
Influence of Particles on the Roller
Discharge of Thin-Film Filtration without
Gas Throughput

If fine and compressible particle systems need to be separated, the ground layer
compaction caused by the compacting of the filter cake leads to high flow resistan-
ces. Thin-film filtration is a suitable method to avoid the limiting effect of the
filter cakes. Gas-impermeable filter membranes prevent shrinkage cracking, which
can occur during demoisturing of the filter cakes. Titanium dioxide and baker’s
yeast are used as model particle systems, which are present in different concentra-
tions and are filtered with track-etched membranes in different particle-to-pore
size ratios. The parameters determined during the investigation are the residual
moisture, the specific solid mass, and the completeness of the discharge. Filtration
causes progressive blocking of the membrane pores, resulting in filter medium
resistances that are increased by up to a factor of 175. Metabolism of yeast can
cause bubbles to accumulate on the membrane and decreasing the free filter area.
Without regeneration the specific solid mass flow rate is reduced by 61 % for
titanium dioxide and by 13 % for yeast under ideal conditions of this experimental
study.
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1 Introduction

The separation of disperse particles from a continuous liquid
phase is one of the fundamental basic operations of mechanical
process engineering. Separation tasks can be found in almost
every branch of industry and influence both daily life and our
environment through their separation success and separation
efficiency [1]. For sustainable handling of chemical raw materi-
als, minerals, and ores or biological substances, it is important
to carry out separation processes as efficiently as possible and
in a way that conserves resources [2, 3]. A reduction in the
required energy with increasing separation success thus holds
great potential for optimization. For example, according to
Molina Grima et al., the separation of biomass from liquid in
microalgae amounts to 20–30 % of the total costs [4]. These
difficult to filter particles like microalgae, yeast or titanium
dioxide (TiO2) are still a challenge regarding the harvesting or
extraction.

A usual separation via centrifuge produces reliable and good
results. However, especially with biological products, the den-
sity difference between particles and liquid is low, which is why
high accelerations are required. According to Hermeler et al.,
50 % of the energy input is due to the acceleration of the liquid
[5]. Other methods are flocculation and precoat filtration, both
of which use additives (flucculants, cellulose) and thus contam-

inate the value product [6–9]. Cross-flow filtration can be used
to filter such particles, but they are only concentrated [10–14].
Rios et al. achieved an increase in the concentration of
Nannochloropsis salina from 0.095 to 8 g L–1 [15]. However,
further concentration requires a recoverable retentate [16].
High cake resistances due to compressible behavior also rule
out the filter press, which requires high filtration times due to
the high cake resistances [17–19].

One possibility for filtering these particles is thin-layer filtra-
tion using a drum filter. The drum filter has the integration of
several process steps in one unit. In this way, cake formation,
demoisturing, and discharge can take place within one rotation
cycle of the rotary filter. The high degree of flexibility of the
apparatus, in combination with fully continuous operation,
leads to high performance. While the horizontal drum, which
is immersed in a suspension trough, rotates, the filtrate flows
into the interior due to the vacuum. A filter cake forms on the
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outside of the drum, which is covered with filter media, and is
removed from the apparatus during the rotation cycle. Cur-
rently, mainly conventional filter cloths are used as cost-effec-
tive filter media for covering cake-forming rotary drum filters.
However, due to their mostly woven structure, cake cracking
occurs in the case of compressible particle systems, resulting in
leakages that allow gas to enter the interior of the drum [1, 20].
A leakage of gas also causes a drop in pressure inside the cake,
which means that the remaining pores can no longer be
demoistured.

Semipermeable membranes prevent transmembrane gas flow
due to small pore sizes and high capillary inlet pressures,
shown in Fig. 1. The capillary inlet pressure is defined accord-
ing to Eq. (6) (see Sect. 2.3). If the actual pore size is smaller
than this equivalent diameter of the capillary pressure, the gas
cannot penetrate the completely moistened hydrophilic pores.
In contrast, with larger pores, the gas differential pressure
pushes the pores free and gas penetrates into the filtrate. How-
ever, their lower mechanical stability limits the application
areas of filter membranes.

