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CATALYSTS FOR FUEL CELLS ELECTRODES BASED ON PLATINUM AND |
ITS ALLOYS, THEIR PREPARATION AND USE AND FUEL CELLS
CONTAINING THEM

FIELD OF THE INVENTION

This invention concerns catalysts for both anodes and cathodes of fuel cells.
STATE OF THE ART

A fuel cell is a device capable to convert directly the chemical energy of a fuel into
electrical power. A fuel cell works roughly as a battery, but it never dies, provided
the fuel is continuously added. The process of production of electrical power in a
fuel cell is silent and without mobile parts, and it occurs with the evolution of heat,
water, and in certain case of CO,, depending on the fuel, which can be either
gaseous hydrogen or a compound containing atomic hydrogen. No matter what
the fuel is, every cell employs oxygen, pure or atmospheric, as a co-reagent.
Oxygen is turned into either water.

Data and general information about fuel cells, their functioning and the actual
technology of construction are available in Handbook for fuel cells, W. Vielstick
and A. Lamm, Wiley, Vol. I-lil; Wiley, New York, 2003; L. Carrette et al. Fuel Cells
2001, 1, 5; O. Okada and K. Yokoyama Fuel Cells 2001, 1, 72.

A modern fuel cells with polymeric electrolyte working with pure or combined
hydrogen is made up of two talectrodes of porous and conductive material,
separatéd by a polymeric membrane permeable fo ions, called electrolyte (Figure
1).

Hydrogen-fed fuel cells containing a polymeric membrane as solid electrolyte are
known with the acronym PEMFC (Polymer Electrolyte Membrane Fuel Celi),
whereas fuel cells fed with aqueous solutions of compounds that carry combined
hydrogen, generally alcohols, are known with the acronym DFC, which stands for
Direct Fuel Cell. In case of PEMFCs with membranes permeable fo cations only,
hydrogen is oxidized at the anode (negative electrode) yielding protons (H*) and
electrons (). The protons pass through the membrane towards the cathode
(positive electrode), where they provide to the reduction of atmospheric oxygen to
water that uses the electrons arrived from the anode.

The use of an anionic-exchange polymeric membrane as electrolyte, i.e. a
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membrane which allows negative charges only to pass, furthers the production of
negative ions, in this case OH', in the process of oxygen reduction at the cathode,
while the overall electrochemical process is left unvaried, as well as the réversible
voltage of the cell.
In the PEMFCs, the polymeric electrolyte is generally Nafion®, a proton-exchange
fluorinated membrane, about 50-200 micrometers thick. This withholds negatively
charged ions (usually sulfonate groups —S0O3) covalently bonded to the polymeric
backbone and therefore allows the passage of protons towafds the cathode.
Electrons are therefore forced to flow through the outer circuit. Generating a
current which can be used fo produce work before it returns to the cathode.
Nafion®, like other proton exchange polymeric membranes, is most efficient when
it works between 70 and 100 °C, thus limiting the functionality of PEMFCs to the
same temperature span. The theoretical voltage provided by one PEMFC is about
1.23 V at 25 °C, however real voltages tend to decrease to 0.7-0.8 V, with currents
from 300 to 800 mA/cm?, as the result of several polarizations due to slow reaction
kinetics at the electrodes, mass transport and mass diffusion effects, resistance to
the transfer of ions and electrons. Production of heat makes up for the loss in the
electrical power. Higher powers and voltages can be achieved by connecting in
series more cells with bipolar plates. Such a device is called stack, and more
stacks can be assembled to yield even higher powers, by now up to 250 kW. Such
systems enjoy of several applications, from the co-generation of power for civil and
industrial uses, to mechanical traction.
By DFC (Direct Fuel Cell) we mean all the cells in which a fuel different from
hydrogen is directly put in contact with the anode with no preventive treatment to
extract hydrogen. The most diffused DFC makes use of methanol (CH;OH), and is
known as DMFC (Direct Methanol Fuel Cell). A common DMFC of the state .of art
resembles a PEMFC in its configuration and working. In the DMFCs indeed the
electrolyte consists of a polymeric membrane with either proton or anion exchange
membrane, and the electrocatalysts contain platinum or platinum alloys with other
metals. These cells work best within the usual range of temperature 70-100 °C.
The methanol is oxidized at the anode to vield protons, electrons and CO,, while
the cathode process is wholly similar to the one that takes place in the PEMFCs.
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DFCs have a remarkable advantage over hydrogen fuel cells: they can use a vast
range of fuel, both liquid (aicohols in general) and solid soluble in water (acids,
aldehydes, sugars). These fuels are ultimately transformed into CO,, water and
energy. As a matter of fact, the electrochemical performances change in function
of the fuel and the anodic catalyst employed. Direct ethanol fuel cells are exciting
much interest because this alcohol, differently from methanol, is much less toxic,
and moreover is a renewable resource, since one can easily get ethanol out of
fermentation of a huge variety of biomasses. A DFC differs mostly from a PEMFC
in that the former releases CO; into the environment. On the other hand, if ethanol
is used as a fuel in the DEFCs (Direct Ethanol Fuel Cell), the output of c;arbon
dioxide into the environment is offset by the chlorophylian pﬁotosynthesis procéss,
which fixes CO; in the form of vegetal mass, thus closing a cycle in which energy
is achieved without increasing the greenhouse effect.

The electrolyte in low temperature fuel cells can be a strong acid or basic solution,
like a concentrated solution of KOH in the so-called AFC (Alkaline fuel cells).

