; qre3eMgMl| (6TBH& WEB STRUCTURE MEMBRANE SPACER FI ELD OF | NVENTION 5 The

e i @W%W pacer s [or uee betueen rebrancs 11 ol ect (IR

least partia rcal flow paths to fluid fl ow ng between adj acenise;so«
menbr anes. EPEUND 10 El ectrodial ysis devices are used to exchange ions

bet ween t r L4 concentrate and a dilute fluid.
The devi C&E?@ﬁ@@@@@p@ﬁh@s ra‘lr\lgglgnd spacers packed between two

el ectrodes. The nenbrane and spacer stack is nade liquid-tight by

mechani cal__neans _so that holes within the spacers becone conduits and 15
passages ﬁé—%@eﬁFﬂ‘%Emo%mranes t hrough which the fluids in the device
flow. The nenbranes are cation and/or ani on perneable. The concentrate and
dilute fluids flow through spacers between adj acent nmenbranes and the
menbr afies Thk liowenition selates paspackrsdior ufecbawaaemembianes inkeldctiralidlings devicése
fluid. An electri.c current applied to the device provides, electricall

. [ y
char ged meRbIEPAEECYIRLI0 cisplar membrans spacerthatiEovds ablsast Radiatly helicab o owi ng
t hrough t hesSRARBT LBk SaidEEP Saneb deal |y the nenbranes are
flexible gng space?hgﬁogg tc?get%]er whlt%ﬁ%tyf)%'cal spaci ng bet ween nenbr anes
of between 0.5 and 2nm This neans that nenbrane spacers nust be thin.
However , st still offer support to the nenbranes. Two types
of 25 spa?gﬁs‘ﬁgﬁgBWnly used, tortuous path spacers and sheet flow path
spacen@. Tortuous path spacers are typically rectangular with a series of
hol es at the top_ and bottom ends. The spacer between a pair of nenbranes is
typi cal | y Elestredialysiodevions arpaused Jo sxehangg sors beiwenn twaner Biope fluids, dote pri or
art tortu t ! Sy 3 QY] r ol e at
the top o? Qtﬁﬂ@@%sggég%ﬁgrhﬁaagg%:ﬁﬁgﬁ {“acﬂ“zd' a? h%’ﬁg\){%%ﬁ 9 81&#1&%% Sﬁgg °§§%@%‘?‘3"%he pat h
nmoves froand speeetsopakeld betowen tle ekepacdes, Thie membrase ded bpaced stackaisangdeer So
that fluig in the channel, flowing say fromleft to right between the sides
lows. ar olbiie tbyemechamic! TSR 3P iﬂb%tho{eé_"fl@m the spaten boonme SRR LAl ang
the next ¢QIHELs betWednl c\é%ékn&%ﬁ&%i%%ﬁ wiichathe HORIs 34 B8R dRGicweRY. Uik top
hol es and"the bottom hol'es forms a channel for fluid in the spacer. Each of
t he spacemesahranesrage ghtyan anddiradian perpieablel iThe coficentrate and wilute Bwidnélows t hat

run perpendicular to the flow path. These s nts.are staggered so that 5
wher & one 12eg8lL Sback® hO%eHn SR oS ABETE BefneBs RUPEURLE o Py nen
on the ot figm geaaceietd f1oid. to Thedidito Yiutd. oAn efectritecurent apjdied as tieedsvie S
forces fluid flowing in the channel to not only nove fromside to _side down
the spacePrayidesglegrieplyasharasd inerabgnesdthathsepaiate ing diom theepreentiate fiyids

pr oduggs gl f Ui t increases the effectiveness
of thg@el t(talgtro ?’g?%shyﬂsjé%%aa\%%ggwgega%v%ﬁlg%g%aof the tortuous 10 path
menbrane spacer include the increase of flow resistance at each corner

where fl ui |l o ng ipn the chann nust _turn. 180 degrees, and. t he nenbrane
wast age tlrlu%tahéﬁctg r eﬁprapﬁ% a@nﬁﬁ’ﬂﬂe T“Ef a5 §é°§ﬁetﬂ¥§8€arnglt§?té@§alofpafﬁ’§ spacer
wher e not pafiech AfenBERsDTBetRRNn DS 411SGENH O TRXGHEMS that BlREnbraneIphecky Rius@!

sheet flow spacer is rectangular with three spacer sections. The upper and

| oner spa®ethigediqvsysr, dhesnaeers angtistdl offgrisuppereorthe membsanesndwoatypesoet t ur e.
Bot h t.l i I |4 t the t
oL P o SPRER Ao BTy BN AR| fer ol HEBAY plfh ks 20 e top

connected to the central aperture. The central section is a nesh that is

sandw ched, bet ween_ t he ot her t sections. The nesh
C1‘01'tuous path spacers are typ\lj\cglly rectangufar ith a sers1es of holes at the top and

bottom ends. The spacer between a pair of membranes is typically formed from two
spacers sections each the same size. In one prior art tortuous path spacer a channel is
30  provided that starts at a hole at the top of the spacer and ends a hole at the bottom of the
spacer. The path moves from side to side down the spacer, at each side turning a corner

so that fluid in the channel flowing say from left to right between the sides flows around



