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(57) Abrégée/Abstract:
The invention relates to a membrane module in order to filter media which are capable of flowing. Said module incorporates an
iIntegrated heat exchanger. According to the invention, the membrane module has the following characteristics: a plurality of rod-
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(57) Abrege(suite)/Abstract(continued):

shaped, porous, ceramic filter elements (1) (ceramic rods); the ceramic rods (1) are provided with continuous bores (1.1) located
parallel to an axis; the ceramic rods are arranged parallel to each other and a lid (3, 4) covers the end thereof; the ceramic rods (1)
are sealed at theilr circumferences against the lid (3, 4); a lid (3) located at one of the membrane modules is provided with an inlet
(2.1) for the medium to be treated and a lid (4) located at the other end Is provided with an outlet (2.2) in order to allow the media to
flow out; each ceramic rod (1) Is surrounded by a sheath tube (5); an annular gap (6) Is situated between the sheath tubes of each

ceramic rod and the
(3, 4), ceramic rods

Inner surface of the corresponding sheath tubes; the annular gaps are conductingly connected to each; the lid
and casing pipes (5) are surrounded by a housing (2) which Is securely connected to the lid; the housing (2)

comprises an Inlet (2.3) for the introduction of permeate into the annular (6) gap and an outlet for draining off permeate from the
annular gap. The housing also comprises an inlet (2.7) and an outlet (2.8) for directing a thermally conducting material through the
Intermediate chamber pertaining to each individual sheath tubing (5) and the housing (2); each ceramic rod (1) Is surrounded by an
Interrupted tube (8) which Is located In the annular gap (6) and extends over a substantial proportion of the length of said gap.



O 00O OO

WO 01/39857 Al

CA 02391094 2002-05-10

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

QIR ER R B E

(43) Internationales Verdffentlichungsdatum (10) Internationale Verdffentlichungsnummer
7. Juni 2001 (07.06.2001) PCT WO 01/39857 Al
(51) Internationale Patentklassifikation’: BO1D 29/11, (71) Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme von
63/06, 29/35, 35/18, F28D 1/00 US): MEMBRAFLOW GMBH & CO. KG [DE/DE]; Fil-
tersysteme, Robert-Bosch-Strasse 99, 73457 Aalen-Essin-
(21) Internationales Aktenzeichen: PCT/EP00/11301 gen (DE).
(22) Internationales Anmeldedatum: (72) Erfinder; und

15. November 2000 (15.11.2000) (75) Erfinder/Anmelder (nur fiir US): OLAPINSKI, Hans
[DE/DE]; Steinidcker 40, 73773 Aichwald (DE). BLASE,

(25) Einreichungssprache: Deutsch Dieter [DE/DE]; Wetzgauer Strasse 63, 73557 Mutlangen
(DE). FEUERPEIL, Hans-Peter [DE/DE]; Erfurter
(26) Veroffentlichungssprache: Deutsch Strasse 6, 73529 Schwibisch Gmiind (DE).
(30) Angaben zur Prioritit: (74) Anwalt: WEITZEL & PARTNER; Friedenstrasse 10,
199 57 641.6 30. November 1999 (30.11.1999) DE 89522 Heidenheim (DE).

[Fortsetzung auf der ndchsten Seite]

(54) Title: FILTER MEMBRANE MODULE COMPRISING AN INTEGRATED HEAT EXCHANGER

(54) Bezeichnung: FILTERMEMBRANMODUL MIT INTEGRIERTEM WARMETAUSCHER

(57) Abstract: The invention relates to a membrane module in order
v 9 . to filter media which are capable of flowing. Said module incorporates
an integrated heat exchanger. According to the invention, the membrane
module has the following characteristics: a plurality of rod-shaped,
porous, ceramic filter elements (1) (ceramic rods); the ceramic rods (1)
are provided with continuous bores (1.1) located parallel to an axis; the
ceramic rods are arranged parallel to each other and a lid (3, 4) covers
S @ the end thereof: the ceramic rods (1) are sealed at their circumferences

| . 11 against the lid (3, 4); a lid (3) located at one of the membrane modules
R is provided with an inlet (2.1) for the medium to be treated and a lid

i (4) located at the other end is provided with an outlet (2.2) in order to

i | allow the media to flow out; each ceramic rod (1) is surrounded by a
i) sheath tube (5); an annular gap (6) is situated between the sheath tubes
I of each ceramic rod and the inner surface of the corresponding sheath