In fuel cells, both the anodic and cathodic reactions occur on catalysts (or
electrocatalysts) which consist either of metallic sheets, or of highly dispersed
metallic nano-particles (usually 2-50 nanometers, 10 m, large), supported on a
porous and conductive mqﬁ’gerial (for instance carbon black). Catalysts for fuel cells
are generally made up of platinum or platinum-ruthenium alloys, and their purpose
consists in speeding up the anodic and cathode reactions, which otherwise would
occur too slowly to produce useful currents. The catalysts and the electrolyte are
therefore two essential components for the existence and the working of fuel cells.

It is known in the state of art that the more dispersed metal particles are, the better
the performances catalysts provide in terms of current density (commonly
expressed in mA/cmz) (see Xin et al. Chem. Commun, 2003, 394-395 and
references therein). It has been proved that the oxidation of methanol, for
example, depends on the microstructure of the catalyst (C. Lamy et al. J.
Electroanal. 1983, 150, 71). Besides, it has been suggested that catalyst particles
have got an optimum diameter for the oxidation of any fuel, for example 2 nm for
methanol (B. J. Kennedy and A. Hamnet J. Elecfroanal. Chem. 1990, 283, 271).

Studies of the correlation between the electrochemical activity and the size of the
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catalyst particles have been carried out for 1.4 nm metallic particles as well, which
have been got by means of magnetron sputtering deposition (M. Watanabe et al.
J. Electroanal. Chem. 1989, 271, 213). Reports about the activity of
electrocatalysts in platinum & its alloys-based fuel cells with particles one or less
nanomeitre large are not known yet in literature.

The oxidation reaction of methanol on platinum catalysts is more difficult and more
complicated than for hydrogen. At a certain stage of the oxidation process indeed
carbon monoxide (CO) is produced, which tends to poison the platinum catalyst
and consequently to reduce the efficiency of the cell (see J. Kua and W. A.
Goddard Il J. Am. Chem. Soc. 1999, 121, 10928). To limit such an undesiréd
effect, catalysts based on plaﬁnurﬁ-ruthenium or platinum-tin, more resistant to
CO, are used. A major flaw of DEMFCs is that the electrochemical efficiency of
methanol (about 30%) is by far inferior to hydrogen efficiency in PEMFCs (about
60%); furthermore, the theoretical voltage is 1.18 V, but when the density of
current is 500 mA/cm?, the voltage can decrease below 0.4 V. Therefore, in order
to get performances similar to those shown by PEMFCs, it is necessary to
increase the platinum charge at the anode, even by ten times, thus raising the fotal
cost of the cell.

Besides, polarization effects are noticeable at the platinum cathode when it comes
in contact with the methanol that manages to pass through the membrane (cross-
over alcohol).

The platinum loading on the electrodes for DMFC of known art can vary from 5 to
10 mg/cm?, while the platinum loading on the electrodes for PEMFCs of known art
can vary from 0.12 to 2 mg/cm?.

The oxidation of ethanol and of alcohols with a higher num.ber of carbon atoms or
of OH functional groups, as in polyalcohols like ethylene glycol, has turned out to
be even tougher because of the occurrence of serious overvoltages. The
conversion of ethanol and ethylene glycol to CO; and electrons require indeed the
breaking of carbon-carbon bonds and the concomitant activation of several water
molecules. Effective electrocatalysts based on platinum and platinum alloys for
“low temperature” fuel cells fuelled with ethanol or ethylenee glycol are virtually
unknown (vide infra).
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Data and general information about fuel cells of the types PEMFC, DFC (included
DMFC and DEFC) and AFC, about their working and building technology are
available in: celle a combustibile, M. Ronchetti, A. lacobazzi, ENEA, February
2002 (ltaly); Handbook for fuel cells, W. Vielstick and A. Lamm, Wiley, Vol. I-II;
Wiley, New York, 2003; C. Lamy et al. J. Power Sources 2002, 105, 283-296; C.
Lamy et al. J. Appl. Electrochem. 2001, 31, 799-809; M. P. Hogarth and T. R.
Ralph Plafinum Metal Rev. 2002, 46, 146-164; M. P. Hogarth and T. R. Ralph
Platinum Metal Rev. 2002, 46, 3-14. '

The diffusion of PEMFCs, DMFCs and. DFCs, as well as any other fuel cell
working with platinum is dramatically limited by the scérc,é natural abundance of
this metal, consequently, by its high price (natural reserves amount to just 5000
tonnes, source  Johnson Matthey in Plafinum Metals Rev. 2004, 48, 34). The
world production of mobile phones on its own, in case all the phones were fed with
fuel cells, would absorb one third of world platinum extraction (just 165 tons in
2002), while the replacement of car engines with fuel cells stacks would require
more than forty times the actual production of platinum (a Mercedes class A fed
with reformed hydrogen contains 180 g of platinum in its stack). Because of
platinum scarce availability one can correctly suppose that a high increase in the
request for platinum would cause prices to go up, until fuel cells would lose their _,
competitiveness over other technologies for the production of power.

