WO 2012/ 048788 MULTI STAGE MEMBRANE DI STI LLATI ON DEVI CE The invention
relates to a multistage nmenbrane disti)lation apparatus 5 conprising
a heating stage, preferably a plurality of condensati on/evaporation
st ages angr 2eandensatgdn stage which are successively flowed through
by a liquid to be concentrated, wherein every
condensati on/ evaporati on stage conprises at | east one respective
condensation unit and at | east one respective evaporator unit; a

t conprises a first steam space at
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evaporator unit conprises second stream space at |east partly bounded
by a steam perneable, |iquid-tight nmenbrane wall; and at | east one
fl ow passage, which is forned between such a condensation unit and
such an evaporator unit adjacent to it and 15 which conducts the
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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
15 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.
20
A membrane distillation apparatus of this type having two
condensation/evaporation stages is described in WO 2007/054311.

It has previously been proposed to collect steam from the different stages
25 in side steam passages (cf. the still unpublished DE 10 2009 020 128).

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

30 subject to limits, in particular by the flow speed.



It is substantially the underlying object of the invention to provide
an inproved nultistage apparatus of the initially named kind in which
the previously naned problens are elimnated, in particular also with
a larger 5 nunber of stages. This objec is satisfied in accordance
with the invention in that the steamarising in a respective
precedi ng stage is conveyed into a condensation unit of the directly
follow ng stage via a steam passage which only 10 conducts this steam
and which only conducts this steamonward to the directly follow ng
st age. On the basis of this design, the construction of a nenbrane
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evaporator unit adja€ent to it and which conduct the liquid to be
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On the basis of this design, the construction of a membrane distillation
apparatus comprising a larger number of units or stages is practically no

15 longer subject to any limits by the flow speed.

At least one respective condensation/evaporation stage can in each case

have a plurality of condensation units and/or a plurality of evaporator

units as well as a plurality of parallel flow passages which are each formed
20 between a condensation unit and an evaporator unit adjacent to it and

which conduct the liquid to be concentrated.

The steam arising in a respective steam space of a respective preceding
stage is preferably conveyed via the respective steam passage into a

25 respective only one condensation unit of the directly following stage.

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

30 of a respective preceding stage and a respective condensation unit of a



gap, however, in particular still being able to remain therebetween
for 5 conducting away distillate. In accordance with a preferred
practical enbodinent, the heating stage in which the supplied liquid
to be concentrated is preheated conprisgs at | east one heating unit
and at | east one evaporator unit, with a respective 10 heating unit
conprising a heating fluid space at |east partly bounded by a
fluid-tight, heat-conducting wall and a respective evaporate unit
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the steamis adv usly conveyed fromthe steam space of a
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between a heating unit and an evaporating unit adjacent to it and which

15 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.

20 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 steamn passage, which only conducts this stream and which
only conducts it onward to the directly following

25 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

30  to it and which conduct the liquid to be concentrated.



It is of advantage in this respect if the evaporator unit has a steam
outl et passage and the condensation unit has a steaminlet passage
for formng a respective steam passage between a respective
evaporator unit of the 10 heating stagesand a respective condensation
unit of the directly foll ow ng condensati on/ evaporati on stage and if
the two units are arranged such that their sides having the steam
outl et passage and the steaminlet passage respectively are directly
adj acent to and face one another, with a gap, however, in particular
still being able to remain therebetween for 15 conducting away
distillat t i i f ast
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only conducts this steam and which only conducts it onward to the
condensathaifageagepectively are directly adjacent to and face one another, with a
gap, however, in particular still being able to remain therebetween for

15 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

20 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 comprises a cooling fluid space at least partly bounded by a
25 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
least one cooling unit is directly adjacent to at least one condensation unit

30 in the condensation stage so that the condensation wall of the respective



10 The condensation stage can in particular conprise a plurality of
cooling units and/or a plurality of evaporator units. The steamis
preferably conveyed fromthe steam space of a respective evaporator
unit of the |ast condensation/evaporati®n stage via the 15 respective
st eam 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 steamoutl et passage and the condensation unit
has a steam inl et passage for, f.orm 20 a respective steam passage
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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
20 arespective 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
25  gap, however, in particular still being able to remain therebetween for

conducting away distillate.

In accordance with a preferred practical embodiment, the multistage
membrane distillation apparatus is designed as a modular flow system

30 comprising a plurality of frame elements, wherein the different functional



15 therefore in particular be built up of frame el enents. The frane
el ements can conprise applied functional surfaces. In particular the
follow ng types of frame el enents are conceivable: a frane el enent
respectively provided at both sides witdg a nmenbrane, a franme el enent
respectively provided at both sides with a fluid-tight film a frame
el ement spanned by a filmand 20 having fluid passages. The

mul ti stage nenbrane distillation apparatus in accordance with the
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|l ed off into the corresponding stage and into the fl ow passages. 20
The nul ti stage nenbrane distillation apparatus can conprise a housing
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conddbsatthereioretin waonidedaebediuilhap 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
20 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.
25  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.



25 condensation surfaces. The corresponding heat is transferred to
the liquid to be concentrated via the respective surface. The steam
arising therein passes through the nenbrane of the adjacent
evaporator unit into its steam space whpch conmmuni cates with the
pressure of the steam space of the respective condensation unit of
the foll ow ng 30 condensati on/ evaporati on stage. 8 The heating fluid
spaces of the heating units of the heating stage are only connected
to the condensation/evaporation section via bores provided, for
exanpl e, The ligpid dehsceonecntratrd 8 baatadvinoiha hearing-uwitsichise bigaid to
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section is lower than in the heating stage. 10 The steamarising in
the steam space of a respective evaporation unit of the heating stage
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connéBted to one another can, for exanple, be wel ded web structures
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the corresponding stage and into the flow passages.

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

different stages are accommodated.

The steam entering into the condensation units condenses at the

25 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
the respective condensation unit of the following

30 condensation/evaporation stage.



5 previously limted a | arger design of thermal plant. The invention
will be explained in nore detail in the followwng with reference to
enbodi nents and to the drawing; there are shown in this: 10 Fig. la
schematic plan view of an exenplary enbgdi nent of a nultistage
menbrane distillation apparatus; Fig. 2an enbodi ment of the
mul ti stage nenbrane distillation apparatus conparable with

t he enbodi ment in accordance 15with Fig. 1, with a preheating of the
liquid to be concentrated additionally being provided; Fig. 3an
exenpl ary enbodi rent of a frane el ement designed as a

d ' s . di t of frame 20el t
desi gned TAC ptAbnelfither Bp SRR i HRBPETRRS 2 R e Seer by
4a schemaidrmddieattonwhevedidditiciansaplopaEth ddrtRECOIIBHES MdvidEd Jor
3 designed as an evaporator element; 25 Fig. 5a schematic front view

of the frexampledarihe respectvedragaevilemenity fogthie siogneondensable gases

condegsati o, &L SN sation 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.

