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 nediumand the fluid to be
filtered. Unless explicitly stated otherw se, the 10
termfilter "WEHPUFAN ¥PNETREINSOTHESBEER TG OF REITvENL IFOFER
refers to the (clean) filter as well as the filter

cake fornmed on the filter and the conbination of the
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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 Also, 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 removed. 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 2 be filtered, with the object of,

based on such nonentary 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 chenica
purification part. Both the material and the shape of
the filter have 10 an effect on the status
characteristic of the filter medium to be obtained
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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‘



the filtration process, as nentioned above. 35 It is
the object of the invention to provide an im proved
nmet hod of obtaining a status characteristic and a
change therein of a filtration process (this refers
to char- acteristics of the filter nediumas 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
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- ‘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
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-

35 tion installation. )

' In order to obtain at least one of the above-

mentioned objectives, the invention provides a method as men-

tioned ahove, which is characterized in that it comprises the



30 - how to obtain data concerning the separating

gquality of the filtration process (because the

agei ng process of the filter nmediumis known or can

be cal cul ated, and hence the life span of the filter

medi um). Moreover, in this way information be- cones

avai |l abl e 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

I nvention provides a nethod as nmen- tioned above,

which is characterized in that it conprises the steps

of: a) filtering a contam nated fluid in order to

remove fromsaid fluid contam nafits, which are

deposited on a filter in the formof a filter cake,

5 b) sesPsg@éntly feeding through the filter medium a
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flaod to be filtered fAuxthe filter nmedium , 20 : ’
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compared with eattfbiRERei9f LPEpTIYY P oritfer ERective driv-
obtai n a change iny tthecet atsiggchrkeassr Pag stanggrfgset of

t heg net hod accordglivag kedthe invention, it is 25 very

sinple to obtgn, A §Lapsls LRAr 8fd IImphbfsH i@ step ) charac-
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therein of the filtration process (for example,
the fluid to be filtered or the filter medium)_,
20 wherein during successi?e periods of time the steps a) to d)
are repeated, and the values obtained in step d) during suc-
cessive periods of time ére 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 wvery 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

substantially not contam nated, there will 30 be no
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flux has to be much faster than the build 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

medium 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 £il-
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-



i'n 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 ment 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’®ase preferred that

the further in- crease of fouling of the filter
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driving force, which is neas- ured at a

pre-determned flux. 5 (page 6 . _.~ ) 6 According to

a further preferred enbodi mrent of the invention, the
standard set conprises at |east one set se- |lected

from substantially constant flux values at varying
driving force val ues; 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
suitabl e further devel opment of the invention, after
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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 cleaning 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 storing 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-

| ar type of filtration node, 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 gnder wel | - defi ned

condi - tions such a process can also be carried out

in c&os (%%ylzo node or in. a conbination of the two,
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Darcy's 30 w rel’atTny 16 5o- ca ed cak ayer
WWiltration). Th&eftet. of contami nation on the

r eshisd aneceic@nhee vdbdeced bye alrdving dipari agd wikehrefrec—
res{ 5fARG8x0fn & %l‘.gﬁ‘(ﬁbtfd Iskeromighbaa non- cont ani nat ed
f1uid. Basezgl Wy R h nv%g \Rﬁskplrf ol QLE%J:é:&Jlt%t & pgﬂqcu—

amount of contantna or_ exanp

di £ 1257 E3P= 1 Tnf W SF B medaeritt of P%%Fﬁgfsﬂt%‘i yhe filtra=
1Aoneicontampnateedrf iuidkagassd myde hr Buigh al hews fogpiregise de-
filtamippdidmde tRe thetfibhtiervaad dikedtities foake)and

a Lglr ?phﬁléx/?‘exﬂar OV(Iadggé rﬁhgﬁf re@la@&ecﬁlg tatﬂtt@@ flltratlon will

| nventi on 9& at i on Pf ned condl—
dr iRA AGIFBTEE Aty He Ifﬁﬁt t'f‘ﬁ‘é u ‘g ?’8 of Eﬁ?“
f owiiong eesh bepde@%erqnqaedaifﬁ%ﬁﬁtwrcl@ﬁv@%fm {Fpgs-flow

