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present disclosure relates generally to electrochemcal cells and in
particular to nmulticell bipolar stack reactors with internal ductings for
the circulation of electrolyte solutions through respective cell
conpartments. 10BACKGROUND Commonly, in bipolar cell stacks, inlet and
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circulation of electrolyte solutions through respective cell compartments.
10 BACKGROUND

Commonly, in bipolar cell stacks, inlet and outlet manifolds for an anolyte

solution and for a catholyte solution or for a positively charged and for a
negatively charged electrolyte solution are created in perimeter portioné of plastic
frames of two flow compartments of each cell, hydraulically separated by a

15  permionic membrane, by alignment of through holes in the plastic frames. The
anodic and cathodic flow compartments of each cells of the bipolar stack
communicate with respective inlet and outlet manifolds via ductings formed

through or differently defined in the plastic frames.

Sealing is commonly provided by interposing common gaskets of elastomer
20 in form of flat gaskets or O-rings set in retaining grooves formed in the seal

surface of the plastic frames.

Of course, bipolar stack electrochemical reactors used for conducting
electrolytic processes with gas evolution at electrodes require proper sizing of the
flow compartments, internal ducting and manifolds on account of the often

25 remarkable volumes of gas that are generated.

There are though electrochemical processes that are conducted with no gas
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i nportant application anong nany others is for energy storage. The
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el ectrolytic solutions that are flown2through an el ectrochem cal nulticel
reactor during charge and di scharge phases. The unlimted possibility of 5
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15 Moreover, the electrically conductive bipolar septa whether constituting also
active negative electrode and positive electrode electrodes over opposite sides of
the conductive bipolar septum or acting as bipolar electrical interconnects of
physically distinct positive electrode and negative electrode structures that may
often be in form of conductive mats or felts compressed between a permionic

20 membrane separator of the cell and the relative electrical interconnect on one side
and on the other side thereof, is typically pre-assembled within a plastic cell frame

and therefore is not accessible from exterior.

On the other hand, in many energy storage applications, it would be useful

to exploit an external connectivity of bipolar interconnects of a redox flow battery

25 as power taps at intermediate voltage, both during a charging phase and a
discharge phase of the energy storage system for augmented flexibility of use and

enhanced conversion efficiency.
SUMMARY

The applicant has found an effective way of overcoming architectural
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of common bi pol ar stack el ectrochem cal reactors as well as a way of making
possi bl e wo 2expiooi4s any el ectrical conductive bipol ar i rCENBENO@G@TBSIOr

bi pol ar el ectrode of the stack as an &xternal power tap term nal
connectable to an external circuit in an extrenely 5 sinple manner w t hout
requiring special costly structural adaptations for preserving an effective
hydraul ic seal .around a conductive stem adapted to external electrical
connecti on. The novel franel ess bipolar stack architecture of this
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2012/ 001446PCT/ 1B2831@l190fie5hipdlar multicell electrochemical reactor of this disclosure

15 does not employ any plastic frame and employs substantially planar bipolar
electrical interconnects or bipolar electrodes of substantially homogeneous
electrical conductivity having a perimeter that super-imposes to the outermost
perimeter of any other elements of the stack and whenever useful for the particular
application may have a protruding “lug portion” that projects beyond the outer

20  perimeter side of the other stacked elements, which, therefore, may have an
externally contactable area sufficiently large for the power (current rating) of the
electrical tap, at an intermediate voltage relative to the voltage difference between
the end terminals of the stack, to be electrically connected to an external circuit.
Consequently, also the planar bipolar electrical interconnects have through holes

25 that provide continuity of internal manifolds or ducting for a parallel or serial flow

of the two electrolyte solutions.

In case of internal manifolds for parallel flow embodiments, the hole surface
and planar surfaces of the conductive interconnect in the perimeter area of

abutment in hydraulic sealing with a perimeter elastomer gasket are rendered



electrically non conductive by a hole lining and surface coating of an
insulating material. Electrical isolation of surfaces in contact with

el ectrol ywe 2aei446ns may be establi shed by inserting apcrnBrgo/nilegy of a
suitable plastic material, for exanplé a lining ring of polyvinyl chloride
(PVCO) inside the through hole and thereafter 5 coating the perineter areas
that will be exposed to contact the electrolyte solutions on opposite sides
of the planar electrical interconnect, with an adherent filmof a suitable
plastic material glued or hot |lam nated thereon to bond onto the end
surfaces of tdlectticallyngpr conglueting: g dokealining end rsetface cnatiag .of Bepgesidating on t he
destination of use he bi pol ar .nulti-cell 10 el ectrochem cal reactor,
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2012/ 001446PéPﬁl@Z%&&#%@TGgﬁt@cg%ﬁc’tﬁﬁ Bment, B Pl an electncally confuetive. ader
conpar t ment taggesgateuif]pattichsadeovnduenpantaneial (métal, babbn,@od. g graphitegaek, as
di scl osed_in the docynment 01/Q3224- Al., of .the, sane applicapt, elimnates
The_soscdfl ot pteplodlessy cetﬁ?a% egﬁﬁsﬁweﬂtﬂ Iagninat inchiing e ?%Eaandmoam ar
cel | stack argbhiiRCbHARSiVAMdyRrd, Nl et and 5 outlet manifolds for each of the
two electrolyte solutions for flowing the respective electrolyte solution
in parallel through all the relative cell conpartnents of the stack, it
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relatively | adegracts Ufrsranthe devesdll iefsrgy aconkersionx effioleicy rofphakerkhgy istogage
install atZIOC)nSsy(gtfem because of the electrical power absorbed by the pumps during charge and
discharge phases. Moreover, pumping is usually controlled in function of the
voltage present at the cell or stack terminals in order to maximize energy storage
during a charge phase and ensure maintainment of an adequate output DC voltage
during a discharge phase. Therefore, the pumps must occasionally be driven at
25 increased power to prevent depletion of electrolyte at the cell electrodes in case a
relatively large current through the electrochemical cells must be supported (i.e.

an increased current density over the active cell area).

For these reasons, while serial or cascade flow path of the catholyte solution

and of the anolyte solutions in succession through the respective cell



an electrical distribution grid. Vice versa, in isolated non-grid
connected energy conversion plants fromrenewabl e sources such as sol ar or
Wi nd enerwy9 20moes4si on pl ants, wherein the redox flow erergp20a0/00i65lg Syst em
may be normally called to operate in prolonged 15 |ow or noderate power

| nput storing phases and simlarly in prolonged | ow to noderate power

suppl yi ng phases to local electrical |oads, bipolar cell stack wth seri al
flow path of the electrolytes through the respective cell conpartnents, nay
remain a preferable choice fromthe point of view of energy storage
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menbrane assenbly arrangenent of the bipolar cell stack architecturé of
t hi s di scl osuueren@5plhgying the tradigionalnbipplar exl| statbdardkitestures, vaty wietgmd end of

bi polar cell s K, . El G [ schemat i ¢, expl oded threg- di nepnsi onal
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expl oded view of a | am nated enbodi nent of a WO )
2012/ 001446 PCPMPRrOEDISO0f 5 1stack, it implies augmented hydraulic losses that may be

incompatible (because of their decrementing effect on the overall energy storage
efficiency) if the energy storage system is destined to function almost constantly
10 at relatively large current densities, as for example in peak-shaving installations of

an electrical distribution grid.

Vice versa, in isolated non-grid connected energy conversion plants from
renewable sources such as solar or wind energy conversion plants, wherein the
redox flow energy storing system may be normally called to operate in prolonged

15 low or moderate power input storing phases and similarly in prolonged low to
moderate power supplying phases to local electrical loads, bipolar cell stack with
serial flow path of the electrolytes through the respective cell compartments, may
remain a preferable choice from the point of view of energy storage efficiency and

of reliability and operative life of the cell stack.

20 The invention is defined in the annexed claims, the recitation of which is to

be intended constituting part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic exploded detail view of a permionic membrane
assembly arrangement of the bipolar cell stack architecture of this disclosure.
25 FIG. 2 is a schematic exploded detail view of one end of bipolar cell stack.
FIG. 3 is a schematic exploded three-dimensional view of a frameless
bipolar cell stack with internal manifolds for parallel electrolyte solution flows of
this disclosure.

FIG. 4 shows a detailed exploded view of a laminated embodiment of a



pl anar el ectrical conductive cell interconnect. FIG 5 is a partial detail
cross section of the lam nated interconnect of FIG 4. FIG 6 and FIG 7 are
vi ews frowoaprowitse si des of one of the pair of 5 identipcaliByash@ss of the
perm oni ¢ nmenbrane assenbly arrangenmemt of this disclosure for a bipolar
cell stack with internal manifolds for flowng the electrolyte solutions in
paral l el through the respective flow conpartnents of all the cells of the
stack, according to the enbodi ment of FIG 3. FIG 8 is an expl oded
detail view of the perm onic nenbrane assenbly 10arrangenment of the bipol ar
cel | stack arpghndretictiical efndubigvedieidhtessneecaccor di ng to anot her enbodi nent.

