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WD 2008/ 054207 PCT/ NL2007/ 050524 NMEMBRANE
DI STI LLATI ON METHOD FOR THE PURI FI CATION OF A LI QUI D

w(db@spsesent i nvention relates to a nethod forp¢h®L2007/050524

purification of a liquid by nenbrane distillation, in
par t uEMsrane foasTiharpon derHopororo frie el Fratre oy wat 2rLiQuip
from seawater or brackish water or process water, and
an apparatus for carrying out such a nethod. 5
Menbrane distillation differs fromknown distillation
techni ques such as nmulti-stage flash, nultiple effect

di stiq] ati on ndv Qur S tht

non- 1R Het W AR RS BB e Buuifipptinn of a liguid
9 e ndrafpalistiilafionbni pesficdlne fyetHe pﬁﬁﬁﬁﬁo‘iﬂ éfesalinated water
rétentate stream and the condensed product, the

drami seawatest oedmackisha wades axupnoeessf wateniamdlan apparatus for

choi ce of nat rial ual I'y 10 pol ypropyl ene,
SraREEAEeE gt T denet Luori J6 of

I
8 0 Og) ém&%ﬂg a@étmman 3;%&;1% i;@ﬁlgtﬁaégha%ﬁ%ﬂ%tﬁha%%ﬁﬁﬁfés such as

Gn OO Stagy flasle multm&et dffadt bl)tsm]ietlbn cuuiddy apmiryconagmamssion in that a
passe% t hrough t he nbr ane. ane di |II i on
wes-sqleativey ei%(trPPBéBe reme 3‘53‘835? 15 THE™ F@ﬁt PEYs a separation

%§¥V%8n ' tmr hﬁap%gs;lﬁé ﬁ‘ggf}ﬁtgfrc% Szgxaeh%g e&{noﬂ ?E@lc'oﬂaéhé)erh product,

euseo alrr -

'th@’@iélﬁﬂate@t@eﬂiﬁt 1./’ @@E@qlil@ﬁde be;aa;u\i@@blé Qh@l@b lo§ dnaterlal (usually
direct contact menbrane distillation: a warm seawat
polepuepsianes pdyethyders,i pelyvindidengfivaridenor mqlﬁtetraﬂuorethene)

e AL B R0 B ey e 0 000
13R06.0008man)NEW SGNREledasy Bhe M@l‘i&%&ﬁ?l Fapdiirghdbes through the

porous nenbranes becane avail abl'e. However, research
shembdandiat menbrane distillation is not |ess

Chor SlembraBe digalkien ATASHH SRR iR GBSt PAGB, The intention
37?%58% l?? | gﬁ)lqr Qeczxgﬁ@fﬁcgﬂégc(%fy %%oﬁst/é;cfg{rﬁanegg 1‘rﬁg§mn by the use of an air-
dildd pomtuisdiy drbphbhic mbmbeahet The bheethad npnceraypdriiexiengas so-called

stream and the col d condensat e stream (distillate
dlirechngoninet membrane idisBHaken: i MFATDKcSofEtAlPRfiream and a cold

'(?i&%tdggpe QE%QQ Al l%t%tl'nl Al?édto&n@&%%h tmerﬁgmtb"llgne

nser Surface
Substantial interest in membrane distillation was generated in the mid

1980s when a new generation of hydrophobic, highly porous membranes

became available. However, research showed that membrane distillation is not

less expensive than competitive techniques and therefore there was no
commercial application. |
A distinction can be made between four types of membrane distillation:

1. Direct contact membrane distillation (DCMD), where both the warm,
vaporising stream and the cold condensate stream (distillate stream) are
in direct contact with the membrane.

2. Air gap membrane distillation (AGMD), where the condenser surface is

separated from the membrane by an air gap.
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separated fromthe nenbrane by an air gap. WD
2008/ 054207 PCT/ NL2007/ 050524 2 3. Sweepi ng gas

woresnissa2e7 di stillation (SGVD), where the di stiPdBNE203/050524

removed in vapour formby an inert gas. 4. Vacuum

menbrane distillation (VMD), wgere the distillate is
renmoved in vapour formby vacuum 5 Up to now direct
contact nmenbrane distillation has attracted the nost

8t t eBWeRPing Npds e BPRRC IdisEI18EIBACEGRID), f Where the distillate is
i nstance, be made to US 4,545,862 which describes
bot hrémavedml vapouafdryn by andinestighes (with fl at

nb . Sugch [ t est f A ]
Bos oV PRaRED IO BT e AT ) 5 S the Kistaltate szggmoved in
was %?Qﬁlaf&%agg%{lgﬁl_seav\ater streamfed in counter-
e

current tot aporising retentate and the seawater

stredp thumveldisaticonltyct aksohiaed divtillwtiin bhs attracted the most
condensation. In this patent an exanple is described
abteniidnch a flow rate of 2.21 litres per n2 total

TeTD! AResy e RBE AL AR ARk OKT iSinRERLE VRN hdd) 8 US 4,545,862

t enpe erence € Warm entate

lch A bAbsS DR TatUndt spirallgSubluhdnodules (&isH @it membranes).
consunption of only 212 kilo Joule per kg distillate

Srochuvsduley overehtestedifon, salt veatier bdesgdination: ellox these tests the
SRSy D SRR 9t e B . counor
glﬁg{h{}ﬁl toOthd vABoHkihg rREALdteCahd Yhel SoadkRitbP @Breatn thes effectively

late flow rate per unit nenbrane surface area,
pdsorbed thaheat viponden2@iqr. dusthie mhtehtpanewplevsedescribed in

t he bul f th t at d_f t | ;
b ROV Gt Bt (S GT Gras DA T ARSI DEBS SUUtARE A§ea per hour is

%,fchpaq)elfio it B &m l.aengsﬁfféx‘éhcg 'qr’le‘ﬁa?&gé% ub WEHR' Aéntate and
"stillation are Known. a resul't of the conpact

RBE kihF abér RAPCaResltiaEda, artentifdyacmsangatiod ofipnlyo212 kilo Joule
500 n?2 per_nB can be obtained, which makes | ower
@G stilase @rpduetch| Eromyphaser dptag, itj eapdengaleylaigd that the

BBk SRl LT °f fonfZR, PSSR, aoplgevey high mean
I oo 8 figaml ST Rt iy Ao e
distiBatnflowhmate per unit membrane surface area, per unit water vapour
pressure difference between the bulk of the retentate and feed streams.

In addition 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 m2 per m?3
can be obtained, which makes lower equipment costs possible. Furthermore, it
has been proposed (see K. Schneider, T.J. van Gassel, Membrandestillation,
Chem. Ing. Tech. 56 (1984) 514-521) to couple a direct contract membrane
distillation module with a heat exchanger module in a cycle and thus to
recover heat of condensation. Also, it is suggested to introduce a reduced air

pressure inside the pores of DCMD, by degasification of the feed liquid and

pumping out the distillate stream under sub-atmospheric pressure, which
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recover heat of condensation. Also, it is suggested to
introduce a reduced air pressure inside the pores of

w®aMR054297 degasi fication of the feed |iquid anPicB8L2007/050524

punpi ng out the distillate stream under

sub- at nospheri c pressure, whiclh WO 2008/ 054207

PCT/ NL2007/ 050524 3 neasures were shown to double the
distillate flowrate. It was found that for seawater
AeSAhIrBa L 28 sqm%m bbabR {HOWstAlaRe qfova@afeoxwwaslfuuﬁd that for
[itres per n2 per hour is obtained for a AT of 20C

kPawdidif desatination aldmdiatprfkszs wate) ohp.pmmmpmiyfﬁ htres per m2 per

Gome 4% sbimencios AT $OORG (3 kP WiecBa b wappbpPesieure) and a
B8 e el of ehPrt TOGELY Prp &y Patedor, O

GB 18%7hce2bd8Athdie aldbddrolittle dideernibde pfogrpsain tigagtate of the art

counter-current flow of feed and retentate (and thus
ﬂ@@@%o}"oéﬂ)(l?mnt heat), is already proposed. In 10

addi t,.on, s desc in 19 | 0 .
(Si er%ﬁs)g pTh % Q@Pgl‘ét}o& a §§ ﬁ]rSEE éi% ﬁé‘éﬁe# ?n 1971 i
Cp 1998 D58 AL fl‘rﬁl&ﬂ&ﬁﬁ)nof:o $héMise (fﬂ 4h edr Walph codhter-&irrent flow of
optionally a lighter gas such as dro%@ t)n between a

a

ffiéet apdrrmtientate r(bndrtén@nldacave:uyl of tsadt as adrpaidaceroposed. In

RSZiC0), AR VEh GREBRGH IholRoniPall 1 2900 1kSiemens). This

%@% fh i &1 £oeR ek RS b at&?ﬁ Jmt e PSHRRE toflymm) filled with

uctl on was approxi mately equa to t hat
exngpor atptivnallybree dighter i gaswaachr ap dyettogen f é)etlween a flat porous
i ncom ng seawater .in counter-current tg the, vaporisin
ShemhRran PRt (] SEKIRERtIRBAPUTIRGR (B GimegyaR to Teduce the

S
A58k L5OUER e WERL M BBt Rtk e, ppmipeme. T was
felspablised Obxpedfmdt@aller tHat20hesy heanspoas dshi eveduction was
with a tenmperature difference AT of 5 C, with a
rppsoEmyately sapabla Hmfebx/ exapomtiond Mereswer.¢i was proposed to feed
on_of over ki l,ogr am wat er

PR EL SR Ao cancer CRgBnt ¢ 1 VPG qpream and thus to

deesvdrPRSat MPhdIS@e AUf @NafHealdy aVMolubcd®FtHea8was also claimed. A
distillation, the various features being constructed

ithebiretidad case MmasodescoibednnrwhichubddstiBateaflownatepf 836G ke per m?

in i ch packets of, fl menbr ane
per hour Was ac 1eved Wl%fl a temperature de fference AT of 5°C, with a

recovery of approximately 4.9 % and an energy consumption of over 850 kdJ per
kilogram water produced.

