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(57) Abstract: The present mnvention re-
lates to a method for processing dairy
products by means of membrane filtra-
tion, where fouling in the membrane is
significantly reduced/avoided without
significantly reducing the flow through
the membrane module. The present in-
vention also relates to a membrane filtra-
tion assembly suitable to practice the
method according to the present inven-
tion.
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MEMBRANE FILTRATION AND MEMBRANE FILTRATION ASSEMBLY

FIELD OF THE INVENTION

The present invention relates to a method for processing dairy products by means of
membrane filtration, where fouling in the membrane is significantly reduced/avoided
without significantly reducing the flow through the membrane module. The present

invention also relates to a membrane filtration assembly suitable to practice the method

according to the present invention.

BACKGROUND OF THE INVENTION

Raw milk 1s almost without exception separated into a cream phase and a skim milk
phase. Depending on which end product the milk is to be employed for, both of these
phases are treated differently in a dairy. The skim milk which 1s to be further refined by
protein fractionation 1s often pasteurized after which it 1s cooled down to approximately

4"C and 1s stored 1n a tank till used in production.

In order to reduce fouling in the membranes, it has been suggested to subject the skim
milk to a pre-treatment process before membrane filtration (W002/069724). Said pre-
treatment 1nvolves heating the skim milk to a temperature in the range 50-55 "C for
some minutes. The heat treated product is then kept in an open vessel to release the

surplus of air and to allow the chemical reactions, which takes place in the milk on

heating, to stabilize.

Even though this pre-treatment has previously been shown to reduce the risk of fouling
in the membranes, i.e. that the membranes becomes blocked and production time 1s lost,
it has also previously been disclosed that the lengthy stay time at this temperature range

entails an undesirable growth of harmful microorganisms.

In order to avoid undesirable growth of harmful microorganisms and to further reduce
fouling in the membranes, it has been suggested to reduce the stay time in the open
vessel and see to that the skim milk (retentate) displays a falling, or alternatively

maintained, temperature curve during membrane filtration (W006/123972).

During membrane filtration, the pumps in the membrane filtration assembly normally

increases the temperature of the skim milk/retentate by 2-6 "C. In order to maintain or
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decrease the temperature of the skim milk/retentate during membrane filtration, it 1s
common to have some kind of cooling device placed in the circulation of the retentate
(normally for small plants/pilot plants) (NO310173). Optionally, the skim milk 1s
cooled down, prior to membrane filtration, to a temperature that ensure that the

temperature in the circulation do not exceed the milk pre-treatment temperature.

However, if the temperature of the skim milk is reduced by 1 "C, the flow through the
membrane module will decrease with about 2-3%, i.e. the membrane filtration

efficiency 1s significantly reduced.

One object according to the present invention is to provide a method for processing
dairy products by means of membrane filtration, where fouling in the membranes 1s
significantly reduced/avoided without significantly reducing the flow through the

membrane module.

SUMMARY OF THE INVENTION

A first aspect of the present invention relates to a method for processing dairy products
by means of membrane filtration, said method comprising the following steps:
a) optionally, supplying the dairy product to a balance tank (figure 1.1.; figure 3.1);
b) subjecting the dairy product to membrane filtration (figure 1.2; tigure 3.3; figure
4 MF1/MF2; figure 5.MF 1/MF2) to form a permeate fraction and a retentate
fraction; and '
¢) cooling the permeate fraction (figure 1.3; figure 3.2; figure 4.1; figure 5.1)to a
temperature that is lower than the temperature of the retentate fraction, resulting

in a cooling of the membrane surfaces.

A second aspect of the present invention relates to a membrane filtration assembly
comprising

a) feed inlet opening to the retentate side of a membrane filter;

b) retentate outlet; _

c) means for recirculation at least part of the retentate from the retentate outlet to

the retentate inlet;
d) permeate outlet;
€) permeate inlet;

f) means for recirculation at least part of the permeate from the permeate outlet to

the permeate inlet; and
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g) cooling device being arranged to maintain a lower temperature 1n the permeate

flow than in the retentate flow;
said inlets, outlets and means for recirculation being arranged to maintain a retentate
flow on the retentate side of the membrane filter and a permeate flow on the permeate
side of the membrane filter, preferably in such a manner that the two flows are

cocurrently passed along the membrane filter.
Preferred embodiments of the present invention are set forth in the dependent claims.