Rubberized rollers detach filter cakes from filter media
surfaces at lower mechanical forces and can thus be used on
vacuum drum filters [21]. The pore sizes of filter membranes
are related to the particle separation mechanisms of a surface
filtration, which significantly influences the cake formation
[22]. Compressible particle systems in particular form very thin
but porous cakes during filtration, which can be detached from
the membrane with varying efficiency depending on the drum
and roller speed, roller contact pressure, and direction of
removal [21]. The formation of thin filter cakes is utilized in
thin-film filtration, since the flow resistance of the cake rises
with increasing cake height. In order to prevent the resulting
decrease in filtration performance, filter cakes are removed
before large losses in performance become noticeable [23].

Previous investigations indicate that complete cake removal
is possible with rubberized rollers with different differential
pressures and that roller rotation has only a minor effect on a
membrane without prior filtration [24]. However, the influence
of particles on roller discharge is only slightly considered.
Therefore, this paper aims to investigate the influence of the

particle system on roller discharge based on the studies by
Lam et al. [21, 24]. It is to be examined to which extent the
solid material has an effect on the acceptance quality. A com-
parison between the inorganic white pigment TiO2 and the
biological model organism yeast enables the influence of the
material on the roller discharge of pasty filter cakes to be inves-
tigated.

The quality of the removal properties of the filter cakes on a
laboratory drum filter are recorded by means of the residual
moisture, area-specific solid mass, and completeness of the dis-
charge. Five different track-etched membranes with nominal
pore sizes between 0.2 and 3.0 mm are used to assess the filter
properties with varying particle-pore size ratios. The fouling
behaviour of the filter media and its effect on the removable
solids mass, cake residual moisture, completeness of discharge,
and membrane resistance are also checked.

2 Materials and Methods

2.1 Sample Preparation and Characterization

The first model particle system is TiO2 from Venator Germany
GmbH (Duisburg, Germany) with an average particle size of
�x50;3;TiO2

= 0.55 mm. The particle size is determined by laser dif-
fraction spectroscopy on an LBS Helos Quixel from Sympatec
GmbH (Basel, Switzerland). For representative results, the par-
ticles of a single charge (Hombitan�; LO-CR-S-M; D9Q008/83)
are used. For the experiments, the TiO2 is suspended in dis-
tilled water with 5 wt % mass concentration and reaches a pH
of 9.6 after suspension, measured at a temperature of 20 �C
(WTW pH 3310, Xylem Analytics Germany GmbH, Weilheim,
Germany). The cake resistance RC is determined to 4 ·1015 m–2

with a pressure nutsche according to VDI guideline 2762-2 at
0.8 bar. Analogously, the filter medium resistance is defined as
RFM.

The second particle system is the commercial baker’s yeast
Saccharomyces cerevisiae from FALA GmbH (Kehl, Germany)
with a mean particle diameter of �x50;3;Yeast = 4.2mm. The yeast
is available in pressed form as fresh yeast and has a bio-dry
matter content of 32 wt %. For the experiments, the yeast is
suspended in deionized water with 2 wt % bio-dry mass. In
addition to the yeast cells, 0.9 wt % sodium chloride is added to
the continuous phase deionized water [25]. The pH is 4.1 after
suspension from 18 �C. For experiments with increased cell
metabolism, another 10 wt % of fresh yeast mass of sugar is
added to the suspension. The dry mass is determined for both
particle systems after a storage time of 24 h in an oven at 95 �C.
The cake resistance is 2.7 ·1014 m–2 with 0.8 bar differential
pressure. The mass concentration selected is 5 wt % for TiO2

and 2 wt % yeast, as these produce cake heights of 1 mm with a
new membrane under the conditions mentioned in Sect. 2.3.
Cakes with 1 mm height are considered thin layers, which is
why this is defined as the initial cake level [24].
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Figure 1. Schematic illustration of the dehumidification behav-
ior of a filter cake in filtration without gas throughput (a) and
filtration with leakage through pores with a diameter larger
than the equivalent capillary diameter (b).
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2.2 Filter Medium