European 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 of this in which packets of flat membranes were
used is described in the article “Design and field tests of a new membrane
distillation desalination process (Desalination 56 (1985), pp. 345-354). It is
striking that here the principle of counter-current flow of seawater and
retentate is abandoned, as a result of which no recovery of heat of evaporation

is possible. Energy consumption figures are then also not given. WO 8607585



used is described in the article "Design and field

tests of a new nenbrane distillation desalination
w@e@smseo] Desal i nation 56 (1985), pp. 345- 354) PCT/NL2®7/050524

striking that here the principle of counter-current

flow of seawater and retentateg is abandoned, as a

result of which no recovery ofqheat of evaporation 30

i s possible. Energy consunption figures are then al so

@9 I%GZ%‘baM 8R A%6 &a miOndaeBARA AR cIPwhiBlude T6 P aBsRAwork, but

is based on the sane nodel data which were
ldsducéso froammhesmhnt anupir eepl ubdckrfasgraft Bdsto d{hmmis needed in

g ok RS P e
R%rfﬁ)%p-t B@be]icjs}'ﬁ t eﬁ‘? gﬁfo aéc%uﬁQQS taﬁgﬁ #) { n‘ﬂ@de@r()f temperature

account he nodel of tenperature
5 c¢hanges aat anddin mhé H@othahdacrddcwiaﬂsy\mlsl a8, ressilia of e&hidh a far too
of which a far too ﬁtlm'stic picture is painted. In
oBtianistig ragture s Paints rrenbrane distillation is
desc
&hbﬁg ff%%? 4]1, ik %ﬁg e Congu(ﬁ?ﬁflﬁfti %us X ?escr}}fgd specifically

ultra-pure " wate

tthe tké fpeeparftidhof ﬁﬂtx@kp’lmsw@teﬂ for the s@t&ﬁnoumﬁtbwﬁld’lg;try Here
flat nmenbrane sheets, on 10 mass transport and heat

ttharei‘i@ot of e thickoess ghthedjairrgam avhany nsmeflatmembrane sheets, on

10 s Pralfopt phf SRR Trav BY TBYysicet g O LR HABE between 3
LHLC KPERSES IO TwAE O nERAR A5 fm ms@)’ﬂv@@ fga’éi@ﬁy eHalt Ofransport is

at thicknesses of nore than he performances
reastmankd \l@reilffudmmatads thmkma$a8d|0§t ldsbatlea | punmatagel by free
of 3.6, kg r for 0 pre sure
SORVRGIGTE @totfhlg%a g}oye ztélalppg Jﬂlg rformanees, measured

ereCABAENTA! | 1hﬁ1xf1Q¥iQt\/iﬁ5€éjﬂ@%detEs 0% 3@%@%&" £28)e3%hour for a

not surprising t ew Yyears |ater there was a

15 Saipotl heekuie diffireant iddnappronimbatedy a2 kReaplderd iagain no heat of
w t hout nmenbranes. On the basni of this literature, it
wandensaiiends regovared amE iBag tharaforn @lsogot wyrpEsing that a few

3’%@?'@{} gﬂg&%p\{vn%'a s&?ttchaﬂac% (% ﬁv@ﬁ]ﬁomeﬂnﬁ{n-é%\ﬁ’ge evaporation

I'S an I npor requi remnmen

RegRbtit hdmEh@ddese teaches, however, that an air gap
wth or without vacuumis necessary to decrease t

f 1 ow @h the dasivobtinediteratomes ﬁeWﬁi%?@mlHd%d an rFeDarh 185 356 that the

%vvard%the di.stillate,and./ or dlo
oice Ior an air gap system 18 not an [6) v1ous one when a 10W energy

20
consumption is an important requirement. Recent literature teaches, however,
that an air gap with or without vacuum is necessary to decrease the flow of
sensible heat from the retentate stream towards the distillate and / or feed
stream, in order to obtain a low energy consumption (C.M. Guyt, Influence of

25 membrane properties and air gap on the performance of a membrane
distillation module, Thesis University of Twente, 2003; K.W. Lawson,
D.R.Lloyd, Membrane distillation, Review, J. Membrane Science 124 (1997) 1-
25).

The aim of the present invention is, however, to achieve a breakthrough

30 in the performance (specific flux, or distillate flow rate per unit membrane
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stream in order to obtain a | ow energy consunption
(CM @uyt, Influence of 25 nenbrane properties and

w@ro0sgsoon the performance of a nenbrane di sea¢T/Narioons0524

nodul e, Thesis University of Twente, 2003; K W

Lawson, D.R Lloyd, Menbrane di5sti Il ation, Review, J.

Menbrane Science 124 (1997) 1- 25). The aimof the

present invention is, however, to achieve a

BrEa ko enig Hrividg foréd)ofP@irbe baaet bsRBBEdAC didtitati®h and thus
distillate flow rate per unit nmenbrane WO 2008/ 054207
REPredizhly7to508ade bétlarthe qsts amidt thi ievergy conswppsion of such a
di regt co ta)(rlija penbrane distillation and thus

PRI ML AL LBt h the costs and the energy

cons i " > > alt
S e apHBAy, FED dow BEERIEAE] Ihl HsRan, SabARhod by means
of ttahldthbé dnbwhidtansonfranf to thet btutei of thu aht - a special regime of

contrary to the state of _the gg a specj al ,regi.ne of
! . tillats Cilﬁg e

Nl @repsays dpsidedde qaembzane o @9dylais gpintained.
i gl . -
i dlE) BEpREkns HEBRANHelate} 16 SLAAREN, for the gurification

af hilgguiid BymenikaaralistiBhtibhabhgirigagpr i si ng: -
passi ng a heated vapourising streamof a |iquid
(r et passing &t rheatgd vapauinghstyeast eit at Haukhn@etentate stream)

al ong, a rous hydrophgbi c rane, whereby v ur

of "t RBFpRIL i TPt SPAE OPRe B PeRA e Ry membrane,
the Pidehy VadPuploritbdifBAMARE vidBEe posONEENSd Bbmbrane to the
sai d vapour on the other side of said nenbrane to give

a diothel sideeofshidcarembramegipsdi | | at e channel which

distillate streamis create 15 b ass'n,.d)(tahe hgat ;

of cSABLPRINESAIN VAR ARLDe 9@%‘&‘} eaOQS% figpbrane to give a
surf ace. i g i . . .

o AR ORI OB ISP i cent

pur i fyegagditdgsitiedhdas bf Icoatlensdti@arfateht dleatf éedards a condenser
streamis passed through a feed channel in )
countseirfasar paigt cogdensensuripee Snming a MoBaPATONS SRRREIoNn between

0 Rl AT RARE AT Vbt ASER e, whicn

the gpsdien®am iSphidctiroutha fRacRinRAMm condtebaiebyt with the
retentate stream, in which feed channel a spacer material is arranged
whereby at least part of the latent heat is transferred via the condenser
surface to the feed stream, and whereby

a positive liquid pressure difference is applied between the retentate stream

and the feed stream at the corresponding points of the retentate channel and

the feed channel over at least a part of each of the retentate channel and feed

channel.

In accordance with the present invention a superior performance can be
established. In this respect it is observed that a specific flux of higher than
1.5.10 ‘19 m3/m2.s. Pa can be established, which is typically around 50% higher
then fluxes obtained at similar process conditions in known processes. Specific

flux is defined as the distillate flow rate per unit membrane surface area, per
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a positive liquid pressure difference is applied
between the retentate stream and the feed stream at

wo b@sosnoespondi ng poi nts of the retentate chapeENL200d050524

the feed channel over at |least a part of each of the

retentate channel and feed 25 ,.channel. In accordance

Wi th the present invention a superior perfornmance can

be established. In this respect it is observed that a

hEE W dter fv'a%ﬁu?‘;%)rgééiﬂ%_rdimi‘é‘ncelbétv@&ﬂ 1R BRI SheRRtentate and

can be established, which is typically around 50%

feegghstreatadsen fl uxes obtained at simlar process

conditjons jp known processes. Specifig 30 flux is

def i n&etezablye the gositiva Banibirassiee difershee bebween the retentate
f.ace 8 0 7

SR Caid She BSId V209840 ?hﬁ% gor?%%fé)ﬁlgﬁgﬁxécﬁﬁ?% gﬁ'btukﬁek retentate

uni't water vapour pressure fere

ehahhel Aad ehbdbed shahnéleehpgilicdadmr dRrlehey 80oyof theeotal length of
positive | |€gw d pressure difference between the
eachmfdihe rejentatm chamnehandefredsehannglapndpmore preferably over at

SO B A A OSPbia LBRR e chnmel
total thengbRdPhceedtth Phe Presdiftt BiedtRnG hantielilangtte8@ive results

channel, and nore preferably over at |[|east 75% of the
tawe albthregt wheh thagivrofis mwmbearmbhas @ drickmess ianthef paege of from

SR Eop0u v PrItatlE thelbrmpus dRebuaar had SFBiERRe in the range
O TRyt RIS o D08 145 910 i, nd
i lteal s thesopes o 1 i 200,

st Breef%tpabaty hanneds axg lbtmtfeﬁm n@@%d‘ns]’zﬁéepﬁﬁ)bweembranes
PSRRI 1% MY PO PIOR o s

Grealley thaan B0 o anskefriablyi Betwebh OOl @ndt laH p2a)0 It will be
gm preferably between 0.01 and 0.5 m. It will be

appreciated thahnorqysr kydrophabispmenhramesinramed wetdable: by a liquid.