DESCRIPTION OF THE FIGURES

Preferred embodiments of the present invention will now be illustrated in more detail

with reference to the accompanying figures.

Figure 1 illustrates a membrane filtration plant, wherein a separate cooler (3) 1s
included in the permeate circulation, for which the method according to the present
invention may be employed.(1) Balance tank; (2) Membrane filtration module; (3)
Cooler; (4) Retentate out; (5) Permeate out; (6) Product feed; (M) Circulation pump;

(PI) Pressure indicator.

Figure 2 illustrates a membrane module with an integrated cooling device. (1) |
Surrounding housing; (2) Ends of the surrounding housing; (3) Membranes; (4) Tube
heat exchanger; (5) Space containing cooling media; (6) Connections to cooling media;
(7) Space containing permeate; (8) Permeate inlet and outlet; (15) Plurality of retentate

channels; (16) Filter membrane.

Figure 3 1llustrates a membrane filtration plant, wherein the membrane module has an
integrated cooling device (2), for which the method according to the present invention
may be employed. (1) Balance tank; (2) Membrane filtration module with integrated
cooling device; (4) Retentate out; (5) Permeate out; (6) Product feed (M) Circulation

pump; (PI) Pressure indicator.

Figure 4 1llustrates a membrane filtration plant, wherein two membrane filtration
modules (MF1 and MF?2 respectively) are connected in parallel having separate cooler

devices (1) included in the permeate circulation.
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Figure S illustrates a membrane filtration plant, wherein two membrane filtration
modules (MF1 and MF2 respectively) are connected in series having separate cooler

devices (1) included 1n the permeate circulation.

DETAILED DESCRIPTION OF THE INVENTION

Since precipitation of calcium phosphate 1s assumed to be the main cause of fouling in
the membranes and the solubility of calcium phosphate 1s known to decrease with
increasing temperature, one would assume that the temperature of the skim milk phase
should be as low as possible. However, as previously disclosed, it 1s also known that 1f
the temperature of the skim milk phase is reduced by 1°C, the flow through the

membrane module 1s reduced by about 2-3%.

- Accordingly, by increasing the temperature of the skim milk phase during membrane

tiltration the flow through the membrane module will increase but the fouling in the
membranes will also increase. Optionally, by decreasing the temperature of the skim
milk phase during membrane filtration the fouling in the membranes will be reduced but

the flow through the membrane module will also be decreased.

Until now, the golden mean has been to subject the protein containing dairy product to
some kind of pre-treatment, usually heat treatment at a temperature in the range 50-
65°C, to reduce the risk of fouling in the membranes during membrane filtration. The
use of higher temperatures 1s not advisable, since whey proteins are assumed to denature

at temperatures above 65°C.

Further, 1t has been assumed that it 1s of most importance that the temperature of the
protein containing dairy product, during membrane filtration, does not exceed the pre-
treatment temperature ot 50-65°C. Since the pumps in the membrane filtration assembly
normally increases the temperature of the protein containing dairy product by 2-6°C, it
has theretore been common to have some kind of cooling device placed in the
circulation of the retentate (normally for small plants/pilot plants) (NO310173) and/or

to cool down the skim milk prior to membrane filtration.

Surprisingly, it has now been discovered that it is the temperature of the membrane
surfaces and not the temperature of the skim milk/retentate that is of most importance in
order to avoid fouling in the membranes. By keeping the temperature of the membrane
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surfaces low, 1t 1s possible to increase the temperature of the skim milk/retentate

without getting significant problems with fouling in the membranes.

The result of the discovery i1s an improved method for processing dairy products by
means of membrane filtration, where fouling in the membranes 1s significantly

reduced/avoided and at the same time the flow through the membrane module 1s

increased.