For the experiments, five track-etched
membranes with pore diameters between
0.2 and 3.0 mm are used (RoTrac� from
Oxyphen GmbH, Lottstetten, Germany;
TrakEtch� from SABEU GmbH & Co. KG,
Northeim, Germany). The membranes
used have a supporting structure to take up
mechanical forces. Track-etched mem-
branes have a very small pore size distribu-
tion, which is advantageous for the analysis
of the pore-to-particle ratio. The polythey-
lene terephthalate (PET) material exhibits
good resistance to abrasion, which is
needed for roller discharge. Tab. 1 shows
the relevant material data of the membranes.

2.3 Experimental Setup and Procedure

For an investigation of the cake removal behavior on a vacuum
drum filter, this is equipped with a track-etched membrane. As
shown in Fig. 2, the drum filter is equipped with a roller dis-
charge, which is pressed onto the membrane via two springs.
The operating parameters are chosen from the results of
Lam et al. and include a pressureless cake removal with a line
pressure force qp of 444.2 N m–2. The line pressure force is
defined as the linear pressure with which the roller presses on
the membrane and is defined according to Eq. (1) [24].

qp ¼
2 Ds

L
(1)

Here, D describes the spring rate, s the spring travel, and L
the roller length. The roller, rubberized with acrylonitrile buta-
diene rubber, has a diameter of 60 mm, a Shore A hardness of
34�, and a length of 200 mm. The removal roller rotates at the
same circumferential speed as the drum with an adjustable
direction of rotation. A distinction is made between the same
and opposite directions of rotation. With the same direction of
rotation, the speed vector at the contact surface of roller and
drum points in the same direction, vice versa for the opposite
direction. With these settings, a shear force of 11.36 N results
for the opposite direction discharge. The shear force is deter-

mined from the difference in power consumption between
no-load and contact stress of the motor (MFA – Como drills,
919D Series). With the efficiency of the motor and the rotation
speed of the roller, the torque and thus the shear force on the
membrane can be calculated.

The drum of the drum filter has a diameter of 300 mm and
is immersed in the suspension up to a cake formation angle of
90�. The cake formation angle results in a cake formation time
of 11.3 s with a subsequent demoisture time of 16.9 s. The total
cycle time is 45.2 s, leading to a circumferential speed of
0.021 m s–1 for the drum. This circumferential speed is identical
to the roller, which results in a higher rotational speed with a
smaller diameter.

With the aid of the drum filter, the membranes are examined
for their interaction with the particle system during roller
discharge. For this purpose, the membranes are attached to the
drum filter and the aforementioned suspensions are filtered.
After cake discharge with the roller, the cake is manually dis-
charged from the roller with a spatula. After every 5-th rota-
tion, the cake is gravimetrically determined and then dried in a
drying oven at 95 �C for 24 h. The cake is removed from the
roller with a spatula. Based on the mass difference of solid MS

and evaporated liquid ML, the residual moisture of the filter
cake can be determined according to:

RM ¼ ML

MCake
· 100 % ¼ ML

ML þMS
· 100 % (2)

Chem. Eng. Technol. 2024, 47, No. 1, 192–199 ª 2023 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

Table 1. Overview of the track-etched membranes used with a)manufacturer’s specification and b)mea-
surement on the porometer.

