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condenser surface to give a distillate stream said condenser surface
s separation between a.feed streamto be purified and
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usual |y between 0.0001 and 0: 00 are not wetted by
vapour passes Withr thagistentaée steerm sndhat. arg@ppveciiblaproptirtion |df ahe datemtalseat iwidlt be

described in gs ?fgt ecgt. 3 330 1%615 %rgngl%?. The intention was to inprove
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contact nmenbrane distillation: the warm seawater stream and the c
distillate stmembranecandiheicordenseysnrface, with AVENDED SHEET ., , 13

January 2004 2 the nenbrane., Substantial interest in nmenprane distjllation
was gener at edgilﬂestsﬁ@ %ﬁﬁlﬁéa ¢ ¢ Ampe 8?5’??%?#%@%}@% itb,e YRPGHT v
por ous menbr apegseeaR fA¥PltAR Bein fined HPHERAE Pap Showed that menbrane
distillation 1s no | ess expensive than conpetitive Techni ques and therefore

there was no comrercial application. A distinction can be made between
Four 3yPegudl a ARG Gisdlo’td i A%V 010.147.

Membrane distillation differs from known distillation techniques such as multi-stage flash,
multiple effect distillation and vapour compression in that a non-selective, porous membrane
is used. This membrane forms a separation between the warm, vaporising retentate stream
25 and the condensed product, the distillate stream. As a consequence of a suitable choice of
material (usually polypropylene, polyethylene or polytetrafluorethene), the pores (diameter of
between 0.00001 and 0.005 mm, usually between 0.0001 and 0.0005 mm) are not wetted by

the liquid; only vapour passes through the membrane.

30  Membrane distillation was first described in US Patent 3 330 186 from 1967. The intention
was to improve the efficiency of seawater desalination by the use of an air-filled porous
hydrophobic membrane. The method concerned here was so-called direct contact membrane

distillation: the warm seawater stream and the cold distillate stream are in direct contact with
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1. Direct' contact nmenbrane distillation (DCVD), where both the warm
vaporising 10 stream and the cold condensate stream (disti13daniagt20®4n) are
.in direct contact with the nenbrane. 2. Air gap nenbrane distillation
(AGWD), where the condenser surface is separated fromthe nenbrane by an
air gap. 3. Sweeping gas nenbrane distill&ion, where the distillate is
renmoved in vapour formby 15 an inert gas. 4. Vacuum nenbrane distillation,
where the & es‘t"FfFlL’éﬁné- is renoved in vapour formby vacuum This nethod is
described only for the renoval of volatile conponents from aqueous streans
and the point at issue is not the production of a liquid distillate. 20 Up
to now di r Gobstastil d@ﬂérdﬂ?ﬁ@fn@ﬁﬁreﬂies&bﬁlﬂaﬁoh%as'@éte?étéd ﬁ?t}ﬁdnﬁd‘%g@ss When a pew
attention. US Patent 4 545 862 describes a sprrally wound nodule (wmth PF at
nenbr anes) genﬁﬁﬂ@l\/\ﬁfshﬂ@@mlwl% @rgléuemmteﬂnmbammmam avEdabId: tféswetzcﬁs tesetioh
distillate seawater sfreamfe
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ef fecti vel yhepdforrthad wlddotdaim@tiat ipiRAg&,. i on. In this patent an exanple is
described in which a relatively high flowrate of 5.3 litres per n2 per
hour is achi eved vvith a tenperature difference 4T hetween the warm
retentate sea ter .of 4 C wth an_.ene nption of only 212
kil oJoul e gecf 8P§ ?g}ageb?t&@%&}mtmespﬁ Eﬁé%&s@t;”?ﬂe use of flat
menbr anes, 1t he R S Heppan 0 I fiac nt

menbr ane di sti Ha%:é.ﬁo%ﬁgge"%%%é %\g! ufgh{r?%rgé 't of 51t ﬁlzle{:eoﬁ%%c?ﬁpgva&ﬂ V?ag#}rlsmg
merbr ahé fi br estream gud thecwld cendensate stream Hdistileee pecangBare andinentabhaicttwlth the
whi ch nmakes Iovver eﬁ%pmant costs possi ble. Furthernore, it has been

pr oposed (see . i der van Gassel, AMENDED SHEET 13 January
2004 3 Menpran ]sﬂréﬁ:l a
di rect contracg%n%dr?bélglﬁgﬁgfgﬁﬁﬁlagﬁ%m ubvelev%ﬁtthtétjcgﬁcﬁén exc ange arﬁt%!ﬂﬂ*f(gn
in a cycle andﬂtetmsmbmncbyenerrgapat of condensati on. is found that for
seawat er dgsal $nat| .on a distillat.e. I'aow rat e of aﬁﬂgOXI rratelg litres
per n2 per~houPVEP Bgtgﬁ‘?wgﬁl EB’F jstifptigp, v er%h‘td’ﬁ 13 ISTGEIOVE Bl%a%’érfwn Y
consunps i on of gRRf¥Ead, 000 kJ per kg water. Since 1984 there has been
little discernible progress in the state of the art in respect of DCVD. Air
gap nenbr ate dngurnanemhramshmltaslmdeéma theddistllat® 44 remo®rd in shp&at form by

li cat GB 1 225,254 d di t t f
ohp | Counter- Ui ThRs pegiodis eaibed anty Sodie apidfal et Yalue Rontwarys drom
| atent heat), ek w&&hs%ﬁnﬁegémt hsed hdi1qhe 53{5@%11&?&‘ Aefsd RGdaten 1982

i n German Paten Application 3 123 409 (Si enens This application relates
to the use of a gap (W|thath|ckness of 3m1) filled wwth air, or

optio Iy t S I n; . het flat “porous nmenbrane
and anfedol dUgo n%}gﬁ’scg{ecg ét’f:f aﬁ%‘ﬁ@?ﬁ? %{%‘r"@g@l emf)?tt@%f’?ta%‘s port of
perceptible heat by conduction thr ough the nmenbrane. It 15 was established

experi nment al b}/ that heat transport by conduction was apEr oxi mately equal to
that by evHofatentoh54hB6% dessribes @ smlly)rwmmdatmd@lef(eeﬂt atcweinbanesavidiise was n

t to th heat
of o o rEapa Jal St BRneRun T bEETelR the AR sPRR St Pt 8
described seawattr Cs&e&ndfeétlh%bﬁﬁt‘ér-f:hﬂ&htrt@ttﬁe Qrfap&ﬁs?ﬁg k&teBte 4R tRE'sehRbier WBEam

achi eved with a tenperature difference DT of C, with a recovery of
thus effectively absorbed the heat of condensation. In this patent an example is described in

which a relatively high flow rate of 5.3 litres per m’ per hour is achieved with a temperature
difference AT between the warm retentate and the seawater of 4°C, with an energy

consumption of only 212 kiloJoule per kg distillate produced.