A second constraint to the employment of platinum-based catalyst of known art
involves PEMFCs too, but mostly direct alcohol fuel cells, called DAFC (Direct
Alcohol Fuel Cell). As said previously, platinum-based cathodes are sensitive to
cross-over alcohols, causing relevant cathode polarizations. In turn, platinum-
based anodes easily deactivate themselves in presence of very small quantities
(ppm) of carbon monoxide (CO), which is an intermediate product of the alcohols
oxidation and is contained in reformed hydrogen too. Furthermore, pure platinum
decomposes water (equation 1) at high voltages (between 0.6 and 0.8 V vs. RHE),
thus endangering its capability to oxidize adsorbed CO (equation 2) and causing

strong anodic overvoltages:

Pt + H,0 — PEOH + H' +e (1)
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P{-OH + (Co)ads - Pt + CO, + Hf +¢ (2)

There are even some problems related fo the type of alcohol used. For example,
no platinum-based catalyst of known art, even in combination with other metals,
enables anodic electrocatalyst for direct ethanol fuel cells (DEFC) in which ethanol
is completely oxidized to CO,; this means that the available specific energy W, of
ethanol (8 KWh/Kg) cannot be completely exploited at a temperature at which both
proton-exchange and anion-exchange polymeric membranes are stable (< 100
°C). Ethylene glycol makes no exception. Moreover, the active sites of platinum-
based anodic catalysts, if in presence of ethanol, are reduced by the formation of a
superficial layer of platinum oxide that hinders the adsorption of ethanol (equation
3).

PHOC;Hs) + H,O — PtO + CoHsOH + H* +e  (3)

Some of the drawbacks mentioned above can be worked out with a few tricks,
which however are seldom quick and cheap. One may increase the platinum
loading up to 10 mg/cm? to bpth DMFC electrodes, or else devise anodes based
on alloys of platinum and other transition metals, like Ru, Co, Ni, Fe, Mo e Sn (see
D. Chu and S. Gilmann J. Elecfrochem. Soc. 1996, 143, 1685). It has been proved
that these metals reduce the CO absorption on active catalytic sites, by forming
Pt-CO weaker bonds, and besides they prompt the oxidative decomposition of
water at lower voltage values (0.2 V vs. RHE for ruthenium) (H. A. Gasteiger et al.
J. Chem. Phys. 1994, 98, 617). Anyway, no anodic catalyst based on binary and
tertiary alloys of platinum and other metals and able to produce appreciable
densities of power (mW/cm?) in “self-breathing” DEFC is on the record. Some tens
of mW/em?® have been measured only with anodes based on Pt/Sn (2 mg/cm?) and
cathodes based Pt (4 mg/cm?), at temperatures higher than 90 °C and 3 bar of
oxygen pressure (C. Lamy et al. J. Power Sources 2002, 105, 283-296; C. Lamy
et al. J. Appl. Electrochem. 2001, 31, 799-809). In this case too, however, the
oxidation of ethanol at the anode has turned out to be incomplete, i.e. without a
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complete evolution of CO,. The same remarks are valid for DAFC fed with
ethylene glycol (C. Lamy et al. J. Appl. Electrochem. 2001, 31, 799-809; W. Hauffe
and J. Hetbaum Elecirochimica Acta 1978, 23, 299).

Experimental evidence concerning adsorbed CO tendency not to be easily
oxidized by platinum catalysts and concerning the significant passivation of Pt
active sites in DAFCs are reported in: M. Watanabe et al. J. Phys. Chem. B 2000,
104, 1762-1768; M. Watanabe et al. Phys. Chem. Chem. Phys. 2001, 3, 306-314;
M. Watanabe et al. Langmuir 1999, 15, 8757-8764; M. Watanabe et al. Chem.
Commun. 2003, 828-829; H. A. Gasteiger et al. J. Chem. Phys. 1994, 98, 619-
625.; S.-M. Park et al. J. Electrochem. Soc. 1995, 142, 40-45. These scientific
surveys also point out that the combination of platinum with other metals to form
alloys or intermetal aggregates is able to reduce remarkably anodic overvoltages
in the DAFCs, making electrodes more tolerant to CO. On the one end, this is
achieved thanks to the formation of weaker platinum-CO bonds, on the other hand
through a decrease of the water decomposition potential according to equation 1,
and therefore by prompting the oxidation process of CO (see above equations 1 e
2).

Several methods to synthesize electrocatalysts based on platinum and platinum
alloys are known. A very common method consists in impregnating a conductive
support, generally carbonaceous like Vulcan XC-72, with a platinum salt which is
then reduced either in liquid phased systems by means of appropriate reductive
agents or in gaseous phase systems with hydrogen at high temperature. A similar
process is employed to add a second metallic salt. The resultant material
undergoes annealing in a reductive environment or in inert gas. Such a process is
described in the patent US 6,379,834 B1, Apr. 30, 2003, for a series of anodic
electrocatalysts based on Pt/Mo.

Electrochemical methods of preparation of anodic and cathode electrocatalysts for
fuel cells involve the electrodeposition of one metal at the time, generally platinum,
subsequently followed by the electrodeposition of the other. Electrochemical
methods of preparation of electrocatalysts based on platinum alloys with other
metals are described in the following patents: P/Ru/Pd in US 6,498,121 B1 (Dec.
24, 2002); PYRu/Ni in US 6,517,965 B1 (Feb. 11, 2003); Pt-Ru-Pd in US



10

15

20

25

30

WO 2006/005724 PCT/EP2005/053270

8

6,682,837 B2 (Jan. 27, 2004); Pt/Ru/Ni in US 6,723,678 B2 (Apr. 20, 2004).

Other methods for the preparation of anodic and cathode electrocatalysts based
on platinum or platinum alloys are even more sophisticated, so much as to be
frequently limited to lab research; one of these is the magnefron sputtering
deposition (M. Watanabe et al. Chem. Commun. 2003, 828-829; M. Watanabe J.
Electrochem. Soc. 1999, 146, 3750-3756; Masahiro Watanabe, Japan patent
application No. H6-225840, Aug. 27, 1994).