Membrane specification
and material

Pore sizeb)

[mm]
Pore densitya)

[106 cm–2]
Air flow ratea)

[min–1cm–2bar–1]
Total thicknessa)

[mm]

TrakEtch� 0.2 (PET/PET) 0.22 ± 0.01 320 ± 50 4.2 ± 0.7 150 ± 30

RoTrac� 0.4 (PET/PP) 0.40 ± 0.04 100 ± 15 8.0 ± 4.0 170 ± 50

RoTrac� 0.8 (PET/PET) 0.80 ± 0.08 50 ± 7 17.0 ± 4.0 150 ± 50

TrakEtch� 1.0 (PET/PP) 0.97 ± 0.03 23 ± 3 23.8 ± 3.0 170 ± 50

RoTrac� 3.0 (PET/PET) 3.00 ± 0.30 2.0 ± 0.3 30.0 ± 9.0 150 ± 50

Figure 2. Vacuum drum filter in use with roller discharge (a) and schematic diagrams of
the discharge direction (b) [24].
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Furthermore, the removed mass must be characterized. Both
the removed cake and the residue remaining on the membrane
are weighed separately, so that a residual cake moisture
(according to Eq. (2)), the absolute discharge mass, and the
completeness of the discharge Q according to Eq. (3) can be
quantified. Analogous to the determination of residual mois-
ture, a thermal post-demoisturing of the samples in the drying
oven is necessary.

Q ¼ MS;Cake

MS;Cake þMS;Residue
· 100 % (3)

In general, the specific solid mass flow _ms at a drum filter
can be defined according to Eq. (4) [1]. This is the general
equation for determining the mass flow on a drum filter and
shows the dependence of the individual parameters on the sol-
ids mass flow.

_ms ¼
_Ms

AFilter
¼

1� eð Þ · rParticle ·

ffiffiffiffiffiffiffiffiffiffiffiffiffi
2PCake

hL

s
·

ffiffiffiffiffiffiffiffiffiffiffi
kDpn

p
·

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
aFormation

360�

r (4)

In this paper, the filter cake was removed cyclically, which is
why the removed solids mass is defined via msc in Eq. (5). msc

is measured gravimetrically here. Here tcycle is the time of cake
formation per cycle, which is 11.3 s. Thus, it is possible to
calculate back to the solid mass flow.

msc ¼
_ms

tcycle
(5)

Experiments to determine the pore size and its distribution
are carried out on a capillary flow porometer (CFP-1500AEX;
Porous Materials Inc; Ithaca, USA). For this purpose, samples
with a diameter of 22 mm are used with silicone oil AK 10TM
from Wacker Chemie AG with a surface tension of
g = 20 mN m–1 and the contact angle is assumed to be Q = 0�
due to complete moistening. The equation to determine the
pore size is Eq. (6) with Pcap as the capillary pressure [1].

dcapillary pressure ¼
4gL cos q

Pcap
(6)

For resistance measurements of membrane and filter cake, a
pressure nutsche according to VDI 2762-2 is available, which is

operated with a pressure difference of 0.8 bar. The filter media
area is 19.64 cm2 and the resistances of the cake RC and filter
media RFM can be calculated via Eq. (7):

tcycle

VF;cylce
¼ RC ·

hLk
2AFilterDp

· VF;cycle þ RFM ·
hL

AFilterDp
(7)

Here, VF,cycle is the filtrate volume, which can be calculated
into a mass via the density of the fluid water. If the quotient of
time tcycle and VF,cycle is plotted over VF,cycle during filtration, a
straight line is obtained. From this straight line, the cake resis-
tance RC can be determined via the slope and the filter media
resistance RFM via the initial value of the filtration (VF,cycle = 0).
A laser scanning microscope (VK-X100k; KEYENCE Deutsch-
land GmbH, Germany) is available for optical examinations.

3 Results

3.1 Influence of the Pore Size and Rotational
Direction

Fig. 3 visualizes the area-specific solid mass of TiO2 for 5 wt %
over the number of cycles for the entire spectrum of membrane
pore sizes in both discharge directions. The specific solid mass
is the effective removed solid mass per filter area. For both
rolling directions, the 0.8-mm membrane shows the maximum
solids mass flow, while the membrane with a nominal pore size
of 3.0mm exhibits the greatest reduction in specific solids mass
flow. In the case of the opposite direction of discharge, this is
coupled with the highest variance.