/! tubes; the annular gaps are conductingly connected to each; the lid (3,
4), ceramic rods and casing pipes (5) are surrounded by a housing (2)
which is securely connected to the lid; the housing (2) comprises an
inlet (2.3) for the introduction of permeate into the annular (6) gap and
| | 3 an outlet for draining off permeate from the annular gap. The housing
' b also comprises an inlet (2.7) and an outlet (2.8) for directing a thermally
conducting material through the intermediate chamber pertaining to
each individual sheath tubing (5) and the housing (2); each ceramic
rod (1) is surrounded by an interrupted tube (8) which is located in the
annular gap (6) and extends over a substantial proportion of the length
of said gap.

L% 1.

. (57) Zusammenfassung: Die Erfindung betrifft ein Membranmodul

zum Filtern von flieBfihigen Medien, mit integriertem Warmetauscher.

’ ///;{' % ' % ¥ Gemaif der Erfindung ist ein_ sol_ches Membranmodul mlt Fien folge?den

| . R N Merkmalen ausgestattet: mit einer Anzahl von stabférmigen, pordsen,

9 | : L2 6 1) keramischen Filterelementen (1) (Keramikstdben); die Keramikstébe (1)

weisen achsparallele Durchgangsbohrungen (1.1) auf; die Keramikstibe
sind parallel zueinander angeordnet und an ihren Enden von Deckeln

[Fortsetzung auf der ndchsten Seite]
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(3, 4) eingespannt; die Keramikstiibe (1) sind auf ihren Umfingen gegen die Deckel (3, 4) abgedichtet; der am einen Ende des
Membranmoduls befindliche Deckel (3) weist einen EinlaB (2.1) zum Zufiihren des zu behandelnden Mediums auf, und der am
anderen Ende befindliche Deckel (4) weist einen Auslafl (2.2) zum Abfiihren von Medium auf; jeder Keramikstab (1) ist von einem
Hiillrohr (5) umgeben; zwischen der Mantelfléiche eines jeden Keramikstabes und der Innenfliche des zugehdrenden Hiillrohres
befindet sich ein Ringspalt (6); die Ringspalte stehen miteinander in leitender Verbindung; die Deckel (3, 4) die Keramikstébe sowie
die Hiillrohre (5) sind von einem Gehiuse (2) umschlossen, das mit den Deckeln fest verbunden ist; das Gehéduse (2) weist elnen
Einla® (2.3) zum Einleiten von Permeat in die Ringspalte (6), und einen Auslass zam Abfiihren von Permeat aus den Ringspalten
auf, ferner einen EinlaB (2.7) und einen AuslaB (2.8) zum Durchleiten eines Wirmetragers durch den Zwischenraum zwischen dem
einzelnen Hiillrohr (5) und dem Gehizuse (2); jeder Keramikstab (1) ist von einem durchbrochenen Schlauch (8) umgeben, der sich
im Ringspalt (6) befindet und der sich wenigstens iiber einen wesentlichen Teil von dessen Liénge erstreckt.
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Filter Membrane Module Comprising an Integrated Heat Exchanger

The invention involves a device for the filtration of pourable media using porous, ceramic
rods. Devices of this type are used in numerous industry branches, for example, in the

food industry or in the pharmaceutical industry.

Such a membrane module has become known, for example, from the patent EP 0 270
051. EP 0748 250 B1 describes a membrane module in which the annular gap between
the individual ceramic rod and the sheath surrounding it 1s completely filled by permeate,

and thus free of any solids.

EP 0333 753 B1, on the other hand, describes a device in which the collecting chamber
surrounding the ceramic rod 1s filled from a large quantity of small filling bodies, which

should make 1t so that the motive pressure over the length of the ceramic rod 1s as

uniform as possible.

Devices of the type named above function exclusively for the filtration of media. In the
process, a tempering, for example, cooling or heating, of the medium to be filtered, can
be necessary for reasons of the filtration properties and/or the product treatment.

