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WO 2012/048788

MULTISTAGE MEMBRANE DISTILLATION DEVICE

The invention relates to a multisiage membrane distillation apparatus
comprising a heating stage, at least one, preferably a plurality of
condensation/evaporation stages and a condensation stage which are
successively flowed through by a liquid to be concentrated, wherein every
condensation/evaporation stage comprises a respective plurality of
condensation units and a plurality of evaporator units as well as a
plurality of parallel flow passages each formed between a condensation
unit and an evaporator unit adjacent to it and conducting the liquid to be
concentrated; a respective condensation unit comprises a first steam
space at least partly bounded by a condensation wall and a respective
evaporator unit comprises second stream space at least partly bounded by
a steam-permeable, liquid-tight membrane wall; and at least one flow
passage, which is formed between such a condensation unit and such an
evaporator unit adjacent to it and which conducts the liquid to be
concentrated, is provided in a respective condensation/evaporation stage
such that the liquid to be concentrated is heated via the condensation wall
and the steam arising from the liquid to be concentrated moves through

the membrane wall into the second steam space.

A membrane distillation apparatus of this type having two
condensation/evaporation stages is respectively described in WO
2005/089914 and in WO 2007/054311.

It has previously been proposed to collect steam from the different stages
in side steam passages (cf. the still unpublished DE 10 2009 020 128).
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Since the steam volumes are summed in such steam collection passages
and since higher flow speeds and friction losses occur, a design of a
membrane distillation apparatus comprising a larger number of units is

subject to limits, in particular by the flow speed.

In the membrane distillation apparatus known from WO 2005/089914,
the steam arising in a respective preceding stage is collected and is
supplied via a steam line to the directly following stage where it is
subsequently distributed over the condensation units of this stage. The

previously named problems, however, also again occur here.

It is substantially the underlying object of the invention to provide an
improved multistage apparatus of the initially named kind in which the
previously named problems are eliminated, in particular also with a larger

number of stages.

This object is satisfied in accordance with the invention in that the steam
arising in a respective steam space of a respective preceding stage is
respectively conveyed into a condensation unit of the directly following
stage via a steam passage which only conducts this steam and which only
conducts this steam onward to the directly following stage, wherein the
steam arising in a respective steam space of a respective preceding stage
is conveyed via the respective steam passage into a respective only one

condensation unit of the respectively following stage.

On the basis of this design, the construction of a membrane distillation
apparatus comprising a larger number of units or stages is practically no

longer subject to any limits by the flow speed.
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It is in particular also of advantage if the evaporator unit has a steam
outlet passage and the condensation unit has a steam inlet passage for
forming a respective steam passage between a respective evaporator unit
of a respective preceding stage and a respective condensation unit of a
respective directly following stage and if the two units are arranged such
that their sides having the steam outlet passage and the steam inlet
passage respectively are directly adjacent to and face one another, with a
gap, however, in particular still being able to remain therebetween for

conducting away distillate.

In accordance with a preferred practical embodiment, the heating stage in
which the supplied liquid to be concentrated is preheated comprises at
least one heating unit and at least one evaporator unit, with a respective
heating unit comprising a heating fluid space at least partly bounded by a
fluid-tight, heat-conducting wall and a respective evaporate unit
comprising a steam space at least partly bounded by a steam permeable,
liquid-tight membrane wall and at least one flow passage, which is formed
between a heating unit and an evaporating unit adjacent to it and which
conducts the liquid to be concentrated, is provided in the heating stage so
that the liquid to be concentrated is preheated via the fluid-tight, heat-
conducting wall and the steam arising from the liquid to be concentrated

moves through the membrane wall into the steam space.

In this respect, the steam is advantageously conveyed from the steam
space of a respective evaporator unit of the heating stage into a
condensation unit of this directly following condensation/evaporation
stage via a steam passage, which only conducts this stream and which
only conducts it onward to the directly following
condensation/evaporation stage, wherein the steam is conveyed from the

steam space of a respective evaporator unit of the heating stage via the
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respective steam passage into a respective only one condensation unit of

the directly following condensation/evaporation stage.

The heating stage can have a plurality of heating units and/or a plurality
of evaporator units as well as a plurality of parallel flow passages which
are each formed between a heating unit and an evaporator unit adjacent

to it and which conduct the liquid to be concentrated.

It is of advantage in this respect if the evaporator unit has a steam outlet
passage and the condensation unit has a steam inlet passage for forming
a respective steam passage between a respective evaporator unit of the
heating stage and a respective condensation unit of the directly following
condensation/evaporation stage and if the two units are arranged such
that their sides having the steam outlet passage and the steam inlet
passage respectively are directly adjacent to and face one another, with a
gap, however, in particular still being able to remain therebetween for

conducting away distillate.

The steam from a respective evaporator unit of the last
condensation/evaporation stage is preferably supplied to the condensation
stage disposed directly downstream of the last condensation/evaporation

stage.

