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ELECTROLYSER FOR ELECTRCOLYTI C PROCESSES. I ndustrial electrolysis

processes, woanioeasisance water el ectrol ysis for hydrogene@mce2boomssgen
production and electrolysis of alkali brine, in particular of sodium
chloride brine, directed to the production of chlorine, caustic soda
and hydrogen, are commonly carried out in electrolysers of the type
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shown in the drawing) ensuring the tightness seal of process fluids to the

15 environment jointly with peripheral gaskets (not shown in the drawing) and in some

types of electrolysers also aimed at improving the electrical continuity between the

various cells. The electrolyser is also equipped with suitable nozzles and hydraulic

connections allowing to supply the solutions to be electrolysed and to withdraw the

products and the residual exhausted solutions (also omitted in the drawing for the

20 sake of a better readability).

Fig. 2 represents a cross-section, along the direction indicated by arrow 8, of the

terminal part of the electrolyser connected to the negative pole, showing a terminal

element and a multiplicity of individual bipolar elements according to a common
25 design in the industrial practice. Reference numerals indicate:

9 the terminal cathodic element comprising a wall 10 and cathode 11 consisting of

a punched sheet or mesh supported by cathodic vertical strips 12;



WO 2010/ 055152PCT/ EP2009/ 065214 2 13 the individual bipolar elements
conprising wall 10, cathode 11 and anode 14 consisting of punched
sheets or weshegosansd respectively supported by cat hodi cpc@nce2a0dd5234
vertical strips 12 and 15; 16 and 17 the peripheral gaskets fastening
separator 18 (for instance a porous 5 diaphragm or ion-exchange
menbrane) under the conpression generated by external tie-rods or
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and anodes entails a renmarkable difficulfty of construction.

Fur t her norexterhe tRse@Bbby jatks| 8esurRigyaRs fghtesss rRel sofPalddeihéd and
care by operative staff that nmust carry out a sequence of operations
conpri si ng:iédtelys ippstiucts epetairedoin the tdthode rehdcatodzosbmpaninagtsotd tHee
rel evant supports of a bipolar elenment provided on the two faces with
t he requi resyirppmepher al gaskets fixed with

10 Inthe sketch of Fig. 2, the various internal components are shown as separate for
a better understanding: in the practice, separators 18 are in contact with anodes
14 supporting the same while cathodes 11 are spaced apart, for instance by a 1-2
mm gap. In view of the size of bipolar elements 13 which can have a height of 1-
1.5 metres and a length of 2-3 metres, it is apparent how obtaining the required
15 planarity and parallelism of cathodes and anodes entails a remarkable difficulty of
construction. Furthermore, the assembly of electrolyser 1 requires a particular care
by operative staff that must carry out a sequence of operations comprising the
periodic repetition of the vertical positioning on the relevant supports of a bipolar
element provided on the two faces with the required peripheral gaskets fixed with
20 an adhesive, with the anodic surface facing the operators, followed by the
application of the separator onto the anode surface and the gaskets: among the
difficulties of such an assembly sequence are to be noted the tendency of the
separator to slide downwards, complicating the precise positioning thereof, and
the necessity of keeping the mutual alignment of the distinct bipolar elements. The
25  multiplicity of bipolar elements positioned on the supports is finally compressed by
external tie-rods or hydraulic jacks in order to ensure the required tightness seal to

the external environment: in this phase, any slight misalignment of the various



20 an adhesive, with the anodic surface facing the operators,

foll owed by the application of the separatoer onto the anode surface
and the gasweebfosgy¥Png the difficulties of such an assesiwrrsRaySRse
are to be noted the tendency of the separator to slide downwards,
conplicating the precise positioning thereof, and the necessity of
keepi ng the nutual alignment of the distinct bipolar elenents. The 25
multiplicity of bipolar elenents positioned on the supports is

finally chiffiesSRMmeRtseQt emaveni vinigak stdingyat A | IBORERIRS ©©AN oleadr to

to ensure fhe requir tightness seal to the external enviropment: in
Lo e e dansagnd it et BiatiRa e ses e gt Bygy When S Boesrt
2010/ 055152PCT/5P2009/. 'ﬁ_ol ar_.elenents. or_a