30 Inaddition to the use of flat membranes, the advantages of hollow fibre membranes for direct
contact membrane distillation are known. As a result of the compact packing of membrane
fibres, a surface area of up to 500 m* per m° can be obtained, which makes lower equipment

costs possible. Furthermore, it has been proposed (see K. Schneider, T.J. van Gassel,
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20 approximately 4.9 % and an energy consunption of over 850 kJ per

ki | ogram wat er produced. European Patent Application 0 16413d8nubey200bhes
.the use of an air gap with nenbrane distillation, the various features

bei ng constructed in the formof concentric tubes. A variant 25 of this in
whi ch packets of flat nenbranes were used3is déscribed in the article

(oosal i nat M i B FRoR, CRoRCURBTIRIE S, Ul srtl) EnBoimAce ghel rpreac

count er - cumeatbrarfel distillatios @eyiRdE witNthéae eReHangsr MmdIARANIOHRE 2R tifs B Hbdver!
whi ch no recovery of heat of evaporation is possible. Enérgy consunption

figures arBeatpi Condersation. ]giiﬁefﬂumgmhﬂtnﬁoesn?wgondb%dﬁaaﬁm aAqiisti]Elmat ﬂmg MEe of
8607585 A 8) on the sa o a ut deduces from these
that an ai éﬁpgg’gﬁaﬁcﬁ%ﬁﬁzﬁg“of’ﬁomz p[e’c')[}rl%?“b’ t%eag%é@fﬁ?olﬂdw °¢ Andlcispekific
both a Shi génekgy0vonisabrtia f Lol - /
water). No _ac%}gunt S Ail3/(I;OI\II{JID%ﬂI)D&)gHhE’g?'9 ng&?ggﬁxg%t’g{’z E@jbtg gi‘tgl%rel Hgg%ggrfr‘}ﬁg?e
of t enper adiseeniblel prograss intle statetolf éheravt inaespecdfDEMD., as a result of which
a far too optimstic picture is painted. In US Patent 4 879 041 air gap
menbrane distillation is described specifically for the 5 preparation of

ul tra- pur eAjagdy n'fcﬁibrélﬁedﬁﬁl'l@.tﬁﬁn%tfﬁ%t H&QHE%TC{)Yn 199§ Qntl?ﬁtiﬁI T %pﬁ].{égtion
t hi ckness of the air gap, when using flat nmenbrané sheets, on nmass
transport @Rd 125254 A {Hepdaryckasini additiani tgathe disé 0f ah @it @i coulei-p@esht Fown af

L L 80 R 5 U5k L Syt AOMD
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condensati on ishr coveredband it js therefore al so not surprising that a
few years §48r8f ‘Pﬁi@fdéog’?/&s HWeGR 13t Berors membuancnd decld condensatiomgaface. The
evapor at i QimMvhsRUled iR RE @r'taﬁgnoi%gfogé}gerﬁﬁeeﬂé&t% tcﬁﬁﬂgctfo?l tHForI%r'hiatgl? Zopmbrane. It

distillation decreased in was |I'n € maln res
di r ectlScorwascestablisiedaaxperinsnially st heataraspart be sendikioh Was appeedinatlpssual to
nmenbr ane ;{hSti | | -ati vacuum nmenbr ane  di %ti |lation for the renoval and

on a
extractio %tfbyvqylagfniaﬁgn. AISONER VRS IRPeSsd de deedineaming seawaler in prunsersqusrest
the liter S loveridat | | f
di sti : | at ?‘gﬁffﬁﬁ%s@w th a&flgev%tsaﬁgrré}?{'cons& Irrpl%eir g%%%%’%h}ggaﬁgg ?gog#b%t%fehcat
prior art wasalsesclaimedy dsthiebteticalocase iae descaibed e mhictcs distiltei fow edte log 336 kan
850 kJ per_kqdf an air is, used or heat recovery |s errpl oyed. This is
rolat ed @RI IPF ERHE A HRcUrd WER ariempctotre i BgRnn A ot 4 Wi asegovenof
conseqoentanyrd¥idhtely 4\ NI ah® £ LnéryF PRIHsuMBASE Wit ol 856 ADC Gef Sifbgldth Swater

produced.

Buropean Patent Application 0 164 326 describes the use of an air gap with membrane
distillation, the various features being constructed in the form of concentric tubes. A variant
25  of this in which packets of flat membranes were used is described in the article Design and
filed tests of a new membrane distillation desalination process (Desalination 56 (1985), pp.
345-354). 1t is striking that the principle of counter-current flow of seawater and retentate is
abandoped, as a result of which no recovery of heat of evaporation is possible. Energy
consumption figures are then also not given. '
30
International Patent Application WO 8607585 A (1986) is based on the same model data but
deduces from these that an air gap thickness of 0.2 to 1.0 mm is needed in order to achieve

both a high flow rate and a low loss of perceptible heat (300 - 800 kJ/kg water). No account is
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25 wel | above 15 kPa). Direct contact nmenbrane distillation systens are of
sinpl er design and construction and in principle are | ess &gamerwe0dhan
air gap nenbrane distillation systens and it can be seen fromthe prior art
that the energy consunption is lower. Thus, in the light of the prior art
the 30 choice of air gap nmenbrane distill aﬁion for inexpensive production
of distill gileniti e lﬁéwwﬁ@r ' ' 0by i :
JP-A-11.010. 147 does not give ?Breég%'a%l?gﬁ%g glhg%/ggfﬁdh%l?gagf ?%%gﬁ%g (E)fe‘?’hmlgelna
t he por osi faytasgfopsinEsDEDicBlEISTpainte® January 2004 5 the porous menbrane, the
rati o between condenser surface area and nmenbrane surface area, the |ocal
vapour pressure difference between a retentate and feed, the wdth of the
gas gap an ' en;d s [ ng. .t

| ocal wat eIrjl %53&%%@&% %%r Fﬁe ret eﬂr%%gtdgg.tﬁ ﬁy{l ﬁgr&tsﬁﬁgedgg%%nese@ §or Iﬁlee

docunerft dpreparation gifveltmaiiae abatat foh ¢heesetnivonduddr ndustreeblerdlthe heffdet Off e
distillate,streamw.th feed or retentate. Therefore, the performance *of

this known pR5a0fnihe airegape whanopsipg ik maembrang shests an mess wanspprvand hoat
is t hi : ¥ . i still f]
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to reduce inotdtigitioristtharesisportris delemmigne byydiffosion apthickhesdes T 1636 Ahsh 5 mm and
distillation systens. In order to achieve this objective, the nmethod

ment i oned Phitepcoprection @ thicknassen of anpreethan b mm. HBhe perdonmeanses nyeasured wine

porou Sl )L Qiat I.ng 2u to be the

Fat oot rhonaie el aisiis holy B} 37 3¢ kB Del ' B il 105 o Ehngi peSSoure
that the sdifftrenec of prokinidiely Q0rkPanterfe dpdid BCRedt 5f dortlehSatfontis FRDwered and it is
preferably 2 to 3. tines the surface area of the porous nenbrane, - that the

ef f ect i ve thergiare alsodunt syrerising thag pifewr yesrselatnstthere wasre swiele back to sonveationald
t he condensiaqg r 1S le than 10 kPa (0.1 bar), preferably less than 5
kPa (0. 05“@3@1)%@%%%%3@%@@108@% ¥#5P heat of the distillate streamis
rel eased by heat exchange to the feed stream and/or the retentate stream

with preference to the retentate stream - that the rel ationship between
t he pdiosithe sttestionpaidde onemhenb rdistdlationedacegabesl & et WRR0s wshwesserthe main

surface arga:: rface ar he | ocal vapour pressure

ai 1 or onoconripet i BK PRBL AR A maR el e o, SO SSHE e mrmbrpas
in cm and dStiltakienraaid Padiube mE@Rbrahd) iIBAbH Br et fihéval | dhdt H&ra888n HFPvABGle
the | ocal water vapour pressure of the retentate is as follows: a . Sb ~ 1

