Method for treating a fluid, in particular a beverage BACKGROUND OF THE INVENTION The present
invention relates to a method for treating a fluid, in particular a beverage, more specifically beer. Fluids,
including beverages are treated for numerous purposes. During the manufacturing of beverages like beer,
wine or fruit juices a so called stabilization process is needed which at least substantially reduces the
amount of components in the fluid which might give rise to flocculation or development of haze during
storage and transportation of the fluid. Filtration and adsorption are the most important mechanisms used
to this end. Other fluids need treatment with respect to, e.g., removal of suspended solids, others are to

be subjected to chemical ré&HAETrdGERHIE %}%ﬂ%ﬁﬂé‘fﬁféﬂ‘éﬂ'ﬁﬁﬁiaﬁ&@ fififterial are used to

perform such treatments, such layers may be used in the form of a filter cake. EP 0 645 446 Al suggests

to deposit the particulate material in %%%HQQS%“@&'H@F@[WWH portion, said cartridge including

a fluid inlet upstream of the deposited layer and a fluid outlet downstream of said fluid-permeable wall
portion. Cartridges of such design are widely used in the treatment of fluids, especially beverages, on an
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fluctuations are frequently observed.

Fluids, including beverages are treated for numerous purposes. During the
manufacturing of beverages like beer, wine or fruit juices a so called stabiliza-
tion process is needed which at least substantially reduces the amount of com-
ponents in the fluid which might give rise to flocculation or development of
haze during storage and transportation of the fluid. Filtration and adsorption
are the most important mechanisms used to this end. Other fluids need treat-
ment with respect to, e.g., removal of suspended solids, others are to be sub-

jected to chemical reactions.

Frequently, layers of deposited particulate material are used to perform such

treatments, such layers may be used in the form of a filter cake.

EP O 645 446 Al suggests to deposit the particulate material in a cartridge on
a fluid-permeable wall portion, said cartridge including a fluid inlet upstream of
the deposited layer and a fluid outlet downstream of said fluid-permeable wall

portion.

Cartridges of such design are widely used in the treatment of fluids, especially
beverages, on an industrial scale since the cartridges can easily be designed to
accommodate larger quantities of particulate material and are simple to

handle.

During the treatment of the fluids the fluid is forced to pass through the depo-

sited layer by a fluid pressure. Because of various technical reasons the fluid



Numerous useful particulate materials form deposited layers which may crack under various conditions,
e.g., the above mentioned pressure fluctuations, temperature changes or other physical or chemical
impacts creating gaps leading from the upstream to the downstream side of the deposited layer. As a
consequence a homogeneous fluid flow through the déposited layer is no longer guaranteed affecting the
quality of the treated fluid. In order to cope with this problem the deposited layer will have to be replaced
frequently in order to ensure reliable quality of the treated fluid. The particulate material however has not
been exhausted in its treatment capacity. Some of the desirable particulate materials, like PVPP
(polyvinyl polypQfFSRYERHEFINOBE KGRAGRIRIEE W LHEF CRIFTIYES HpchalionsAod'Gsed as a
stabilizing agenjuatylyndsealed dosing systems, where the PVPP patrticles are fed into the fluid and
have to be removed subsequently by filtration. The loss of PVPP particles is substantial in such a
procedure. BRIEF SUMMARY OF THE INVENTION Object of the present invention is to provide a
method whereifNtHBeIeB sifedubpRFIAUARICORES itaiona)l APRPPECS8NT6T WHIERtBIRYet Befiod of time

and which allowstRebsamabGdatetineaal prereuslya aisieiia. graesaberriohigabis solved by a

method having {Qe feat%es 0{1 glnalmS %.r gtﬁrgfeﬁab!%awer% eoslltt:géjilr% eris (lzr}cg{Porated into a cartridge

which allows an ergg%rraharnedﬁng. e Ihventive metho provides for an oppor u_nR %ige PVPP particles
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consequence a homogeneous fluid flow through the deposited layer is no lon-

ger guaranteed affecting the quality of the treated fluid.

In order to cope with this problem the deposited layer will have to be replaced
frequently in order to ensure reliable quality of the treated fluid. The particu-

late material however has not been exhausted in its treatment capacity.

Some of the desirable particulate materials, like PVPP (polyvinyl polypyrroli-
done) are not suitable for use in such cartridges at all and can be used as a
stabilizing agent only in so-called dosing systems, where the PVPP particles
are fed into the fluid and have to be removed subsequently by filtration. The

loss of PVPP particles is substantial in such a procedure.

BRIEF SUMMARY OF THE INVENTION
Object of the present invention is to provide a method wherein the deposited
layer of particulate material may be used for an extended period of time and
which allows to use particulate material previously not suitable.

The above object is solved by a method having the features of claim 1.

The fluid to be treated is preferably a liquid, more preferably an aqueous liquid

like a beverage as noted above.



The risk of crack formation in a PVPP cake which results in a massive decline of the stabilization effect of
the fluid to be treated would result in a process which is not controllable. Often not only one cartridge but
a plurality of cartridges each accommodating a deposited layer of particulate material is used in a
common housing and the fluid to be treated is fed to tie fluid inlets of the cartridges in parallel. In case of
a crack formation in one of the cartridges not only the one element where the crack formation occurred
would have to be replaced, but all of the cartridges at the same time in order not to risk an uncontrollable
treatment of the fluid, e.g., the beverage. While such procedure is costly since a large amount of

particulate maté&rial§sARstBa ARAHEGHIARIoRIEY BEHALRAIHE RS BIROG S P22 88N higher

economic risk. €hsigrésedtimyention provides a method which even allows to use such difficult-to-handle
particulate material like PVPP which itself has highly esteemed properties in the stabilization of
beverages. The key element of the present invention is the reconditioning of the deposited layer within the
cartridge within the BYGREXREESURIA\EREMTT TRORBYEIEREABsUSELRe FBISHEIESRIAG Freatment of the
deposited layerpgeeriding dhaipressiohi Aveaiidoresiiedinehasateps Dsubakhealingdhiesteposited layer
to a second temrp%%g{%a%ig., 85 C, where the first temperature typically is about room temperature or
less; b) afterwards cooling’the deposited layer to a third temperature, e.g., about 30 C, with an average
cooling rate of up to about 20 C/min. Heating of the deposited layer to a second temperature of about 70

C Of more, mOF?H&Qf@I@ﬁ')&E@cﬁQ@%&Q& (Piﬁ_ @ﬁ@ﬁé&@%ﬂ@%ﬁg%thﬁhthﬁ%ﬁébﬁlﬂi@er ?5 in_ a
sanitized condilign, For Sapiizing tie.deBPRIsHIRY e S23ens SRRPralufe s Pisisiably maintained at
70 C or more for abou

which is not controllable.

Often not only one cartridge but a plurality of cartridges each accommodating
a deposited layer of particulate material is used in a common housing and the
fluid to be treated is fed to the fluid inlets of the cartridges in parallel. In case
of a crack formation in one of the cartridges not only the one element where
the crack formation occurred would have to be replaced, but all of the cartrid-
ges at the same time in order not to risk an uncontrollable treatment of the
fluid, e.g., the beverage. While such procedure is costly since a large amount
of particulate material is wasted it cannot be avoided because otherwise one

would run an even higher economic risk.

The present invention provides a method which even allows to use such diffi-
cult-to-handle particulate material like PVPP which itself has highly esteemed

properties in the stabilization of beverages.

The key element of the present invention is the reconditioning of the deposited

layer within the cartridge within the boundaries set out in claim 1.

The key elements of the reconditioning treatment of the deposited layer ac-

cording to the present invention reside in the steps of



20 min or more. Preferably the deposited layer is kept at the second temperature for several minutes,
e.g., about five minutes or more, preferably about ten minutes or more, before the cooling step is initiated.
While the heating rate is not critical, the average cooling rate has to be carefully controlled in order not to
exceed the afore-mentioned upper limit of about 20 C/min. The cooling step can be accomplished in a
number of ways, e.g., by gradually decreasing the temperature or by stepwise alterations of the cooling
rate including one or more steps. Preferably, however, a maximum cooling rate of about 20 C/min should
not be exceeded at any time during the cooling step. As a lower limit for the cooling rate, a value of about
0.1 C/min, morébrefePSBNG N6/ARROMSY HRYEEIK R 8a5RAE AR ER o Siderd&onS THBYEconditioning
treatment according tarbdipresanpareentonypllang cuabguefrdeficikemeies afuttecctidpssited layer in that the
particulate material is redistributed and/or restructured in the deposited layer such that a homogeneous
treatment across the whole area of the deposited layer is obtained. 5 The method of the present
invention thus dlbws a&iRGVREHERRINAEN ARG Y B Stk yRMiPelid W ErtAdhe for an extended
period of time, e.g., sixdodwetveananths6fapesgiorobrierediedqaitcolatsootaterat imio be replaced.
The method of the present invention may be carried out in a highly automated environment with fewer
personnel. Thus not only a lot of working time is saved, but also a most effective use of the sometimes
costly particulaﬂé%ﬁm’i@ﬂ tgfpglggmét_ed layer to a second temperature of about 70 °C or

more, more preferably to about 80 °C or more, has the advantage that there-
after the layer is in a sanitized condition. For sanitizing the deposited layer the
second temperature is preferably maintained at 70 °C or more for about

20 min or more.

Preferably the deposited layer is kept at the second temperature for several
minutes, e.g., about five minutes or more, preferably about ten minutes or

more, before the cooling step is initiated.

While the heating rate is not critical, the average cooling rate has to be care-
fully controlled in order not to exceed the afore-mentioned upper limit of about
20 °C/min.

The cooling step can be accomplished in a number of ways, e.g., by gradually
decreasing the temperature or by stepwise alterations of the cooling rate in-
cluding one or more steps. Preferably, however, a maximum cooling rate of
about 20 °C/min should not be exceeded at any time during the cooling step.
As a lower limit for the cooling rate, a value of about 0.1 °C/min, more prefer-

ably 0.5 °C/min, may be selected under practical considerations.

The reconditioning treatment according to the present invention allows curing
of deficiencies of the deposited layer in that the particulate material is redistri-
buted and/or restructured in the deposited layer such that a homogeneous

treatment across the whole area of the deposited layer is obtained.