A [ 1@65314 t:T)’ o o t r§ ev%ﬂom&i&mir!]
sl i ding ofPile SERPANHESIUR Yl T YSAGPRES KEOT ﬁt%%ih%  PH9HlF
dovi at | ond AP P el e Uit 1ok o S8R brhoRERAS or el P B3lyen

and th g%&&\‘%&mﬂ%ﬁ%tﬁ%&%%ﬁ@cfi fg @i?? iq'&'&ﬂ%&fﬁ@d%ﬁ@ ;%lng?théilﬁetime of

curren Istributi Ively aftfectl e qu

el ectrol ysjepaafiest B§rti'chl‘bﬂkiifrfﬁe tte? 2BASIBE &Fidn-cRATdgeh@bYarids. Mifeover,
| atter consist of 1|on-exchange nenbranes. Mreover, in case of

mal functi gni fgseofof ambifpedtdnirg STeatbipodf Osle@knt SRR @F 04 , sdpAfator, the
repl acenent intervention entails the rel ease of the conpression

appl i ed byeplacersheimedvehiie eotils ahe netlizgel ofcthpacdapressibntdpplied by the
consequent possibility of a reciprocal 10 sliding of bipolar elenents
wi t h respextertal e padsadronydratlit pcks withtthe rcomagguerd gossibititidott @ oeciprocal
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along the direction indicated by 15 arrow 8, of the negative term nal
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electrolyifr i? formed by a multiplicity of individual cells 19
accor di ng "Wer&ligigiSe- cel | type design. Each individual cell 19
conprises two shells, a cathodic 20 and an anodic one 21, nutually
tightened by neans of a series of bolts 22 positioned al ong the
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whereto are respectiveély fixed the catho 28 and anodi ¢ 29 pun
sheets or simgées) typetidsigilHachsditidgall celory @sthpriddsi th® shellg 2 cathodic 20

positioned on the external surface of anode shells 21 in
cor r esponcgicen odnddie onet 2odirut@aly tgridned ibyt afeaak oft i ggiesdof eolted2

to ensure the electrical continuity between the various individual
cel |l s of trositiehed tataigytbherextémal petirmetecaselavfthéicgmpRession generated by the
20 bolts, the cathodic gasket 23 and the anodic gasket 24 fasten separator 25
therebetween ensuring the tightness seal to the external environment. The two
shells 20 and 21 are provided with cathodic and anodic vertical internal strips,
respectively indicated as 26 and 27, whereto are respectively fixed the cathodic 28
and anodic 29 punched sheets or meshes, and finally vertical contact strips 30
25 positioned on the external surface of anode shells 21 in correspondence of the

cathodic and anodic internal strips, directed to ensure the electrical continuity

between the various individual cells of the electrolyser. As in the case of Fig. 2,



WO 2010/ 055152PCT1EP2009/ 065214 4 al so for Fig. 3 cathodes, anodes
and separators are represented as separate elenents for a better
under st andyyB3offesifRe cell internal structure: in the praeigdeogsdes
separators are In contact with the suppgbrting anodes, while the
cathodes are at a predefined finite gap. Each individual cell of the
single-cell type further 5 conprises a series of spacers 31 and 32
aligned with contact strips 30 and nmade of an electrical insulating
materi al , avefer big 3 PFedasecabedss and RaPREEPTS A feRIeSaHed fagneepasate
of spacers 31 and 32 jis of utnpst..i
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gener at i nghardut@issr thessihbleciatintiedign: gnhderatticesfied ¢ henexefed tie-rod or
el ectrical resistance. The anode surface portions whereon the spacer
pressure itydeaudictjack aompodssionyrike spacerapnobe dbickmess isocaaeiolly calibrated