Yﬁ%%q%glst?nlggﬁa N li'lt %}oo &]g]ibi‘lrf@% C(ﬁé’%? aﬁ%g}qg{}h%&]c% membranes. The
%@B’Iﬁ‘ﬁﬁés %(%l‘é@fr?ﬁd c8ANHO EcdiRAIERE 113 hV%ﬂé(EliB{/%%IrﬁlF))%nes made of

nmbranes made o mat eri al s such asS PTFE, ,
andtdalandutieas i REFEThBEVRK,00P and PE and the like. The porous

membranes to be used in accordance with the present invention can be
laminated with other materials (e.g. non woven materials of PP, PET etc),
which protect the membranes against abrasion, and/or give mechanical
support. So-called asymmetric microfiltration and ultrafiltration membranes
made of materials such as polyethersulphone, polysulphone, polyacrylonitrile,
polyamides, etc. can also be used. In this context it is preferable to make the
surface of these membranes completely or partially additionally hydrophobic,
for example by means of a coating or other surface modification. In the
simplest embodiment the retentate channels consist of flat membrane
envelopes or hollow fibres or capillary membranes placed in parallel. The

retentate flows through the inside of the envelopes or the lumen of these
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20 nmenbranes to be used in accordance with the present
invention can be |amnated with other materials (e.g.

wmoovsiwerzen materials of PP, PET etc), which ppoL/act007/050524

t he menbr anes agai nst abrasi on, and/or give nmechani cal
support. So-called asymetric microfiltration and
ultrafiltration nenbranes nmade of materials such as
pol yet her sul phone, pol ysul phone, polyacrylonitrile, 25

PR Y A iBRricRt WhERhsFhdRehSc U8Mbraned Bis wweat thet aétive layer of
Is preferable to make the surface of these nenbranes

tbepinendirgner widht the Inaradeest goaes,yishpdr thtotsitentate oside. The
R, R o afho et by i e @G Branes or membrane
SEb R Bl o B e N o e 17

i T st Shimgh i e o e Moo
peqfemlzb’ofpgg@@lsm flat qnvg‘f@seﬁc%pﬁpﬁ%wﬁﬁyesgﬁgﬁ?aﬁes made of either

S tricC I ar t t:l,v r
MR TR AP Bt DR i Gl " 1o AR of e
cBhARER! £reShe®- ndpord @, thhatie t6 hapneleSnéBRapbeOpsAmeable or are
formed by flat plate nenbranes or nenbrane sheets,

bprelynapbyui-permepbleal Txpiopllndsaidniadlsr hevena Shiginess typically
peRunr 30 i d pob L R st heahy, B mESE a0 b0 4R, ofthér in sheet
el AW a8/ fARidt! ThiefTamBsie nftidesfirb olg%&éﬁﬁlﬂtbiriiﬁés (PP, PE,

or hydrophobi'c material,; placed in parallel. The wa
#AET heglens dRAp rét.s watle on ovithout- flevomteriads in srder fmg.g. improve

are not vapour-perneable or ar ar el .

e et OB ASEh et Tty (RRREIAL g g fom lominates of
3 a .

i KRRy ORAL R ANty 3080y be given such

fshiape/ thapi tHarysdloingasifecihay acen fore hwaderinsfer is higher than the

polynmeric materials (PP, PE,. PET, nylons /PA etc.;

wnembsane; ateoute-gi by e¥ibfafelds 0% othel caprugagionsg by the use of a

kpg{{]ré Vt%ro&f leeg%g%%{)rﬁ!)aﬁé)&n%&t ivity), fromnetals

rom |l am nates of this

mat emhal @ordirfce withttherpresent ifi@n¢onde Bpterabedriall is arranged in
can be given such a 15 shape that the resultin

éhb oo whaaneh Prfotsday, theanstice fead Rhamoel istaHed ith the spacer
T S g TG ShSbA0, B L r o i aran.
BRI IaBiy, € Bhe &lrftire feed channel is filled with the spacer material. In
addition, if desired, inside the distillate channel also a spacer material can be
arranged. In the respective channels the same type of spacer material or
different types of spacer material may be applied. Suitably, in both the feed
channel and the retenate channel a similar type of spacer material is applied.
The spacer materials can suitably consist of nettings, technical fabrics and the
like, made of woven or non woven filaments in various shapes, of polymers like
PP, PE, EVA, etc. Suitable shapes include symmetrical squares, rectangles,
diamonds, waves, etc.; also, asymmetrical shapes and filaments can be used. A

preferred shapes of spacer material are non woven, diamond configurations .
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In accordance with the present invention a spacer
material is arranged in the feed channel. Preferably,

wo beses2oT e feed channel is filled with the sppCENL200/050524

material. Suitably, in the retentate channel also a
spacer material is arranged. Prgeferably, the entire
feed channel is filled with the spacer material. In
addition, if desired, inside the distillate channel

al soTheSARERArFELE %h@'dl@t@naééestr@éﬁﬁﬁﬁﬁctakb Nplabé via hydrophilic or
respective channels the sane type of spacer nmaterial

@orowk fni@eeml (syplesasod faban:e or mede) rchat day hrerappplied .inside the

AR o SRR AR FRLE 108 Sty fom
| ec%xs BPa&sf MRhah! mes%&q@cé&'&%%mgeqp%ﬁ 18T alrb8YBe distillate

ni cal abrlcs an made of woven or non
\woreaim foiyl presstuse (builtaduting prbdpetion of theldistellste) deby gravity, or
PP, PE, EVA, etc. Suitable shapes include symTetri cal
N.rectangl es, dianonds, waves, etc.; also,

asy gl rgl%%hoé I&%@oq?hﬁl% o ftht &}H‘éé‘ﬁﬁoﬁ %ﬁnb&e Hﬁﬁ?eméﬁ%g in a number

pr eferre apes acer nateri are non- wov

Qif appiyili amlts 9Shah b BN ise \@n26W 81 AifA0fat membrane sheets or plates,
PCT/ NL2007/ 050524 "The di scharge of the distillate

optivaallyan a akuraﬂva@@nwd somfjanenshan, iox rdpte-Bbe structures consisting

A nliple (EPtd e gPRbhFisafe LR The 15 (HRBngRIr the reentate
@%'SA&' Be%me%eﬁﬁst ARsodhslbw | Bh& GP%ﬁBﬁlaSryeHﬁta‘ysféé?i{“be used. The

er material than the produced water itself, and
diasphapgHes fer dhetfe¢d ahanfels; ipawhich ﬁ‘reescs dmeammﬁeditfeed flows in

L) G b ) 8
%3‘??‘2%? | TRIETRAL © ﬂ(ﬂm@ gpfsﬁlla&fa) IfB{¥rSin co-current or in

use can at nmenbrane sheets or

Roahes:- cuﬁ'pht on afds;sﬂbw acswuﬂiﬁtheyremnme Gordangur at i on,
or plate-like structures consisting 10 of nultip

capl I Thasg-ambediapeninars, usunlly eﬁrtst%“w’etemqi\ﬁe&ﬁ%ﬁld&}r@ﬂel envelopes
fq(%{) é{r;‘%(sr ecg r(‘:}‘;\%tglfangélfx&%(}l %%?%Qeiutth'tggﬁ;cﬁle? obﬁelshﬁwble bonding

y arrays can

%@hhﬁﬁe@o@dzﬁﬁ?@ aging hantdl1s . rekthabf ePokfepblyudethane etc; glues

purified feed flows in counter-current with the
resingt ege selysdoranedpolyurethand seficl,| githet hanraes — or two/multi

AR o RS S Lbe hpl BEEuBHB wetin
&leEhniyulel; LHE ANES1RRE %ﬁnﬁﬁﬁ@@ﬁhown to bonding experts.

In a first embodiment of the method in accordance with the present
invention, the feed stream to be heated flows in virtually ideal counter-current
to the vapourising retentate stream and the condensate distillate stream flows
in co-current with the retentate stream and/or in counter-current to the feed
stream, by which means the sensible heat of the distillate stream is recovered
into the feed stream.