FIG 9 is a schematic exploded three-di nensional view of a franme
bi pol ar cel |l stadd r%ﬁiatl?é?ﬁrdéwﬁi FRsSi St"??té(f’h%fﬂﬂﬁhfé?lpﬂﬁdf‘ﬂmePPB%t HBEE@H ally
(in cascade) jhe electrolyte solutions through the respective flow

conpartments of all 15the cells. ~ FIG 10 and FIG 11 are views from
opposi te sides ofFldheb ahdtFl& Faane wews dem iopposigasgitest sf ofie tofighp @airi ani ¢

nmenbr ane senbl rrangenent of this disclosure for, a bipolar, cell.stack
W th e ebnalgtel fpOREy o) b ot dnBbRGF RSy e enERt SIS on
through the rfisResikd or fa Bypctanpar tserRt &ithf inédrhalt hRnirelds sfo20pdwinge tigt ack,

according to the enbodi ment of FIG 9. FIG 12 is a schematic view of a
segnent ed st adectwlypisplytigns deparallel thrpughttee rrspeqiigifloy gempaitmpets Af|lalll  f | ow

o e chec AL AL ANScaghi A0ud by g o Pipelar cells of
a segnent ed stackfFl€l. ®iipah axploded slewmilt ViekSafnthe rpearhiodicc trentbrarer assemblyl | ow
of the e|1%ct raorlra>r/1tgg}m<§r(1)tl oLi‘tt.L(e) %?po?grdceillnétaegkngrg. '?é[c%ug %lf ttl?egﬁisgl%gljsré according to

another embodiment.

FIG. 9 is a schematic exploded three-dimensional view of a frameless
bipolar cell stack architecture with internal ducting for flowing serially (in
cascade) the electrolyte solutions through the respective flow compartments of all

15 the cells.

FIG. 10 and FIG. 11 are views from opposite sides of one of the pair of
identical gaskets of the permionic membrane assembly arrangement of this
disclosure for a bipolar cell stack with internal ducting for flowing the electrolyte
solutions in succession through the respective flow compartments of all the cells

20  of the stack, according to the embodiment of FIG. 9.

FIG. 12 is a schematic view of a segmented stack of bipolar cells with
internal manifolds for parallel flow of the electrolyte solutions serving a limited
number of bipolar cells of a group, and intermediate voltage taps.

FIG. 13 is a schematic view of a segmented stack of bipolar cells with

25 internal ducting for serial flow of the electrolyte solutions and intermediate

voltage taps.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

An important feature of the novel frameless multicell bipolar
electrochemical reactor structures of this disclosure is represented by the manner

30 in which the permionic membrane hydraulic separator between the distinct flow



DESCRI PTI ON OF EXEMPLARY EMBODI MENTS An inportant feature of the
novel franeless nmulticell bipolar electrochem cal reactor structures of
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menbrane hydraulic separator between fThe distinct flow WO

2012/ 001446PCT/ 1B2010/ 001651 7 conpartnents of each el ectrochem cal cell is
installed, or in other words by the perm oni c nenbrane assenblies that
interleave with substantially planar electrically conductive bipolar

el enents or plates of substantially honbgeneous conductive material, in
order to be ewaipanaienys cfosnoh etxadcliengedlhvet] ibeéhssid, br ar dihnamwprdselyddres of

t he stack, for hydraul i&gl |y seali Pg%t he flow conpartnents of all the cells
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respective flgamheQRRsin BRAkiBal0keriad bf tHeebipsiht stadk and@efiediateril n@nifgtddups of
cells of the stack (as will be later described). O course, as wll becone

evi dent in tadelustiigig description, the same assenbly arrangenment is 15
used with gaskets havi ng a dlfferent pattern of bas-relief seal areas and

diff nmb |
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ducting adapted to ution I stinctl rough
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groups of, cells succe n from i el | at B2 end to
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to FIG 1, theRarim mrﬁalrmmfo@dseanmdumﬁ@mﬁlfmané Xl cectrolyie &flud@dhsi ON

exchange pol yner adapted to exchange anions, cations or both, depending on

t he desti nat iiompawilelideough thhwespdctive ﬂewrr@mn@ameneatftaﬂrthe ﬁfdb dfthe si0ki aret er
portion sandw f%gg%sbgF‘g’glgsd %ack &”L i Bn&akd 8t &Pb@@dﬁm%%wﬁﬁ vl

gaskets G an e So COo Y afe ‘assenbl y
is eventual l yoee@:ﬂare@md nbelﬁelvem;rtg/\ﬂesphgﬁ@ﬂ teleesahfel Hmblyt Aramgement B or

bi pol ar eI ectrodes plate (not shé)\f/\f/nr in FIG % urp(l)lnftela?r;}egglaggdgf?e st acked
el enent s ﬁogétSﬁ IWlth gaskets having a different pattern of bas-relief s erent
number of through holes for making a bipolar stack with internal ducting adapted
to flow the two electrolyte solutions distinctly through the respective flow
compartments of all the cells of the stack, or of groups of cells, in succession from
a first cell compartment at one end to a last cell compartment at the opposite end

20  of the stack.

Referring to FIG. 1, the permionic membrane M, commonly a flexible film
of an ion exchange polymer adapted to exchange anions, cations or both,
depending on the destination of use of the electrochemical reactor, has its
perimeter portion sandwiched between two identical parallelepiped elastomer

25  gaskets G1 and G2 disposed back-to-back. The so composed membrane assembly
is eventually compressed between two planar electrical interconnects or bipolar
electrodes plate (not shown in FIG. 1) upon tightening the stacked elements

together.

The two identical gaskets G1 and G2 define a central aperture or window
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perineter edge portions sealingly held between essentially flat seal
surfaces wb 2toback si de of the two identical gaskets, pcmaB2oo/omicsii ng f or
the required hydraulic separation betteen the flow conpartnments of the
cell, on one side and on the opposite side, respectively, of the 5
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di agonal | y opposite | ocations of the nmenbrane. Accordl ng to the

particul ar enthoalighelmles;, d 2pa3r a‘l |that, tblmﬁrdb'ptoctl@dfaphtlﬁl the twe Rapkal ap, the
par al | el lit, flow chann rt 0 t i
oF | wgntbc E’P‘lt i 1isp OS?E back oebac ard' i ageéieb s gg d[uff‘é nithbers. ﬂ]

order to ow channél’s eac rr-sin east a narrow

el ongat ed tr afur dbRBJondei the stdek i€lceipletddyhl ﬁ@lhtUﬁéd?ﬁNllleof'rﬁ[ a@thed withow
through, both: before reaching a respective "inlet zone" at the edge of one

side of the cumilagdy aligaed threu aolsﬁtlerthﬁdmtqte tleerficelomiarsas: tﬁterflh'e cel |,
passing through. the -8@R SnBiHalRERifolds of circulation of the two electrolyte solutions in

the respective cell compartments of all the cells, in parallel.

15 As observable for the visible face of the gasket G1, the "front side" (as
opposed to the backside) of the gaskets have a bas-relief patterned perimeter seal
area 5 that has loops adapted to contour completely the through hole 2 and the
diametrically opposite through hole 4.

Over two opposite sides of the central aperture there are two similar
20 pluralities of patterned seal areas that define therebetween elongated split flow
channels 6 that extend from a rim region 7 of non-contoured through holes 1 and 3

at the other diagonally opposite locations of the membrane.

According to the particular embodiment for parallel flow depicted in FIG.

1-to-FIG. 7, the parallel split flow channels 6 are tortuously elongated, at art, in

25  order to define distinct flow channels each comprising at least a narrow elongated
tract along which the electrolyte solution is forced to flow through, both: before
reaching a respective "inlet zone" at the edge of one side of the central aperture

and entering the flow compartment of the cell, passing through the gaps between



WD 2012/ 001446PCT/ 1B2010/ 001651 9 rel atively short patterned seal areas 8§,
formng a conb-like |inear array, and vice versa, upon entering a

respect i weo"2012tdoet46zone” at the edge of the opposite si @#eTaBoibveoiesnt r al
aperture of the gasket defining the fbow conpartnent (el ectrode
conpartment) of the cell. In practice, the two patterned seal areas on the
front side 5 of each gasket define tortuously elongated split flow channels
6, such to have al least a tract relatively narrow and | ong to provide for
a sufficiently increased electrical resistance to by-pass (stray) ionic
currents thr ogpkivelyahehgattenby teal a6dasiBl Goimiing b kembdiediichy array)laad vived
outlet internal manifolds of the bipolar cell| s acﬁ toward el ectrode, or

ot her el ect riYeafa YPAHARIEARS ?iéesé’ﬁ‘?ti‘vécégtl@fzoﬁéaf‘“o‘i?e & 904 ﬁ@PB‘éséﬁeng‘feyOfdi st ant

cell's of the Gt agkaf a?%rﬁfﬂ%eoﬁsih%e ééké@ﬁ@ﬁr%i}ég'tth@%\gid‘oﬁrﬁfaﬁﬂfeﬁﬁ -(ele%ltrode{ n the

present disclosure, w e expression " uously" 1t Is Intended to
poi nt out t hatonpaetment)ithd eaflo i prattideh thegpiloi pattéinedvsedh areae by tle eyt sades une

