Met hod for treating a fluid, in particular a beverage BACKGROUND OF THE

| NVENTI ON The present invention relates to a nethod for treating a fluid,
in particular a beverage, nore specifically beer. Fluids, including
beverages are treated for nunerous purposes. During the manufacturing of
beverages |ike beer, wine or fruit juices a so called stabilization process
i's needed which at |east substantially reduces the anount of conponents in
the fluid which mght give rise to flocculation or devel opnment of haze
during storage and transportation of the fluid. Filtration and adsorption
are the nost inportant nechanisns used to this end. Qther fluids need
treatment wth respithodoforargatingenfiuid, iafpartfeadabaarage, others are to
be subjected to chem cal reactions. Frequently, |layers of deposited
particul ate material are used to perform such treatnents, such |ayers may
be used in the formof a fiBAGGR@HRED dFPTREGHGENEOMI suggests to deposit
the particulate material in a cartridge on a fluid-perneable wall portion,
said cartridge including a fluid inlet upstream of the deposited | ayer and
a fluid ouThetpressm stveraionaklates th & Inwttopontrabliny waldid, naaredularGar tri dges
of such de%ign are w del g.gﬁgp in the treatnment of f|UIdS especially

bever ages, PERCANS) PN ePFANCAY S since the cartridges can easily be
designed to accommpdate |arger quantities of particulate material and are
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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 0 645 446 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

porticn.

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



Nuner ous useful particulate materials form deposited | ayers which may crack
under various conditions, e.g., the above nentioned pressure fluctuations,

t enperature changes or other physical or chem cal inpacts creating gaps

| eading fromthe upstreamto the downstream side of the deposited |ayer. As
a consequence a honogeneous fluid flow through the deposited |layer is no

| onger guaranteed affecting the quality2of the treated fluid. In order to
cope with this problemthe deposited layer will have to be repl aced
frequently in order to ensure reliable quality of the treated fluid. The
particul ate materi al however has not been exhausted in its treatnent

capacity. Peessued cimieotdeskamitoasipat but wiate praskerd flGuatiohea@PR (pol yvi nyl
pol ypyrroli dom?%a Sre n t suitable for use in such cartridges at all and can
be used as HEATERPFSYFy agent only in so-called dosing systems, where the
PVPP particles are fed into the fluid and have to be renoved subsequently
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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 polypyrioli-
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 inventive method provides for an opportunity to use PVPP particles as a
particul ate material which heretofore could be used in a substantially |ess
economi cal way. 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
woul d result in a process which is not controllable. Oten not only one
cartridge but a plurality of cartridges3 each accommpdati ng a deposited

| ayer 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 el enent

where the pf@f@i@bﬁpfhmé;mit@@qawrﬁ@l;rva@g,b&afewmtdac_taacrrdgelvﬂﬁ@r@lau&ug anl | of
t he cartrldge_ t the same tine in order not to risk an uncontroll able

S

treatnent 6FSBhBeRYIR%, e.g., the beverage. Wile such procedure is costly
since a |large anmount of particulate material is wasted it cannot be avoi ded
because ot herw se one ul.d run an even higher economi c risk, The present

i nventi on Eﬁsw‘ffé@ws REPrAHFER FAAhORRITEHEH 19 YseP KRt particles as a

di fficul t - pertantk endreribl wHichtirowtsiel @uld bk @sEYRPawhbsfantibpeldss kas- hi ghly
esteened properties in the stabilization of beverages. The key el enent of

t he present@ M&Yon is the reconditioning of the deposited | ayer within
the cartridge within the boundaries set out in claim1. The key el enents of

the reconditioning tr ment of th eposited | ayer according to the
present i nkéﬁﬂskﬁ?lc@sﬁ gratipm Etpglﬁg "%?e "‘ﬂ""g) rffr‘)él‘ifi'?@ PReSHepedinted | ayer
to a secondf tregabiizstich effed. of tAB fIGid WhBE erdabed ioURl res8IMe baruedsst ypi cal |y
is about ro mt_erlr_{%graturﬁqpﬁé | ess; b) afterwards cooling the deposited

| ayer to a"¥Hfiti§ WEsPRYS e.g., about 30 C, with an average cooling
rate of up to about 20 C/ mn.

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.qg., 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



Heating of the deposited |layer to a second tenperature of about 70 C or
nore, nore preferably to about 80 C or nore, has the advantage that
thereafter the layer is in a sanitized condition. For sanitizing the
deposited | ayer the second tenperature is preferably maintained at 70 C or
nore for about 20 mn or nore. Preferably the deposited |layer is kept at
the second tenperature for several mnutes, e.g., about five mnutes or
nore, preferably about ten m nutes or nore, before the cooling step is
initiated. Wile the heating rate is not critical, the average cooling rate
has to be carefully controlled in order not to exceed the afore-nentioned
upper |img)of bdrtirtg the d&pusited Byer toal dengnd tappeatiulze cag.c 85C, Whadei N a

nunber of ways,.e.g...b radual | ecreasing the tenperature or by
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Preferably, however, a maxi mum cooling rate of about 20 C m n should not be
exceeded at,any_tine duri the cooling,step. .a,Jower limt for the

cool i ng ra%%, aaf{t/%ﬁwﬁég%Focgﬁgutthe .?O&ﬁ‘?’ﬁyeﬁg? S%Fgftgmﬁrifuff%e'@'m n, my be
sel ect ed under prattIOCHUL, widmshdereeaddeooslinghate eComts bbout 2@ °Cframt ment
according to the present invention allows curing of deficiencies of the

deposited layer in that the particulate material is redistributed and/or
rest r uct ur deating phthadegusiteddayenytera semindtthatpeaathesrofjeb@auz) ¢C eat ment
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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.



Thus not only a lot of working tinme is saved, but also a nost effective use
of the sonetines costly particulate material is possible. Wile heating of
the deposited | ayer to a second tenperature and cooling the sane to a third
tenperature nmay be acconplished by sinple heating and cooling neans w thout
any additional neasures by, e.g., by heating the cartridge and cooling the
sane fromthe outside, it is preferredFto performat |east part of the
reconditioning treatnent by directing a flow of a reconditioning fluid

t hrough the deposited layer. Directing a flow of a reconditioning fluid

t hrough the deposited |ayer facilitates and inproves redistribution and
nor e honogéhemeathyd a€ tise preseheinvantione that alloves esingthopatthoalate postictied | ayer
and provid o) r . t. .o dit..oni ng treatnment.
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a second tgg@géature the thernmal expansion of the particulate nateri al
creates préssure within the deposited layer in a direction perpendicular to
the fluid flow direction which causes eventual cracks in the deposited
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redi st ri buemdrgumentouitfevenpesoahelof t he deposited |ayer within the
boundaries set out inclaiml is retained in its redistributed condition.