20 fills the rectangul ar aperture of the upper and | ower spacer sections.
*Fluid flowing in this spacer enters'at one of the holes connected to the
central aperture and flows through the mesh to the hole connected to the
aperture at the other end of the spacer. Flow in nmesh spacers is generally
not uniformsince the inlet and outlet are usually small circular holes and

h f h ' . ' | R 25
er e or ¢y g OGRS, B e CogTATed DSl laryd Dl o e 2

mesh spacérgdpsrtibh 9fi e diceliBtwedr tBa tdptisled dnd thobdttomn Bolks s pahannel fhie nmesh
spacer has the disadvantages_ of |ower flow distance between the inlet and
out | et an#uidsipdhe spasgr-t Ga @%ﬁeépacsoswlonaalswwims eplyrriNef| resiangulars t he
obj ect of | ' yi a ver.comes t he
G badvant SEferHEPARIR\DIRLANS the TP BRA S TGRABERENS IR s T RATES

publ i ¢S w where dneusefeant is ipositienedl on direcspdcdr seatnithere hen@asqgatnt dbihvhe othent | on

conpri ses a nenbr.ane acer. conprj sing, two or re subs s er.s, .at. | east
one. sub- o BEHCEr SSCHERudRProd SO Sk dbe Periingpien sosmsety frees Tpl HORGRE Bhibeouc | et
aperture, cRaindl & nb€asly MO [BMClidAREKIder RvaPiReGhES thi? a3 B ahd |Raat one
10 outlet aperture by a substantially curved flow path, said substantially

curved f| ewupdtthe rastdAngulian gegmantur Fhistpyodifceg furbulgrcet witkin rther fluidyflow that

per pendi cul ar to.the. curved fd ow path. wherei.n the two, or e .syb- spacers
Dr e alt gnifisPeest b HBNeRE, qr B e PRkl HF (Bufe  Rlaiiutes SRR PHSGRE"C e

out | et appathuh@nbrhbe EFaREcinalliy tha ifdredselof fywaesibtah®!at @ich cuthdrevheadfidur es is
provi ded gn each sub-spacer. Preferably the inlet and outlet apertures are

uni f or m y flepingeie the shannehmust fynshifcdaerees and e BaBbERFEtaga it St Hacer i n
a menbr anﬁlesélﬁﬁ}fel'fﬁrdlﬂggtrsélﬁ@ﬁts bRa Lifés inﬁ‘éfsgééép whEreSRAGR Re g}qe%?ﬁg%{ﬂescan

enbodi mnent one sub-spa In a rrenlgr ane spacer Is rotate reversed
rel ati ve beussdableachangbispacer in the nmenbrane spacer to provide the
t ortuous
15 A typical sheet flow spacer is rectangular with three spacer sections. The upper and
lower spacer sections are rectangular with a central rectangular aperture. Both the upper
and lower sections include a plurality of holes at the top and bottom ends where one
hole at each of the upper and lower sections is connected to the central aperture. The
central section is a mesh that is sandwiched between the other two sections. The mesh
20  fills the rectangular aperture of the upper and lower spacer sections. Fluid flowing in
this spacer enters at one of the holes connected to the central aperture and flows through
the mesh to the hole connected to the aperture at the other end of the spacer. Flow in
mesh spacers is generally not uniform since the inlet and outlet are usually small
circular holes and therefore the fluid needs to fan out from the inlet and fan in to the
25  outlet. The mesh acts to maintain the gap between the spacers. While the mesh spacer
has higher usable area than the tortuous flow spacer, the mesh spacer has the
disadvantages of lower flow distance between the inlet and outlet and lower flow

turbulence,

30



pat h through which fluid flows. In a second enbodi nent at | east one
'sub-spacer in a nenbrane.spacer is different from25 at |east one other
sub-spacer in the nmenbrane spacer. In this enbodi nent the two sub spacers
are aligned to provide a tortuous path through which fluid flows. Ideally
menbrane spacers are rotated by 90, 180 or 270 degrees between nenbranes so

that the an be provided between each pair of
nenbranes.gﬂﬁll\@?ggrdéﬁﬁm{%lﬁnati on between different fluids within the
el ectrolysis device without altering nenbrane design. 3 In broad terns in

a further aspect_ the invention conprises a nenbrane sub-spacer including at
| east onelfialthe objsetr efiithe inventipe e prayifde »membrangrppeanrthat haajogergomeeshet one

i nl et apergt ed t i t Jleast one outlet aperture. by

Cubst ant | Ao ROEEE G BaBReSalleq BERL LR pEhy o PR PRURTuf »

i ncl ud$ ngusefpl dhoddei ty of grid sector running 5 perpendicular to the curved
fl ow path. BRI EF DESCRI PTI ON OF DRAW NGS The invention including preferred

form sub-spacers will be further described by way of 10 exanple only and

wi t hout i i : W R A aYe ERVY f j .gdrawi ngs,
wheroin: | B SRAI b Pirbnd 4o 0 itchiip! ELAHARES Hémbhe [Paceh ehRgrtha"
first enbtwd oemorofubssacarpat deastodnetsnb-spavee nichwling, B lgast @ng irdetapsrtarensinbr ane

spacer fornmed fromtwo sub-spacers of Figure 2: Figure.4 sh a second

enbodi menteatk R, B ABerTorE S Tery e HIRE 2nS0ta CRIPECIE KGRI oL It 9

enbodigrenbudét speRnRAFCE sutiiantily bived flbRpatidRBid substantially curved flow path
including a plurality of grid sectors running perpendicular to the curved flow path,
wherein the two or more sub-spacers are aligned to provide a tortuous path between the

inlet aperture and the outlet aperture.
15  Preferably a plurality of inlet and outlet apertures is provided on each sub-spacer.
Preferably the inlet and outlet apertures are uniformly spaced about the sub-spacer.