While heating of the deposited layer to a second temperature and cooling the same to a third temperature
may be accomplished by simple heating and cooling means without any additional measures by, e.g., by
heating the cartridge and cooling the same from the outside, it is preferred to perform at least part of the
reconditioning treatment by directing a flow of a recongitioning fluid through the deposited layer. Directing
a flow of a reconditioning fluid through the deposited layer facilitates and improves redistribution and more
homogeneously acts on the particulate material of the deposited layer and provides for a more
pronounced effect of such reconditioning treatment. While the applicants do not wish to be bound by the
explanations bel8% S8 RAVEW tRERSEIGHYVEEIREMG NG YR PSRRI SBRRER to a second
temperature theothemmEmgi@asiayeofithehpadicrilidge foataraktepatsas prassuse tivithirethe deposited layer
in a direction pegpgNEiGuatcfa e g guoHiisglin WRIER RRUASS CueriHal Fiacks i fhe deposited layer
to be eliminated or closed. At the same time, a redistribution of the particulate matter occurs and upon
carefully controRE¥@&oling such redistributed particulate material of the deposited layer within the
boundaries set out in claim 1 is retained in its redistributed condition. 6 Even more preferably, a
reconditioning flyid is used as a coolant in order.to cogl down the depasited layer to the third temperature.
Use of a recond o e e L T B e L S R S ong i
be effective in £BNHPAMER} OIS WeE RRT6RNOBEthe cross-section of the fluid flow, i.e., the whole area of
the deposited layer. Preferably, the reconditioning fluid is additionally used as a heating means during the
step of heating the deposited layer to the second temperature. It is readily apparent that th

recontitioning LIS B e PRt U DURG ATde b brUr s BER S EEAS B heated by a
heating device Hel suoksthiss ecatyipgdevicdeupenaticdukianossiblene desired temperature, respectively.
The reconditioning fluid used for heating the deposited layer may be different from a reconditioning fluid
for cooling the deposited layer. In fact, in mani applications the reconditioning fluid or fluids may be

selected to perfOfiaRSIHIEANG ERSH e MY Theor8 s aPdibr Y RN Y AU RO hS!.

same to a third temperature may be accomplished by simple heating and
cooling means without any additional measures by, e.g., by heating the cart-
ridge and cooling the same from the outside, it is preferred to perform at least
part of the reconditioning treatment by directing a flow of a reconditioning

fluid through the deposited layer.

Directing a flow of a reconditioning fluid through the deposited layer facilitates
and improves redistribution and more homogeneously acts on the particulate
material of the deposited layer and provides for a more pronounced effect of

such reconditioning treatment.

While the applicants do not wish to be bound by the explanations below, it is
believed that during the heating step of the reconditioning treatment to a
second temperature the thermal expansion of the particulate material creates
pressure within the deposited layer in a direction perpendicular to the fluid
flow direction which causes eventual cracks in the deposited layer to be elimi-
nated or closed. At the same time, a redistribution of the particulate matter
occurs and upon carefully controlled cooling such redistributed particulate ma-
terial of the deposited layer within the boundaries set out in claim 1 is retained

in its redistributed condition.



In beverage stabilization applications, an alkaline reconditioning fluid used for heating the deposited layer
may likewise serve to desorb and remove polyphenols which upon treatment of the beverage have been
adsorbed by the particulate material and thereby regenerate the particulate material. In a subsequent
heating or cooling step, fresh water may be used as a&econditioning fluid in order to purge the deposited
layer from the alkaline reconditioning fluid. Subsequently, an acidic reconditioning fluid may be used for
(further) cooling the deposited layer and finally another purge with fresh water as a reconditioning fluid
may be used to finally provide the deposited layer ready for another treatment cycle of the beverage. 7
Typically, the fluid treatment will be interrupted before the reconditioning is initiated. However, this is not a
mandatory meaduse arnidhe dfeadbigntoktion ditidrinayfieve nscosdihae incapdaialioaseupon
reconditioning of e deposliediaxerete iddaediatadoan sene Badpagadipnigyiuid as has be

addressed above in more deta#ﬁ%a recon(%floning fluid di m the fluid to be treated is used the
deposited layer WIifidei FoQ BRhRURVAURT @ PRItee SO NS cralRIEdfmARY Bfthe reconditioning
and replaced by sberigeanditastragtilidnAt shairmdwelthereonditioning dhenecensitianingriluid will be
removed and theT glggﬁsit q Iz%/eré)ur ed q‘efpre the treatment of.{hg fluid to be treated is resumed. The
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cooling rate mentioned above is mads pr(\é\fera%@/ controlle gmeasur g the temperature of the
reconditioning fluid serving as a coolant downstream of the deposited layer, e.g., at the fluid outlet of the
cartridge. By detpsraiaing thetesepatatisie ff Madesdndiirmmng, lid nAuch sesvieg ascasoolant

downstream of t e.de[%ﬁsited Iall%eﬁ, e'Eﬁ"” aLthg fluid. to%ltllet of tthetﬁartridgedat most economic and accurate
determination o lfﬁ'en?em%esg’gf)u e ¢on |tf?)rrﬁsepree SRt Ghrh 6508|inge(§' e de%@ﬁ?eratfé%‘r is achieved
independent of the fluid flow rate and the temperature difference between the circulated reconditioning

fluid and the acjyal teameralbpeRhing satiidasanditiriRgrcHaleMiRLEARRREIGerein as well as

its specific heat capacity. As mentioned before, the heating rate durlnl%fthe heating step of the

reconditioning tPEAHRERTE F8PIEY Githea dFESHALI LYEh BRI AIRS b B B UBB S ARth when
heating the depasited layerdooimthdduisetempecaturiatoa foutth tesipsiatmreparatprefered. The fourth
temperature in syghgjpodiment is lower than or equal to the second temperature, e.g. about 10 C lower
than the second temperature. A lower limit for the heating rate will preferably be about 0.1 C/min, more
preferably of 0.5 C/min, for practical reasons. 8 In a number of applications of the present invention,
treatment of therfigiddomhdeigsninpraoessisedichrisdaseg v alepskittdaaybichayaydeitonsumed during

the fluid treatm%rgrﬁ@%ct% gﬁggmi %&qug%%%qigqﬁg@eeagg% éhl (;posited layer or by rendering it

inactive. In such cases, it is advantageous to use the reconditioning fluid and feed an additive into the
deposited layer thereby restoring the original treatment properties of the deposited layer.
In fact, in many applications the reconditioning fluid or fluids may be selected

to perform an additional task, especially the regeneration of the particulate

material.

In beverage stabilization applications, an alkaline reconditioning fluid used for
heating the deposited layer may likewise serve to desorb and remove polyphe-
nols which upon treatment of the beverage have been adsorbed by the parti-
culate material and thereby regenerate the particulate material. In a subse-
quent heating or cooling step, fresh water may be used as a reconditioning
fluid in order to purge the deposited layer from the alkaline reconditioning
fluid. Subsequently, an acidic reconditioning fluid may be used for (further)
cooling the deposited layer and finally another purge with fresh water as a
reconditioning fluid may be used to finally provide the deposited layer ready

for another treatment cycle of the beverage.



In a preferable embodiment of the present invention, the deposited layer is originally formed by packing
the particulate material into the cartridge with a density higher than the bulk density of the particulate
material in the wet state, wherein more preferably the initial density of the packed particulate material of
the deposited layer corresponds up about 120 % of thé bulk density in the wet state. A noticeable effect
will be observed starting with a packing density of about 101 %. This measure not only provides optimum
use of the volume provided by the cartridge for accommodating the particulate material, but in addition
further improves the stability of the deposited layer in its integrity and the homogeneous distribution of the
particulate material within the deposited layer during the continued treatment of the fluid, e.g., beverage.
Depending on tigpialye et fieipantétiaemati el unsec dptedakang ¢heh depositeiditayeg, ikhe permeability
O onmle  olRifate L bE AmotRd e s anAller, Syellibe el A ARAdOo o e

materials is the same. In the brewing technology, the fluid flow resistance of accumulated particulate
PVPP is charadléify 83pYyeo Bb OB G HITREG AV ARERE WRIR 18 REYiAMEE abEBPdifE S ISFhwert,

Brautechnischeifyealyses meithesier, tyedtdd, @ublishas 2y MENGiG88iAgpagesee 5658, 10.1.6.2
Methode Schenk, 9 200 |/h " 1600 cm2eoc[ re, more preferably about 205 I/h " 1600 cm2 or more. Most

m
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preferable are v"\j}af]lerre %Sqeulv% ents Of about §83 [/h " 1600 cm2. The selection of PVPP particulate material

may also be made on the basis of its ability to adsorb catechol. Catechol is used in such a test as a model

substance for palypheoalsite Mademryadiaititda sianiizatigndeatinentafibevetpaes depeferred PVPP
particulate mategiglg show alf%techol reduction of about 30 % or more, more preferred of about 35 % or

more, while opti uml"’rlgglrjl‘f\é' in %g%rt%%%izré)t%r%hperoé’ei%st%%j Bet\';%?é%es %%rftg)er gﬁﬁe%t ddvien the catechol
reduction amounig ¢ Hisorrcoddigionima @ d Fepbated iyl teeluetiondidgnimadivied dtitlas ¢okbefs: An
amount of 80 Mg, Of &£ SEHESHA M F& SAIHIERIR ATIa G DANRWEEE HRMAHE dissiued in S0 ml of

ethanol at room temperature. The catechol solution is subsequently admixed with distilled water to give a

solution S of 1 FR¥PWRILIIFS RBIRIE IH'E BRAINAGERT the fluid to be'treated is resumed.

The cooling rate mentioned above is most preferably controlled by measuring
the temperature of the reconditioning fluid serving as a coolant downstream of
the deposited layer, e.g., at the fluid outlet of the cartridge. By determining
the temperature of the reconditioning fluid which serves as a coolant down-
stream of the deposited layer, e.g., at the fluid outlet of the cartridge, a most
economic and accurate determination of the temperature conditions present
during cooling of the deposited layer is achieved independent of the fluid flow
rate and the temperature difference between the circulated reconditioning fluid
and the actual temperature of the cartridge and the particulate material con-

tained therein as well as its specific heat capacity.

As mentioned before, the heating rate during the heating step of the recondi-
tioning treatment is not too critical, nevertheless heating rates of up to about
20 °C/min when heating the deposited layer from the first temperature to a
fourth temperature are preferred. The fourth temperature in such embodiment
is lower than or equal to the second temperature, e.g. about 10 °C lower than
the second temperature. A lower limit for the heating rate will preferably be

about 0.1 °C/min, more preferably of 0.5 °C/min, for practical reasons.