20" alde Jhiis Wi bbuibai=aricheotleser thed ai Rorwald edetani-dead

Fi @ qlpshows a curve of a neasured resistance
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 the 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 mne the characteristics of
the Jrl»ukgla?{l@ngﬁlg he thibbh efndTe: 0V iR £bicd sntiheseffine. The
not SS|ﬁH§§%glarr|%e at g correct de- ﬁ%{hp&hﬁﬂwe of

cont'tPol're ptim sation of the t tal ...
fi | tahdsi orpadr o€lelss V@ﬁ’tﬁ’f‘selb%l desappBRd 8 mofe Hetas
char act eri satgon ahothea fédurvead§ ennpzoess resistzpce

car rthgguwta 'fgl@éiCQ;raQ@nC@lthtcH ihankbventaraabld heat is

?e?%éeg?{a/%ﬁoya 1; gflautlt&} %u'r ?f’lt%igngal}:erlﬁl In this case

Pr OgrE§a¢DNBE tiHRE rfééF%JE%cé‘st?ﬁl G§h° 1 He * SFPyghg- 1o such
cake whenacheanddvel dansod edprégough Bt adisprerdrarder poly-
fluxesialt can be clearly seen that the resistance

| ncreases va,t h %n§ho?§ %%ec%gr?@l%elgﬁfg&pgevgk UEdulsRrial

Tontrast to

t an®ac s H@ifeq népe*ég)es iR akes- nap%dﬁglﬁéaif'fon curve seems
Fi gibelse 3epnasehttaherebpre ssihowd tdvder tird YBEREA our of

t he f' I ter gakesksseomieately dishbeteantial Abthicaghty be-
Flg ween Qn§hfvf% %@ggntgﬁ%vo%5|éﬁé@&cgnsgﬂf%ngh¥ cannot deter-

i ncrease an i ncrease n C % on, Lhis, -
i he

155 RbRe CREsBRAIFLERES Bt résEiDi
f1 udiwel ateds Beleavfore moft phes:ﬂqhet ‘é? adél%éebﬁ‘i: PYFOLFRYE de-

exasaaiﬁ)tlanvqldmeo@f fieatel LHayARRT opt dvei shiltrerofc gke total

resl 14ng; L1 QnLhe, sl fage nafisater behaves
dlfferent [ er Tl ux vaIu r :
concl uded tvﬁ’ﬁt“ FnCihe FE&%?]? °€a§e thﬁe fL| t%ﬁioga gocess 18

20esedtiing oftr gm Sewléﬂ?ém\%at“é’fh ihG SHGM PR Fig. 913Phy @S
conpiessed wate @ighigher ahbuk nesbaetiviiivs pherobasdged. Fig.
theB rs@ﬁbhg@{é‘:%togLessw_on 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, 1s compressed at a

higher flux value. This increases the reslstance.



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 lity, 10 tle fouling wll
be added to the filter in the short period of tine
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case it ma e to use I ui d
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chariactrerssht lonthik cgetr sée filier caksolpossi preprsssible.
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1pes %dvérfTQt%détP%ﬁﬂ%hﬁFY $HSFPRReS feddditivan ¢heb e~
be fude ehed.tHenstebek afakbhig nott fowkstd beypbssitglire Of
durifg-seChey act erhsaty gesgpnfeoraee@;e t-Ne k8§ peQlteyed £fluid
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200 lvegki htdregd of | fii lrptéas eniliowellgr bef actdnggdedn parallel
MusdonBecPidvi dad ¢ takkew gitrieiod hRitkuxapr fllteexample,
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25 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.

30 necessary if the characterisation can alsc 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 general it will therefore be necessary
for the respective filtration unit to be hydraulically uncou-

35 pled from the other filtration units. A person skilled in the

’ art is well able té 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 exanple,
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 placelPn dead-end node, is
preferred. As. already nentioned, the resistance can

be detwety- ont nee byam;emwtgomhen driogEngldroriaat gt dead-
exangl£mbhe. tiansacfdd fcaﬁ ars%ssar@ Akck I B0 SroBsbE ane

PY €S & Tlvpor cramrhh Sra e?? ﬁ%ﬁ HﬂLJJ %ﬁégé]’l_lzlwgead~

thIS aﬁes prace w e m

(1) entsreBbr &Fi &PFEIS: o'k st a?“%lé%ﬁ?%é q aﬁ‘r\ﬂopom“
& i Hlrg flovoer,r yn =nbod bowitt wher@(h dt=1449fx thei Frgpgteri-
it isstRbef @iikegdpl &edligocdmasuuenddts tenprareratare of

t he f l ul d d%rl ngl_e tdep?gx)tloﬁ'éQm El‘llle rQQI J‘*.{a%cQ:f catrh%e deter-

fluid and t IS OSSI
accOiaee| Ry ﬁ‘éﬁéP”Z‘Eg PR %‘tr&& {30 Ré‘é‘Bﬂﬁ Aget §TansT
Dar ¢y1set gwesbuis drhénaposenbripte proseaiec TMAt e frhéhe case
1esbet anee £ih fr 00 JQULNY thiepresRBt witl Rhe 4BWFaDarcy's
be sed to determ ne the resistance of a clean

filtéf: This is neasured by filtering clean liquid

(or an- other suitable fluid) through the clean

filter at different 30 flux valyes. At the active

region the filter resist anceRta;g' be approxi mated as = (1)
ollows: Rar = Re(u +BJ (2) 35 or: R' =Ruo’'+ B'nJ