Whatever the method of synthesis is, all known art electrocatalysts for fuel cells
anodes and cathodes, and especially for PEMFCs, DFCs and DAFCs based on
sole platinum or on binary, tertiary and quaternary combinations of platinum with
other metals, contain metallic particles lager than one nanometer, (commonly
between 2 and 50 nm), no matter what the preparation method is.

Undoubtedly, the activity of a catalyst, and particularly of a bimetallic or trimetallic
catalyst depends upon both electronic and structural factors, which in turn depend
upon both the method of synthesis and the nature of the metals combined with
platinum. A useful monograph to understand the relationships between structure
and reactivity has been written by P. N. Ross “The Science of Electrocatalysis on
Bimetallic Surfaces”, Vol. 4, J. Lipowski and P. N. Ross Jr., Wiley-Interscience,
New York, N. Y. 1997.

In a patent application (Platinum-free electrocatalysis materials, WO 2004/036674,
PCT/EP 2003/006592) is claimed the use of synthetic resins, obtained by the
condensation of a functionalized 1,3-diol, containing nitrogen donor atoms, with
phenol or a 3,5-disubstituted phenol and formaldehyde o paraformaldehyde, to
coordinate metal salts, none of which containing platinum, and preferentially
containing iron, cobalt and/or nickel. Such metal-resin adducts treated with
gaseous hydrogen at high temperature or with other chemical reducing agents in
fluid systems, or even subjected to pyrolysis under inert atmosphere in at
temperatures higher than 500°C, are converted to catalytic materials for both
anodes and cathodes for fuel cells of the types PEMFC, AFC, DFC, DMFC, DEFC
and in general for DAFC. In this same application, it is claimed that alcohols such
as methanol, ethanol and ethylene glycol are completely converted into CO; at the
anodes.
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SUMMARY

The present invention refers to anodic and cathode electrodes catalysts for fuel
cells having a low content of platinum, consisting of metal complexes of platinum
salts, or alloys thereof, and polymers (already described in WO 2004/036674)
obtained by condensation of a 4-{1-[(fenil-2,4-disubstituted)-hydrazine}-alkyl}-
benzene-1,3-diol with a 3,5-disubstituted phenol and formaldehyde or para-
formaldehyde in the presence of an acid or basic catalysts in water/alcohol
mixtures and at a temperature comprised between 20 — 150°C and having a
molecular weight comprised between 1000 and 50000.

DESCRIPTION OF THE FIGURES

Fig. 1 - represents a cross-section schematic view of a simplified fuel cell
operating with the catalyst of the invention.

Fig. 2 - is an histogram showing the size of the particles of a platinum catalyst
(loading 1% by weight) in respect of the catalytic system metal/support material
(Vulcan XC-72) prepared according to method 1.

Fig. 3 - is an histogram showing the size of the particles of a catalyst based on
Ptso-Rusg (loading 1,2% by weight) in respect of the catalytic system metal/support
material (Vulcan XC-72) prepared according to method 2.

Fig. 4 - is an histogram showing the dimensions of the particles of a catalyst based -
on Ptg-Nijg (loading 2,56% by weight) in respect of the catalytic system
metal/support material (Vucan XC-72) prepared according to method 3.

Fig. 5 - is an histogram showing the dimensions of the particles of a catalyst based
on Ptse-Rusp-Coqo (loading 1,5% by weight) in respect of the catalytic system
metal/support material (Vulkan XC-72) prepared according to method 2.

Fig. 6 - is an histogram showing the dimensions of the particles of a catalyst based
on Pty-Feqo (loading 2,1% by weight) in respect of the catalytic system
metal/support material (SiO;) prepared according to method 2.

Fig. 7 - is the polarisation curve of a PEMFC cell (Nafion® - 112, H,SO4 1N)
comprising an anode catalysed with 0.10 mg Ptso-Ruso/cm? (1,5% metal/C) and a
cathode catalysed with 0.10 mg Pt/cm? (1.0 %metal/C) at about 60°C with pure H;
(1 bar) (curve a) or contaminated by 200 ppm CO (curve b).

Fig. 8 - is the polarisation curve of a DMFC cell (Nafion® - 112, H,SO4 1N)
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comprising an anode catalysed with 0.10 mg Ptsp-Rusg-Coqo/cm? (2% metal/C) and
a cathode catalysed with 0.10 mg Pt/cm? (1.0 %metal/C) at about 65°C fuelled with
an aqueous solution of MeOH 15% (v:v).

Fig. 9 - is the polarisation curve of a DEFC cell (Selemion AMW, K;CO3 1N)
comprising an anode catalysed with 0.15 mg Ptao-Nijp/cm? (2% metal/C) and a
cathode catalysed with 0.10 mg Ptso-Coso/cm? (1.2 %metal/C) at about 25°C '
fuelled with an aqueous solution of EtOH 10% (v:v). ’
DETAILED DESCRIPTION OF THE INVENTION

The present invention allows to overcome the above said problems.thanks to
anode and cathode catalysts' for fuel cells having a low content of platinum either
alone or in alloys with other metals.

The catalysts according to the invention consists of metal complexes formed by
platinum salts or alloys thereof and template polymers (already described in WO
2004/036674) prepared by condensation of a 4-{1-[(fenil-2,4-disubstituted)-
hydrazinel-alkyl}-benzene-1,3-diol with a 3,5-disubstituted phenol and
formaldehyde or para-formaldehyde in the presence of an acid or basic catalysts
in water/alcohol mixtures and at a temperature comprised between 20 — 150°C
and having a molecular weight comprised between 1000 and 50000.

