WD 2007/ 116095PCT/ EP2007/ 053564 1 GAS- DI FFUSI ON ELECTRODE FOR
ELECTROLYTE- PERCOLATI NG CELLS BACKGROUND OF THE | NVENTI ON 5The

i nvention \{,85@053%0550 the field of electrolytic cells, %t‘@ﬁﬂ{a?@g&' ar

reference to electrol yte-percolating electrolysis cells.

following, reference will be nmade to tfie particular case of cells for
depol ari sed chl or-al kali electrolysis nmaking use of oxygen-fed

gas-di ffusi on cathodes, since they largely represent the nost

rel evant A4 Rdl i @l | g i 0 { NGhergver ,
hose ki TS HUR O R P O TR T e B e T A TS o he
sanme invention to other percolation-type cells, wherein the el ectrode

of the i ] L\ he anode or as the cathode, or
opt i onal W?%b@@'ﬁ%u@iﬁ@\@ﬂéyfor i nstance in the known case of
al kaline fuel cells with percolating electrolyte). 15Advanced
chlor-alkali, electrolysis i d.out wth cells se aratgeﬂ into . a

cat hodi ¢ eplihrelaies tgntigﬁ r{i'@?ﬂ%@lx’{%ﬁ:ﬁllsbwt cyar ggierence to

I on- exchafa@rdfREYrRRatid Elc B8NPI AE dn RAS ¢SIRWING, trBfcPXYE@EWIlIcR hrde to
provi des the suppression of the hydrogen evolution cathodic reaction,

bypi cal dhetmrstiarosass Rapelisyioscispelasied iblgsralkaliopleciselves Analgpg Usg of
means of L Of foi i

Curtace. (POGeh e Gy nlorPoatnBe L Taifbey 01D 1bBEN KboReAAF 10 kSt réiBant
| ower i ng infusthaeppicdtianrfot hectc daswnf dgdcest howeremn thaseakdledNmkhiengrt will
reference to t.he post typical se_of an el.ectro i f i

chl or]i%de %r%%?tea@eaéppé%ggﬁﬁn%ﬁfﬁef BE H@V(?né@@t [iroo%%? bg’ﬁgcé’l' a%@)ﬂ I't?‘g}%e cells,
t radi ti ongherglro@es slec@bde N Ghe Hinderttidf2mig Qb apPllett aki2thehanddel bowasnipe
overall reactjion is ac ed: 4 NaCl +

| i H20 +4 Na + 2 d2 30
The ons- (ATOAS i PUORSBOI S gaes (65 BRI Tor BRIRFCROR e KEaMPI @scalt

I's a por odiRaline fuel cells with percolating electrolyte).

15 Advanced chlor-alkali electrolysis is carried out with cells separated into a cathodic
compartment and an anodic compartment by means of an ion-exchange
membrane; the depolarised process with oxygen cathode provides the suppression
of the hydrogen evolution cathodic reaction, typical of the chlor-alkali process of the
previous generation, by means of the reduction of a flow of oxygen taking place on

20 the surface of a gas-diffusion cathode, with consequent cell voltage lowering of
about 30% in the common operative conditions. Making reference to the most
typical case of an electrolysis of sodium chloride brine, as a replacement for the

reaction typical of the traditional process:
25 2NaCl+2H0 —» 2 NaOH + Cly + Hz
the following overall reaction is accomplished:

4 NaCl+2 HO+ Oz — 4 NaOH +2Cl,
30
The gas-diffusion cathode whereon the oxygen reduction is carried out is a porous
structure usually consisting of a reticulated metallic material (normally silver or
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20  application WO 01/57290, incorporated herein in its entirety. In this way, the
pressure of caustic hydraulic head is efficiently released along the whole electrode
height.

As a further advantage, the presence of a porous percolator allows transmitting a
25 mechanical pressure from the anodic surface to the cathodic one across the
membrane, the percolator itself and the gas-diffusion cathode. In such a way the
electric current may be transferred from the cathodic current collector - suitably
provided with an elastic structure - to the gas-diffusion cathode by contacting its
back surface in a distributed fashion (and not in a localised one, for example by
30 welds, as is the case for other cell configurations). It follows that with this
arrangement, the gas-diffusion cathode can forgo the presence of an internal

current collecting structure.