In one embodiment each sub-spacer in a membrane stack is identical to the other sub-
20  spacers. In this embodiment one sub-spacer in a membrane spacer is rotated and/or
reversed relative to another sub-spacer in the membrane spacer to provide the tortuous

path through which fluid flows.

In a second embodiment at least one sub-spacer in a membrane spacer is different from
25  at least one other sub-spacer in the membrane spacer. In this embodiment the two sub-

spacers are aligned to provide a tortuous path through which fluid flows.

Ideally membrane spacers are rotated by 90, 180 or 270 degrees between membranes so
that the same membrane spacer can be provided between each pair of membranes. This
30 allows alternation between different fluids within the electrolysis device without

altering membrane design.



Figure 6 shows a fourth enbodi nent of sub-spacer of the invention. 25
*DETAI LED DESCRI PTI ON, Figure 1 shows 'an el ectrodi al ysis nodul e 10. The
nodul e i ncl udes cat hode chanmber 11 and anode chamber 12. Between the
cat hode and anode chanbers are a plurality of nenbranes and nenbrane
spacers 13. 30 In one enbodi nent of electrodialysis device the nenbranes

are o vi el ILORRLP, BIBAPIGRATTIPLA0RRy BOLORCXC RS e anes, and

bi pol ar mENDranes r ISR VUPRIAES i EE ange fonality

and cat i omcexifiangleast l@ﬂsﬁmlempdrme an leaéthheSdu(ﬂlet @;fertuhg saiindiredse ond hitet
menbr anes alternate down the nodul e for exanp cation exchange nenbrane,

ani on excREHEe ferscieddo sBidy laast r?@wﬂﬁteapeétafq bh acsubpapidlynaehAew et c.

Bet ween e r Jf and
ey ane. i A7 By ARGH Aw bl ERNANG ERRGRHy o PP SREXARGE |
produci f perpeisdiaunlar tanhetredd howmpath, f | ui d. Ot her el ectrodi al ysis devi ces may

use different arrangenents of nenbranes. The nenbrane stack of Figure 1
cont ai ns cation exchange nenbranes, anion exchange 10 nenbranes and bi pol ar

menbr anes gRIEFBESCREPTIOXCOFAMRXWIN@GS an exanpl e system t he bi pol ar
menbranes in the menbrane stack may be used to split water into hydroxide

ions and protons, where the protons nove through the cation exchange part

of the bipolar rrbra and dro de ions e ani
exchange. biF O GRRRER Rt 8- et i BRSSP IS Bt een « ne
cat i onp anexaumle X ah@ngithold lmeﬂdzﬁgtrt@s;e IhatheCivith tleR2étie f th Othe fotlvwaig t he

ani on and bi pol ar nenbranes and the cation and bi pol ar nenbranes. One

product stre¥angs; therelti d product strean) flows between the bipol ar nenmbrane
and the ani on exchange nenbrane. This steam consists of protons generated
fromthe bipolar nenbrane and the anions fromthe process stream The ot her
product sFigneeri chdves dedectipdodysit meduleam) fl ows bet ween the bipolar 20
menbrane and t he cati on exchange nenbrane. This stream consists of the

hydr oxi de i ons generated fromthe bipolar nenbrane and the cations fromthe

process SEIRAED shdWs a first embodiment of sub-spacer of the invention;
Figure 3 shows a membrane spacer formed from two sub-spacers of Figure 2;

Figure 4 shows a second embodiment of sub-spacer of the invention;
20

Figure 5 shows a third embodiment of sub-spacer of the invention; and
Figure 6 shows a fourth embodiment of sub-spacer of the invention.

25 DETAILED DESCRIPTION

Figure 1 shows an electrodialysis module 10. The module includes cathode chamber 11
and anode chamber 12. Between the cathode and anode chambers are a plurality of
membranes and membrane spacers 13.

30
In one embodiment of electrodialysis device the membranes are divided into cation

exchange membranes, anion exchange membranes and bipolar membranes. Bipolar



this way the cations and anions of the process streamare separated into
'two product streans., 25 The el ectrorinse stream contains a chemi cal that
limts undesirable reactions at the el ectrodes. For exanple the
electrorinse stream may consi st of sodium sul phate. In a nmenbrane stack of
for exanple 500 or nore cell pairs only one is for the electrorinse system

onl || ti f.the cati d_ani t ransf d to th
el ect rori ASEIEHRSARY i xchipgs Belonly any srlomstiiieaes Sneppnaibes™ o
renove CakhdiN§id@Be tRNineMbrant OMHeRerbraf@Saltethal owd HES Modilel N exaMplani ons