damagi ng the separators. 20 The advantage of the above illustrated
desi gri0i s (¥sstbitkness peiggeninbiancesepalst2imimi with afmeaidnicativddrence below
assenbling each single-cell in the horizontal position, in the
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15  Furthermore, spacers allow concentrating the mechanical load of the external tie-
rods or hydraulic jacks onto the external contact strips generating a pressure
sufficient for guaranteeing a minimised electrical resistance. The anode surface
portions whereon the spacer pressure is exerted are of course suitably flattened to
avoid damaging the separators.
20
The advantage of the above illustrated design is essentially given by the possibility
of individually assembling each single-cell in the horizontal position, in the
assembling section of the plant: the horizontal position greatly facilitates the
reciprocal positioning of shells, gaskets, spacers and especially separators. Once
25 the assembly operations are concluded with the closure of the peripheral bolting,

the single-cell is placed on the supports and, once positioned the whole multiplicity

of individual cells, the assembly is fastened under the action of external tie-rods or



5 hydraulic jacks acconplishing the el ectrical continuity between the
various cells and the parallelismat a predefined gap between

cat hodes aw@Bipadsse Finally, the single-cell design alp@Wepr009/065214
preventing any danmagi ng to the separatdrs and achi eving, by virtue of

t he predefined gap parallelismof cathodes and anodes, a 5
honbgeneous distribution of electrical current ensuring a better
quality of the electrolytic process and a | onger separator lifetine.
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| oner ed cat hodic strigs 33, . havi ng a_epunched sheet or mesh
in the subsequent fastening stage of tie-rods or hydraulic jacks.

The above illustrated technologies, providing cathode-anode gaps around 1-2 mm,
15 are characterised in the industrial practice by a specific electrical energy
consumption per unit product that have been considered so far satisfactory:
nevertheless, the constant increase in the price of electrical energy is pushing

towards novel designs capable of granting sensible energy savings.

20 The novel single-cell design illustrated hereafter achieves this objective by
eliminating the cathode to anode gap as schematised in Fig. 4, representing the
top-view of an individual cell. The elements in common with the drawing of Fig. 3
(shells, peripheral gaskets, separator, anodic vertical strips, anodes and contact
strips) are indicated with the same reference numerals: the differentiating

25 elements consist of lowered cathodic strips 33, having a punched sheet or mesh
34 fixed thereto, an elastic element 35, for instance consisting of the juxtaposition

of two or more corrugated conductive metal cloths or of a mat formed by



34 fixed thereto, an elastic elenment 35, for instance consisting of
the juxtaposition of two or nore corrugated conductive netal cloths
or of a rm‘gvofzgg%ggllsPy WO 2010/ 055152PCT/ EP2009/ 065214 &-1/mp2009/065214
interpenetrated c s obtained fromoneé or nore nmetal wires, and a
thin punched sheet or flexible planar nmesh 36 acting as the cathode.
The | owering of the cathodic vertical strips 33 allows to create the
necessary roomfor introducing elastic elenent 35. Wen the
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parallelism of sheet or mesh 34 and anode 29, an excessive compression of

separator 25 against the anode could be produced, with consequent damaging of

the membrane. This risk can be reduced if sheets or meshes 34 and anode 29 are

20 reinforced increasing the stiffness thereof and/or if the distance between adjacent
cathodic 33 and anodic strips 27 is decreased: such two measures imply however

additional costs for the increased usage of materials and the consequent need of

increasing also the number of contact strips 30. One alternative embodiment

provides increasing the thickness of sheet or mesh 34 only, ensuring the required

25 anode stiffness by introducing V-shaped vertical elements 37 between each pair of

anodic strips 27: vertical elements 37 may be manufactured out of plastic material,

in this case being forcibly inserted, or out of metal, in this case being optionally
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27 and thus of contact strips 30, effectively contributing to kee
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instaIPed
cathode and the relevant elastic pressure element, besides the one of the

separator, is therefore greatly facilitated. Conversely, the application to the
electrolyser type of Fig. 2 consisting of a multiplicity of bipolar elements turns out
to be very problematic because, besides the already mentioned risks of separator
20  sliding and bipolar element misalignment, the inconveniences of cathode sliding
and of elastic element downward deflection and sliding may occur: for this reason,
upon fastening the multiplicity of bipolar elements with the relevant gaskets,
separators, cathodes and elastic elements, pressure distribution anomalies may
take place, with negative consequences on the regularity of the subsequent

25  functioning.