Preferably the a 4-{1-[(phenyl-2,4-disubstituted)-hydrazine]-alkyl}-benzene-1,3-

diol is a compound of formula (A)

szij R3
R1 N—N
/ H

OH
oH @)

Wherein R4 is chosen in the group consisting og: H, a C1.4o hydrocarbon radical,
possibly halogenated,
R2 and Rj independently from each other represent an electron-attractive group

chosen in the group consisting of: H, halogen, acyl, ester, carboxylic acid, formil,
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nitrile, sulphonic acid, aryl groups or linear or branched alkyl having 1 — 15 carbon
atoms, possibly functionalised with halogens or joined to each other in order to
form one or more cycles condensed with the phenyl ring, and nitro groups;

and

the 3,5 disubstituted phenol is a compound of formula (B)

OH

®)

wherein R4 and Rs independently from each other represent and electro-donating
group chosen among H, OH, ether, amine, aryl and linear or branched alkyl
groups having 1 — 15 carbon atoms.

The above said polymers can be represented by the formula (C)

P R@RL B N
4 Ry N—N
I g >
| “
N CH; — ——CH;
OH RYN"Rg
N =% = -t )7

©

Wherein y is comprised between 2 and 120, x is comprised between 1 and 2, n is
comprised between 1 and 3 and R4, Rz, Rs, R4 and Rs are as above defined.
Platinum metal salts or alloys thereof, according to the invention, means salts
chosen in the group of carboxylates, halogens, alcoholates, acetylacetonates,
formates, oxalates, malonates, and analogous organic salts and their mixtures or
carbonate oxides or bicarbonates and their mixtures.
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According to the invention the metals to be used in combination with platinum are
preferably chosen in the group consisting of : Fe, Ru, Co, Rh, Ir, Ni, Pd, Mo, Sn,
La, V, Mn.

With fuel cells, according to the invention it is intended the fuel cells known as:
PEMFC, DAFC, DFC, AFC, the latest containing also another liquid electrolyte as
for example a concentrated solution of KOH. Preferably the catalysts according to
the invention, consisting of metal particles having high dispersion and dimensions
of 2 nanometers (10° m) or less, are deposited on various inorganic and
conductive support materials,_ as amorphous or graphite carbons having high
porosity, but also non-conductive as porous metal oxidés, as for example silica,
alumina, ceria and magnesia if they have to be used for purposes different then
their use in fuel cells. Before the deposition of the metals, the support materials
are submitted to purification and activated as described in the related state of the
art.

For the preparation of the catalysts of the invention to make anodes for fuel cells,
the method 1, 2 and 3 can be equally used

Method 1:

A platinum salt or a compound containing platinum, preferentially
hexachloroplatinic acid (H2PtCle), dissolved in water is added to an aqueous
suspension of a templating polymer of known art, denoted from now on as
POLIMER (WO 2004/036674, PCT/EP 2003/006592). The solid product which is
formed is filtered off, washed with water and dried in the air. Once dry, this solid is
added to a suspension of a porous and conductive carbonaceous material, either
amorphous or graphitic in nature, for instance Vulcan XC-72 or active carbon
RDBA, just to say but a few, in acetone or other organic solvents. The resultant
product is treated with a reducing agent of the state of the art, for instance NaBH,4
or NHzNHy), filtered off, washed with water and dried.

Alternatively, the resulfant product is isolated by solvent evaporation under
reduced pressure and then treated with a stream of hydrogen at a temperature
between 300 and 800 °C.

For different purposes other than the use in fuel cells, the product obtained by the
reaction of the POLIMER with a platinum salt or a compound containing platinum
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is treated with a suspension of a porous and activated metal oxide, such as silica,
alumina, ceria and magnesia in acetone or in other organic solvents. After stirring
for some hours, the resultant material is filtered off, washed with water and dried;
then, the metal complexed by the POLIMER and supported on the metal oxide is
reduced with any of the methods described above.

Method 2:

A platinum salt or a compound containing platinum, preferentially
hexachloroplatinic acid (H2PtCls), dissolved in water and a salt or a compound of
another metal of the Periodic Table of the Elements, preferentially Fe, Ru, Co, Rh,
I, Ni, Pd, Mo, Sn, La, V, Mn dissolved in water, are added to an aqueous
suspension of the POLIMER. The solid product which is formed after stirring for
some hours is filtered off, washed with water and dried in the air. Once dry, this
solid is added to a suspension of a porous and conductive carbonaceous material,
either amorphous or graphitic in nature, for instance Vulcan XC-72 or active
carbon RDBA, just to say but a few, in acetone or other organic solvents. The
resultant product is treated with a reducing agent of the state of the ari, for
instance NaBH, or NHoNH,), filtered off, washed with water and dried.
Alternatively, the product obtained by treatment of the POLIMER containing Pt and
another metal, preferentially amopg those cited above, with the carbonaceous
material is isolated by solvent evaporation under reduced pressure and then
treated with a stream of hydrogen at a temperature between 300 and 800 °C.

For different purposes other than the use in fuel cells, the product obtained by
reaction of the POLIMER with a platinum salt or a compound containing platinum
and a metal salt or a compound containing a metal of the Periodic Table of the
Elements, preferentially among those cited above, is treated with a suspension of
a porous and activated metal oxide, such as silica, alumina, ceria and magnesia in
acetone or in other organic solvents. After stirring for some hours, the resultant
material is filtered off, washed with water and dried; then, the metal complexed by
the POLIMER and supported on the metal oxide is reduced with any of the
methods described above.