A reference solution R is prepared from 50 ml ethanol to which distilled water is added to give a solution
of 1 liter. Four flasks of a volume of 150 ml are each provided with an amount of 50 mg PVPP patrticulate
material to be tested. 100 ml of the catechol solution S is added to two of these flasks. To the remaining
two flasks 100 ml of the reference solution R is added8The contents of the flasks are thoroughly mixed for
five minutes. Thereafter the supernatant is decanted into fresh flasks. It is important to decant the
supernatant exactly five minutes after the full 100 ml have been added to the respective flask. Since the
supernatant must be free of particulate material, it is filtered through a 0.45 pm filter. Supernatants (SN)

obtained from sBliGH B YefBRECAEPL SN e RISS LU EVRIHAL Sraimsd ki BhiiRd!ference solutions
are referred to aschiNxs 4 plbiesecanivhandeddo &aem theditaskwtichaimaygbideditane@dsupernatants SNs

and SNx for 1 hyin 2 dark Gopk Rl%%‘?rﬁgm@nfﬁ&r%{})ﬁf%t@ma ARERIBAJIhE YaRRSarRtiop,dt is

recommended to use the UV absorption of catechol at 280 nm for measuring and calculating the PVPP
adsorption cap&@BPSed (aYEERY| PEJBESHINS AdBBFINRcdrWiHFtheARsifo Wil 3IMATIA98R4D ftion capacity

[0/0]100 " (E10Q@séaseEspdntoaomieyinkieoextitetian atianiuiantd fxextipetivadobirierence solution

SNXx thereby restoring the original treatment properties of the deposited layer.

In a preferable embodiment of the present invention, the deposited layer is
originally formed by packing the particulate material into the cartridge with a
density higher than the bulk density of the particulate material in the wet
state, wherein more preferably the initial density of the packed particulate
material of the deposited layer corresponds up about 120 % of the bulk den-
sity in the wet state. A noticeable effect will be observed starting with a pack-

ing density of about 101 %o.

This measure not only provides optimum use of the volume provided by the
cartridge for accommodating the particulate material, but in addition further
improves the stability of the deposited layer in its integrity and the homoge-
neous distribution of the particulate material within the deposited layer during

the continued treatment of the fluid, e.g., beverage.

Depending on the nature of the particulate material used for making the depo-
sited layer, the permeability or fluid flow resistance of the deposited layers

may differ, even if the density of the packed particulate materials is the same.

In the brewing technology, the fluid flow resistance of accumulated particulate
PVPP is characterized by a so-called water equivalent which is determined ac-

cording to Drawert, Brautechnische Analysenmethoden, Vol. 111, published by

MEBAK 1982, pages 658-659, 10.1.6.2 Methode Schenk.

The preferred water equivalent of a deposited layer of PVPP particulate mate-

rial to be used in the method of the present invention is about



Esextinction of sample solution SNs All extinctions are measured against reference solution R. The
parameter of catechol reduction not only describes the activity of the PVPP material upon polyphenols,
but at the same time is influenced by the particle size distribution and the surface area provided by the
particulate material. While small particles are preferre@ because of their high surface area, a particle
distribution including a too high amount of small particles will lead to an excessive high pressure
differential across the deposited layer. For many applications, the particulate material preferably
comprises predominan'gly in weight percent particles with a size of about 25 pm or moye. Smaller particles
than 25 pm may %@ BReseRARiHBuCEIBENTRAERIEERP NS PR rABR fBSUAS BB & e by the inventive
method. Howevenrit isvioraferesd i lemir ¢he ataroeniiob leartiiotd sabmall@dohian 25 pao tanabout 15 % by
weight, more preferably to about 10 '3/0 by weight or less, even more preferably to about 5 % by weight
or less. 11 If the amount of particles smaller than 25 pm is higher than the amount of about 15 cYc, by

weight, a too higAPERHR I ERTiNAEEHEIR Beplihieh TerdREo the MRdIBSLErdestsitd dtayers
uneconomical. bttt methrdhisespretty adussdagenish faresesf paitcdlaiervaiesals

comprising partjcles which are compressible and/or swell bf in.the, fluid to be treated. An example for
coch a a2 DO R B B R e S e R R B e partcies in
the form of beaBseigidetOYE PRALIgHIgle s3I HIG SorwiasatshridrdUetivre FHRRBLEXES. Here, the

more homogengpusdi M thprefstide o iaticall 38 ¥ige sisrea law P igsiswiend faandial. the
stabilization process of beverages may be expected when the catechol reduc-

tion amounts to about 40 % or more.
The catechol reduction test is carried out as follows:

An amount of 80 mg of (+) catechol hydrate (Aldrich Chem. Co., Milwaukee,
USA) is dissolved in 50 ml of ethanol at room temperature. The catechol solu-
tion is subsequently admixed with distilled water to give a solution S of 1 liter

which is stored in a brown flask.

A reference solution R is prepared from 50 ml ethanol to which distilled water

is added to give a solution of 1 liter.

Four flasks of a volume of 150 ml are each provided with an amount of 50 mg
PVPP particulate material to be tested. 100 ml of the catechol solution S is
added to two of these flasks. To the remaining two flasks 100 ml of the refe-

rence solution R is added.

The contents of the flasks are thoroughly mixed for five minutes. Thereafter
the supernatant is decanted into fresh flasks. It is important to decant the su-
pernatant exactly five minutes after the full 100 ml have been added to the
respective flask. Since the supernatant must be free of particulate material, it
is filtered through a 0.45 um filter. Supernatants (SN) obtained from solution
S are referred to SNs whereas supernatants obtained from the reference solu-

tions are referred to as SNy.



While numerous particulate materials may be used according to the present invention, for treating
beverages, particles are advantageously selected from agarose, PVPP, PA, zeolite, activated carbon,
and/or diatomaceous earth. Compressible particles allow a higher packing density when originally
deposited as a layer in the cartridge. This type of part}éles provides for additional advantages in that again
the stability of the homogeneity of the deposited layer may be increased. The treatment of the fluid
according to the present invention encompasses numerous treatments including the preferred treatments
of adsorption, filtration, doping and/or subjecting the fluid to a chemical reaction. A chemical reaction
performed with the present method is preferably a catalytic reaction which does not consume an additive
contained in thawiepestiathiayeledti teepatad)fiastdditveainithetteposited Ryssrmetpine $oed for an
extended period, qf Ue Apd 9 reacagieietonieRBaRed dingeirRaniioning.at g depgsiied layer
12 As mentioned before, the present invention is most suited for treating aqueous fluids, preferably
beverages, and?PSpErti€Mar beer, wine and fruit juice. Treatment of beverages for stabilization, especially
beer, wine, or fruit juice is preferably effected by using PVPP particulate material. Furthermore, according
lo the present inyenton, 8 mullpliqly ofdeposiechiayeis may baused whsus Rraierably each deposited
layer is mcorporateJ INn a separate caHrldge, the cartrlgges being prowd”‘e IN"a common ﬁousmg having
an inlet commupigithgnd palelianwathRe HER adrRAsPEIN eaRaeig &€ arf@@s i tledeekMuiicating in
parallel with the;Huiuietsahtecryiddass sEreiaeably, the multiplicity of deposited layers in their
cartridges is provided in the form of a stack, said stack being more preferably oriented in a vertical

direction.
adsorption capacity [%] = 100 * (Ei00— (Es — Ex))/E100

wherein Eigo = extinction of solution S
Ex = extinction of reference solution SNy
Es = extinction of sample solution SNs

All extinctions are measured against reference solution R.

The parameter of catechol reduction not only describes the activity of the PVPP
material upon polyphenols, but at the same time is influenced by the particle
size distribution and the surface area provided by the particulate material.
While small particles are preferred because of their high surface area, a parti-
cle distribution including a too high amount of small particles will lead to an

excessive high pressure differential across the deposited layer.

For many applications, the particulate material preferably comprises predomi-

nantly in weight percent particles with a size of about 25 pum or more.

Smaller particles than 25 pm may be present without substantially affecting
the favorable results obtained by the inventive method. However, it is pre-

ferred to limit the amount of particles smaller than 25 pm to about 15 % by
weight, more preferably to about 10 % by weight or less, even more prefer-

ably to about 5 % by weight or less.



When the multiplicity of cartridges is accommodated in a common housing having a fluid inlet and a fluid
outlet, the average cooling rate is preferably determined in such embodiments by measuring the
temperature of the reconditioning fluid at the outlet of the common housing. When such stack is used, the
heating step of the reconditioning treatment is preferably performed by introducing the reconditioning fluid
into the housing at its bottom end. The cooling step then is preferably performed by introducing the
reconditioning fluid into the stack at its top end. In the following, the invention in its various aspects and
advantages will be explained in more detail in connection with the Figures and Examples. 13 BRIEF
DESCRIPTION OF THE DRAWINGS In the Figures Figure 1shows a schematic outline of an apparatus
for carrying out ithehecaonuditioninggaineeltrs ant alfdh enbv@®iMenrtethigicer than the amount of

about 15 % by weight, a too high pressure differential is observed which ren-

ders the use of such deposited layers uneconomical.

The inventive method is especially advantageous for use of particulate mate-
rials comprising particles which are compressible and/or swellable in the fluid

to be treated. An example for such a material is PVPP in aqueous media.

Another preferable particulate material comprises particles in the form of
beads and, more preferably, essentially consists of particles in the form of
beads. Here, the more homogeneous form of the particles typically provides

for a low pressure differential.

While numerous particulate materials may be used according to the present
invention, for treating beverages, particles are advantageously selected from

agarose, PVPP, PA, zeolite, activated carbon, and/or diatomaceous earth.

Compressible particles allow a higher packing density when originally depo-
sited as a layer in the cartridge. This type of particles provides for additional
advantages in that again the stability of the homogeneity of the deposited

layer may be increased.

The treatment of the fluid according to the present invention encompasses nu-
merous treatments including the preferred treatments of adsorption, filtration,

doping and/or subjecting the fluid to a chemical reaction.

A chemical reaction performed with the present method is preferably a cataly-
tic reaction which does not consume an additive contained in the deposited
layer, but the catalytic additive in the deposited layer may be used for an ex-
tended period of time and/or regenerated or replenished during reconditioning

of the deposited layer.