6 Even nore preferably, a reconditioning fluid is used as a coolant in
order to cools dotiwnly kdotlepweiking tineg &rsavedt hat alhe adnbsngférdiivanse dise of a
recondi ti ogj 4 . ter control of the cooling
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the cross-section of the fluid flow, i.e., the whole area of the deposited
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uid 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 fact, in many applications the reconditioning fluid or fluids may be
selected to performan additional task, especially the regeneration of the
particulate material. In beverage stabilization applications, an al kaline
reconditioning fluid used for heating the deposited |ayer may |i kew se
serve to desorb and renove pol yphenols which upon treatnent of the beverage
have been adsorbed by the particul ate faterial and t hereby regenerate the
particulate material. In a subsequent heating or cooling step, fresh water
may be used as a reconditioning fluid in order to purge the deposited | ayer
fromthe al kaline reconditioning fluid. Subsequently, an acidic
reconditioning fluid nay be used for (further) cooling the deposited | ayer

and finaII recondltlonln fluid may be
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downst r eanfesled hy adeqrisgtdayideaymn, ciecudationato tthIeeIdSIrad dempefﬂme:)fret he
cartridge, ¢@.diRefy. €conom c and accurate determ nation of the tenperature
condi tions preser¥t during cooling of the deposited | ayer is achieved

i ndependent of the fluid flow rate and the tenperature difference between

the circul ghededepiititd ANl ik qeiﬂ%’g Hlaed@ﬁ:(}s %:I l'bgrcﬁ‘ff enI: he

cartridge and the particulate materl ontalne swel as its
speci fi c h&am @ apernditioning flishior spelin dhdfeodeposithe 1&1@&“ ng rate during the
heating step of the reconditioning treatnent is not too critical,
neverthel ess heating rates of up to about 20 C/ m n when heating the
deposi ted Fafast; inrmpany AePliqations terpeaoadifioaingflvidfa fiuids meyper salestedar e
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to the second terrperature e.g. abou wer than t e secon
terrperatur@at%('q ower limt for the heating rate will preferably be about
0.1 Cmn, nore preferably of 0.5 C mn, for practical reasons. S

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 ftuid 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 nunber of applications of the present invention, treatnent of the
fluid includes a process which is based on an additive which may be
consuned during the fluid treatnment either by dissolving and eluting the
sanme fromthe deposited |ayer or by rendering it inactive. In such cases,

it is advantageous to use the reconditioning fluid and feed an additive
into the deposited | ayer thereby restoring the original treatnent
properties of the deposited layer. In a preferable enbodi ment of the
present invention, the deposited |layer is originally formed by packing the
particulate material into the cartridge with a density higher than the bul k
density of the particulate material in the met state, wherein nore
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carried out as fol
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.



An anount of 80 ng of (+) catechol hydrate (Aldrich Chem Co., M I waukee,
USA) is dissolved in 50 ml of ethanol at roomtenperature. The catechol
solution is subsequently adm xed with distilled water to give a solution S
of 1 liter which is stored in a brown flask. A reference solution Ris
prepared from50 m ethanol to which distilled water is added to give a
solution of 1 liter. Four flasks of a Vblunme of 150 nl are each provided

wi th an anmount of 50 ng PVPP particulate material to be tested. 100 m of
the catechol solution Sis added to two of these flasks. To the remaining
two flasks 100 ml of the reference solution Ris added. The contents of the
fl asks ar el bhorumlgdrl of applieatidraroffthe @resamitiesentibhetreatrhent sihtesuper nat ant i s

decanted it resh flasks. Lt,is jnmpaortant.to decant the supernatant
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measuri ng l,ati he PVPP adsorpt.ion ca |t i.e. . catechol
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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 %.

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 fiuid, 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. 11I, 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



Ex = extinction of reference solution SNx Es = extinction of sanple
solution SNs All extinctions are neasured agai nst reference solution R The
par anmet er of catechol reduction not only describes the activity of the PVPP
mat eri al upon pol yphenols, but at the sanme tine is influenced by the
particle size distribution and the surface area provided by the particul ate
material. Wiile small particles are préferred because of their high surface
area, a particle distribution including a too high anount of small

particles will lead to an excessive high pressure differential across the
deposited | ayer. For many applications, the particulate material preferably
conpri ses poedint n&odigni or meighoeepeterhblysatdut 265 Iyt thieosireonf about 25

pm or nore I rtiecl es than 25 may,. be pr.esent W ut
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beads. Here, eneous Torimof the particles typically provides
for a low pressure differential.

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 pm filter, Supernatants (SN) obtained from solution
S are referred to SNs whereas supernatants obtained from the reference solu-

tions are referred to as SNy.



VWil e nunerous particulate materials may be used according to the present
invention, for treating beverages, particles are advantageously sel ected
from agarose, PVPP, PA, zeolite, activated carbon, and/or diatonaceous
earth. Conpressible particles allow a higher packing density when
originally deposited as a layer in the cartridge. This type of particles
provi des for additional advantages in tBat again the stability of the
honogeneity of the deposited |layer nay be increased. The treatnent of the
fluid according to the present invention enconpasses numerous treatnents
including the preferred treatnents of adsorption, filtration, doping and/or
subjecting the fluid to a chem cal reaction. A chem cal reaction perforned

with the present nethqd.,is prefergbly a catalytic reaction i ch does not
Consur. anSRAFUBOaR 5 KBEP FiF TRepban Padhe dytered bubeAB i Sieyt i ¢
addi tive | Bnd 58, dep 0% heddady&iol PR e beforzatiefsOpeAiat et aitd @gstpa foiodvof tinme
and/ or regtaaagor at.ed or replenished during reconditioning of the deposited

|l ayer. 123%C'REPR4 oned before, the present invention is most suited for
treati ng aqueous fluids, preferably beverages, and in particul ar beer, w ne

and fruit juice. Treatnent of beverages for stabilization, especially beer,
oie, o f Itds Fecqmingnigt £ uhe e LY ot BotoriauIdl gt peBmm I TER at &
materi al . FuiindefdesieulatiegahdiPNgPtadsbiptiopr@padity, i eedtedino) radottidn, phicity

of deposited | ayers b sed ere preferably each deposited |ayer is
i ncor por at @Bcc’irﬁgré\ces‘@ﬁ)ﬁ&? Ec’tllé’é?’r'rt'q YH&'@t he cartridges being provided in a

common housi ng having an inlet comrunicating in parallel with the fluid
inlets of the cartridges _an autlet c i ing in parallel with the
fluid outl BITBFOR ﬁ@p%cétryt[r%’:gﬁQegpi}Pr Lﬁ%“r'ag%g?%{‘)ﬁzéiﬁﬂjl tiplicity of deposited
layers in their cartridges is provided in the formof a stack, said stack
bei ng rmrew%?é‘igrabléimor:l %QEE%&idnnofaso\f&ricEH gal di rection.