10 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

15  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.

20 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

25 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:



10 Fig. 6a schematic front view of an exenplary enbodi nent of a frane
el ement which can be used both as a heating unit and as a cooling
unit; 5 Fig. 7 10 Fig. 8 a schematic front view of an exenplary
enbodi nent of a nultistage nenbrane disgillation apparatus conprising
a heating stage, a condensation/evaporation stage and a condensati on
stage; and a schematic perspective view of an enbodi nent of the

mul tistage distillation apparatus conparable with the enbodi nent in
accordance with Fig. 7 in which additionally a preheating of the
liqui d t oVey lgBe cxchangs swiagrs eapbevingtalled pyerpgsmallenyabimg. ZThe
schemati c ' r ' . i ; ne
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distillation apparatus 10 conprises a 20 heating stage 28, preferably
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condensati on/ evaporati on stage 121 - 123 respectively conprises at 25
| east one condensation unit K and at | east one evaporation unit V,

with a recEpedrvsdtionvdlrzaekplringd inKnesapetail g theffplewing sdbh space
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| east partly bounded by a steam perneable, fluid-tight nenbrane wall

20.
10 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
15 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
20 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;
25
Fig. 5 a schematic front view of the frame element in accordance

with Fig. 3 designed as a condensation element;



11 At | east one flow passage, which is forned between such a
condensation unit K and such an evaporator unit V adjacent to it and
whi ch conducts liquid to be concentrated, is provided in a respective
condensati on/ evaporation stage 121 - 133 so that the liquid 14 to be
5 concentrated 14 is heated via the condensation wall 16 and the
steamarising fromthe liquid 14 to be concentrated noves through the
menbrane wall 20 into the second steam space 182. In this respect,
the steamarising in a respective preceding stage 28, 121 - 10 123 is
conveyed Figk & a contierbBamagic frent wewfoltare egenuiary erdiadimeany afiage

which only conduct SARTEAeRAN At o SR8l & Enedlipe it and
directly follow ng &4 agoolitlg uni?23, 36. 15 The nul ti stage nenbrane

distillation apparatus 10 preferably conprises nore than three
condensati on/ evaporati on stages 121 - 123. Cenerally, however, fewer

t han thr such con 1.Qn/ ev r.at i stages . can _al,so.,.be praqvi ded.
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| east one respective condensati on/evaporation stage 121 - 123 can

al so have a respectheatipg stageta condenpdidasevaponatias stageanandmr a
plurality of 25 evapqrator .unit .and.a plurality of parallel flow
passages 22 fornmed (goer{%?tbo%gﬁ%%%%q on unit K and an evaporat or
unit V adjacent to it and conducting the liquid 14 to be

concentrated. The steamarising in a respective steam space 182 of a
respébt i VEE38 pr ecetibphenicdifepesspertive-viewdof an gmabedianeyt ebiheyed

via the respective 12 .sieamp e 24. 26 into a respective one
condensation unit l{nﬂfgtl?{?@%g%ﬁsgﬁ%%&q BPPETRTY SYRpaT ﬁé% W%@?e 36.
embodiment in accordance with Fig. 7 in which additionally a

preheating of the liquid to be concentrated is again provided.

15 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
20 heating stage 28, preferably a plurality of condensation/evaporation

stages 12, - 123 and a condensation stage 36. The stages 28, 121 - 123, 36

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

Every condensation/evaporation stage 12; - 123 respectively comprises at
25 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 182 at least partly
bounded by a steam-permeable, fluid-tight membrane wall 20.
30



The evaporator unit V can have a steam outl et passage 24 (cf. Figs. 3
and 5 4, for exanple) and the condensation unit K can have a steam

i nl et passage 26 (cf. Fig. 5, for exanple) for formng a respective
st eam passage 24, 26 between a respectijve evaporator unit V of a
respective preceding stage 28, 121 - 1 and a respective
condensation unit K of a respective directly follow ng stage 121 -
123, 36. In this respect, the two units V, K 10 are preferably
arranged so that their sides having the steam outl et passage 24 and

t he steanit last anesBayer @ ages pduchis|formed biteen suchjsacemdensation

face one angther,.wth a ga haowever.. <jn.particul.ar still .being able
o renat iopg Ak G o CffnerRPE R of AafiRht 8'f gndliphicrt Bpheydfs
The suppliigid id1BE @onReBeraa0aC fNbi&Haddanm Pesp¥@hrated in the
heating stage 26. In this respect, such a heating stage 28 can, for

exanpl e, ewHgEnssdion/dveporatinn stageiliy unls sedhadnbiediquidabd tore
evaporat or__unit, V. r.ein es tive heating unit. 301 c ri ses a
ea i o riotctnptsd $4 1§ teled R ERS (P SebaRatETeyaL 16 ard fipHeamea:
conduct i ngri¥ad frédn aRE 1iqudQ 1rzpﬁp9etdo\fﬂ:eﬁ\t?@déﬂ%gﬁreyrﬂh%oN%ﬁQHer' ses a
steam space 182 at | east partly bounded by a steam perneabl e,

f 1 ui d-ti germeracawallidl inothe sectnd steapespaceal 8t.east one flow
passage 22, which is formed between a heating unit 301 and an
evaporator unit V adjacent to it and which 25 conducts liquid 14 to

be concenty gtigdeshecR P He8n aﬂ%pg%h%tm@e%ﬁas?réée&&% aib@%eti@, 12, -

liquid 14 to be concentrated is p eated via the fluid-
heat 18ondlizt isngomiedyedBintarmicondensataon amis ik gf the ditdetlyl fodlomdng stage

be conce at es through the ne 20 intqo.the steam space
T2 "5 bhe' SRannpiia g POV HERPEE ate A5 SR Filkett Dhewidh only
evapor at Gorifiidts\(Heé stEEmBad WMich! G99 Shddftshie 6 IRLEHBECHP QI Rving
condensation stage K of this directly”follow ng

condensatdtage evapol 3s.i M. st age 121 - 123 via a steam passage 24, 26
whi ch only conducts this steam and which only conducts 5 it onward to
the directly foll ow ng condensati on/ evaporati on stage 121 - 123. The

heat 189 stR@e¢Ristabe bav@bRaRk Widtillhvioff apsatdtis &) ‘fa?@f&%&b@fﬁé?xiﬁ Wéé%

a plurality of evaporate units V and a plurality of parall
passages 122rd 6hahitbireacondessativn/evapooatiea sbagesedd: a IsaGensratiyt
O e G Y AR BB s e e U B nd Sl du S oo B8 G hllateo

be provided.