Figures 2 A and Bshow details of an exemplary cartridge for accommo- dating a deposited layer of
particulate material used in the inventive method; Figure 3shows an exemplary device for feeding
particulate material into a plurality of cartridges to form deposited layers; Figures 4 A, B and C show a
cartridge accommodating a deposited layer of particulad matter in the original, cracked and reconditioned
state, respectively; Figure 4 D sows a graphical representation of various parameters during the inventive
reconditioning of a deposited layer; Figures 5 represents favorable particle distributions of a particulate
material to be used in the inventive method; and Figure 6shows a schematic representation of a fluid
treatment system incorporating the inventive method.

As mentioned before, the present invention is most suited for treating aqueous

fluids, preferably beverages, and in particular beer, wine and fruit juice.

Treatment of beverages for stabilization, especially beer, wine, or fruit juice is

preferably effected by using PVPP particulate material.

Furthermore, according to the present invention, a multiplicity of deposited

layers may be used where preferably each deposited layer is incorporated in a
separate cartridge, the cartridges being provided in a common housing having
an inlet communicating in parallel with the fluid inlets of the cartridges and an

outlet communicating in parallel with the fluid outlets of the cartridges.

Preferably, the multiplicity of deposited layers in their cartridges is provided in
the form of a stack, said stack being more preferably oriented in a vertical di-

rection.

When the multiplicity of cartridges is accommodated in a common housing
having a fluid inlet and a fluid outlet, the average cooling rate is preferably de-
termined in such embodiments by measuring the temperature of the recondi-

tioning fluid at the outlet of the common housing.

When such stack is used, the heating step of the reconditioning treatment is
preferably performed by introducing the reconditioning fluid into the housing

at its bottom end.

The cooling step then is preferably performed by introducing the recondition-

ing fluid into the stack at its top end.

In the following, the invention in its various aspects and advantages will be

explained in more detail in connection with the Figures and Examples.



14 DETAILED DESCRIPTION OF THE INVENTION Figure 1 shows a schematic representation of an
arrangement 10 for carrying out a key process of the inventive method, namely a reconditioning treatment
of a deposited layer of particulate material which has been used to treat a fluid, e.g., a beverage like beer,
wine, or fruit juice. The arrangement 10 includes a hol8ing 12 accommodating a cartridge 14 in which a
layer of particulate material (not shown) has been deposited. The housing 12 comprises a fluid inlet 16 at
the top and a fluid outlet 18 at the bottom thereof. Of course, housing 12 may be provided with larger

dimensions such that it may accommodate a stack of a multiplicit% of cartridges 14. The fluid inlet 16 is
connected to a pipe 20 which prov'i_ﬂoé'g'é HE%CﬂdeF’vaQ{}H RorhHAI wﬁump 22, e.g., a flow-controlled

centrifugal pump. Pipe 20 is preferably equipped with a flow-meter 24, a temperature sensor 26 and a
pressure senso[@%ym%ﬁ@pw monitoring the temperature, pressure and flow rate of the fluid fed via
pump 22 and pipe 20 to'inlet 16 and the upstream side of the deposited layer of particulate material
accommodated in cartridge 14. The outlet 18 is connected to a pipe 30 which leads to a heat exchanger
32 which is conriggiiedivia sHype 34tadheatidad adineropad2dppsedy foroniogra/masaet loap. Pipe 30
connecting the outlet 18 with thne dl}?at.exctpg%&ﬁé %2 Js t%%ullrp\peenqiwnh a temperature sensor 36 and a

. reconditonin ve met . . .
pressure sensor 38 which aliow mon“oﬁng 0 ownstream pressure ot the reconditioning fluid

circulated through cartridge 14 as well as its downstream temperature.
Figures 2 A and B show details of an exemplary cartridge for accommo-

dating a deposited layer of particulate material used in the inven-

tive method;

Figure 3 shows an exemplary device for feeding particulate material into a

plurality of cartridges to form deposited layers;

Figures 4 A, B and C show a cartridge accommodating a deposited layer of
particular matter in the original, cracked and reconditioned state,

respectively;

Figure 4 D sows a graphical representation of various parameters during the

inventive reconditioning of a deposited layer;

Figures 5 represents favorable particle distributions of a particulate material

to be used in the inventive method; and

Figure 6 shows a schematic representation of a fluid treatment system

incorporating the inventive method.



15 Once cartridge 14 has been placed into housing 12, the same is closed and the closed loop
constituted by pump 22, pipe 20, housing 12 with cartridge 14, pipe 30 and the heat exchanger 32 and
tube 34 is filled with a reconditioning fluid which preferably has already an elevated temperature via valve
V1. Pipe 20 includes close to inlet 16 a branch 40 whieh can be connected to pipe 20 and inlet 16 or shut
off via valve V5. Upstream of branch 40 pipe 20 includes a shut-off valve V3 and a further branch 42
connectable to pipe 20 via a valve V4. Pipe 30 may be shut off by a valve V7. Upstream of valve V7 pipe
30 may be connected to a branch pipe 44 via a shut-off valve V6. When filling the closed loop with the hot

water, at the beginning of the re d’rfib‘?%&ﬁ%&é@%!\\%? WW%HH%HQ%pen so that air contained in

the closed loop may be withdrawn and an initial amount of reconditioning fluid may be dumped through

branch pipe 44 Wi VRUG,\@ ts Qe SHORSAUEONA VBV 2 PRROSHANC 1R loon ampletely filed.

The valves V4 and V5 will be closed and eating step by passing the reconditioning fluid through a
deposited layerdHicAHAYRECCETHAY) SRartnFRITHS ARaHIS: pieaselyPiRecRBE R S8 grealiee V6 may remain
open to dischargeaadepetinadidirer recypaliteuiace neitiongvtice whichdseplaced frgdtesh fluid supplied
via valve V1 intg@ tp]e Ié)op. T iesvgggceilf{ee aélé)yvs ta duoerrfrI:E\cH%rés of reconditioning fluid which may at
the beginning o the recond |on|ng%% he (ero’s‘l’%'ede fayer be I’1eavily loaded with matter desorbed from the
particulate material in cartridge 14. 16 The pressure and temperature sensors 36 and 38 monitor the

condition of thetieseneitigaing AiuicbwhenRstingdheirintblchimibidingherdeditye haakexchanger 32
where the fluid is again heated to a@rr%ﬁ-set tem eraéure. 0 th%t effect, the heat.-exchﬂ%ger is connected
| i

via valves VWL th \?F@Qe{ooa 2 g""(riee\r/‘i‘caet H%& TR (o8 c#gﬁlgﬁﬁa 8%?85%.‘88 ‘medium (e.g., hot

water) through tiaibiegt B cleamgyise32adihd disntrtat @xetbadepiued38 fldidcevties tEenpleteure sensor 36
indicates that the,deposileaLlgyer has been heated to the targeted second temperature, the valves VVL2
and VRL2 are eventually closed and reopened as necessary to maintain the temperature of the
reconditioning fluid at the second temperature.

Of course, housing 12 may be provided with larger dimensions such that it

may accommodate a stack of a multiplicity of cartridges 14.

The fluid inlet 16 is connected to a pipe 20 which provides a fluid flow path

from inlet 16 to a pump 22, e.g., a flow-controlled centrifugal pump.

Pipe 20 is preferably equipped with a flow-meter 24, a temperature sensor 26
and a pressure sensor 28 which allow monitoring the temperature, pressure
and flow rate of the fluid fed via pump 22 and pipe 20 to inlet 16 and the up-
stream side of the deposited layer of particulate material accommodated in

cartridge 14.

The outlet 18 is connected to a pipe 30 which leads to a heat exchanger 32
which is connected via a pipe 34 to the inlet of pump 22 thereby forming a

closed loop.

Pipe 30 connecting the outlet 18 with the heat exchanger 32 is equipped with
a temperature sensor 36 and a pressure sensor 38 which allow monitoring of
the downstream pressure of the reconditioning fluid circulated through cart-

ridge 14 as well as its downstream temperature.



After a pre-set time which preferably ensures that the deposited layer is in a sterile condition, the heat
exchanger is connected to a cooling device (not shown) and the valves VVL1 and VRL1 are opened in
order to circulate a cooling medium through the heat exchange pipe 33 of heat exchanger 32.
Subsequently, the cooled reconditioning fluid is circuldfed in a closed loop constituted by pump 22, pipe
20, housing 12 with cartridge 14, pipe 30, heat exchanger 32 and pipe 34. The cooling rate is monitored
via temperature sensor 26. The cooling rate of the deposited layer furthermore is monitored by
temperature sensor 36 connected to pipe 30 close to the outlet 18 of housing 12. This temperature sensor
36 indicates the cooling rate of the deposited layer within cartridge 14. Figure 2 shows an exemplary
cartridge to be used icnacatydanrcaawitetregisesdnhioveniisia gnethodetc arneamohndat e tidetdeposited

layer of particulpie. piatsrilo L UL/ (RPN A bSO EW G55plfIdae: hiaying an essentally

disk-shaped fluid-tight bottom wa 60 with a central opening 62 to which a central htb 64'is mounted. At

the outer peripHdRf cthBd VRTS8l HENE AdarfddsdiedainalfrgriBiPrite side wall 66

is running aroumdidhevmibelprefdhebpenphaneatipatineicvatbd o ps sautefing aaphawmber 70 which
accommodates the particulate material in the form of a deposited layer. The bottom portion of the volume
70 is covered by a mesh material 72 having openings small enough to retain the particulate material of
the deposited &3¢ Z0d hiite s elaaeHel drlehip /b asaehHO i ¢ theateaanisdtehripeéconditioning

fluid or fluids todie direthiR0rbreceRdtion D Qbie JEPOEREEIMNSST branch 40 pipe 20 in-
cludes a shut-off valve V3 and a further branch 42 connectable to pipe 20 via

a valve V4.

Pipe 30 may be shut off by a valve V7. Upstream of valve V7 pipe 30 may be

connected to a branch pipe 44 via a shut-off valve V6.

When filling the closed loop with the hot water, at the beginning of the recon-
ditioning, valves V1, V3, V4 and V5 are open so that air contained in the
closed loop may be withdrawn and an initial amount of reconditioning fluid
may be dumped through branch pipe 44 while valve V6 is open. Subsequently,
valve V7 is opened and the loop completely filled. The valves V4 and V5 will be
closed and the heating step by passing the reconditioning fluid through a de-

posited layer in cartridge 14 may start.