ar.e exchanged through the nenbranes into the product fluids when an
el ectric sitimaex¢hangpphembrane ahen exelange dnethirane, hipdlar enem®brine eationr ane

spacers prowvi channel s he menbranes t hrough. which the process and
roduct | FROEs FRRRARse e R TR b b A s OB BR el S Bet ween
t he mefibr an@sbridestand hisnmitenaspatGh aﬁe&itﬁﬁ%&f toGsr0tide thaimkWeeNa bfigessElhid anes
and the process_and product fluids, Menbrane spacers nust also be strong to

provi de s@pyyet fluids andbanglesirorines fyity Othenclegtyqdial ygis Jevieaswiaynise defferget 2mm

t hi ck. Nbﬁﬁéﬁ%%wﬁ& Snddeal ly utilise as nuch nenbrane area as
possi bl e an ave low flow resistance and a | ow pressure drop. Figure 2
shows one enbodi nent of nenbrane sub-spacer of the invention. The subspacer
i ncludes inlet and outl et ertures .20 that l.ead to fluid channel 26.
Channel - 280 e RiSle B | A GRIoR S BEs FEmtERtss, S PEPRER o
subst ant i @lehbrinés URd bRMIdT mAMMBANS iR theSa¥ Avdd 4ode PRL th BehyRe Sy stdie ten! et
and outlet apertures. ‘Aliternatively the fluid path nay be i'n the direction
opposi t e bipoldtanensbrangs imythg rmesleraney stack imay scused do 2litawatep dntp inydroxide

per pendi cul ar_to _channel, 26.across the flow of .flui.d in the channel.. The
rerbr ane. S5, FPRRER Sthefen tRCHEDRS e b ur ' dite Hehats PROBE M Jnou
the 20 pebigoheiyer@brahdendthe-hyaRKRe idAYmavE tHbughl tha agioh ekehadbe phedf il
aperture 25 may be used as a fluid channel or may be used to connect the
menbr anes RO TRRBPARG JhEAEeSY HrerhBpWs PRWESR e eatiopraadenigraechange

conpri §1 Nehehiafts. Brb&uct ‘éﬁéa%%g%soe't&eeﬁatﬂg%@ﬁ%dbo‘? Meﬁb%ﬁf?%d th%f

menbr anes. e menbranes 1 nclude apertures that align wth inlet and outl et
aper t ur es cafbrt andabipolar frhembrahes. eBherpradudt stx¢am t(the ackitprodnet spamgrflowsf t he

nmenbr ane bspacer. .shown in Fiqure 2 i, dto forma nbr ane acer
bt ween oRENGRH FhepipABHBITIREADe B dhe autigh SirbangsRearan: dBE HERECTHREY ane

pairs on gf th&ons igffer@ied t fidin SHE-BIRASGE meWbranePind eeahfiBndYrodd e hrddess 180,
or 270 degrees. This neans that the 30 apertures 20 in the nmenbrane

sub- spacestregn The ogher gredichptrdama(thmbase produse pireama Slows hatweenethg Miralarand

| ower .ovidi (= e . £l ocess
or o B oansPgpil BRER SRt bR ArEiRRE, il QORI SOEE YRR TS
into 6  ids geaetedrfeors plackpslao membidne rand ithkecanfons frermihd recesestitaanelnspacer .
In this Wﬂ%/ theatgane.sub-spacers tthln be used to formall the nmenbrane
spacers i 1§V R%?risea’@n%rﬁ?rfsn‘ifc A AFOGeRD STRAGE BCsSeRAGIedr iBiuBYe PIadits do
not m Xx. 3Qyddmyse either grid sectors 23 or grid sectors 24 are renoved
from each sub-spacer in the nenbrane spacer. Two sub-spacers are then

al i gned so that one sub-spacer is the mrror imge of the other sub-spacer.
This ks shown,in Eigure 3. The.tw sub-spacens .togethern form. rane
spacer’ Aleroiedebai et PGSR eRisTBEE Ly s oyt BB B R I e
menbr ane gRageédes. For example the electrorinse stream may consist of sodium sulphate. In a

membrane stack of for example 500 or more cell pairs only one is for the electrorinse
system. Only a small portion of the cations and anions are transferred to the electrorinse
stream.

30



10 Figure 3 shows nenbrane spacer 30. This spacer is fornmed fromtwo
*sub-spacers 32 (shaded) and 39 with the ‘design shown in Figure 2. Inlet and
outl et apertures 38 are provided in both sub-spacers. Apertures 31 are
spaced uniformy fromthe centre of the sub-spacer so that the apertures
remai n aligned when the sub-spacers are arranged to 15 form a nenbrane
spacer. B - r n . had
o ther gr I SEARaRERES sodife Ahalied Wilen e TalIBIL I i GRAREH i pBKS

sub- spaceflsid32Tlassd ca3Rorisanreaniad ag exthasgdahsougB the mewnbeaned ves ehgptodustect or s
are the sgne, as grid sectqors. 23 sho [n Figure 20 2. \Wen the two

sub- spaceﬁgldaa@legﬁpgkﬁg& %lsﬂjéﬂ?@iaﬁ%fi@ tb? plgcEodilyfis molbler nat e f rom one
sub-spacer to the other. This provides a tortuous path for fluid flowing in