20 Asresults, for example, from Figs. 7 and 8, more stages 28, 12, - 123, 36

can in particular also 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
25 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

30 preceding stage 28, 12, - 123 is preferably conveyed via the respective



The steamis preferably conveyed fromthe steam space 182 of a
respective 15 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 folgpmnng
condensati on/ evaporati on stage 121 - % The evaporator unit V can
have a steam outl et passage 24 (cf. e.g. Figs. 3 20 and 4) and the
condensation unit K can have a steaminlet passage 26 (cf. e.g. Fig.
5) for form ng a respective steam passage 24, 26 between a respective
evapor at oﬁteam paysage Rie %emtpr&gr@m@éwzaom aoadmsm@mu@lt K of the

condensat i ict. K Of ect| | | owi ng
condensat 9ti\7£%1(1)?‘5ﬁ%ﬁp a%% izy E’% In this respect, the two
units V, K can then be arranged so 25 that their sides havi ng the

steam outl et passage 24 and the steaminlet passage 26 resgecti vel y
are di r ecthg esaparaior umtéhdaméwefeoaa@t@m@tmﬂeb\paﬁsz@gegaﬁ c dx‘/igsea and

t | t || t f di ff distil .| 14
The sPeari 5%@@@%8%&%@ ¢ b3apERSadon dint Koot s gtfhm it
condensatp ﬁyaaéa;@@ 'Fzglftﬁﬁ%xja%ﬁp@'fopﬁaﬁﬁﬁﬁ hQ@sf)éth\}hesteam passage

condensati on stage 36 posed directly downstreamof the |as
condensat24n2e\miwean, Eonemea;@yel@@.pcg'ab@r vait Vi dfmwem@merpmedm

f Fi d at t 36 t
cool | ng iiPEC s LA 105 Peult rERBOTIreHaaeSABOR nik K phaisDectve
respect, @ré&we@mw@@@geﬂmynutzeﬁ@% SRRV gec@ﬂié ﬂgofdxﬁltgxﬁnéce

38 at least pdartly bounded by a fluid-tight, conducting wal I
10 ah@ a arespesferaldy comaegedsodiadiheiksiclas hampgrthueca;tbam agdlieh have

t wh | east t | d d
Gl 1 16, CraEs Ik e heinerh dttiasshe U iR RO S5 on
stage 123 djaceHPRb el f@c\irfe anbaé:@e%wea ShBAAbRRGEAGR particdBlar Atill

| east one cooI ing unit 302 is preferably drrectly adj acent to at
| east ondaingddsdpiremaini fordeadingeff distillate (cf. Fig. 1, for example).

15 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 30; comprises a heating fluid space 34
at least partly bounded by a fluid-tight, heat conducting wall 32 and a

20 respective evaporator unit V comprises a steam space 18 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

25 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 18,.



15 condensation stage K so that the condensation wall 16 of the
respective condensation unit Kis cooled via the cooling unit 302,
with a gap still being able to remain in this case, too. The steam
froma respective evaporator unit V of jishe last 20
condensati on/ evaporati on 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. 25 The condensati on stage 36 can
conpri se ‘Bhgisteam fgnpthe stgamppaset l330Dagrapeetive prapaatoy uafit V of

Feapoct | vRCAR Sk tad? 2Eh ST Rt iRy R WO M B0 a it rlrd Reaftue.

The evapadiztétly !fd?liléwﬂ_l% asnaentativayvapGatA StHdee1 2 Pa39398n d4tdAth
the 5 condensation unit K can again have a steaminlet passage 26 for

forni ng apassassc4vibviinh palyseqrduats 28s istcameand whisheeniyveonducts
92808215 R M 5 AR R o et

condensatj®h stage 36. The two units V, K can then in particular

again be arranged so that their sides 10 having the steam outl et
passage 24 and the steaminlet passage 26 respectively are directly

oo T “hei He BoRLE S B S et ity o R of BEME ctemitsRS O i or
previ ousl ypgﬁfmﬁymgo@af@ﬁﬁ%tv\ém he@mraﬁgz gﬂﬁa?émeﬁfﬁ)ﬁ ﬁﬁgﬁﬁg@é 99,

in particu be"formed by a steam outl et pas e 24 and a
i nl el Opasshigh aee resperdivelnéommed besyecnia beatingsunit 30aedanr anged

relative to_one, anot sp that, their,si.des having the ste; tl et
passage 4Ry af%eugfqgg rﬁ(ﬁﬂ?eé? EPagsaaIb% %Cfle%'é@ﬂ&?e&&? ]i‘ﬂ‘élacﬂ]il gg@t'?%/
adj acent dghcdrdi@ge one another, with a gap, however, still in
particul ar being able to remain 20 for leading off distillate.

The steam is preferably conveyed from the steam space 182 of a respective
15 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, - 12s.

The evaporator unit V can have a steam outlet passage 24 (cf. e.g. Figs. 3

20 and 4) and the condensation unit K can have a steam inlet passage 26 (cf.
e.g. Fig. b) 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 - 12s. In this respect, the two units V, K can then be arranged so

25 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.