A first aspect of the present invention relates to a method for processing dairy products
by means of membrane filtration, said method comprising the following steps:
a) optionally, supplying the dairy product to a balance tank (figure 1.1; figure 3.1);
b) subjecting the dairy product to membrane filtration (figure 1.2; figure 3.3; figure
4 MF1/MF2; figure 5.MF1/MF2) to form a permeate fraction and a retentate
fraction; and o
¢) cooling the permeate fraction (figure 1.3; figure 3.2; figure 4.1; figure 5.1) to a
temperature that is lower than the temperature of the retentate fraction, resulting

in a cooling of the membrane surfaces.

In one embodiment according to the present invention, the dairy product, e.g. skim
milk, butter milk or whey, is supplied to a balance tank (figure 1.1; figure 3.1). The
main purpose of the balance tank 1s to act as a buffer for the dairy product in the event

of temporary stops/interruptiolns' during production and also as to obtain a continuous

supply of dairy product.

The temperature of the protein containing dairy product in said balance tank is
preferably in the range 50-70°C, more preferably in the range 55-65°C, even more
preterably in the range 60-65°C and most preferably 1n the range 62-65°C.

Preferably, the dairy product is caused to pass through a deaerator prior to entering the
membrane filtration module. The deaerator treatment removes excess air in the product

which else may cause fouling in the membranes later on 1n the process.

The dairy product is then led, e.g. using a circulation pump (figure 1.M1 and M2; figure
3.M1 and M2), to a membrane filtration module (figure 1.2; figure 3.2; figure 4. MF1;
figure 5.MF1) where the dairy product 1s separated into a retentate fraction and a

permeate fraction.
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In order to maintain high cross flow velocity through the membrane filtration module, 1t
is preferred that the temperature of the dairy product/retentate are maintained at a
temperature in the range 50-65°C during membrane filtration, more preterably in the

range 55-65°C, even more preferably in the range 58-65°C and most preferably in the
range 60-65C.

In one embodiment according to the present invention, it 1s preferred that the
temperature of the dairy product/retentate, when entering the membrane filtration
module, is in the range 50-70°C, more preferably in the range 55-65°C, even more

preferably in the range 58-65°C and most preferably in the range 58-60°C.

There are a number of different membrane filtration modules on the market today. One
of the two most common membrane module systems 1s the so-called “uniform
transmembrane pressure (UTP)” system. By including beads on the permeate side ot the
membrane, the system maintains a low but uniform transmembrane pressure with high
cross flow velocity, which reduces fouling and cake build-up, and improves the
utilization of available filtration area. However, the system suffers from complicated

and time consuming membrane replacement procedures and requires continuous

circulation of the permeate flow.

The other of said two most common membrane module systems 1s based on gradient
membranes. By using membranes having increased permeation resistance towards the
input side of the membrane module, the system maintains a low but uniform
transmembrane pressure with high cross flow velocity. Additionally, the system does
not require a continuous circulation of the permeate flow and does not sutter from

complicated and time consuming membrane replacement procedures.

The membrane filtration module utilized according to the present invention may be any
membrane module suitable for processing dairy products, such as a membrane module
system based on the UTP principle, a membrane module system based on gradient

membranes, other suitable membrane module systems or any combinations thereof.

The membranes of the membrane filtration module are preterably made of a support
ceramic layer and a surface membrane layer (such as e.g. Zirconia, Titania and Alumina
based membranes), but may also be manufactured from other materials such as glass,
polymers or the like. Even though the present disclosure is focused on the use of
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membranes, i1t should also be understood that micro sieves may be utilized instead of

membranes without deviating from the inventive concept of the present disclosure.

The filter in the membrane filtration module 1s preterably selected from the group
consisting of microfilter (MF), ultrafilter (UF) and nanofilter (NF).

