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Summary of Facts and Subm ssi ons

The appel |l ant (applicant) | odged an appeal against the
deci sion of the Exam ning Division to refuse European
pat ent application No. 90 106 051.7 with the
publication No. 0 390 158.

The reason given for the refusal was that the subject-
matters of the independent clains did not involve an

I nventive step

1. The foll ow ng docunents are cited in this decision:

D1: Catalysis Letters, vol. 1, 1988, J. C Baltzer AG
Basel, Switzerland, pages 73 to 79;

D2: US-A-4 595 465;

D3: J. Electrochem Soc., vol. 131, No. 7, 1984,
pages 1511 to 1514,

D4: J. Am Chem Soc. 1984, 106, pages 5033 to 5034;

D5: US-A-4 668 349;

D7: J. Electrochem Soc., June 1988, pages 1470 to
1471;

D8: J. Am Chem Soc. 99, 1 1977, pages 286 to 288;

D9: ROnpps Chemi e-Lexi kon, 8'" edition, Stuttgart 1983,
pages 1608 to 1610; and

D10: Ronpps Chem e- Lexi kon, 8'" edition, Stuttgart 1985,
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page 3200, catchword "Pht hal ocyani n- Farbst of fe".

I n conmuni cations pursuant to Article 110(2) EPC, in a
conversation by tel ephone and during oral proceedi ngs
the Board of Appeal expressed its prelimnary opinion
that and why the application did not neet the

provi sions of the EPC

To neet these objections, the Appellant refornulated
the cl ai ns.

At the end of the oral proceedings, which took place on
29 March 2000, the appellant requested that the
deci si on under appeal be set aside and that a patent be
granted on the basis of the follow ng application

docunent s:

d ai ns: 1to3filed wwth letter of 27 March
2000;

Descri ption: to be adapted; and

Dr awi ngs: as originally filed.

The i ndependent claimreads as foll ows:

"l. An electrolysis cell (2) being operable to reduce
carbon dioxide to a product consisting essentially of
nmet hanol and/or formc acid, conprising an anode (4), a
cat hode (8), and, at the cathode side of said

el ectrolysis cell (2), a material having catalytic
effect containing at | east one netal phthal ocyani ne,
characterized in

that a solid polyner electrolyte (12) capable of
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transporting positive ions is provided,

and that said material having catalytic effect
constitutes simultaneously the cathode (8), said
cat hode being forned of

(a) at |east one netal phthal ocyanine, or

(b) a mxture of at |east one netal phthal ocyani ne and
at |l east one other catalytic or non-catalytic

mat eri al .

The remaining clains 2 and 3 are dependent on claim 1.

The argunents supporting the appellant's request are
sunmmari zed as foll ows:

Though D8 di scl oses that netal phthal ocyani nes
(hereinafter called MePcs) show | ow el ectri cal
conductivity, they have, however, ionic conductivity in
el ectrol ytic environnment which property has not been
exam ned in D8. Mreover, Pcs are sem conductors and

t hus have charge transport ability, as can be seen from
D9. Acell with a cathode in the formof a |ayer
consisting of a mxture of 20% Teflon with MePc powder
did work in a satisfactory nmanner. Since Teflon cannot
contribute to the electrical conductivity of MePc, the
| atter nust be sufficiently conductive. The

el ectrolysis cell described in the | aboratory report
dated 15 June 1987, as filed during the exam ning
proceedi ngs, shows the inventor's originally test cel
and actually contains "stainless steel screens plated
with indiumto formthe cathode active area". However,
said cell was built alnost two years earlier than the
priority date of the application-in-suit and is not a
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cell follow ng the teaching of present claim1.

D3 is the closest prior art with respect to claiml
since it is the only docunent disclosing the use of Pc
and the production of substantial amunts of HCOOH and
CH;OH. Though Pcs are used there as catalysts, it is
stressed that deposition of these catalysts on carbon
(hereinafter called C) electrodes with a very snooth
surface is inportant for their catalytic abilities. It
does not contain any suggestion that Pcs or a m xture
of said catalyst with a further conponent including C
deposited on a solid polyner electrolyte (hereinafter
call ed SPE) nenbrane will produce HCOOH or CH,OH. The
remai ni ng docunents al so do not guide the skilled
person in that direction.