The two units V, K are then expediently connected to one another in
the region of these steam outl et passages and steaminl et passages
24, 26 respectively so that steam can preferably nove fromthe steam
outl et 25 passage 24 at | east substantha}ly directly into the steam
inl et passage 26. A heating with water can, for exanple, take place
in the heating stage 28. A different heating fluid is, however,
generally al so conceivable. 16 The process can al so be heated with
steam with in this case a respective heating unit, for exanple,
bei ng abl’Bh¢ stdzanrfephns adspettivacyagpeddr vanit ¥hoftisatdsin unit. 5 The

liquid to be concentrated is heated vja a respective heating unit.,
The |1 quiGPHAFTRRALIEHIIPER HENIRES (ot atn g P i it cordeRsation
par al | el i IRt f 1 the steam for per
st age. 10&%@8’3@} g{@f&{/&?ﬁf‘g?gﬁ’{/ﬂg at egéﬁﬁh%pﬁécﬁﬁss to be concentrated
i s pref erabiderstatidie/ dymiporatjionestpge dtsr e corresponding to the

absolngte pressure in the respective steam space across all stages for
t he lti-effect process. Reference is in particular again nade in

this res Qi MR i IS gl RC i i
cont ent %?gtbﬁ% pr ese%toa? éﬁg‘gﬁ?%%?%lﬁﬁ?sﬁ% g ; klgggﬂg\?gngﬁﬁgg’o%%gﬁe% 8%11;1
a mul ti stemepnisatatdeasdbatidocingomaiiGy ahdsatlleasbonarcnldensationt hait

enbodi ne jn accordance with Fig. 1, with._i however, being aple to
be seen f Jﬂmssrqspge%ea Q?SHW‘%X%}%% umfaé%cape%‘éﬁ RriQoBBEMUidh e
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preheati ng
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
15 condensation stage K so that the condensation wall 16 of the respective
condensation unit K is cooled via the cooling unit 302, with a gap still

being able to remain in this case, too.

The steam from a respective evaporator unit V of the last

20 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.

25 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 183 of a respective evaporator unit V of

the last condensation/evaporation stage 123 is preferably conveyed via the



25 can in particular take place via steam The total liquid 14 to be
concentrated can in particular be conducted up to the healing stage
28 or the quantity of liquid to be concentrated required per stage
can, for exanple, be led off into the ggresponding stage and into
the fl ow passages 22 conducting the liquid to be concentrated. 17 In
anot her respect, this nmultistage nmenbrane distillation apparatus 10
conprising a preheating can in particular again be designed at |east
substantially, for exanple, as was described with reference to Fig.
1. Parts raspeetivostiéan passage 2hoRhdnthavrespadtive ondy mmer efredemsadion
nunerals 5 oci,ated wth them,k As n, for exanple, be seen from
Figs. 3 ﬂ&ngiifﬁéﬁﬁﬁ¥¥¥%?5ﬁémﬁbﬁ%ﬁﬁﬁggdistiIIation apparatus 10 can
in particular be designed as a nodul ar fl ow system conprising a
plurality of franme elenents. In this respect, for 10 exanple, the

di f f er entTheevaporatorunit 87 sanagadnilmyeaa tsteamasuder papeagd 24 and the

heat | Mo urtiasipptidrt rSeb BEY aupf iote 1A em dples phesrds TE St a
preheat i ngoWRktive Qréan lﬁé‘é’éh Pr kaftﬁeegbﬁ{ géspéélft{@gg%vé\"’aﬁ@ﬁke gnfi{ sy

el ement. 15 The frane el enents are prefer ovi
st r uct ur eshedidsticandienshtibhnggvaporatiop stage d Ramribacespectiedl t o one

condensat BBl Brotgh B edy Sallofin PopientaioR itags 36 The
36. o | = —
stage tu!rd‘uhﬁ'ﬂc?z\é',r g?é%gmglgq? OlSjéOfr‘]L{d%ﬂﬁP L2 R ﬁrﬁgﬁg%%\?g@{ht {ifir sides

exanpl e, be wel e anothier viat structures
40. 0D, floaviegdine steanebditletipaisage 4 endate stead) ialet passage 28I di ng

process, a |laser weldin rocess and/ or eating el ement wel di ng

D ocess’ CATPREOYEN Pt e bR D Ae Y eand RS o ume Grerruithek AL .

The framg, g‘;%np%ﬁ@ i Mol SO j L& it

surrounded&l‘ZIS yt“z ou{&g}&frggfr#goﬁggaﬁeﬁﬁi%%ﬁ@g f;)b?iel?%gg% 9ﬁpdrlg$/llugte%

with an in particular grid-like spacer 46. Fig. 3 shows in a
resentation an | ary enbodi nent of a frane, el enent

erspectiyve xe
esi gned 12 Bg RIEHCHSIS MATRe qaggﬁdagﬁsem AISAM PAsASAI4f 6 6rMa
framgzel effgptinqeatdtasdr 8e BRIP4 R ButleY 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 face

one another, with a gap, however, still in particular being able to remain
20 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

25 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.

30 The leading off of non-condensable gases is indicated by arrows 66.



18 A respective filmor nenbrane can in particular be applied to the
two sides of such an in particular grid-1ike spacer 46 to formthe
respective functional surfaces, in particular for formng a
respective steam space 181, 5 182, ar ective heating fluid space
34, a respective cooling fluid 38 or for inplenenting a respective
preheating unit 50. In this respect, in the case of a condensation
unit K, filnms are preferably used and in the case of an evaporator
unit V, steamperneable, fluid-tight 10 nenbranes are preferably
used. In Fig. 3, the two frame elenents provided in the formof a

condensation unit K or of an .ev ratjon unit V. are_.arranged rel atjve
Co one. anDiheroRsscRl e B N RA RitbrTebbr oo uRs 3o scepaiiv
the f ra%@éﬁﬁ% Rinil SfoplRngIe, Ibréiﬁglgbﬂ@t@b%fre&ﬁ&c&pa@ﬁﬂﬁ%specﬁ%t K
in particular being able to be spanned with condensation filTmand the
frane el esmmderpadidrdedhit.n t he form of the evaporation unit Vin

partigul ar being able to be spanned with nenbrane. On a heating of
t he | ti stage nenbrane distillation apparatus, the frane el enent

provi ded THhe li@idl @6 BeOboRo GRRLERE & heRiddia ng%rE&ﬁre ﬁ@étiﬁg%lt.e’ghée
open to the left and to the bottom so that steam can enter 'nto this

condensatligmidutt be Koaedntizmted madeder ekaniple, Bheohdhmted linmerallel flow
provided in,the formof a copdensatign unit Vi articul ar

prefer abl‘yﬂh‘a SSIERIY mo?mé?&frggg‘f “Bﬁbt%? Sgeq{pu}r](grp?g,sgygq eadt hr oughs
for the non-condensabl e gases at the cl osed sides. 25 A respective

fl ow passage 22 conducting the liquid to be concentrated results
bet wdén the ahmaolyamétialiy staked, ithmligyuithe Ibe icogicagtriatded s prefefrahly atme

I t ided in the formof a condensation unit K and provi ded
W th a1 R g P QR RP BB ded herp BRI GPRF ST Ehe
evapor at ir%%g%@tik’@'s%e 3§1§|acfér Q?’r'di%dall’"sﬁ & 1R TREaRGIL - %c@ﬁﬁéﬁ@é can

still be inSerted into this flow passage 22. Instead o

spacer, tReferengaig ircphaticglardagdikenspaderthis reapec oW 2080 1043

For which is included in the disclosure content of the present application.