During an initial phase of the heating step, valve V6 may remain open to dis-
charge a fraction of the recycling reconditioning fluid which is replaced by
fresh fluid supplied via valve V1 into the loop. This procedure allows to dump
fractions of reconditioning fluid which may at the beginning of the recondition-
ing of the deposited layer be heavily loaded with matter desorbed from the

particulate material in cartridge 14.

Thereafter, valves V1, V2, V5 and V6 remain or are closed whereas valves V3

and V7 are open.



The mesh material 72 covers essentially all of bottom wall 60 and extends to the central opening 62.
When mounting the hub 64 on the bottom wall 60, the mesh material 72 is clamped in between the hub
64 and the bottom wall 60, thereby allowing drainage of volume 70 into the central channel defined within
hub 64. The top surface of cartridge 14 may be left ogén, in case the cartridge is filled and operated in a
horizontal position. For practical reasons it is preferred to close the top of cartridge 14 with a disk-shaped
cover made of a mesh material 76 which is fixed to the side wall 66 , e.g., by welding so as to close the
upper end of volume 70 and to retain the Particulate matter within volume 70. The mesh material 76 is

attached to an UPF"EoTH5R BB BRESBIHEC SRR 2R A0HGE HPEHRS Ao o Biserintd& portion of
volume 70 into teeoretitiahicigaimel whboletdingheonsdsh nratehalfil6chisyHes feoh oviabheattaghed to

sidewall 66 and {lig, hupb H4,A& I tﬂﬁes%ﬂﬁd’\{é"!;@gi ReALE9E 1pis RIQvdag uyith gp inlet 80 which is

closed by a plug 82 once the volume 70 of cartridge 14 has been filled to the desired extent with
particulate material. The central hub 64 not only serves as an outlet for cartridge 14, but also to fix the

mesh material 72 angt & fisctheneamdeal pattiangeirqartbdgectdd Miaddities Vit nmydie\aasiared at its upper
and lower surface portions so as to accommodate correspgnding cartridges when the cartridges are
Ctacked on top DR (o R A A 0 R g 14
and its various paies ghainedeahxdianesl Inanddisieatedanangtipleecyeleneentisctparticulate

material fepﬁc%ﬂ&\d@@lﬁ@ﬁsm, é%i%@%@@ﬂ?\%wak&ed@b% the Sarsisdgecieam plastiseparts which
are filled once and are iscardéad together with the (iOhSl{/r'\r}Eg grz]aéti\(}%@e material at }he end of its life

cycle. The dimeRSHHE OF HiR TR H IR LS FH hveaé@?asmples escri ed?ﬁec%‘ﬁ%”et&%?{ \?vll?ﬁe[ﬂe invention
have an inner diamsheeapehabas BAGEssaTANR AdNgrhtighteof réyate @0ahthethecansivieliémeter of the

hub 64 is aboutfpamHbe QRE diamigigfdhe hub is about 116 mm. Volume 70 provided by such
cartridge amounts to about 6.5 I. Figure 3 shows a schematic representation of an arrangement 100

which may be used to fill multiple cartridges 14 at the same time with the particulate material. To that
extent, the arranffememir&&:comprisbela pante d42yequsppes! ihatsig peppsiteonayith ennndet 104 and in

its bottom part Wil Bt PG HE LR DRIRHRLN & REHARL Y QB%%@%%@@ @Qator 108 is

provided which allows stirring the contents of tank 102, e.g., a suspension ot a particulate material to be
filled into the Caﬁlﬂ‘?dﬂgsafﬂ the valves VVL1 and VRL1 are opened in order to circulate a cool-

ing medium through the heat exchange pipe 33 of heat exchanger 32.

Subsequently, the cooled reconditioning fluid is circulated in a closed loop con-
stituted by pump 22, pipe 20, housing 12 with cartridge 14, pipe 30, heat ex-

changer 32 and pipe 34. The cooling rate is monitored via temperature sensor
26.

The cooling rate of the deposited layer furthermore is monitored by tempera-
ture sensor 36 connected to pipe 30 close to the outlet 18 of housing 12. This
temperature sensor 36 indicates the cooling rate of the deposited layer within

cartridge 14.

Figure 2 shows an exemplary cartridge to be used in accordance with the pre-
sent inventive method to accommodate the deposited layer of particulate ma-

terial.



19 The cartridges 14 are positioned in a vertical standing position and connected with their inlet openings
80 to a filling pipe 110 which receives the suspension contained in tank 102 via centrifugal pump 112.
Filling pipe 110 is equipped with one or more pressure sensors in order to monitor the inlet pressure
during filling of the cartridges 14. The inlet pressure mMdnitored by the sensors 112 determines the degree
of packaging of the particulate material within the cartridges 14. In case a swellable particulate material
like PVPP is used the particles first of all are allowed to absorb the surrounding fluid, e.g., water. For
PVPP particles a swelling time of about 4 h is sufficient, more preferable are swelling times of about 10 h.
The suspensiol @HHASIERTRIENBIF BBHAM YLV R IRGE it A hBYESref ISRNEBEUHSES about 5 % by
weight of PVPPspapiicl duidhégbu spetsionvid itherwstiire déntitze tpekibg2sand sulisegueatiyairculated in
the loop by the geptefugal 412 for about 15 min without filling the cartridges at a flow rate of about 4
m3/h. Depending on the particulate material and the specific equipment used fine-tuning of the flow rate
may be advisable so as to avoid deposition and/or fractionating of particles in the loop. Subsequently the
cartridges may heteenneeiegdagheripepattia kall eyassidsSvatdeas diftashed).diythenkeginning of
filling of the cargvridhgles 1Sf]£éthe fluid suspending the particulate material exits the cartridges 14 via their top
wall 76 and hub 64 ['J%on Successive filling of the cartridges 14, the amount of fluid exiting the cartridges
14 becomes smaller until it nearly stops at the end of the filling procedure when a sort of plug of

particulate. mataﬂi)@l Qa_é W#ﬁ%@@@l’r@ﬂrﬂhlﬁ&rkﬁlMé’mh@I_Q%ffiﬂgg%ﬁﬂhm%aﬁéﬁw%me filling pipe, a
valve 116 is prm@ded in thedlc%(lnrp Whlﬁh ma b7% %Vsr%gﬁ%ggdust thge fllllnglgressurelé/)clglpnh {serslglnsed at the

filling pipe 110 a osnoeac')srtsoev%ralep%gltl%rr?s. he pressure SEREHEA TS Thai AT HE presgure under 20

which the cartridyteaierfilletl adddsiterhingehe filling degree or packing of the individual cartridges.
Preferably, the pressure differential for filling the cartridges 14 is about 0.3 bar.

The bottom portion of the volume 70 is covered by a mesh material 72 having
openings small enough to retain the particulate material of the deposited layer
and being nevertheless pervious for the fluid to be treated and for the recondi-

tioning fluid or fluids to be used upon reconditioning of the deposited layer.

The mesh material 72 covers essentially all of bottom wall 60 and extends to
the central opening 62. When mounting the hub 64 on the bottom wall 60, the
mesh material 72 is clamped in between the hub 64 and the bottom wall 60,
thereby allowing drainage of volume 70 into the central channel defined within

hub 64.

The top surface of cartridge 14 may be left open, in case the cartridge is filled
and operated in a horizontal position. For practical reasons it is preferred to
close the top of cartridge 14 with a disk-shaped cover made of a mesh mate-
rial 76 which is fixed to the side wall 66 , e.g., by welding so as to close the
upper end of volume 70 and to retain the particulate matter within volume 70.
The mesh material 76 is attached to an upper portion of hub 64 so as to avoid
a fluid flow directly from the uppermost portion of volume 70 into the central
channel of hub 64. The mesh material 76 may be removably attached to

sidewall 66 and the hub 64.



It is important to fill the cartridges 14 with the particulate material free of voids. Typical filling times may be
in the range of about 20 to about 30 min for cartridges 14 as shown in Fig. 2 with a volume 70 of about
6.5 I. The cartridges 14 are then disconnected from the filler pipe 110 and the inlets 80 in the side wall 66
of the cartridges 14 are closed with blind plugs 82. In¥ase a pre-compressed PVPP layer is wanted within
the cartridges 14, preferably PVPP and a certain amount of a filler material soluble in water is filled into
the cartridges 14 in a dry state. Upon passing a flow of water through the cartridges and rinsing out the
filler material, the PVPP patrticles will swell and generate a pre-compressed filter cake within the cartridge

14. As water-solt518 Afie A8 SAELRRGHS 15 MRNGHIYH A SISR WSRISAAETHEYs, can be
used. Taking intoptogsidesatientbesshwelkngoedfeciabitijncidiwidls BydPFrioEahouhs.ddiimes okits dry

volume, the ampunt o ﬁl@érlagﬁlgqéaﬁ]ggéggpted in order to avoid inadmissible overfilling or overpacking
of the cartridge 14 and the creation of a too high pressure difference during the following step, namely the

use of the cartridge 14 for stabilizing the beverage. It is recommended to do some pre-tests on a
laboratory scalerie @slar 40 hitsl e ihheopniigeirepercantagadorfa cartaioddlenmaieanidadaadmixed with

PVPP patrticles,, 21 Figure 4A s the filled cartrid 4 after the top mesh material . 76.has been
o B el LA AR AL 4 Go gl o

removed and the orlglnallry?ieposned layer 140 In"a car e \
demonstrate th& effa¢ef dreipnesert itp/eppiohaNsble WFoHHTAERIRG BT Wepd snattayem e layer made

of PVPP particujaie berteidoasibgarmelugiarihhernakedasiuldacsdeseabedikalawp of one

another to form a multi-cartridge stack as described before.

While the cartridge 14 and its various parts may be made of metal and may be
used in multiple cycles with the particulate material replaced in volume 70, it
is also conceivable to make the cartridge 14 from plastic parts which are filled
once and are discarded together with the consumed particulate material at the

end of its life cycle.

The dimensions of the cartridges used in the examples described in connection
with the invention have an inner diameter of about 540 mm and a filling

height of about 30 mm, the inner diameter of the hub 64 is about 65 mm, the
outer diameter of the hub is about 116 mm. Volume 70 provided by such cart-

ridge amounts to about 6.5 I.

Figure 3 shows a schematic representation of an arrangement 100 which may
be used to fill multiple cartridges 14 at the same time with the particulate ma-

terial.

