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Beer Filtration using Cellulose Fibres — a Review

Presently, kieselguhr filtration of beer is the most commonly used technology worldwide. Due to the growing problems with
this filter aid, mainly concerning worker health and kieselguhr disposal, many alternatives have been investigated. Espe-
cially small and medium-sized breweries need solutions that allow existing equipment to be retrofitted. In the last decades,
occasional articles treating the filtration of beer using cellulose fibres have been published. The properties of filter aids
consisting exclusively of cellulose have been investigated as well as the properties of mixtures of cellulose and other filter
aids. A lot of knowledge has thus been acquired. As a result of a systematic analysis of the existing literature on the topic,
the important properties of cellulose-based filter aids are presented. Pre-coat filtration of beer by cellulose is possible. The
beer has to be well pre-clarified. An economic technology, which would have to include a multiple regeneration of the filter
aid, could not yet be found. Possible starting points for future investigations are named.

Descriptors: cake filtration, cellulose, regeneration, beer

1 Introduction

Beer has been filtered using cellulose fibres since the beginning of
industrial filtration, when clarification by chips, strainer bags or
gluey agents was no longer regarded as sufficient [1]. This began
in 1879 with the appearance of Enzinger’s first filtration device
and was continued successfully over a long period of time by the
pulp filtration. With these filter systems, regenerable filter media
were already in use. In the meantime, pulp has been replaced
almost completely by diatomaceous earth even though cellulose
is still the main component of filter sheets for polishing or sterile
filtration of beer and of modern sheet substitutes [2, 3]. Cellulose
fibres have been in use as a supplementary filter aid for the fil-
tration by kieselguhr for decades. They ensure a better binding of
the pre-coat to the filter medium, a mechanical stabilizing of the
filter cake against pressure shocks, and an easier removal of the
cake from the medium after filtration [4].

Since the 1980s, ultra-pure alpha-cellulose has been used in filtra-
tion processes of wine, juice and cider. In addition, it has proven
its worth in filtrations in the production of sugar, dextrose and
pectin, in the chemical industry, in wastewater treatment and in
other filtration processes [5, 6].

The motive for the modern research on the pre-coat filtration by
means of cellulose is to be found in another technology. The beer
filtration using diatomaceous earth is well-established and em-
ployed successfully throughout the world. Calcined and fluxcal-
cined kieselguhrs contain up to 20-25 % silica as quartz and up to
30 % as cristobalite and fluxcalcined kieselguhrs are comprised
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of up to 45 % cristobalite. Quartz and cristobalite in kieselguhr
are small enough to be inhaled. When inhaled, both forms are
classified as carcinogenic (carcinogenicity group 1) in humans
by the International Agency for Research on Cancer (IARC) [7,
8]. Although cristobalite is dangerous only when inhaled, this
classification creates problems for the use of kieselguhr in the
brewery, for the disposal and for public image [9]. Because of
the uncertainty among users and consumers, great efforts have
been undertaken since the 1980s to replace the kieselguhr pre-coat
filtration of beer with respect to quality and economy [10].

Some papers deal with the reduction of cristobalite contents in
calcined and fluxcalcined kieselguhrs. By varying the fluxing agent
concentration, calcination temperature and time, it is possible
to reduce the formation of cristobalite. Unfortunately, complete
avoidance is still not possible without a correspondingly large
decrease in permeability [11, 12].

The recycling of spent kieselguhr as an additive to fertilizers is
becoming increasingly difficult due to German legislation, for
example: Bioabfallverordnung [13] and Diingeverordnung [14].
Storage of kieselguhr sludge is problematic due to the rapid de-
composition of organic components [15, 16]. Adding spent kie-
selguhrto spent grains is prohibited by the Futtermittelverordnung
[17] and discharging with waste water is discouraged by most
communal codes in light of solid matter loads [7]. Currently, the
regulation “Verordnung {iber dic umweltvertragliche Ablagerung
von Siedlungsabfillen” [18] in Germany allows land-filling of
untreated spent kieselguhr sludge only in sites of group III which
are commonly called special waste disposals. Due to high costs,
this method of discharge is uneconomical [19].

