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(57) The mvention relates to a process for the removal of components causing turbidity, from a fluid, by means of
micro-filtration, whereby the fluid 1s beer, wine, fruit juice, bacterial suspension, blood, milk, enzyme suspension, etc.
According to the invention the fluid to be treated 1s fed across an asymmetric membrane having a pore structure such
that the pores on the feed side of the membrane are larger than the nominal pore size and the pores of nominal pore
size occur 1n the cross section toward the permeate side, the filtered off components are back-flushed from the
membrane and are subsequently carried away with the fluud. The nominal pore size 1s usually 0.1-5.0 um and
preferably 0.2-1.0 um. The membrane may be tubular, flat or capillary. Back-flushing takes place intermittently with
a frequency of 1 second to 10 minutes for 0.1-1 second at a counter pressure of 0.5-5 bar. The feed velocity 1s
preferably below 2 m/s and the pressure difference over the membrane 1s less than 0.5 bar.
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ABSTRACT

The invention relates to a process for the removal of
components causing turbidity, from a fluid, by means of micro-
filtration, whereby the fluid 1s beer, winé, fruit julce, bac-
terial suspension, blood, milk, enzyme suspension, etc.

According to the invention the fluid to be treated is
fed across an asymmetric membrane having a pore structure such
that the pores on the feed side of the membrane are larger
than the nominal pore size and the pores of nominal pore size
occur in the cross section toward the permeate side, the fil-
tered off components are back-flushed from the membrane and
are subsequently carried away with the fluid. The nominal pore
size 1s usually 0.1-5.0 um and preferably 0.2-1.0 um. The mem-
brane may be tubular, flat or capillary. Back-flushing takes
place intermittently with a frequency of 1 second to 10
minutes for 0.1-1 second at a counter pressure'of 0.5-5 bar.
The feed velocity is preferably below 2 m/s and the pressure

difference over the membrane 1s less than 0.5 bar.
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Method for the removal of components causing turbidity, from a
fluid, by means of microfiltration

The present i1nvention relates to a method for the
removal of components that cause turbidity, from a fluid, by

means of microfiltration.

The application of microfiltration whereby by
maintaining a flow along the membrane wall, it is attempted to
prevent accumulation of dirt, is a known technique. This tech-
nigue 1s generally called crossflow microfiltration.

In practice this technique is applied in, for in-
stance, ultrafiltration and microfiltration.

Effective velocities to prevent the build-up of a

fouling layer often begin at 2 m/s while as a rule velocities

from 4-6 m/s are used.

Dependent on the membrane configuration this is the
range where turbulence in the flow occurs.

It should be noted that the technique of back-flush-
1ng membranes was introduced by Klein and Schneider for self-
supporting capillary membranes (Desalination 41 (1982 263-275)
whereby microfiltration membranes were applied with a pore
size of above 0.01 um. For further prior art reference is made
to "Microfiltration mit Membranen" by S. Ripperger (ISBN 3-
527-28457-5, 1992).

In the above-mentioned known techniques the back-
flush 1s performed once every few minutes, giving a loss of
productlon because part of the permeate is pushed back to the
concentrate side of the membrane. A special technique is used
by Memtec, who back-flush the membrane with gas (AU-B-34.400/-
84). The fastest back-flush intervals are recorded in DK-A-

476/90 (APV Pasilac).

Here back-flush frequencies are recorded of 1-10
back-flushes per minute at a back-flush duration of 1-5

seconds. One thing and another results in the fact, that due
to these relative long back-flushing times the installation is
not 1n use for filtration for 10-20% of the time.

A dlsadvantage of the known membrane is that it suf-
fers a productivity drop due to the formation of a so-called

secondary membrane, consisting of a packing of particles to be
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tfiltered off, which partly plug the pores and as layer shows only
a limited "own" permeability.

The object of the invention is to provide a method with

practically no productivity drop because the thickness of the
layer of particles to be filtered off is limited and the
secondary membrane is disturbed.

To this end, the present invention provides a process

for the removal of components causing turbidity, from a fluid, by

means of cross-flow microfiltration, characterized in that the

fluid is fed across an asymmetric membrane having a pore

structure such that the pores on the feed side of the membrane

P

are larger than the nominal pore size and the pores of nominal

pore size occur in the cross section toward the permeate side,

the filtered off components are back-flushed from the membrane

and are subsequently carried away with the fluid.
The method according to the invention is especially

sultable for the removal of components causing turbidity from
beer, wine, fruit juice, bacterial suspension, blood, milk,
enzyme suspension, etc.