In one preferred embodiment according to the present invention, at least one membrane

filtration module has a filter with an eftective pore size in the range 0.5-2.0 um, more

'preferably in the range 0.8-2.0 um and most preferably in the range 0.8-1.4 um. Filters

having a pore size in this range are particularly suitable for reducing the amount of

microorganisms in the dairy product.

In one preferred embodiment according to the present invention, at least one membrane
filtration module has a filter with an effective pore size in the range 0.05-0.5 um, more
preferably in the range 0.05-0.3 um and most preferably in the range 0.1-0.2 um. Filters
having a pore size in this range are particularly suitable for fractionating the proteins,

particularly casein proteins, present in the dairy product.

In one preferred embodiment according to the present invention, at least one membrane
filtration module has a filter with an effective pore size that is sufficient to retain
suspendend solids and solutes having a molecular weight higher than 100 kDa, more
preferably higher than 75 kDa, even more preferably higher than 50 kDa, most
preferably higher than 25 kDa, such as higher than 10 kDa.

In one preferred embodiment according to the present invention, at least one membrane
filtration module has a filter with an effective pore size that is sufficient to retain
suspendend solids and solutes having a molecular weight higher than 500 Da, more
preferably higher than 200 Da and even more preferably higher than 100 Da.

When the protein containing dairy product enters the membrane filtration module
(figure 1.2; figure 3.2; figure 4. MF1; figure 5.MF1), the product i1s divided into two

flows, a retentate flow and a permeate tlow.

The retentate flow may be supplied to additional membrane filtration module(s) (tigure
4 MF2; figure 5.MF2), and/or alternatively be recycled back, e.g. using a circulation
pump (figure 1.M2; figure 3.M2), to the input side of the membrane filtration module
(figure 1.2; figure 3.2). Said additional membrane filtration module(s) may be identical
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or different (different membrane module system, different membrane material, difterent

effective pore size and so on) from the first membrane filtration module (figure 1.2;
figure 3.2; figure 4. MF1,; figure 5.MF1).

In one embodiment according to the present invention, the permeate flow is led, e.g.
using a circulation pump (figure 1.M3), to a cooling device (figure 1.3; figure 4.1;
figure 5.1.). The cooling device may be any kind of device suitable to lower the

temperature of the permeate flow such as a heat exchanger, €.g. a plate heat exchanger

or more preferably a tube heat exchanger.

In another embodiment according to the present invention, the membrane filtration
module has an integrated cooling device (figure 2; figure 3.2) which renders a separate
permeate cooling device (as shown in figure 1.3) superfluous. The integrated cooling
device may be any kind of cooling device suitable to be integrated with a membrane
filtration module. An example of a suitable membrane filtration module having an

integrated cooling device is illustrated in figure 2.

The membrane filtration assembly in figure 2 shows a surrounding housing (1) in which
there are mounted a tube heat exchanger (4) with connections (6) to a cooling media.
Cooling media is flowing in the space (5) on the outside of the tubes. The membranes
(3) are placed through the tubes in the tube heat exchanger and fitted to each end of the
housing with seals. The permeate which passes the filter membranes 1s circulated over
the permeate inlet and outlet (figure 2.8). The enlarged item B in figure 2 shows how
the permeate will circulate in the space (7) inside the tubes of the heat exchanger and

the temperature of the permeate will be influenced by the cooling media outside the

tubes of the tube heat exchanger.

The cross-section of the housing A A in figure 2 shows how the tube heat exchanger
with membranes could be arranged. The enlarge item C shows how the conventional
construction of a membrane 1s build up. It consists of a porous ceramic supporting
structure (3) with a plurality of retentate channels (15). Each channel 1s provided with a
filter membrane (16) on the channel surface. The enlarged item C also shows how the

tube of the heat exchanger is surrounding the membrane, but giving space (7) for

permeate to be circulated.

Even though figure 2 illustrates a membrane filtration assembly with 19 membranes, it
should be understood that the number of membranes is not crucial to the function of the
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device and that similar systems having a different number of membranes also are within

the scope of the present invention.