In spite of many efforts to recycle kieselguhr, cost effectiveness
could not be proven neither by wet [20, 21] nor by thermic [22,
23, 24] processes [25].

There are established alternatives in the brewing industry, e.g. the
cross-flow filtration. These, however, are not suitable for every
brewery. Especially producers of a wide range of beer styles with
frequent product changes and those that are confronted with a
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greatly varying quality of unfiltered beer suffer from a lack of
economical alternatives [26, 27].

With this as a background, the following gives a synopsis of the
relevant properties of cellulose fibres that have been published
thus far.

2 Available Celluloses

Cellulose is the major component of vegetable cell walls and thus
the most important organic matter in nature. Fengel estimated the
worldwide amount of vegetable cellulose at 2.7*10"t [28].

Cellulose is a linear isotactic B-1,4 polyacetal with the basic
chemical formula (CH,O,) . The base unit is cellobiose, which
consists of two molecules glucose. Depending on the origin, the
degree of polymerization (i. e. units of glucose) is between 7,500
and 15,300 [29]. Alpha-cellulose is defined as the fraction with a
degree of polymerization of over 200 and is insoluble in 17.5 %
and 24 % caustic and potassium hydroxide, respectively [28].

Degradation of cellulose in concentrated acids begins at tempe-
ratures below 100 °C. In caustic solutions, hydrolysis proceeds
at a significant rate at temperatures above 150 °C. Cellulose is
insoluble in water and in dilute acids. It is relatively hygroscopic
[30]. In contrast to kieselguhr, perlite and asbestos, cellulose
swells in water [31].

In central Europe coniferous wood such as spruce and fir as well
as wood from deciduous trees such as birch and beech are avail-
able as suppliers of raw material for the production of ultra-pure
alpha-cellulose fibres needed for filtration purposes. The beverage
industry uses exclusively beech fibres, as only these possess the
necessary neutrality with regard to the flavour of the final product.
The herbal cell walls never contain cellulose in pure form; it is
always combined with differing shares of polyoses, lignin and other
substances. These “contaminations* must chemically be brought
into solution [6, 32]. Especially in wood cellulose, there are close
combinations, thus intensive chemical procedures are necessary
to isolate the cellulose [28]. In nature, cellulose molecules never
exist as a single chain but rather as many chains combined in a
crystalline order [29]. Ultra-pure alpha-celluloses that fulfil the
criteria of sustainable forestry of the FSC (Forest Stewardship
Council) are available on the market [33].
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One distinguishes between cellulose flour and fibrillated fibres.
Fibrillation refers to splitting of the fibres parallel to the fibre axis.
Fibrillated fibres have numerous partial splittings on the surface.
Fibrillation isusually done mechanically, but may also be achieved
enzymatically [34, 35].

3 Conditions for Pre-coat Filtration
Classification of Methods

During cake filtration, solid particles settle on the filter medium
as a growing cake, which provides the actual filtration effect
[36]. With its growth, the flow resistance rises or the velocity
decreases. The dead end filtration is thus a non-stationary and
periodic process [37].

The following variations are possible [37]:

with pre-coat: mainly for particles, which are smaller than the
pores of the filter medium;

without pre-coat: mainly for particles, which are larger than
the pores of the filter medium;

without body-feed: for non-deformable particles that build up
a cake which prevents the filter medium or the pre-coat from

clogging;

with body-feed: for deformable particles, which have to be
deposited in the growing cake such that enough pores remain
open;

continuous, e.g. in vacuum drum filters;
discontinuous, e.g. in powder filter presses.

During cake filtration, particles settle on the actual surface of the
cake, thereby continuously renewing the surface. This is actually
surface straining filtration with a continuously changing surface
[38, 37]. The properties of the suspension and of the chosen filter
aid determine whether particles enter the cake and a separation
in the depth of the cake takes place and thus along with a surface
filtration with continuously renewed surface, a depth filtration
effect occurs [39].
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Fig.1 Section of a cellulose molecule [28]




