Dynamic Crossflow Filtration
with ceramic filter membranes

Advantages of the Dynamic Crossflow Filtration process are the increased up-concentration
of the retentate and the reduced energy consumption in comparison with conventional
crossflow processes.
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Abstract

Crossflow methods for separating substances with poor filtration properties are state of the
art. In applications with solvents, wearing substances etc. the use of ceramic filter
membranes is gaining popularity. With the classic crossflow filtration the filter membrane is
flowed over by the feed in such a way that no clogging layer can develop on the
membranes.

KMPT AG has further developed the process of Dynamic Crossflow Filtration.  In this
process rotating ceramic disks generate a turbulent differential speed. This effectively
prevents the development of clogging layers which obstruct the filtration. Energy savings of
up to 80 % are the key benefits of this new method. The possibility of an up-concentration
of the retentate to viscosities of 700 mPas opens up new fields of application. The user
therefore benefits from technical solutions for his specific problems as well as a process
which offers high economic efficiency.

1. Introduction

Crossflow filtration is used for the separation of substances which cannot be economically
separated using other filtration methods. It enables the separation of solids, liquids, colloids,
pigments, bacteria, viruses, proteins, ions etc. (Fig.1). Depending on the choice of pore size
for the filter membranes it is possible to selectively separate individual substances that are
defined according to size from a slurry, dispersion, emulsion or solution.

The most common membranes are polymer membranes which can be manufactured with a
wide variety of pore sizes and which are therefore suitable for the entire range from reverse
osmosis to particle filtration.

The limits of use for polymer membranes, the limited mechanical stability, the limited
resistance to solvents and the limited stability against abrasive influences can be overcome
by using ceramic membranes.

In crossflow filtration it is essential to rule out the development of a clogging layer which
hinders filtration. For this purpose the filter membranes, which are normally designed as
tubes or plates, are flowed over by the feed. The overflow is adjusted using pumps.
Disadvantages of this process are:

- Already at low viscosities there develops a substantial energy requirement for
generating the overflow speed.

- At higher viscosities the suspension heats up in the filter module as a result of flow
resistances. With temperature-sensitive products this heat has to be dissipated by
means of heat exchangers. Irrespective of this, there is still a risk of hot spots, e. g. in
the circulation pump.

- High up-concentrations of the retentate is hardly possible due to energy and
temperature problems. The limit to the viscosity of the retentate is normally around 20-
50 mPas, depending on the design of the system.

Through the use of Dynamic Crossflow Filtration  the field of application of crossflow
filtration can be expanded substantially. Energy savings of up to 80 % are achieved.



2. Basic principles

In filtration processes there is the classic method of cake filtration or depth filtration in which

the substance to be separated is held back from a liquid by means of filter media. To this

end, the liquid to be clarified is pressed through the filter media at a differential pressure of
P =P1- P2 (Fig. 2).

In crossflow filtration the filter media, which in this case is always a filter membrane, is
flowed over by the feed. The overflow speed is selected at such a high level that the
resulting turbulence above the filter membrane does not permit the development of a
clogging layer. Depending on the type of substance to be separated (solids, liquids,
bacteria, viruses, pigments, colloids, ions) the substance in the overflowing feed
(suspension, dispersion, emulsion, solution) is up-concentrated and then referred to as
retentate. Filtration takes place, also in crossflow filtration, through a pressure difference P
= P1 - P2, which, in this case, is referred to as trans-membrane pressure (Fig. 2). The
filtrate, in the crossflow filtration, in this case referred to as permeate, is a pure liquid or
contains only the respective solids which are intended to enter the permeate based on the
selected pore size.

In the Dynamic Crossflow Filtration  the differential speed preventing the formation of a
clogging layer is generated by a movement of the filter membrane in the stationary
retentate.