i nnumer abl_e geonetrical ,shapes re or less.tortuous dependi ng,on the
char act or Pt 1RIHCH epiigt dre Popove Sinaenrs apit Rk EReei Seb ARy 8 i on
di scharge of [d&t o ecteleREibElyCRirtow GRAbIEE ty ProBdE Fdradh Sufffe@shtll Oihclelsed

el ectrodes and for the bipolar interconnects exposed to contact with the

el ectrol yte sdgaui¢abnresistance T ebynpase oltray)oinsic surrewn ahrasizbntist elactrolsist s of
the channels s%iut Ii'nt th%. lcggglgegtfivet metealnaccg\ftf%{ Yr%tgrgﬁgl'né%{f&'a JPE rprz)tlérhc%ll

el ectrical resistance IFont ¢ currents 1n rolyte so fon to and
froma cell opaghatoiviRhicleofroddrer Seter alldcyricatinnetidactiveOsurtgoed af nearbly sanidowar d

el ectrically conducting surfaces of conpartnents of other cells under

i ncreasi N9 y ingegangly rit%?@écelfsrqfé%ﬂe%%%t ProreIsHEty lagee yolpge é&%ﬁe“ﬁ?s-'pass or

stray currents and prevent surpassing a critical current density of ion

di scharge over CORQHEbreéentRASAISSUR, WilltHeGlxbfessibn HRRnDLATK it iRk Aded {3e

internal manifolds, that if surpassed would in sone casées corrode the

conduct i ng paraintbgutathat nther actwdl nigyos  obildisplibxlpye rehainedh & gyt hesueen, for

exanpl e, as wel| é(rtggvm to the i1l ed person. urs al | patterned
r

K 0] .
seal areas at™H8 lfi §?OIP%t5°%lZIS e FOFE Sﬁslesc?efl?lﬁué) Sg % n&'ﬁé PPont® side

of the el astidhagRekelis dfake clkbeolseramdhdicgiital JugleAgd@BRY bN&sh diScharg@ss
agai nst a substantially planar surface of the bipolar electrically

conducti Vé ez sleetically #endctive ppasamply 9swh forqthe electrodes and for the bipolar

interconnects exposed to contact with the electrolyte solution.

The narrow cross sectional elongated tracts of the channels of split flow of
the electrolyte solution augments the electrical resistance to ionic currents in the
electrolyte solution to and from a cell compartment of the serially connected

20 bipolar cells toward electrically conducting surfaces of compartments of other
cells under increasingly large voltage differences, in order to limit such by-pass or
stray currents and prevent surpassing a critical current density of ion discharge
over conductive parts of the cells of the stack through the internal manifolds, that
if surpassed would in some cases corrode the conducting part by an intervening

25 anodic oxygen discharge thereon, for example, as well known to the skilled

person.

Of course, all patterned seal areas at the top of the salient portions defined
over the front side of the elastic gaskets have the same height, being destined to

press against a substantially planar surface of the bipolar electrically conductive



el ements. Therefore, the patterned salient parts of el astoner over the
front side of the gasket besides establishing a hydraulic seal over the
count er - oppasexhosusf ace of the bipolar interconnects, deCirnBoab/eabsiol yte
fl ow ducting channels and the conparti®ent void through which the

el ectrolyte solution flows. 5In many inportant applications, typically for
a redox flow storage battery system the active el ectrodes may be
conpressible mats or felts of carbon fibers disposed in both flow
conpartments of every cell in electrical contact with the electrically
conducti ve bigeahaerits. imieedfcmnﬂﬁqiarteﬂihe saita:tnt partS ef dladrmert oved dse frmtsidetaﬁ e

por ous electr dethr ug t.he trolyte solution m wi.n a
"lateral" 10 ﬁlglal%f B?ﬂ’f;]elsre&?ﬁgﬂ“?glf‘ "saf“ %Séﬁ OV Ricthe | coRptel ‘ﬁé\‘ﬁfaCFo t he
opposi te out | gt i glgolaf 1ﬁt@1‘:éoﬁl%%ar(feﬂﬁ@tele0968¥é ‘ii'loﬁgdﬁ&'in%aehﬁﬁ@ﬁ'eé}fd_ etheact i ve
el ectrode surface adapted to sustain the el éctrochemcal reaction at the
el ectrode at qosimattimest yoill ghrgeglc whichthbe elestmilytesglutiprflomsed to the cel | area.
Though conductive adhesives may be used to enhance el ectrical conductivity
t hrough t he blpolar electro t [ | t

el ectrodes in conflac%"yvdr?%orgagtp cggg%/sr c@ag@tg thrgdg g((:)turﬁlstggé %amt'r?'

i nterconnect, g&tlafn elieea?dtfveceaéctr@déﬁ may bH&)bm@l‘eS@nbhﬁnﬁtSSdtrtéﬂs by cabom dident e
conpression of the mat or felt el ectrodes between the nenbrane separat or

and the bi poldisposed & é%‘ﬁn%‘b‘t’ sconwsewemsgﬁteéﬁryn@ell Heelsetgicr! cogtactivath thef or
bi pol ar cell §{a6ks,cQ }FOlé‘r Infr hnBUTRRE nth o?%lk %kecfr&de%Q:on gd be

difficult to guaran ee t at alT the elastoner gaskets be equall
uni formy conpressdectrdde throtgh wmcbﬂmclectmmtmwmnmapfﬂop\arrahI"eral’h

bet ween the pl.anar conduct | ve. bi el enents pressed agai nst th

Do o astfie i gaere foannish 8. Befiod sSPRmuReBlG IS Srtiae Bl ofand a
preci sely defihaeempalahéitCalovidngifo RAaGRghenRH lactiteelbttfyeCRMRES AdHpRIdSoOf the
cell's upon tightening the stack, 25 eaCh two-gasket nenbrane assenbly is

cont our ed by sybtaisx the @lpthsm@ahswhgl at the elepleadse @torql@svisbhéﬁrmg cugeny
desi gned ”ax'c{“ﬂ%&o@ 5%?() ? the té}ga %ﬁgﬁgﬁﬁdﬁ?ﬁgg% es'i’x%ts"é{‘? fl zdppol ar

i nt erconnect s apt e y secur raualic sea ned by

t he bas-rel i afnhpadctedsoneehl eb@catcamy t}gaxsgieﬂls blﬁdlmléaﬁidemsmibly nbmpmh
mani fol ds _and split flow ducting 6, and at the sane time ayvaqid | ocalized

300ver cdfpr efshemasfortiel electrodssmin °€f§§‘k‘e‘t"§ SRBPBIE %‘!‘i@c%ﬁf)ﬂ‘é’s%lifﬁ%alrmt or
felt WO 201%@%&@9&?@BéQ&QéQOlQé}ctllnfy' Q! %‘ée%nsdréd Plfgfe?%o&é}

bet ween, nakin ar I nterconnects perfectly paral to each ot her
and equal ly sqoaqmcksion of the mhtnortfhie elentrodtsibenteesibevmembrafieGepdratot hed thpacers 9

may belnth rmof four strip spacer apted to be joined at the four
cor ners, gﬁﬁ@f“i Wfff‘émﬁe‘gs’ﬁ’@f)f‘ﬁ’\gﬁﬁ%ﬁﬂngéé%%& contouring the outer perineter
of the tvvo gaskets Gd and &.

Specially for bipolar cell stacks composed of a large number of cells, it

20  would be difficult to guarantee that all the elastomer gaskets be equally and
uniformly compressed. In order to ensure maintainment of parallelism between
the planar conductive bipolar elements pressed against the two-elastomer gasket
membrane assemblies interleaved there between, and a precisely defined identical
void space to all the flow compartments of the cells upon tightening the stack,

25  each two-gasket membrane assembly is contoured by plastic spacers 9 having a
thickness corresponding to a designed maximum compression of the elastomer
gaskets between the bipolar interconnects, adapted to reliably secure all hydraulic
seals defined by the bas-relief patterned elastomer gaskets, form leak proof
internal manifolds and split flow ducting 6, and at the same time avoid localized