In this respect, the condensation stage advantageously comprises at least
one cooling unit and at least one condensation unit, wherein a respective
cooling unit c;)mprises a cooling fluid space at least partly bounded by a
fluid-tight, heat-conducting wall and a respective condensation unit again
comprises a steam space which is at least partly bounded by a
condensation wall and to which steam is supplied from the last

condensation/evaporation stage via a respective steam passage and at
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least one cooling unit is directly adjacent to at least one condensation unit
in the condensation stage so that the condensation wall of the respective
condensation unit is cooled via the cooling unit, with a gap still being able

to be permitted in practice, however.

The steam from a respective evapofator unit of the last
condensation/evaporation stage is expediently conducted into a
condensation unit of the condensation stage via a steam passage which
only conducts this steam and which only conducts it onward to the

condensation stage.

The condensation stage can in particular comprise a plurality of cooling

units and/or a plurality of evaporator units.

The steam is preferably conveyed from the steam space of a respective
evaporator unit of the last condensation/evaporation stage via the
respective steam passage into a respective only one condensation unit of

the condensation stage.

It is of advantage in this respect if the evaporator unit has a steam outlet
passage and the condensation unit has a steam inlet passage for forming
a respective steam passage between a respective evaporator unit of the
last condensation/evaporation stage and a respective condensation unit of
the directly following condensation stage and if the two units are arranged
such that their sides having the steam outlet passage and the steam inlet
passage respectively are directly adjacent to and face one another, with a
gap, however, in particular still being able to remain therebetween for
conducting away distillate.
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In accordance with a preferred practical embodiment, the multistage
membrane distillation apparatus is designed as a modular flow system
comprising a plurality of frame elements, wherein the different functional
units such as in particular a respective condensation unit, a respective
evaporator unit, a respective heating unit and/or a respective cooling unit
may in each case be provided in the form of such a frame element. The
frame elements can be provided with web structures via which they can in
particular be connected to one another for forming the heating stage, a
respective condensation/evaporation stage and/or the condensation stage.
The frame elements can each comprise an inner region which is
surrounded by an outer frame and which is preferably provided with an in
particular grid-like spacer 46 on whose two sides a respective functional
surface, preferably a film or membrane, can in particular be applied in
particular for forming a respective steam space, a respective heating fluid

space or a respective cooling fluid space.

The multistage or multi-effect membrane distillation apparatus can
therefore in particular be built up of frame elements. The frame elements
can comprise applied functional surfaces. In particular the following types
of frame elements are conceivable: a frame element respectively provided
at both sides with a membrane, a frame element respectively provided at
both sides with a fluid-tight film, a frame element spanned by a film and
having fluid passages. The multistage membrane distillation apparatus in
accordance with the invention can be built up, for example, of such frame

elements.

Water can, for example, be used as the heating fluid in the heating stage.
Generally, however, a heating with steam can also take place. In the latter
case, the multi-effect process then takes place in one or more

condensation units to which the steam is supplied.
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The liquid to be concentrated is heated via the heating units. The liquid to
be concentrated can be conducted in parallel flow with the steam, in

counterflow with the steam and/or per stage.

The solution to be concentrated is preferably at a boiling temperature
corresponding to the absolute pressure across all stages in the steam
space of a respective adjacent evaporator unit such as is described in WO
2007/054311 which is herewith included in the disclosure content of the

present application.

The multistage membrane distillation apparatus can advantageously also
comprise a preheating for the liquid to be concentrated in which the liquid
to be concentrated flows in from the condensation stage and is conducted,
for example, in frame elements provided with films. In this respect, the
liquid to be concentrated is preferably preheated via steam. The total
liquid to be concentrated can be conducted up to the heating stage or the
quantity of liquid to be concentrated required per stage can be led off into

the corresponding stage and into the flow passages.

The multistage membrane distillation apparatus can comprise a housing
which is vacuum-tight with respect to the environment in which the

different stages are accommodated.

The steam entering into the condensation units condenses at the
condensation surfaces. The corresponding heat is transferred to the liquid
to be concentrated via the respective surface. The steam arising therein
passes through the membrane of the adjacent evaporator unit into its

steam space which communicates with the pressure of the steam space of
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the respective condensation unit of the following

condensation/evaporation stage.

The heating fluid spaces of the heating units of the heating étage are only
connected to the condensation /evaporation section via bores provided, for
example, in the respective frame elements for the non-condensable gases

in the condensation units and via a restrictor at the bottom for conducting
the distillate into the condensation/evaporation section. The absolute
pressure in the condensation/evaporation section is lower than in the

heating stage.

The steam arising in the steam space of a respective evaporation unit of
the heating stage can enter into the steam space, disposed directly
opposite it, of a respective condensation unit of the
condensation/evaporation section and can condense there, with a gap,
however, in particular still being able to remain therebetween for leading
off distillate. Heat is also again transferred here and new steam arises in
the steam space of the adjacent evaporation unit, with said steam space
communicating with the pressure level of the steam space of an adjacent

condensation unit of the condensation/evaporation section.

