1;4.. A nethod according to one or
several of the pre- ceding clainms, characterised in
that during step h) also at 15 | east one ot her
characteristic'of the fluid is nmeasured se | ected
from for exanple, the tenperature, the turbidity,
the conductivity and the |ike. 15., A nethod of
controlling a filtration process on the basis of
dat a obtai ned by a nethod according to one or 20
several of the preceding clains. 16, A nethod
according to claim15, characterised in that a
physi cal characteristic of the fluid is changed, for
exanpl e, selected fromat |east one of: tenperature,
concen- tration of contam nation, acidity of the
fluid, etc; 25 and/or that a treatnent is carried
out, for exanple selected fromat |east one of
flocculation and/or pre- filtration or the like. 17. A

met hod Qf-0bd alpi g , a1t angard 1§%ﬁbﬁct€@3¢§3u& cldd@ing treat-
?g‘t g‘ef r;%gk gpééraqy &Jbﬁgd&’l Slgrﬁcivlelt %ﬁ%ﬁéEg%f]; %QL@ whaxe-
ezél z n%tepv\%)l Clﬁ Jé ? és)ggd @é e ¢) 1is trepeated in

pr ecedi
subst aff{ed &9 Wﬂéﬁ?ﬂlém%wlff%ﬁ d;ta'EL}ﬁ“ough a

subst anti al | y2unf dulegtiod idcrerdiay th chriraryj pafigperised in
and meesd itRg ddaedsifd wen@f EoHpCe) iBroBRihkd fyowar yeagure-
dri Vi ngeftObgea sapsksRaASURI Ogedulea liltes, aah skosirafent in-
the Va&&%ngf fst]ﬁséi%l’éﬂ Lol een@dhdndhe FRspec- tive

flux in a's ?n a é@hod céjo%gﬂﬁg to one or several of the pre-
ceding claims, characterised in that the filtration steps oc-

10
in semi-dead end mode or in cross-flow

cur in dead-end mode,

mode.
— 14 .. A method according to one or several of thé pre-

ceding claims, characterised in that during step b) also at
15 least one other characteristic of the fluid is measured se-
1ected'from, for example, the temperature, the turbidity, the
conductivity'and the like.
15 A method of controlling a filtration process oIl
the ba31s of data obtained by a method according to one ox
20 several of the preceding claims.
16, A method according to claim 15, characterxsed in

that a bhys;cal characteristic of the fluid is changed, for

example, selected from at least one of: temperature, concei-

tration of contamination, acidity of the fluid, etg;
25 and/or that a treatment is carried out, for example

selected from at least one of : flocculation and/ox pré-

filtration or the like.
17.A method of obtaining a standard set of measuxr-

ing data from a substantially unfouled filter, suitable to be

30 used in a method according to one of the preceding claims,
which comprises feeding substantially non-contaminated fluid
through a substantially unfouled filter at

T. a varying flux, and measuring the driving
force, or ,
35 II. a varying driving force, and measuring the

flux,
and storing the values of the driving force and the respec-

tive flux in a standard set of data.