Reasons for the Deci sion

0876. D

Anmendnent s

In the Board's opinion, there are no objections under
Article 123(2) EPC against the clainms since they do not
contain subject-matter which extends beyond the content
of the application as originally filed. In particular,
as to features (a) and (b) reference is nade to page 6
| ast paragraph.

Sufficiency (requirenments of Article 83 EPC
According to alternative (a) of claim1, the cathode is

formed exclusively of at |east one MePc. In its
conmuni cati ons, the Board called in question the
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suitability of such cathodes for electolysis cells,
since, according to D8, their (specific) electrica
conductivity seens to be very | ow Docunent D8 provides
conductivity paraneters of MePcs and states that MePcs
partly oxidized with iodine show anisotropic netallic
conductivity. According to Table I, N Pc, CoPc and FePc
have (specific) electric conductivity of 1 x 10%, 2 x
10°1° and 2 x 10°'° U%(cm?') and it is mentioned there that

t hese conpounds are organi ¢ sen conduct ors.

However, the conductivities of the MePcs are neasured
at roomtenperature. Since an electrolysis cell wth a
solid electrolyte can easily - and usually is

operated - at higher tenperatures and since
conductivity is rising in substance exponentially,
since the cross-section of the cathode is relative high
and since its thickness is very |ow (see the draw ng of
the application-in-suit), conductivity of the cathode

| ayer seens to be or can easily be made high enough in
el ectrol ytic environnent for the purpose. In addition,
D10 (nentioned during the oral proceedi ngs) stresses
that MePcs are used for fuel cells due to their

sem conduct or properties.

According to D4, formation of Co(Pc)-is inportant for
the reduction of CO on carbon el ectrodes nodified with
adsor ption of CoPc, suggesting that, in addition to
sem conduct or conductivity, ionic conductivity of MePcs
in an electrolytic environnment could occur.

Taki ng noreover into account the appellant's subm ssion
that a cell with a cathode in the formof a | ayer

consi sting of a mxture of 20% Teflon wth MePc powder
worked in a satisfactory manner, whereby it seens that
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Tefl on does not contribute to conductivity, the Board
sees no reason to doubt that the skilled person, on the
basis of the teachings of the application as originally
filed, is able to construct a cell working in a

sati sfyi ng manner.

Novel ty

D1 describes an electrolysis cell and nmethod for
reduction of CO, to hydrocarbon products including CHOH
at a Cu cathode in contact with a SPE consi sting of
Nafion. The CO, is fed to the cathode in the gas phase
whil e the counter electrode reactant is a solution of
H,SO,. It is nentioned that Cu alone is conpletely

I nactive for hydrogenati on whereas Cu alloy catal ysts
have shown activity for the hydrogenation. D1 is silent
regar di ng MePcs.

D2 discloses a rather conplicated device for the
reduction of CO to oxalates. It conprises two

phot osystens and three chanbers separated by two

menbr anes consi sting of Nafion with photosensitizers
deposited thereon. Anpong a | ot of other catalysts MePcs
may be used as such photosensitizers. The el ectrodes
are separated from said nmenbranes and are imrersed in
fluidic electrolytes. Not any material for said

el ectrodes is nmentioned in D2.

According to D3, MePcs deposited on C el ectrodes are
found to catalyze the el ectroreduction of CO to HCOOH
i n aqueous acid solutions saturated with CO, by

el ectrolysis. At pH above 5 HCOOH is forned; CHOH is
al so produced at |lower pH values. A glassy Crod is
pol i shed and cl eaned prior to depositing the catalyst,
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nanely MePcs. A thin layer of ca. 10 pg of MePc is
deposited on the C surface. Only CoPc and N Pc are
used. It is enphasized that graphite and gl assy C seem
to be specific in their ability to utilize Pcs as

catal ysts for CO, reduction.

D4 discloses the electrocatal ytic reduction of aqueous
solutions of CO, to CO using CoPc as catalyst. The CoPc
is deposited on pyrolytic graphite or C by adsorption

i n a nonol ayer coverage (see also D5 colum 1 |lines 30
to 38).