The web structures via which the individual frame elements can be
connected to one another can, for example, be welded web structures or
adhesive structures via which the frame elements are welded or bonded to
one another. In the case of welded web structures, a friction welding
process, a laser welding process and/or a heating element welding process

can be used, for example, for connecting the frame elements.

The following advantages are obtained among others with the multistage

membrane distillation apparatus in accordance with the invention:
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Very large exchange surfaces can be installed over a smaller volume. The
steam exiting a respective evaporation unit enters in the following stage
into the steam space of a condensation unit. Steam volume flows are no
longer summed so that increasing flow speeds no longer occur which

previously limited a larger design of thermal plant.

The invention will be explained in more detail in the following with

reference to embodiments and to the drawing; there are shown in this:

Fig. 1 a schematic plan view of an exemplary embodiment of a

multistage membrane distillation apparatus;

Fig. 2 an embodiment of the multistage membrane distillation
apparatus comparable with the embodiment in accordance
with Fig. 1, with a preheating of the liquid to be concentrated
additionally being provided;

Fig. 3 an exemplary embodiment of a frame element designed as a
condensation unit and an exemplary embodiment of a frame
element designed as an evaporator unit in a perspective

representation;

Fig. 4 a schematic front view of the frame element in accordance

with Fig. 3 designed as an evaporator element;

Fig. 5 a schematic front view of the frame element in accordance

with Fig. 3 designed as a condensation element;
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Fig. 6 a schematic front view of an exemplary embodiment of a
frame element which can be used both as a heating unit and

as a cooling unit;

Fig. 7 a schematic front view of an exeniplary embodiment of a
multistage membrane distillation apparatus comprising a
heating stage, a condensation/evaporation stage and a

condensation stage; and

Fig. 8 a schematic perspective view of an embodiment of the
multistage distillation apparatus comparable with the
embodiment in accordance with Fig. 7 in which additionally a
preheating of the liquid to be concentrated is again provided.

Fig. 1 shows in a schematic plan view an exemplary embodiment of a

multistage membrane distillation apparatus 10.

As can be seen, for example, from this representation in accordance with
Fig. 1, such a multistage membrane distillation apparatus 10 comprises a
heating stage 28, preferably a plurality of condensation/evaporation
stages 12; - 123 and a condensation stage 36. The stages 28, 12; - 123, 36

are successively flowed through by a liquid 14 to be concentrated.

Every condensation/evaporation stage 12; - 123 respectively comprises at
least one condensation unit K and at least one evaporation unit V, with a
respective condensation unit K comprising a first steam space 18; at least
partly bounded by a condensation wall 16 and with a respective
evaporator unit V comprising a second steam space 18; at least partly

bounded by a steam-permeable, fluid-tight membrane wall 20.
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At least one flow passage, which is formed between such a condensation
unit K and such an evaporator unit V adjacent to it and which conducts
liquid to be concentrated, is provided in a respective
condensation/evaporation stage 12; - 123 so that the liquid 14 to be
concentrated 14 is heated via the condensation wall 16 and the steam
arising from the liquid 14 to be concentrated moves through the

membrane wall 20 into the second steam space 182.

In this respect, the steam arising in a respective preceding stage 28, 12; -
123 is conveyed into a condensation unit K of the directly following stage
12, - 123, 36 via a steam passage 24, 26 (see e.g. Figs. 3 - 5}, which only
conducts this steam and which only conducts it to the directly following
stage 121 - 123, 36.

The multistage membrane distillation apparatus 10 preferably comprises
more than three condensation/evaporation stages 12; - 123. Generally,
however, fewer than three such condensation/evaporation stages can also

be provided.

As results, for example, from Figs. 7 and 8, more stages 28, 12; - 123, 36

can in particular alsoc be arranged beneath one another.

At least one respective condensation/evaporation stage 12, - 123 can also
have a respective plurality of condensation units K and/or a plurality of
evaporator units V and a plurality of parallel flow passages 22 formed
between a condensation unit K and an evaporator unit V adjacent to it
and conducting the liquid 14 to be concentrated.

The steam arising in a respective steam space 182 of a respective

preceding stage 28, 12 - 123 is preferably conveyed via the respective
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steam passage 24, 26 into a respective one condensation unit K of the

directly following stage 12; - 123, 36.

The evaporator unit V can have a steam outlet passage 24 (cf. Figs. 3 and
4, for example) and the condensation unit X can have a steam inlet
passage 26 (cf. Fig. 5, for example) for forming a respective steam passage
24, 26 between a respective evaporator unit V of a respective preceding
stage 28, 12; - 123 and a respective condensation unit K of a respective
directly following stage 12) - 123, 36. In this respect, the two units V, K
are preferably arranged so that their sides having the steam outlet
passage 24 and the steam inlet passage 26 respectively are directly
adjacent to and face one another, with a gap, however, in particular still

being able to remain for leading off distillate (cf. Fig. 1, for example].