In one preferred embodiment according to the present invention, the temperature of the
permeate flow 1s at least 1°C colder than the temperature of the retentate flow, more
preferably the temperature of the permeate flow 1s at least 3°C colder than the
temperature of the retentate flow, even more preferably the temperature of the permeate
flow 1s at least 5°C colder than the temperature of the retentate flow and most preferably
the temperature of the permeate tlow 1s at least 7°C colder than the temperature of the
retentate flow, such as a temperature differential of at least 10°C, 12°C, 15°C, 20°C,
25°C, 30°C or 40°C.

In one preterred embodiment, the temperature of the permeate fraction is maintained at
a temperature in the range 0-64°C (such as e.g. 0-64°C, 0-60°C, 0-55°C, 0-50°C, 0-45°C,
0-40°C, 0-35°C, 0-30°C, 0-25°C, 0-20°C or 0-15°C) during membrane filtration, e.g. in
the range 10-50°C (such as e.g. 10-45°C, 10-40°C, 10-35°C, 10-30°C, 10-25°C, 10-20°C
or 10-15°C), in the range 20-50°C (such as e.g. 20-45°C, 20-40°C, 20-35°C, 20-30°C or
20-25°C), 1n the range 30-50°C (such as e.g. 30-45°C, 30-40°C or 30-35°C) or in the
range 40-50°C (such as e.g. 40-45°C).

In a further embodiment according to the present invention, the permeate flow is
maintained at a temperature sufficient to cool down the membrane surfaces to a
temperature that 1s at least 1°C colder than the temperature of the retentate flow, more
preferably at least 3°C colder than the temperature of the retentate flow, even more
preferably at least 5°C colder than the temperature of the retentate flow and most
preferably at least 7°C colder than the temperature of the retentate flow, such as a

temperature differential between the membrane surfaces and retentate flow of at least

10°C, 12°C, 15°C, 20°C, 25°C, 30°C or 40°C.

When the permeate tflow exits the cooler device (figure 1.3)/membrane filtration module
having an integrated cooling device (figure 3.2), the permeate may be supplied to
additional membrane filtration module(s) (figure 4.MF2; figure 5.MF2), and/or
alternatively be recycled back to the permeate input side of the membrane filtration

module (figure 1.2; figure 3.2).
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Said additional membrane filtration module(s) may be 1dentical or different (different
membrane module system, different membrane material, different eftective pore size

and so on) from the first membrane filtration module (figure 1.2).

In one embodiment according to the present invention, the permeate fraction is,

subsequent to the cooling treatment, recycled back to the permeate input side of the

membrane filtration module.

In one further embodiment according to the present invention, the permeate fraction 1s
circulated over the permeate inlet and outlet of the membrane filtration module. If
gradient membranes are being utilized, the main purpose of circulating the permeate
flow 1s to cool down the membrane surtaces. However, it a so-called UTP system 1s
being utilized, the purpose of circulating the permeate flow 1s to cool down the
membrane surfaces and also to give a certain pressure drop through the membrane

module.

In one preferred embodiment according to the present invention, the inlets (both
permeate inlet and retentate inlet), outlets (both permeate outlet and retentate outet) and
means for recirculation (e.g. circulation pumps) are so arranged as to maintain a
retentate flow on the retentate side of the membrane filter and a permeate flow on the
permeate side of the membrane filter in such a manner that the two flows are passed
along the membrane filter. In one embodiment, said two flows are cocurrently passed
along the membrane filter and in another embodiment said two flows are concurrently
passed along the membrane filter. Most preferably said two flows are passed along the

membrane filter with uniform drop of pressure across the entire membrane surtace.

In the case of multiple membrane filtration modules, 1t is preferred that the retentate
fraction from the first membrane filtration module is subjected to a diafiltration step

before entering the next membrane filtration module (figure 5).