In respect of this embodiment it is noted that US 4,545,862 describes a method
wherein in both a flat and (preferably) a spirally wound module is applied,

using flat hydrophobic and thin PTFE membranes. The method was tested for
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These enbodi nents are usually constructed of several
paral l el envel opes or arrays of capillaries/hollow

wo pdms@s420put t oget her by suitabl e bondi ng techem/yus®7/050524

(pottings using suitable resins of epoxy, polyurethane

etc; glues wusing e.g. polysilqxane, polyurethane,

etc., either as one - or two/nmulti 20 conponent

formul ations; hot nelt materials; heat- or ultrasonic

Wl ididger td‘:éSQHhQHSﬁ Fapdhaké tbRehd @ﬁtﬂﬂﬂée&rgﬁﬁi’\@vésoseparated
bondi ng experts. In a first enbodi nent of the nethod

ifromacther seawateri stneamefedr o enuntarmmnembm thaevalporiping retentate
streamto be heated flows Ln virt

||
seay RiextStreaymy HRug g WY@V%%‘%’P Q}eehg?fr gfpendensation.
At 5 DR 8 LSRRy i borh rom the

eolihtrle- efwheembbdude (digravedof fedeantlebyf wtietbated amsl from the hot
the sensible heat of the distillate streamis

sidopéithe mpdule (awtlateeidfesd, entianch ¢ e%e&%tate} it yas surprisingly

ra}gbﬂ(gdﬁaﬁ%hg rer ﬁ%lan%% @h‘{’ﬁ éﬁ Ht’?e géﬁ}oe?g éra &%%l&rably when

Sﬁi f‘ﬂd theOfFst JpRibd. eTHiS vephtteibuted@o laS‘fIﬁﬂkfﬂg‘ﬂeffect due to local
ophob| c and thin PTFE nenbranes. The net hod was

cnmlaﬂon qﬁ@hganenwaaemmmailummw@@mnom@m the surface of

NN T

(iﬁé'ﬂltb?éng ufxfa%@hai Oa'ilae s¥ apRdses Nghd 9haRt abﬁrtlé‘lw flﬁ@ the spacer
seawat er stream thus effectively absorbing the
oflamrmie(maﬂ1ng)1wh1¢ﬁ formg s retgntate diasoied;r aed m»th@ a;;phcatmn of
of the distill ate stream oth fromt _p
SouRIEPRY ovheh Vol aetentatt ﬁgécél%lflpaﬁ%e%éreaaﬁﬂ orpe” the distillate to
r t t

(fgévf é.lt% 9’}1 1t dgﬁ%rgﬁ%%gg ?lléegg%({?)gte{é)?%f IE?t%lljllteneat is achieved by
euptésemgent flosndf tthed net fretemace itﬁrbam‘ﬁ dlt‘ymbkﬂly the feed is
nodul e i ncreased consi derably when applyi the first

dptmnﬁd 11I7H @W%@h&ﬁ@lt%ﬂ@o}llg eHDrRPIEe tglfaﬁ’e e prpsure of the

ti f th
B REIFLES a8 bRl AR RL Sl
sheetTp 1‘e|§eh§ ilvehiieh, theweddie &Xﬁ@@déék@hﬁaﬂlbfeﬂdihe the above-
and pliab nenbrane material, and so presses the

|mentonpd randalkmywn rme)tltoldemstﬂmﬂse iranede of a(pusitiveryiuid pressure
annel ; and to the

h f t h t
EBEren® rtiieon. JhE. P MLAR oRTERm dith te fogd Stream at  the
HostddpoRbitng Pobi¥Bof LA GrNGe PdiBneitel thd el 48 the feed channel

over at least part of each of the retentate and feed channels. By doing so, the

membrane will be pressed against the non-permeable condenser surface, or
when applied against a distillate-discharging material placed between the
condenser surface and the membrane. The condenser wall, on its turn, will be
pressed against the spacer material placed inside the feed channel. It is noted
that in US 4,545,862 this configuration is not possible, as is shown in Figs. 1A,
1B and 3, and described in column 6, line 52 —line 63 and column 8, line 13 —
line 24 and line 42 — line 68, because:

No spacer material is present in the feed channel 30.
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flowout. Further, in US 4,545,6 862, the recovery of
| atent heat is achieved by 15 counter-current flow of

wo e@d/osn207 r et ent at e streans. Typically the feeBPCT/SL2007/050524

punped into the feed channel under higher pressure
than the pressure of the evappjating retentate stream
entering the retentate channel. The present invention,
however, differs essentially fromthe above- nenti oned
and knc’FYﬂe 'fEIeft%ljf %tfﬁ‘%bn&é&sérssmemﬁfteﬁapqg' pheéBes against the
liquid pressure di fference between the retentate
st r eamspradet tmatéﬂadj 5ét1n€thmratentlaée cbamealffhdi ng points
of each_of .t he retentatg ahan and %H:S eed channel

Lag L

over - at I pgfareesacting n BLUPRAY T & cpdenserpurface, as a
channel gy Hﬁyoidgh%%u?é’ ARG Welll al® r@fcﬁft % are always
agai nst the noh-pernea condenser surface,

appl i edfrepatins fea dfb\ﬂid‘dé the réientht; ginly maﬂmtl @alse the described
pl aced between the 25 condenser surface and t he
menbr anévillkmg efacteriseitaipable. on its turn, will be

P e SeCraRal 0shubl1g EREEEn TR qlicRb A5eSkd BRIy Between th
cont | GUicBbho hafiat] 98 Shokaed ifarhel S AIay TnbEgive.

1A, 1B and 3, and described in colum 6, |ine )
Inithe §3esemd Dulemitions the |fned 1channie] reonpainene Spaf@r@a-temal the

g n&ﬂbseiré ec@ﬁ%ﬁﬁg%?fg%p %%%rb%}%ﬁ{naaltenal By%ﬁe positive liquid
?géslﬂlrgoﬁyegéﬁg‘ﬂ)etﬁgen t]i@erétgh@iﬂev§h& fﬁéﬂféfheﬁﬁ{b@eﬁﬁﬁr by this a

heet materi al presses agai nst the spacer mat ‘eri al

Sthilking heffectt east deseriieanine| U804,545862 £ssaxdmlhctis mpti possible to
e directi n normal. to the _condenser surface,,.as a

pb&uiny 15 agftiany & ¢ Ot A B uCr e G0N 0 the present

| way. r f &5tk S
rlg{ en%‘grg g;anonﬁ]/o% int adt §ggs%ri?%§% gescrll%%g@{ogm %rklfeﬁambed in US
af545;862.0 s obtainable: - This essentially nmeans that
the liquid pressure difference between the retentate

chanke| angiher rmbedimertanhéhe imethaghyn aregedance. with the present

£ esent enti.on. the fee ch
e BA b TH torBRed 6 i CRORf, FRRMRUTS frpneed throuen
1SR e0fl alPisSdssb ] WhEBdIRT & @bsﬂi&ret lhQuidqsrekki Jiiffd#éﬂce is applied
pressure difference between the retentate and f

betweed thandeteptatel stream and the fluid stream. Preferably, said fluid

stream passes through the further channel in co-current direction with said
retentate stream, and the fluid stream preferably comprises a residual heat
stream (waste heat or heat derived from warm liquids, etc.). Preferably, the
further channel comprises non-permeable walls, through which a hot fluid can
suitably be pumped co-currently with said retentate stream, at a fluid pressure
equal or preferably slightly higher than that of said retentate stream, inducing
an extra, and thus advantageous, pressure on the feed/distillate/retentate
channels.

This embodiment has the advantage that full use is made of the residual

heat and that the driving force towards the inlet side of the feed stream is
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"mlking effect” as described in US 4, 545, 862
essentially is not possible to obtain. In addition,

WO 2008®54201 ed t hat the process accordi ng to thePQI/aEENT/050524

i nventi on cannot be carried out using the
configuration as described in 15 4,545,862. In
anot her enbodi nent of the nmethod in accordance with
the present invention, inside the retentate channel a

g 8 inecdBY ReFisirhs @ér_h?_@%@ré R feethce MIThehmadhildsl suit&ble for this

passed, whereby a positive liquid pressure difference
icandyepdfi sadextratonegract hadrisespensive sonstanction. t he fluid

t Pr ef bly, id flujd. 20 st
Chr odBh & HET¢lse: REIDAEeRGI Of r1HSo TBeadhdeapraBg; p the present
%@%hﬁ@%dthé Qi fliAbSstPld AN dﬁpﬂ%@%a & Yhd 1RE'B@Eof the distillate
er abl dua at

pre y conprises a resi stream (waste
khahnel, theatindenintertchremt iownwith whdsetentaty stream. This variant
Preferably, the _further channel conpris

. e RbEEB @ EREhRL hof Kigkiao i erma IO el daking sensible heat
%{%ateyg ?{&g? ?%@ %& dst‘ig atn o Miq §; Fn Sc%é{nrr? he %ﬁbe the distillate

rd pressiure or préererab

shictinh,) ¥y hwBheY thddeed Badeadd cadl thiectipninate 1ator@alieat, thus more
i nducing an extra, and thus advant aaeous, pressure on

tapofie ean destonidensed, raodnciaxgenorn distdlate. Thi s
e HasTeh OB AL iR Bt opsanent of Hoe HthadBl i fadance with

the dreb&ils SiviatRh, the digathieldteaimiis 6084 32480 hot side of the
PCT/'NL2007/ 050524 11 mai ntained by a rising

tdisiHate chisnmilf Thuentlee diktdlate diresam saidisdiaggédin tchitpter-current

can be of _an extra conpact .and,inexpensiyve } .

dLos oYt hgriretpRtate fStFEHBr SEMBHAT.AERG YBHE (QTeWHibORG pxtra heating,
: . . v CetiLl .