The supplied liquid to be concentrated can be preheated in the heating
stage 26. In this respect, such a heating stage 28 can, for example,
comprise at least one heating unit 30, and at least one evaporator unit V,
wherein a respective heating unit 301 comprises a heating fluid space 34
at least partly bounded by a fluid-tight, heat conducting wall 32 and a
respective evaporator unit V comprises a steam space 182 at least partly

bounded by a steam-permeable, fluid-tight membrane wall 20.

In this respect, at least one flow passage 22, which is formed between a
heating unit 30: and an evaporator unit V adjacent to it and which
conducts liquid 14 to be concentrated, is provided in the heating stage 28
so that the liquid 14 to be concentrated is preheated via the fluid-tight,
heat-conducting wall 32 and the steam arising from the liquid 14 to be

concentrated moves through the membrane 20 into the steam space 182.
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The steam from the steam space 18 of a respective evaporator unit V of
the heating stage 28 can be conveyed into a condensation stage K of this
directly following condensation/evaporation stage 12) - 123 via a steam
passage 24, 26 which only conducts this steam and which only conducts
it onward to the directly following condensation/evaporation stage 12, -
123,

The heating stage 28 can have a plurality of heating elements 30, and/or
a plurality of evaporate units V and a plurality of parallel flow passages 22
which are respectively formed between a heating unit 30: and an
evaporator unit V adjacent to it and which conducts the liquid 14 to be

concentrated.

The steam is preferably conveyed from the steam space 183 of a respective
evaporator unit V of the heating stage 28 via the respective steam channel
24, 26 into a respective only one condensation unit K of the directly

following condensation/evaporation stage 12; - 123.

The evaporator unit V can have a steam outlet passage 24 (cf. e.g. Figs. 3
and 4) and the condensation unit K can have a steam inlet passage 26 (cf.
e.g. Fig. 5) for forming a respective steam passage 24, 26 between a
respective evaporator unit V of the heating stage 28 and a respective
condensation unit K of the directly following condensation/evaporation
stage 12 - 123. In this respect, the two units V, K can then be arranged so
that their sides having the steam outlet passage 24 and the steam inlet
passage 26 respectively are directly adjacent to and face one another with
a gap, however, in particular still being able to remain for leading off
distillate.
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The steam from a respective evaporator unit V of the last
condensation/evaporation stage 12s can be supplied to the condensation
stage 36 disposed directly downstream of the last

condensation/evaporation stage 12s.

As can likewise again be seen from Fig. 1, the condensation stage 36 can
comprise at least one cooling unit 30; and at least one condensation unit
K. In this respect, a respective cooling unit 302 can have a cooling fluid
space 38 at least partly bounded by a fluid-tight, heat-conducting wall 32
and a respective condensation unit K can in particular again have a steam
space 18; which at least partly bounded by a condensation wall 16, and to
which steam from the last condensation/evaporation stage 123 is supplied
to via a respective steam passage 24, 26. At least one cooling unit 302 is
preferably directly adjacent to at least one condensation unit K in the
condensation stage K so that the condensation wall 16 of the respective
condensation unit K is cooled via the cooling unit 303, with a gap still

being able to remain in this case, too.

The steam from a respective evaporator unit V of the last
condensation/evaporation stage 123 is preferably conducted into a
condensation unit K of the condensation stage 36 via a steam passage 24,
26, which only conducts this steam and which only conducts it onward to

the condensation stage 36.

The condensation stage 36 can comprise a plurality of cooling units 302

and/or a plurality of evaporator units V.

The steam from the steam space 182 of a respective evaporator unit V of

the last condensation/evaporation stage 123 is preferably conveyed via the
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respective steam passage 24, 26 into a respective only one condensation

unit K of the condensation stage 36.

The evaporator unit V can again have a steam outlet passage 24 and the
condensation unit K can again have a steam inlet passage 26 for forming a
respective steam passage 24, 26 between a respective evaporator unit V of
the last condensation/evaporation stage 123 and a respective
condensation stage K of the directly following condensation stage 36. The
two units V, K can then in particular again be arranged so that their sides
having the steam outlet passage 24 and the steam inlet passage 26
respectively are directly adjacent to and face one another with a gap,

however, in particular still being able to remain for leading off distillate.

In all the previously named cases, a respective steam passage 24, 26 can
also in particular be formed by a steam outlet passage 24 and a steam
inlet passage 26 in that the two respective units V, K are arranged relative
to one another so that their sides having the steam outlet passage 24 and
the steam inlet passage 26 respectively are directly adjacent to and facing
one another, with a gap, however, still in particular being able to remain
for leading off distillate.

The two units V, K are then expediently connected to one another in the
region of these steam outlet passages and steam inlet passages 24, 26
respectively so that steam can preferably move from the steam outlet

passage 24 at least substantially directly into the steam inlet passage 26.

A heating with water can, for example, take place in the heating stage 28.
A different heating fluid is, however, generally also conceivable.