35 March / April 2009 (Vol. 62)

BrewingScience

The separation of particles in depth follows two different principles.
On the one hand, particles with dimensions much smaller than the
pore diameters that could thus easily pass through the filter are re-
tained by attraction. This effect is called adsorptive filtration. On
the other hand, a lot of larger particles get caught in the filter by
depth straining filtration. Incomplete moistening of the filter aid
particles’ surfaces increases the trans-cake pressure drop and
must be avoided [40]. Particles can be separated in depth of a
filter cake until all possible separating facilities are occupied [41].
The adsorptive mechanism is, in respect of filtration efficiency,
flow rate, and separation capacity, superior to the depth straining
mechanism [42]. Products must be protected from quality loss
by adsorption of valuable components when using deep-effective
filter aids [43]. Kieselguhr filtration separates particles mainly on
the present surface. Nevertheless, a depth effect is also present
[39, 44].

Statements about filter effect and flow rate are always dependent
upon the interaction of filter medium, filter aid, and unfiltered
liquid properties. Global statements can only indicate tendencies
[45, 46, 47].

The particles to be separated in the context of beer filtration are —
as is the general case with beverages — of amorphous-fluffy
to gel-like structure, partly compressible, and virtually all de-
formable. Thus, building up a cake without any filter aids is
not possible [48, 49]. The separated particles as well as the fil-
ter media and the filter aids display a resistance to the product
flow [50]. The filter equation derived from the Darcy equation
for constant pressure t = a *V?> +a *V describes cake filtrations
with incompressible filter aids in parabolic form [51].

With pre-coat filtration, filter media and filter aids have to be well-
matched [52] in order to allow for operation, which is adaptable to
the quality of the unfiltered liquid. Most other kinds of filtration
do not offer any flexibility in this respect.

Beer filtration is carried out single- or multi-staged. Mostly,
primary filtration and secondary filtration are distinguished. The
primary filtration’s purpose is to separate micro-organisms and
particles to a desired extend. Before secondary filtration, the beer
should already be clarified to a solid content of less than 0.1 %
dry matter. The secondary filtration is a polishing filtration that
aims to control solid particles such as kieselguhr, PVPP, fibres and
yeast cells [53]. Beer brightness is measured by light scattering
methods and indicated mainly in EBC-units. Of course the success
of any filtration is dependent upon the beer composition and in
this regard upon the colloid structure [54, 55].

Filter Aids

A filter aid must fulfil the following criteria [22]:
it has to be food safe;
it has to be suspendable;

it has to be pre-coatable;

it has to be homogenisable.

4  The Precursor: the Pulp Filtration

Pulp filtration uses cellulose fibres as main component of the
filter media. These can be regenerated. The filter media are pre-
formed pulp cakes. Initially, the pulp was made of cellulose and
rags (waste cotton fabrics), later of cellulose and linters (fine
seed fibres of cotton). Adsorptive and depth straining filtration
underlie the function of pulp filtration [56]. In order to improve
the clarifying effect, fibres were roughened [57]. Pulp dominated
the beer filtration for decades.

De Clerck examined the pulp filtration thoroughly in scientific
terms [58]. Beer constituent groups differ concerning the ad-
sorption capacity of pulp. Thereby, for example, the first beers
of a filter run are brighter than later in filtration when the pulp
has to a great extent been fed with colouring substances. He ob-
served similar phenomena with bitter substances, surface-active
substances, and extract. Every substance reaches its balance at
an individual time.

In 1981 for the first time, a large American brewery applied a
newly-developed pulp on the basis of positively-charged cotton
cellulose.The adsorptive effect of the formerly used asbestos
should be achieved by the modified charge. The results were
judged to be positive in respect of flow rate, haze reduction and
filtration costs [59].

Advantages of the pulp filtration from today’s point-of-view
are:

the regenerable and compostable filter medium;
the stabilising effect of the adsorptive property.
Appreciable disadvantages are:

the risk of haze breakthrough if the filtration is not finished in
time;

the poor tolerance of pressure shocks, which can result in haze
bleed-through and microbiological contamination;

the relatively big portions of first and post runnings and as the
case might be the accompanying losses;

the poor tolerance of very hazy unfiltered beers, which lead
to quick blocking;

the labour-intensive and time-consuming method, which is
also susceptible to operator-error;

the investment-intensive equipment for the washing and
pressing of the filter cakes;

the great expenditure of heat and water.
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5 Relevant Properties of Cellulose Fibres for Filtra-
tion

5.1 Analysed Papers

Several authors have dealt with the pre-coat filtration by means
of cellulose. An economic alternative to kieselguhr could not yet
be found. Evers [49] proved that beer can be filtered by means of
regenerated cellulose in single- and two-staged processes. Zeller
et al. [60] were able to prove this on a two-staged process on ho-
rizontal pressure leaf filters using regenerated cellulose. In most
articles, mixtures of varying fibre lengths and fibrillation degrees,
often with other filter aids, are described.