channel 36 as shown by arrows 37. Fluid in the channel flows under grid
sect ors 37heofmembragpaspacers 2pravide oshanngls i tettweent oresbahesfthemighs phiwbr t189. The

advantage of a to '[UOdJS tcg 'hs th# 'lt ronot s turbul ence.ciin bhe luid
and | nor eRRSESCHH RQMEL RS, TBwe Tasalty B nemane Sk BRQYidershemsls case
of cont achethRENRIRN michrddeyithhtgiehia® AHi AN fevieD 6T 6afigd Hehfeedfl the Gh@msin&f the

ion exchange by the el ectrodial ysis device. Figure 4 shows a second
enbodi nenéndtherpsaensaaed prasiushBeids. dembiend spaeers inanst alvp be strong pmpwvidenc| udes

inlet and eot#tol—z% 6 Fenitiiy s”aﬁgtdﬁ }%JBE:%ﬁ %Qtv&éeﬁ'é)‘.’; &thﬁ'ﬁlﬁl . ﬂé%?ﬁle 30 46
runs betwe he Thret and outle ertures an ol'1ows a substantrally

cur vet) pakpaceArideny iliss Aomiuah Hetibianeairdh d3giossible anldavdlost flawdesisthhat
apertures. Alternatively the fluid path nay be in the direction opposite to
that showAby Loy PEREIAHOPG | d sectors 43 7 and 44 run perpendicul ar to
channel 46 across the flow of fluid in the channel. The nenbrane sub-spacer
al so includes a plurality of apertures 41 spaced about the periphery of the
sub- spaceFjguan@ showe ohe zinbagandnt o€ membrentubedpacgyenftthe envésbtioray The sulsed as a

fluid channel or . be used to conne anes an ran pacers
5. oget horDocRk REP AR TG0 FHUET SPFUTES 2 bR gFREIo BRI DT 3o (QEUN Aot ack
of memprapgs WidedPaRentet dMBNRURN Bpdrtiess Rt &5l1o% @'sﬁl‘i’sta\d’t‘i‘é%%ﬁve@ pathral ity
of apertures 49 that may be used to connect a stack of nenpbranes and

spacers i ArEws 21 show gHltuidpathrhgersentthe inlethand quslet ppArdrdse afbernatbyaly he

el ectrodi ' [ O 4.1 e I 8l r nore
sub- spaceriid i fRYLET P glEE SpRbuE R LAP B n BT, SHEdecill 2

i ncl ude aped 2drres pelpghdialiiagio vhannel 20 etrosnthedidw ef flapkint theahadiiklt oltel | ow

fluid to enter and exit the nmenprane spacer. |If the rane, subspacer
Shown | 1 FIeGITES) SIS hrcets 46 TORED BB cols BRReh ot BHb ABSHa e of
Menbr anes petifRryBMNcA0B-sPRRE 8hPa LEIME SFtriule 2 SE TRhRA % a%re@sqa%ﬁbé b&yd side
of the 15 sub-spacer will be rotated by either 90, 1§0, or 270 degrees.

Thi s meanss eHuid cchenngb or maveke udita conpeatdhh membrangd-asg deambrang spasersal i gned
with a pa'kor ea{?rapertur es 41 in the upper and | ower menbrane spacers

provi di ng #°%I¥nnel that allows either the process or a product fluid into
the m ddl e nenbrane spacer and the other fluids) into the nenbrane spacers
on either _side of the m ddle nmenbrane spacer. In this y .t he 20 sane

sub- spacelU¥eMB@bIANE PIET FYRRH IR WY RIS ETRACSS S éa\f@“ilﬂleé befviReR Anhi | e
ensurh g g?&%f%nﬁ}aﬁ&?gﬁhea&gmﬂfaﬂgyﬁmdle Wing3uAO 1P LI PR Yvith! MicdSRd Suhifer grid
sectors 43 or grid sectors 44 are renoved from each Sub-spacer i1 n the

menbr ane spatees 20Tomllowblw 4e enter adexit lsnmaibrame dpaer.t Hahe wambsmb sslpacer i s

the 25 mrror i e.of .t he .ot her ,sub- spacer. .,The two sub-spacers together
Form a moRREnhARB AR IERE (ol e BRI sRicer PErpaL 66 PAPea | gned
to form t henBRasane Hoa6Rhe sfm@rsrwy@d th@%;ﬂﬁbx@n@ PairP6S cftBerodidd 41 EHeOVI des
a tortuous path between the two sub-spacers in the nmenbrane through which

t
fluid flowsd-sggermsll dief fotateh by Bdendln18theorsi) degieesr  dhismngansethat fed t he
sub-s ?@l f g\r%ggllurelzsl Ene%h%arh%%%pgﬁée Flllebr-!s tacr:]eer \gﬁﬂsle[ﬁghsg?lfgd RJh% 2 bjgf ) g Qﬁe?{ur%bﬂng ure 4

fluid I arnos I'rcle.
the upper and lower membrane spacers providing a channel that allows either the

process or a product fluid into the middle membrane spacer and the other fluid(s) into



_ reduces the nunber of 180 degree turns through which the fluid flows and
"l owers the fluid pressure required for fluid to flow through the spacer.
Figure 5 shows a third enbodi nent of sub-spacer of the invention. The
sub-spacer 5 includes inlet and outlet apertures 58 that lead to fluid
channel 56. Channel 56 runs between the inlet and outlet apertures and
follows a I C . rQ 5 how a. _f| ui at h_bet ween
the inlet th%#ﬁé%lﬁ{}l&lg? L%%ésr%%{@%.r @%e?o efrtﬁ%mlvefeﬁlz "hedty haEe rpalghtﬂlr‘?avya}b %n the
di recti onsamppash-spacess tdiabe aisedvio yrnarallonR Mmémbfane kpa&es Oh S btdclanshik4 run
per pendi cul ar, to cg@g\el 56 across the flow of fluid in the channel.