( pr ef er ablSpmpopents flonpaquecyn glreams: t he percepti bl e heat |oss of the
retentate streamis | ess than 300 KJ/ kg condensate (less than 12 % of the
| atent heat) and the specific flowrate is higher than 30 0.5 kg
(pr ef @0ablOn kh@hwkist b2 dhd 1Rerstite CQ%&@t@ﬁﬁR}ﬁﬂﬁiﬁt HRNAF 3R/ ROWqukEa @ fhemenss-
I n water vapour pressure. AVENDED SHEET

distillation systems with a low energy consumption. On the basis of the prior art, it is not

possible to achieve an energy consumption of less than 850 kJ per kg if an air gap is used or

heat recovery is employed. This is related to high temperature differences (AT frequently

more than 40°) and consequently high driving forces (vapour pressure difference as a rule
25  well above 15 kPa).

Direct contact membrane distillation systems are of simpler design and construction and in
principle are less expensive than air gap membrane distillation systems and it can be seen
from the prior art that the energy consumption is lower. Thus, in the light of the prior art the
30 choice of air gap membrane distillation for inexpensive production of distilled water from

seawater or brackish water is not obvious.

JP-A-11.010.147 does not give specific data about the relationship between the porosity of
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-13 January 2004 6 WO A-86. 07585 discloses a distillation apparatus intended
for distillating liquid which apparatus conprises, a disti13 danuary 2004t

.whi ch includes a porous, hydrophobic nenbrane which is pervious to steam or
vapour but inpervious to liquid, and a cogdensati on surface arranged at a
di stance fromthe nenbrane, such as to present , an air gap between the 5
menbr ane ahd pbifis GrRéEsARE ) I ¥ Sd | r
conducting t Ige liquid to ’tglé@fjﬁﬁgﬁehﬁgﬁl %ﬁ{aﬁéﬂge&ssﬁlgﬁc%eggﬁ% ﬁlee%ntg%% g%géc(r%e%?’e
from the ahe logabvapmu préssurendifferncabgiben @ wtenthie tnd ifepd, dhevividh dfSthe QPadfap
than the fir nt.i oned tlﬁqllajs:gf on the site of the c¢cgondensation surface
remote frdmdither rbefxeen the, absplule prespure i thei gas gap apd thedecal sesien Yapous prassure

VWhen enpl gy Ko (Male BN i o) an
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anot hets arptreeptiblefleatrefith disillatesianohith Feal s fetn@ité.alierefdsd) e ﬁerf&?ﬁﬁﬁ:%tcﬁd
in parall gdgfi whi ch are }svglﬁar ated by a gas gap and a nonporous nenbranre from
feed stredmsdnannanghohwilhleavea fsdo bedasitedat an angle with respect to the

retentate channels. Said angle between the retentate and feed stream
channel s is between 10 and 170. AMENDED SHEET  13+«January 2004 7 The

ret ent at e THeaAMIfIhe ifvelSotils!ty adlieldh bRchkitoRed B RARRIGi "G
(porosity greater than 70 %Sand preferably S‘Eéelgt gﬁe?ﬁgﬁﬂjg%m&(gﬁgﬂg%re s?%tg
| ar ger t hai§r gnit dviving fores) of afn gapbmewbeameadigiltation tnd thug apprbeiabiytorrades both
concerped n be commercially 5 avail.able nenbranes nade of materials such
as PT E ﬁﬁ/%‘i‘?sl&ﬁé‘d;tﬁaeﬁfég%ﬁ%‘ySPﬁ’@%PPWém@rﬁnﬁﬁ'@?ﬁw@msc mcrofiltration
menbranes made of materials such as pol yet hersul phone, pol ysul phone,

pol yacrylonitrile, polyamdes, etc. can also be used. In this context it is
pr ef er abl dbpudertkachi¢ne thisobjectivefthe mettodmertionsd in themtatbleys carpaetised|iny

additionally rqphobi c, for .exanpl e by neans of a, coating or other ]
surface nmodi f %‘%1 ﬂ%n.poﬁoﬁlq e ofi ﬁxsrggqouiomg @@Fn@n&&%@é thett dht.aperesifinheing
consi st of holysaustddar I id @ r@gﬁr d. i} Parakl Th
retentate flows t s?é&g??ﬁ??ﬁ%edn ogfﬂi%h se Tl rggg etr?'tégsg/(f @Frﬁthe pSrous

menbr dpes ar e membranhe active | ayer of the menbrane, with the narrowest

pores, is on the téetlg&t at e S’g&&p 1 n _addi tlL_?n to_hollow fibres, however, the
retentate cha € SWHACH R SPRdensey surfage il Aite 6 Ymeppreferably @rto 3 times

nmenbrane sheetg, %@?C%%@Ldfﬂé&@%g{e% }ye Wwound configuration. In principle

it is also possi he r e chahnels to be forned from

hydr ophi | i-c ndbatrthakffediveHoed vhpmeasiessare dififernce betwdearths eemae @t atbind the
hi ghly vapour - per,nreabl e) mag‘gsg es to be used. The condenser channels,

through. whi ch CORLCTSRE St 103k (0 Kea. pecTprbiolessoibgn el Cocbany
These Shanner Sanhs pECbAbITRER of ind ARAS St IFEREbE! by Rld ehthilb 3R Bl

or are bar el y stagmuandfoe threerateintate Streandiwidhpregeernk tb it eenteas@éen di still ate
can take place via hydrophilic material (such as a fabric) that has been
applied t5 or Btothsdrelationship; between the porasity & ©6<he masonso mendhiaes theeratio S

d h f il ial d_ whi fil f
et at o 1 o hivkal dRRLIE bARIYE Arda, BN kb i ¥ theflobas Wph pressure
According to tdﬁﬁ?exieﬂéb?DtBe@s@eém@t&m@%ﬁé%e@iiﬂgl?ag%}@%ﬁct&h@& tﬂéegdsaé@ei:h éng%i_ad3

the syrface area of the retentate channels ( I mes, preferably
ti mes2? ar ger) therratip Rwtweenathii abselintey presoure tin dhé ggs ghp andthe llacal exatet vapout o

one anot her an r. b S| ltiple rows (as a rule two or 30 three). The
wi dth of the é’g%gﬁr&#é%%re?%‘éar{%&aé%ﬁ?g&channel s- and condenser channels, the
so-cal l ed gas gap; can be defi nedglg using a suitable spacer, preferably
made of hydrophobic plastic. In S L = ypreferdblh4- B)

-

- and that the perceptible heat loss of the retentate stream is less than 300 KJ/kg
condensate (less than 12 % of the latent heat) and the specific flow rate is higher than
30 0.5 kg (preferably higher than 1.0 kg) condensate/m? membrane/hour/kPa difference in

water vapour pressure,
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-order to restrict |oss of perceptible heat fromretentate to the feed by
conduction through this material, the material nust be hi dBranyssy 804