The decrease in the same direction in Fig. 3b shows similar
curves for the two TrakEtch� membranes (0.2 and 1.0 mm),
and four membranes (0.2, 0.4, 1.0, 3.0 mm) demonstrate an
almost identical initial value of the first reductions. A compari-
son of the removal directions indicates that the rotation of
roller and drum in the same direction leads to higher solid
mass flows. Due to the high contact pressure of the drum,
particles are pressed into the pores of the membrane, which
reduces the effective filter area. In addition to the passive block-
ing of free pores by the fluid forces caused by the flow, this
active mechanism leads to increasing fouling of the membrane.
This is comparable to the experiments of Tran et al. [26], who
had a reduction of 80 % of the flux when filtering 1.5 L of water
with natural organic matter. Without suitable regeneration and

Chem. Eng. Technol. 2024, 47, No. 1, 192–199 ª 2023 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

Figure 3. Comparison of the dis-
charged specific solid mass per cy-
cle for titanium dioxide with 5 wt %
for the opposite direction of dis-
charge (a) and same direction of
discharge (b) with a variation of the
pore size.
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cleaning measures, a complete loss of the separation perfor-
mance of the membranes is to be expected [27, 28].

When considering the completeness of the discharge, it is
valid that reaching a value of 100 % corresponds to a complete,
ideal cake detachment. This means that no solid remains on
the membrane, as the roller removes the entire cake. Fig. 4
shows the cake residue on the membrane after roller discharge.
As can be seen in Fig. 4, a complete removal is not achieved
which is due to boundary effects. Especially with cake heights
of 1 mm, the cake extends beyond the membrane edge and can-
not be collected by the roller.

The completeness, which can be regarded as independent of
the membrane at the beginning of the filtration, decreases with
increasing number of cycles. While the completeness of the
counter-rotational discharge shows similar values with a higher
number of filtration cycles, the proportion of the removed solid
mass decreases continuously in the same rotational direction.
The behaviour of the opposite direction of rotation can be de-
scribed as an exponential decrease with a horizontal asymptote,
since an approximately stationary final value is reached. The
decrease in the removed mass can be explained by a particle
film on the roller. The particle film causes the roller to lie
unevenly on the drum, resulting in areas without direct contact
between roller and drum. Thus, a particle film remains on the
membrane in these areas. This effect is more pronounced with
the 3.0-mm membrane.

The course of the 0.4-mm mem-
brane, in the same rotational direc-
tion, is notable. The decreasing
trend means that the mechanical
load on the roller has a greater in-
fluence on the filtration perfor-
mance of these membranes as the
number of cycles rises. This makes
them less suitable for thin-film fil-
tration of TiO2 on the drum filter.
This can be attributed to the pore-
to-particle ratio, which is 1.38 for a
pore size of 0.4 mm and a mean
particle size of 0.55 mm. Individual
particles are therefore pressed into
the pores during cake removal and
block them. Therefore, no loose
particle bridges or loosely lying
particles are formed on the surface.
As a result, the lowest particle layer
is firmly attached to the membrane
and high cohesive forces cause the
cake to tear into two layers. This
effect does not occur with the
opposite discharge, as the particles
are still sheared off the surface.

The influence of pore size on the
residual moisture in the filter cake
is negligible. The residual moisture
is constant at 36.5 % for the oppo-
site rotational discharge, 3 % higher
than the same rotational discharge
at 33.45 %. Pressing the roller onto

the cake thus reduces the residual moisture. In comparison to
Lam et al. a deviating trend is displayed here. These tests were
carried out without a pressure difference during discharge,
which is why the residual moisture is lower in the same rota-
tional direction. In Lam et al. this is reversed, as the cake could
be further demoisturized by a circulation during the opposite-
direction discharge with simultaneous pressure difference [21].