The leading off of non-condensable gases is indicated by arrows 66.
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The process can also be heated with steam, with in this case a respective
heating unit, for example, being able to be replaced with a respective

condensation unit.

The liquid to be concentrated is heated via a respective heating unit. The
liguid to be concentrated can, for example, be conducted in parallel flow

with the steam, in counterflow with the steam /or per stage.

As already initially stated, the liquid to be concentrated is preferably at
the boiling temperature corresponding to the absolute pressure in the
respective steam space across all stages for the multi-effect process.
Reference is in particular again made in this respect to WO 2007 /054311
which is included in the disclosure content of the present application.

Fig. 2 shows an embodiment of a multistage membrane distillation
apparatus 10 comparable with the embodiment in accordance with Fig. 1,
with it, however, being able to be seen from this Figure 2, for example,
that a preheating 68 of the liquid 14 to be concentrated can additionally
be provided in a respective two-stage membrane distillation apparatus 10.
The liquid 14 to be concentrated can be supplied from the condensation
stage 36. It can in this respect be conducted in preheating units 50. These
preheating units 50 can, for example, again have a fluid space 34 at least
partly bounded by a fluid-tight, heat-conducting wall 32. The preheating
can in particular take place via steam. The total liquid 14 to be
concentrated can in particular be conducted up to the heating stage 28 or
the quantity of liquid to be concentrated required per stage can, for
example, be led off into the corresponding stage and into the flow

passages 22 conducting the liquid to be concentrated.
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In another respect, this multistage membrane distillation apparatus 10
comprising a preheating can in particular again be designed at least
substantially, for example, as was described with reference to Fig. 1. Parts
corresponding to one another have had the same reference numerals

associated with them.

As can, for example, be seen from Figs. 3 to 6, the multistage membrane
distillation apparatus 10 can in particular be designed as a modular flow
system comprising a plurality of frame elements. In this respect, for
example, the different functional units such as in particular a respective
condensation unit K, a respective evaporator unit V, a respective heating
unit 301, a respective cooling unit 302 and/or a respective preheating unit

50 can each be provided in the form of a such a frame element.

The frame elements are preferably provided with web structures 40 via
which they can in particular be connected to one another for forming the
heating stage 28, a respective condensation/evaporation stage 12 - 123
and/or the condensation stage 36. In this respect, the different frame
elements can, for example, be welded or bonded to one another via the
web structures 40. If, for example, weld web structures are used, a friction
welding process, a laser welding process and/or a heating element welding

process can be used for connecting the frame elements, for example.

The frame elements each include an inner region 44 which is surrounded
by an outer frame 42 and which is preferably provided with an in
particular grid-like spacer 46.

Fig. 3 shows in a perspective representation an exemplary embodiment of
a frame element designed as a condensation unit K and an exemplary

embodiment of a frame element designed as an evaporator unit V.
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A respective film or membrane can in particular be applied to the two
sides of such an in particular grid-like spacer 46 to form the respective
functional surfaces, in particular for forming a respective steam space 18;,
182, a respective heating fluid space 34, a respective cooling fluid 38 or for

implementing a respective preheating unit 50.

In this respect, in the case of a condensation unit K, films are preferably
used and in the case of an evaporator unit V, steam-permeable, fluid-tight

membranes are preferably used.

In Fig. 3, the two frame elements provided in the form of a condensation
unit K or of an evaporation unit V are arranged relative to one another in
accordance with the function to be satisfied, with the frame element
provided in the form of the condensation unit K in particular being able to
be spanned with condensation film and the frame element provided in the
form of the evaporation unit V in particular being able to be spanned with
membrane. On a heating of the multistage membrane distillation
apparatus, the frame element provided in the form of a condensation unit
K can, for example, be open to the left and to the bottom so that steam
can enter into this condensation unit K and can condense in it. The frame
element provided in the form of a condensation unit V in particular
preferably has a total of at least one or a plurality of leadthroughs for the

non-condensable gases at the closed sides.

A respective flow passage 22 conducting the liquid to be concentrated
results between the membrane and the film by the bringing together of a
frame element provided in the form of a condensation unit K and provided
with a film and of a frame element provided in the form of an evaporation

unit V and provided with a membrane.
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A spacer can still be inserted into this flow passage 22. Instead of such a
spacer, the in particular grid-like spacer 46 can also be configured, for
example, such that defined channels for conducting the solution are

formed on the filling of the flow passage 22.

As can be recognized from Fig. 3, the outer frames 42 of the two units K, V
respectively provided in the form of a frame element can each be provided
with passage openings 54, in particular for heating fluid or cooling fluid.
As can be recognized from Fig. 3, for example, a respective such passage
opening 54 can, for example, be provided in each corner region of a
respective frame element. Such a passage opening 54 can moreover, as
can likewise be seen from Fig. 1, for example, also be delineated toward

the inner region 44 by a web section 56.