WO 2007/ 116095PCT/ EP2007/ 053564 3 I n the docunent cited herein, there
is disclosed in particular the use of netallic percolators, such as
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pl ace in such an aggressive environnment fromgiving rise to
dangerous rel ease of netal ions into the caustic solution, it is
preferable to enploy a corrosion-resistant plastic material, for
instance a perfluorinated material, as the percolator, as disclosed
in the international patent application WO 03/042430, incorporated
herein in its entirety. 10 The solution proposed in the latter
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el ectrol W}o%\?,’sp%ﬁg ﬁwcéi%EXhﬁligaa}ldrgﬁerﬁgg After s %Bh!aﬁ}i ¥ Besides being subject,
to a certain extent, to dissolution phenomena, the metal meshes of the prior art
involve heavy problems of cost limiting the commercial success of these
20 technologies: indicatively, the meshes employed in the more widespread chlor-
alkali applications consist of pure silver at an overall loading of about 500 g/m?,
while in the case of silver-plated nickel the higher costs of production strongly limit
the projected savings, besides providing a product of overall lesser quality in terms
of corrosion resistance.
25

SCOPE OF THE INVENTION

It is an object of the present invention to provide a gas-diffusion electrode structure
for electrolysis cells overcoming the limitations of the prior art.

30 In particular, it is an object of the present invention to provide a gas-diffusion
electrode suitable for use in electrolyte percolation-type electrochemical cells, also

suitable for use with aggressive electrolytes, especially alkaline ones, comprising a



WO 2007/ 116095PCT/ EP2007/ 053564 4 substrate overcom ng the
limtations of the prior art . It is also an object of the present
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equi pped wth gas- sion el ectrode characterised by a 5peculi
structural sinplicity and by a reduced4cost. It is a further object
of the invention to provide a novel nethod for manufacturing a
gas-di ffusion electrode suitable for use in percolation-type cells.

10The objggkfalovieltGniny e fiffatiid e ﬁﬁ&chrpy means of the
gas-diffusion el ectrode”as defined in the appended cl ai ns.

DESCRI PTI ON OF THE | NVENTI ON 15The i nventi on consists of a
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percol ator in the unoccupi ed volune fraction. The 20 integration of

the electrode within the structure of the percolator itself is .
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assenbl age of e relative ce us- obt ai ned el ectrode in
particul ar does not require any netal nesh or other reticul ated

oL SRR HE R Bof S R (BB AU RSSO el
conposi t iasndéfied imthd appendbd ik, cat al ysts with a suitabl e pol yner

bi nder, and is preferably free of carbonaceous materials, which is
especially inportant when oxygen is present in conbination with a

strongl y hesCRIETIeN OF pe..NVENT®eNcase of gas-di ffusion cat hodes for
chlor-alkali electrolysis, the nmetal catalyst is preferably selected

anong silver, 30 nickel and relevant oxides, optionally in adm xture;
e BB iy o B 8 A0 rbeoh! skicet BBl gt o g
met al catcatgiglic sompbsitideonagre faceedd arhysdromhebicoparioly subgisaigssuitable for
supporting the percolation of an electrolyte flow; the application of the catalytic
composition is effected so as to obtain only a partial penetration of the substrate,
which can thereby act as percolator in the unoccupied volume fraction. The
20 integration of the electrode within the structure of the percolator itself is thereby
obtained, combining the two functions in a single piece, substantially decreasing the
costs and enhancing the facility of assemblage of the relative cell. The thus-
obtained electrode in particular does not require any metal mesh or other
reticulated material interposed between catalytic activation and percolator. In one
25  preferred embodiment of the invention, the catalytic composition is a mixture of
metal catalysts with a suitable polymer binder, and is preferably free of
carbonaceous materials, which is especially important when oxygen is present in
combination with a strongly basic electrolyte. In the case of gas-diffusion cathodes
for chlor-alkali electrolysis, the metal catalyst is preferably selected among silver,
30 nickel and relevant oxides, optionally in admixture; the polymer binder is preferably
a perfluorinated polymer, for instance PTFE or the like. According to one preferred
embodiment, the metal catalyst and binder are mixed in an optionally aqueous
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until obtaining a paste which can be pressed, for instance by
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case of al kaline fuel I1s), a cell nay be constructed conprising