15
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

20 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

25 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.

30



exanpl e, such that defined channels for conducting the solution are 5
formed on the filling of the fl ow passage 22. As can be recogni zed
fromFig. 3, the outer franes 42 of the two units K, V respectively
provided in the formof a frame el ement-can each be provided with
passage openings 54, in particular for heating fluid or cooling
fluid. 10 As can be recognized fromFi g. 3, for exanple, a respective
such passage openi ng 54 can, for exanple, be provided in each corner
region of a respective frane el enment. Such a passage opening 54 can
nor eover ,Iragneten raeprict.cthie sulisthge meinprane distillaxismphppardisis b

delineated toward the inner region 44 by.a web. section 56 The

out er 11 RMBEERE prerataTRd FhaR e Bt BF At ot iertne
form of asgostdenmaly, 36r BRhnple Ohs WasPAe SMAPAN Hiflh réftirbnde ¢8FiB0I EPXEls
in each case be provided with passage openings 58, in particular for

t he |i quiebrrespendiogrenona tath®hbswegsd dge sepeniefgsen@ numetads| y
i kew.se 20 lie within,the outer part of the web structures 40, but
unl i k th%ssﬁ%%tgglewﬂbem%s 54, they are not delineated with respect
to the inner region 44. As can again |likew se be recognized with
reference to Fig. 3, a respective such passage opening 58 can be
provi ded As cehe lenexeampleghosscnfiremrEigeedttiove, the srultiséage nmbbade

heat i of...t h nb distillati ) t .the f - sh
condens atd GHIGROR RPBAFABS. b EAn S PREIGERE t dE5eniE asoe donnaaa aw
st eam caranbef c@;ﬂ@r&qﬂgﬁmraﬂ B FPAAENUBHB0 Ul tni€ ABebEBr |

total at I'east one or a rality of |eadthroughs for t

non- ¢ Ondesxsabple, ghsatiffaterdOfiunaioaseditsisted as 20 parsicedar auekpective
passage 24 openi upwa and tp the side right can be recogni zed
" the evapieHiGh et §vaBorsioE gt . srapdaiiig eating
schemati quA# Y, W FMJbeive rc%!iﬁﬁng GARMOJ Ana%eP h%g?%c%é 'i‘_)rghgatiﬁg unit

desi gned as an evaporator unit V. Parts corresponding to one another
have had Yheanaeclr bt grenidtedhimthe fermsdec sathd fanhe ehamnent.

15 The frame elements are preferably provided with web structures 40 via
which they can in particular be connected to one ancther for forming the
heating stage 28, a respective condensation/evaporation stage 121 - 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

20 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
25 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

30 embodiment of a frame element designed as an evaporator unit V.



In the present case, a respective one nenbrane is preferably arranged
at 10 the two sides of the spacer 46. The frame-|ike evaporator unit
V can e.g. be open to the right and to the top so that steam can exit
at the unit. 15 Fig. 5 shows in a scheqatic front view the frame

el ement in accordance with Fig. 3 designed as a condensation unit K
The passage openings 54 serving as a water channel, for exanple, and
t he passage openings 58 in particular serving as a passage for the
liquid to be 20 concentrated can inter alia be recognized in Fig. 5.
In the present case, in particular a respective filmcan be provided

have had SEREId BpBRa Herfrauldhat IRHTRRIAE RO RIET fo SREHE
frame el estBs of @sReChh Al paiclhe geiduikB spalcel Meato fsyinh thedespedtivde

spacer 46, for exanple, in the present case can in particular be used
for the cowsmsienalissnfegeshdntparglostaniiorstingn sesppative sigam spage 181,

Vo B olgnd Bepasdiee g Pact SU LR AR Te Burd Bhontor
a heati nqn‘ﬂﬁlieinéﬁﬁn?ra pgs@cﬁqglﬂr@gegﬁhtg ¥AR.5Jhe spacer 46 is in the

present case in parficular provided with a respective filmat both
sides. The heating fluid space or cooling fluid space 5 34 or 38

Copect e TR PSR Aol A BRIl O sty

cooling fihsddahgl ipiie £&se bP adnevaadhtor 8ARVEdsida@midien bkl ﬂﬁidit%#
space or cooling fluid space 34 and 38 respectively 'via passages 60,
e. g. lilat emepalersapssarelpréfargllytusad.ar t he passage openi ngs 58 serving
as passages for the liquid to be concentrated can al so agai n be
recognized in Fig. 6. This franme el enent can e.g. be etched into the

heating SkpBfy. @, the v BRlnh&¢ldheAR bréAdeAanc@RIRIEAbE Altcr®Edation

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

15 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

20 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.

25
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

30 unit V and provided with a membrane.



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

al so provided with the sane reference nunerals in this Fig. 6. Fig. 7
shows in a schematic front view an exenplary enbodi nent of a 20

nul tistage nenbrane distillation apparggus 10 conprising a heating
stage 28, a condensation/evaporation stage 121 and a condensati on
stage 36. The respective nultistage nenbrane distillation apparatus
can therefore in particular be a three-stage nenbrane distillation
apparatus. 25 As can be recogni zed with respect to Fig. 7, a
plurality of rows of stages 28, 121, 36 can be arranged beneath one
anot her . The nmenbr distillation,apparatus 1 n, c [, a
ousi ng’ 6 SPRSGRFER TIL 06 Peerer I JEE oy beSy e 22 PR et
which is qiafeer @b ¥n %ﬁﬁ%ﬁ%&"fgﬁd@lﬁl&e spuBed4bhanreAd BEMBAkigurdd, fdt

t he enmbodi'nent shown'in Fig. 7, heating stages 28 arranged in

par al | el exzouplerseicinthatedefined ahaamgpds fancehdutdng thiedwlutionhaxehe

menbrane disti]l atjon..,apparatus,10 bein ted in the present case,
for exXanpPEm %n§h8[}3ﬁglgsoﬁ'{k@aﬂ9‘&ﬁﬁﬁsiagﬂ ‘omthe left side This
steam can originate, for exanple, froma steamturbine. The steam
entering into condensation units K or corresponding frame el enents of