. (porosity preferably greater than 90 % . The thickness of the material
deternmines the width of the gas gap: less, than 5 nm preferably between 0.5
and 2 mm 5 Preferably the gas gap is in™particular filled with water -
Vapour.bym-@dgébﬂ%ﬁ | distifgy Uﬂlt:lr t Wist UL i
approxi mat el y equal tgi%ﬁde&gngpgt@gtrl%g?g ?ao t edrégttg?lrcg%gyag@%ea hlﬁinvg]inf’l&
in the nothpamtiese gomprisason alistillation Timit wdiiske $ndltikesbe oras! hydmophebiciMddmbrane
regard to E@ﬁs trar,lsfer'(ﬁ(‘wat er va ou]{) transport fromretentate to
condenser YOSAdS PPRIQUS: TOoTICR OF Y8PQW bydmpsivipes teliguid) anda sondansation suufie

can be pr Y, j CHidM. AL, i era n_the botto and
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between all ,or song of the nodule segments. It is also possible for t
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o enbod WEaEAABIAFHR TN sbrdiifio YRR, 58 B fvbiIRUCBRET b adc b IO
equi pped ewhurhben of nwduleisbgraents enndetedito tone afisthet end eachnformell bihe nnmbermfat e

stream t mhrane sheet r at es i YR irally
wound corttorap e KodBied BERel St RonBl b R B ool P

capi | | ar ypdrousenenibeane dlom feed sticainichinnels whivly aed yositiohal «t an agdlewitheespesewd f or t he
retentate,stream ,25 ln a first enbodi nent of the nethod, the feed stream
to be hedhefptenfatRehianmels i (¢ yal Iy ideal counter-current to the vaporising
retentate stream and the condensate distillate streamflows in co-current
W th thed%gﬁentate stream and/or in counter-current to the feed stream by
whi ch me gle bebyesn fieirgippiaty angd fepdsstigpmy ghansels ishetyeen 30 andh179° a1 j ant  of

this, the retentate streamis alternately in heat exchange with a residual
heat stream and the feed stream This variant has the advantage that ful
use is made of the residual heat and that the driving force at the inlet
side of the feed streamis maintained by a rising tenperature difference.
The nodul es suitable for this can be of extra conpact and 13 January 2004
9 inexpensive construction. Wth this alternative enbodinent it is possible
for the retentate streamal so to be brought into heat exchange with a
stream of cooling water in accordance with the principle of the first 5
enbodi ment of the nmethod, an additional distillate streambeing forned. In
a second variant the retentate streamis used, after it has been cool ed by
di scharge of heat of evaporation to the feed stream as a condenser by
feeding this retentate stream through

AMENDED SHEET



"vapour-tight channels in cross-flowwith the sane retentate streamfor
cooling. The distillate 10 streamis thus forned both by ct®lamgnb00#eans
.of the feed stream and by cooling by neans of the retentate stream The
invention also relates to a nodule suitable far use with the nethod

descri bed above. Such a nodule is nade;up of a nunber of segments joined to
one anot her, each segnent 15 consisting of |ayers of essentially parallel
non- porous fibre nmenbranes for the feed stream and | ayers of essentially
paral |l el porous fibre nmenbranes for the retentate stream which porous

fibre menbranes are at an angle of between 10 and 170 to non-porous fibre
menbr anddie retentaty changels gesr wyallyr delimitednbiiporaye dydrepholicamembrguss (bapsigen each

(WO SUCGRARE Eanl YRS SndObrefABIDRALS 1hh 809, TRETHOANSBe 1B flad BMGfm T POT OUS

fibre nenbranes is he sone | stance away fromthe~layers ’non- por ous
fibre mpssferalle depyeenelh gndfl.Gak eFhe, mambrahesdtoancemedk cars bk ewsmediciallys nm  Each

seg t | j ' L] Wl be lgd, a

Gt ot b AR shlriileP il Cr GRSl B pTAE YN Phiah PRI PRl 8 %

di schar gelikd asyrdinstric inicrbfiltrationhmerbleranet muade of matedisle stich d3epobethpisilplbnand a

di stri butj chanber oppgsijte the. atter 'for retentate.to be dj scharged.
25 The ipﬁ’i gﬁr.]i{)llmgref Wqﬁcryﬁ]ggvdﬁe palyamides, gtf- jopn ﬁ%f’ebediﬁea'i ﬁ‘ \?W% ﬁorﬁg(,t ét Ence '? o the
figur S_s:prd%‘éxgble ﬁo h;e&balts;urﬂ:icagygaliﬂw_ tnidhiﬂédnysh c&nfnl'btfg@t oxeﬁiiﬁﬂiy!l&ﬂlﬁl t}oﬁillyt he net SOd
accor di t e.i nventi.on. i gure ows, iagranmatical |y, a secon
enbodi ngﬁf‘m?‘mtbicsfm wmpiﬁﬁy)m s ?ff?é%ﬁtaxgwaa&arc%lé‘?@im@gﬁcaww thagialeston. 13
Januar y ea{dodimkh the @tehteThadiReonsibt SERNGWEIL & kipillay Hidinbfn&y Rl fENt

(second variant) of the nethod according tq the_invention. Figure 4 shows
t he posﬁa{?h%l'a‘ﬁb%f§ttewﬂ@_?]f’8ﬁ Fug ﬁ_iFdB‘Bf‘é“s‘g‘ijﬁgh*te?-t%h‘@easm@ém ;epoite 5 shows
a secti Qife @b@hg aéthie ldybr T thé menibrard, WHIDHE Rarfowest fdrs Sis Bn 3 QMBntate side.
diagrammatically, a nodule with which the first embodi ment of the nethod

can be earned out. _
In addition to hollow fibres, however, the retentate channels can also be formed by flat plate

15 membranes or membrane sheets, optionally in a spirally wound configuration. In principle it
is also possible for the retentate channels to be formed from hydrophilic material, such as

threads or fabric, or for non-porous (but highly vapour-permeable) membranes to be used.

The condenser channels, through which the feed stream runs, are likewise preferably formed
20 by hollow fibres/capillaries made of hydrophobic material, placed in parallel. These channels

are now non-porous, that is to say are not vapour-permeable or are barely vapour-permeable.

The discharge of the condensate distillate can take place via hydrophilic material (such as a

fabric) that has been applied to or around these fibres. It is also possible to produce the

condenser channels from hydrophilic material around which a film of distillate forms which,
25  for example, can be discharged by gravity.

According to the invention the condenser surface area must be larger than the surface area of
the retentate channels (1.2 - 6 times, preferably 2 - 3 times larger). This can be achieved by
~ positioning the capillaries close to one another and/or by using multiple rows (as a rule two or
30 three).