two el ect?%@!%%sk'“?%'@éB?@Eﬁ@é‘ sty deleemingvent i on, for instance a
hydr ogen-fed anode and 30 an oxygen-fed cathode, typically crossed by

a downward caustic potash flow WO 2007/ 116095PCT/ EP2007/ 053564
The choice of the hydrophobic porous structure must take into account the need of

having a sufficient volume available for liquid percolation after applying the catalytic
composition on the active face: in one preferred embodiment, the porous structure
is a mesh or cloth of polymeric material, for instance PTFE, with a sufficient
20  thickness, preferably not lower than 0.7 mm. One skilled in the art can easily
identify preferred thicknesses and geometries of the mesh or cloth depending on
the electrolyte density, the height of the hydraulic head to be discharged and the

required fluid dynamic conditions.

25 A cell according to the invention will therefore be provided with an integrated
element acting both as the gas-diffusion electrode and as the percolator, with
consequent assembly simplification and cost reduction. In some cases (for instance
in the case of alkaline fuel cells), a cell may be constructed comprising two
electrodes in accordance with the invention, for instance a hydrogen-fed anode and

30 an oxygen-fed cathode, typically crossed by a downward caustic potash flow.

The invention will be better understood by aid of the following examples, which are



6 not intended to limt the extent thereof, solely defined by the
appended claims. EXAVPLE 1 5 20 g of a commercial PTFE aqueous

suspensi ongohigshdfobon | F 5033, 40% by weight) and 136 BerRfp@782%
f or mal dehyde sof ution (Fluka) were added sl owy and under st@r rié’ng to

800 m of deionised water, keeping thegm xture refrigerated at a
tenperature between 0 and 10C. After one hour under continuous
stirring, a solution containing 80 g AGNG3 (Al drich, 63.6% Ag by
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of caustic potash were added dropw se, al ways keeping the pH between
7.5 and 10 and the tenperature bel ow 15C. The operation required a
little | hours and the solution was kept under vigorous
stirring Tor two additional hours. Upon conpletion of the reaction,

t he precipitate obtained was decanted elim nating the supernatant
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suspended in 90 m of 2- propanol. The suspension was poured on a
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PTFE percol ator. A Nafi é i on- exchange menbr ane cormer cialised 3/
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petroleum ether. The product was dried in air at 120°C overnight. A catalytic
material with about 87% Ag by weight was so obtained, more than sufficient for the
preparation of 200 cm? of gas-diffusion electrode.

20 COMPARATIVE EXAMPLE 1

30 g of the catalytic material prepared in Example 1 were suspended in 90 ml of 2-
propanol. The suspension was poured on a medium porosity filtering membrane,
removing the alcohol excess under vacuum. The resulting cake was then pressed

25  with a calender in several passages on a 40 mesh silver net (0.3 mm thick), up to
complete coverage of the surface. After a drying step at 100°C, the electrode was
treated in air at 250°C for 15 minutes in a muffle.

The cathode was assembled on a single cell lab electrolyser of 0.1 m? active area

30 as disclosed in WO 03/042430, coupled to a 1 mm thick PTFE percolator. A
Nafion® ion-exchange membrane commercialised by DuPont/USA was employed
as the separator between the cell compartments.