To that extent, the arrangement 100 comprises a tank 102 equipped in its up-
per portion with an inlet 104 and in its bottom part with an outlet 106. Fur-
thermore, in the bottom portion of tank 102, an agitator 108 is provided which
allows stirring the contents of tank 102, e.g., a suspension of a particulate

material to be filled into the cartridges 14.



After filling of the cartridge 14, the deposited layer obtained has been voluntarily cracked by repeated
start-stop fluid-flow cycles and additionally been damaged by introducing compressed air (cf. Figure 4B).
The deposited layer 140 shows a plurality of severe cracks 142 which constitute short cuts from the
upstream surface of layer 140 to the mesh material 72%f the cartridge, i.e., the downstream surface of the
deposited layer. Thereafter the cartridge 14 comprising the damaged deposited layer 140 has been
subjected to the following conditions: The top of cartridge 14 as shown in Figure 4B is provided with the
cover of mesh material 76. The cartridge is subsequently mounted in housing 12 of the reconditioning

arrangement 10 Bf ERJEHEQeS it AECHRARUHRAY RAR SV THCAh TR WP H EYR AR Srangement is
filled with cold waterthavinget tgyapergiuse o 2 Gliagrrespandingiorthe daisicke thperaspesmsibwhich typically

a beverage Iikeclg%%ﬁeatﬂpi{gsﬁg1659‘,%%%“\@%(%;5 W@uﬁt@d for about 10 minutes in order to

determine the pressure differential of the cracked deposited layer. The value of the pressure differential
measured is 0.73 bar at 2 C and a flow rate of the cold water of 0.59 m3/h. Thereafter the temperature of

the recirculatedriviatgrpioi aredsedlippededirabadtdd idnipretisiine tempr i @éithe pidlet of the

housing 12 (as dgtermige;\ﬂetgy temperature sepsor BQ)%Eeact:)aor;flrtigOeg {f _ufhhetﬁqm erature). The flow rate is

kept constant at059'm ﬂ%grteém%%?gturel urther increased at a gradua |9r|%%38r8d rate to the

second temper&n@ritef 8% Y. theesgasracht DEgierdripesilte Bseiest & eaalsestndrefdhgPeror more is

continued for aRui48 miatiatillitresanedlawdaie ofithe recirculated water of 0.59 m3/h. Subsequently
the deposited layer is cooled at a controlled cooling rate of about 5.5 C/min to a third temperature of

about 20 C. Figure 4 D schematically represents the parameters temperature (curve A), flow rate (curve
B) and pressurdrdiféseentiwétable Brtisudatemitedad liked® P dbossedidsenitatighee daduind. Figure 4D

demonstrates quitg AIGRINIEE FHABIERHAFHMEIRBIhHRSHUIVESLS IS EensivghRyRifHEsg the above

reconditioning treatment by way of the pressure differential observed (curve C): _
a swelling time of about 4 h is sufficient, more preferable are swelling times of

about 10 h. The suspension comprises preferably about 2 to 10 % by weight,
more preferably about 3 to about 5 % by weight of PVPP particles. The sus-
pension is then stirred in the tank 102 and subsequently circulated in the loop
by the centrifugal pump 112 for about 15 min without filling the cartridges at a
flow rate of about 4 m3/h. Depending on the particulate material and the spe-
cific equipment used fine-tuning of the flow rate may be advisable so as to
avoid deposition and/or fractionating of particles in the loop. Subsequently the
cartridges may be connected to the loop via the ball valves 118 and feed lines

120.

In the beginning of filling of the cartridges 14, the fluid suspending the parti-
culate material exits the cartridges 14 via their top wall 76 and hub 64. Upon
successive filling of the cartridges 14, the amount of fluid exiting the cartrid-
ges 14 becomes smaller until it nearly stops at the end of the filling procedure
when a sort of plug of particulate material has been created at the inlet 80 of

the cartridges 14.

Downstream of the filling pipe, a valve 116 is provided in the loop which may
be used to adjust the filling pressure which is sensed at the filling pipe 110 at

one or several positions. The pressure sensors 112 indicate the pressure under



During the first step of recirculating cold water in the closed loop of arrangement 10 the pressure
differential arrives at a plateau value of 0.73 bar within a few minutes. Upon heating the deposited layer
140 in cartridge 14 the particulate PVPP material expands resulting in a less dense structure and the
pressure differential drops to about 0.15 bar. Upon cotftrolled cooling of the deposited layer 140 the
structure thereof becomes again more dense and the pressure differential steadily increases up to a level
of 0.77 bar or more, i.e., significantly above the value determined at the beginning for the cracked
deposited layer (0.73 bar) indicating curing of the cracks 142. When the cartridge is removed from
housing 12 and"tHEME RSVaTeRS 1748 ngﬁﬂ PR GGLe TR F s R EG HEFJitBAANG 440 can be
visually evaluatetk isligidhalvearitriBgpseP4€ldhebBe e oreck s sveitecanechiafod thinigeheemaining minor
superficial irreggéq{ﬁiggejs%dfqg 19 Gf (%85 4440 do not influence the stabilization performance. 23
Damages as severe as shown in Figure 4B of the deposited layer of particulate material typically do not
occur in fluid treatment practice. Therefore, the test results obtained guarantee that any damage occurred
during regular fiid iepbhent ayciestRayheridged1duing andpefituatecaathitianinggsnpcedure. The
importance of s\gl?géing a suitable particulate material for forming the deposited layer in cartridge 14 has
been explained above in some detail. In the case of PVPP, a typical particle size distribution of
commercially available PVPP regenerable food grade particulate material is shown in Figure 5 as curve A

which is relativelyheapdifng inslidema sulistantiakagaosniss simal pastisles sb/PeR ssesparding of the

original PVPP paéticul%téle maﬁ}rial ava#lablg on the mfrket j;ba a our%t gflabout 5 cYc, by weight one or

several times inl Watar anasdséc%vﬁ'ﬂﬂa H 'su\r’JVétrrﬁa ANahera soetﬁln%uﬁme of about 4 h, a particle size

distribution according to curve B can be obtained. In contrast to the particle distribution according to curve
A, the particle distgiRyHengesaARling: ttheHR B shews Arignificamiivippovad kekaeriwithsregard to

pressure drop. Other particle distributions which will work well are demonstrated in curves C and D, the
particle distribu§8rf%E%Slﬂﬁfg“l’@'émgfd%{?ﬁﬁrggﬁaHtﬁ/?f@ﬁg?sggn‘fém BiamhBlFrEaRRles than the

particulate material corresponding to curve B and D.
In case a pre-compressed PVPP layer is wanted within the cartridges 14, pre-
ferably PVPP and a certain amount of a filler material soluble in water is filled
into the cartridges 14 in a dry state. Upon passing a flow of water through the
cartridges and rinsing out the filler material, the PVPP particles will swell and
generate a pre-compressed filter cake within the cartridge 14. As water-
soluble filler materials, especially food-compliant materials, e.g., salts and su-

gars, can be used.

Taking into consideration the swelling effect obtained with PVPP of about 1.4
times of its dry volume, the amount of filler has to be calculated in order to
avoid inadmissible overfilling or overpacking of the cartridge 14 and the crea-
tion of a too high pressure difference during the following step, namely the

use of the cartridge 14 for stabilizing the beverage.

It is recommended to do some pre-tests on a laboratory scale in order to find
out the optimum percentage for a certain filler material to be admixed with

PVPP particles.



The particulate material of the various samples B, C and D may be further characterized by the
parameters contained in Table 1. 24 Table 1 Sam pie Fraction with Particle Size < 25 pm [vol%] d10

Value
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Figure 4A shows the filled cartridge 14 after the top mesh material 76 has
been removed and the originally deposited layer 140 in a cartridge 14 shows a

smooth surface.

In order to demonstrate the effect of the present invention upon recondition-
ing of the deposited layer, a layer made of PVPP particulate matter has been

voluntarily cracked as will be described below.

After filling of the cartridge 14, the deposited layer obtained has been volunta-
rily cracked by repeated start-stop fluid-flow cycles and additionally been da-
maged by introducing compressed air (cf. Figure 4B). The deposited layer 140
shows a plurality of severe cracks 142 which constitute short cuts from the up-
stream surface of layer 140 to the mesh material 72 of the cartridge, i.e., the

downstream surface of the deposited layer.

Thereafter the cartridge 14 comprising the damaged deposited layer 140 has

been subjected to the following conditions:

The top of cartridge 14 as shown in Figure 4B is provided with the cover of
mesh material 76. The cartridge is subsequently mounted in housing 12 of the

reconditioning arrangement 10 of Figure 1 and the housing is closed.

In an initial step the reconditioning arrangement is filled with cold water hav-
ing a temperature of 2 °C, corresponding to the first temperature at which ty-
pically a beverage like beer is stabilized. The cold water is recirculated for
about 10 minutes in order to determine the pressure differential of the cracked
deposited layer. The value of the pressure differential measured is 0.73 bar at

2 °C and a flow rate of the cold water of 0.59 m®/h.

Thereafter the temperature of the recirculated water is increased at a rate of
about 6 °C/min until the temperature at the outlet of the housing 12 (as de-
termined by temperature sensor 36) is about 70 °C (fourth temperature). The

flow rate is kept constant at 0.59 m®/h.



d50 Value d90 Value Curve B 6,2 44,6 pm 104,9 pm 239,0 pm Curve C 1,38 39,6 pm
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The temperature is further increased at a gradually lowered rate to the second
temperature of 85 °C. The treatment of the deposited layer at a temperature
of 80 °C or more is continued for about 20 min at still the same flow rate of
the recirculated water of 0.59 m®/h. Subsequently the deposited layer is
cooled at a controlled cooling rate of about 5.5 °C/min to a third temperature
of about 20 °C.

Figure 4 D schematically represents the parameters temperature (curve A),
flow rate (curve B) and pressure differential (curve C) as determined during

the above described procedure.

Figure 4D demonstrates quite nicely the changes occurring in the structure of
the deposited layer during the above reconditioning treatment by way of the

pressure differential observed (curve C):

During the first step of recirculating cold water in the closed loop of arrange-

ment 10 the pressure differential arrives at a plateau value of 0.73 bar within
a few minutes. Upon heating the deposited layer 140 in cartridge 14 the parti-
culate PVPP material expands resulting in a less dense structure and the pres-

sure differential drops to about 0.15 bar.