The width of the gap between the retentate channels and condenser channels, the so-called
gas gap, can be defined by using a suitable spacer, preferably made of hydrophobic plastic. In



- 10 Figure 7 shows, diagrammatically, a nodule with which the second

enbodi ment of the nethod can be carried out. Figure 8 sho8January 2004

. diagrammatically, a nodule with which the third enbodi nent of the nethod 15
can be carried out. In the figures the feed stream (for exanple seawater)
is indicated by an arrow with a singlg arrowhead, the retentate stream by
an arrow with a doubl e arrowhead, the vapour stream by a broken-line arrow
and the distillate stream (which is the condensate streamand is usually

t he 20 with a
tripl e SePHRb PPk boe TR A A SRRl Birdudn BB 1 "ana &
condensmatesaly t}mcmaterml anstobd highly perous lq:diosggn pecfératdy fgmtdr gfan S8%%)( The exanpl e
seawat e del i ofous.nmephrane 2 i.s i at ed and a

7ot ent aPleRs of WeGampin oGty Rahg SR B Herihs st e B S arelibdly 3. 5 i s
25 a gabetiedn eSlar@@mmet ween the non-porous nmenbrane 2 and the porous
menbrane 4, 6 is a heat exchanger and 7 is a line for feeding the feed
stregtm whi ch has been heated to sone extent, to the heat exchanger 6. The
r et ent apRfs4bPRE N Yab s ﬁ%&n@ﬂ%li&@%ﬁ%&@%ﬁs&: bﬁgma&um 4eUsim fEMPT ane 2 and
in the heat exchanger is means of a ne to t chanber delimted
by the s@raﬂmuqlréh%glah@ac&umgs mrcwmmibequahmrtb%tmmhranre%@rg orf ms\mtenttthr ough t he

focal i nirel n 3 FAORENG, AAR i TH GRAT s el i T e 2

The f eeth massdransier Grrater tvhgour @wpmatfrenslteteetam o cbtldmser)runddumtataon gﬁthp ent to one

anot,her I t
di stlpl I gots%?FBr?r %)%g%!toﬁe% { eﬁ“ ue ca'ﬂfrc%gﬁqg CIEEGDJI' r%[%rvacgloun}g“e“rﬂﬁcurrent flow
| eads t opdrites ancthebattoyn, andtt&us]ﬁmueuigst,mmelsagmnht wbere&tellerdespmessmptvnbl e heat.

Thi s can_al. [ ferabl b ffected by feedi eat

exchanggreva"lF %ncg:% cips g"ﬁ’f%‘\)}ﬁef Eo tf%“é v@é@éﬂ%?é"agtnpg& %‘gﬁgiﬁ%'?egﬁezf Iag then with

st ream @r soffecofithel trodwulé séglnemgak igalsp paasible far thé adsndEnsam pdssiblyeontiningum anount

of ener t he nairi ui red to se ar at,e ure water from

seawat eng(e é‘?ﬁ eé&?’l“)ey"?sso Ft%ﬂ‘ﬁ&tpétegmé’ ule Fe@% q-hgg?sogﬂ P& ecovery

EI ang:s ng hbwevst, @lsd ﬁe ?Qﬁba%mdé &tmaspgeﬁﬂ prleieufe ad ﬁrtdae»gmrmri@ﬁ gag,rsgwastair@ﬂ ?TL f
esalinati,o ods hased. o i sti ion is dete ned by nunber o

tines t n&efef%%"znt%m@st@r 3o 1B By trrrls%ﬁ.a% hegt genpfeik &ross%ﬁbﬁlrr@st. on of

wat er  ( @afoR YiokRle Slioges & ng}%},segaﬁgg@bqu@ver ed. This is 10 determ ned by

the process circuit and by the requisite driving force for

vaporisation/ mass transport. The specific energy consunption of such a

process The Bf&b§§|a¥cc9&h§ fdTing @ﬁvcmrorr &8 YeQfipleftiehtad $H & ‘:‘xhlﬂgerfd!reﬁﬁo&ﬂﬂﬁtk ing of the
streamto be vaporised), the heat absorption capacity of the 15 streamto

be VApoliseally \&hdwtlrbe nrwésgf sosplew Edpls|segrprnt equipped Meth dliew &ibees fam t o the
stream tb@thbtﬁ%\fébﬁosrt:'eﬁﬁ%d TﬁHJFetentaIe u%aﬁxnfm%f]ér Cﬂit%exﬁﬁ?ﬁte”%@és bf pagker (this
det er mi nes e requisite driving force eat tran cially of
per cept ioptianaligin 3 SHtﬁélYth@ nﬁmﬂmmuﬂ@d-h@dmspwnm mu&p

i nporta I b str&lth. nodul e
segnent gag}lrl%?di{écmﬁlﬁgﬁ tﬁ%@%ﬁ Bel e%@ﬁ?%gnﬁﬂf%éw% use of the air
gap (taking into account transport vr a the spacer) the tot al Ioss of heat

e transport o [ce n, b rict than 10
%o%st hglt qﬁ oﬁ’tmeﬂe {)&f\’ﬁ o gf? gash%aﬁ%?‘t }’e g?—%ei%stio‘t’so'tn ransfer
coeffic |cetntteraiméht@6 tlm vaparisingattetate efreanparidath® cdridemshwalistitiate etrdsmeﬂowse asur ed
for perneation ter va our--t ough 25 e hol,l 0 i bres)
distill é‘t%o?‘fw TEpILRty, Stregm AngoF BT qoypfpr &@X‘%ngﬁytj ?W"P rature
di ff er emgeRss thé péredplible edl islsodtdéréred.0 2 C. For a nodul e construct ed
according to tﬂe invention with 10 % perceptible heat |oss, a heat bal ance
for a tenperature difference of 2 C gives a heat recovery of 10.6 % and. a

S pecdof | §n G VaridY of Biis; lﬁ%{eha e%ftre%% éM{\mH?tr%’t lﬂq{eﬁ'taéxcl% EGith ¥ refiduaErRiRt er 4. 2

/8 K; vaporisatlon ent 0 extremely inportant

| n thi s steam andithe feed stypamcBls Vaa‘Iaet Hasthe aﬂ‘@magkm f@@%&m@@dhqfﬁw he
distill %E% aﬁ& ﬁﬁ?ﬁee%g%%g la? ﬂlgqr’?h'atgspde%esfe'e& stpégﬁtsfs %ﬁx&ﬂéd ﬁ)hfnghft illate

to | eave the nbd
temperature difference. The modules suitable for this can be of extra compact and




-a tenperature equal to or lower than that of the retentate stream The nass
transfer can al so be appreciably increased and the rel ati vé3 lawarp2004
.percepti ble heat further reduced by using 13 January 2004 12 vacuumin

t he nodul e segnments. This nakes it possible to operate the nodul es
according to the invention at a very low driving force (tenperature
difference and thus with a | ow energy consunption. 5, Figure 2 shows a
vari ant of the nethod descri bed above with which residual heat (possibly

af ter copdepsfleicoibmitonavai | able as liquid to be discharged. The heat is
utilised not only for achieving the top tenperature, but the liquid is
cooled in heat exchange wth the retent ate streamto a tenperature at which
it can [sation is
e of I REARIARTe orfboBlnll i 30BN rAB: St Hloq bt Blowth g 131 LCT o7,
of the Ilanoabdnge msthreastretuai afedolhgg \aaten mlan@prdaanq)wrthtthermdiptef artenfist as a

I be of. t t d
rﬁzgpensel ngé'g g«%ﬁgcwtﬁ%f tr°§ﬁ‘é‘ﬁ§1“ﬁ‘§g???§’%$§x r nfoggggrdﬁﬂg to Figure