The anodi ¢ conpartnment was fed with sodiumchloride brine, while the
percol ator, inserted in the cathodic conmpartnent, was fed with a 25

| /'h caustigospdaseynward flow. The gas-diffusion cat hqdgpasm7 /894

wi th an excess of oxygen. 5At a tenperature of 85C and at a current
density of 4 KA/n2, a cell voltage of 2.10 V was neasured after three
days of stabilisation fromthe start-up, which remai ned stable for
nore than 30 days. 10 EXAMPLE 2 30 g of the catalytic nmateri al
prepared in Exanple 1 were suspended in 90 m of 2- propanol. The
suspensi on was poured on a nedium porosity filtering menbrane,
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single cell lab electrolyser of 0.1 nR active area as disclosed in WO

03/ 04243cstablg o Mat& theB0RaYSwi t h a Nafion(r) ion-exchange menbrane
commerci al i sed by DuPont/USA which acted as the separator between the
cell compartnents. 25 The anodi c conpartment was fed with sodi um
chloride brine, while the non activated face of the cathode enpl oyed
as peycol fed with a 25 I/h caustic soda downward flow. The
gas-dler?f u%ji(/gwﬁggts%ode was fed with excess oxygen. At a tenperature
of 85C and at a current density of 4 kA/n2, a cell voltage of 2.07 30
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superior performance in ternms of clrrent efficiency argely
r epr esent thickness)nda$e cpaiplete coverage of the surface but penetrating its volume only
partially, leaving an unoccupied portion at least 1 mm thick. After a drying step at

100°C, the electrode was treated in air at 250°C for 15 minutes in a muffle.

20  The cathode with integrated percolator so-obtained was assembled on a single cell
lab electrolyser of 0.1 m? active area as disclosed in WO 03/042430, in direct
contact with a Nafion® ion-exchange membrane commercialised by DuPont/USA

which acted as the separator between the cell compartments.

25 The anodic compartment was fed with sodium chloride brine, while the non
activated face of the cathode employed as percolator was fed with a 25 I/h caustic
soda downward flow. The gas-diffusion cathode was fed with excess oxygen.

At a temperature of 85°C and at a current density of 4 kA/m?, a cell voltage of 2.07
30 V was recorded after three days of stabilisation from the start-up, which remained
stable for more than 30 days.



S5application. The previous description is not intended to limt the

i nvention, which may be used according to different enbodi nents

W t hout de@@%dmﬂso;sr om the scopes thereof, and whose e @Rbado$os3ses.
uni vocal 'y defined by the appended clains. Thr oughout t he description
and clains of the present application,gthe term"conprise" and

vari ations thereof such as "conprising” and "conprises" are not

i ntended to exclude the presence of other elenents or additives. 9
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downw%rd fl ?w IS established in the correspondi ng unoccupi ed vol une
fract Pon PN porous substrate. 10 2. The el ectrode of claiml,
wherein said catalytic corrp05| tion corrpri ses at | east one netal
powder and at |east one | ymer binder. 3.The el ectrode of clajm 2,

wher ei n sHiedpr&tV'quéa%qSCBPl@Wt%t inisReed te Bmprhe davestipg.ephichiregepe used
oxi des t herBRfing ﬂédlfféren-ﬂ%ﬁﬂﬂdﬁﬁéﬁ@%tlﬁht eéﬁérﬂhg flofh the é@&%@@"[ﬁbr@@' @nat

| east one pol yner bi nder cor‘g)rl ses a perfluorinated pol yner.
whose extent is univocally defined by the appended claims.

10
Throughout the description and claims of the present application, the term
"comprise" and variations thereof such as "comprising” and "comprises" are not

intended to exclude the presence of other elements or additives.
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5. The el ectrode of any one of the previous clains, wherein said
porous substrate 20 has a thickness not lower than 0.7 mm 6. The

el ectrode of any one of the previous clains, wherein said hydrophobic
porous substrate is a nmesh or cloth of pglymer material. 25 7. The

el ectrode of claim6, wherein said polyner material is a

perfl uorinated poE gnams CEFINIRG FHE (NVENTEONMARE AaIFOLKOWS: 7, wherein said
perfluorinated polyner is PTFE. 30 9. The el ectrode of any one of the
previ ous clainms, wherein said catalytic conposition is directly

appl i ed on one f.aceEleftroskentcahyldctofyteoprrmlaionh s¢lr eduippedivivttn ahleast mhe gpssed

ret i cul ated et gl JERESI Aoy pRbeBlERLEY AbeREREA A 9! |

conprising at |east one ode one
1 to 9 inter Aal Pigeecagsseaiplily cwmmmmpﬂequomrf@ﬂeyh@eqﬂ@wlume fractiany of