Menbr ane SRFYTIRG thah roegss pad pradug) ledsido sqtmixnt 0 a square stack of

menbr anes and spacers. The nenbrane sub-spacer also includes a plurality of
apertures 51 spaced about the periphery of the sub-spacer. At |east two of
aper t Ur eslibdsearitheuged sépyora 28 @c @rid sédtois@4i are ednered feomb eavhesubspaer $n the t he

el ectrodi al ysis device. _Further apertures e provided for connections

means u_seH‘e{ TAENTRACET ¢ é”onﬂ';h‘)“‘rp&ﬁ%§ aéﬁgl%%’f?‘l’ﬁaéos%%%‘?es syl spases fSug ¢ | ght
connect i OfhirrbNinkk38 of tREHREAND-PAGE € ThECRRhbWA ROFi: 9 THR ko %H@sﬁé%@ﬁer S IS
sandwi ched between a pair of menbranes. The nenbranes include apertures

t hat al i gtogathen form atmembrape spaser. a pdietnatizely58otecthan [twov shb-gpatetsomeptber and

exit the penbr . t he menbrane sub 20 spacer shown in Figure 5
is used tgﬁ o9218gor%%%%ger%gré‘beas@g?erbet ween one pair of nenbranes, the

menbr pne spacers between the nenbrane pairs on either side of the
sub-spacer will be rotated by either 90, 180, or 270 degrees. This neans
that the HigsFe drsbews mpmbsanenwapssAtk ahis spases pafoamediiom o sub-gpaeerswt h a
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m ddl e neptovided is pathesubaspacerieApdrhees F1l are dpiced mhifoinhie fropmtiteareatrs pather s on

ei ther side of the rpgdqlle nenbr ane spacer, In tﬂi S V\g{agt he same sub-spacers
can be us¥P-ERECHGTNTIAY the spsTieTFmAL Aigred maien fhe, SWh-sRARETHAT atTaRasdriong t hat
the propceggnmpdfeRibMeGhpadet.ui ds do not mix. 30 In use either grid sectors 53
or grid sectors 54 are renoved from each sub-spacer in the nenbrane spacer.
Two sub-spacers are then aligned so that one sub-spacer is the mrror inmage

of the ot Bgl SHAPACSS and 36 thatPordt RieRRAFE BadeP I8 AR ndPLiMeR HEURLERE °©
33 or grid sectors 34 removed. In Figure 3 both sub-spacers 32 and 39 have had grid
sectors 33 removed. These grid sectors are the same as grid sectors 23 shown in Figure
20 2. When the two sub-spacers are arranged together the grid sectors alternate from one
sub-spacer to the other. This provides a tortuous path for fluid flowing in channel 36 as
shown by arrows 37. Fluid in the channel flows under grid sectors 34 of sub-spacer 32
and over grid sectors 34 of sub-spacer 39. The advantage of a tortuous path is that it
promotes turbulence in the fluid and increases contact between the fluid and the
25 membrane. The increase of contact between the fluid and membrane increases the

efficiency of the ion exchange by the electrodialysis device.

Figure 4 shows a second embodiment of membrane sub-spacer of the invention. The
sub-spacer includes inlet and outlet apertures 48 that lead to fluid channel 46. Channel
30 46 runs between the inlet and outlet apertures and follows a substantially curved path.
Arrows 47 show a fluid path between the inlet and outlet apertures. Alternatively the

fluid path may be in the direction opposite to that shown by arrows 47. Grid sectors 43



spacer. Alternatively nore than two sub-spacers may be aligned to formthe
‘menbrane spacer. The renoval of grid sectors 53 or 54 provides a tortuous
path between the two sub-spacers in the nenbrane through which fluid flows.
5 One advantage of the nmenbrane sub-spacer of Figure 5 over those of
Figures 2 and 4 is that fluid flowing in the channel 56 of the sub-spacer
of Figure tépfw . Fi e n . This
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includes a plurality of apertures 61 spaced about the periphery of the
sub- spaceno flaid Ie omtke electendealysiy deyi®l are used by a second fluid in

ot her nmenbrane spacers in the el ectrodial ysis device. Further apertures may
be 20 provided for connections neans used to connect the nenbranes and
nmenbr afie Hpages membrdneWpstet c@hprishQPRCSH @6re shb-spiersds FRIdvVict bepaskara
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may be al exsweidgttoatttiy procdse andpiodueidluigratoonot mike renoval of grid sectors 63
or 64 provides a tortuous path between the two subspacers in the nenbrane
t hrough which fluid flows. In an alternative enbodi ment grid 10 sectors 63
or 64 areld asositdr Efid Beans 43S W gsidaeQbrsatdtara réRe@d drditl Bachpabespates ipfevi ded
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in the centre of the sub-spacer of Figure 4 fluid flows in almost a complete circle. This