According to the state of the art, special heat exchangers are provided for this purpose.
Furthermore, it is known to equip filter membrane housings with a double sheath, 1n

order to conduct a heating or cooling medium through the intermediate spaces.
In the process, it is desirable that especially large quantities of heat are exchanged 1n the

entire membrane module. If the heat exchange operation is sufficient in the membrane

module, then subsequently connected heat exchangers may be rendered unnecessary.

FWIMANI1 226670vi
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The purpose of the invention is to design a membrane module according to the generic
concept of claim 1 in such a way that its heat exchanging capacity 1s increased relative to
the aforementioned state of the art, and that in the process the equipment expense and the

manufacturing costs are kept as low as possible.

This purpose is achieved by the characteristics of claim 1. According to it, the individual
ceramic rod is surrounded by a tube which is thus located in the annular gap between the
outer surface of the ceramic rod and the sheath pipe. The tube is interrupted so that
medium can flow through it from the inside to the outside or from the outside to the
inside. The tube extends over a significant part of the length of the annular gap, and at
best over its entire length. The tube can be made out of any metal, for example, out of
plastic or out of steel. It can, for example, be constructed as a fabric, interwoven textile,

or knit fabric. It can be made out of a perforated sheath.

The basic idea behind it is the following: The medium is conducted on its flowing path
through the annular gap not only in the axial direction, but it is also forced into radial
movements. In the process, it collides with the inner surface of the corresponding sheath
pipe. In this way, the heat transfer between the medium and the sheath pipe is intensified,
and to be precise, either in the sense of a heating or cooling of the medium, depending on

the individual case.
A tube of this type can be inserted very easily into the module unit, but also just as easily

removed, for example, for the purposes of cleaning. Functionally the individual tube 1s

affixed onto the seal that is located between the one cap and the housing.

FWIMANI1 226670v1
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The invention is explained using the drawings. In them, the following is shown in detail:

Figure 1 shows a membrane module in a front view.

Figure 2 shows the object of Figure 1 in a sectional view 1n the section plane A-A
in Figure 1, and specifically, in an enlarged scale.

Figure 3 shows the detail X from Figure 2 in an enlarged scale.

Figure 4 shows the upper part of the object of Figure 1 in an enlarged scale.

The membrane module is only shown schematically in Figure 1. Two ceramic rods 1 are

shown. They consist of porous, ceramic material.

These rods are located in a housing 2. They are, furthermore, clamped on their two ends

in caps. See the upper cap 3 and the lower cap 4 with the housing flanges 2.1, 2.2.

The housing has on its upper end an intake 2.5 for the medium to be treated, and on its
lower end an outlet 2.6. Intake and outlet are only shown schematically here by the
arrows. Furthermore, the intake 2.3 and the outlet 2.4 for the permeate, as well as the

intake 2.7 and the outlet 2.8 for the heat exchange medium can be recognized.

As can be seen from Figure 2, the membrane module contains three ceramic rods 1. This
is, however, only one example. Each ceramic rod 1 is in turn provided with 37 through-
passage bore holes, which extend in the longitudinal direction through the individual
ceramic rod from the top to the bottom. In the process, neither the number of ceramic
rods per module nor the number of bore holes per ceramic rod is significant in relation to

the invention. Thus, other numbers could also be provided.

FWIMANI 226670v1
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Figure 3 shows the detail X from Figure 2, in turn in .enlarged scale. As can be seen, the
ceramic rod 1 is surrounded by a sheath pipe 5. The sheath pipe 5 has an excess
dimension relative to the ceramic rod 1. In this way, between the outer surface of the
ceramic rod 1 and the inner surface of the sheath pipe 5, an annular gap 6 1s formed. The
annular gap 6 extends over the entire length of the ceramic rod 1. Its significance will be

addressed in the following in relation to Figure 4.

The inner walls of the bore holes 1.1 are coated with a membrane material 1.2. Such a

coating is, however, only reproduced as an example. It is not decisive for the invention.

The decisive characteristics of the invention can be gathered from Figure 4. This

involves the upper area of the membrane module of Figure 1.

The two ceramic rods 1, which like all other ceramic rods run parallel to each other, thus
in the direction of the longitudinal axis of the membrane module, can be recogmzed. In

addition, an intake 2.3 for permeate can be seen.

Each ceramic rod 1 is in turn concentrically surrounded by a sheath pipe 5, and to be
precise, of the type such that an annular gap 6, also concentric, remains between the inner

surface of the sheath pipe 5 and the outer surface of the associated ceramic rod 1.