t he heat i &g cahdueré®griret? fises Eig. 8héhe omden Sz en 4201 thiotwonmdts By V
surface,to the

films, for exanple. The,heat .js transferred via th

i quid  FesPeeBReg praNiae 11 hERNRH Ot s ol et kR G Re provided
adj acent ﬂﬁ??é‘b% fo iﬁgbaf_ymh gaﬁwﬂa}%r _ﬁ@htmgﬂ d 8r cooling fluid.
correspondi n ra | ement 1nto the respective stteam space which
commiifi cahesani bdredugnizesd ftom K. 8héosecampipat ecspeative secppassuge
condensation unit or of. the 15 rglsé)ectl,ve frame .el enent of th

fol | owi ngogqnal&g N CABs 6%?%{@@13&% Hﬁomﬂd%mcem?rh@gﬁ%tq%ﬁg
stage 28 fe%g@&ﬁfr@ FRlh¥ GaMReE! Sﬁgﬁrﬁ g;tafééﬁ‘gé)g %ﬁiﬁ%?éﬂ&ﬁq MOreover, as

non- condensabl e gases in the condensation“units and via a restrictor
at the botamhkbwise badieeni fugnt Rig. 1, for example, also be delineated toward
the inner region 44 by a web section 56.
15
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
20 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.
25
On a heating of the membrane distillation apparatus, the frame-shaped
condensation unit K Cé.n 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
30 the closed sides.



20 distillate in the condensation/evaporation 121 to the
condensati on/ evaporati on stage. The absolute pressure in the
condensati on/ evaporation stage 12 is lower than in the heating stage
28. The steamarising in a respective 5@ean1passage of the heating
stage 28 25 can enter into the respective directly oppositely

di sposed steam space of a respective condensation unit of the
condensati on/ evaporati on stage 121 and can condense, with a gap,
however, in particular still being able to remain therebetween for

| eading of f distillate. Heat is again also transferred here and new

t i i th t f i i t
SVapor ot of S R RLSSER AL il SRR E i St gBb B9 i eamye
conmuni C%%ﬁgﬁ@n ?ehensﬁpﬁ'lé)é€%§?ﬁra§?i‘ ?h%ﬁk voélaé&ﬁ pip@gMmspace of the

respective ¢ atron u e condensat’i o7 st age 36. A

condensat e conveyi ng device 64 can noreover be recognized in Fig. 7 5

bet ween st ages .arranged heneath Pne anot her, for exanple. Parts which
T

cor r eSporfti€t § THIYR iBra selecmatic reng vy thg @%ﬁ?ﬁ@&%iﬂrﬂ‘?c%d@&ﬁ%

r ef er ence Y2l . i i ”?5%1& g i
an enbodi m::n[]iBi gfa Sf%eeglg{llF?%St %‘mﬁﬁg‘l@ﬁy i afg’ icg)‘rlal-f agpar%]%ﬁgs%l(gl%
conpar ablanotticlh Have katiaticrsantic irefarenoe danaeralistassoicated withwitiesh,

however, a preheating of the liquid to be concentrated is again
additionally provided. In this respect, this preheating can, for

Fg o PR pRAGRRATR ASpRRLC ek [ BRI TAEEd ot
r ef el@nceheutves s3idesosKiind spaceil6h them Very | arge exchange surfaces

can be installed in a small volune using the nultistage nenbrane
distillation apparatus in accordance with the 20 invention. The

di fferent i frs | & 1 t| I i

part | cul o DS T Rel A By o o s dperatiay T SRR PR AR i to the
as can beopesntiisiosteane chingexiest the yaitt i cul ar be of plate form The
steamexiting a respective unit generating steamenters in the
directly followi ng stage into a condensati on passage or into the

oL CaNESPRSE, 8fsifows 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
20 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.

25
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.

30



25 condensation unit. No steamvolunme flows are summed and thus no

I ncreasing flow speeds arise which previously limted thermal plant.
24 Reference nuneral |ist 10nenbrane distillation apparatus 121-
123condensati on/ evaporati on stage 5 14biquid to be concentrated
16condensation wall 181first steam spaCée 182second steam space
20menbrane wall 10 22fl ow passage 24steam outl et passage 26steam

I nl et passage

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

5 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.

10 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.

15
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

20 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.

25 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

30 vacuum-tight toward the environment.



24, 26st eam passage 28heating stage 15 30lheating unit 302cooling unit
32fluid-tight, heat-conducting wall 34fluid space 36condensati on

stage 20 38cooling fluid space 40web structure 42outer frame 44inner
regi on 46spacer 25 50preheating unit 5éaassage openi ng 56web section

10

15

20

25

30

In the embodiment shown in Fig. 7, heating stages 28 arranged in parallel
above one another are arranged 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



58passage openi ng 60passage, e.g. water passage 30 62housing 25
64condensat e | ead-of f 66non-condensabl e gases 68preheating of the
liquid to be concentrated 5Kcondensation unit Vevaporator unit 26
Clainms 5 1. A multi stage nmenbrane distib ation apparatus (10)

conprising a healing stage (28), prefe

bly a plurality of

condensati on/ evaporati on stages (121- 123) and a condensati on stage
(36) which are successively flowed through by a liquid (14) to be
concentrated, wherein each condensati on/evaporation stage (121

10

15

20

25

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 to 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.



10- 123) conprises at |east one condensation unit (K) and at | east
one evaporator unit (V); a respective condensation unit (K) conprises
a first steam space (181) at |east partly bounded by a condensati on
wal | (16); and a respective evaporator ,unit (V) conprises a second
steam space (182) at |east partly bounggﬂ by a steam perneabl e,
15liquid tight nmenbrane wall (20); and at |east 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 prRefdedcemaneesblst i ve
condensati on/ evaporati on stage (121 - 123) such that the liquid (14)
20t o be concentrated is heated via the condensation wall (16) and the
steam arighyng fromthe |iqui : ed noves through
the nenbr aae wal | (20) gulal iéﬁeigé%ﬁlﬁg%ﬁgﬁﬁgg%%(mz),
characterl2edl23 that theorsdessation svagoratianrstagecti ve precedi ng
stage (28, 6 121- 123, 36) . 25js conveyed into_ a condensation unit (K)
of the di Yetly fol | owi niAeihbe copcendrateds) via a st eam passage
(24, 26) | y conductin i only conducting it onward to
t he direc??y fol |l ow ng g?%ggﬁF%ggﬁgyggﬁ 36). 27 2. A nultistage
menbrane Wstillati on apihstatteam spaceor dance with claim 1,
characterjzed in that at | eastf one respective

condensat 1¥n/ evapor at i orP&CREESIERM SPago3) has a respective plurality

of condenggtion units (K} .andlQle &an

10 22 flow passage
24 steam outlet passage
26 steam inlet passage
24, 26 steam passage
28 heating stage
15  30: heating unit
302 cooling unit
32 fluid-tight, heat-conducting wall
34 fluid space
36 condensation stage
20 38 cooling fluid space
40 web structure
42 outer frame
44 inner region
46 spacer
25 B0 preheating unit
54 passage opening
56 web section
58 passage opening
60 passage, €.g. water passage