Upon controlled cooling of the deposited layer 140 the structure thereof be-
comes again more dense and the pressure differential steadily increases up to
a level of 0.77 bar or more, i.e., significantly above the value determined at
the beginning for the cracked deposited layer (0.73 bar) indicating curing of
the cracks 142.

When the cartridge is removed from housing 12 and the mesh cover 76 has
been removed the reconditioned deposited layer 140 can be visually evalu-

ated. As is shown in Figure 4C the severe cracks were cured and the few re-
maining minor superficial irregularities 144 on top of layer 140 do not influ-

ence the stabilization performance.



91,3 pm 204,6 pm Curve D 2,03 45,4 pm 108,6 pm 244,2 pm Figure 6 shows a schematic representation
of a treatment arrangement 200 for beverages, especially beer, which is used to remove polyphenols
from the beer and which also allows to regenerate and recondition the particulate material used for
adsorbing and removing the polyphenols. The arrangéfent 200 includes a cylindrical housing 202
accommodating a stack 204 of cartridges 14 which are aligned with their central hub portions 64 in order
to form a continuous channel 206.

Damages as severe as shown in Figure 4B of the deposited layer of particulate

material typically do not occur in fluid treatment practice. Therefore, the test

results obtained guarantee that any damage occurred during regular fluid

treatment cycles may be cured during an inventive reconditioning procedure.

The importance of selecting a suitable particulate material for forming the de-

posited layer in cartridge 14 has been explained above in some detail.

In the case of PVPP, a typical particle size distribution of commercially avail-
able PVPP regenerable food grade particulate material is shown in Figure 5 as
curve A which is relatively broad and includes a substantial amount of small

particles.

Upon suspending of the original PVPP particulate material available on the
market in an amount of about 5 % by weight one or several times in water
and decanting the supernatant after a settling time of about 4 h, a particle
size distribution according to curve B can be obtained. In contrast to the par-
ticle distribution according to curve A, the particle distribution according to

curve B shows a significantly improved behavior with regard to pressure drop.

Other particle distributions which will work well are demonstrated in curves C
and D, the particle distribution according to curve C having a slightly higher
content of small particles than the particulate material corresponding to curve
B and D.

The particulate material of the various samples B, C and D may be further

characterized by the parameters contained in Table 1.



The cartridges 14 have been filled with PVPP particulate material as described in connection with Figure
3. The patrticle size distribution of the PVPP material is similar to what is apparent from curve B in Figure
5. The housing 202 has an upper removable cover 208 comprising a fluid inlet 210 through which the
beverage to be stabilized is introduced into the housi®@d 202. The beverage then fills all of the volume of
the housing 202 and enters into the various cartridges 14 in parallel via their respective upper mesh
surface 76 (cf. Figure 2B), then enters into the deposited layer of particulate PVPP material and exits the
cartridges 14 via the mesh layer 72 and the central hubs 64 25 and channel 206 via outlet 212 at the
bottom of housiﬁ@tﬂﬁﬂ The beer is fed into the arrangement 200 via the beer inlet 214 and exits the
arrangement 200 via the beer outlet 216. In order to provide a continuous flow of beer, a centrifugal pump

218 is used whichjspressureapgf} trofted-vigpt and-flowrate sensogrs 220-and 222,
respectively. Thléé?eFrnn}%le%raiure %\fl}jt{ﬁlév émgﬁypican;‘/a i%’t {éﬂFjlaélﬂwge 0 6°é) t%ll%%out ?ﬁoé/gkr‘l'g%s regarded as
the first temperature. The pres§iREttfitheigbilized beer when exiting the housing via outlet 212 is
monitored via pressure sensor 224.2Eh@ kest of the equipment ofarrangement 200 remains inpperative
during the stabilization treatment fthlg er. After approximately 6 to 10 hours| the capacity of the

particulate material contained in t & Gartridges 14 is exhausted and a regeneration of the particulate

material is needadyve B 6,2 44,6 pm 104,9 pm 239,0 pm
Curve C 1,38 39,6 um 91,3 um 204,6 pm
Curve D 2,03 45,4 um 108,6 pm 244.2 pm

Figure 6 shows a schematic representation of a treatment arrangement 200
for beverages, especially beer, which is used to remove polyphenols from the
beer and which also allows to regenerate and recondition the particulate mate-

rial used for adsorbing and removing the polyphenols.

The arrangement 200 includes a cylindrical housing 202 accommodating a
stack 204 of cartridges 14 which are aligned with their central hub portions 64

in order to form a continuous channel 206.

The cartridges 14 have been filled with PVPP particulate material as described
in connection with Figure 3. The particle size distribution of the PVPP material

is similar to what is apparent from curve B in Figure 5.

The housing 202 has an upper removable cover 208 comprising a fluid inlet
210 through which the beverage to be stabilized is introduced into the housing

202.

The beverage then fills all of the volume of the housing 202 and enters into
the various cartridges 14 in parallel via their respective upper mesh surface 76
(cf. Figure 2B), then enters into the deposited layer of particulate PVPP mate-

rial and exits the cartridges 14 via the mesh layer 72 and the central hubs 64



The regeneration step is typically performed by flushing the cartridges 14 and the deposited layers
contained therein with a caustic and an acidic fluid, e.g., agueous NaOH and aqueous HNO3,
respectively. In a first regeneration step, the stack of cartridges 14 and housing 202 is rinsed with water in
order to remove residual beer. Afterwards, the cartridges 14 are heated by circulating the water contained
in the arrangement 200 up to a second temperature of 85 C. The second temperature of 85 C is
determined in order to provide a sterilization of the cartridges and their deposited layers as well as
housing 202 and the pipes of arrangement 200 before the stack of cartridges 14 is again charged with

beer to be stabf2eFNIY¢haY5 R X RLR L HimPAHE PAiEIE B YPS HRRNEE S ned in the
cartridges 14 miaydoehmadifiegeio @chie viectred hiaring «f 2ne deposiies tiay ens avigeiméne cartridges 14

according to thg@ée\%%qthig\be?@odbﬁgggil%at eventually formed cracks or other damages or

inhomogeneities in the particle distribution within the deposited layers will be cured so that again the

deposited layers of PVPP particulate material are in a state corresponding essentially to an original filling

(cf. Figure 4C). iln oréler to provide focanamanib heatisipekine pariciiajel patepialip thesadtridges 14, the

temperature of \tlvt}g gﬁclirculated Wwater ]j% contrqll heat exchan e%if 326 such that it is anmost 20 to 30
e

£ 0y,
C higher than the {emﬁe%?ﬁ?gra_t e ouWef%?qﬁgl(j%?n\é'%&e&%%%era urggéﬁg%rs 55%3?31'% low rate of the
heated water isa&fsh#dfefesaertiMalythEne tepepatala e Getise irar isifyRecl¥iBuhs fée oburing heating

of the circulating watgy assLibaating shdhe staeksfcastideesst4dmpersing 202 or after the second
temperature of 85 C has been achieved, caustic soda is fed from supply 230 by feed pump 232 into the

recirculated water until a 1 % by weight concentration is obtained. Circulating of the water containing 1 %
by weight of calisicrgesstie cdriteusidddized hearduhieg exilciotiine tloginastis sotletnZédiisn is drained

from the arranggBgint RPVYiARPEREGRRIBR2# G ad valve 242 in order to remove the de-sorbed
polyphenol contained in the caustic soda solution. The drained portion of the reconditioning/regenerating

fluid is replaced by fresh water from water supply 234 via valve 236. The hot water containing caustic
soda in the amdinet fsalodubé 86 inpwergifisutteTy eecict 200d ¢onanstinep2tane nuaictpted loop (valves

236 and 242 Clgﬁggﬂizaﬁon treatment of the beer.

After approximately 6 to 10 hours, the capacity of the particulate material
contained in the cartridges 14 is exhausted and a regeneration of the particu-

late material is needed.

The regeneration step is typically performed by flushing the cartridges 14 and
the deposited layers contained therein with a caustic and an acidic fluid, e.g.,

aqueous NaOH and aqueous HNOg, respectively.

In a first regeneration step, the stack of cartridges 14 and housing 202 is

rinsed with water in order to remove residual beer.

Afterwards, the cartridges 14 are heated by circulating the water contained in
the arrangement 200 up to a second temperature of 85 °C. The second tem-
perature of 85 °C is determined in order to provide a sterilization of the cart-
ridges and their deposited layers as well as housing 202 and the pipes of ar-
rangement 200 before the stack of cartridges 14 is again charged with beer to

be stabilized.



27 Thereatfter, the removal of previously adsorbed polyphenols from the particulate PVPP material has
been completed and the alkali fluid is withdrawn from the arrangement 200 through pipe 240 and valve
242 and replaced by fresh hot water from water supply 234 preferably heated to the same temperature as
the caustic material previously recirculated when passfag through heat exchanger 226. The arrangement
200 is purged with fresh water until the electrical conductivity of the water exciting the housing 202 is
below 0.5 mS. Thereatfter, carefully controlled cooling of the stack of cartridges 14 and the deposited
layers therein is initiated. According to the present invention, it is most important, that the cooling step is
performed under close control of temperature such that no temperature shock is exerted on the deposited
layers within th&@leaurolges Idrinegestertaingtaie thaitintiegeityy Plereatbadntetrtenmneeraturesis controlled to

about 10 10 15 s aan {0 oResaliAf 1S, (ARG IRUBAAIIR A" kAL flousing 202 The

heat exchanger 226 Is now operating as a cooling device. During the Same time, acid, e.g., HNO3, may
be dosed into th&YEEUWIHEhRRIEB EESaAd REQ IR 3DURERIABLARYSIMIONT Besh Witkin the
recirculating waseerneasing soahridl -5cke by vieightidMuiRg Ecintidattie Heetiasichctnaisiracipird
temperature is majpianed ol |8V L& 023 o LS A acedE oliowad by gRIdugler (rom water
supply 234) rinsing foF another 3 min and the effect o rnsing Is controlled b measurlndo%he electric
conductivity of #ited/iageimel iYSHEWtHERIHIEtaRH 698 mSiarhequeprading 6F%efluid used for

rinsing may be mamtaingd HARAUMIRAL (cf. Figure 4C).

In order to provide for a smooth heating of the particulate material in the cart-
ridges 14, the temperature of the recirculated water is controlled by heat ex-
changer 226 such that it is at most 20 to 30 °C higher than the temperature

at the outlet of housing 202 (temperature sensor 228).