As fruit julce are considered: cherry juice, apple
julice, etc.

The present invention has been shown to be especially
suitable for the treatment of beer, yielding a particularly clear
beer, which beer in addition remains stable during a long storage

time.
The asymmetric membrane used is preferably a membrane

having a nominal pore size of 0.1-5.0 um.

A membrane having a nominal pore size of 0.2-1.0 um has
proved to be especially suitable. Membranes which according to
the 1nvention meet the requirements very well are tubular, flat
or capillary.

In the method according to the invention membranes are
used that reject certain components, while in many cases it is of
great 1mportance that some other components will permeate through

the membrane. This 1s especially important, for instance, for
the clarification of beer. As already known, in the production

of beer yeast 1s used, making the beer turbid
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which 1s the reason why after the process the yeast must be

removed from the beer. Apart from yeast the beer also contains
preclpitated proteins, which are also components responsible

for poor beer quality. On the other hand beer also contains
components that must not be removed during filtration, which
components are high molecular weight components attributing to
the beer’s taste, colour, foam stability, etc. Of course, the
same also goes for wine and other fruit juices.

It 1s especially very important that the high molecu-
lar welght colloidal components permeate through during fil-
tration of the fluid.

Surprisingly it was found, that the use of hydrophi-
lic membranes of the type described in the US patents RE 34296
and 5,076,925 give excellent results. Naturally, the invention
1s not limited to the above-mentioned membranes.

It has been shown that when using the method accord-
ing to the invention particularly good results are obtained
when the asymmetric membrane is intermittently back-flushed
with a frequency of 1 second to 10 minutes for 0.1-1 second at
a counter pressure of 0.5-5 bar.

Intermittent back-flushing of the membrane can, for
instance be realized by means of an electronic three-way
valve, entirely controlled by computer. The back-flush medium
used here 1s compressed air. Apart from compressed air other

suitable back-flush mediums may be used.

Good results are obtained when the fluid to be
treated 1is brought in with a flow velocity below 2 m/s.

Surprisingly it was found, that the method according
to the invention can be applied successfully if the pressure
difference over the membrane is less than 0.5 bar.

The i1nvention will now be further elucidated by means
of the following, non-limitative examples.

In Example I and II standard technology asymmetric
ceramlc membranes are used, whereby there is no back-flushing
in Example I. In Example II back-flushing does take place.

Examples III to IX relate to beer filtration using an
asymmetric membrane according to the invention, while Examples
X and XI relate to cherry juice filtration, also using an

asymmetric membrane according to the invention.
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Unflltered Carlsberg pilsner beer was subjected to
filtration using an asymmetric ceramic membrane, whereby no
back-flushing was carried out.

This ceramic membrane has a nominal pore size of 1.0
um. The beer was supplied with a crossflow velocity of 0.5
m/s. The pressure difference over the membrane was 0.15 bar.
Within 2 hours the flux of the membrane appeared to decline
from 150 to 3 1/m2/h. This rapid flux decline renders such a

filtration system without back-flush unsuitable for beer fil-

tration.

EXAMPLE IT

Agalin unfiltered Carlsberqg pilsner beer was filtered
using an asymmetric ceramic membrane, whereby back-flushing
did take place.

The nominal pore size, crossflow velocity and pres-
sure difference over the membrane are the same as in Example
I. Back-flushling was carried out with an interval of 3
seconds, whereby each back-flush lasted 0.05 seconds. By using
the same membrane as 1n Example I, but with back-flushing, the
flux was shown to decline 1in 2 hours from 150 to 70 1l/m2/h.
This demonstrates clearly the favourable effect of back-flush-

ing on the flux.

EXAMPLE TIITI

Unfiltered Carlsberg pilsner beer was filtered using
an asymmetric (X-Flow) membrane; however, without back-flush-
1ng.

The nominal pore size of the used asymmetric membrane
was 0.66 um, whille the beer was supplied with a velocity of
0.5 m/s.

The pressure difference over the membrane was 1.0
bar. After 6 hours the flux was shown to have declined from
180 to 18 1/m2/h. 75% of proteins of high molecular weight

were seen to have permeated.

EXAMPLE TV
Unfiltered Carlsberg pilsner beer was filtered using

an asymmetric (X-Flow) membrane.
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The nomlnal pore size of the membrane was 0.66 um,
while the beer was supplied with a velocity of 0.5 m/s.

The pressure difference over the membrane was 0.05
bar.