Evers [49], Donhauser et al. [61, 10], Wackerbauer et al. [62,
63] and Liu [64] described the F&S system, which carried out
the pre-clarification either by a separator or by cellulose and the
secondary filtration by cellulose and PVPP. Conventional powder
filters of different types partly with enlarged bottom distance
were used.

In 1990 Grund et al. introduced a new filtration procedure for
beer, also employing a new type of filter [65]. Instead of a kettle,
this filter was constructed of horizontally arranged filter ele-
ments that were hung between a ground disk and a lid disk,
pressed together by a central spindle. As filter medium there was
multilayer gauze welded into the element frames. In this unit,
primary, polishing, sterile filtration, or stabilisation could take
place depending upon demand. The filter aid employed was
composed of highly fibrillated cellulose fibres and kieselguhr-
perlite-synthetic-microfibres. The filter cake could remain in the
filter for several filtration runs, until a maximum pressure drop
had been reached.

Oechsle, Gottkehaskamp and Baur reported at the beginning of
the 1990s about a patented procedure for fine or sterile filtration
of beer [66, 20, 67]. The aim of the development was a technol-
ogy with easier automation compared to the approved pulp filtra-
tion in a horizontal kettle filter with a similar filtration principle.
They used a filter aid mixture of granular highly calcined ceram-
ic powder (containing alpha aluminium oxides) with fibres of
cellulose and poly-ethylene, both partially fibrillated. The filter
aid could remain in the filter for several filter cycles. In this case,
it was regenerated in situ. For improvement, it was possible to
remove and re-pre-coat the cakes. The authors observed that
the caustic treatment regenerates the zeta potential of the cellu-
lose.

Some articles have dealt with filtration using mixtures of cel-
lulose fibres and starch. Willmar used potato starch [68]. Eiselt
et al. presented in 1999 experiment results, which also had been
achieved using cellulose and potato starch in pilot plant scale
and large-scale filters [69]. These filter aids were not intended
for regenerating. The starch should only lower the expenses by
its lower price compared to those of other filter aids. 2003 B/ii-
mel-huber et al. reported about filtration experiments with three
filter aids; a pure mixture of cellulose fibres, a mixture of cellu-
lose, insoluble cornstarch and silica gel, as well as a pure silica

gel [9].
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5.2 Pre-coating Behaviour of Cellulose

Aspre-coat, cellulose forms a paper-like sheet, which is fine-fibrous
and grid-like, thus providing a good adhesion of the cakes while
having non-clogging pores. Additionally, it is also able to bridge
damaged places of the filter medium. It forms elastic, flexible filter
cakes, which can be removed easily and cleanly from the supporting
sheet. Cellulose is easily pre-coatable due to its specific weight
compared to water. This works in candle filters as well [6, 70]. A
hot pre-coating can result in irregular cakes [62], this is, however,
controllable [49]. The sedimentation of cellulose differs from that
of kieselguhr. While a kieselguhr suspension forms a rather firm
deposit, which grows over time, a cellulose suspension quickly
forms a sharp dividing line between rather clear liquid and loose
deposit, which settles over time. Hence, any segregation must be
carefully avoided [63].

To achieve even distribution, the pre-coating in horizontal filters
must be carried out by a combined inlet into the filter from the
top and from the bottom and at double velocity. A pre-coat of
1.75-2.0 kg/m? turned out optimum. Less pre-coat leads to early
clogging, more to early exhausting of the sludge space between
the filter elements [49].

The body-feed rate must be greater than 150 g/hl. The restricted
sludge space leads to an early termination of the filtration when
using filters with the common 25 mm sieve distance [49].