Method 3:

A platinum salt or a compound containing platinum, preferentially
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hexachloroplatinic acid (H;PtCls), dissolved in water and a salt or a compound of
another metal of the Periodic Table of the Elements dissolved in water and a third
salt or compound of another metal dissolved in water (preferentially the two metals
are in the group constituted by Fe, Ru, Co, Rh, Ir, Ni, Pd, Mo, Sn, La, V, Mn) are
added fo an aqueous suspension of the POLIMER. The solid product which is
formed after stirring for some hours is filtered off, washed with water and dried in
the air.

This solid is added to a suspension of a porous and conductive carbonaceous
material, either amorphous or graphitic in nature, for instance Vulcan XC-72 or
active carbon RDBA, just to say but a few, in acetone or other organic solvents.
The resultant product is treated in situ with a reducing agent of the state of the art,
for instance NaBH4 or NH;NHz). The resultant product is filtered and dried or is
isolated eliminating the solvent under reduced pressure, then treated with an
hydrogen stream in an oven at a temperature between 300 and 800°C.

For different purposes other than the use in fuel cells, the product obtained by the
reaction of the POLIMER with a platinum salt or a compound containing platinum
and two or more metal salts or compounds containing a metal of the Periodic
Table of the Elements, preferentially among the group constituted by Fe, Ru, Co,
Rh, Ir, Ni, Pd, Mo, Sn, La, V, Mn is treated with a suspension of a porous and
activated metal oxide, such as silica, alumina, magnesia or ceria, in acetone or in
other organic solvents. After stirring for some hours, the resultant material is
filtered off, washed with water and dried; then, the metals complexed by the
POLIMER and supported on the metal oxide are reduced with any of the methods
described above.

Anode preparation:

Method (a)

The catalysts supported on conductive carbonaceous materials prepared with the

methods 1, 2 and 3 are suspended into a water/ethanol mixture. To this
suspension, vigorously stirred and heated at a temperature between 60 and 80 °C,
is added PTFE (polytetrafluoroethylenee) and the resultant flocculous product is
separated and then spread onto appropriate conductive supports such as carbon

paper, steel nets or sintered nickel. The resultant electrode is heated to 350 °C in
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a flow of an inert gas (Ar, N,).

Method (b)

The products obtained by the reaction of the metal salts or metal compounds with
the POLIMER are dissolved in a polar organic solvent such as acetone or
dimethylformamide. A chosen aliquot of the resultant solution is deposited onto
discs made with highly porous and conductive materials such as silver, nickel,
ceramic powder (We, Mog, for instance). These discs are dried and treated with a
reducing agent of the state of the art (NaBHs o NH2NH; for instance) or subjected
to a flow of hydrogen gas in a reactor maintained at a temperature between 300
and 800 °C.

For the preparation of the catalysts of the invention to make cathodes for fuel cells,
the hereinafter described methods 4 and 5 can be equally used.

Method 4:

A platinum salt or a compound containing platinum, preferentially
hexachloroplatinic acid (H;PtCls), dissolved in water is added to an agueous
suspension of the POLIMER. The solid product that is formed after stirring for 1 h
is filtered off, washed with water and dried.

This solid is added to a suspension, in acetone or dimethylformamide or other
polar organic solvent, of a conductive and porous carbonaceous material such as
Vuican XC-72 or active carbon RDBA (just to say but a few). After stirring for some
hours, the solvent is removed under reduced pressure and the solid residue is
heated to a temperature between 500 and 900°C under an atmosphere of inert
gas (N2 or Ar).

Method 5:

A platihum salt or a compound containing platinum, preferentially
hexachloroplatinic acid (H;PiClg), dissolved in water and a salt or a compound of a
metal of the Periodic Table of the Elements, preferentially nickel, cobalt,
molybdenum, lanthanum, vanadium manganese, dissolved in water are added to
an aqueous suspension containing the POLIMER. The solid product which is
formed after some hours is filtered off, washed and dried. The resultant solid
product is added to an acetone or dimethylformamide suspension of a porous and
conductive material such as Vulcan XC-72 or active carbon RDBA (just to say but
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a few). After stirring for some hours, the solvent is removed under reduced
pressure and the solid residue is heated in an oven to a temperature between 500
e 900°C under an atmosphere of an inert gas (Nz, Ar).

Cathode preparation:

The catalytic material previously obtained with methods 4 and 5 is suspended in a
hot mixture of water and ethanol. To this suspension is added PTFE
(polytetrafluoroethylene) and the flocculous product that separates is spread and
then pressed at room temperature onto appropriate conductive support materials
such as carbon paper or stainless steel grids, just to say but a few, made
waterproof by methods known in the state of the art. Then, the catalysed support
is heated to a temperature between 300 and 350°C under an atmosphere of inert
gas (Ng, Ar).

The metal content and composition in the catalysts has been determined by
Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) and
checked by Energy Dispersive X-ray Specfrometry (EDXS).

The histogram reported in Figures 2 - 6, obtained by High Resolution
Transmission Electron Microscopy (HR-TEM), show the particles dimensions of a
catalyst of the invention containing platinum alone or various combination
-platinum/metal as reported in detail above in the description of the figures.

Homo- or poly-metallic particles having dimensions mainly comprised between 3-4
A are not known in the state of the art for catalysts employed in fuel cells.