Ex = extinction of reference solution SNy

Es = extinction of sample solution SNg
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 pm 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 nmultiplicity of cartridges is accommpdated in a comon housi ng
having a fluid inlet and a fluid outlet, the average cooling rate is
preferably determ ned in such enbodi nents by nmeasuring the tenperature of
the reconditioning fluid at the outlet of the common housing. Wen such
stack is used, the heating step of the reconditioning treatnent is
preferably performed by introducing thélreconditioning fluid into the
housing at its bottomend. The cooling step then is preferably perfornmed by
i ntroducing the reconditioning fluid into the stack at its top end. In the
follow ng, the invention in its various aspects and advantages will be
explained in nore detail in connection with the Figures and Exanples. 13

BRI EF DES PTI ON. OF THE W N Int Fi gures, Figure lshows a_schenatic
outline of aWeaadB%‘#'Et‘lespafﬁsé%éW ?%3“38[?5 l"ﬁglsr@@b‘?{o’ﬁg‘?f‘%? APMUES nent of
t he i nvent abeutnEd P8y 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

agarocse, 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 fiuid 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 B show details of an exenplary cartridge for accommodati ng
a deposited layer of particulate material used in the inventive nethod,

Fi gure 3shows an exenplary device for feeding particulate material into a
plurality of cartridges to formdeposited |ayers; Figures 4 A, B and C show
a cartridge accommpdati ng a deposited |ayer of particular matter in the
original, cracked and reconditioned stéd2e, respectively; Figure 4 D sows a
graphi cal representation of various paraneters during the inventive
reconditioning of a deposited |layer; Figures 5 represents favorable
particle distributions of a particulate material to be used in the

I nventive nethod; and Figure 6shows a schenmatic representation of a fluid

Lreat ment %%E&dn@%%e‘?&%ﬁ‘%é‘%r&%ﬁt InveR |En|1\|lsemrcTJ% rs]l.(l)ige'd fo:M:reating 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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 shows a schematic
representation of an arrangenent 10 for carrying out a key process of the

i nventive nmethod, nanely a reconditioning treatnent of a deposited | ayer of
particul ate material which has been used to treat a fluid, e.g., a beverage
| i ke beer, wine, or fruit juice. The arrangenent 10 includes a housing 12
accommodating a cartridge 14 in which &3l ayer of particulate material (not
shown) has been deposited. The housing 12 conprises a fluid inlet 16 at the
top and a fluid outlet 18 at the bottomthereof. O course, housing 12 may
be provided with |arger dinmensions such that it may accomodate a stack of
a multiplicity of cartri BReEF RESCRIRTIONUDE THEIBRAWENGS connected to a pipe
20 which provides a fluid flow path frominlet 16 to a punp 22, e.g., a
flowcontrolled centrifugal punp. Pipe 20 is preferably equipped with a

f | ow et er Iikthe Biguszyper at ure sensor 26 and a pressure sensor 28 which all ow
nmonitoring the tenperature, pressure and flow rate of the fluid fed via
punp 22 and pipe 20 to inlet 16 and the upstream side of the deposited

| ayer of pBiguredl atsbowataesdhamaiccntinedat a abpaang fardgeryldy odthiheout | et 18
is connected to a pige 0 whi gh h%adg #t a heat exclglgn er 32 which is
connected via a pi pe-BAYYPHESHIEN 8 qﬁdﬂﬁe VG WS cﬂg fornming a cl osed

| oop. Pipe 30 connecting the outlet 18 with the heat exchanger 32 is

equi pped w.th a erature sensor 36 _and a pressyre sensor 38 which allow
moni Lor i ngr Bk ATNGL 1 AP ISS Ly oo PR RERT L SOHHRRF S, AT o

circul ated t hrough daéingra diepesitdd dsyanalfpagisculdte rdoteral usedrird depaved-ure. 15

tive method;

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

plurality of cartridges to form deposited layers;

Figures 4 A, Band 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.



Once cartridge 14 has been placed into housing 12, the sanme is closed and
the cl osed | oop constituted by punp 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 el evated tenperature
via valve Vi. Pipe 20 includes close to inlet 16 a branch 40 which can be
connected to pipe 20 and inlet 16 or shfit 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 nmay be shut off by a valve
V7. Upstream of valve V7 pipe 30 may be connected to a branch pipe 44 via a
shut -of f val ve V6. \WherDETAILED@BEICRIETIZN OF THIHINWENTIONE hot water, at the
begi nning of the reconditioning, valves V1, V3, V4 and V5 are open so that
air contained in the closed |oop may be withdrawn and an initial anmount of
recondi t i oRignge ﬂlshbd:sraa;cﬂematicmepcbstehtamghofmmanhn@érpenmm\Mm' daeryiad ve V6 i s

open. Subs vaIv V7 i.S ene and t he ete f| IIed The
Valves va Sibe bV oot il b BRE NS TRYy <rEsrfRRinay

recondi ti onf agiepbsitet llaherouigpamcdlap@mateﬂall alyieh hias bean usedge tﬁeﬂat raay st art.
During an f heat i e vaI ve V6 nay renmin open to

di schar ge i':ilmfdf a?{ 1 Q%%%Era[%ﬁelh{éec%f& Wﬂbeg Oéén‘ﬁi{ﬂ 5%ni ng fluid which is
replaced by fresh fluid supplied via valve V1 into the | oop. This procedure
allows to [ ondi i.d begi nni ng
of the recgﬁ%lq%{'fan gﬁ]eﬂpﬁoqﬁd{'ge oS i"%ﬁ 98% ﬁ’gﬂ?@%{ﬂg@ g%%ltl\%l'?h matter
desor bed f wd:mhtmlaypalof paicatase mmtersah(natrshoanb hasl@eeﬂﬁepoé:ﬁadTﬁ'bepr essure
and tenper i e n i, on..of

