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WO 800429- WP/ A nmethod for the filtration of a fluid
The present invention relates to a nethod for the
filtration of a fluid. The method conprises the step
of neasuring the filter resistance R during said
wWd Bvoatd-ors The invention relates to the filtration
of fluids 5 in general using a filter nmedium To
clean these filters or to restore their original
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reversible and irreversible foullng Revers:.ble 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
* Surface water (lake, river)
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2 Sea or brackish water Industrial and/or
muni ci pal effl uent I ndustrial or municipal influent
Al'l kind of reject or/and bl eed (aqueous) streans,
such 5 as sand filter backwash water,

cl eaning-in-place (CIP) wagte water, etc., whereas
many ot her liquids are being produced or purified

t hrough one or nore filtration steps, such as beer,
Wi NieSea drubeeskiset Gatdd All these feed streans
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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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froma nmenbrane are known. The effectiveness of these
nmet hods can be enhanced by, for exanple, a
pre-treatnent nethod to 3 counter irreversible
fouling so as to be able to continue nenbrane
filtration operation under gconomcally feasible
conditions. Sone feed water” pre-treatnent options for
ultrafiltration are: (pre-) coagul ation, activated
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N eRET £RGE cANG: adkaB&gs, of the 35 nethod steps in
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deser pt9 oﬁ At he Exanpl es,

e Etc. depending on the filtering process and its filter
medium.

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,



Depending on the filtration process many process
paraneters can be defined and used to control the
process, 4 such as: 1. filter aid dosing, such as
coagul ant 2. changi ng of feed properties, such as
tenperature (viscosity), pH etc. 5 3. changing
filter medi um properties, stuch as surface charge,
packi ng density, etc. 4. production (flux) level 5.
RERduction tinme 6. back flush level 10 7. back flush
tine chem ¢ cleaning tinme and flux level 9.
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li&e) (Bembdal) asea'mQ;adyﬁ@taa@efmmlejv&lobt ained wth
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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 coagulant 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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alternatives that are all part of the present

i nvention. The advantage of the invention is now
exenplified by 5 reference to the use of a

coagul ant, that is used to decrease the resistance.
However, instead of using the coagul ant

concentration as control paraneter any other
appropriate control paraneter (or set of contro
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predetermined value, the filter is cleaned, for example by

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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the term"filter aid") is regarded, the present
invention is directed to a nmethod of in-line

coagul ation, so as to inprove filtration of a liquid
with a nenbrane filter. It has shown, 6 that in-line
coagul ation to sone extent gan be of benefit for the
performance of the filtration process. For exanple, a
reduction in the hydraulic resistance of the fouling
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compared to the conventional optimum, underdosing still leads
to both good filtration properties and good removal of NOM.
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

continuo‘usly adapted to seasonal and long-term trends in the

‘water composition, alteration of other operating settings and
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35 nunber of concentrations in a pilot plant study
and selecting the nost appropriate one. However, if
the dosing is not continuously adapted to seasona
and long-termtrends in the water conposition,
alteration of other operatifng settings and 7 gradua
changes in nenbrane properties, it can be expected
that under- or overdosing will occur. According to
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case of membrane filtration, Darcy’s law relates the
resistance to the flux J, the transmembrane pressure AP and
the viscosity n:
AP
Ry + Re = (1)
nd
Figure 1 sketches the resistance during a series of
subsequent filtrations and backwashes between two chemical
cleaning phases. The initial resistance 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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cl eani ng phases. The initial resistance Ro is the

resistance at 35 the end of a backwash or the start

of a filtration phase. The objective, stabilization

of the filtration sequence, is to control the fina

resi stance before the chemgal cleaning. In

principle, the operating variable that has the 8

nost influence on the controlled variable should be
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unit area (Vy) is assumed:

-Vr /Veq
Rp,a{Ve) =Ry + o3V + Ry * (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, «; is the final slope, R, is gain of

the exponential rise and Veq is its characteristic volume. The
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Ro,d(VF) =RM +'a;,VF + R * (1 - e ) (2) 35 It is
assunmed that the initial resistance of the first
filtration followi ng a chenical cleaning phase is the
menbrane resi stance RM This | eaves us three degrees
of freedom to define a traectory, a; is the final
slope, Rr is gain of the exponential rise and Ve4 is
its characteristic volunme. The 9 resulting
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surface of 2
in which K is the controller gain, n; is the

controller integration interval. The bounds can be given by:

Cip < C(nr) < Cuwp (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 m2each 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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40 m each were used. These consist of hollow fibre
porous PES/ PVP nenbranes with an internal dianeter
0.B mMmm and an effective |length of approximately 1.5
m The internal fibre volune is approximately 16 1,
the additional dead volune;gpf 10 the systemis
estimated at 8 1. The feed water was taken fromthe
Twente Canal and pre-filtered (200 Wh nesh size) to

tRé eveitbnt 00 dsatigecdnrtki eles fromentering the

system Tﬁgefefe%.e?r%%ﬁ%s JHHEFSIB e!;cilel I?‘wé‘nLSe Canal and

cont i nuousl stirred feed tank.
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and vice versa and that these effects occur within a few
filtration phases. This confirms that the coagulant
concentration is a suitable control variable.

Looking at figure 5 in more detail, it can be seen
that during the first 81 filtrations at a concentration of 1.0
ppm, the resistance reached a stable value of 7.45x1011nf{
After a subsequent period of 83 filtrations at 0.5 ppm, the
concentration was increased again to 1.0 ppm. This resulted in
a stable resistance of 9.60x1011nf1. 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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After a subsequent period of 83 filtrations at 0.5
ppm the concentration was increased again to 1.0
ppm This resulted in u -i a stable resistance of
9.60xI0 m. Fromthis it is concluded 35 that the
effect of decreasing the camcentration is not
necessarily reversible by increasing the
concentration. A systemis called controllable if by
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traj ectory is scope of is inventl
eoﬁeﬁéﬁa?l% aogoiaﬂeor optimal trajectory is beyond the

scope of this invention. In consideration of the
controllability, the parameters were chosen such that the
desired trajectory seems feasible compared to the available
measured trajectory. It is defined by egn. 2 with o; =0 m_z, Ry
=3 x:I_O12 m-1 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 sequence of filtrations. The
filtration flux (Jy =75 l/mzh), the filtration duration (tp =
600 s), the backwash flux (Jg = 250 l/mzh) and the backwash

duration (tz = 60 s) were all kept constant. The initial
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controllability, the paraneters were chosen such that
the desired trajectory seens feasible conpared to
the avail able 30 neasured trajectory. It is defined
by egn. 2 with a; =0 m2, R 12 -1 =3 xI 0 m and Veq
=0.1 in. The resulting curvg is plotted as a dashed
line in figure 3. The controller was inplenented in
the control software of a pilot plant. Its
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values for the filtration flux and filtered volume were
applied (see Table 1). The desired initial filtration
resistance trajectory was defined by egn. 2, with o3 = 1.0
xlollnfz, R = 3 xlolznfland Veg =0.1 m. The backwash flux (Jr
=250 l/nﬁh) 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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a nunmber of (in this case 40) filtration sequences.
Different 25 values for the filtration flux and
filtered volunme were applied (see Table 1). The
desired initial filtration resistance trajectory was
defined by egn. 2, with ai 51.0 u-21 -1 X10 m,
Rr = 3 x10 mand Ve9 =0.1 m The backwash flux (JF 2
=250 1/ mh) and the backwash duration (tB = 45 s)
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invention. In a nenbrane filtration process e.g. the
increase in resistance can also be |[imted by

| owering the flux resulting in |ess deposition of
fouling conponents on the nenbrane surface causing,
however, a decrease in filtmation 25 capacity. This

| ast can be acceptable for a certain period of tineg,
but can al so be conpensated by increasing the anount
of nmenbrane area to keegmphmsfiltrati on capacity at
its desired level. 14 CLAIMS 1. A nethod for the

f||trat|on | a filter_mediu
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by determining the predetermined period as the time 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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characterized in that said fouling status is

V¥dWprised of a filter resistance val ue.
13. A method according to any of claims 1 - 12,

characterized in that said fouling status is comprised of a

filter resistance value.