30 62 housing



S5plurality of evaporator units (V) and a plurality of parallel flow
passages (22) fornmed between a condensation unit (K) and an
evaporator unit (V) adjacent to it and conducting the liquid (14) to
be concentrated. 10 3. A nultistage ne [Aane distillation apparatus in
accordance with claim11, or claim2, characterized in that the steam
arising in a respective steam space (182) of a respective preceding
stage (28, 121 - 123) is conveyed via the respective steam passage
(24, 26) into a respective only one condensation unit (K) of 15the
directly 64l 1 owi ng st agecqridansated8ad36f. 4. A nultistage nenbrane

distillatigon apparatus in accorgance with any one of the preceding
cl ai s, c¢\ racterized ir?l?lﬁéﬁorﬁg?qﬁ%@gﬁﬁ?%t or unit (V) has a steam

outlet p age (24) and i i aminl et
passage ?6286) for form ngﬁﬁ%ggg??%égtagg@n&%ggg%e ét?laﬁitgg) bet ween
a respective evaporator unit (V) of a respective precedi ng stage (28,
121 - 12 and a respective conagensati_on unit (K) of a directly

fol | oni ng%stage (121 - 22PNGRNSAHEN MMt he two units (V, K) are
arranged o that their si AeYt 8id he steamoutl et passage (24) and
the steaminlet passage (2 respectively are directly adjacent to
and face one another. 5. A nultistage nenbrane distillation apparatus
in accordance with 30any one of the preceding clains, 28



characterized in that the healing stage (28) in which the supplied
liquid (14) to be concentrated is preheated conprises at |east one
heating unit (301) and at | east one evaporator unit (V), wherein a
respective heating 5unit (301) conpris?% a heating fluid space (34)
at |east partly bounded by a fluid-tight, heat-conducting wall (32)
and a respective evaporator unit (V) conprises a steam space (182) at
| east partly bounded by a steam perneable, liquid-tight nenbrane wall
(20) and at | east one flow passage (22) is provided in the heating
stage (28) 10between a heating unit (301) and an evaporator unit (V)
adjacent to it and conducts the |iqui 14) to be concentrated so
that the liquid (14) to be concentra preheated via the
fluid-tight, heat-conducting wall (32) and the steamarising fromthe
liquid (14) to be concentrated noves through the nenbrane wall (20)
into the steam 15space (182). 6. A nmultistage nenbrane distillation

R T o R N
evapor at or uni e 0 a condensation
unit (K) of thllisa(tgaggé% @fégl ?g%m@g%m?ag?éﬁg odr;f} evaporati on stage
(121 - 123 )wcmm:lestsa&mrp/wapgwf(ldﬂ staggs (1 -c h2gndiyd acovedanddticn

st eam and WhIC nl Slt onvvard o_t he rect]y follown
25condensat i on @g‘éé%@ étr gFaccesgive Ylﬂ@?"ed%rﬂughlqy giggud (14) t
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plurabDity of heb2i)npmprises @304)stamué condensation unit (K) and at least one
evaporator unit (V); 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,

15 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 (121 - 123) such that the liquid (14)

20 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 preceding stage (28, 12 - 123, 36)

25 is conveyed into a 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).



30plurality of evaporator units (V) as well as a plurality of
parallel flow 29 passages (22) each forned between a heating unit
(301) and an evaporator unit (V) adjoining it, said flow passages
conducting the liquid (14) to be concegtr at ed. 5 8 A nultistage
menbrane distillation apparatus in accOrdance with any one of the
clainms 5 to 7, characterized in that the steamis conveyed fromthe
st eam space (182) of a respective evaporator unit (V) of the heating
stage (28) via the respective steam channel (24, 26) into a

respecti v onl#4 mulistagdensathiraneutistillakpnod patdtesdir axtdrdahck veithing

d tion/ evaporati.on stage (121 - 123). 9. A nultistage nenbrane
giogt ?Inisgt : 82 a‘gﬁﬁpafﬂjarrﬁcg%‘gﬁcggh afy ¢ h) claim8, characterized in
that 15th ' : a

a e evas&qréégt)gm%%e%ﬁé(\:@w@%6n8€ﬁ5§ Hh?@@éégsrggﬂ?gg%geg @9, 214,

t he condensati on uni as a steaminlet’ passa formmg
a respective dt@mmigapsaiec pldralt§)ofhmindeersadiore spdict (B) eurad/apoa at or

It of the hegting stage (28) and_a respectiye cqondensatjon unit
?E') o%\/% he di rfg&‘lrf'ﬁ%ﬁ} Pwﬁr@téﬁm%gﬂiwﬁ&%@éw eﬁpgf%@% q¥1 -
20123) and th [ r 3 ey '
naving the st S e Pir)imEl ophfelh dpdidedtul Tl AT 2BICES o
respectivel y avapdiratothyita¥]) acgateritotcattchridecendoetiagothecliquid (14) to

be concentrated.

10 3. A multistage membrane distillation apparatus in accordance with
claim 1, or claim 2, characterized in that
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
15 the directly following stage (12; - 123, 36).

4. A multistage membrane distillation apparatus in accordance with

any one of the preceding claims,
characterized in that

20 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 (12: -

25 123, 36) and the two units (V, K) are 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.