reconditi oﬁ%ﬁ%ﬁ? lﬁﬁ@%ﬂ{ 'es:rége?‘ﬂfj:rﬁ'g‘e Esaltt(r%ée Si'go aﬁ‘ﬁgqﬁ'd OHtIEt 1% ﬁ’gﬁh? ed into

heat exchahgéem3hewddre the fluid is again heated to a pre-set tenperature.
To that effect, the heat-exchanger is connected via valves WL2 and VRL2 to
a heating device (not shown) for circulating a heating medium (e.g., hot
wat er) t hr ©bghunshehbresing éRchayngermprédidad avitht krdgeratimersivangecipithee i83. Once

the LEMPeT A SARR0Nc2S 0 6RL SRLDRL BeclRRRRL UG | ayer has been

heated to {arget ed secon 'ves "WL2 and VRL2 are
eventual Iy closed and reopened as necessary to maintain the tenperature of

the recondihé ANl ick! e d BhoblieasSoNe LHRREALIO Raedl ifo flollepge! 1

“which prefera ensures t Sited Tayer
condi ti on, frph‘e!nllﬂtaltfi e hanye?2, %_gemﬂe‘dtmtmeaceomfum nmlvwce (not shown)
and the valves WL1 and VRL1 are opened in order to circulate a cooling

medi um t hrough the heat exchange pi pe 33 of heat exchanger 32.
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 accommeodated 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.



Subsequently, the cooled reconditioning fluid is circulated in a cl osed

| oop constituted by punp 22, pipe 20, housing 12 with cartridge 14, pipe
30, heat exchanger 32 and pipe 34. The cooling rate is nonitored via
tenperature sensor 26. The cooling rate of the deposited |ayer furthernore
is nonitored by tenperature sensor 36 connected to pipe 30 close to the
outl et 18 of housing 12. This tenperatdPe sensor 36 indicates the cooling
rate of the deposited |ayer within cartridge 14. Figure 2 shows an
exenplary cartridge to be used in accordance with the present inventive
met hod to accomobdate the deposited | ayer of particulate material. 17
Figure 2A represents a bottomview of cartridge 14 having an essentially

di sk-shaped, fluiLd-ti ght t i entral._openjing,62.to which a
central hu@“gﬁ%@@g%ﬁ{‘e@ %)ép\ %%k%du&g?wﬁégpghfe\zr35%1‘53'5'&‘?5|rﬁs\%lalnd§8,e a side
wal | 66 i s chisedddmmdcorstitutediby pump 2@ pipest@phoubing 2 dathverrtridg@ 14 runni ng
around the (o} i r t LL.,60 s0 as_to define a
chanber  70PHis 3384 heficBEExMARRY 32 AMRCHPEPE RGN v FTece A of o
deposi t ed Flaidewhiciihprefeosblpiapaiteadn aofeléveted dbmperafOrd siacaher ¥t. by a nesh
material 72 having openings small enough to retain the particulate materi al
of the deposited | ayer and being neverthel ess pervious for the fluid to be
treat ed an@ipeo20 trivhidesctosei tbiioket 4§ & branghei0 Whishdenthe dennesed wpgpe

recondi ti onj o) e i I e Ty I 7 vVers
essenti al | 3ba'}191|d Ih*ekggt%o%n%wﬁtffﬂg gv‘re\edvse'x @%@ﬁﬁ?ﬁ@@n‘i P%\’Iecigjp@ﬁi ng 62.
When nount cliges aeshutiefiovaloe VBhen doa fyrdinerwarlahcib @2 doheecteble toaipe i281vig2 i s
clanped in_ketyeen the hub 64 and the bottomwall 60, thereby allow ng
dr ai nage of Wolule 70 into the central channel defined within hub 64.

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 top surface of cartridge 14 nmay 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 material 76 which is fixed to the side wall 66 , e.g., by welding so
as to close the upper end of volunme 70 and to retain the particulate matter
within volunme 70. The nmesh material 761gs attached to an upper portion of
hub 64 so as to avoid a fluid flow directly fromthe uppernost portion of
volune 70 into the central channel of hub 64. The nesh material 76 nay be
removably attached to sidewall 66 and the hub 64. 18 The side wall 66 of
Che. vol tme |15 i ey ot qe bt st PP MR TnbRkel Rt Bt U7 e
parti cul at eeqeadiioning ﬂmHeNItezmemang habsieg 12eiTherflujd mes%dsmammwket for
por 1 on-of g A FouRel s eyl i Rl HRa B €4 Ble-fot BMRLAUIE, | 0° pper and

| ower surface portions so as to acconnndate correspondi ng cartridges when
the cartri t tridge
stack as dgggﬁ?tﬁéefgec% %‘% [—'9@? s ggﬁ??ﬁaggg%rl\ﬁglg%%g?%gcgﬂ%gstgg%rts may
be made of hagling deyige ﬁiw st@\r\unééqr r-lrcuhl:rrtg plheatiye nesglivint (e.9.hbopwatdrgul at e
material r LB &V t

cartridge ?ﬁbﬁ?gg?éﬂg§€% g%@éB%ﬁp%ﬁﬁ?&%ﬁﬁﬁﬁl gj ﬁEE%3 rgggﬁ F%@arded

t oget her mptﬂwt@'f?é%ﬁé ﬁﬁr@'@FP igrtes thafl heaapasiéed lyenhas heer hgated fotthel i f e
cycle. The ed in
onnect i on R P e Ao N e B A and
filling heRfhiegiengdAstnesessary te meaintaire theltemperaturefofithe ramcmorinsg about 65
mm the oupgl fitREREESnPlerh NG allHR. i s about 116 mm Vol ume 70 provided by
such cartridge anobunts to about 6.5 1. Figure 3 shows a schematic
representation of an arrangenment 100 which may be used to fill multiple

cartridgesa@dr atpriRet §|ﬁ{@whicﬂ'epr@feﬁ‘5bl§l%sgﬁzrstt'hﬁw:f?é @eﬁ%‘it@ﬁ'lé\}er id § G hat

extent, the arrangenent 100 conpriseS a tank equl inits upper
portion wi §"ﬁ"'éﬁ1c<i"'lﬂ“é?”r]§b§ l‘@ﬁa exehanger ﬁo@qufp @vr:@cpflr@nqu @10t106.