A second aspect of the present invention relates to a membrane filtration assembly
comprising
a) feed inlet opening to the retentate side of a membrane filter;

b) retentate outlet;
¢) means for recirculating at least part of the retentate from the retentate outlet to

the retentate inlet;

d) permeate outlet;



10

15

20

25

30

35

CA 02793468 2012-09-17

WO 2011/115498 PCT/NO2011/000073

11

¢) permeate nlet;
f) means for recirculating at least part of the permeate from the permeate outlet to
the permeate inlet; and '
g) cooling device, such as a heat exchanger, being arranged to maintain a lower
temperature in the permeate flow than in the retentate flow;
said inlets, outlets and means for recirculation being arranged to maintain a retentate
flow on the retentate side of the membrane filter and a permeate flow on the permeate
side of the membrane filter in such a manner that the two flows are passed along the

membrane filter, €.g. cocurrently passed along the membrane filter or concurrently

passed along the membrane filter.

One embodiment according to the second aspect of the present invention relates to a
membrane filtration assembly having
a) feed inlet opening to the retentate side of a membrane filter;
b) retentate outlet;
¢c) means for recirculating at least part of the retentate from the retentate outlet to
the retentate inlet;
- d) permeate outlet;
€) permeate inlet;
f) means for recirculating at least part of the permeate from the permeate outlet to
the permeate inlet; and
g) cboling device, such as a heat exchanger, being arranged to maintain a lower
temperature in the permeate flow than in the retentate flow;
said inlets, outlets and means for recirculation being arranged to maintain a retentate
flow on the retentate side of the membrane filter and a permeate flow on the permeate
side of the membrane filter in such a manner that the two flows are passed along the
membrane filter, e.g. cocurrently pélssed along the membrane filter or concurrently

passed along the membrane filter.

In one embodiment according to the second aspect of the present invention, said inlets,
outlets and means for recirculation being arranged to maintain a retentate tlow on the
retentate side of the membrane filter and a permeate flow on the permeate side of the
membrane filter in such a manner that the two flows are passed along the membrane
filter, e.g. cocurrently passed along the membrane filter or concurrently passed along

the membrane filter, with uniform drop of pressure across the entire membrane surface.
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In one further embodiment according to the second aspect of the present invention said

cooling device 1s located in the permeate circuit between the permeate inlet and

permeate outlet.

In another embodiment according to the second aspect of the present invention said
membrane filtration assembly is suitable to practice the method according to the first

aspect of the present invention.

Depending on the membrane filtration module(s) that are being used, the method
according to the present invention is particularly suitable for reducing the amount of

orgahisms present in the dairy product and/or fractionating the proteins present in the

dairy product.

Although the foregoing invention has been described in some detail by way of
1llustration and example for purposes of clarity of understanding, 1t will be readily
apparent to those of ordinary skill in the art in light of the teachings of this invention
that certain changes and modifications may be made thereto without departing from the

scope of the appended claims.
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CLAIMS:

1. Method for processing dairy products by means of membrane filtration, said method
comprising the following steps:
a) optionally, supplying the dairy product to a balance tank (figure 1.1; figure 3.1);
b) subjecting the dairy product to membrane filtration (figure 1.2; figure 3.3) to form a
permeate fraction and a retentate fraction; and
¢) cooling the permeate fraction (figure 1.3; figure 3.2) to a temperature-that 1s lower
than the temperature of the retentate fraction, resulting 1in a cooling of the membrane
surfélces,
wherein at least part of the permeate fraction is circulated over the permeate inlet and outlet of

a membrane filtration module.

2. Method according to claim 1, wherein said dairy product is heated to a temperature in

the range 50-65 °C prior to membrane filtration.

3. Method according to claim 1 or 2, wherein said retentate fraction 1s maintained at a

temperature in the range 50-65 °C during membrane filtration.

4, Method according to any one of claims 1 to 3, wherein the temperature of the
permeate fraction is maintained at a temperature in the range 0-64 °C during membrane

filtration.
5. Method according to any one of claims 1 to 4, wherein the temperature differential

between the permeate and retentate fraction is at least 1 °C, the permeate fraction being cooler

than the reten_téte fraction.

0. Method according to any one of claims 1 to 5, wherein said dairy product is selected

from the group consisting of skim milk, butter milk and whey.