Analogous to the TiO2 results, the decreasing course of the
specific solid mass for yeast with 2 wt % in Fig. 5 implies stron-
ger fouling of the membrane with increasing number of remov-
al cycles. Both cakes here have a cake height of 1 mm with a
new membrane. The reduction is less pronounced than with
TiO2, but shows a dependence on the choice of membrane.
The membranes with a nominal pore size of 0.8 and 1.0mm
exhibit the largest reduction in mass for both rolling directions
in comparison, while both the membrane with the largest and
the smallest nominal pore size show decreasing curves. In the
case of the small pores, this can be attributed to the extracellu-
lar polymeric substances (EPS), which can close small pores
through a biofilm. These substances can occur due to stress
situations such as temperature changes in organic particles.

The 0.4-mm membrane is the borderline case here, as the
EPS can penetrate through the 0.8-mm membrane and thus do
not block the pores. Therefore, the discharge is not as pro-
nounced as with the smaller pore size. For the membrane with

Chem. Eng. Technol. 2024, 47, No. 1, 192–199 ª 2023 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

Figure 4. Comparison of the discharged cake completeness for titanium dioxide with 5 wt % for
the opposite direction discharge (a) and the same rotational direction (b) with a variation of the
pore size.

Figure 5. Comparison of the discharged specific solids mass per cycle for yeast with 2 wt % for
the opposite roller discharge (a) and same rotational direction (b) with a variation of the pore
size.
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3.0 mm pore size and 4.2 mm mean particle size, the particle-to-
pore ratio is again similar with 1.4 as for TiO2 with 1.38 with
0.4 mm pores. Here again the effect of clogging occurs. With the
membranes (0.2mm; 3.0 mm) there are only 20 discharge cycles,
since the filter cake with < 0.1 mm is completely dried to the
membrane by the demoisturing time of 16.9 s in the ambient
air and thus a discharge is no longer possible. Therefore,
further tests were not carried out.

In the case of the same rotational direction, the reductions
(0.4 mm; 0.8mm; 1.0 mm) in Fig. 5b can be described with an
exponential curve. Regardless of the direction of rotation, the
solid mass flows of the 0.8-mm and 1.0-mm membranes
decrease almost linearly. Within the first 30 removal cycles in
opposite directions, a reduction of 9.1 % of the removal mass
can be observed for the 0.8-mm membrane and a reduction of
5.6 % for the 1.0-mm membrane. In addition, it can be seen that
the removal direction only has an effect on the mass flows as
the number of discharge cycles increases. The fact that it is pre-
cisely these two membranes that turn out to be the most effi-
cient pore sizes is in line with the practical recommendation
for selecting the pore size for the filtration of yeasts found in
[29].

A comparison of the proportionally removed solid mass in
Fig. 6 only reflects the irregular behavior of the 0.2-mm and
3.0-mm membranes in the case of same rotational direction due
to large deviations or a strong reduction in completeness. As
described by Lam et al., the opposite-direction roller discharge
enables an almost complete discharge of the cake [21]. This
shows an atypical behavior, as the influence of the membrane
pore size declines with increasing number of removal cycles.
Here again, there is a difference in the decrease directions,
since the completeness of the 0.4-mm as well as the 0.8-mm and
1.0-mm membrane is independent of the same rotational cycle
number. With the use of the 3.0-mm membrane, a similar
behavior is seen in the discharge completeness as before with
TiO2, as here the particle to pore ratio is 1.4 and therefore
pores get clogged. A remaining particle layer is the result,
which divides the cake during discharge due to cohesive forces.

Analogous to the inorganic particle system, the uniaxial
pressure load of the same rotational direction of the roller
lowers the residual moisture and is independent of the pore
size. The demoisturizing consolidation is pronounced for all
membrane pore sizes. For example, the residual moisture of the

0.8-mm membrane (same direction: 64.3 %; opposite direction:
68.5 %) is 4 % lower when the cake is removed using a roller
rotating in the same direction.