30 over compression of the elastomer gaskets and/or the compressible mat or felt



Spaced protrusion 10 along the entire outernost perineter of the gaskets G
and &, provide for a certain spacing fromthe juxtaposed spacers 9,

| eavi ng uwoforxmogaps for a limted and uniform |l ateral expapxilemiesi t he
perimeter of the el astoner gaskets updn conpressing them 10Simlarly
spaced protrusions 11 are also forned along the inlet and outlet sides of
the central aperture of the gasket, by defining several spaced protruding
conb-teeth every so many in the two |inear teeth arrays 8 defined al ong the
inlet and outlet sides of the central aperture or w ndow of the gasket, in
order to |i midedttoded,df eraatntethpmnisitencn fmakieg ¢heebipolad éntertonnects pérfeqtlyf

present) upon c essing it,. 15 for preventing it fromunchecked swelling
to the point Rﬁ’fﬁgﬁ%}g‘iﬁchﬁﬂ]eﬁ?ﬁe hyga.{)qegt f1 ow passages between adj acent
parallel teeth of the conmb-like arrays of the electrolyte solution, in and

out of the flow ganp@emBaiiment showifFI@. 15the spadeesBtrhay bx i aedrvi gw of
one end of bipolar cell stack including one header H that, in the exanple
shown, is a tfepnisHin spassrss jadaptod ta| ke goiperd arfhe AU CATICE, dBnEAEYR DR fel t

positive gl eﬁe’é'ﬁ%ﬁraﬁk&ahé} ctonﬁ)upiﬂ?%odfgr p%higne%?foif ﬂ?edt\&lokg%skaé &l Sinfig2 he

anol yte and ol yte sofutions that circul ate respectlveqy in the
fl ow conpartnments "behind" (fromthe point of observation) the nenbrane
assenbl i es M of tSpacdd polrasion 0 labngtthe trgire olifesnost grerimetenof theagaskeds Gy

opposite internal..manifpold | eading to.an anolyte qutlet in th eader at

Che 25 oppos 4t GAdPBNidentor o SOt ShEci LY yie | SGRRSETD APetAG: (57T Blgh ( he
f1 ow conpart nBfifosm"daPs $drdtimitedl ahd AniFoR@ IAEral 8k Pasisioh Of Wee p&ihast 8elthen t he
di agonal |y opposite internal manifold |eading to a catholyte outlet in the

header at t helastaneer gapletonpantpempressiog themease of a redox flow battery the
denom nation of anolyte and catholyte refers to a discharge phase of

oper ati ogpof the it s | sfiagck. /001651
12 Emese den%ﬂréllll%}e{ ?génégdgjf &%e r}tswlt)l gée%%ororﬁltg é%@%&% ?gﬁgﬁép Qbe
exchanged dursidey of thdhacrpeal ppxatee of thepgaskéet, by debhring ssecralf spabed prowadsigon of

the electric current through the cells in series. The, perm oni ¢, menbrane
Separator M GOMHHEBAFE Famei B Bdinig Geliohiays Grielaey aRperhy M o
bet ween the ti\g FASKEHS & tht REntFRAPERDRE R SABARN bEthe fskdhiLbrdentviiklte front
side gasket G in sight in the drawing. The negative electrode felts on the

rear side of thiatérak expansierect thelclestrednotat pnfedi @hpresenty yponchoawiregingft.G. 3 is
a SChemiH 5C G5P Ll%ggn in\fgI i?}l}lor%f urich€ KR ls@v%ﬁintg)ltg ?llleall)’oil(l:teclfJ cl(?é[gzlar?gkinlet and outlet
flow passages between adjacent parallel teeth of the comb-like arrays of the

electrolyte solution, in and out of the flow compartment.

FIG. 2 is a schematic exploded view of one end of bipolar cell stack

including one header H1 that, in the example shown, is a terminal positive

20  electrode unit having a compressible felt positive electrode A. In the header H1
are defined the inlets of the anolyte and of the catholyte solutions that circulate
respectively in the flow compartments “behind” (from the point of observation)

the membrane assemblies M of the bipolar cells, to be collected in the diagonally
opposite internal manifold leading to an anolyte outlet in the header at the

25 opposite end of the stack. The catholyte solution flows through the flow
compartments “in sight” of the bipolar cells, to be collected in the diagonally
opposite internal manifold leading to a catholyte outlet in the header at the other

end of the stack. In case of a redox flow battery the denomination of anolyte and

catholyte refers to a discharge phase of operation of the multi-cell bipolar stack.



10 showi ng an exenpl ary structure of the two headers Hl1 and H2, the
positive electrode felts A and negative electrode felts C as well as the
conpr essiwo 2twvessist ructure i ncluding two stiff end bl echaBiioendsiP2 and
the plurality of tie rods R for tightening stacked el enents there between,
according to comon "filter-press” |ike organization of bipolar

el ectrochem cal cell stacks. 15An exenplary | am nated bi pol ar interconnect
|, particularly adapted for redox flow battery stacks in association with a
felt electrode of carbon fibers is illustrated in FIG 4 and FIG 5. As
shown in the expl Hose den@mninafiortsl && thd two lekecpbbhmasoleli@ct shioakl bey exohanigectt | ve

bi pol ar interconnect body 12 be of an electricall nducti ve aggregate
of 720 par t | CHEGEGrhgreRTeELo Lo B Qe WvFRETP A Kar oy be a
ther noset ti NghfRShihe {Ps i€X@R! € an epoxy base resin, or even a hot

nol dabl e pol yester or a polyolefin resin binder. In order to increase

| ateral conductivity toward a perinmeter |ug extension, the conductive body
i f made of an aggftegearmiomenemtranepspanator M pbild cqllsiip shewmas heing e nosr bon

fi ber gau or._.an n S 2 i i, Vi core- | ayer
conpl et el ;Z‘/—)e en%aen(%ré?g%(i%i\lmglﬁegd {Bgﬁh%ﬁgttggq%ro %ﬁﬁgfqéggr@%§ ¢ \?\%eh%h%g &t

2012/ 001446PGIhitB26n1 0/ 10O ifeont side feasket tdY dngdightoine she( tiswihheThonepatereed
enbodi ment) 1-2 and 3-4 are drilled, such to geonetrically match, (align)
with the thrdlgpirods)fgls pn e gear side pfgtheripterephagets d ¢ ngidingpght in' the "y g
13 of a suitaflgipl astic material, for exanple PVC, are set into the 5
drilled holes to constitute an electrically non conductive lining of the

fl ow passages through the conductive bipol ar interconnect 12. Al so the
perimeter surfacddGedtis rredchematie ophpledsded efgai enmplete| bipblar seld| stapkeas of

the bas-relief patterned front faces of the el asto ts of the
menbrane1 sseﬁlﬁB i"égsa‘beqXSWB[aﬁﬁ Sfrgg?' Ogéﬁlea%%ﬁleéiqrf ?%fgﬁﬁgf’sﬁlgc&o,s“%y be 10
rendered el ecdlédifmat IfdtshAnmandstvevaediode delts @ tas FE110%Ethe Icbmpefpios istresssi des

of the electrically conductive interconnect 12, appropriate masking filns

14 of a sui t aBlewed el hg sithend hiackyPhand P2and e biality pf Segpaski o
fil Th I ! LY ' ' ta f

of the e eot ribLPEMDY sisfRed Abiid; HRRchcre i HBobr R B U st
order to bondikewmrgdrgzapioasif bipotateidcroctemical cell stacks.

16 An exemplary laminated bipolar interconnect I, particularly adapted for
redox flow battery stacks in association with a felt electrode of carbon fibers is

illustrated in FIG. 4 and FIG. S.

As shown in the exploded view of FIG. 4, the planar electrically conductive

bipolar interconnect body 12 may be of an electrically conductive aggregate of

20  particles of graphite and/or carbon and a resin binder that may be a thermosetting
resin, for example an epoxy base resin, or even a hot moldable polyester or a
polyolefin resin binder. In order to increase lateral conductivity toward a
perimeter lug extension, the conductive body if made of an aggregate, may
incorporate a metal foil, a metal or carbon fiber gauze or an expanded metal sheet

25 as a high conductivity core layer completely embedded in the laminated or

molded aggregate

The conductive body 12 may be in the form of a relative thin sheet of

aggregate of sufficient stiffness once it is eventually cut to size, through which the



15 the aggregate of the interconnect or alternatively the same result may
be obtai ned by applying an insul ating enanel using an inverted application
mask for wpramgsbhe i nsul ati ng enanel . I n any ca®el/MBm1ebadés i n t he
partial detail cross section of FIG B, insulating surface filnms 14 overl ay
and are bonded onto the end surfaces of the lining ring 13 20 1in order to
secure isolation fromcontact with the electrolyte solution the so coated
areas of the electrically conductive interconnect 12. FIG 6 and FIG
7 are three-di nensional views of the backside end of the bas-relief
patterned fr diotr throlgh hddap@at the ebysidatd emdodiasket 1 -dfand 3e4 erebdrdlede sich

illustrated in FIGs,. 1 to 3. In the front side view qf, FlI 7, are
clearly obserQgspretricallypaich éﬁ&'{}b Wb thee ‘@,ﬁ l‘l"if’étl’gi%‘gr%’ lﬁllﬁ%éh? ﬁ%ﬁ(ets
electrolyte sglytden comng fromthe inlet manifold to the inlet side of
the central aperture of the gasket, entering the flow conpartnent passing

through the uniformy spaced Iinear array 8 of parallel seal WO
2012/ 001446PCT/ 1H20291d@faownitehleaplagiic maspak Her pwsple PV, agesetiaty 8Kor t

paral | el seg i ed | - 11 r ng [ t. §..de, and
the spli t%f I 24/3{/{]1: aﬁ%lg{)gg éonftﬁgt% g@?"é‘?@yﬁwg&‘ a%‘%é'ge]lhgg% r(gll @eeﬁts’& ution
at the opposipagsages ihedughithecaidutiing: ipblar dtpaimecey®. wherein it flows into
the split flow channels 6 leading to the respective outlet manifold. As 5

may be observed, the two bas-relief patterned areas al png.the opposite
si des of the par a‘MS%lt'é?pP?Ié‘He‘ﬁ'éﬂﬁfa&ﬁ%as%‘@egd‘b afﬁfqpé?sﬁi)‘??geé?& iaga‘BQtsﬁ%‘ugh

overturned. Ifedsl G tHe BRYrcfkef DalEmEDSHRIN CCEPHE 1hd @BfslotndrNgasREONEFaiHRd
narrowed tracts of each of the split flow channels 6 adapted to limt the

by pass (strapymbrane eassanlfliesnbedyngimg ttrewel adjncenk yoels gd| ei sacki roay thiee
gl)re}g;r, ,? ?TSR'? fs rggc?eéc%:cﬁglggbtg{ﬁfg B%racﬁ\rll\@-rcgié%l})gffltg!lzi'ir?aetlﬂnlgyovléro ﬁl%n(()jp%%tsiité/ §iaP& bt ﬁmeOf sane
electrically conductive interconnect 12, appropriate masking films 14 of a suitable
electrically insulating material, generally a plastic film. The electrically insulating
mask film may be glued onto the surface of the electrically conductive
interconnect 12 or hot laminated thereon in order to bond to the plastic matrix of
15  the aggregate of the interconnect or alternatively the same result may be obtained

by applying an insulating enamel using an inverted application mask for spraying

the insulating enamel.