According to the invention, each ceramic rod 1 is assigned a perforated tube 8. The tube
8 encloses the relevant ceramic bar 1 in a concentric manner. It can completely fill the
annular gap 6 in the radial direction in such a way that it rests both on the outer surface of
the ceramic rod 1 as well as on the inner surface of the sheath pipe 5 in a contacting

manner. A certain open space can, however, also remain.

FWIMAN1 226670v]
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In the case presented, each of the tubes 8 shown is affixed between associated seals 9. In
this way, an easy installation and removal of the relevant tube together with the seal 1s
possible. Another possibility not shown here in detail consists in affixing the tube 8 to

the housing flange 2.1 and/or 2.2.

The tube 8 consists of a metal fabric in the case presented. It could also be made out of
an interwoven textile or knit fabric. It is also conceivable to construct the tube as a sheet
metal sleeve or sheath made of another material, provided with through-passage
openings, for example, a multitude of punched bore holes or slots. The tube 8 can also be

manufactured from a material other than metal, for example, plastic.

The tube has the following effect according to the invention: a certain turbulence 1s
created in the annular gap 6. The medium that flows from top to bottom in the annular
gap is constantly deflected and in the process collides against the inner surface of the
sheath pipe 5. In the process, the heat exchange between the medium and the sheath pipe
5 is made more intense, which is desirable. The medium is thus more intensively cooled

or intensively heated, depending on the nature of the practical application.

The sheath pipe 5 generally is made out of metal. It can be manufactured quite precisely
in its dimensions, especially in its inner diameter. The case is different for the ceramic
rod 1. For it, a distortion can occur so that the ceramic rod 1 has, for example, a bend
around its longitudinal axis. This in turn causes the annular gap 6 to have a variable
width at different points along the length of the membrane module. The invention can
nonetheless be easily made. The wall thickness of the tube according to the imnvention
needs namely only to be measured in such a way that it also has sufficient space on the

narrowest point of the annular gap 6. A certain elasticity of the tube structure is desirable

in this case.

FWIMANI1 226670v1
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All annular gaps 6 are in a conductive connection with one another. They are thus also in

a conductive connection with the permeate intake 2.3 and the permeate outlet 2.4.

FWIMANI1 226670vl
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What is claimed 1s:

. A membrane module with an integrated heat exchanger comprising a number of rod-
shaped, porous, ceramic filter elements, wherein:

the ceramic filter elements have axis-parallel through-passage bore holes;

the ceramic filter elements are arranged parallel to each other and clamped at a first end

thereot by a first cap and a second end thereof by a second cap;

the ceramic filter elements are sealed off against the first cap and the second cap on their
circumtference;

the first cap located on an end of the membrane module has an intake for the supply of
the medium to be treated, and the second cap located on the other end has an outlet in order to
carry away medium;

each ceramic filter element 1s surrounded by a sheath pipe;

between the outer surface of each ceramic filter element and the inner surface ot the
corresponding sheath pipe, an annular gap 1s located;

the annular gap being in fluid communication with each other;

the first cap, the second cap, the ceramic filter elements as well as the sheath pipes are
enclosed in a housing, which is affixed to the first cap and the second cap;

the housing has an intake for introduction of permeate into the annular gap, and an outlet
for carrying away permeate from the annular gap, and furthermore an intake and an outlet for
conducting a heat transfer medium through an intermediate space between the individual sheath
pipe and the housing; and

each ceramic filter element is surrounded by a tube with openings, which 1s located in the

annular gap and which extends at least over a significant part of its length.
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2. Membrane module according to claim 1, characterized in that the tube (8) extends

over the entire length of the annular gap (6).

3. Membrane module according to claim 1 or 2, characterized in that the tube (8) 1s

made out of a fabric, interwoven textile or knit fabric.

4. Membrane module according to claim 1 or 2, characterized in that the tube (8) 1s

made out of a perforated or slit sheath.

5. Membrane module according to one of the claims 1 to 4, characterized in that the

tube (8) is made out of plastic.

6. Membrane module according to one of the claims 1 to 4, characterized in that the

tube (8) 1s made out of stainless steel.

FWIMANI1 226670v1
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