S5 RUA b R BN e Mkl i avanged

Svithannké retdntatd choonelt &5 desorilerd hétcdnbeford This embodiment has
retentate stream This varjiant has the_advantage .t hat
Hbe aidgantagasethat mare distilaguiscprodused @y & @ngipfieed stream flow,

heat ,a fromt trea W { | Opi.RO i .

o g, SRINE BRGE, PG TR tho Ml hitam g, co-ourrently
fi9gAsRIFRIPLD €RE rbfiRatd siRhth, | eNtedivtlg théuSnémiteof heat which
vapour can be condensed, producing nore distillate. 10

Ihasydo lendnbeaduged r fort vapowniounasen, gesultingrinhadveny attractive
%‘%ﬁ%‘ggﬂ Sa tWe terr]lergy consumption in the method.

The present invention is particularly suitable for the desalination of
seawater. Existing technologies for this, such as multi-stage flash distillation
and reverse 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 production techniques. By use of the present invention spectacular
results are achieved in respect of a high flow rate, a low heat loss, a very low
energy consumption, a high water recovery, good water quality and a

breakthrough in water production costs. The method is suitable for use at

relatively low temperature (low-grade heat, waste heat, solar heat collectors,
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the present invention, the distillate streamis
di scharged at the hot side of the distillate channel.

wabeos/ose2be distillate streamis di scharged i n PCT/NL2007/050524

counter-current flowwith the retentate stream

Suitably, and with or w thout ggtra heating, said

distillate stream can be introduced in the further

channel that is arranged 15 within the retentate
eh@NNelsuBst4R sAriniAGvERIeal Hheimergy effidienefrodhiiipatbdSespecially
the advantages that nore distillate is produced at a
gm‘thﬂcaaeeolf@naﬁmia @m,)hcaémil that the sensibl e heat

t akep, t he. f t t
L1 andPE PR DGR EoR BRpdeLotet Fadh AbFStR abiiehlp fargrse in the

BaH szccﬂ'ﬂ?ﬁ V’JB' Qﬂe PRgehf iB9ehfibhodses %ar‘é@ﬁ@ Womprises a

or mat i on, rest I'ting in a very attractive
segiment «mmpmmhg ee femdggh avored unpwhorh & rsptaber medteoid] iFlagranged, a

Qi A g UG A1 SaTOBH A LSRRG RATRHG 1) egthept has a firs
tdli]éﬁlbtﬁfb‘ip cﬁﬁrrmélrt for 4 3884 fﬂqgﬁﬁ & ﬁ%] %dgﬁ)tlie‘&n a %Féjox}dh éhstrlbutlon

VEerse osno have been I'mse virtual

ﬁnanmm leéséi%ﬂt op;mwtebﬁf@ﬁset disttibativngBhamben &bgy’eed liquid to be
consunption and too I%g%h a level of 25 investnent per
153

dmdmapg@au@tthwdedts@ issinehamb @bﬁ%r@@mtqqs@ﬁa%m de supplied
Isfglnﬁj ﬁ&*gﬁr& g(#é%?’g C‘%P%)P uoisi?ﬁ E]ée lf?lércp ghﬁg %élai dlgistrlbutmn

%ﬁﬁﬁﬁfetr Rf theNiddbnidteVstredd, t@beﬂsElwgeHO%er@byeﬂmé segment is
| ow energy consunption, a high water recovery, good

pavededuaitht . fingt pump émkphmugg the \fmderstmami tm’essm*e into the
costs. The.nethod i.s swtab e.faor use at .3 I‘e|€tlv

SBEMERApRRd: B ECCOPYWRRmRI VR 15\ @SPo8Rdfowagfrgpmn the second
Iglt‘f%& bqﬁkl S%Qﬁa%er\ép(ﬁ)mt%cﬁe Rfet N2 89 AL0P f2flumping out the

stantial i nprovenent in energy efficiency
irsteanh'te:étﬂeaﬂﬂuné&phrg}ﬁlrImessuret(hdad:ateo tiie predsurs mélde the feed

application. The present invention also relates to, an
&ggaﬂa}swnm.tﬂﬁabh@atr 8?<cla%%gqrn apdr the haistERUGION ghamper of the

t Eerﬁrf c@ltann%Yse n{ﬂe vs?e%ﬁartﬁ‘é uﬁ \Ag.o@igéﬁﬁeqs aﬁd Phe distillate

conprisrng a eed channel a spac

@hﬁhbﬁhomﬁrﬁéé angedensedssifhéd ai eh@f(ﬁim%lf a&mh porous membrane,
retentate channel, whereby the seﬁment has a first

ainsk thbuwiadh ketarebar ther retentate chaunel tandyetheudstildate channel

a second distri butll,l@H chanber | ocated opposite the
CPPRAES A PPN BRYH 4RBer for feed liquid to be

Preferably, the porous membrane has a thickness in the range of from
100 to 600 pm, more preferably in the range of from 125 to 500 pm, and most
preferably in the range of from 150 to 400 pm.

In a very attractive embodiment of the present invention, the apparatus
comprises a number of segments (modules) as described hereinabove which are
connected in parallel to one another. In that case a first pump is suitably
arranged upstream of the series of connected segments, whereas one or more
further pumps is (are) suitably arranged downstream the series of connected
segments or in between the respective segments that are connected to each

other. It will be understood that one or more pumps can be applied in between



di scharged, a third distribution chanber for retentate
streamto be supplied 10 and a fourth distribution

W@ basioenoopposite the third the third di stri bup¢DNL2007/050524
chanber for the retentate streamto be discharged,
whereby the segnent is providegd with a first punp for
punpi ng the feed stream pressure into the segnent and
a second punp which is arranged downstreamthe second

dhé trbbprttivRNsReIR! it HeVbhineefd i paheidd]l ®Xeéddnefter, in order
for punping out the 15 retentate stream under higher

o @sntiod nioxs acmuatelytihe pressaresecinsids the refentatedchannels versus
channel s) i.ntqo the heat. exchanger and/or the

&ﬂ%@?? rPdHS@Wéﬂﬁége Fh?ﬂﬁgmretentate channel's, the

wal | IHle‘a{ ‘ggﬁyg B8 ctioe Céxﬁﬁ@&iﬁ%nt?“?g?iﬂg &hei RtbhizAb Channel a further

channe rises a condenser surface in the formof a

5 rhanpel (iSISangaﬁge@nﬁxroughdwﬁlhtﬂi vaalfluidetsvpansédyewhereby the liquid
retentate channel and the disfillate channel _2Q. .
eoaprurscal thep Byl stueamb i RGuapiRPE rIHSﬁ%’ thag tbsﬁeﬁréld pressure of
nmhr i ' . : 0
B LRI YR 0 A e

284nfe] a3 GorREtentd dedeetioh| withnsdid eratantige aftrédar@mahdOfluid stream
to 400 gm In a very attractive enbodi nent of the

prefeeablyi pomaprises a residapbheat gtreaps Repfprabigsthe further channel
nunmber of se ese¢ki;bed

ment s, ( modul es), as herei.na e .
10 GHFH o OR Rl Ny drPRe R i o haf A PR Suitably be
?ﬁg@@%@-c@rf‘éﬂtﬁ WA ah® rattidtald ¥treahd, 298 FluiaShre®diite equal or
f the series of connected segnents, whereas one or

mreferably tshightlyubpshers tiian ehas uoft adidy refembatgedtream, inducing an
downstre the serjies of connected ,,segnents or..in
ST ANg FBuF 84%aRta8poUS cBFRSILS OR e pembrangidistliate/condenser

%%%lﬁn other. It will be understood that one or nore
punps can be applied in between WO 2008/ 054207

15 PCT/ Nk20thep @b ctidd el dieepecifroneose grmbotls sideatofahe segments
connected in parallel to each other, in order, to )
domdudes)nisr be atseds & Brepsupe cppche awbliedwhigh igqual to or higher

ret ent,at e, channel s._v e ivaSj "
(S5 bR DB DReh T BEOUB e SRR TRSLE WA, aditonal
thRs@leccttirph8vanipeshisly Balddired dn iameehbianepdistligedcondenser
through which a fluid Is passed, whereby the liquid

phessele Seid taddifiboakipressermtan bepssablishesk byugher a means at one
20 toq ot hseidleis %lfit?lepsreegsﬁ?elﬁ(g) &I be used, of which means the volume can be
increased by introducing into said means a suitable fluid (e.g. an oil, water, air
or another gas). In this way, a balloon-type of structure can be obtained at one
or both sides of the segment(s), which pressurised structure brings about the
additional pressure on the membrane/distillate/condenser channels. It will be
25 understood that such means will usually be made of a flexible material.
The present invention will now be described in more detail on the basis of
Figures 1-5 in which various attractive embodiments of the present invention
are shown.
In Figure 1, a plurality of parallel placed channels and materials called