CLAIMS 1. A nenbrane spacer including, two or nore sub-spacers, 5 at | east
‘one sub-spacer including, at |east one inlet aperture, at |east one outl et
aperture, said at | east one inlet aperture connected to said at |east one
outl et aperture by a substantially curved flow path, 10 said substantially
curved flow path including a plurality of grid sectors running

per pendi cular to the cur f.low path, wherej.n the_.two,or no sub-spacers
Dr e al | gnidare Br oUTget ol T8 et i frosfubih (el v Bl e TRG ¢ ne
outl et apgifdUsressufereduirdd fOEIRIIAN BloSABfoBEN A phérmed in claim 1 wherein at
| ast one sub-'spacer includes a plurality of inlet and outlet apertures. 3.

A nmenbrane spacer as clainmed in claiml or claim2 wherein each sub-spacer

el oS QRS Pl e O LRLARS im0, ATRIZGAG, P00,

as clai med or ¢ wherein et ap

uni f or3n yirghaiee thlaad olthe apedrepag eliat 1éad 1 MEdvhamne] $pAcEKanasl 4 ainged in
any one of clains 1 to 4 wherein each sub25 spacer in a nenbrane stack is
i dent i cal betyegmEregnles and qutled sperdyres amsl folows ppulstantighly i vesspagh. a ARSWS| n

eversed Torary oarys P4 ERARE ] I8 T O ANGARGE SRR AU E NS Bl
t ortuous pay betiltheuliectidni oppokiteiothatrshbwe byrrfonasé. ricettodST Bt ruh?2
perpendicular to channel 56 across the flow of fluid in the channel. Membrane sub-

10 spacer 50 is designed to fit into a square stack of membranes and spacers. The
membrane sub-spacer also includes a plurality of apertures S1 spaced about the
periphery of the sub-spacer. At least two of apertures 51 are used by a second fluid in
other membrane spacers in the electrodialysis device. Further apertures may be

provided for connections means used to connect the membranes and membrane spacers

15  in fluid tight connection.

In use a membrane spacer comprising two or more sub-spacers is sandwiched between a
pair of membranes. The membranes include apertures that align with inlet and outlet
apertures 58 to allow fluid to enter and exit the membrane spacer. If the membrane sub-
20  spacer shown in Figure 5 is used to form a membrane spacer between one pair of
membranes, the membrane spacers between the membrane pairs on either side of the
sub-spacer will be rotated by either 90, 180, or 270 degrees. This means that the
apertures 58 in the membrane sub-spacer will be aligned with a pair of apertures 51 in
the upper and lower membrane spacers providing a channel that allows either the
25  process or a product fluid into the middle membrane spacer and the other fluid(s) into
the membrane spacers on either side of the middle membrane spacer. In this way the
same sub-spacers can be used to form all the membrane spacers in a stack while

ensuring that the process and product fluids do not mix.

30 Inuse either grid sectors 53 or grid sectors 54 are removed from each sub-spacer in the
membrane spacer. Two sub-spacers are then aligned so that one sub-spacer is the

mirror image of the other sub-spacer. The two sub-spacers together form a membrane



7. A menbrane spacer as clainmed in any one of clains 1 to 4 wherein at

| east one sub-spacer in a nenbrane spacer is different fromat |east one

ot her sub-spacer in the nenbrane spacer. 5 8. A nenbrane spacer as clained
in claim7 wherein the two sub-spacers are aligned to provide a tortuous
path through which fluid in the nenbrane spacer flows. 9. A nenbrane spacer

as clainmed in a one of clains, 1 tq 8 wherei nbr ane. s ers are rotated
by 90 dogiRAGE" HONSBEIYRCMEFS AL nEo SYtrshece miay b b Io-hBn 16 WEuBERecan b
provi ded E}?abé&?%@@ﬁ{bvﬂ%ﬂ%rﬂf sIIRIPE RBLS4 prRided aBHNBRALSHAGEN &8 thbal Ned
in any one of clains 1 to 8 wherein nenbrane spacers are rotated by 180

degr ees bsitbaspenenvimthcanasbrene thneughtwhiclsBwd flowsbr ane spacer can be provi ded
bet ween each pair of nmenbranes. 15 11. A nenbrane spacer as clained in any
one of clainms 1 to 8 wherein nmenbrane spacers are rotated by 270 degrees

bet ween nefbhangtage Gftieieinbtang 308 spaRBsfaTIgurs Basef o oDEighfeg 2l Ahddt et ween
each pair of nenbranes. 20 12. A nenbrane spacer _as clainmed in any one of

clains 1 thet flwidfeviagin theechapnel 9604 thrntub-spaces b S gnrodthes feyver ddPasewe 180
degr ees. . - r LOg: ' t rture,
25 at | eaé"?nso{r?iggglg%g? B g%)st%?@:gsgpgqg@ﬂlegglgtpqésr?{éﬁiaﬁ)%? ﬁﬁeﬁfgﬁ%ﬁrtga@gnnect ed
to sai d afluideffsd irpcianneltioaif tiepaeinbraae byb-spaserftFagnire 8l |y curved fl ow pat h,
said substantially curved flow path including a plurality of grid sector
runni ng perpendicular to the curved flow path. 30 14. A menbrane sub-spacer