The outer frame 42 of the frame elements provided, for example, in the
form of a condensation unit K or of an evaporator unit V can moreover in
each case be provided with passage openings 58, in particular for the
liquid to be concentrated. These passage openings 58 admittedly likewise
lie within the outer part of the web structures 40, but unlike the passage
openings 54, they are not delineated with respect to the inner region 44.
As can again likewise be recognized with reference to Fig. 3, a respective
such passage opening 58 can be provided in the corner regions of a

respective outer frame 42.

On a heating of the membrane distillation apparatus, the frame-shaped
condensation unit K can be open to the left or to the bottom so that steam
can enter and condense. This condensation unit K can have in total at
least one or a plurality of leadthroughs for the non-condensable gases at

the closed sides.
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A steam outlet passage 24 opening upwardly and to the side right can be

recognized in the evaporator unit V shown in Fig. 3.

Fig. 4 shows in a schematic front view the frame element in accordance
with Fig. 3 designed as an evaporator unit V. Parts corresponding to one

another have had the same reference numerals associated with them.

In the present case, a respective one membrane is preferably arranged at
the two sides of the spacer 46.

The frame-like evaporator unit V can e.g. be open to the right and to the

top so that steam can exit at the unit.

Fig. 5 shows in a schematic front view the frame element in accordance

with Fig. 3 designed as a condensation unit K.

The passage openings 54 serving as a water channel, for example, and the
passage openings 58 in particular serving as a passage for the liquid to be
concentrated can inter alia be recognized in Fig. 5. In the present case, in

particular a respective film can be provided at both sides of the spacer 16.

Parts corresponding to one another have had the same reference numerals

associated with them.

The frame element respectively provided with a film at both sides of the
spacer 46, for example, in the present case can in particular be used for
the condensation of heating steam or steam originating from a respective

evaporator unit.
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Fig. 6 shows in a schematic front view an exemplary embodiment of a
frame element which can be used as a heating unit 30; or as a cooling
unit 302. The spacer 46 is in the present case in particular provided with a
respective film at both sides. The heating fluid space or cooling fluid space
34 or 38 respectively formed between the films is flowed through by the
heating fluid or cooling fluid, e.g. water. The heating fluid or cooling fluid
is supplied to and again removed from the heating fluid space or cooling

fluid space 34 and 38 respectively via passages 60, e.g. water passages.

In particular the passage openings 58 serving as passages for the liquid to

be concentrated can also again be recognized in Fig. 6.

This frame element can e.g. be etched into the heating stage or as a

cooling element in the condensation stage.

Parts which correspond to those of the other Figures are again also

provided with the same reference numerals in this Fig. 6.

Fig. 7 shows in a schematic front view an exemplary embodiment of a
multistage membrane distillation apparatus 10 comprising a heating stage
28, a condensation/evaporation stage 12; and a condensation stage 36.
The respective multistage membrane distillation apparatus can therefore

in particular be a three-stage membrane distillation apparatus.

As can be recognized with respect to Fig. 7, a plurality of rows of stages
28, 121, 36 can be arranged beneath one another.

The membrane distillation apparatus 10 can comprise a housing 62 in
which the different stages 28, 12;, 36 are received and which is preferably

vacuum-tight toward the environment.
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In the embodiment shown in Fig. 7, heating stages 28 arranged in parallel
above one another are atranged on the left side, with the membrane
distillation apparatus 10 being heated in the present case, for example, via
process steam supplied from the left side. This steam can originate, for

example, from a steam turbine.

The steam entering into condensation units K or corresponding frame
elements of the heating stage 28 condenses at the condensation wall
formed by films, for example. The heat is transferred via the surface to the
liquid to be concentrated from which steam arises through the adjacent
membrane of an adjacent evaporator unit or of a corresponding frame
element into the respective steam space which communicates with the
pressure of the steam space of the respective condensation unit or of the

respective frame element of the following stage.

A respective cooling fluid space of the heating stage 28 is preferably
connected only via bores for the non-condensable gases in the
condensation units and via a restrictor at the bottom for conducting the
distillate in the condensation/evaporation 12, to the
condensation/evaporation stage. The absolute pressure in the

condensation/evaporation stage 12 is lower than in the heating stage 28.

The steam arising in a respective steam passage of the heating stage 28
can enter into the respective directly oppositely disposed steam space of a
respective condensation unit of the condensation/evaporation stage 12,
and can condense, with a gap, however, in particular still being able to
remain therebetween for leading off distillate. Heat is again also
transferred here and new steam arises in the steam space of a respective

adjacent evaporator unit of the condensation/evaporation stage 12; which
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communicates with the pressure level of the steam space of the respective

condensation unit of the condensation stage 36.

A condensate conveying device 64 can moreover be recognized in Fig. 7

between stages arranged beneath one another, for example.

Parts which correspond to those of the other Figures are provided with the

same reference numerals.