30 “module” is depicted according to the invention. The module is divided into a
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the retentate stream Preferably, said fluid stream
passes through the further channel in co-current

walzoososi2on with said retentate stream and fl uPdT/SL2®ANF0524

preferably conprises a residual heat stream
Preferably, the further channe}, 10 conprises

non- perneabl e wall's, through ich a hot fluid can
suitably be punped co-currently with said retentate

sbldeaide @tardl bl mdtdsiBe GISAr R1g6valy @ld BE@Iseredbh )l is pumped with
slightly higher than that of said retentate stream

feuﬂhpung) 4R ingx the pazabel feed dxmﬂaéeau:the soksk sxsﬂueeCo’these feed
E nbr ane/ d St I%ﬁﬁggcondenser n
GheRReS AreroRehrke b RIS ReRObOTRS HATS dnd Rl aterial 4. Tn
e
Bhode FieaCOlicly 4 BAEUeERsthdurti G iRRllod DL ABR & BRAG from the
(s (hst]ﬂlatdﬂ ehaﬂhe]lstﬁaeﬂsé otlem side of bhe wadls, 3.a80, gradually the

addj tional , pressure can advant ageous be i nduced on
oSl ﬁ@ﬁ@mah@voan@% hottar anddRaers Bhe papstregm P at the hot side

ditho

SRR 55555, 681 DRg3RLAP LIS e LEAR B the prossur
psathe fobdWhLthdlBaNss bR tiRIY TBWE apipleallyi betneased. 1bund 3.0 bara
introducing into said neans a suitable fluid (e.g

¢absolutet pressaire). Bhe aplatively dws)feed rtrenm Gdy, pumped into a heat

bal | oon e of ,structu a ed at

aeheapasteHics fo vaibghehes SRR AERhEF B babf Rl Reat nput 15,

?ﬂ{e“ﬁﬁé'f QO 'cﬁﬁ%@%ﬁe Hagt, &A8F head aéteﬁﬁf-‘slﬂtr ﬁ)lﬁpniaﬂ@rlal etc.),
mbr ane/ di sti |1 at e/ condenser channel s.

lamxdelleatre@ﬁhé Havice Lasrreﬂ:aaavdy\hdtlretmuam ytlbannﬁdStWBHaS enters the

APt The s sidgo bl $og At thESHER ghe bargfiLeiated retentate
Ba %fshQ \{ﬁrﬂngi"es ?tléé’safédti\,@@r %@&%it@&%%nﬂh ét'i’@alﬁrfs?ﬁé retentate
gure 1,

I nventi on ares apuraltyo

Qhﬁﬁhb@ 9pireceshstihwdiod!lsy el vapbaripakmeahbld ﬁImefhnes 10 and the
"nmodul e" i s depicted according to the |nve2£|on

sbacee matetiali ddd Imthese \iotenigge oshpnnels e retentate stream 8
Eé%é{%@% /ng(}%gzéoé%%r ?%gsr%s Sve%o%%glog BP astbf e&ragou‘ra‘ and some

eI dRduetiont RBroagialthe! meagskagBannelifta ,th@t d1%fiﬁa€@|dﬂ1annels 5,
side C. These feed channels are constructed

rvolme ot svaket Ivspeuamdndelswcﬁxrmgea |pallre,411qur£¥ dﬂstelé@te 13. The
ngseq%]égheag gﬁglﬁ are Se{1m1 od yeg Tnéx?abgggé eﬂ) otn%kéllag and a non-
porous condenser wall 3 at the other side. Inside channels 5, a spacer material
12 can be placed. However, this is not strictly necessary in all applications of
the present invention. The released heat in the distillate channels 5 is mostly
transferred through walls 3 into the feed stream 1, flowing in the feed
channels 2. The liquid distillate leaves the module preferably at the cold side
C, by which also sensible heat of stream 13 is recovered and transferred into
stream 1. It can, however, also be discharged at both sides C and H of the
module. This discharge can take place by gravity, pumping, and/or by

pressure build up inside channels 5 as a result of the water produced. The

relatively cool and concentrated retentate stream leaves the module at the cold
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5 warner distillate channels 5 at the other side of
the walls 3. So, gradually the feed stream becones

wooedsms42and | eaves the nodul e as stream 6 at tPET/ND2007/050524

side H wth the aid of punp 6P. This punp ensures by
suction that the pressure in {he feed channels 2 is
relatively low, typically between 0.1 and 3.0 bara

(absol ute pressure). The relatively hot feed stream 6
sfdeP@ReskreAi 12, FeRh 14Pze ¥ RSOt INOnAVIE, e speciallis’ ﬁ1e| hot side H,
is heated further by an external heat input 15, th
tbatabsshie dimibeprrasure nside thoratentets chaneelm9 haohlgher than in

lid materi,al ) d,l eaves .t

At R I LTI LR S————
@éﬁtﬁtﬁa& Iﬁ?em%ngé B8the 21O éﬁ&\m bhgpugh the

ara pl aced retentate channels 9 In nore or |ess

counﬁnr chuneem 4 | sawond t bbbdeaentl . of Thiee rimventianeisl shown. This

channel s are c nstructed y the vap our er mea
weatﬁef ariiroRL th & pAR SRORY 10y g W%sh@}é@le introduction

?t ef&ﬁ{ﬁ tgpg%q%lhﬁnn%ge ?qhgﬂteagh% ?ét[eﬁaﬁe anIRe%J §| ! Yns1de these
0 wa

mes cooter b evapor ation er va
@Hdnﬁ@lﬁe 17hegHe Qﬂfiiﬂ:ﬂngre%Quré heOpgéfeféflﬁyneqbalarms hiéher than the
into the distillate channel s 5, where the wat
eaﬁnre egw@ertéres:orwpngueg parteof ahiagmiedi 9 Thas pmb@ established by

20 d | d
Fieing o Bt A8 R B BBt v A a1 B et 17
lfllii'@fé%'aﬁl%f ALAe 16! Bak de tehRJARERreSeq@als BAAAELERtBAhAthe retentate

2 can bé placed. However, this is not strictly
steass & fowmantd- capphtb'atthrough channkls Prtdewmassing heat to stream

i nv nt|o e rel eased in the distillate

S rniels 10 ar Gonal actel oy SHPRORRPERH Bientreondugtipg walls 20,
Figaq BEGIAHAFIIL pot pBMAALIF thaRerAinatod JPROFRS walls 3, and o
tspacexondteridb18C, by which al so sensi bI e heat of

stream 13 is recovered and transferr stream 1.
It cdngurrsned apd %s%@vvbeeﬂanrécqmwi@ t veadion, respectively

0
3PPl o gy el SORBEE G50 cHEATBLABRAN chown in
Fﬁf@ B addaBinthgstid digtillabe shabat 181i9dubdrgdhexdsively at the
atively cool and concentrated retentate stream

Ilma\sebe Hhef thegubdulet t he col d V\D 2008/ 054207

PCT/ NL2007/ 050524 m.14. For a l,ar
part I ﬁlg’fge afh @urgl% ;?é’&dﬁ%ff h%fr ¢ yeRtigp is ﬁﬂ’eovgn differing
qpagl E.‘géﬁ‘s‘?q? Ih %}]@rﬁﬁ Wil @ﬁua hghi@ eNtRlRp&Nanee!the fourth

channels 17 is the distillate stream 13 itself, which is discharged at the hot

side H of module according to the third embodiment described above. Said
fluid (distillate stream 13) is preferably heated further in a heat exchanging
device 21, using a heat input 22 ( both can be the same as device 7 ,
respectively heat input 15), and subsequently pumped as heated distillate
stream 23 (using if needed pump 23P) into the channels 17. Doing so, most of
the heat of stream 23 is transferred to the retentate channels 9, and the cooled

distillate leaves the module at the cold side C as stream 24.



the correspondi ng feed channels 2. Typical absolute
liquid pressures in the retentate channels range
whedosoenodl. 0 and 4.0 bara. 5 In Figure 2, a SeRONNL2007/050524
enbodi nent of the invention is shown. This enbodi nment
differs fromthe one shown in fpgure 1 by way of the
introduction of a fourth type of channels 17 inside
the retentate channels 9. Inside these channels 17,
qmguﬁﬁggid pressure is preferably equal or higher than
the ‘pressure inside the corresponding part of channe
Thi an be established by 10 entering a fluid 16
r gas or dispersion, etc.) inside these

Qi‘ﬁﬁz‘iﬁlbﬁﬁydmtlﬁh@foﬁrﬁbaﬁle Wht icondtPubd wsih8 SRET dHeBts of

equal or higher than the retentate stream 8 flow ng
5 ¢hickmese AbIwm  Widtigh 560 manteaigeh 4.5Q tmy aindaa pohproprlene spacer

RSBl DB IR O 26 o apadSeser enbalote. div 3 fpod
%ﬁﬁgﬁggg. P%ﬁ%?ati 5hdets 8 pd Ip of eﬂﬁixﬁfédaf’TFE (tplafoé&%l 8@%, thickness

spacer mate 18." Figures 3 and
a 20himyl oﬁﬂﬂmdammé wiretuseditofermi Z)mennlna:wmoﬁn“eéd)ges w1th1n which
wi thout and with a fourth channe ? ering from ,;1
SHBLPRE % SXITAAAFLe heatrhpReals] tha rurthar phapnelge 17 of Figure 2)

10 hoefﬂrte Sdllggéflugiﬁlg(e/ﬁ%&ﬁ ddrfalqjlgg I@?E@%da d g?wsﬁé/ceﬁunﬁé{é?lals of 0.8

QﬂhpﬂﬁﬂﬁﬁkﬁssOUsﬁﬂg WlfMﬁrﬁachl’memlﬁ'bﬁandldpfe@ PRgspacepmaterials of
Figures 2 and 4 in that the fluid which is punped into

ttheckinggs 6 mynanmeodule wva%olmen%ﬂ bavmgaﬁl*‘eggm Shkpumretentate

shabrest obrtnd 0o ERECT e B elho S Rl Bordlad Glapnels 5, and

qﬁgy@feegad}gmfellygd (distillate st ream 13) S
preferably heated further in a heat exchanging 25