5.3 Filter Aid Composition

Naturally, success with this kind of beer filtration is dependent upon
the properties of the cellulose fibres in use [63]. Simply stated,
finer milling and a higher degree of fibrillation lead to an increase
of flow resistance [64]. Additionally, three essential types of fibres
are interacting. Long fibres form a supporting network, loosen
up the cake, and raise its compressibility. The filter performance
decreases with high proportions of long fibres as well as with
very hazy beer. Short fibres form a fine net and thereby reduce the
compressibility. Present in high proportions, also when filtering
very hazy beer, they decrease the performance. Fibrillated fibres
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reduce the haze when used in suitable proportion, but they also
increase the compressibility. In the interest of a moderate increase
of pressure drop for the primary filtration, the fibril share should be
between 2 and 4 % [49]. Fibrillated cellulose is indispensable. Not
the refinement of the cellulose, but the degree of the mechanical
pulping of the fibrils is decisive for the haze reduction effect and
for the resulting brightness of the beer [62]. The big rough surface
has a high retaining capacity for solids and colloids [6].

5.4 Specific Features of the Filter Aids

In the beginning of a filtration run, pressure increases nearly
linearly. Filtrations of beer without previous separation, partic-
ularly beers of low filterability, lead to early termination of filt-
ration. The thicker the filter cake is, the more susceptible it is to
pressure shocks. Filtrations on two powder filters arranged one
after the other (tandem filtrations) run successfully even without
a separator [49, 60]. Higher body-feed at first, reduced after two
hours, does not lead to the supposed improvement of the clarifi-
cation and reduces the run time. Thicker pre-coating also reduces
run time [61, 10].

The effect of an adsorbent can be improved by extending contact
time [71]. A static mixer, which is arranged prior to the filter,
improves the distribution and thereby the effect of the adsorptive
elements of these depth-effective filter aids [62, 72]. When using
PVPP-containing mixtures, a slightly lower haze of the filtrate
can be achieved [61, 10].

Filter cakes made from cellulose fibres are inhomogeneous and
compressible. The flow resistance increases with rising pres-
sure drop in an over-proportionate manner. The filter equation
t=a*V?+ a*V can be applied on cellulose-based filter aids
[73, 64, 62]. Cellulose suspensions show a non-Newtonian flow
be-haviour with light thixotropy [49]. Viscosity curves of such
fluids with rising shear rate slope lie above those with descending
shear rate slope [74]. As a result, there is an increased power
demand for agitation of the suspension. Because of the tendency
of the fibrils to get lumpy, axial flow impellers working accord-
ing to the stator-rotor-principle are to be preferred to conven-
tional rod agitators. They also allow an improved protection
from oxygen up-take by blowing in carbon dioxide and by the
avoidance of rotation of the liquor. The higher the cellulose
concentration in a suspension is, the more slowly it settles. The
water flow rate declines during the first filtrations with a new
filter aid, afterwards remaining constant during further filtra-
tion-regeneration-cycles. The addition of ions or tap water leads
to a higher water flow rate. The water flow rate is helpful to ob-
serve the composition of the filter aid mixture but not correlating
with its filtration properties [49]. Also for other kinds of filter
aids like kieselguhr, such a correlation is restrictedly valid at
best [75].

Auvailable highly pure alpha-celluloses are up to 3—10 % soluble in
dilute caustic. Therefore, they must be “activated” by dilute caus-
tic before their first filtration run. In the course of this, the losses
amount to 5—7 %. Suspending fibrils is not as easily done as sus-
pending cellulose flour. This has to be considered especially for the
first mixing, but also for the substitution of the losses. The particle

dimensions remain nearly unchanged for more than 20 filtration
runs. Cellulose filter aid mixtures can be stored in a preservative
solution without quality loss for more than a year. For short storage
—up to five days — preservation can be omitted [49]. Filter aids
on cellulose (and also cornstarch) basis are — material-appropriate
storage assumed — not damageable by beer spoiling micro-or-
ganisms [9]. Cellulose causes no equipment abrasion [6].