In any case, as shown in the partial detail cross section of FIG. 5, insulating
surface films 14 overlay and are bonded onto the end surfaces of the lining ring 13
20  in order to secure isolation from contact with the electrolyte solution the so coated

areas of the electrically conductive interconnect 12.

FIG. 6 and FIG. 7 are three-dimensional views of the backside end of the
bas-relief patterned front side, respectively, of the gasket of the embodiment

illustrated in FIGs. 1 to 3.

25 In the front side view of FIG. 7, are clearly observable the split flow
channels 6, that distribute the electrolyte solution coming from the inlet manifold
to the inlet side of the central aperture of the gasket, entering the flow

compartment passing through the uniformly spaced linear array 8 of parallel seal



An alternative enbodi nent of the bipolar cell stack architecture of this
disclosure is depicted in FIG 8-to-FIG 11. According to this

al t er nat iwe 2ermhodi4aent , the probl em of by-pass (stray cecrantmd/oonasibi pol ar
cell stack is practically elimnated By flowing the electrolyte 15

sol utions through the respective cell conmpartnents of the stack in

succession and not as traditionally done, in parallel. In this way, there
are no by-pass ionic current path through the internal manifolds. As
wi |l be evident fromthe ensuing description and related draw ngs, also or

this alternatdreas atop o lmsntlieﬂdaéinsdushorppanaildmegmtsbdimechbser@bm -3

arrangenent of FIG, 1 is u h simlar nar. ally
conduct i ve biBHISF 2long fis.in tS‘SFa%@&n%l@fﬂlt v ?ﬁ}?@n g&’éﬁ‘@fbﬁﬂiﬁ ec§ e of
the two gaskedi&t@lytt RelutBARr ﬁi&%pﬁ§§mwét silb@f dhd EAT MSarinSent WHeRSn it
differently coordinated through holes in the bas-relief patterned peri meter

areas of the fbpmmtft thet sphit Plowi %ﬂ@ls Silersingita theirespegtiveheutleg mangpldagsr t ur e
of the I d n;[ InC?)hbé) %S%He%p{hg%glo%la?§ellf%gg§tte%§edl eﬁgfsiéag%rfﬁjtﬁf g/)gos:l‘te S de@%ﬁth@z

(&xt), e’ count opposed € rica I nterconnects I.

Because of tr@rﬂmﬂlpearmahgmez&tmm@taﬁﬁallwideﬁﬁt&ﬂ tishugh iovgreamedrldi F1g. t70 this
enbodi nent, the expl oded detail view of a permonic gnbrag& assephl y of
FIG 8, incl ua@salapsbs qbservedunase stearly dbg ?lyn%%aerfrw becta of cpeh ef Bsnnect s

in order %?E%QD %ﬁﬁﬁol eé&?%%%ﬁﬁ% gﬁ@%%gg shhitsLirn®s LbSicPaEHel ar

coordi nati on thro n the skets A t and & and in
t he cooper at mig:tntoda)rtmsnhjtlonrﬂr@ncibnrﬂ:mctro&& ofinde bioprdaggmenh tevard ralettically. | n

der to,illustrate the diff f | gaskets (GL it and
Gt fr ol IEpE eirat Gl Sttt e ot ST AR e Sequence of S

stacked elenents shown in FIG 8 is of a first termnal cell of the stack,

in other words th@l@ﬁb}naﬁ% Tehtbo@iﬁlfﬂ?@&ﬂ‘dh@yblﬁcﬂ@r bandeick Ofrchitensé agkhisl N t hi s
enbodi ment, the terminal el astomer gaskets &t, may not have through holes

in one of thedisahgsulsais depiciedfin §AGt 1torddGpdli net er si des of the gasket. Of
course, at the other end of the stack, there will be a simlar term nal

gasket (Glt) wit /?H:toh&lﬂé %IQE':I hcﬁ!e ik %Hﬂ)ogigﬁ)é}ﬁ Bfer ‘% Feﬂ{ 0§'bg€6)ars{:?§tf'a9f

The flow arrows o ectro yte sol utions indicate
coor di nati on cmri*renm aubipolwnicel stank tihprattiallyadinsnstedbytllandg @ dectrdlys fir st

nenbrane sse e counter osed electrically conductiv
el enent s R t%ns gH?Vé}bé’e TRYPSF I ce&fp@?‘?pr?&nleﬂ Ott:téﬁaﬁﬁlf g“ %"éf(‘f’f‘lssé’lnea@?r ol yte
solution to frlo@‘é‘s traditionally done, in parallel. In this way, there are no by-pass ionic current

path through the internal manifolds.

As will be evident from the ensuing description and related drawings, also

or this alternative embodiment, the same permionic membrane assembly

20 arrangement of FIG. 1 is used together with similar planar electrically conductive
bipolar elements, placed against the bas-relief front side of the two gaskets of the
membrane assembly. The difference is in the differently coordinated through

holes in the bas-relief patterned perimeter areas of the opposite two perimeter

sides delimiting the central aperture of the identical parallepiped elastomer

25  gaskets G1 (Gl,) and G2 (G2t), and in the counter opposed electrically conductive

interconnects I.

Because of the peculiar organization of internal ducting according to this
embodiment, the exploded detail view of a permionic membrane assembly of

FIG. 8, includes also the two electrically conductive planar interconnects in order



15 in succession froma first respective flow conpartnment of a first cell,
serially into the respective flow conpartnent of all the other cells, as
far as thwolzastoocakl at the opposite end of the stack, frconBmwher@esihe

el ectrolyte solution exits the bipol ars stack. Another difference fromthe
first enbodinment is represented by a different 20 | ayout of the bas-relief
patterned perineter seal areas on the front side of each gaskets A and &,
wherein the pluralities of patterned seal areas no | onger define tortuously
el ongated split flow paths, in consideration of the fact that in this
enbodi ment t hieriflustsate thec perabiancedvdimatiornef phrotghe hole$ irbthoalssO(nst igasketsi oni ¢
currents. Therefore, .the simlar pluralities. of .pat ern faces
include a 25 égtr aﬁ‘gtg# %‘Ej:\lm t:h cg)peniaﬁpgﬂ tﬁB“’I“SI)ﬂgtefcﬁ dﬁ%l %’fde é%rnt our
one every twWoptdaddduedis NoIrfordbPitgillub@att Wae QRS IcEE oP Bl 1WRS REmSatl@askerhi | €
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parts of el asi@iend Gaskirer alliihe atheeg etﬁGhW%srgmgéqulbathﬁ ARAVERG®f he rim
f f
e oot er 3 GRMRERBARSAORE, i, S SR GRrPP AL ASSHRK, by

perimeter 'si artent and sim

uni formy spaeeds tigeodl partly cparpalsédeby saahealee as that aack. WDthis embodiment,
2012/ 001446PCT/ 1B2010/ 001651 1 atft erned rts. of elastaqner t he ot her
outl et peri methgferay aﬁ@meaéﬁﬁﬁgs {:'#ltepé"y %%thfqu@ hﬁg‘ééﬁé‘égo thed™eg t o

the rim area \of DT HABHRY gﬁﬂn‘kﬂﬁ%ﬂﬁg J?Qﬁee%asket Of QurR! i 18 JtRert didSof

enbodi nent, the coordi nati of the throu hol es of the gaskets of each
perm oni c rrembc ataek, dsere mbll jae‘a,isimilarhe'miml(gag‘tetEﬁltéswthbultﬂhm@hrmm@mdgve
electric nnects or bipolar electrode plates is such

aI y conduct i Ve’ed 3&
that the '©hr QI§PHBIELS Side ne perineter side of the interconnect match
(are aligned with) the non contoured through holes of the bas-relief

patterned gasket, Thhiflogv tdiowishiofuge h\@besleahﬂﬂ@ solatioppaaditsie PRew NMeieer si de
of the interconnect match (are aligned w cont oured thraqugh hol es of

the gasket. 199prHpatiogr af thnough holesgmn b évyol gﬁskﬁé Gkt apd dihertt Qn%wfgs
general |y ha'rileﬁlﬁﬁné“d%deﬁ{m}%n& M %%P“Et?st | Ed H%‘é‘m%%ﬁf%g@{cugé‘%ié

Mor eover, for anced uniformt utlon 0 ectro te to an
ext ended por dib asd da,cderfmdem&mallcdumag tlnm rcenddmleachmlddmmg bollut)bmﬁo ﬁnweac h of
t he oppo |te erineter .si des can be, sent in this O{ﬁgbr ased on a
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the respective flow compartment of all the other cells, as far as the last cell at the
opposite end of the stack, from where the electrolyte solution exits the bipolar

stack.