as cl pd med;ol,fe 6!sabMs L3oRHRRIVAdInt SERIERACES of B! iHO&GRIoR. PIHY &lbtdpdc@l 1Nl et
and outl et "apertures.
includes inlet and outlet apertures 68 that lead to fluid channel 66. Channel 66 runs
between the inlet and outlet apertures and follows a substantially curved path. Arrows
67 show a fluid path between the inlet and outlet apertures. Alternatively the fluid path
may be in the direction opposite to that shown by arrows 67. Grid sectors 63 and 64 run
15 perpendicular to channel 66 across the flow of fluid in the channel. Membrane sub-
spacer 60 is designed to fit into a square stack of membranes and spacers. The
membrane sub-spacer also includes a plurality of apertures 61 spaced about the
periphery of the sub-spacer. At least two of apertures 61 are used by a second fluid in
other membrane spacers in the electrodialysis device. Further apertures may be

20  provided for connections means used to connect the membranes and membrane spacers

in fluid tight connection.

In use a membrane spacer comprising two or more sub-spacers is sandwiched between a
pair of membranes. The membranes include apertures that align with inlet and outlet
25  apertures 68 to allow fluid to enter and exit the membrane spacer. If the membrane sub-
spacer shown in Figure 6 is used to form a membrane spacer between one pair of
membranes, the membrane spacers between the membrane pairs on either side of the
sub-spacer will be rotated by either 90, 180, or 270 degrees. This means that the
apertures 68 in the membrane sub-spacer will be aligned with a pair of apertures 61 in
30 the upper and lower membrane spacers providing a channel that allows either the
process or a product fluid into the middle membrane spacer and the other fluid(s) into

the membrane spacers on either side of the middle membrane spacer. In this way the

10



13 15. A nmenbrane sub-spacer as clained in claim14 wherein the inlet and
‘outl et apertures are uniformy spaced about the sub-spacer. 5 16. A

menbr ane sub-spacer as clainmed in any one of clains 13 to 15 wherein the
curved path is a snoboth curve with no curves of 180 degrees. 14
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aperture 62 leading to the inlet and outlet aperture 68 and with aperture 69 replaced with
an circular aperture. In this alternative embodiment two different sub-spacers form each

membrane spacer.

15
The membrane spacer of Figure 6 provides a tortuous flow path with no 180 degree
turns through which the fluid must flow. This has the advantage of reducing the
pressure drop over the membrane and reducing flow resistance. The membrane sub-
spacer of Figure 6 provides a regular channel for fluid flow.

20

The foregoing describes the invention including preferred forms thereof. Alterations
and modifications as will be obvious to those skilled in the art are intended to be

incorporated in the scope hereof as defined by the accompanying claims.
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said at least one inlet aperture connected to said at least one outlet
aperture by a substantially curved flow path,
10 said substantially curved flow path including a plurality of grid sectors
running perpendicular to the curved flow path,
wherein the two or more sub-spacers are aligned to provide a tortuous path

between the inlet aperture and the outlet aperture.

15 2. A membrane spacer as claimed in claim 1 wherein at last one sub-spacer

includes a plurality of inlet and outlet apertures.

3. A membrane spacer as claimed in claim 1 or claim 2 wherein each sub-spacer
includes a plurality of inlet and outlet apertures.

20
4. A membrane spacer as claimed in claim 2 or claim 3 wherein the inlet and outlet

apertures are uniformly spaced about the sub-spacer.

5. A membrane spacer as claimed in any one of claims 1 to 4 wherein each sub-

25  spacer in a membrane stack is identical to the other sub-spacers.

6. A membrane spacer as claimed in claim 5 wherein one sub-spacer in a

membrane spacer is rotated and/or reversed relative to another sub-spacer in the

membrane spacer to form a tortuous path through which fluid in the membrane spacer
30 flows.
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A membrane spacer as claimed in any one of claims 1 to 8 wherein membrane
spacers are rotated by 90 degrees between membranes so that the same membrane

10  spacer can be provided between each pair of membranes.

10. A membrane spacer as claimed in any one of claims 1 to 8 wherein membrane
spacers are rotated by 180 degrees between membranes so that the same membrane

spacer can be provided between each pair of membranes.

15
11. A membrane spacer as claimed in any one of claims 1 to 8 wherein membrane
spacers are rotated by 270 degrees between membranes so that the same membrane
spacer can be provided between each pair of membranes.
20 12 A membrane spacer as claimed in any one of claims 1 to 11 wherein the tortuous
path is smooth with no curves of 180 degrees.
13. A membrane sub-spacer including:
at least one inlet aperture,
25 at least one outlet aperture,
said at least one inlet aperture connected to said at least one outlet aperture by a
substantially curved flow path,
said substantially curved flow path including a plurality of grid sector running
perpendicular to the curved flow path.
30

14. A membrane sub-spacer as claimed in claim 13 wherein the sub-spacer includes

a plurality of inlet and outlet apertures.
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