The metal particles of the catalysts of the invention are formed by a few atoms, not
exceeding a dozen, originating structures featured by an extraordinary anodic and
cathodic activity in various kinds of fuel cells containing solid electrolytes
constituted by cation-exchange (for instance Nafion®) and anion-exchange (for
instance Flemion® by Asahi Glass) polymeric membranes.

Experiments realized with Diffuse Reflectance Infrared Spectroscopy (DRIFT)
have shown that the catalysts of the invention, whatever the metal or the
combination of metals, do not form strong chemical bonds to gaseous CO.

The anodes made with the catalysts of the invention can convert, into electrons
and protons, gaseous hydrogen (pure or reformed), metal borohydrides,
hydrazine, hydroxylamine, and can convert, into electrons and CO,, a large variety
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" of oxygenated compounds containing hydrogen atoms such as methanol, ethanol,

ethylene glycol, acetaldehyde, formic acid, glucose, sorbitol, just to say but a few,
at ambient temperature and pressure. In general, however, the catalysts of the
invention and the electrodes made with them can be used to catalyse the oxidation
of any fuel containing hydrogen, even saturated hydrocarbons such as methane
(natural gas), ethane, propane and butane and fossil fuels such as gasoline and
kerosene.

The cathodes made with the catalysts of the invention convert pure oxygen or
oxygen from air into water (when the electrolyte in the fuel cell is a proton
exchange membrane) or into hydroxide ions (OH") (when the electrolyte in the fuel
cell is an anion exchange membrane). |

An anode of the invention, in conjunction with a cathode of the invention or even
with a cathode for fuel cell of the known state of the art, and a cathode of the
invention, in conjunction with an anode of the invention or even with an anode of
the known state of the art, can be employed to assembly a fuel cell such as that
illustrated in Figure 1.

The performances of monoplanar fuel cells constituted by electrodes of the
invention have been estimated by means of a potentiostat in various experimental
conditions.

Figures 7-9 show some examples of polarization curves recorded for different
combinations of anodes and cathodes.

According to a particular embodiment the present invention refers o catalyzed
anode and cathode electrodes, with platinum alone or in combination with other
metals as for example Fe, Ru, Co, Rh, Ir, Ni, Pd, Mo, Sn, La, V, Mn, to be used in
PEMFC fuel cells fuelled by hydrogen, which, although maintaining the same
characteristics of the known catalyzed electrodes, employ platinum in quantity not
higher then 0.20 mg/cm?, preferably 0.06 mg/cm? or lower.

According to a further embodiment the present invention refers to anodes for
DAFC fuel cells containing platinum alone or in combination with other metals as
for example Fe, Ru, Co, Rh, Ir, Ni, Pd, Mo, Sn, La, V, Mn and allowing the use of
alcoholic fuel as methanol , ethanol, ethylene glycol or sugars as glucose or
sorbitol, in aqueous concentration up to 50% in weight. Such fuel cells contain a
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quantity of platinum not higher then 0.30 mg/cm? preferably 0.20 mg/cm? or lower
and, in particular they allow to use the whole specific energy of any alcoholic fuel
converting it totally into CO..

According to a still further embodiment the invention refers to anodes for DFC fuel
cells containing platinum or combinations of platinum with other metals, for
example Fe, Ru, Co, Rh, Ir, Ni, Pd, Mo, Sn, La, V, Mn and allowing the use of
fuels containing combined hydrogen, for example aldehydes, acids, hydrazine,
metallic borohydrides, in aqueous or alcoholic concentrations up to 50% in weight.
Such fuel cells contain a quantity of platinum not higher then 0.30 mg/cm?
preferably 0.20 mg/cm? or lower.

According to a siill further embodiment the invention refers to anodes for DAFC
and AFC fuel cells containing platinum or combinations of platinum with other
metals, for example Fe, Ru, Co, Rh, Ir, Ni, Pd, Mo, Sn, La, V, Mn and allowing the
use of alcoholic fuels, for example methanol, ethanol, ethylene glycol, or sugars as
glucose and sorbitol, in aqueous concentrations up to 50% ih weight. Such fuel
cells contain a quantity of platinum not higher then 0.30 mg/cm? preferably 0.20
mg/cm? or lower.

In order to better understand the invention some anodes and cathodes according
to the inyention are described more precisely in the following examples.

Example 1

PREPARATION OF PLATINUM ANODIC CATALYST

To a suspension of 1 g of the known polymer polimer in 100 ml of water is added
0.2 g of hexachloroplatinic acid (H,PtClg). The pH of the resulting mixture is fixed
at 9 by addition of 50 mL of NaOH 1M e the mixture is vigorously stirred at room
temperature for 6 h. A dark red precipitate is formed which is filtered off, washed
several times with distilled water and dried under reduced pressure at 70 °C until
constant weight. Yield= 0.8 g. Pt content = 6 wt.% (ICP-AES).

To a suspension of 0.5 g of this product in 100 mL of acetone (finely dispersed by
sonication for 30 min.) is added 5 g of Vulcan XC-72R (previously activated and
purified by reflux in 100 mL of HNO3 1N, filtered off, washed with water several
times and heated at 800 °C for 2 h in a stream of an inert gas). This suspension is
vigorously stirred at room temperature for 4 h. Then it is cooled to 0 °C, and a 0.7
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g of NaBH, are slowly added portion-wise. The mixture is allowed to reach room
temperature and after 2 h the solid residue is filtered off, washed with water (3 x
50 mL) and dried under reduced pressure at 70 °C until constant weight. Pt
content = 0.55 wt.% (ICP-AES).