Another difference from the first embodiment is represented by a different

20 layout of the bas-relief patterned perimeter seal areas on the front side of each
gaskets G1 and G2, wherein the pluralities of patterned seal areas no longer define
tortuously elongated split flow paths, in consideration of the fact that in this
embodiment there is no concern about the problem of by-pass (stray) ionic
currents. Therefore, the similar pluralities of patterned seal surfaces include a

25  perimeter seal area 5, forming loops that completely contour one every two
through hole along the two opposite perimeter sides, while the short, uniformly
spaced, generally parallel seal areas atop patterned parts of elastomer, define there
between flow passages leading from the rim area of non contoured (sealed off)
through holes to the nearby inlet perimeter side of the flow compartment of the

30 cell and similar short, uniformly spaced, generally parallel seal areas atop



FIG 9 shows an expl oded schematic view of a bipolar cell stack with
internal ducting establishing a serial flow of the two electrolyte

sol uti onswQin12ceessi on t hrough the respective fl ow corpansmant@estd al l
the cells of the stack. FIG 10 and H6G 11 are three-dinensional views of
t he backside end of the 20 bas-relief patterned front side, respectively,
of the gaskets of a first nenbrane assenbly for a first cell of the bipolar
cell stack according to the enbodinent illustrated in FIG 8. The two views
make clearly observable the fact that the end gasket G It of the stack that
cooper at es Wi fidttemed quant enf ebgypos@dorethecdthercaltley peometec tsideethandeimectherect part
of a header (Hl) h t hough hol es, cont.oured and 25 non, cont oyred, only

al ong one of I’Eqﬁ%eﬁg%b"%ﬁ‘%g%féﬂ?mgeﬁot ¢ BBAreq ﬂgn%‘foé‘éoqr‘?‘fl @ﬁ@gﬁ#ﬁﬁﬁs peri neter
side may be blind). By contrast, all other gaskets of the stack, whether G

1 or G of all thecddriikg e thifenBodeRE thedddrdifahRCof the itkiongh Bales bPtHehe
showmn & of FIG 11, except the ones (Git and GQt) at the two ends of the

stack, have ogpekets of caeh pephiesic membranet asserpblyi withethe dhigugh holge of the
2012/ 001446P / f e j i F 11,
clearly o§seS\%ﬁj)ef@é\%tlﬁgag?’(%rgéf(?]ridlucetéveolp {e‘lrllcnottngfg%%%%%ocdég Fer?}g;rbﬁ,vg@viecs: H%%E}lcg S 6ar ©

anong t he shahét thkarotigh Ihetdsi dignd ahé Ipesmefer tshle patheanteecbnatashaok (aeeal
areas that direct the electrolyte iol ut i ogl con%)r}lg from each inlet hole
e obt

toward the i raligpedid) e Ropecarionred fhrapaly “tbas el instierned gashel 5
entering the [higmiORAlRALs BRH B dibAHDPernb@P Lidd b e hlerdhAcad

| inear array 8 of para seal areas op the bas-relief defined short
paral | el segmeattl (draaligneg veith)fthovendafredtirough lmiesefithé gaskewdi sposed in a
conb-1i ke manner along the inlet side, and the pluralities of

interco ni cati f l.ow channel Sthat simlarly redire h ctrolyte
solution at the o BCngfequ%?lP:gFé‘é?lagso'fl Ehﬁem eé?qnn}fﬁscaéﬁ'&gg%rﬁg%ﬁ‘a\%‘/n%reei nit
flows toward duesieecifi weowl heles el g@. elastoney daskedsBloy&der,t foe dnivanced
bas-relief patterned areas_along the opposite sides of the parall el epi ped

eas, al, P
menbr ane ar e WidosnEhtofafistibugiemtqfche elpciiphrie ooenrn wxiraded moFousplrsteasei ons

where it is i I M’?J ﬁﬁwm LOF iBURiLNg the

el ectrol yte géﬁugﬁ‘?egﬁd‘l?ﬂ}%‘% t%r%ggl‘glh%lgﬁg? nmu tfitﬁ%g s% g%%n%tg{ sllg m nim zed,
and a paral | dle presemt &t ik etnbodisedt bdshé opraodsriairflofv dfythpakstrObta soliitiasr r ent s

may be cqnsi derab | essened by the special bipolar cell stack architecture
depi ct edqgchéﬁ’é{"g{iéq Bipelar ?'ﬂ(lilétglc’ﬁ According to this enmbodiment, a

mul ticell bipolar stack with internal manifolds for conducting a parall el

flow of the el ectr@.ys 8héWs Whi xpfodeldr RHENa@ Miew of a bipolar cell stack with
internal ducting establishing a serial flow of the two electrolyte solutions (in

succession through the respective flow compartments of all the cells of the stack.

FIG. 10 and FIG. 11 are three-dimensional views of the backside end of the

20  bas-relief patterned front side, respectively, of the gaskets of a first membrane
assembly for a first cell of the bipolar cell stack according to the embodiment
illustrated in FIG. 8. The two views make clearly observable the fact that the end
gasket Glt of the stack that cooperates with a counter opposed electrically
conductive interconnect part of a header (H1) has though holes, contoured and

25 non contoured, only along one of the opposite perimeter sides (the holes in the
other perimeter side may be blind). By contrast, all other gaskets of the stack,
whether G1 or G2 of all the membrane assemblies, are perfectly identical to the
shown G2 of FIG. 11, except the ones (G1t and G2t) at the two ends of the stack,

have open through holes in both the perimeter sides.



20 the respective cell conpartnents of the stack, has a segnmented structure
based on the use of a certain nunber of "internedi ate headers" (double-face
st ruct ur estoherdwisiét hat are coupl ed at both sides) H betragamdaiveoisswo end
headers H and H2 of the stack. 17 Each of the internmedi ate headers H
has a bi polar or doubl e-face structure in 25 order to function as woul d-be
end headers of groups of bipolar cells on one side and on the opposite side
of the internedi ate header. Hydraulically the internedi ate headers
permt to the two electrolyte solutions flown in parallel through the
respective conparknbetfonosida yiewoédileg 141 awgpcledtlybolsetablecidk pdurabtiesxéfi t he
stack fromthe, outl et igorts of an i nt

di .
5015] 001946 PCTI TR BE HERaS 5 FRmicl B 4R mgahe shofloy defiecsing dafilss A i mary

mani f ol ds fr o phderhd clasBMEE b34E aRhE Bat Brddt ehSelbettdlPa sbRIlikE comigafiemof an
energy storage redox flow battery system Each group of bipolar cells

may have a nuifskrnlgf hele tpwarddhpiniet fide gbhereental ansrtuescelnihie egaskabolinallyoy,

t hereforecgt he b Vi t i S Y= 3 i ts
wi thin eac5 h g?ng%%néo&gc%%sﬁg{ﬁbgg h%é?;;%{%gﬁntgﬁéu ni ? %ﬁ%kﬁgﬁﬁ é{ %?%F%E?%%ﬂ of
t he two el ectarrdyy8 ef pataliti sqab areae meipnthe ddagtrelied| defiaedikhort phralelf segimensoupl ed

to the tortuously extend split flow paths of the electrolyte solytions in
entering and @i1g ?thPWef%Stﬁé%?ﬁ %E%)I ISROSRD AN £ P!k BapRerlerg eons of

non sur passi ngjeer didid, Cald dhe PRafesC UF MifftcotenSlitathy ABwWCQRskeld e At f aces
in the cell 10 conpartnments of the particular group of cells. The

segnent at i on suhilathe redizeck thei ¢lbctialyterspbdioat & theagposte dutlet sale of thevweellt o
exploit the availability of. vgl t.age faps, connegt abl xternal circuits
Pt 1 ertDne Xlmaigisal VisPeiny nIRES 5P GRARSEL Tnfiel it el &
simlar segmegisatve@ntRl tvio WapedlRf futteinedt A6k E%Fpﬁh@%pﬂoﬁ@@ sides 16f thief f er ent
voltages may al so be inplenented with a serial flow stack. FIG 13 is a

schemati ¢ vi eerdlclepippdgnembrage atesukstaftially pdansicaldboyah apertimedt er nal  duct i ng
for serial flow of the electrolyte solutions and internedi ate voltage taps.