The flow rate of the heated water is controlled such that the temperature in-

crease per minute is about 5 to 7 °C.

During heating of the circulating water and heating of the stack of cartridges
14 in housing 202 or after the second temperature of 85 °C has been
achieved, caustic soda is fed from supply 230 by feed pump 232 into the recir-

culated water until a 1 % by weight concentration is obtained.

Circulating of the water containing 1 % by weight of caustic soda is continued
for 10 min during which time the caustic soda medium is drained from the ar-
rangement 200 via branch pipe 240 and valve 242 in order to remove the de-
sorbed polyphenol contained in the caustic soda solution. The drained portion
of the reconditioning/regenerating fluid is replaced by fresh water from water
supply 234 via valve 236. The hot water containing caustic soda in the amount
of about 1 % by weight is then recirculated for another 20 min in a closed loop
(valves 236 and 242 closed).



28 After that step has been completed, the stack of cartridges 14 and their deposited layers are fit for a
new cycle of stabilization of a beverage, e.g., beer. The above procedure has the advantage that the
cartridges 14 and the deposited layers of PVPP material may remain within the housing 202 and may be
immediately re-used for stabilizing beer. Likewise, the¢fime typically needed for regenerating the
particulate matter by desorbing the adsorbed polyphenol material in a caustic liquid environment may be
used at the same time to heat the deposited layers so that both the treatment of the particulate material in
order to desorb the polyphenols and heating of the particles in the deposited layer for reconditioning the

same may be effattBarta HE S ARBAUALCENRESYRIRG BEthRAPHIUYS URE HE RAYSHad layers
therein and cooling PV Hrersatagahhyshecefiacia i tocasambetinticatiofiiiat itheitadeadiidring according to

the present inveplofh AR BE-RESRPERISEH 1 mlend eusciaten BiAGET AEHYpALp 2 regular

stabilization process. 2 C62 aim s: 1. A method for treating a tluid, especial everage like beer, wine
or fruit juice, saltPMEEBE EBMPYRIRGSPPENIRRY £ PirTablxtBaRtRdAal theusa T ie BIRe dptRited layer
having an upstreasnsicuand maewasisrandsille retadingtteaimanpatsag fiiisLgy disaeténg a flow of said
fluid through said deposijjed layer from the u m.to the downstream side at g first temperature;
reconditioning < Babc ot s A e e o eter L B SR g
comprises the dtégd epnductivity of the water exciting the housing 202 is below 0.5 mS.

Thereafter, carefully controlled cooling of the stack of cartridges 14 and the
deposited layers therein is initiated. According to the present invention, it is
most important, that the cooling step is performed under close control of tem-
perature such that no temperature shock is exerted on the deposited layers

within the cartridges 14 in order to retain their integrity.

Here, the inlet temperature is controlled to about 10 to 15 °C less than the
temperature of the recirculating fluid at the outlet 212 of housing 202. The

heat exchanger 226 is now operating as a cooling device.

During the same time, acid, e.g., HNO3, may be dosed into the circuit from
supply 238 and feed pump 232 until the amount of acid within the recirculat-

ing water reaches about 0.5 % by weight.

During recirculating the acidic water, a third temperature is maintained at a
level of 20 to 25 °C.

This procedure is followed by cold water (from water supply 234) rinsing for
another 3 min and the effect of rinsing is controlled by measuring the electric

conductivity of the water until it is below the upper limit of 0.5 mS.

The temperature of the fluid used for rinsing may be maintained at about

20 °C.



heating the deposited layer to a second temperature; and cooling the deposited layer to a third
temperature at an average cooling rate in the range of up to 20 C/min. 2. The method of claim 1, wherein
said reconditioning comprises directing a flow of a reconditioning fluid through the deposited layer. 3. The
method of claim 2, wherein said reconditioning fluid séfves as a coolant during the step of cooling the
deposited layer, said reconditioning fluid being optionally circulated through a cooling device. 4. The
method of claim 3, wherein the cooling rate is determined based on the temperature of the reconditioning
fluid serving as a coolant exiting the deposited layer at the downstream side thereof. 5. The method of
any one of clairh&e t§'at {is8rEits 258 oSt Hin g FuitPSE b S WasitAPRLHGH #6Pfe deposited
layer when heatée ddsgedssaeofit ftanaperat uie| s aisteodiditioning £l bielbeigeg ,cptionadyrcirculated
through a heating device. 30 6. The method of any one of claims 1 to 5, wherein the reconditioning of
the deposited layer comprises incorporating an additive into the deposited layer. 7. The method of any
one of claims 1 B0 @fPsay trepasiten perTeas et Byepakipsaidpantinaderaterial into a
cartridge with agieasity &iglagrinem ihadidk adeysivnedithe/pamicHiaie ratgradndhe el sate, preferably

wherein the initial deeglszii%lpf Irtheu o Iged Sleg:liﬁéjlIateo[anearterial of the deposited layer corresponds to up to

120 % of the bdmrcri]ensny i the wae‘% s%te, Wharein preferably said initial density being 101 % or more.
Likewise, the time typically needed for regenerating the particulate matter by
desorbing the adsorbed polyphenol material in a caustic liquid environment
may be used at the same time to heat the deposited layers so that both the
treatment of the particulate material in order to desorb the polyphenols and
heating of the particles in the deposited layer for reconditioning the same may
be effected at the same time. Likewise, rinsing of the cartridges and the depo-
sited layers therein and cooling of the same may be effected at the same time
so that the reconditioning according to the present invention may be incorpo-
rated in the typical regeneration process performed in a regular stabilization

process.



8. The method of any one claims 1 to 7, wherein the particulate material comprises particles with a
particle size of less than 25 pm in amount of 15 % by weight or less. 9. The method of any one of claims
1 to 8, wherein the particulate material comprises particles which are swellable in the fluid to be treated.
10. The method of any one of claims 1 to 9, wherein said particulate material comprises patrticles in the
form of beads. 11. The method of any one of claims 290 10, wherein the particulate material comprises
particles selected from agarose, PVPP, PA, zeolite, activated carbon, and/or diatomaceous earth. 12.
The method of any one of claims 1 to 11, wherein the particles of the particulate material are selected
from compressiblé|F3Fticles. 13. The method of any one of claims 1 to 12, wherein said treatment
comprises adsorption, filtration, doping and/or subjecting the fluid to a reaction, especially a catalytic

reaction. 31 14. The mm%&)ffg}nyrgmn%f lﬁ{mjs %stﬁ’e?:??azll‘{}’f?aeﬁ%%?awm@iggéﬁf\ﬁﬁﬁo ited layers is

provided in a common housing having an Inlet communicating with the”upstream sides of the deposited
layers and an olitEt ktFRnRAT ARG AiPPRE MR AHstream sides of the deposited layers, wherein

preferably eachpdepiasiigd lpyaidsiearpaeiadintisepaiade Ladpogite $aiy carsviagsabeing preferably

provided in the forrp gg‘lr% gggkaﬁ: id 3t:\;}6zk gf cartr‘sigo%e_s being preferably accommodated in said common

housing, said stdek r_belng prefera ?y gr!eﬁerg?rr\na vertical direction. 15. The method of claim 14, wherein
in said heating Stap-ihe eednnd Aingp il itivhian dieeghitpthdisnanhenid dud iEiawelrad into the

housing at its batipsaieas iapefarherRin gt gaichesing sieRHbedaroaditioningifitiddsntraduced into the
housing at its tolg end.
re;

reconditioning said deposited layer;

resuming treatment of said fluid;

wherein said reconditioning comprises the steps of

- heating the deposited layer to a second temperature; and

- cooling the deposited layer to a third temperature at an average cooling

rate in the range of up to 20 °C/min.

2. The method of claim 1, wherein said reconditioning comprises directing

a flow of a reconditioning fluid through the deposited layer.

3. The method of claim 2, wherein said reconditioning fluid serves as a
coolant during the step of cooling the deposited layer, said reconditioning fluid

being optionally circulated through a cooling device.

4. The method of claim 3, wherein the cooling rate is determined based on
the temperature of the reconditioning fluid serving as a coolant exiting the

deposited layer at the downstream side thereof.

5. The method of any one of claims 2 to 4, wherein said reconditioning
fluid serves as a heating medium for the deposited layer when heated to said
second temperature, said reconditioning fluid being optionally circulated

through a heating device.
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6. The method of any one of claims 1 to 5, wherein the reconditioning of
the deposited layer comprises incorporating an additive into the deposited

layer.

7. The method of any one of claims 1 to 6, wherein said deposited layer is
formed by packing said particulate material into a cartridge with a density
higher than the bulk density of the particulate material in the wet state, pre-
ferably wherein the initial density of the packed particulate material of the de-
posited layer corresponds to up to 120 % of the bulk density in the wet state,

wherein preferably said initial density being 101 % or more.

8. The method of any one claims 1 to 7, wherein the particulate material
comprises particles with a particle size of less than 25 pm in amount of 15 %

by weight or less.

9. The method of any one of claims 1 to 8, wherein the particulate material

comprises particles which are swellable in the fluid to be treated.

10. The method of any one of claims 1 to 9, wherein said particulate materi-

al comprises particles in the form of beads.

11. The method of any one of claims 1 to 10, wherein the particulate mate-
rial comprises particles selected from agarose, PVPP, PA, zeolite, activated car-

bon, and/or diatomaceous earth.

12. The method of any one of claims 1 to 11, wherein the particles of the

particulate material are selected from compressible particles.

13. The method of any one of claims 1 to 12, wherein said treatment com-
prises adsorption, filtration, doping and/or subjecting the fluid to a reaction,

especially a catalytic reaction.
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14. The method of any one of claims 1 to 13, wherein a multiplicity of depo-
sited layers is provided in a common housing having an inlet communicating
with the upstream sides of the deposited layers and an outlet communicating
with the downstream sides of the deposited layers, wherein preferably each
deposited layer is incorporated in a separate cartridge, said cartridges being
preferably provided in the form of a stack, said stack of cartridges being
preferably accommodated in said common housing, said stack being

preferably oriented in a vertical direction.

15. The method of claim 14, wherein in said heating step the reconditioning
fluid when heating the sediment layer is introduced into the housing at its bot-
tom end and/or wherein in said cooling step the reconditioning fluid is intro-

duced into the housing at its top end.