Fig. 8 shows in a schematic perspective view an embodiment of the
multistage membrane distillation apparatus 10 comparable with the
embodiment in accordance with Fig. 7 in which, however, a preheating of
the liquid te be concentrated is again additionally provided. In this
respect, this preheating can, for example, again be designed as was
described in connection with Fig. 2. Parts corresponding to one another

have again had the same reference numerals associated with them.

Very large exchange surfaces can be installed in a small volume using the
multistage membrane distillation apparatus in accordance with the
invention. The different units of the membrane distillation apparatus can
in particular be implemented by corresponding frame elements which can,
as can be seen from the Figures, in particular be of plate form. The steam
exiting a respective unit generating steam enters in the directly following
stage into a condensation passage or into the steam space of a
condensation unit. No steam volume flows are summed and thus no

increasing flow speeds arise which previously limited thermal plant.
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10
12, - 123
14
16
18,
182
20
22
24
26
24, 26
28
30:
302
32
34
36
38
40
42
44
46
50
54
56
58
60
62

24

Reference numeral list

membrane distillation apparatus
condensation/evaporation stage
liquid to be concentrated
condensation wall

first steam space

second steam space

membrane wall

flow passage

steam outlet passage

steam inlet passage

steam passage

heating stage

heating unit

cooling unit

fluid-tight, heat-conducting wall
fluid space

condensation stage

cooling fluid space

web structure

outer frame

inner region

spacer

preheating unit

passage opening

web section

passage opening

passage, e.g. water passage

housing '



64
66
68
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25

condensate lead-off
non-condensable gases

preheating of the liquid to be concentrated

condensation unit

evaporator unit
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PCT/EP2011/004726
AAA WATER TECHNOLOGIES AG c/o 4S Al10524PWO - Ru/Fc
Treuhand AG
Claims
1. A multistage membrane distillation apparatus (10) comprising a

heating stage (28), at least one, preferably a plurality of
condensation/evaporation stages (12; - 12g) and a condensation
stage (36) which are successively flowed through by a liquid (14] to
be concentrated, wherein each condensation/evaporation stage (12
- 123) comprises a plurality of condensation units (K) and a plurality
of evaporator units (V} as well as a plurality of parallel flow passages
(22) which are each formed between a condensation unit (K) and an
evaporator unit (V) adjacent to it and which conduct the liquid (14)
to be concentrated; a respective condensation unit (K) comprises a
first steam space (18:) at least partly bounded by a condensation
wall (16); and a respective evaporator unit (V) comprises a second
steam space (182} at least partly bounded by a steam-permeable,
liquid tight membrane wall (20); and at least one flow channel (22),
which is formed between such a condensation unit (K) and such an
evaporator unit (V) adjoining it and which conducts the liquid (14) to
be concentrated, is provided in a respective
condensation/evaporation stage (12; - 123) such that the liquid (14)
to be concentrated is heated via the condensation wall (16) and the
steam arising from the liquid (14) to be concentrated moves through
the membrane wall (20) into the second steam space (182),
characterized in that

the steam arising in a respective steam space {183) of a respective

preceding stage (12, 12; - 123, 36) is respectively conveyed into a
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condensation unit (K) of the directly following stage (121 - 123, 36)
via a steam passage (24, 26) only conducting this steam and only
conducting it onward to the directly following stage (121 - 123, 36),
wherein the steam arising in a respective steam space (182) of a
respective preceding stage (28, 12, - 123) is conveyed via the
respective steam passage (24, 26) into a respective only one

condensation unit (K} of the directly following stage (12 - 123, 36).

A multistage membrane distillation apparatus in accordance with
claim 1, characterized in that

the evaporator unit (V) has a steam outlet passage (24) and the
condensation unit (K) has a steam inlet passage {26) for forming a
respective steam passage (24, 26) between a respective evaporator
unit (V) of a respective preceding stage (28, 12; - 123) and a
respective condensation unit {K) of a directly following stage (121 -
123, 36} and the two units (V, K) are arranged such that their sides
having the steam outlet passage (24) and the steam inlet passage

{26) respectively are directly adjacent to and face one another.

A multistage membrane distillation apparatus in accordance with
any one of the preceding claims,

characterized in that

the heating stage (28) in which the supplied liquid (14) to be
concentrated is preheated comprises at least one heating unit (30;)
and at least one evaporator unit (V), wherein a respective heating
unit (30:) comprises a heating fluid space (34) at least partly
bounded by a fluid-tight, heat-conducting wall (32) and a respective
evaporator unit (V) comprises a steam space (182) at least partly
bounded by a steam-permeable, liquid-tight membrane wall (20) and
at least one flow passage (22) is provided in the heating stage (28)
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between a heating unit (30:1) and an evaporator unit (V) adjacent to
it and conducts the liquid (14) to be concentrated such that the
liquid (14) to be concentrated is preheated via the fluid-tight, heat-
conducting wall (32) and the steam arising from the liquid (14) to be
concentrated moves through the membrane wall (20) into the steam

space (18y).