It is remark t.her. hs Wigte iftd off anq[g[m% Se itk LA9Sr LARSmBEioh RS St acks
may be si npl %ggﬁgltléa?l&t%d g{/elgesrcl) r#gt?er ug E@@élngi oni) g}fértﬂg rpl)-l;Bal%ar
el ectrical | y gitnmogdhet elearalpte e sddonorec tlepugh tthe utipelerununitingelinstadorhel ex
sealing qf. an electrical con tion st pr ot.rudi n ut of, a plastic frane
as was cgﬁ’norfni“hm&eij’o?“ f‘tp%ir‘]geglfl};f’rw s‘faﬁg& Used; the problem of by pss (stray

currents may be considerably lessened by the special bipolar cell stack

architecture depicted schematically in FIG. 12.

According to this embodiment, a multicell bipolar stack with internal
manifolds for conducting a parallel flow of the electrolyte solutions through all
20  the respective cell compartments of the stack, has a segmented structure based on
the use of a certain number of "intermediate headers" (double-face structured
headers that are coupled at both sides) H between the two end headers H1 and H2

of the stack.

Each of the intermediate headers H has a bipolar or double-face structure in
25  order to function as would-be end headers of groups of bipolar cells on one side

and on the opposite side of the intermediate header.

Hydraulically the intermediate headers permit to the two electrolyte
solutions flown in parallel through the respective compartments of a preceding

group of bipolar cells to exit the stack from the outlet ports of an intermediate



Provi sion of power switches, permts to adapt interconnections anong the
avai l abl e voltage taps for best suiting electrical power distribution
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framel ess nulti-cell bipolar electroct8em cal reactor conposed of stackable
el ements between two headers, hydraulically sealed by conpressing the

st acked el enents, including planar bipolar electrical conductive elenents 5
alternated to a perm onic nenbrane assenbly fixture adapted to separate
anodi ¢ and cathodic solution flow conpartnents defined between said

per m oni ¢ neniwadere tes dp aradlected andexderaala pdmiatye noinifeldsofrorpaandl 1o pedpactive

el ectrical elqnen S a d.thzgkgh which the two distinct, ele troéygf

sol utions ar efFEOEE SOWHEPY 1KY IHcase Bhat EFSIUEBRE g o Rl el epi ped
el astomer gaskets defining a central aperture and having at |east two

through hol es al opghtgGuPEPEIBbILE cAIRThAERAE aShuh@ter b e¢lRQ{dapRd ftd aénepae Met er
seal surface on a backside and on the opposite or front side thereof: a

bas-relief paforexpaglepaabpueddY, deeasfory the didvinsuvalisge shieraneasyof; Wypast ough

hol es al ong z@r%gt ‘é’erQIR?%ﬁtlaﬁ L3ch R éw&fe Lelfd %ﬁ&rir?éggfl{e\ﬂ%ls k&'&lﬁ of

pluralities tterned seal area ining there ween ow channel s
ext endi ng fr adistéibution € ghe bv@felasaolyco sdlotivred réhaiaughatiellyesndlb THie fadge of

t he nearest juxtaposed side of sai entral aperture of the sket ; . t he
per mi oni ¢ nedﬁwaﬁétﬂé@?Hﬁ“ﬁégyﬁéFégmﬁﬂgﬁfﬁ%ﬁP§§ﬁ§P§€d$WW@EQC%&Pﬂoﬁb“betmeen
sai d flat perén@ah@barﬁﬁ@,hﬁﬁgrtﬁ@i:e%ﬁe&ifvetéaﬁ dofpatirtRls GRbreddsHafichs df posed

back-to-back; the bas-relief patterned seal ‘areas over the front side of
the two i dentsuggassigaskitical, disdhargeeasest Hensitiason pendagtiYeasafaces ir depesth i ve

pl anar electrically c qgﬂ tive bipolar elements in ali nnen i th the
t hr ough H | o<COP ngsa E‘f’ BB.I?iSPlIaP group of cells. The segmentatgon 0 he Wtk WlI}i"l
intermediate headers, further allows to exploit the availability of voltage taps
connectable to external circuits at different voltages (for example 12V, 24V, 36V

and 48V).

Of course a similar segmentation of a bipolar cell stack for power taps at
15  different voltages may also be implemented with a serial flow stack. FIG. 13 is a
schematic view of a segmented stack of bipolar cells with internal ducting for

serial flow of the electrolyte solutions and intermediate voltage taps.

It is remarked the fact that all the connectable voltage taps of the stacks may

be simply constituted by perimeter lug extensions of the planar electrically

20  conductive interconnects, without requiring any complex sealing of an electrical
connection stem protruding out of a plastic frame as was common in prior art

bipolar stacks

Provision of power switches, permits to adapt interconnections among the

available voltage taps for best suiting electrical power distribution requirements.



25 hydraulically sealing the perineter of the two flow conpartnents in
hydraul i cal | y comruni cation with through holes non-contoured by said

peri met erweeal2/miea of the patterned front side of the respBmuiv@Escsiasket .
WO 2012/ 001446PCT/ 1B2010/ 001651 20 sai9d anodi ¢ and cat hodi ¢ conpartnents
contain conductive felt or conpressi ble mat anodes and cat hodes,
respectively, conpressed between the perm onic nenbrane separator and a
respective planar bipolar conductive interconnect and said permonic
menbrane assenbly includes non-conductive perineter spacers 5 adapted to
limt conpression of said bas-relief patterned el astoner gaskets and

mai ntai n parallelismanong the stacke€L\Id®nts upon tightening them

t oget her. 3. The franeless multi-cell bipolar electrochem cal reactor
of claim1, wherejn sai.d planar,electrically conduectiv ipolar elements
have a peri net erefada t%8“?‘8550%‘}‘1"8%?t‘%%oq%fu?%?t c%‘ mbcea?irrgr%c?%??% p%sgfiaor}zaskets
and opti onal | gadkasle étiench® bedwpémiwdkiaders] Marafichilp sedldtbby psrapreditg teyond
the outer perineter side of the gaskets for electrical connection to an
external circsigeked eclements, Tingudingmplasas bipplar - elestricalj sendyctizg eelepBtieni cal

reactor ofg cl gj ' [ Lve bipalar t s or
i nter conngct saq{aegﬂgjtegf %h@gﬁ%@gus r@ﬁr@%lﬂésg%@?%ﬁ%%@earcﬁgﬁgggcf eﬁ{g@sﬁgggces of
t he hol es themd ththodighsdlbtiormrftbvw! amaparsnentsacefinead/ dretwidnc sale permaioe®s of

t he counter opposed patterned el astoper gasket . press have onconduycti ve
coat SRR RGns PoAtn e B Pt pbraid ot st e BT Re: or | of
claiml, W thphiddbRr RAlch theCtw@ st |eféctr8@'fh} Ts@iu@i@ng Qfre fregciee!$ afidivn,

el ectrolyte solutions in parallel through"all the respective cel

conpart ment s, comprsitigsi ng 20t wo i denti cal parall el epi ped el astoner gaskets

defining centragl aperture and havin wo_thr h, . Rol es, 1 ectively at
the two B ner entrs AERLPaRSRRE st RercPEPUG AR RBFR R4S,
perimeter seal surfoagsm Rdvisg BAGSH fo drdudhBolep ROsigt Bvd bppdsidt peSintiter
thereof: a bas-relief patterned perinmeter seal area contouring one through

hol e of one of the opfdsthersohs flgeperipeter sedl qutfagenen ehackpideeddianathey
opposite through hol $p ggité r&ft e tﬂgﬂ’e?ﬁ%’[t?a"s-rélﬁ]&&aﬁgrge& rihbtZk 54 area
eda s e ere pet

pluralities of patter eal areas Ining t en tortuously
el ongat ed channel s orangiuniagi oge fevery ewve i thraughi lolesofaldnige sdidotvdi agposatel vy
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defining there between flow channels extending from a rim region of
non-contoured through holes to the edge of the nearest juxtaposed side

of said central aperture of the gasket;
the permionic membrane having perimeter edge portions sealingly held
20 between said flat perimeter seal surfaces of the two identical gaskets,

disposed back-to-back;

the bas-relief patterned seal areas over the front side of the two identical gaskets,
compressed between the surfaces of respective planar electrically conductive
bipolar elements in alignment with the through holes of the gaskets for
25  hydraulically sealing the perimeter of the two flow compartments in hydraulically
communication with through holes non-contoured by said perimeter seal area of

the patterned front side of the respective gasket.