3.2 Effects on the Membrane

For a better overview of the influence of the roller discharge
with different particle-to-pore ratios, an investigation is carried
out according to the discharges of the membrane under the
porometer and pressure nutsche. In accordance with the thesis
of permanent pore blocking by particles, the filter medium
resistance RFM increases due to filtration.

Tab. 2 indicates that the opposite direction of discharge leads
to a stronger impairment of the membranes, which is reflected
in resistances that are higher by a factor of 10–175. The ab-
sence of shear stress due to the same rotational direction results
in significantly lower filter mean resistances. The increase in
resistance across the pore size is also notable. This follows from
lower resistances with larger pores of new membranes. After
the filtrations, the absolute resistances of all membranes are in
the same order of magnitude of 5 ·1011 m–1.

With the filtration of yeast, no significant decrease in pore
size is visible with the porometer, but under the pressure nut-
sche the filter resistance increases up to a factor of 40. This in-
dicates a film on the surface of the membrane, which covers
part of the filter area and at the same time no entry into the
pores, which reduces them. The absolute pore sizes of the
membranes are given in Tab. 3.

With yeast, there is no increase in the mean pore size for the
0.2-mm and 0.8-mm membrane, which indicates pure depo-

sition on the surface. Only the
3.0-mm membrane decreased to
1 mm, which reflects the interaction
with the particles. The direction of
discharge is irrelevant. With TiO2,
the pore size decreases to 0.127 mm
on average for all membranes and
used discharge directions. Only
with the 3.0-mm membrane can the
separation of the particles by the
cohesive forces during the same
rotational direction discharge be
clearly detected. Images of the
membrane surface with a laser-
scanning microscope can be found
in the Supporting Information.

Chem. Eng. Technol. 2024, 47, No. 1, 192–199 ª 2023 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

Figure 6. Comparison of the discharged cake for yeast with 2 wt % for the opposite roller dis-
charge (a) and same rotational direction (b) with a variation of the pore size.

Table 2. Overview of the increase of filter media resistance
RFM/RFM,unused after drum filtration of yeast and TiO2.

Membrane pore size [mm] 0.2 0.8 3.0

Yeast – opposite direction 19.58 1.28 1.47

Yeast – same direction 40.02 0.76 1.50

TiO2 – opposite direction 22.10 88.95 175.06

TiO2 – same direction 4.97 16.55 4.56
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Furthermore, an investigation was done regarding the filtration
behavior with fresh and frozen cells and filtration with addi-
tional metabolism of yeast, which is also presented in the
Supporting Information.

4 Conclusion

The investigations for both particle systems, TiO2 and yeast,
showed that the interaction between membrane, particle, and
roller does have an effect on roller discharge and the associated
fouling. The decreasing course of the removed mass takes place
under all filtration conditions for both particle systems and is
due to the progressive blocking of pores, the membrane foul-
ing. Microscopically, particles block free pore channels and
deposit in the area of the pore mouths or in the pore capillaries.
Solid adsorption reduces the effective filter area, resulting in a
decrease in filtration performance in the form of decreasing
removal masses. This relationship is confirmed by the in-
creased filter media resistances and decreasing mean flow pores
of the filter membranes after drum filtration.

As the number of cycles increases, the track-etched mem-
branes are subjected to mechanical stress. This results in the
overlapping of pressure and shear forces in the opposite direc-
tion of rotation, which lead to the break-up of the cake struc-
ture and push particles deeper into the filter pores or shear off
pressed-in particles from the cake. Accordingly, the solid mass
decreases significantly more with the opposite direction of
rotation as the number of cycles increases. With regard to the
filter medium resistances and pore size, the opposite direction
of rotation can be classified as disadvantageous, since higher
resistances and lower values of the mean flow pores result from
the filtration.