Cellulose fibres in filtrates can be revealed microscopically. Due
to their high autofluorescence, they can be easily identified using
fluorescence microscopy. They also can be detected by their ability
to rotate the plane of polarised light [76].

Cellulose can be composted ecologically, it can be fed to cattle, or
it can be burnt [6]. The sludge capacity of common powder filters
has to be enlarged for the pre-coat filtration by means of cellulose
fibres [63].

5.5 Regeneration of Filter Aids on Cellulose Basis
Regeneration of Filter Aids

As far as the regeneration of filter aids is concerned, from the
technological point of view, there are two primary aspects to
consider. First, there is the mixing of pre-coat and body-feed filter
aids. Second, there are changes in filter aid quality by abrasion
and breaking of particles. From an economic point of view, the
material loss and the expenditure for regeneration must also be
taken into account [78]. A regenerable filter aid has to be stable
and insoluble in the regeneration agents. Dilute caustic and dilute
acids are normally used. Also, it must be sterilisable and should
not be altered in its properties by the inevitable mechanical strain.
Further, after regeneration, the filter aid must not bleed matter
into the product. When using different filter aid compositions
for pre-coat and body-feed, it must be possible to separate the
total mixture into the original filter aids or it has to provide good
properties to be used for consequent filter runs. The regeneration
loss has to be controllable [49].

The regeneration of filter aids has to fulfil the following require-
ments. The changes on the particle surfaces have to bereversed, pos-
sibleproteinstabilisershavetobedissolved, yeast cells, proteins, oth-
er micro-organisms and beer constituents have to be removed
[61].

Regeneration of Cellulose based Filter Aids

Evers regenerated cellulose by means of dilute caustic [49]. Tem-
perature, time, and concentration of the regeneration agents are
important parameters of the regeneration. He achieved the best
results with a 30-minute regeneration by caustic with a concen-
tration of two percent and a temperature between 40 and 50 °C.
For stabilisation with silica gel he used the same process at 60 °C.
As expected, the regeneration process had an influence on the
fibre size distribution. Evers explained his results: at lower tem-
peratures, proteins and gums cannot be washed out sufficiently.
Higher temperatures as well as higher caustic concentrations and
longer process times cause a coagulation of proteins. Thus, these
cannot be washed out any more.
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Regeneration can be done in the filter vessel. Sometimes, cold fil-
ter cakes are too compact to be removed by centrifugal effect [61, 10].
At warm temperatures, the regeneration process takes less time [63].

5.6 Comparison to Kieselguhr [49, 60, 62, 64]

Parallels: existing horizontal filter equipment can be used for
both systems. The working methods and the advantages of the
horizontal filters are transferable, e.g. the possibility to interrupt
the filtration. With good pre-clarification, the filtration results are
comparable in quality.

Advantages: the filter aid is regenerable and pressure shocks can
be buffered more easily due to the compressibility of the filter
cake.

Disadvantages: cellulose filtration without previous separation is
very problematic. Flow rates can heavily decrease during filtration.
The sludge space of common filters is too small.

Beer quality: the evaluated papers indicate that between cellulose
and kieselguhr filtered beers, there is no difference in flavour or
in analyses.

5.7 Economic Aspects
Filtration Criteria

Modern filters must be able to reduce haze in bottom fermented
beer of 11 °Plato at a flow rate of 5 hl/m*h from approx. 40 EBC-
units to less than 0.8 EBC-units taken in both relevant angles, 90°
and 25°, and should provide a normal filter run time of at least 10
hours. The run time of pre-coat filtration is shortened by arise of the
throughput because of the steeper rise of the pressure differential,
which has to be considered for the process layout. None of the
examined systems fulfil these criteria with cold-stored unfiltered
beer of approx. 40 EBC-units.

Varying Mixtures for Pre-coat and Body-feed

The main media costs of kieselguhr filtration are for purchase and
disposal of kieselguhr [77]. Highly pure alpha-cellulose costs four
times as much as kieselguhr. Due to the similar filtration process,
the comparison of the overall filtration costs can be reduced to the
total media and labour costs including those for the regeneration.
Today, about 8 to 16 filtration-regeneration-cycles are necessary
to have comparable costs, depending on filtration process and
cost situation.