15 diw MaEMenmlsral@ surtieet aieamftthe Znleb]@ttﬂnus tamediwas 3.0 m2.
sane devi ce.. 7 respecti vel. t 1
BRnbES Gebsion GPRBAPRt vt e iial S8 Wkt g carried out
(vb‘ﬁh'%glé o ?ﬁ?@ﬁgagﬂ«@@n g%ﬁ?ei‘é&?e tlH €hé Q@f@?ﬁh& an éBQ 55 °C,
0, nDSt e heat o tream 23 Is transferre

tahrﬁi s e fibw wecineis tle retedtdtechaomedsiof chi. <X 04 theUsmg a

| eaves the nodule at the cold side C as, styeam 24. 30
\ﬁgangﬁbgﬁg@prp@wrN@Qgggpm .e.fgherein the pressure ?n the feed

20 channel is higher than the pressure in the retentate channel, contrary to the
configuration in accordance with the present invention), the following absolute
pressures were measured: P-feed 1 = 1.56 bara, P-feed 6 = 1.50 bara, P-
retentate 8 = 1.42 bara, and P-retentate 14 = 1.08 bara. A specific flux of 1.15
.10-10 m3/m2.s.Pa was measured. Using a pressure configuration according to

25  the invention, the following absoiute pressures were measured: P-feed 1 =0.99
bara, P-feed 6 = 0.62 bara, P-retentate 8 1.54 bara, and P-retentate 14 =1.12
bara. A specific flux of 1.70 .10-10 m3/m2.s.Pa was measured; this was almost

50% higher than obtained in accordance with the state-of-the-art process.
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Exanpl es Exanple 1 A nenbrane distillation nodul e was
constructed using 6 PET sheets of 5 thickness 75 gm

wowvasis2050 m length 1.50 m and a pol ypr opyl BETEENL2007/050524

spacer material of thickness 2 nmto form 3 condenser
envel opes, thus 3 feed channeiﬂg Further, 4 sheets of
por ous expanded PTFE (porosity 80% thickness 120 gm
of simlar size were used to form 2 nenbrane

%gl,ﬂl@egs, w thin which envelopes 2 extra waste heat
channel's (the "further channels" 17 of Figure 2) 10

Ivessamh e oeriluls iamgl progeft canshitibneBF appbed Indixample Prere used,
BB e R st 1 AR i S e the retontte
%?53?@1%5@010@11%1 a nodul e was obt ai ned having (Figure

our retentate channels 9 around two "further
Sfﬁigg eJhSt'até-Y);f-themrtdireséﬂﬂeatoafxghmtieh $sée, haredinaldvedethe
eed channel s 2. 15 The total nenb e.suyrface ea
fﬂ@w@%&p%ﬁwﬁwemﬂ%@re}é fwf]-pf n]oFa?n%g i)ara,olg-feed 6=
ot i iy . g . .
9,24 A SOGHRE § ROR R 8 P L apERASELT8 85, o soci

g ety al@1chsnaek PLowvabmefsureanUsing'® dpeddude configuration
velocity in the retentate channels of ca. 0.04 ms.

gstongling tethe invemtians the follewing aksodwief prpspurasoerd measured: P-

' jn At f 20 ch j [
Hhe] TS Bae P | RO TERhE T BARANOS - 3R pEhotua
tQtdrftate $9% 1 QUNBlrhOA dpdcARCRELBPIET BN, 1 hS/R2 8 TRMvas
invention), the followng absolute pressures were

meemaured; tHis fresd 40%highes thanabt@ifeddy sreans BGhe istate-of-the-art
P- retentate 8 = 1.42 bara, and P-retentate 14 1.08

WAPELSSA specific flux of 1.15 .10-10 nB/nR.s. Pa was

nmeasured. Using a pressure configuration according to

%statxﬂﬁlei Qventi on, the foll ow ng absol ute pressures

ured: P-feed 1 = 0.99 bara, P-feed 6 = 0.62

R AsaRe RédllleatRl SrokteSdchiatitionsnd dppledeint Bx@mple 2 widkre used,
bara. A specific flux of 1.70_.10-10 nB/n®.s.

reish the samenmeandova velpsity inoderiegertate ﬁhﬁn%kzgﬁrfmr@@fi ms. Only
SIS A5 3G RS BB REER5:a 1P vt oqul o
higher than that in the retentate channels. Using the State-of-the-Art pressure
configuration (see hereinabove), the next absolute pressures were measured:
P-feed 1 = 1.93 bara, P-feed 6 = 1.83 bara, P-retentate 8 = 1.70 bara, and P-
retentate 14 = 1.12 bara. A specific flux of 1.25 .10-19 m3/m2.s.Pa was
measured. Using a pressure configuration according to the invention, the
following absolute pressures were measured: P- feed 1 = 0.88 bara, P-feed 6 =
0.49 bara, P-retentate 8 = 1.40 bara, and P-retentate 14 = 1.13 bara. The
pressures in the fourth channel were upstream (see line 23) 1.47 bara and
downstream (see line 24) 1.38 bara. A specific flux of 1.90 .10-1° m3/m2.s.Pa
was measured; this was no less than 60% higher when compared with the

result obtained in accordance with the state-of-the-art process.



The sane nodul e and process conditions as applied in
Exanple 1 were used, only the feed flow was i ncreased
wo oo0slos2dn a nmean flow velocity in the retentaP@I/NL2007/050524

channels of 0.06 ms. 5 Using a State-of-the-Art
pressure configuration (see hejgi nabove), the

foll ow ng absol ute pressures were neasured: P- feed 1
= 2.35 bara, P-feed 6 2.25 bara, P-retentate 8 = 2.05
a6 thieMbdve Fe8LRBLAWSIIE cledr 4 tIRALRIIlCA 59386 fth&t a considerable
flux of 1.25 .10-10 nB/nR.s.Pa was neasured. Using a
pnpesveneertoid iegtabdished B aocatidagee ovithethenpeedendninviendion when
fol | ow % bsol ut e pressures were neasured: P- 10 feed
ﬂon—‘pi?%{; b’i’r g{xe ﬁ@%‘@é’tge'é‘rbp%ceﬁ%r a, P-retentate 8
1.35 bara, and P retentate 14 = 1. 14 bara. A specific
flux of 1.75 .10-10 nB/nR.s. Pa was neasured; this was
40% hi gher than obtai ned by neans of the
state-of-the-art process. 15 Exanple 3 The sane

nodul e and process conditions as applied in Exanple 2
were used, wth the sane nean flow velocity in the
retentate channels of 0.06 ms. Only now, the
pressure in the "further channels " was increased to a
val ue equal or higher than that in the retentate
channels. Using the State-of-the-Art pressure 20
configuration (see hereinabove), the next absolute
pressures were neasured: P-feed 1 = 1.93 bara, P-feed
6 = 1.83 tiara, P-retentate 8 = 1.70 bara, and P-
retentate 14 = 1.12 bara. A specific flux of 1.25
.10-10 nB/nR.s. Pa was nmeasured. Using a pressure
configuration according to the invention, the

foll owi ng absol ute pressures were neasured: P- feed 1
0.88 bara, P-feed 6 25 0.49 bara, P-retentate 8 = 1.40
bara, and P-retentate 14 = 1.13 bara. The pressures
in the fourth channel were upstream (see line 23) 1.47
bara and downstream (see line 24) 1.38 bara. A
specific flux of 1.90 .10-10 nB/nR.s.Pa was neasured;
this was no | ess than 60% hi gher when conpared with
the result obtained in accordance with the
state-of-the-art process. 30 WD 2008/ 054207

PCT/ NL2007/ 050524 18
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From the above results it will be clear to the skilled
person that a considerable inprovenent is established

w0 noogosaptance with the present invention whenPCT/NL2007/050524

conpared with the state-of-the-art process. WO
2008/ 054207 PCT/ NL2007/ 050524 149 Caims 1. Method
for the purification of a liquid by nenbrane
distillation conprising: passing a heated vapouri sing
streamof a liquid (retentate stream through a
retentate channel al ong a porous hydrophobic nmenbrane,
whereby 5 vapour of the |igQlainid ows via the pores of
t he nenbrane to the other side of said nenbrane, and
- condensi ng sai d vapour on the other side of said

nmbr ' st r HN b Sthbl edistillati
e R st S I S
beapringondensati on (latent heat) towards a condenser
surface, said ndenser, surface f

0 c orjing a,, , ,
non- pBA&HEEsa pé?j%‘ie_ Napetene gtreasy %f{nﬁ‘egﬂf‘bq (refomtate stream)
%&% % 389&}1;%% 'cil'aﬁﬂelagﬂm?ab %??ggég #ylg?é)xgléo}ﬁ{: ?ﬁ‘«%}gralﬁ% whereby

StreamI’'s passe cha

¢apoiebf ehé NRflid Aidws vhe theperéabLtlsd me@ibrame Whithé other side of
feed channel a spacer material is arranged, whereby at

paigsmepthranef anfle | atent heat is transferred via the

d f to the f wh by; 15 .
oo ¢ Posdoriie Faid oRehPE ot Fhe uAEE N BE sHIEERtblEns, o eive o
Hhgilfbeittédd S hedstiland chhtndleadidi aeaMak kh@eated gy passing

corresponding points of the retentate channel and th

tee dhedtanfigondensation | @atentahpat)t tovartecla obndémser surface, said
retentate channgl and feed channel. %to 2., Met hod

SRR S UERCE DIFIRE & RAPRATAHP SERarFtioh hetwpre a feed stream of

Efg(? 3\1@(‘%& %(#1 gg #Jlﬂ'lﬁeﬂf Snd'$afid Qis&fl?%@{%ﬁxgeeﬂ . WARIH £€d stream is passed

etentate stream an eed stream at
theowdr 4 dsbohangelpia cdumntof-ctientavghtthberetb@ane lst@adn, in which
t he feed _channel over at. | east 50% of each of t

. he
fendashanng}iahseacer yeaterialis Arsangeth ieheredyat leagt part of the latent
%@g{‘ B¢ kran?s?erred via the condenser surface to the feed stream, and whereby

a positive liquid pressure difference is applied between the retentate stream
and the feed stream at the corresponding points of the retentate channel and
the feed channel over at least a part of each of the retentate channel and feed

channel.