1
)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. If 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 fluid) through the clean filter at different

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

be approximated as follows:

Ry =Ryo+BJ (2)

35 ox:

RH :R“{°+B’17j (3)



11 Abbreviations: RN = filter resistance; Rho =
flux-independent portion of the filter resistance; B
= proportionality constant; 5 B = proportionality
constant. Once the filter resistance is known, a
resistance in a serial approximation my be used to
determ ne the resis- tance of the fouling. 10 TA Iff

- RM(4) RF= ~ Abbreviations: 15 Ry = current

filter cake resistance. The resistance fromthe
foul i ng depends on the de- gree of fouling and

possi bly also on the flux. Thig, has al - ready been
shown clearly in the above. The resistance is 20
theg@ greh&%_%gsented as function of either the clean
wat er ?Yux'or as function of the filtered vol unme per
filtBer surfilfgEer*A/SECrHi'ng to a preferred o
enbaes ment £ 1ufki-kbdegendanoEogE son B FBANS G dBRY-EAE°C/
filtyation, apeeishadihay waseathis vari- able is
diregtly rel ated. N . 0f fouling and is de- 25
_fén d by?Eﬁﬁfggtg%%igtggghﬁgigiviations: w = fouling
load; t = time. For a conpressible cake |ayer, the ,
rel ati on betweenthe35itteke reajyeiancesistqwwe . ahdresistance in

Pr esSUEL: A QppAVLeImalthen Galyent ayerd tbsdstrwinbythreansis-
of the fal irical relation: 12
RF:&ﬁgfiﬁﬁé%ﬁ%n%?ﬁqggWherein;

10 _

TMP 4
Abbreviations:
15 Rp = 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

20 therefore represented as function of either the clean
flux or as function of the filtered volume per filter

water
sur-—

face. According to a preferred embodiment, filtration occurs

by means of dead-end filtration, and in that case this vari-

able is directly related to a degree of fouling and is de-—
25 fined by:
dw (5)

at

30 Abbreviations:
fouling load;

w
€

i

time.

For a compressible cake layer, the relation between
35 cake layer resistance and pressure drop over the cake layer

is shown by means of the following empirical relation:



W= fouling load a = specific cake | ayer resistance
P = conpressibility factor 10 tPF pressure drop over
the cake layer n = enpirical fit factor The pressure
drop over a cake l|layer cannot be neas- ured directly,
but can be cal cul ated fromthe nmeasured resis- 15
tance in accordance with Fornmula' 1. OPF RJ77 (7)
Equation (6) substituted in (7) with n=1 for nost of
20 the applications results in: APF =wa(1l+j 6APF)J9
(8 Wth a conpressible cake |ayer, the pressure
drop 25 over the cake layer is B function of the

| ocation in the cake l|ayer. For a tubular filter
medi um di scretisation of (8) re- sults in: 1 dPF
a[1+/i PF~r~] 30 77 dr (9) The solution of this

equation filled in at (6) reX: sumi@¢ﬁmF035 RF=a (6)
(1+iaw(DJt7) (10) wherein volune factor Nis ‘
provided by: 13 ~_ Ln 1-ZuY 2cX ( r (11) 5 with r =

r&adius of the filter nmedium X = thickness of the

cakewhéysm:lt should be noted that 0 from Fornul a

(11) ., appro for thin cake |layer, flat
menbr ane ség%% §§ &Iom110 vol unme fractions. Once

the $iltf aPP%?Ilft‘ﬁr G%k‘? dadet erSAiAEd % he rela- tion
bet ween theomtmgrseebdfitivofkétrmy and the resistance is
Knovmap Thusrdd¥sevatdie o6an hir wsrd tageeal cul ate the

ypt ot $é§y1cgg after.a £l eaning treatnent by

neasurlng i

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)

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

20 the applications results in:
APF=a)a(1+,BAPF)J'r]' (8)

With a compressible cake layexr, the pressure drop
25 over the cake layer is a function of the location in the cake
layer. For a tubular filter medium discretisation of (8) re-

sults in:

1 df ‘
—  ZE =gl + fPAr
N L2 —aliepnl) o)
The solution of this équation filled in at (6) re-
sults in:
35 R, =ca®(1+ feodJ7) (10)

wherein volume factor ® is provided by:



15 tance when filtering a clean 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. 3or Fig. 4
is al so needed to be able to determ ne the
conpressibility p. Wien this 3 is known, the curve
fromFig. 20 1 or Fig. 2 can be fitted to Formul a
(10); for this purpose various mathematical routines
are known such as, for exanple, the Sinplex nethod.
By regularly carrying out the gharacterisation in
accordance with the invention, the entire filtration
process 25 can be nonitored for changes in the
status characteristics, so that the changes in the
characteristics of, for e&@gplelﬂ?LEE,QIU|d to be
filtered, the nature of the f&lt cake and the
condition of the filter can be followed. Based on
thig,;pthe entire filtration process can be

¥ escrlbed controll ed, _30 nDd%%Ied and optimsed. In
addi®ti onT Wﬁlﬁfdﬁq&gg FHFSFrBE s on how to adapt

-t he Xchar actéckst i 9fothe Ive el laverand on t he capacity
and qual ity ref sihadf bé trerteidt sieltf ¢ Fhemi Foweniaonll)s approxi~
not é,l:ggtquotro i CQQQVfay%QeCfJfal" mQ@L%%eﬂgggté}ﬂﬁ@nd low
enbo F Invention is limted by t '
BopEAdese cﬁlé‘FFrsorbgnl y. 14  AVENDED CLAIMS 1. A nethod .

of filteringnee fihgi &8iltchiiart@EVseds (dpterpbpeqt the rela-
CONPEbS s thiden sirepaegfse af folltiey agl aheontaidratedis

fl u%cgoéup %qgr\l\tg remve.f somssal dy fclalﬂcdlatef tthe amount of
conta nan ich are e on | _
O A A L
16hr bagte thenf Fikterimedi hran Huhst s&ﬁtqugﬁl ¥ cleansd filter.
non- f oul i nga$ lagisdr#ted hbowe vartyingndd prssEmc to determine

neats}gg '&ﬁr‘é@@erqrslthgg)f ftﬁéc&keofla}gf lfromarVAr Mi BY Fig. 2;
' Y309 o 9Ly 2R, regsyr ] n%qetdhg £ U Co GRTRRRLAY the
e ed va Fi'Ving

compre531b111ty B. When thls B is known, the curve from Fig.

20 1 or Fig. 2 can be fitted to Formula (10); for this purpose

for example,

various mathematical routines are known such as,
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 pxrocess 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 quality 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.



force with the respective flux, or 11. 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 nmedium 20 wherein during
successive periods of time the steps a) to d) are
repeated, and the values obtained in step d).durin g
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 claim
1, 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 substantially
non-contam nated fluid 30 is . fed through the filter
cake counter to the directi Qp:f:p étjAlIkFati on. 35 15
4. A method according to on of the pre -
cedi ng cl ai s, fhgrac%eri zed in that the standard set
of step .5 c) is ObTHMRBLT Fotea Medstiefernthaghpcterised in
subst antPaf I TITPSLEFes the iSteet °fsai d neasur enent -
i nvol vi ng a sulfdt &httieaingy anerntasontediflai@dof budek t&.remove
. A nmethod accor direg $@doABLIGY carusiaintOf whhReh MR- deposi ted
cedi kg clai ms, charactarksemh the that othe shandang.set
com 10 prises 8f JugastueRARB, $eLaid§! 8GLES fh@ i 1ter medium a
substantially Co%ké‘{htnti{)lll nYRlENeS ngt eV aRYing
driving force vaIIues, substanti arl consiian'i driving
force val ues at varyind FrHI% VAFud8a BHRGUTRT fhPedkikgee
or decreasing drivi ng°frc8 val ues at increasing or
dect%asi ng, resp&tti ¢eldrying xiviapubscandnstheeaiuring the
each of 15 these set&wepresents a fouling
characteristi €) ®mparihgmel hote aceon@didng: Iuesose tAk driving
several of the plogee with the respective flux, or II. 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 £il-
tered or of the filter medium, '
20 wherein duripg successive periods of time the steps a) to 4)
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-contaminated 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 is fed through the filter cake counter to the direction.of
filtration.