Because of the economic necessity to regenerate the filter aid,
it is virtually impossible to use different filter aid mixtures for
pre-coat and body-feed. When removed from the filter vessel, the
pre-coat and the body-feed fractions are mixed up. The resulting
mixture would otherwise have to provide useful properties for
the following filtrations or to be separated again, either before or
after regeneration.

Either a good pre-clarification or a tandem-filtration is necessary
to attain the common target brightness of the beer by cellulose

filtration. Today’s known systems require existing equipment to
work economically. Thus, these systems cannot be considered
marketable alternatives for most of the breweries.

6  Starting Points for more Developments
Beer production

Making beer bright and stable through the removal of unwanted
haze is the aim of the filtration. The entire beer production must be
taken into account. After all, the turbidity load reaching the filter
and the beer filterability depend upon the whole technology [ 79, 80,
81, 82] and upon the equipment [83, 84], starting at the barley field
[85]. Brewhouse process [81] und storage [86] have an important
influence. Subsequent to a cold storage of at least one week, beer
hardly contains any yeast cells or other particles of 6 pm diameter
and larger. The main part of the particles to be separated range in size
from 0.4 to4 umand is composed pre-dominantly of proteins. The
colloids, which are separated during the stabilisation process, are
not being strained but are rather removed by adsorption [87].

The whole brewing process comprises a series of solid/liquid
separations: lautering, hot break removal, cold break removal,
yeast crop, deposits removal, filtration and stabilisation. Filtration
can virtually be affected by every upstream separation step. Every
single sub-process can be considered a preparation for a successful
filtration in regard of avoiding unfavourable constituents, which
can result in filtration problems, as well as provide an opportunity
for early separation of haze particles [25, 88].

No brewery will change nor question the methods of their whole
production just to be able to invent a new filtration technology.
Therefore, simple and economically attainable methods must be
found. Filtration can be benefited for example by dosing silica sol
into the storage tank. By a dosing just upstream of the filtration,
the latter can be sharpened with respect to its separation effect
[89, 90, 91]. Beer filtration with cellulose might become feasible
through technological changes with regard to beer storage.

Modified Cellulose Fibres

Withrespectto the adsorption of particles to be separated from beer,
the negative zeta potential of unmodified cellulose is disadvan-
tageous. The quantification of the magnitude of the electro-kinetic
potential at the double layer between solid and liquid is called zeta
potential [92]. Shearing a part of this double layer surrounding
charged particles in polar dispersions is transporting net charge.
During this shearing, there is an electric potential in the slipping
plane between the stationary layer attached to the particle and the
dispersion medium, the zeta potential [93, 94]. The higher the
pH, the greater the reduction in zeta potential [95]. The effect of
unmodified cellulose is similar to that of a weak cation exchanger
[96]. In aqueous dispersions, the haze-forming constituents of
beer and other organic particles are negatively charged. Thus, no
adsorption is to be expected. By electric adhesion, a positively
charged surface of an adsorbent brings forward the transport of
particles to the adsorbent as well as the adherence. This effect is
called polar adsorption [94].
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There are ways to change the electro-kinetic charge of cellulose from
negative to positive. Processes like direct cationisation or cation-
isation by radical grafting are used. Also, mechanically treated cel-
lulose can be changed by food safe resins of polyamine/epichlorhy-
drine or melamine/formaldehyde[97,98]. Through this, the adsorp-
tion capacity of cellulose for negatively charged matter can be mul-
tiplied. Matzmorr and Werner proved this using potential measur-
ing in flowing medium [94]. The adsorption capacity of modified
celluloses depends on the degree of shearing and on the conductivi-
ty of the liquor [99]. Such products were developed in the 1980s
toreplace asbestos, partly in combination with kieselguhr and per-
lite. These products have not been designed for regeneration [100].
For more than 25 years, fibrillated products with a positive zeta
potential and accordingly positive adsorption properties have
been available for filter sheets [101]. Regenerable zeta potential
is already being used for membrane filtrations [102]. Something
similar might be developed for the pre-coat filtration by cellulose-
based filter aids.