Back-flushing was carried out at an interval of 1
minute, while each back-flush lasted 5 seconds.

After 3 hours the flux was shown to have declined
from 120 to 108 1/m2/h.

EXAMPLE V

Unfiltered Carlsberg pilsner beer was filtered using
an asymmetric (X-Flow) membrane, with back-flushing.

The pore size was 0.66 um, while the beer was sup-
plied with a velocity of 0.5 m/s.

The pressure difference over the membrane was 0.05
bar.

Back-flushing was carried out every 3 seconds, while
each back-flush lasted 0.05 seconds. Surprisingly it was shown

that the flux remalined constant for 3 days, at 230 1/m2/h.
100% of the proteins of high molecular weight had permeated.

EXAMPLE VI

400 liters beer containing yeast rests (unfiltered
Carlsberg pillsner) were filtered. It took 124 minutes to ob-
tain 300 liters permeate. The membrane surface measured 1 m?2
and the transmembrane pressure, the feed pressure was 0.04 tot
0.08 bar, productlvity was maintained around 150 1/m2/h. The
crossflow veloclity was 0.5 m/s.

Every 5 seconds a back-flush pulse was given with a
pressure of about 1.5 bar lasting less than 0.1 second. The
temperature of the beer was 0°C. The nominal pore size of the
membrane was 0.6 um.

The data show that high velocity back-flushing has a
tremendously good effect on the constancy of the membrane pro-

ductivity. In standardized figures this is 1875 1/m2/h/bar.

EXAMPLE VIT
The membrane of Example VI was applied with a nominal

pore size of 0.6 un.
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In a similar experiment using a crossflow velocity of
2.3 m/s and a pressure of 2 bar an average flux of 80 1l/m2/h
was achieved without back-flushing, but under otherwise the
same conditions. Standardized this means a productivity of 40.

EXAMPLE VIITI
In this Example the same membrane was used as in Ex-

amples VI and VII.

In the same situation as above a flux was obtained of
30 1/m2/h/bar.

EXAMPLE TIX

In this Example the same membrane was used as in Ex-
ample VI and VII.

By back-flushing in the conventional manner every 5

minutes for 5 seconds a flux was obtained of 80 l/m2/h/bar.

EXAMPLE X

This Example relates to the filtration of cherry
Julce using an asymmetric (X-Flow) membrane without back-
flushing.

The nominal pore size of the membrane was 0.51 um,
while the cheery juice was supplied with a velocity of 0.5
m/s.

The pressure difference over the membrane was 0.5.

After 2 hours the flux was shown to decline from 120
to 5 1/m2/h.

EXAMPLE XTI

Cherry julce was filtered by means of an asymmetric
(X-Flow) membrane as in Example X, but with pback-flushing.

The nominal pore size of the membrane was 0.51 um,
while the cherry juice was supplied with a velocity of 0.5
m/s.

The pressure difference over the membrane was 0.5.
Back-flushing took place every 3 seconds, every time flushing
for 0.05 seconds.

After 2 hours the flux was shown to have declined
from 120 to 80 1/m2/h.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process for the removal of components causing

turbidity, from a fluid, by means of cross-flow

microfiltration, characterized i1in that the fluid is fed across

an asymmetric membrane having a pore structure such that the

pores on the feed side of the membrane are larger than the
nominal pore size and the pores of nominal pore size occur in
the cross section toward the permeate side, the filtered off

components are back-flushed from the membrane and are

subsequently carried away with the fluid.

2. A process according to claim 1, characterized in

that the fluid 1s selected from the group including beer,

wine, fruit juice, bacterial suspension, blood, milk and

enzyme suspension.

3. A process according to claim 1 or 2,

characterized 1n that the fluid 1s beer.

4. A process according to claims 1-3, characterized

in that the asymmetric membrane used 1s a microporous membrane

having a nominal pore size of 0.1-5.0 um.

5. A process according to claim 4, characterized in

that the nominal pore size 1is 0.2-1.0 um.

6. A process according to claims 1-5, characterized

in that the membrane is tubular, flat or capillary.

7. A process according to claims 1-6, characterized

in that back-flushing of the membrane takes place

intermittently with a frequency of 1 second to 10 minutes for

0.1-1 second at a counter pressure of 0.5-5 bar.

8. A process according to claim 7, characterized 1in

that the feed velocity is below 2 m/s.

9. A process according to claims 1-8, characterized

in that the pressure difference over the membrane 1s less than

0.5 bar.
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