A multistage membrane distillation apparatus in accordance with
claim 3,

characterized in that

the steam is conveyed from the steam space (182) of a respective
evaporator unit (V) of the heating stage (28) into a condensation unit
(K} of this directly following condensation/evaporation stage (12; -
123) via a steam passage (24, 26) which only conveys this steam and
which only conveys it onward to the directly following
condensation/evaporation stage (12; - 123), wherein the steam is
conveyed from the steam space (182) of a respective evaporator unit
(V) of the heating stage (28) via the respective steam channel (24, 26)
into a respective only one condensation unit (K} of the directly

following condensation/evaporation stage (12; - 123).

A multistage membrane distillation apparatus in accordance with
claim 3, or claim 4, characterized in that

the heating stage {28) has a plurality of heating units (30;) and/or a
plurality of evaporator units (V) as well as a plurality of parallel flow
passages (22) each formed between a heating unit (30;} and an
evaporator unit (V} adjoining it, said flow passages conducting the

liquid (14) to be concentrated.
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A multistage membrane distillation apparatus in accordance with
one of the claims 4 or 5,

characterized in that

the evaporator unit (V) has a steam outlet passage (24) and the
condensation unit (K) has a steam inlet passage {26) for forming a
respective steam passage (24, 26) between a respective evaporator
unit (V) of the heating stage (28} and a respective condensation unit
(K} of the directly following condensation/evaporation stage (121 -
123) and the two units (V, K) are arranged such that their sides
having the steam outlet passage (24) and the steam inlet passage

{26) respectively are directly adjacent to and face one another.

A multistage membrane distillation apparatus in accordance with
any one of the preceding claims,

characterized in that

the steam from a respective evaporator unit {V) of the last
condensation/evaporation stage (123) is supplied to the
condensation stage (36) disposed directly downstream of the last

condensation/evaporation stage (123).

A multistage membrane distillation apparatus in accordance with
claim 7,

characterized in that

the condensation stage (36) comprises at least one cooling unit (302)
and at least one condensation unit (K), wherein a respective cooling
unit (302) comprises a cooling fluid space (38) at least partly
bounded by a fluid-tight, heat-conducting wall (32) and a respective
condensation unit (K) again comprises a steam space (18:) which is
at least partly bounded by a condensation wall (16} and to which

steam from the last condensation/evaporation stage {123) is
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supplied via a respective steam passage (24, 26} and at least one
cooling unit (302) is directly adjacent to at least one condensation
unit (K) in the condensation stage (K) such that the condensation
wall (16) of the respective condensation unit (K) is cooled via the
cooling unit (302).

A multistage membrane distillation apparatus in accordance with
claim 8,

characterized in that

the steam is conducted into a condensation unit (K) of the
condensation stage (36) from a respective evaporator unit (V) of the
last condensation/evaporation stage (12s) via a steam passage (24,
26) only conducting this steam and only conducting it onward to the

condensation stage (36).

A multistage membrane distillation apparatus in accordance with
claim 8 or claim 9,

characterized in that

the condensation stage (36} comprises a plurality of cooling units

(802) and/ or a plurality of evaporator units (V).

A multistage membrane distillation apparatus in accordance with
any one of the claims 8 to 10,

characterized in that

the steam from the steam space (182) of a respective evaporator unit
{V) of the last condensation/evaporation stage (123} is conveyed via
the respective steam passage (24, 26) into a respective only one
condensation unit (K} of the condensation stage (36).
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A multistage membrane distillation apparatus in accordance with
claim 11,

characterized in that

the evaporator unit (V) has a steam outlet passage (24) and the
condensation unit (K) has a steam inlet passage {26) for forming a
respective steamn passage (24, 26) between a respective evaporator
unit (V} of the last condensation/evaporation stage (123) and a
respective condensation unit (K} of the directly following
condensation stage (36) and the two units (V, K) are arranged such
that their sides having the steam outlet passage (24) and the steam
inlet passage (26) respectively are directly adjacent to and face one

another.

A multistage membrane distillation apparatus in accordance with
any one of the preceding claims,

characterized in that

it is configured as a modular flow system comprising a plurality of
frame elements and the different functional units such as in
particular a respective condensation unit (K), a respective
evaporator unit (V), a respective heating unit (30:) and/or a
respective cooling unit (302} are each provided in the form of such a
frame element, with the frame elements preferably being provided
with web structures (40) via which they can in particular be
connected to one another for forming the heating stage (28), a
respective condensation/evaporation stage (121 - 123) and/or the
condensation stage (36) and each comprise an inner region (44}
which is surrounded by an outer frame {42} and which is preferably
provided with an in particular grid-like spacer (46) on whose two
sides in particular a respective functional surface, preferably a fihm

or a membrane, is applied for forming a respective steam space (18,
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182}, a respective heating fluid space (34) or a respective cooling

fluid space (38).

A multistage membrane distillation apparatus in accordance with
any one of the preceding claims,

characterized in that

it comprises at least three condensation/evaporation stages (12; -
123).