5 their supports. The cells were of standard industrial size (1.2
nmetres height and 2.7 netres | ength), each conprising a cathode shell

made of niﬁbgbl[}imgsltszas the relevant internal conmponent s, %%IG%H
strips, rigl Tesh acting as current digtributor, elastic elenen

consisting of two mats of 0.6 mheight and 2.7 mlength fornmed by

i nterpenetrated double-wire coils having a dianmeter of about 0.2 nmm
10 fl exi ble planar cathode provided with a catalytic coating for

hydr ogen e efficacy of ére aathdde $tanbdesmbeo-ghptdesign on@kjngswseasf &mathode
rel evant internal conponents (anodic strips, V-shaped support

el ement's, coHpled for 80i elesticvprassure: gteament| was yatifiedy odnoa mlni)@leq’qr@lyser for
evol ution, external contact strips made of titaniumcoated with a
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their conponents. The inspection did not evidence any hotable

al terati oformdt BRliktiefpBrittratdtedbiile MRDEGIRESaINE SedibRBtet FUIHGRE®.2 mm,
practically free of creases or other traces generated by an anomal ous

conpr ggsi dexible planacedthode providebheitt aeatdyticcosting forenalrrythl @diuion), an
installed again on the supports of the electrolyser, which was then
start ed umnotheshaill magesofdtitaninen fishgsetheetdisyanit nictieord rapmgoaenhiso(awidics
that were inspected, were back to the value prior to the shut-down.
WO 2010/ 05152 RCThared Goppos Zlementss anode rpayvidedwith a catalydaseating dor
el ectrol yser equi pPe_d with cells having the same structure but .
wi t hout a Sptasie VeI RN, axernsh seriacistiieemagp of tikaip geated wHbasigghfiley
1.5 mm according tog the structure of Fig. 3, the average cell i
Voltage wibHIINIBReas ABRIAChRECHRF dssIStaicny SRR 0 arucahbrristant
3.15 V,_ 5correspondin sensi bl.e increase in the ener
consunit | CHOBE aBats TeORGHYRE: CoURREETape6 TEIA0S  rebireiuresl by
DuPont/USA. The electrolyser was operated with 32% by weight caustic soda,
sodium chloride brine at an outlet concentration of 210 g/l, at 90°C and at a current
density of 5 KA/m2. After a period of stabilisation of about 1 week, the cells were
characterised by an average voltage of 2.90 V, which was substantially unchanged
20 after 6 months of operation, when the electrolysis was discontinued and two
single-cells were displaced from their supports, opened and subjected to a visual
inspection of their components. The inspection did not evidence any notable
alteration, in particular the two membranes presented a surface practically free of
creases or other traces generated by an anomalous compression of the cathode.
25 The two cells were reassembled and installed again on the supports of the
electrolyser, which was then started up: the voltages of the single-cells, including

the two cells that were inspected, were back to the value prior to the shut-down.
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CLAIMS 1. Elenentary electrolysis cell conprising a cathode.shell
and an anogg ,gfifskisp reciprocally fastened by means of ﬁ:’[ﬂ’ﬁﬁb(@ﬂ%ﬁl
bolting wt h interposition of a periphé&al cathode gasket,

peri pheral anode gasket and a separator, said cathode sheII
containing an electrical current distri butor in form of punched sheet
or nmesh fixed on vertical internal cathodic strips, a flexible

cat hode i i\Y erearapargnc fredhe lkase openNnelehlrelpser equippeshvith obllsctaving He
said current distributor and in 10 uniformcontact with said

separ at or Safe shueiete put Hithout @ eiessiet MebaANdi ehrfaciBEssk Oy %;ga@hode to
current d| stributor and said fl exibl e cathode, said_anode s