Fur t her mor enowd) S{HetHROU41048 YOI LAY \mfutaa@%péﬁgd .@Brc%g'ts%trema% o8)-Provi ded

which allows stirring the contents of tank 10 g., a suspension of a
par ti cul at B9raedivmafhirogghéhe heateexghanae pire %%pf hparg@sch@nger 2.

Subsequently, the cooled reconditioning fluid is circulated in a clesed 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
t he suspension contained in tank 102 via centrifugal punp 112. Filling pipe
110 is equipped with one or nore pressure sensors in order to nonitor the
inlet pressure during filling of the cartridges 14. The inlet pressure

nmoni tored by the sensors 112 determ ne37t he degree of packagi ng of the
particulate material within the cartridges 14. In case a swellable
particulate material like PVPP is used the particles first of all are

all owed to absorb the surrounding fluid, e.g., water. For PVPP particles a
swelling ti el i .G e £ I .1ing
imes of by T e R Lo sy IR PhUE aF, SsBb e BTk 18 o6 by
wei ght, nofbapeefiwdatight basamm wallke) withut cavrdlwprpinghé2 td whighR: pentralc| es.

The suspensugsd & hb@itedtirred in the tank 102 and subsequently circul ated
in the |loop by the centrifugal punp 112 for about 15 mn wi thout filling
the cartridges at a flow rate of about 4 nB/h. Depending on the particul ate

materi al ang thoBulh YerbhenPab RIBALPES, & LRBAN6E% Bladdl, |l Qv gt e may

be advisable so as to avoi'd deposition an ractionating’of”'particles in
the | oop. YPiBgSER: Iy the cartridges may be connected to the | oop via the
ball valves 118 and feed lines 120. In the beginning of filling of the

cartridges_l4, the fluid suspending the particulate material exits the
cartri dges 102 Sifeaveth&f s typingprours thedvinelp of she ppipheryod dwttore willl | i ng of

the cartridgey dkdo ddimeaiBidhbe 76 Winidh %oHrHﬁ%ét?lgltfﬁ?Eémc%mé ntétePg§FOMeS

smaller until| it nearly stops at the end of t procedur e en a
sort of pl Uythsyfoparafixtenasitefd@yari al has been created at the inlet 80 of
the cartridges 14. Downstream of the filling pipe, a valve 116 is provided
in the IooR whi ch may be used to adjﬁus_t the filling Plressu_re which is
sensed at th8 PPFPM Rertion e the yolume A8 iscovrrgd by a prsshimatesial TAdayirgssur e

sensors 118pélﬂ§%§§ﬁ'\%lltelﬂ@u§ﬁ 8 $etam Mﬂn@«:@@té"ﬂi&@g&lﬂﬁ Jﬁ@-rdﬁfj’l’ B8P Ia9ee filled

and determn e filli n(rzj degree or packi DL? of the individual cartridges.
Pr ef er abl y2N¢ RENGrRvEHthelass mceYiaws falthediuid te be dteater aodifer thegesondi- i s
about 0.3 Bahinglfluid 8r IR b uded dddr rdcBRdIEBRING! RS dEfo¥itddNalBE
particul ate material free of voids.

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.



Typical filling times may be in the range of about 20 to about 30 min for
cartridges 14 as shown in Fig. 2 wwth a volune 70 of about 6.5 |. The
cartridges 14 are then disconnected fromthe filler pipe 110 and the inlets
80 in the side wall 66 of the cartridges 14 are closed with blind plugs 82.
In case a pre-conpressed PVPP | ayer is wanted within the cartridges 14,
preferably PVPP and a certain anount ofga filler material soluble in water
is filled into the cartridges 14 in a dry state. Upon passing a flow of

wat er through the cartridges and rinsing out the filler material, the PVPP
particles will swell and generate a pre-conpressed filter cake within the
cartridge iyl y. . T npl i ant
mat eri al s, %ée S'%%\M\Q ?g OggéHth Ih 5 ?FOJ@&OGM&G% "F F?d:{'vﬁ, oIs g%%g? %gr ation
the swelli agpltm Béwcebmemlgme/\m Imf Pfepd g 1atimstbe1=:nzﬁlte|drtesthefdesirsd éry
volume, th s to be calculated in order to avoid

i nadm ssi b erﬁlor@gp?aﬁ{cfj%ébﬁtgeerpackl ng of the cartridge 14 and the
creation of a too high pressure difference during the follow ng step,

namel y theTHéEe@;raltm E20bE bq%eseweg & aR %9%{ &'c%gtrfd % 1916\6%"&%95% ttolﬁ
recomended to do sonme pre- ts on fasora ory scare in find out
the opti rruthqoresneelemﬁgealf& and @érindhe cEntermorManerﬁcartrEﬁgetié A @iddisidnwi t h
PVPP parti gl Elgur Ari fasLhe top
mach et or i Be gasiopgl st i boplafuRa it birkdt AREbhL 493518 BG40
a cartri dgéat]?zlcogrﬂswen@ingrmdtridgsslmﬁ"aoethelqarmmdges at’tt)smmgm’cap@fbhe ef f ect

of the preg o) fagt eposited | ayer, a
| ayer nade %H_'Stlg% parti cuP ‘%e rf@t%[gceé%le led %Cerﬁ‘ goqbﬁ%%arl |y cracked as will
be described below After filling of the cartridge 14, the deposited | ayer

obt ai ned_ hahilaaRp UAHEL A4 dn 1 SEKES it PSR EFha ik PN kil of | oW

cycles and additiona been danage ucl ng conpressed ai'r f.
Fi gur e 4B)userhis mulipie cedes withrthe peristwdate raatsrial sgnlagedoih wiwmedOgitacks 142

whi ch CONSKI it ok ARlbIEH ﬁnakégrré Egﬁr.uaétm%?ggﬂé&&%reé whithSre Fifdal 0 the

mesh material 72 of the cartri wnst ream sur ace 0
deposi t ed Pagge@nd are dlscarded 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 1.

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.