5. A multistage membrane distillation apparatus in accordance with

30 any one of the preceding claims,



10. A multistage nmenbrane distillation apparatus in accordance with
25any one of the preceding clains, characterized in that the steam
froma respective evaporator unit (V) of the |ast

condensat i on/ evaporation stage (123) iggsupplied to the condensation
stage (36) disposed directly downstream of the | ast

30condensati on/ evaporati on stage (123). 30 11. A nultistage nenbrane
distillation apparatus in accordance with claim 10, characterized in
t hat 5t he condensation stage (36) conprises at | east one cooling unit
(302) and at |dwacterdzesbirdéngtti on unit (K), wherein a respective

part1 y bounded iy herEiBREEs () Phwhich thi strtE it 63 e,
respective congpfieit-aRduRi prebichtédebmmesey At s cﬁieeﬁleiilﬁi?%%i( 184))

which is 10at |east partly bounded by a condensation wa 6) and to
whi ch st eam f raond ahédedsisone eviaporsavr onfit (dhoviatiedn ssreapectiveeating

suppl i.ed via a_r.i tive steam passa 24, 26 d . at | east,.one
ool g uni ¢ (BB5NEPY HTEES LBFatoR TG seasill wrsasoRRER AL  on
uni t (K) in theeoneenyad eid St ,_Héé)t-éiﬂldﬁ”&iné Srireensdhl &@g\‘é’@ﬁ{fe
15(16) of the respectiVve condensation unit (K) Ts cooléed via th
cooling unit (S@ppratd. uAitriY) costagscsrarsieanesdase (18dtatdeasippartly us
'n accordance it 0,4 3% Liam-permeable, liquid-tight membrane wall (20) and
at least one flow passage (22} is provided in the heating stage (28)
10 between a heating unit (301) and an evaporator unit (V) adjacent to
it and conducts the liquid (14) to be concentrated 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 wall (20) into the steam

15 space (183).

6. A multistage membrane distillation apparatus in accordance with

claim 5,
characterized in that

20 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

25 condensation/evaporation stage (121 - 123).

7. A multistage membrane distillation apparatus in accordance with
claim 5, or claim 6, characterized in that
the heating stage (28) has a plurality of heating units (301) and/or a
30 plurality of evaporator units (V) as well as a plurality of parallel flow



20characterized in that the steamis conducted into a condensation
unit (K) of the condensation stage (36) froma respective evaporator
unit (V) of the | ast condensation/evaporation stage (123) via a steam
passage (24, 26) only conducting this lgeam and only conducting it
onward to the 25condensation stage (36). 13. A nultistage nenbrane
distillation apparatus in accordance with claim11l or claim 12,
characterized in that 31 the condensation stage (36) conprises a
plurality of cooling units (302) and/ or a plurality of evaporator
units (V]. passhgea (B8) eashdgemedribetareenda dicalting toit Gthhaadweni n
accordance with 5any, one of the claing, 11 to,13, characteri,zed in
that the st earRESTIHeIE cMhaguing s Haigioy nagsagts &Qn&'&ﬁ&gﬁ%
unit (V) of thedidsti4geBdneahéavrayaporation stage (123) is conveyed
via the respective steam passage (24, 26) into a respective only one
10condensation unit (K) of the condensation stage (36). 15. A

mul tistage nenprane. distillation ap atus in accordance wi.th cl aj
Ta. ' cRar gt or | B30 i pRG meBHane /LROUEEGR SRR AU TRa oo daBawith
outl et passageafiyhedidte@aims 5 to 7, characterized in that
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

10 the directly following condensation/evaporation stage (12; - 123).
9. A multistage membrane distillation apparatus in accordance with
claim 8,

characterized in that

15 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 (12; -

20 123) and the two units (V, K) are 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.

10. A multistage membrane distillation apparatus in accordance with
25 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

30 condensation/evaporation stage (123).



condensation unit (K) has a steaminlet passage (26) for formng a
respective steam passage (24, 26) between a respective evaporator
unit (V) of the | ast condensation/evaporation stage (123) and a
respective condensation unit (K) of th% directly follow ng
20condensati on stage (36) and the two units (V, K) are arranged so
that their sides having the steam outl et passage (24) and the steam

i nl et passage (26) respectively are directly adjacent to and face one
another. 25 16. A nmultistage nmenbrane distillation apparatus in
accordance with any one of the preceding clains, characterized in

that it is,configured as a nopdul ar flaow system cqonpr.i sin luraljty
of 1rame bhonihiSuiiftad? alefrane distiAtpYovapatBrcatraahcs with
30particular gj pegtive condensation unit (K), a respective 32
evaporator unit (V), a respective healing unit (301) and/or a

respective coathamctenized 802hatire each provided in the formof such a

frame_elenment, with the frame ele ts preferably being provided,w
web sPruct ur edBEAHN %%ﬂl}:ﬁtwf‘e%&ﬁmﬂnﬁﬁ@?é@ﬂ%tr%%ceebﬂgémlét@%g

one anot her fof,J Qgfedt s cBﬁa%}fggti_ﬁh?%%t([§2,)\7h@réiﬁsap?E’é \&&ive cooling

condensati on/ evaporati on stage d/or the cordensation
stage (36) andueiddBOgompmpsiseara cookdng fledd apalcé4B8hak déastspartty ounded

par i cul ar gr iannqe by duiddighth o daetnbaraib 65 e esergive

appl od or 1 ormRaRatA LRRCHOREHE Rnkrel ol i SpRERI80CehIch 1n

heatilfig f| ui d stpaast Hadly droumndesbpect coyrdensdtiog wall ( D6)smad d¢o (vBglch
steam from the last condensation/evaporation stage {123) is
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) so that the condensation wall

15 (16) of the respective condensation unit (K} is cooled via the cooling

unit (302}.

12. A multistage membrane distillation apparatus in accordance with
claim 11,
20 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 (123) via a steam passage (24,
26) only conducting this steam and only conducting it onward to the

25 condensation stage (36).

13. A multistage membrane distillation apparatus in accordance with
claim 11 or claim 12,

characterized in that



15 17. A nultistage nenbrane distillation apparatus in accordance
wi th any one of the preceding clains, characterized in that it

conpri ses at

20

10

15

20

25

30

14.

15.

16.
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the condensation stage (36) comprises a plurality of cooling units

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

A multistage membrane distillation apparatus in accordance with
any one of the claims 11 to 13,

characterized in that

the steam from the steam space (18z) of a respective evaporator unit
(V) of the last condensation/evaporation stage (12s) is conveyed via
the respective steam passage (24, 26) into a respective only one

condensation unit (K} of the condensation stage (36).

A multistage membrane distillation apparatus in accordance with
claim 14,

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 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 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.

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
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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 film
or a membrane, is applied for forming a respective steam space (18,
183), 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).