1, there is a fl ow channel 11 in which arelatively warmliquid supplied
via line 12a i§ in heat exchange wt he . r et ntate ream 3. is the
case W ﬁ‘latsﬁ‘é’ a ﬁ\?ﬁ?te’%tﬁé% ‘ﬁ@‘s‘{ﬁo ‘Jwﬁqr&haé %en CPPanii’Y;ﬁ\?g}?'gFi Aseafo a
condens ajfeevaiorRiditd Ghe foed) HHEARY, aOh coienifed by Q@edﬁm@ﬁﬁi& réteritRe sirdant ihtcﬁlgmay can be
pl aced in serjes and the retentate stream fromthe_ one nodul e s fed,

aft er hatAPAY-tighshannsdy i grasyrilaw yith the sameaigntats gtrepam &rc@qlm&aweﬁzsa M owing in
COUN{@T - Gidfuh W ¥hud RrBedERAD dﬁ&&llﬁgw{r@m&%fmett’eedasueﬁﬁ QB ER SR Emdhs and a

narrow gas gap 15, as feed stream 1 to a subsequent nodule Tn which

r esi dual ofifeeretentgtesseam.i n order to heat the retentate stream 3. The gas gap
15 is less than 5 mm In this case a separate condensate 20 stream 10 is
al so generated in the nodule in which cooling water is used as heat
exchangeThﬁehWQmipn Rlsg uelates tosin ovedple dhisaple fomranse whltbq mathpé idesgribadoabdverent - i n

whi ch pi 0, ret s of

non- por o%gcﬁfhe@ Lﬁé)! rH;de r%&e ﬁgﬁﬁ% FSJ %S?S%tgg’ﬁ%mg%@a{égﬁ (?ng f or med
bot hl1gl oemasmtmgtdfdayccsmfmssenﬂdlyrmndﬂehnmsp@ouskﬂbmmdmbram:st fot the fealesregrhr eam 1
and onth rou arts.4b of t eret rrbra svvhlchdllmt t he
retentat®e lf'”?e % ﬁlpeﬁ(%%n%gﬂ’( 88.‘111{} RO P P}g ran S 05%: ﬁeé tf/ee%’m‘fr%wﬁn t he
nodul e. forgurﬁlﬂeétnmﬂﬂmﬁ:s Sno'at am aﬁgl‘eaﬂlbwaenOIfO° amcbclgev led aompctuhseﬁbxegrrent to
be used in {he 30, enb accordln to Fi The segnent
T th s AR @ SO orths Bd e beie rdhar BergtengadtivosiinkREe " of
chanber slapgrovf tbachordus HfibR mexabrand3gwhidh latyéledf pofouk ﬁbﬁauenaor&ﬁeik idsdomiebut i on
cha%gr %7 for th rela ively cold fegg streaml a di sc d| shrlbutlon
cha ‘Stf‘nqec?é‘@%’ 196 dYiersofneB-porous Dpre mem ri’-‘FFéT‘P’é%“&n%P lies

been hat gigtafic® i§%§EﬂAN5NB5nEadﬂFs'E§nentlﬁs 4 Auituvior? Blinbés for feed 11qu1d to be
supplied, a distribution chamber located opposite the latter for feed liquid to be discharged, a
distribution chamber for retentate to be supplied and a distribution chamber opposxte the
latter for retentate to be discharged. '

25
The invention will now be explained in more detail with reference to the figures:
Figure 1 shows, diagrammatically, a first embodiment of the method according to the
invention,

30

Figure 2 shows, diagrammatically, a second embodiment (first variant) of the method

according to the invention.



-extent, a feed distribution chanber 19 for a warmretentate stream 3 and a
di scharge distribution chamber 20 for the retentate streani3Janary 2004 been
cooled to sane extent. Layers of non-porous hollow fibres 21, in which the
feed stream 1 flows fromchanber 17 to chanber 18, extend between the
chambers 17 and 18. The surface area qf) these fibres is 5 larger (1.2 to 6
tinmes and preferably 2 to 3 tinmes larger) than that of the porous fibres or
sheets 22. Incidentally, there could also be several |ayers (for exanple 2
- 4), i Figweldr showsc dagammaticallyea think gmbodirmen qsezatd eariamt)r sfathe methal A | ayer
of holl i 22, in which the retentate stream 3 noves fromthe
chanber%gg;%&égh?g“@&érﬁ%%r 20, extends between each successive |ayer (or

| ayers) of hollow fibres 21. In the figure said hollow porous fibres 22 are
10 at a .angl E‘EﬂOf 0 tqg, the hollow fibres 21, but this angle can be between
10 and 171 shavisdhi osyidle copsfrugfian ofmmedule sypment frberusedred by an envel ope of
flat svenbrane, with a suitable spacer therein to hold the fl ow channel

open. T flgres 21 and 22 are held apart by a highly porous spacer |ayer
or stri pREPH? SRAWSP shetipRalong Hig hing'l -d) inKigured. apl y hi gher than 90 % filled

wi th gas {for exanple water vapour or inert gas). 15 Each nodul e segnent is
provi ded with connecting neans (for exan‘gl e snap-fit elenents or resin
conpoundjigurafishavsa diagiammatepdiys mpdplevwisin which thetfirgttemibodiomnt dfébemethett ed to an
adj oi ni r}gggg%ggﬁ;mﬁuch that the feed streamis able to flow fromthe
chanber 18 of the segnent to a chanber 17 of a subsequent segnent and the
retelt ate streamis able to flow 20 from a chanber 20 of a segnent to a

chanber f ey > n al,so, FH gure 6 ndi n n the
modul o JRS T SeRbeURRURRRATE L RO A" Bieh e oot emiiRn R L,

| ocat i ormsethedaan be barried dwbse i ndicated in Figure 4. A nunber of nodul e
segnents (typically 5 to 20) connected to one another forma nodule. 25
Figure 6, shows, diagrammatically, the various flow paths of the feed

st r eam |Eiguréi8 shetse diagramnmaticatiam Moduldwithehiclo thd eigiadntbodintentst thOmedied t he
firsi. embodi nent, according to Figure 1 is used. The four nodul e segnents
whi cl? f SPRPREATSOUSt ¢l arity are shown separate from one another in Figure
6 are actually attached to one another. The feed stream (for exanple 30
seawat e(r:ﬁ2 agses tFlhroggh non- porous hollow fibres 21) the retentate stream
3 (for Ighrgs the, fop Xapple seansler)dsindicated by ap appw withea single

condens airfywitedl, the k@érRAt0 SREAMMy 28 bfr&@ WithlaQouR 3R Radl A ap B is& £r)

trickles dowgyvards throu%h t he nmodul e segnents. Viewed over the nodule as a
n

d
whol e, faekending agow and the djstillate steepr (which &%@C%ﬂ@lsﬂtﬂ steesmrand/is vualbethe t o one
13 Japu q{rydﬁpﬂémﬁflfomgdeédﬁﬂat&matg’g W&J\@it}?{t ﬁ@%wﬁ&\ﬁeﬁ J,Bfoggn bot t om

to top and the stream 3 fromtop to tom. Moreover, in thi's case the
condens dnenbrprg surfacerisshowvp asabroken lineiand @ eandenser srfacean v solid linke f eed stream 1
and wi thin each nodul e segnment the feed stream 1l and the retentate stream 3
are in cross-current (angle preferably 90, can be between 10 and 170) to
one anotlndiigure\l 8 fedostraam Glonpxampld seawater) delingitbdtby at iva-pordus arembeie Rds segnent