Thereafter the cartridge 14 conprising the danmaged deposited | ayer 140 has
been subjected to the follow ng conditions: The top of cartridge 14 as
shown in Figure 4B is provided with the cover of nesh material 76. The
cartridge is subsequently nmounted in housing 12 of the reconditioning
arrangenment 10 of Figure 1 and the housing is closed. In an initial step
the reconditioning arrangenent is filled with cold water having a
tenperature of 2 C, corresponding to the first tenperature at which
typically a beverage |ike beer is stabilized. The cold water is
recirculated for about 10 mnutes in order to determ ne the pressure
differenti ure
differenti ghe%gbﬂ eé:ﬂﬂ%‘%g?giﬁeﬂéd L'fQZ\) e%y&r 8tamf’lg @/L r?fam? Q?ﬂﬁé‘%‘% d wat er
of 0.59 nBmith theisrielgt peeninge 80dapefilting pépeol 1@ M@lq*emcwasam@dusmnetonu S

i ncreased t: e tenperature at the outlet of
t he housi n?q%lrk% Iﬁéﬁ%%??’?wg §‘f)rﬁ/ﬂlﬁﬂlEf}rap(l]-,sgplgr'k':lu:rliefsensor 36) is about 70 C
(fourth tenperature). The flowrate is kept constant at 0.59 nB/h. 22 The
t enper at ur t E t second
t enper at ur glmo@ 'SBEE la% aﬁlﬁﬁggﬁﬁgﬁf% Ogﬁﬁcqg? osﬁutrgggfgggrﬁgfdéaqt enpr%er ature
of 80 C or Nifer the l@leémﬁﬁsmgdumg fdllyauef the qai‘tﬂnd@tesém Fhetimlet geaseurfd ow rat e
of the rec f t _layer is
ool od a TeR ey Bk B 11 o i e SE1ER oIRGB Fie B

t enper at ur Bc@pteamateriatgvithin theygprdridges %‘d:hematl cally represents the
paraneters tenperature (curve A), flowrate (curve B) and pressure
differential (curve C) as determ ned duri ngﬁt he above descri bed procedure.

Fi gure 4D Hemeis? swebablgpatticulatesnyteriablike BWBR & wrasiuthei nagticlas fing oft ructure
of the depggiatedidiyEio Qb'édrBQhéQGn%QRMﬁ[grfﬁﬁ&’@&'%P%&rlﬁ%gﬁ}&cl@é’ way of

the pressure differential observed (curve C ring the fir step of
reci rcul at PriyedBddimatosabpyt ¢ heis Guifiéent) awecprm@raldﬁ@é@rﬁwelhmg tires pf essure

di fferentighog 14 Me*@hégu@peqls%he@ﬂnyﬁééé%rgfer%uz%bleaf z%tﬂy % By @hm nut es.

Upon heating the dep05|ted | ayer in cartrid he partlc ate PVPP
mat erial eRXPARGSCEERNL bt 3 ﬁo abp@% “d brysweight o lf‘{ﬁpep@rmlqs#@hprsugsur e

di fferenti gbngdsQRStheR PRI indhdRaR@A 02 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 m*/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



Upon control l ed cooling of the deposited |ayer 140 the structure thereof
becones again nore dense and the pressure differential steadily increases
up to a level of 0.77 bar or nore, i.e., significantly above the val ue
determ ned at the beginning for the cracked deposited | ayer (0.73 bar)

i ndicating curing of the cracks 142. \Wen the cartridge is renoved from
housing 12 and the nmesh cover 76 has begn renoved the reconditioned
deposited | ayer 140 can be visually evaluated. As is shown in Figure 4C the
severe cracks were cured and the few remaining mnor superficial
irregularities 144 on top of |layer 140 do not influence the stabilization
perfor mancegy.; . 1 | ] posited
Paver of parieearey s are Rk fia 2D the il WebrdPpPbad i 420 o
practice. Weeindhidual cerfeidgestPretarablys thshpresaee djffareatinbtortfitintg toey danage
occurred dyging.Leaptary fly gbgpeat ment cycles may be cured during an

i nventive recon%ltlonlng procedure. The inportance of selecting a suitable
particulate material for formng the deposited |ayer in cartridge 14 has
been expl aij f e 2l : > P : piccal
particle s?gg%?gﬁ%ﬁ%tﬁ’@%?%@ ésr %:Lli g’l"lth:}%g al %lg%tée %g%laigtge\éndefr abl e food
grade partveidsate material is shown in Figure 5 as curve A which is
relatively broad and i ncludes a substantial anmount of snmall particles. Upon
suspendi ng of the original PVPP particulate material available on the

mar ket i n avpigaidiiing Bmestoay bs indivgy randegdft abmué 20rtoszboet 30 rinnfies car-wat er
and decant |; : r 4 i f, about 4 h, a
particle shgge%?gﬁégggﬁﬁghQQ%égﬁﬁ|ﬁ%g?%ﬁ%h?%ggﬁﬁ%gﬁigé'obtained. In
contrast to the particle distribution according to curve A the particle

distribut | ofe 2GRARGLS4 bR BN BisEorifiRVey Bortl GHR! dilef Biltd Y10 ARG AEshiGghavi or

wth regard to pressure t:F'op. r particle distributions which will work
wel | are d8Romshe sidedvalhb af thescagtrgaesti4 areecipead with &lidid lugH82.i on
according to curve C having a slightly higher content of small particles
than the particulate material corresponding to curve B and D. The

parti cul at &' A2fSe? PEg-coOMPrersed &VPE sy dapianteBwithinathe @rinkdgdsel 4 iweher

charact eri zedhRyp\ippeaRPE RERLAN SmEQM & DAfer Ratd R Soflible 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.
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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.



d90 Value Curve B 6,2 44,6 pm 104,9 pm 239,0 pm Curve C 1,38 39,6 pm91, 3
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.