The cell of claidn pSlousViBEtRitd bSRY ?er@{rﬁﬁé bplsﬁl RatafticcdhdsitidnC wh@kiHtdnon.
5 12. Process of nuf act ur.i rode accordi ng to any one

of claims 1 to ¥t wayarg ﬂf’%és &¢t '§h98f'“ "Fr %@F%?'B‘h ”?ﬂ”cc%i”eﬂa‘@ e
cont ai ni ng t he faxtigrosiesid sorods sapdtrdtecat al yti ¢ conposition starting from
an optionally aqueous sol ution, dispersion or suspension 10 -pressing
of said paste on one face of said hydrophobi c porous substrate
executi on ofi0a Z-her e electredetatelaim Lphereinsaidextplticroomersiien a¢roprieesaft 1e260C

to one metal powder and at least one polymer binder.

3. The electrode of claim 2, wherein said at least one metal powder comprises
silver, nickel, or oxides thereof.

15
4. The electrode of claim 2 to 3, wherein said at least one polymer binder
comprises a perfluorinated polymer.

5. The electrode of any one of the previous claims, wherein said porous substrate
20 has a thickness not lower than 0.7 mm.

6. The electrode of any one of the previous claims, wherein said hydrophobic
porous substrate is a mesh or cloth of polymer material.

25 7 The electrode of claim 6, wherein said polymer material is a perfluorinated
polymer.

8. The electrode of claim 4 or 7, wherein said perfluorinated polymer is PTFE.
30 9 The electrode of any one of the previous claims, wherein said catalytic

composition is directly applied on one face of said hydrophobic substrate, with no
interposed reticulated metallic material.



390C. 13. The process of claim 12, wherein said step of pressing is
carried out by 15cal endering. 14. Process of manufacturing of an
el ectrode according to any one of clains 1 to 9, conprising the steps
of : : application of said catalytic conposition to a decal
support, until obtaining a 20catal ytic sHeet pressure nelting of said

catal ytic sheet qgn enaam{yeec%r&ian?am GoNFIRRNRINS! GHOT HBIISERDR: of
execution o a er ma re n (0] max! num erature o
TR e800 28§ 5amGeR ohtas Lo B eSSt B SO U LA HE IV S Lo 6 oS

oxygen-fed gas-diffusion cathode in a chlor-al kali process. 16.

Use of the el ectyodeg of , f clai 0. s..oxygen-fed
gas-di ffusion 3 {'cafrﬁeocggg@a"ggﬁ w@grregnﬁgi'ﬁgﬁgé)l ea'g-ggﬁ‘fs%ssol}/%%n'anode in an
el ectrol yte percol ation-type al kaline fuel cell.

12.  Process of manufacturing of an electrode according to any one of claims 1 to
9, comprising the steps of:
- preparation of a paste containing the components of said catalytic composition
starting from an optionally aqueous solution, dispersion or suspension
10 - pressing of said paste on one face of said hydrophobic porous substrate
- execution of a thermal treatment up to a maximum temperature of 200°C to
390°C.

13.  The process of claim 12, wherein said step of pressing is carried out by
16 calendering.

14.  Process of manufacturing of an electrode according to any one of claims 1 to
9, comprising the steps of:
- application of said catalytic composition to a decal support, until obtaining a
20 catalytic sheet
- pressure melting of said catalytic sheet on one face of said hydrophobic porous
substrate
- execution of a thermal treatment up to a maximum temperature of 200°C to
380°C.
25
15.  Use of the electrode of any one of claims 1 to 9 as oxygen-fed gas-diffusion
cathode in a chlor-alkali process.

16.  Use of the electrode of any one of claims 1 to 9 as oxygen-fed gas-diffusion
30 cathode or as hydrogen-fed gas-diffusion anode in an electrolyte percolation-type
alkaline fuel cell.