with th ri y nsunption .by redugi he Jt.el ative
oss of bt { (Sl rbBflal Hicat e F RSB ot MR PO 5 g
poss2di |a gag-filled gaypletwden dire nongerouy membiane\2 diid the perotomermbraneld, 6 isa beate 7
differs fr Ei e 6.0 n.that. the tentate.streamis also brought into
heat ex c‘%ﬁﬁag]ée’fg&fh‘? f line for Pegglng g'F #f’%ssﬁﬁﬂ%‘ﬁﬂé’atfas %?“i l}?a‘ﬁé) Eﬂﬁ°@e§§%ﬂ'e nt parts
25. In ftadhe hdaniéxchangep6CHietentie lseam which has been heated inside the non-porous

membrane 2 and in the heat exchanger is fed by means of a line 8 to the chamber delimited

by the porous membrane 4. 9 is a vapour stream that has flowed through the pores of the

30 membrane 4 and 10 is a stream of liquid (for example desalinated water) that has condensed

on the relatively cold membrane 2. The feed stream 1 and the retentate stream 2 flow in

counter-current to one another. The same applies in the case of the feed stream 1 and the

distillate/condensate/product stream 10. This latter counter-current flow leads to the recovery



-is a further devel opnment of a nodule used in the enbodi ment according to
Figure 2. In the segment parts 25 non-porous nenbrane fi br&$Jénmary 26Hsport
.of residual heat and retentate stream cross one another. A nodul e segment
part 25 can forman integral whole with a nodul e segnent in which the feed
stream 1 and the retentate stream 3 arg fed in counter 15 current to one
another. Figure 8 is a further devel opnent of the flow schene according to
Figure 3. The retentate streamis in cross-current both with the feed

st r eam asfcowilied petcspiible Keatt This clraalsin@rdfeably)tealfededly feedihg areaina]:@géa vvi th feed
streanm) ., For clarity, ssi b tenperatures of .the retenta

i oa direr e lRBS peasRae it iraBRRE Sretmand ppianayberih fidril fndo

exanpl e widdadfitieaiagapislesytharn Smabt ai ned both in the nodul e in which a
retentate streamand feed streamflow in cross-current to one another and
in the nodule in which retentate streamand retentate streamflow in

Cr 0SS5 CUTHeSnirhs QRBuR WP eh&QEy th%éndd&né?ﬁéauper&ihrfemm Ex'at%t lide¥d pae waler t NE
invention at small vapour pressure differenc en vapor | S|ng and
condensi fﬁ@ngwwﬁﬁﬁg@meé%ﬁmmrqx&edr Bans Yin tareW\@ghmlw fremf the

pr oducedjdgre ay t r gy f ss, t han 200
kJ/ kg, t%dgtgrgﬁrt%o@%almrtgifbﬂa??C&B%&pﬁgﬁ Ogn%egg{hﬁwer teﬁ{bdgkbr?%)e\?ng?renbrane
distill a‘ilﬁtdhtlmtshbt!tgmngg T the numbemf tomsnbat prand tthe epesgyl l;asss‘mth abick, hor t he
desalin t g f [ b C

mul ti -s?ﬁaéag% a%%ga}@tﬁrlwg&éﬁ)&) Zirsgéqghs/% SF%’ ave %gn%c‘)lgtl msed to
vi rt i@l I@etdﬂnmed&mthmpnoeess ein¢uitaand Hyethamezplsné dtiviag fiorgd faarvaparisatipn/mansunpt i on
and too ?lﬂgh%ta | evel of investnent per unit product are too expensive
conpar ed “on-shore purification 13 January 2004 15 production

t echni ques By use of the invention spect acul ar results are achieved in
respect ow rate, aJow heat |ass, ergy,
consunptflbenSpe‘é#gle%%‘fné‘r'm?t@é‘oneSP a@&ﬁﬁ“vﬁéf‘@?”%ﬁé ‘%‘/'{ d\a\ﬁ‘?'d&ﬁ JUisitR ¢ hr ough
in water drpuixﬁgjfwdcl (ueatm@s)mhe ihanrtetﬁmdpmseawmeateheaﬁsefpuuﬁeapabmrsﬁmél vely | ow

t t d t te he | heat | 1 t A5
b Tt HEghm 5 PR ans e dord PpEresPble b Ggm e sEr R ioule SEeBae A1 |y 1 n
t he casebe¥apsiinell] Bs) i€isak Parti6ddr! tRmass trhsferqfiPdetertied tbGedqdide MBving. Met hod

for ‘the urlflcatlon of a liquid by nenbrane distillation, in par |cular
for the %Mb&qheewaafferdé@&wﬂﬁmf@er%tb&hemem the presess cirgitmeduladesignat er or
process %Egawuﬁ S&@EPrising: . - passing a relatively warm vapori sing

stream of | qui d (retentate stream (3)) over a porous nenbrane (4), vapour
flowing via the pores of the nenbrane to the other side of said nenbrane, -

Condgﬁls'ﬁ%ﬁ@ée‘ﬂ%m&?rksal u%h{ Lfyteﬁqaldu grﬁgg ﬁvﬁt,ﬁﬁ%%)aﬂo give a

distillate 1 stream con enser sur ng t N- por ous
separ at i mm@eﬁmhﬂw fRsewpe of theain gap (taking mtdaeccpumtﬂanmdrtamthsamader&lﬂsu |l ate

St eam (1ohfloss WPAGIN LSRRG ferckpld oo ol B AGEEEGYS Sl 9, G0

retentate stream an ‘appf ecr abl’e” prop o atent heat
will be thatoefShent hedt (vicamesspomspotth Rohe tbteenhasst transfin ¢01e}ﬁc1ent af 086 nysgs (5) with
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the invention with 10 % perceptible heat loss, a heat balance for a temperature difference of
2°C gives a heat recovery of 10.6 % and a specific energy consumption of 82 Mi/m®
(thermal capacity of seawater 4.2 MJ/m’® K; vaporisation enthalpy 2326 Mi/m’ ). It is
30  extremely important in this context that perceptible heat is likewise recovered from the
distillate stream; the module design makes it possible for the distillate to leave the module at
a temperature equal to or lower than that of the retentate stream. The mass transfer can also
be appreciably increased and the relative loss of perceptible heat further reduced by using
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Figure 3 shows, diagrammatically, a third-embodiment in which pieces of porous retentate
membranes 4a alternate with pieces of ndn—porous'retentate membranes 4b and with: which
25 condensate is formed both close to the non-porous membranes 2 which delimit the feed
strearn 1 and on the non-porous parts 45 of the retentate membranes which delimit the

retentate stream. Here too it is advantageous to generate vacuum in the module.