2. The frameless multi-cell bipolar electrochemical reactor of claim 1,

wherein said planar bipolar elements are electrical interconnects of the cells and



WO 2012/ 001446PCT/ 1B2010/ 001651 21 said nearest juxtaposed side of said
central aperture of the gasket, respectively; planar conductive bi pol ar

el ect r odesoanizmiasconnect s havi ng t hrough hol es at thePpCoaB20a@niesis
matching with the two gaskets in sealilng 5 therebetween an anode fl ow
conmpartment and a cat hode fl ow conpartnent comuni cating with respective
inlet and outlet internal manifolds constituted by said diagonally opposite
t hrough hol es respectively. sai d perm oni c nmenbrane having peri nmeter
edge portions sealingly held 10between said flat perinmeter seal surfaces on
t he back si desaid ahddic iatlérhihodic @aglaetimentsdé@was ednthative tfelt lvaclompsakithle
bas-reli ef patterne(g@seal areas over the front si d(? of the two identical

gaskets conpr®ak&gotss: aad reathndes resheetivelys qomypessed retyeeindhe QBRI Cal |y

conductive bipelafane!ePRMoP aB@ Y rBGetiNOpaiarb&isr téhdbetivalntGBsmRRE Md h the
through holes of the gaskets for hydraulically sealing the perineter of the

two flow conpseid pemionicommubianatassamivy tihclndespren-consluchye peameten spaasts

i nt ernal ni f ol t hr ough sai d. non. conptoured. hol es of the respectiv

gasket - 65 TrisapideBY et Bt GRObRSRES B bt it BRARR G
claim5, 20 whigkh ﬂaﬁah@isﬁrﬁ&ﬁbﬁ% Ok stadkél dlembnto upbry tightomgatieeh paemkt.el split
fl ow channels of electrolyte solution is such to prevent ion discharge

current densities exceeding a critical nmaxi mumval ue gver conductive parts
of other cells. 73 Thae fragipdgse gaulirpell; bipelar elscheshemigaletepstet REHAM L1 eact or

of claim L, Wihleln"L 4k Hdnaf it onbhAe"GipSRk ddmes hald hepeifhdibd ons 1 n
series through the
adapted to overlap the outermost perimeter of said gaskets and optionally include
10  a protruding lug portion that projects beyond the outer perimeter side of the

gaskets for electrical connection to an external circuit.

4. The frameless multi-cell bipolar electrochemical reactor of claim 1,
wherein said planar conductive bipolar electrodes or interconnects are of
homogeneously conductive material and the surfaces of the holes there through

15 and planar surfaces over which seal areas of the counter opposed patterned

elastomer gasket press have a nonconductive coat.

5. The frameless multi-cell bipolar electrochemical reactor of claim 1,
with internal inlet and outlet manifolds for flowing said electrolyte solutions in
parallel through all the respective cell compartments, comprising

20 two identical parallelepiped elastomer gaskets defining a central aperture
and having two through holes, respectively at the two corner ends, of
said opposite perimeter sides thereof, a flat perimeter seal surface on a
backside and the opposite or front side thereof: a bas-relief patterned
perimeter seal area contouring one through hole of one of the opposite
25 perimeter sides and the diametrically opposite through hole of the other
perimeter side and two similar pluralities of patterned seal areas
defining there between tortuously elongated channels originating from
a rim region of the two diagonally opposite through holes non-

contoured by said perimeter seal area and reaching spaced points along



25respective cell conpartnents of all the cells of the stack, conprising
two identical parallelepiped el astoner gaskets defining a central aperture
and havi nyotzerz/moi44a0r e t hrough hol es on sai d opposite peciTmao/ odicsies
thereof, a flat perineter seal surfacd on a backside and on the opposite or
front side thereof: a bas-relief patterned perinmeter seal area 30contouring
one through hole every two on said opposite perineter WO

2012/ 001446PCT/ 1B2010/ 001651 22 sides, and simlar pluralities of patterned
short seal areas over said opposite perineter sides, defining there between
interm xi ng fl ow chasaikhsarestepsttapgsddnsidelofcdaid Icyiteal Sapertareo of ftheo asker,i m
regi on of non-contoured through holes to the nearest juxtaposed side of

sai d central Sapert UifPeSHYEi ce versa, respectively; planar conductive

bi pol ar el ectr Odﬁﬁﬁ% cb &Ei@@%gtﬁb%selé@%bhé@oxé ﬂ’ié?&?rﬁe@t@'lﬁ%in@hfdﬁtgﬂ%o%t h the

t hrough hol es of "‘the gaskets counter opposed to it over opposife sides
sealing there betweent #r dnadeofiensw maichiagt metht thehdwen @askessleinf Isealing

conpart nment conmuni cat i with precedi and 10 with fall ow angde and
cat hode fPow conpart‘ﬁ%rﬁ[;%,‘”e?%fsﬁ'gcﬂoggl @,gwofco_g’(?jaﬁg‘gﬂtt _aﬁﬁ%p&l eﬁa&gg?l °*Yhough
sai d contoured throughfaehRst cBmAfinttatin® AT teIPéctive ShIde an@foutlbeingsiaiet s;

sai d perm onic nmenbrane having perineter edge portions sealingly held

between sai d flat peppmtaldy coaglitutedr byceaid ofiagenallla erpasitd e thypughh dioles

i denti cal gaskets, dljegp%gﬁgg back-to-back; said bas-relief patterned seal
areas over the front Side of the two identical gasket s conpressed between
the surfaces of rsaRippahiiveic phanbirane hacingi gainhetercedytupsbitivas Reghimghr heldenment s

havi ng through holes in alig nt with the through hol es of the gaskets for
hydr adl | BTy 20 seeisHEF™ REpOft RETBFcT Foal Rirages Ppowecmfﬁsawgm%t Seach
comuni cating w th rgspgsi %a‘éﬁet@ﬂﬁ%@éd’ﬂacﬁﬁ@ﬁa&l" owi ng conpartnents of
adj acent cells through said non contoured holes of the respective gasket.
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gaskets compressed between the surfaces of respective planar
electrically conductive bipolar elements having through holes in
15 alignment with the through holes of the gaskets for hydraulically
sealing the perimeter of the two flow compartments communicating

with respective inlet and outlet internal manifolds through said non

contoured holes of the respective gasket.

6. The frameless multi-cell bipolar electrochemical reactor of claim 5,
20  wherein the length of said tortuously elongated parallel split flow channels of
electrolyte solution is such to prevent ion discharge current densities exceeding a

critical maximum value over conductive parts of other cells.

7. The frameless multi-cell bipolar electrochemical reactor of claim 1,
with internal ducting for flowing said electrolyte solutions in series through the
25  respective cell compartments of all the cells of the stack, comprising
two identical parallelepiped elastomer gaskets defining a central aperture
and having two or more through holes on said opposite perimeter sides
thereof, a flat perimeter seal surface on a backside and on the opposite
or front side thereof: a bas-relief patterned perimeter seal area

30 contouring one through hole every two on said opposite perimeter



25 used in a redox flow battery system wherein the assenbly of stackable
el ements between two end headers, hydraulically seal ed by conpressing the
st acked evermmt®idi4s segnented by conprising a certai n necioaB20a6/001651

i nternedi ate headers coupl ed at both ®i des as woul d-be end headers of
groups of bipolar cells on one side and on the opposite side thereof and
having inlets and inner ducting for 30allowing the two electrol yte
solutions to be flown in parallel through the WD
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el ectrochem cal reactor of claim@8, wheréin each group of bipolar cells are

in nunber adapted t ocaéavsechthsoughbalesimrihsprearest usiAppsadoside of stidagatralesser
than a crictical vol ta Sl th dvnceLUe(Ps %léé%ute)é@esm vely large ion discharge

current d&nsities on’ c i Ve par S cells of a group sharing
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adjacent bipolar cells though said contoured through holes in said two
perimeter sides of the gaskets;

said permionic membrane having perimeter edge portions sealingly held
between said flat perimeter seal surfaces on the back side of the
15 identical gaskets, disposed back-to-back;
said bas-relief patterned seal areas over the front side of the two identical
gaskets compressed between the surfaces of respective planar
electrically conductive bipolar elements having through holes in
alignment with the through holes of the gaskets for hydrau]ically
20 sealing the perimeter of the two flow compartments each
communicating with respective preceding and following compartments
of adjacent cells through said non contoured holes of the respective

gasket.

8. The frameless multi-cell bipolar electrochemical reactor of claim 1

25 used in a redox flow battery system, wherein the assembly of stackable elements
between two end headers, hydraulically sealed by compressing the stacked
elements is segmented by comprising a certain number of intermediate headers
coupled at both sides as would-be end headers of groups of bipolar cells on one

side and on the opposite side thereof and having inlets and inner ducting for

30 allowing the two electrolyte solutions to be flown in parallel through the
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respective compartments of one group of bipolar cells and exit the stack from
outlets of a successive intermediate header; said two end headers and intermediate
headers connecting through primary manifolds external to the stack, from and to

respective electrolyte solution source and sink tanks.

9. The frameless multi-cell bipolar electrochemical reactor of claim 8,
wherein each group of bipolar cells are in number adapted to generate a maximum
open circuit total voltage lesser than a critical voltage that would cause
excessively large ion discharge current densities on conductive parts of the cells
of a group sharing internal manifolds of distribution of the two electrolyte

solutions into respective flow compartments of the cells.

10. The frameless multi-cell bipolar electrochemical reactor of any one of
the preceding claims, wherein each header comprises a parallelepiped body
having defined in it two chambers or ducts hydraulically connectable to external
pipes and at least a planar conductive bipolar interconnect applied onto a planar
surface of the parallelepiped body and having through holes aligned with holes in

said body communicating respectively with said chambers or ducts.