2. Method according to claim 1, characterised in that, the positive liquid
pressure difference is applied between the retentate stream and the feed
stream at the corresponding points of the retentate channel and the feed
channel over at least 50% of each of the total length of the retentate channel

and feed channel.

3. Method according to claim 2, characterised in that, the positive liquid

pressure difference is applied between the retentate stream and the feed
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3. Method according to claim2, characterised in that,
the positive liquid pressure difference is applied

whedosmenot he retentate stream and the feed WO PCT/NL2007/050524

2008/ 054207 PCT/ NL2007/ 050524 20 stream at the
correspondi ng points of the rg@;ntate channel and the
feed channel over at |least 75% of the total |ength of
each of the retentate channel and feed channel. 5 4.
Mathad Acaps @bf‘ﬂaspg %Bfnt@f of kRé "Retdnihte channel and the feed
characterised in orous nenbrane has a
thankeie&&rbfm lemsth 715%) oﬁhhle 66)@11 demgth ofieativdf she aethinigte channel
F}%J%Lgi‘ characterised in that, the porous
£ #aBely t hi ckness between 125 and 500 gm 10 6.
Met hod according to claim5, characterised in that,
the porous nenbrane has a thickness between 200 and
400 gMethod Mucbadingcoadiynend of @ipintna-f cledracteriskdbin that, the
characterised in that, in the 15 retentate channel a
porqusementhrane hassa Hyiskness befmeeghl Ohard 690wm; d
stream flows to the retenate stream whereby the
liquid pressure of the fluid streamis equal to or

Bi gheMdthad talkeorddifgi €o PElesHUrE Qhatd@efigb@Nit €hat, the porous
stream 8. Method according to ‘claim 7, characterised

membegne haeafthidkaess betweer2 925 Iamds50(}mm,|gh t he
further channel in co-current with the retentate
stream and the fluid stream heats the retentate

@t r eaMetﬁO% N%‘b@&‘éﬁﬁgc% diRgmt %5,C |cﬁh%&er1%@&” At @ﬁé@the porous

hat e retenate stream 1I's heat ed by neans
mmnbltaiie heat thidknk8s bvkw e 260 eamddi0@utmo any one of
clains 1-9, characterised in that, the distillate
streamis discharged at the hot side of the distillate

hannﬁ%@h%ﬁ@c@ﬁhn%&)%ﬁ &0 |0¥ cMﬂxﬂ i Bg[?&t-é[}l%g@% that, in the

0 11 acco to any one o

edtrndstcech setel & fulbdier dHﬁn‘éD1§Wiéﬂ4ﬂﬁ‘3ugh which a fluid stream
PCT/ NL2007/ 050524 21
flows to the retenate stream, whereby the liquid pressure of the fluid stream is

equal to or higher than the liquid pressure of the retentate stream.

8. Method according to claim 7, characterised in that, the fluid stream
flows through the further channel in co-current with the retentate stream, and

the fluid stream heats the retentate stream.

9. Method according to claim 8, characterised in that, the retenate stream

is heated by means of residual heat.
10. Method according to any one of claims 1-9, characterised in that, the
distillate stream is discharged at the hot side of the distillate channel, flowing

co-currently with the feed stream.

11. Method according to any one of claims 1-10, characterised in that, the
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distillate streamis di scharged under a higher than
at nospheric pressure. 12. Method according to any one

wobooslosi2ns 7-11, characterised in that, the dPGI/NLimtr/es0524

streamis discharged at the hot side of the distillate
channel, heat is 5 added to th¢ discharged distillate
stream and the heated distillate streamso obtained is
passed through the further channel applied in the

destaM Rt Rre£HAAB dedchakged ABEBF athishst thab hémbopheis€ préssure.
the nethod according to any one of clains 10 1-6, 10

and 11, which apparatus conprises a segnent conpri sing

3# Zﬁg@%ﬁ% n%‘%%lgf‘%lﬁgg{bgggﬂ qusﬁgq?f gjrr%&rlgt fﬁg? lgh%uga}céerised in that, the
gﬂ%ﬂoe & St%eg%/dig%l%%ﬂ%%ehﬁ& &dbidrghe @i%iﬂh’éé‘&%&ﬂnel, heat is

r for a eed liquid to be supplied, a secon
didded i touthieodischardeel distidlate dtogmposind thédeatéd distillate stream so

di striQution chamber for feed liquid to be disgharged,
GOTHPP 1 eSO SAUED. U doeioto FhaBpeh FRPUod: Poghe. retentate
tcﬂalﬂﬁefur)pl ied and a fourth distribution chanber

opposite the third the third distribution chanber for

the retentate streamto be discharged, whereby the

segment is provided with a first punp, for punping the

flded dnneantyy suidable fonusetindheayathad asrprdingtoany one of claims

u ich i r.ranged Str e . .
BHED 100 Bl 4 E R, A RSB S, SEE Ry poguprising a feed
$hhRaAB YRARRIdN 8SSpHcer i mbferidlieid arRHRAS L Axtihte thennel and a
wal | between the feed channel and the distillate

chtemtate chamnéls schexeby the segment tfasce first disteibibiom dfamber for a

non- por oug nenbr.ang, and the. | ,.between th .
teEaBed o deamarlih e Srvendh SePpupign izimesy focated opposite the
%@PH@&%&&PF}?&%%M%@M dlth b BRRhALHS], a third distribution
according to claim 13, characterised in that, the
phaailer forrbteatatdstyeamt tu ok seppliedhantie fourge doftribndion chamber

laim 14

100 to 600 gm_ 15. A ratus ac di
omRpiite the $BITd the hatd QISHE HEOBhAHRRyfoR B0 REE T abe stream to be

SPraOES Y het I BE 3 Bt BESR WIE Ty pHlp for pumping

akeofeddngtre@nt | el @, istvarhet &gns@et iamdt Bakeconde pump which is
porous nenbrane has_a thickness in the range of from

200angedi0dpwmstream the second distribution chamber for pumping the
retentate stream under pressure into the retentate channel, the wall between
the feed channel and the distillate channel comprises a condenser surface in
the form of a non-porous membrane, and the wall between the retentate

channel and the distillate channel comprises a porous membrane.

14. Apparatus according to claim 13, characterised in that, the porous

membrane has a thickness in the range of from 100 to 600 pm.

15. Apparatus according to claim 14, characterised in that, the porous

membrane has a thickness in the range of from 125 to 500 pm.
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17. Apparatus according to any one of clains 13-16,
characterised in that, 5 the apparatus conprises a

woooses420f segnents as described in clains 13-26GT/Nnmiockhs0524

are connected in parallel to one another. 18.
Apparatus according to claimlf; characterised in
that, a first pressure neans IS arranged upstream of
the series of connected segnments and one or 10 nore
figr t hahpRYARS AkEordihaNGCElAMWIY I GRiFableridtd $8T 1R8], Ghe porous
connected segnents or in between the respective
sexmbrae hash thicknessne the dange phfraid 800 to d08quh.
ot her. 19. Apparatus according to any one of clains
13-18, characterised in that, 15 inside the retentate
ann t LS dq [ | 1.ew :
i1 aereratid REorgraTany o EFEERS PLIR, chttieAepd in that,
vhé hppheatisd enhpiisestar aambezof fppaemisuss desatlidhgn tobaims 13-16
any one of clains 13-19, characterised in that, one
grhigh e spapectod inparaHehoanesinethes: i se a neans of
whi ch the volunme can 20 be increased by introducing
into said means a suitable fluid, whereby in operation
hie | AgpaRsats @lovdmgOfo cRiikh IEackardkidrsedaiPthat first pressure
additi onal pressure on the
merrirsaiseAtiissiged| apsirewndehtles seriasnoélconnected segments and one or

more further pumps are arranged downstream of the series of connected
segments or in between the respective segments that are connected in parallel

to each other.

19. Apparatus according to any one of claims 13-18, characterised in that,
inside the retentate channel a further channel is arranged for allowing a fluid

stream to be brought into heat transfer contact with the retentate stream.

20. Apparatus according to any one of claims 13-19, characterised in that,
one or both sides of the segment(s) comprise a means of which the volume can
be increased by introducing into said means a suitable fluid, whereby in
operation the increased volume of said means brings about an additional

pressure on the membrane/distillate/condenser channels.