D5 di scloses the electrocatal ytic reduction of aqueous
solutions of CO, to COusing transition netal conpl exes
wi th square planar geonetry, e. g. MePcs. Preferably
CoPc is adsorbed on a glassy C electrode, polished with
al um na and soni cat ed.

D7 describes el ectrochem cal reduction of CG, to

hydr ocarbons with one or two C atons at Cu el ectrodes
supported on SPE nenbrane, preferably Nafion. It is
said that Cu is electrocatalytically active for
pronoting high rate CO, reduction in CO, saturated
aqueous solutions. Said docunent is silent with respect
to Pcs.

Docunents D8, D9 and D10 deal with the properties of
MePcs and, respectively, sem conductors but use of said
MePcs in electrolysis cells or a simlar use is not
menti oned there.

The other prior art docunents on file are farer away
fromthe electrolysis cell as defined by claim1 than
t he above-descri bed docunents.
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3.9 Thus the subject-matter of claim1l is considered as
bei ng novel in the neaning of Article 54 EPC. Novelty
of the independent clains confers novelty also on the
dependent cl ai ns.

4. I nventive Step

4.1 In view of the fact that D3 is the only prior art
docunent that discloses the use of MePc as catal yst at
t he cat hode and the production of CHOH and HCOOH, the
opi nion of the appellant can be accepted that none of
the cited prior art docunents cones nearer to the
subject-matter of claim1 than D3.

The main difference between the cell according to
claim1l and that of D3 consists in that a SPE capabl e
of transporting positive ions is provided and that the
cathode is forned of (a) at |east one netal

pht hal ocyani ne, or (b) a mxture of at |east one netal
pht hal ocyani ne and at | east one other catalytic or non-
catalytic material.

Wth these nmeasures the cathode can be manufactured in
an easi er manner and nevertheless the efficiency for
the conversion of CO, to CH;OH and HCOOH is very high
(see e.g. EP-A-0 390 158 colum 1 lines 38 to 40 and
colum 3 [ ast paragraph).

The probl em underlying the solution according to
claiml1l is, therefore, to further develop the
el ectrolysis cell according to D3 such that the above

effects are obtai ned.

4.2 Though use of a SPE instead of a liquid electrolyte may

0876. D Y A
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be suggested by the teaching of one of the docunents D1
or D7, there is, however, no hint at the structure of

t he cathode according to features (a) or (b) in one of
the cited docunents. Wien MePcs are used as cat hode
material, they are deposited as a thin [ ayer on a
snmooth C surface, see sections 3.3 to 3.5 above.

There is not any pointer that MePcs in the absence of
any additional electrode material which has good

el ectrical conductivity is suitable as cathode

mat eri al .

By a mxture of materials the skilled person
under st ands a honogeneous bl end of conponents whi ch,
therefore, differs fundanentally froma material having
been obt ai ned by depositing a first material on a
second snooth material .

Si nce none of the docunments on file discloses or
suggests a cathode nade of a material as defined in
features (a) or (b), and, beyond that, not all of the
remai ni ng features, the skilled person would not arrive
at an electrolysis cell with all essential features of
claiml1l without inventive skill if starting from

anot her docunment than D3 as nearest prior art.

Therefore, the subject-matter of claim1 invol ves also
an inventive step as defined in Article 56 EPC with
respect to the prior art docunents on file.

The dependent clains concern particul ar enbodi nents of
the subject-matter of claim1l and are, therefore,
i kewi se inventive.
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5. In the result, the Board of Appeal takes the view that
the clains conply with the requirenents of the EPC
This applies also to the draw ng. However, the
description will have to be adapted to these clains and
the relevant prior art will have to be disclosed in the
i ntroductory part of the description (Rule 27(1) EPC).

O der

For these reasons it is decided that:

1. The deci si on under appeal is set aside.

2. The case is remtted to the first instance with the
order to grant a patent on the basis of
d ai ns: 1to3filed with letter of 27 March

2000;

Descri ption: to be adapted; and
Dr awi ngs: as originally fil ed.

The Regi strar: The Chairman

P. Martorana E. Turrini