CA 2793468 2017-10-31
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7. Method according to any one of claims 1 to 6, wherein at least part of the retentate

fraction is circulated over the retentate inlet and outlet of the membrane filtration module.

- 8. Method according to any one of claims 1 to 7, wherein said method 1s for fractionating

proteins present 1n said dairy product.

9. Method according to any one of claims 1 to 8, wherein said method 1s for reducing the

amount of microorganisms in said dairy product.

10.  Method according to any one of claims 1 to 9, wherein the permeate tlow and the
retentate flow are cocurrently passed along the membrane filter, said two tlows being

separated by said membrane filter.

11.  Method according to any one of claims 1 to 10, wherein said dairy product is

subjected to membrane filtration using a plurality of membrane filtration modules.

12.  Method according to claim 11, wherein said plurality of membrane filtration modules

are connected in parallel, series or a combination thereof.

13.  Method according to any one of claims 1 to 12, wherein the filter in said membrane

' filtration module is selected from the group consisting of microfilter (MF), ultrafilter (UF)
and nanofilter (NF).

14.  Method according to any one of claims 1 to 13, wherein the effective pore size of the
filter in said membrane filtration module is in the range 0.5-2 um, 0.05-0.3 um, 10- 100 kDa
or >200 Da.

15. Membrane filtration assembly comprising
a) feed inlet opening to the retentate side of a membrane filter;

b) retentate outlet;

CA 2793468 2017-10-31
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¢) means for recirculating at least part of the retentate from the retentate outlet to the

retentate inlet;

d) permeate outlet;

e) permeate inlet;

f) means for recirculating at least part of the permeate from the permeate outlet to

the permeate inlet; and

¢) cooling device being arranged to maintain a lower temperature in the permeate flow

than in the retentate flow;
said inlets, outlets and means for recirculation being arranged to maintain a retentate flow on
the retentate side of the membrane filter and a permeate flow on the permeate side of the

membrane filter.

16.  Membrane filtration assembly according to claim 15, said inlets, outlets and means for
recirculation being arranged to maintain a retentate flow on the retentate side of the
membrane filter and a permeate flow on the permeate side of the membrane filter in such a

manner that the two flows are passed along the membrane filter.

17.  Membrane filtration assembly according to claim 15 or claim 16, wherein said cooling

device is a heat exchanger.
18.  Membrane filtration assembly according to any one of claims 15 to 17, wherein said
cooling device is located in the permeate circuit between the permeate inlet and permeate

outlet.

19.  Membrane filtration assembly according to claim 18, wherein the cooling device 1s

integrated in a membrane filtration module (figure 3.2).

20. Membrane filtration assembly according to claim 18, wherein the cooling device 1s

separate from a membrane filtration module (figure 1.3).

CA 2793468 2017-10-31
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21.  Membrane filtration assembly according to any one of claims 15 to 17, said membrane
filtration assembly having a plurality of membrane filtration modules connected 1n parallel,

series or any combination thereof.

22.- Membrane filtration assembly according to any one of claims 15 to 21, wherein said
membrane filtration assembly is suitable to practice the method according to any one of

claims 1 to 14.

CA 2793468 2017-10-31
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Figure 2

CA 2793468 2017-10-31



3/4

e

4

A\

Figure 3

.ty
*d
-

-
4
- pp———

CA 2793468 2017-10-31



4/4

Figure 4
Permeate out
»
w(w.mmw*m“* e S
{
|
- f Retentat out
Figure S
Permeate out
/| ! ® . '/
f{' ; R4 R
ME 1 ; ﬁmzz 4
/ R
/ - iﬁ’ ’
. y Vi
l”/ | .. y
» » —
Relentat out

Diafittration fluid (optional)

CA 2793468 2017-10-31



&’

BN
ol

%

AmAA-An Bassans ot ~
e

)

A
.

f
e W

-~

._..,
/f&.!\w

AN
u‘\\.

27Ty
ma, & and]




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