Additional Filter Aids

Kieselguhr filtration uses mostly additional filter aids, mainly
perlite and cellulose as well as the clarification agents silica gel
and PVPP. To influence the characteristics of the filtrations in re-
gard to quality as well as quantity is the function of these adjuncts
[103]. In the same manner, one could imagine to improve the
properties of the filtration by filter aids on the basis of cellulose.
The straining effect, the adsorptive effect and the run time maybe
could be improved by adjuncts.

The following filter agents are known: active carbon can improve
the separation effect of pre-coat filtrations by cellulose [104]. But
beer quality is changed by the high adsorption rate of positive beer
constituents. Due to the health-risk for workers, asbestos cannot
be used any more, though it has best filtration properties [100].
Bentonite is not pre-coatable and not stable in chemical agents.
Precipitated silica is not regenerable because it is soluble in hot
acid and hot caustic [104]. Filtering charcoal is described in the
literature as non-activated carbon for filtration purposes. It does
not have any adsorptive effect. There is nothing known about any
use in the brewing industry [105]. Silica gel is commonly used in
the brewing industry as a protein stabilising agent, being added as
an adjunct to the pre-coat filtration aids. In principle, with a fitting
particle size distribution, it could be used as a filter aid [106].
This could be advantageous. Impurity as well as dependence on
imports could be avoided by industrial production. Filter cakes
could be less thick [87]. However, silica gel only partly endures
caustic regeneration [49] and is easily being broken or abraded
[76]. Kieselguhr is non-biodegradable and presents a health-risk.
Man-made fibres were introduced in 2007 as main component of
a regenerable filter aid on basis of synthetic polymers (PS and
PVPP) [107]. The findings are not significant yet. Similar techno-
logies have also been described by Brocheton et al. [108] in 1995
and Bonacchelli et al. [109] in the late 1990s. However, nothing
is known about any use on commercial scale. Mineral fibres are
non-biodegradable. PE floats and is hardly pre-coatable. Very good
filtration results can be achieved by combinations of perlite and
cellulose [110]. But perlite can hardly be sterilised and can easily
be degraded by pumps, so can hardly be regenerated. Polyamide

(Nylon 66) is non-biodegradable though it has a sta-bilising effect.
As part of the F&S system, PVPP is well-studied but not biolo-
gically renewable [49]. (Corn) starch is partly soluble at 50 °C
and higher. Thus, it cannot be regenerated or heat sterilised. Due
to its ball-like and non-porous structure, it cannot improve the
filtration properties of a filter aid [111]. Sintered glass cannot bear
the inevitable mechanical stress [112].

Methodical Filtration Experiments

Making good progress seems possible by a thorough procurement
market analysis and methodical experiments in analysing new
cellulose mixtures and as the case may be other adjuncts. Also,
there is a permanent increase in relevant knowledge as well as
amelioration in fibre supply.

Prospect

Production methods, quality, availability, variation range and
prices of cellulose fibres are being continuously improved. The
possibility to use alternative filter aids such as cellulose is a must
for newly-designed equipment [73].

7  Summary

Cellulose is a renewable and a completely biodegradable raw
material. The following properties of the filter aids on basis of
cellulose have to be considered for process design. It is easily
pre-coatable, forming elastic, flexible filter cakes. These are also
inhomogeneous and compressible. The sedimentation behaviour
of cellulose differs from that of kieselguhr. Long, short and fi-
brillated fibres are mixed for feasible haze reduction effect and
run time. Regenerating the filter aid is necessary for economic
reason. The regeneration process can be done using dilute caustic.
Filter aid suspensions can be stored in preservative solutions for
long periods of time without quality loss.

Cellulose filtration requires a good pre-clarification and thus is
very problematic without previous separation. The sludge space of
common filters is too small. The previously compiled knowledge
about the cellulose filtration does not yet allow economically
feasible operation.

Cellulose fibres fulfil the demands on filter aids for the pre-coat
filtration. There is no difference in flavour or in analyses between
kieselguhr and cellulose filtered beers. If the procedural chain of
the filtration can be designed comparable to that of the kiesel-
guhrfiltration, the breweries can maintain their usual methods
on existing equipment without expensive rebuilding and without
fundamental changes. They also can easily cope with frequent
batch changes.
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