204,6 pm Curve D 2,03 45,4 pm 108,6 pm 244,2 pm Figure 6 shows a schematic
representation of a treatnment arrangenent 200 for beverages, especially
beer, which is used to renove pol yphenols fromthe beer and which al so
allows to regenerate and recondition the particul ate material used for
adsor bi ng and renovi ng the pol yphenols. The arrangenent 200 includes a
cylindrical housing 202 accommpdati ng a3stack 204 of cartridges 14 which
are aligned with their central hub portions 64 in order to forma

conti nuous channel 206. The cartridges 14 have been filled with PVPP
particulate material as described in connection with Figure 3. The particle

Size di strigldqas a%fsethF"e EYBRoWR e Fighle 4B oFitht iBpodidMphr bSpABRALENT from

curve B in Figure 5.
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 patticle 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 housi ng 202 has an upper renovabl e cover 208 conprising a fluid inlet
210 through which the beverage to be stabilized is introduced into the
housi ng 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 nesh surface 76 (cf. Figure 2B), then enters into the deposited |ayer
of particulate PVPP material and exitsayyhe cartridges 14 via the nesh | ayer
72 and the central hubs 64 25 and channel 206 via outlet 212 at the bottom
of housing 202. The beer is fed into the arrangenent 200 via the beer inlet
214 and exits the arrangenent 200 via the beer outlet 216. In order to
provi de a q%@,?%riuous fl ow of beer, a centrifugal punp 218 is used which is
pressure an ow controlled via pressure and flow rate sensors 220 and
222, respectively. The tenperature of the beer is typically in the range of

0 C to abg : e Th essure of
the stabilli zed heel when exitrny LI ng vila E&ﬂtilagpgz:-zdP%ﬁab W t pr ed
via pressuyre sensori 22Partitle Sieet of t he equi pment of arrangement 20D
remains imoperative duringgt stabjlization trleatment of {the beer. After
approximately 6 to|10 hoursS,” the capacity of the particul ate materi a

contained|in the cartri dped?%l} i s exhausted and a regeneration of the

parti cul af tgrial—Tsneeded—herregeneratign—stepsts—typteaty
per f or med E% ﬁshinq t he cartriéé%s 14 gﬁéfQWe deggg?#ﬁﬁ Iaj%?@oéghtained
therein wiCoree Caugtic and an atj3si|c fluBd,6 emd., a@uBaus |NaQbsmdmapueous
FING, respgeid BetY- 2,03 45,4 um | 108,6 um| 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 parallet 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



In a first regeneration step, the stack of cartridges 14 and housing 202 is
rinsed with water in order to renove residual beer. Afterwards, the
cartridges 14 are heated by circulating the water contained in the
arrangenment 200 up to a second tenperature of 85 C. The second tenperature
of 85 Cis determined in order to provide a sterilization of the cartridges
and their deposited |layers as well as bhgusing 202 and the pipes of
arrangenent 200 before the stack of cartridges 14 is again charged with
beer to be stabilized. 26 The process for regenerating the particul ate
PVPP material contained in the cartridges 14 may be nodified to achi eve
recondi ti oni | Lt i - idge 4 ordi ng
o the precBat et HAIoui g2 BEEhd Kbt Ur holfuifiohe. fieBed TR
damages or intatbacgemgeriens 20A ihthebeer ioled 2didsand éxits the avraigemérite

deposi ted Lay&sis i ‘:éerbrﬁ.ltﬁe‘ﬂrzel% so that again the deposited |ayers of PVPP
particulate nmaterial are 1n a State corresponding essentially to an
original filling (cf. Figure 4C). In order to provide for a snooth heating
of the partj i i | dge -l tur f the
recircul at g’é%ﬂ&éﬁ@ @L@%ﬁ? éoodt{ﬁggngy%ﬁéﬁd%gt%5%@:&"”@%@&@%2&5%9 E? is at
nmost 20 t owsdchOshirgsrire ahdrilovheontestedrda pressatre the flowt tag¢ sefisdre220ng 202

(t enper at ut S T- f ! i nt.r ol | ed
Such ¢ hat £hS Paroaretiiely M Lulflrslh® @k el RABRAIGFind Ml 1
heat i ng of OtKetacabaitlid G gndds agaadet hethe figgt démpheatsteack of cartridges 14
in housing 202 or after the second tenperature of 85 C has been achi eved,
caustic soda is fed fromsupply 230 by feed punp 232 into the recircul ated
wat er untiiThe DIeSﬁélr¢)9fV(lﬁ@tﬁgilié%bemwaeh@witir@ thiethaiusing. vidioutlet 212y of t he
vat er cont &l gHided vig ik HahsHf 2 £aUSti ¢ soda is continued for 10 min
during which tine the caustic sodza mediumis drained fromthe arrangenent
200 via branch pi pe 240 and valve 242 in order to renove the de-sorbed

pol yphenol i [ ' T : j : i on of

t he recondrﬁgg%\%ng?ﬁggégﬁyﬁ?ﬁ% Tﬁ%ﬂ@tﬁgﬁhﬁ%&%ﬁﬁﬁﬁ}eﬁé Ol]T]-'anm wat er
suppl y 234siabdizatipwy reabmentrpbtiiokearat er cont ai ni ng caustic soda in the
anount of about 1 W by weight is then recirculated for another 20 mn in a

cl osed | oop (val.ves 236 and 242 cl osed).
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 HNOs, 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 Thereafter, the renoval of previously adsorbed pol yphenols fromthe
particul ate PVPP material has been conpleted and the alkali fluidis

wi t hdrawn fromthe arrangenent 200 through pipe 240 and val ve 242 and

repl aced by fresh hot water fromwater supply 234 preferably heated to the
sanme tenperature as the caustic material previously recircul ated when
passi ng through heat exchanger 226. Thegarrangenent 200 is purged with
fresh water until the electrical conductivity of the water exciting the
housing 202 is below 0.5 n5. Thereafter, carefully controlled cooling of
the stack of cartridges 14 and the deposited layers therein is initiated.
According to the present invention, it is npst inportant, that the cooling
step is perforned under cl ose control of tenperature such that no

t enper at ur ghsipsedess forsegenemtiog theeaddpdatet PR epeerialwontwimed inethear t ri dges

14 in orde reis
con!trol I edEt'g:Hg out %EN] Fféd@?%ggdsgt %\}née{ on{:lt%nin aﬁtp[g%ﬁ@?%&

reci rcul at iaygrs within e catridags| ldt agopdiog th(bhl@pl”@eﬁt)mveﬁhen Isgel tlea<tchanger
226 is noweQQr?crugﬁ' Rt @alRob) %eq%}’ahﬁgesgﬂﬁﬁﬂ%ég%a inttJ ggjarﬁalES’z e.g.,

HNG3, may be dosed Into the circuit suppl unti |
t he arount distriktian withini thetdeposised fayerawilhige mm@rsqmmesmaﬂbleu:tep@ 5 W) by
wei ght. Du ter, e
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wat er (frokplhatern snigpiay filBg)(cf.ifiginegtGlor another 3 nin and the effect of
rinsing is controlled by neasuring the electric conductivity of the water
until it is below the upper limt of 0.5 nB. The tenperature of the fluid
used for rimeredry tamyoyide fe amsaioeth haeting ofithepartculapgmaterial 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 @ 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).