Metabolism, growth, and multiplication of organic cell
cultures are strongly temperature-dependent. Tempering of the
yeast suspension shows that metabolism influences the filtra-
tion properties by increasing cake porosity. This is due to the
pore-blocking effect of CO2 and extracellular polymeric sub-
stances. If metabolism is stopped or terminated, the specific
solid masses show a slightly increasing trend with the increase
in temperature. In general, however, metabolism is to be classi-
fied as disadvantageous to roller discharge and should be
avoided.

With frost-treated yeast, filter cakes with 8 % lower residual
moisture content can be removed. However, if the yeast is
fresh, the specific solids mass is 2–3 times greater in the first 30
cycles without intermediate membrane regeneration. The ther-
mal conditioning of the cells has a significant influence on the

filtration properties. The background for this is also the reduc-
tion of the effective bio-dry mass content, since yeast cells show
a lower bioactivity after storage below the freezing point.

The results of this paper can be summarized as follows:
– Due to the particle interaction with the membrane, continu-

ous roller discharge is not possible regardless of the direction
of rotation without corresponding continuous regeneration.
Even with 30 removal cycles, which is equivalent to a process
time of 30 min on the used drum filter, the specific solid
mass flow rate is reduced by 61 % for TiO2 and by 13 % for
yeast under ideal conditions of this experimental study.

– It is important that the particle-to-pore size ratio is greater
than 1.4, so that there is no pore-reducing effect that would
decrease the removal efficiency.

– The discharge in the opposite direction is only beneficial if
the cohesive forces within the cake are not sufficient to
maintain the cake.

– In filtration without gas throughput, the residual moisture is
independent of the cake height. Even through free filter
surfaces, the residual moisture remains constant.
Cake discharge of thin filter layers by roller discharge is

therefore possible, but associated with membrane lifetime chal-
lenges.
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Symbols used

A [m2] filter surface
d [m] diameter
D [N m–1] spring rate
dcap [m] diameter of capillary pressure
L [m] length of the roller
ML [kg] liquid mass of the filter cake
MS [kg] solid mass of the filter cake
_Ms [kg h–1] solid mass flow
_ms [kg m–2h–1] specific solid mass flow
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Table 3. Overview of the mean flow pore diameters after drum
filtration of yeast and TiO2.

Membrane pore size [mm] 0.2 0.8 3.0

Yeast – opposite direction 0.191 0.719 1.072

Yeast – same direction 0.176 0.775 1.012

TiO2 – opposite direction 0.124 0.130 0.123

TiO2 – same direction 0.126 0.133 0.435
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msc [kg m–2] specific solid mass per cycle
n [s–1] rotational speed
Pc [m2] specific filter cake permeability
Pcap [Pa] capillary pressure
Q [–] completeness of discharge
qP [N m–1] line load of the roller
RC [m–2] filter cake resistance
RFM [m–1] filter medium resistance
RM [–] residual moisture
s [m] spring travel
tcycle [s] time of cake formation per cycle
VF,cycle [m3] filtrate volume per cycle
x50, 3 [m] mass/volume-related modal value

Greek letters

aH [m–2] specific filter cake resistance
aFormation [�] cake formation angle
gL [N m–1] surface tension of liquid
Dp [Pa] pressure difference
e [–] porosity
k [–] concentration parameter
hL [Pa s] dynamic viscosity of the liquid
q [�] contact angle of liquid
r [kg m–3] density

Abbreviations

EPS extracellular polymeric substances
LSM laser scanning microscopy
MFP mean flow pore
PET polyethylene terephthalate
PP polypropylene
TiO2 titanium dioxide
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Aquacult. Eng. 1999, 20 (3), 191–208. DOI: https://doi.org/
10.1016/S0144-8609(99)00018-7

[12] I. H. Huisman, D. Elzo, E. Middelink, A. Trägårdh, Colloids
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