cont ai ni n@"RACHOR |ﬁ”?r8r?ﬁct9fd'5%1t&ﬁ@c§t§’r?€€? CS;FQT&H”? ﬂ"%fﬁg? 8!3 voltage

contact wt. |d separator, fi xed on ver

oo condudth ofen s fierinrend g obtarnd aioepBBs s i alaohd 3 a0y,
SO o BreropEspiidie 08 seibBldAtraB88 M Grelorldrdl cofiiRh 4 koRRl i g R

bet ween eﬁﬁ_:p anodic strips. 2. The cell of
claim1l e@ﬁ{e;%f?aéﬁ tgtapgﬁcﬁcgj%lent consists of at |east two
j uxt aposed and corrugated cloths. 20 3. The cell of claim1 wherein

said elastic elenent consists of a mat of interpenetrated coils.

10



47 The cell of claim3 wherein said i nterpenetrated coils are fiorrred
by.at, Ieasj;_ .25 1w nmetal wires. M.50248-PCT (case 300)

ageanéd @’@W@P 2009/ 065 2 1EVEOUSPAND 1.0 LB}QEENMOS/QGMM@P»E‘OOSGBSEM'
; . UHDENORA S. p.A
f. 10
CLAIMS
1. Elementary electrolysis cell comprising a cathode shell and an anocﬁie shell

5 reciprocally fastened by means of a peripheral bolting with interposition of a
peripheral cathode gasket, a peripheral anode gasket and a separatdr, said
cathode shell containing an electrical current distributor in form of punched sheet
or mesh fixed on vertical internal cathodic strips, a flexible cathode in ;‘orrn of
punched sheet or mesh in electrical contact with said current distributoré and in

10 uniform contact with said separator, a conductive elastic element poisitioned
between said current distributor and said flexible cathode, said anodée shell
containing an anode in form of punched sheet or mesh in uniform contact wéiih said
separator fixed on vertical internal anodic strips and conductive anodic écontact
strips externally positioned in direct correspondence with the internal anodié: strips,

15 wherein said anode is furiher supported by the apexes of V-shaped eliements

introduced between each pair of said internal anodic strips.

2.  The cell of claim 1 wherein said elastic element consists of at Ie:ast two
juxtaposed and corrugated cloths.

20 :
3. The cefl of claim 1 wherein said elastic element consists of afmat of

inferpenetrated coils.

4, The cell of claim 3 wherein said interpenetrated coils are formed by at least

25  two metal wires.

M/50248-PCT {case 300)
ki AMENDED SHEET 17/09/2010



5. The cell of any one of “the previ ous clainms wherein said sepairat or
-f.a.r},.si&gn\-ﬂ_ex:cna;uae menbr ane, said. cathode shell, said rigid

I'S @} - ON=8 s s s

el et PIREaRYEURPMAt distributor, sSLMSEAMBI c SRETfEP, 2000/066a2 WEEEINI065214. 0
and sai'd el astic el enent are made of nickel, said 5anode SHsENORASH. A1

i ntfernal anodic strips and said anode at® nade of titanium said

external anodic contact strips are nmade of titaniumcoated with a

ni ckel |ayer. 6. El ectrolyser consisting of a nodul ar arrangenent

of a multiplicity of individually preassenbled el enmentary cells

according to any one of the previous 10cl ains. M 50248- PCT (case 300)

AVENDED  SHEE- 72%% Qe fnpany one of the previops claims wherein said separator is :an jon-
exchange membrane, said cathode shell, said rigid electrical current distributor,
said cathodic strips, said cathode and said elastic element are made of nickel, said

5 anode shell, said internal anodic strips and said anode are made of titanium, said

external anodic contact strips are made of titanium coated with a nickel Iayei.

6. Electrolyser consisting of a modular arrangement of a multiplifcity of
individually preassembled elementary cells according to any one of the pi'evious

10 claims.

M/50248-PCT (case 300)
5 AMENDED SHEET 1710972010