After that step has been conpleted, 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 |ayers of PVPP material may remain within the housing 202
and may be immediately re-used for stabilizing beer. Likew se, the tine
typically needed for regenerating the particulate matter by desorbing the
adsor bed pol yphenol material in a caustic liquid environnent may be used at
the sane tinme to heat the deposited | ayers so that both the treatnent of
the particulate material in order to desorb the polyphenols and heating of

the parti Ch‘ﬁéréa’&e?hﬁeq%maie preRY sy Q&SJrS&ﬁ) lbhERBI8 Gl he BIRIIRY Dbe
BOMBh e

effected at the sane ew se, rinsi e cartri t he
deposi t ed |!ai§@N?Ptrn@heéﬁahh@mae@ro@mn@t@d anﬁéhgaH@hrfhyd b?ewéhd@@treﬂfom t he

sanme tinme gRe En@hgéM@nf%@wohbﬂry sza@%ﬂa%f\% 1) E,H&rg@%@dﬂb gfLgNti on may

be incorporated in the typical nerati on process per orrred in"a regular
st abi | i zat hghwWaksdEars. WatEQS@IdV @4 preferpblydtdased totha sameitenpparatis d,
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conpri si ng: prOVI ng a particu ate materi _
| ayer havi f a%ﬂf—‘"lﬁ@@t B8 ArEAnge Mg Zé)Odémswbwthsfreﬁ@ watesuntihthe eleet ment  of
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fromthe upstreamto the downstream side at a t enper at ur e,
recondi tioning said deposited |ayer;

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.



resumng treatnment of said fluid; wherein said reconditioning conprises the
steps of heating the deposited | ayer to a second tenperature; and

cooling the deposited layer to a third tenperature at an average cooling
rate in the range of up to about 20 Cmn. 2. The nethod of claim1,
wherein said reconditioning conprises directing a flow of a reconditioning
fluid through the deposited |ayer. 3. 28he nethod of claim2, wherein said
reconditioning fluid serves as a coolant during the step of cooling the
deposited | ayer, said reconditioning fluid being optionally circul ated

t hrough a cooling device. 4. The nethod of claim3, wherein the cooling

rate is depgy téﬁ hh?%g%ﬁ%ﬁ'{p?é&ﬂfl epraf st’ép??f]gﬁ'grn% s PPLAG ol d; Phg%éer ving

as a coolant eX|t| eposl Stteam Si er eof .
5. The net kised !ﬁyeéﬁwra)frrtef%fa revaicyee @fstﬁbﬂlyzaMBmélarbes@raner,@c@ndbEEr oni ng

fluid serves as a heating nediumfor the deposited | ayer when heated to
sai d second tenperature, said reconditioning fluid being optionally

ci rcul at ed Tha@bayh prodedare has thevadantagdthat the cartridges 14 and the depo-

sited layers of PVPP material may remain within the housing 202 and may be

immediately re-used for stabilizing beer.

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 {ime 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.



6. The nmethod of any one of clains 1 to 5, wherein the reconditioning of

t he deposited | ayer conprises incorporating an additive into the deposited
| ayer. 7. The nethod of any one of clains 1 to 6, wherein said deposited

| ayer 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, preferably wherein the initpal density of the packed particul ate
material of the deposited |ayer corresponds to up to about 120 % of the
bul k density in the wet state, wherein preferably said initial density
bei ng about 101 % or nore. 8. The nethod of any one clains 1 to 7, wherein
the particigigin§s:material conprises particles with a particle size of |ess
than 25 pmin anount of about 15 % by weight or less. 9. The nmethod of any
one of clainms 1 to 8, wherein the particulate material conprises particles

whi ch are §WE| |ﬂl?|l1@:hb3 f6rht§'e£ﬂ|ﬁécj g fhufy, R& E&QW quevefﬂ%e M2t Rk gf any one

of claims 1 to 9, wherein said parti‘cu Pate mater| conprises particles in
the form of"ubteﬂé.‘d@r saigimethigd qeEMisiNGf any one of clains 1 to 10, wherein

the parti culigingat S4tidhlacOMRESS i RRE Hﬁ:ﬂ &Pa %@Egﬁée%dlapépﬁé\ﬂg&r se, PVPP,

PA, zeolite, activated carbon, and/or di atonaceous ear he nethod
of any oneuBstreamisie and g dpwnsieapesidet he particles of the particul ate

mat eri al aeearﬁﬁb%Fetaerﬁeﬁfeﬂ@aﬁ@mroeﬁwma&.r@s%wassa.d #did tﬁbguoéﬁ gd of any

one of clainms 1 to wherein said treatnent conprises ads 1 on,
filtration! ea%teﬁ'damrofr@m thgBjpstrepfyta the dawnsdraasn sidecda ficsh temap@cu ally a
catalytic ggaction. 31

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 about 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 recenditioning fluid serves as a
coolant during the step of cooling the deposited iayer, said reconditioning fluid

being optionally circulated through a cooling device.

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

sited 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.



14. The method of any one of clains 1 to 15, wherein a nultiplicity of
deposited layers is provided in a common housi ng having an inl et

comuni cating with the upstream sides of the deposited | ayers and an outl et
comuni cating with the downstream si des of the deposited | ayers, wherein
preferably each deposited | ayer incorporated in a separate cartridge, said
cartridges being preferably provided igothe formof a stack, said stack of
cartridges being preferably accomobdated in said conmon housi ng, said stack
being preferably oriented in a vertical direction. 15. The nethod of claim
14, wherein in said heating step the reconditioning fluid when heating the

sedi ment | gyer 15 patiRAYESS, bRt B BB YS! ) yitkiretnt iGiIflg dpd/ or
wherein in gai d Iieolb)ql%i ng st@% gt)ﬁéegr econdlgt ?orﬁi n@érﬁnutlﬁgq%&ﬁrﬁ'rog%ced into
t he housi ny'nqadepqsgtegd@ye@'rc@mprises 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 about 120 % of the bulk density in the wet
state, wherein preferably said initial density being about 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 about

15 % by weight or less.

9. The method of any one of claims 1 te 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 15, wherein a multiplicity of depo-
sited layers is provided in a common housing having an inlet cbmmunicating
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 incorporated in a separate cartridge, said cartridges being pre-
ferably provided in the form of a stack, said stack of cartridges being prefer-
ably accommodated in said common housing, said stack being preferably ori-

ented 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.