Figures 4 and 5 show an embodiment of a possi‘ble module segment to be used in the
30 embodiment according to Figures 1, 2 and 3. The segment in this case consists of a square
tube, the walls of which consist of chambers provided with an opening 14. that is to say a
feed distribution chamber 17 for the relatively cold feed stream 1, a discharge distribution

chamber 18, locatéd opposite the latter, for the feed stream 1 that has been heated to some

AMENDED SHFFT
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igure 6, shows, diagrammatically, the various flow paths of the feed stream 1, the retentate

stream 3 and the condensate stream 10 when the first embodiment according to Figure 1 is
used. The four module segments which for reasons of clarity are shown separate from one
another in Figure 6 are actually attached to one another. The feed stream (for example
30 seawater) passes through non-porous hollow fibres 21, the retentate stream 3 (for example
brine) through porous hollow fibres 22 and the condensate/distillate/product stream (for
example desalinated water) trickles downwards through the module segments. Viewed over
the module as a whole, feed stream 1 and retentate stream 3 are in counter-current to one



Kl 101 9%40% h- h& ()-2ZI #10% h& ()- |10% h& ()-, 10% h& ()-3"s10% h& ()- 10
10 B C 7A AKI 10F$10% h& ()- fZ10% h& ()-1\-&10% h h&' () 1¥Jangyy 2004
h& ()-,910% h& ()-t 9%0% & ()-Z qdEK 10" 10% h& ()-L!! 10% h& () - F$10%
h& ()- ' 10% h& ()- YY#10% h& ()- 10% h& ()-1!|<aBK 1031$10% h& ()-
I XI . S810%hxh& ()-F, $10% h& ()- 3 +$1006 h&' () - 3y) $10% h& () - %" 10%
& ()- G 6DEFGMNDC 10Y" s10% ()- 10 10 10 210% & ()- 8$10% h& () - m6S&10%
h& ()-3T3"10% & (
VWRWU3 ribfEofherin g d%awm@)&fm { ywvezf&mbmzowo rtep aaoh@stiepm ofgn GBI & () - | S&10
YsS& ) g
f&lO‘(Va)&ch )- %%&é‘ ! 100/&'% SRR %’gﬁ? srean 10 s p sopnger 9B (- 10

10 10| feed stream 1 and w1th1n each module segment the feed stream 1 and the retentate stream 3
are in cross-current (angle preferably 909, can be between 10 and 170°) to one another. A

5 vacuum pump 24 is connected to the bottom module segment with the aim of lowering the

energy consumption by reducing the relative loss of perceptible heat, increasing the mass

transfer and providing a possibility for operation under very low driving force (AT).

Figure 7 differs from Figure 6 in that the retentate stream is also brought into heat exchange
10  with a stream of residual heat 12 in module segment parts 25. In fact what is concerned here
is a further development of a module used in the embodiment according to Figure 2. In the
segment parts 25 non-porous membrane fibres for transport of residual heat and retentate
stream cross one another. A module segment part 25 can form an integral whole with a

module segment in which the feed stream 1 and the retentate stream 3 are fed in counter-
15  current to one another.

Figure 8 is a further development of the flow scheme according to Figure 3. The retentate
stream is in cross-current both with the feed stream and with itself (after having been cooled
by heat exchange with feed stream). For clarity, possible temperatures of the retentate are
20 indicated in this figure. A condensate/distillate/product stream 10, for example desalinated
water, is obtained both in the module in which a retentate stream and feed stream flow in

cross-current to one another and in the module in which retentate stream and retentate stream
flow in cross-current to one another.

25 It has been found that by use of the invention at small vapour pressure differences between
vaporising and condensing stream, for example less than 0.1 bar, freshwater can be produced
from seawater with a specific energy consumption of less than 200 kJ/kg, that is to say

approximately 4 - 8 times lower than known membrane distillation methods.

30  The invention is particularly suitable for the desalination of secawater. Existing technologies
for this, such as multi-stage flash distillation and inverse osmosis, have been optimised to
virtually the maximum extent and because of too high an energy consumption and too high a

level of investment per unit product are too expensive compared with on-shore purification
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5 substant1a1 improvement in energy efficiency is anticipated, especially in the case of small-

scale application.
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- condensing said vapour on a relatively cool condenser surface (2) to give a distillate

) stream (10), said condenser surface forming the non-porous separation between a feed
stream (1) to be purified and said distillate stream (10), which feed stream (D) is in
counter-current with the retentate stream (3) so that an appreciable'proportion of the
létent heat will be transferred via vapour to the feed stream (D),

- a gas gap (5) with the width of less than 5 mm being present between the porous

i membrane (4) and the condenser surface (2),

- a pressure which is lower than the atmospheric pressure and higher than the vapour
pressure of the feed stream being maintained in the gas gap (),

characterised in

- that the porosity & of the porous membrane (4) is higher than 0.7, porosity being
understood to be the ratio of the opeﬁ volume to the total volume of the porous
membrane 4,

- that the surface area of the condenser surface (2) is 1.2 to 6 times, preferably 2 to 3
times the surface area of the porous membrane (4), |

- that the effective local vapour pressure difference between the retentate stream (3) and
the condensing stream (10) is less than 10 kPa (0.1 bar), preferably less than 5 kPa
(0.05 bar),

- that the perceptible heat of the distillate stream (10) is released by heat exchange to the
feed stream (1) and/or the retentate stream (3), with preference to the retentate stream
3 |

- that the relationship between the porosity ¢ of the porous membrane (4), the ratio S
between condenser surface area and membrane surface area, the local vapour pressure
difference D between retentate and feed in kPa, the width L of the gas gap in cm and

the ratio P between the absolute pressure in the gas gap and the local water vapour

AMENDED SHEET S D
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2. Method according to claim 1, characterised in that use is made of a number of module

segments connected to one another and formed by a number of porous retentate channels

) (22), placed in parallel, which are separated by the' said gas gap and the said non-porous

membranes from the feed stream channels (21) which are positioned at an angle with respect

to the retentate channels.

3. Method acdording to Claim 2, characterised in that the said angle between the retentate
i stream and feed stream chanriels (22, 21 resp.) is between 10 and 170°.

4. Method according to Claim 2 or 3 characterised i in that the pores of the membrane (4, 22)
are larger than 0.1 p.m

) 5. Method according to one of the preceding claims, characterised in that the retentate

channels (22) have been made from hydrophobic porous membrane material.

6. Method according to one of the preceding claims, characterised in that the feed stream
channels (21) are made of hydrophobic material that is covered or surrounded by hydrophilic

material on the condensate distillate discharge side.

7. Method according to one of the preceding claims, characterised in that the feed stream

channels (21) are made of hydrophilic material.

8. Method according to one of the preceding claims, characterised in that the width of the gas
gap (5) between retentate stream (3) and feed stream channels is determined by the use of a

hydrophobic spacer of poor thermal conductivity with a porosity of higher than 70 %,

AMENDED SHEET
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used for heating the retentate stream (13) cooled by evaporation, the retentate stream (13)

being fed alternately in heat exchange with a residual heat stream (12a) and the feed stream.

12. Method according to Claim 12, characterised in that the retentate stream is also brought

into heat exchange with a stream (12b) of cooling water, an additional distillate stream being
formed.

13. Method according to one of the preceding claims, characterised in that the retentate
stream’ (3) is'used, after it has been cooled by discharge of heat of evaporation to the feed
stream, as a condenser by feeding this retentate stream (3) through vapour-tight channels in
cross-flow with the same retentate stream (3) for cooling, the distillate being formed both by

cooling by means of the feed stream and by cooling by means of the retentate stream.
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