35



ceding clains, characterized 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 method according to one or
several of the pre- ceding clains, characterized in
that the characterization is selected fromat | east
one of conpressible filter cake and non-conpressible
filter cake. 8.. A nethod according to one or severa
of the pre- 25 ceding clains, 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
30 characterisation is maxi mallys10% of the fouling
already pre sent, preferably maximally 5% nore
preferably maximally 2% still nore preferably

maxi mally 1% and nost preferably maxi- mally 0.5%

10. A net hod aCC rxgél.lt]lgd aQ:cgJ:cﬁl ?d oﬁgq;rag&%’fa§egf Itge pre-

35 that he? I nCrease O IS expressed
inthe€ ctir| v almﬁ:)r ®aragisrered %nrrteasutprceéd g? G Set° °6t step

flud F1. 15A°hﬁlﬁ‘86| EXOR Gt &Fﬁﬁ*rf—‘?}e%@f gt Sgé?/@ﬁéfajolﬁ’ PREuled
pre- cétitey. cladinreasehraeattievbedgi A svhatardfie bty spep

d) hascheenir@edciuided out: e), the filter is

subj ected t b a O eathdigatdralng MBNdne Br Ofell@fall @f the pre-
subst afdaii Ay | H al RIOYLaLaRCefiisbli Ofn ERKE cn¥NR:BdaRI EBE com -

f) aoStp%E?s kS dLREALE ge@féglgévedsh%% CludsSakiBREM €dnstant
in ord Ja‘iugsh%r Ctx‘g'&h &L 08 ving 1o ':{1' $Q1uetsaté1u%§t§n&%ny

A nmet hod acco i ng rised in
Chat B SOE AT PO VENEs 85 VU ATREA S PiA B An-
nmeas UFES2StBAt o fer g ih Sﬁ’c‘P&F‘I TSRf GHED 7Y LFpeyeasing ox
" sai d AewrsaFEMnreinsctisYi fguy ibst andi wiqrgin each of
NOYY- cBrsgn® ¢t sepdelsgintk alBulAngrehhodbtgceenidi ng t o one

or several @f . theephsr adcdrdteditngored @k ngsveral of- the pre-
char asddeng sedind), thatackbesskil o ahdORhet SPRIQET s6tirid N
dead-eRfledgea ddt SELParsRd-£Nd H0MROadsBr HigStd OvLa-
nmode. ‘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 several of the pre-

25 ceding 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 further.

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%,
'10.. A method according to clahﬂgr- 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

-



1;4.. A nmethod according to one or several of the
pre- ceding clains, characterised in that during step
b) also at 15 | east one other characteristic of the
fluid is neasured se lected from for exanple, the
tenperature, the turbidity, the conductivity and the
like. 15. A nethod of controlling a filtration
process oil the basis of data obtained by a nethod
according to one or 20 several of the preceding
claims. 16, A method according to claim15
‘characterised in that a physical characteristic of
the fluid.is changed, for exanple, selected from at

| 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

sel ected fromat |east one of : flocculation and/or
pre- filtration or the like. 17.2A method of obt ai ni ng

a standard set of .measur ng data
subst anfi"aFfY Uhf dll et FHteeg B ?Jaaﬁ?g& t%o peotegping treac-
used i rmeRtnit IeademEeoTHsheR el BhaeH et e prEEdray, wheve-

cl ai ms,afishi o, corgpr bsds fewmdierd) a0d Bt agfiePaf] yis repeated in

non- cordragi nat eshrfaktiéd set teOugti fed ybstent i-al | y :

unfoyl ed filyer ah decndd \WRk¥idiggfddi¥iaang NRAstddtagised in
the dr Ithgtpg:hef 9Ja%§3ré) g’%fl Ltepa )’%beﬂgugéd WrBE a measure-

force, an asu t or }
val ues 8 é le.lly uz‘xéjcm.l(!:lj (?%QIt?e % ?&gi RIQ%SeuIFT‘?E(t in
| n a stf%vc}ggda Ssélpsbaln non-contamlnate

13.- A method accordlng to one or several of the pre-
ceding claims, characterised in that the filtration steps oc-

1.0
cur in dead-end mode, in semi-dead end mode or in cross-flow

mode. ‘
— 14 .. A method according to one or several of the 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 basis of data obtained by a method according to one or
20 several of the preceding claims.
16, A method according to claim 15, characterlsed in
that a bhys;cal characteristic of the fluid is changed, for

selected from at least one of: temperature, concerl-
etgc;

for example

example,
tration of contamination, acidity of the fluid,

25 and/oxr that a treatment is carried out,

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

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

ing data from a substantially unfouled filter, suitable to be
used in a method according to one of the preceding claims,

30
which comprises feeding substantially non-contaminated fluid
through a substantially unfouled filter at
I. a varying flux, and measuring the driving
force, or
35 II. a varying driving foxce, and méasuring the

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

tive flux in a standard set of data.