3. Set-up and operation of crossflow modules and un its

In the classic crossflow filtration the retentate is pumped over the generally tube-shaped
filter membrane (Fig. 3). The circulation pump inputs dynamic energy to make up for the
flow loss that occurs during the overflow (Fig. 4). A large portion of the retentate is cycled.
With temperature-sensitive products the input energy must be removed again by a cooler.
The pressure required for the filtration, referred to as trans-membrane pressure, is
principally delivered by the supply pump. However, the trans-membrane pressure alters
across the length of the membrane tube. Whereas at the end of the tube the pressure
induced by the pump is applied, at the beginning of the tube there is additionally the pump
pressure of the circulation pump which adjusts as a result of the flow loss in the membrane
tube. The trans-membrane pressure is therefore not constant within the membrane tube.
Also the overflow speed decreases from the tube entrance to the tube outlet in the extent of
the separated permeate.

In the Dynamic Crossflow Filtration  the mixture to be separated is fed to a filter module
(Fig. 5). In this module there are two hollow shafts on which are arranged round filter disks.
The shafts are positioned in such a way that the filter disks maximally overlap (Fig. 6).
There is a gap between the disks of a few millimetres. The rotation of the shafts generates
a turbulent flow between the filter disks, which rules out the formation of clogging layers
which hinder the filtration. The trans-membrane pressure is provided by a feed pump (Fig.
7). Inside the filtration module there is a uniform pressure. A constant trans-membrane
pressure is therefore exerted. Only the amount of concentrate to be removed is discharged
from the outlet.

As only a small amount of thermal energy is generated through the rotation of the disks, the
retentate seldom has to be cooled. A cooling circuit with heat exchanger merely has to be
installed in the case of highly temperature-sensitive products or with very high up-
concentrations. To dissipate the small amount of heat it is only necessary to cycle a small
amount of retentate through the cooling circuit.



4. Process engineering results

Based on tests carried out with a wide variety of model substances and also real products
is could be proved in a comparison of classic crossflow filtration with the new dynamic
crossflow filtration unit developed by KMPT AG that, and particularly with high viscosities of
the retentate, energy savings (drive and cooling capacities) of up to 80 % can be achieved
(Fig. 8). In doing so, identical pore sizes were used both in the operation with classic tube
modules as well as in the new Dynamic Crossflow Filtration.

Especially the up-concentration of the retentate of up to 700 mPas reveals the high level of
separation that can be achieved with this system concept. The limit with the classic tube
modules is 20 to 50 mPas, depending on the system design.

5. Testing possibilities

The aptitude and the separating capacity achieved with crossflow filtration cannot be
determined theoretically. KMPT AG has a fully automated dynamic crossflow filtration unit
with a 0.14 m?2 filter area (Fig. 8). Many of the products to be separated are not capable of
being stored. With the dimensions (H x W x L) 2.55 m x 1.65 m x 1.9 m the pilot plant can
be easily transported to the applications for testing.

6. Fields of application

The field of application of the Dynamic Crossflow Filtration with ceramic filter membranes is
found in those cases where importance is attached to
Low energy consumption
High up-concentrations of the retentate
Low thermal load on the product (wherein here also the avoidance of hot-spots is
pointed out in particular).
This is frequently the case when
- Extracting solids with high up-concentration requirements
Separating biomass, e.g. when extracting enzymes, proteins, polysaccharides,
antibiotics
Recovering materials
- e.g. hydroxides
- colloids
Up-concentration of suspensions
- e.g.|juices, flavoring agents
Treatment of liquids
- Recycling of high quality liquids

Ceramic filter membranes are available in a wide variety of pore sizes from 7 nm up to
2 um. This covers a wide range of applications (Fig. 1).
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Fig. 2: Principles of filtration method
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Fig. 3: Function of classic crossflow filtration

Fig. 4: Conventional crossflow filtration unit
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Fig. 5: Function of dynamic crossflow filtration

Fig. 6: Inside a dynamic crossflow module



Fig. 7: Dynamic crossflow filtration unit

Fig. 8: Comparison of specific energy consumption



Fig. 9: Photo of dynamic crossflow filtration unit