Alternatively, the reduction of the metal can be achieved using a stream of
hydrogen gas. In this case, 5 g of the mixture containing the POLIMER-Pt and
Vulcan (1:10 w/w), is introduced into quartz tubular reactor and then heated in a

_stream of hydrogen at 360 °C for 2 h. Pt content= 0.55 wt.% (ICP-AES).

Example 2

PREPARATION OF PLATINUM-RUTHENIUM ANODIC CATALYST

To a suspension of 1 g of POLIMER in 100 mL of water is added 0.2 g of
hexachloroplatinic acid (HzPtClg) dissolved in 20 mL of water and 0.31 g of
ruthenium trichloride trihydrate (RuCls3H,0) dissolved in 20 mL of water. The pH
of the resulting mixture is fixed at 9 by adding 50 mL of NaOH 1M and the mixture
is vigorously stirred at room temperature for 6 h. A dark brown product is formed,
which is filtered off, washed several times with distilled water and dried under
reduced pressure at 70 °C until constant weight. Yield 0.9 g. Pt content = 6 wt.%,
Ru content = 7 wt.% (ICP-AES).

To a suspensign of 0.5 g of the previously obtained product in 100 mL of acetone
(finely dispersed by sonication for 30 min.) is added 5 g Vulcan XC-72R
(previously activated and purified by reflux in 100 mL of HNOj 1N, filtered off,
washed with water several times and heated at 800 °C for 2 h in a stream of an
inert gas). To this suspension vigorously stirred at room temperature for 4 h and
then cooled to 0 °C is added portion-wise 1.5 g of NaBH4. The resulting mixture is
allowed to reach room temperature for 2 h. Afterwards, the solid residue is filtered
off, washed with water (3 x 50 mL) and dried under reduced pressure at 70 °C until
constant weight. Pt content = 0.55 wt.%; Ru content = 0.66 wt.% (ICP-AES).
Alternatively, the reduction of the metal can be achieved using a stream of
hydrogen gas (1 bar). In this case, 5 g of the mixture containing the POLIMER-Pt-
Ru and Vulcan (1:10 w/w), is introduced into quartz tubular reactor and then
heated in a stream of hydrogen at 360 °C for 2 h. Pt content= 0.55 wt.%; Ru
content = 0.66 wt.% (ICP-AES). Atomic ratio (%) = PtysRuss.
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Example 3

PREPARATION OF PLATINUM-RUTHENIUM-NICKEL ANODIC CATALYST

To a suspension of 1 g of POLIMER in 100 mL of water is added 0.2 g of
hexachloroplatinic acid (H,PiClg) dissolved in 20 mL of water and 0.31 g of
ruthenium trichloride trihydrate (RuCls3H20) dissolved in 20 mL of water, and 0.06
g of nickel acetate tetrahydrate. [Ni(CH3zCO;)24H;0] dissolved in 20 mL of water.
The pH of the resulting mixture is fixed at 9 by adding 50 mL of NaOH 1M and the
mixture is vigorously stirred at room temperature for 6 h. A dark red product is
formed, which is filtered off, washed ‘several times with distilled water and dried
under reduced pressure at 70 °C until constant weight. Yield 0.9 g. Pt content = 6
wt.%, Ru content = 7 wt.%, Ni content 1.2 wt % (ICP-AES).

To a suspension of 0.5 g of the previously obtained product in 100 mL of acetone
(finely dispersed by sonication for 30 min.) is added 5 g Vulcan XC-72R
(previously activated and purified by reflux in 100 mL of HNO3; 1N, filtered off,
washed with water several times and heated at 800 °C for 2 h in a stream of an
inert gas). To this suspension vigorously stirred at room temperature for 4 h and
then cooled to 0 °C is added portion-wise 1.5 g of NaBH,. The resulting mixture is
allowed to reach room temperature for 2 h. Afterwards, the solid residue is filtered
off, washed with water (3 x 50 mL) and dried under reduced pressure at 70 °C until
constant weight. Pt content = 0.55 = wt.% , Ru content= 0.66 wt.%, Ni content
=0.1 wt.% (ICP-AES).

Alternatively, the reduction of the metal can be achieved using a stream of
hydrogen gas (1 bar). In this case, 5 g of the mixture containing the POLIMER-Pt-
Ru-Ni and Vulcan (1:10 w/w), is introduced into quartz tubular reactor and then
heated in a stream of hydrogen at 360 °C for 2 h. Pt content= 0.55 wt.%; Ru
content = Ru = 0.66 wt.%, Ni content = 0.1 wt.% (ICP-AES). Atomic ratio (%) =
Pt41RusgNig.

Example 4

PREPARATION OF PLATINUM-BASED CATHODIC CATALYST

To a suspension of 2 g of the POLIMER in 200 mL of water is added 0.4 g of
hexach!oroplétinic acid (H2PtClg). The pH of the resulting mixture is fixed at 9 by
addition of 100 mL of NaOH 1M e the mixture is vigorously stirred at room
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temperature for 10 h. A dark red precipitate is formed which is filtered off, washed
several times with distilled water and dried under reduced pressure at 70 °C until
constant weight. Yield= 1.8 g. Pt content = 6 wt.% (ICP-AES).

To a suspension of 0.5 g of the previously obtained product in 100 mL of acetone
(finely dispersed by sonication for 30 min.) is added 5 g Vulcan XC-72R
(previously activated and purified by reflux in 100 mL of HNO3z 1N, filtered off,
washed with water several times and heated at 800 °C for 2 h in a stream of an
inert gas). This suspension is vigorously stirred at room temperature for 3 h and
then the solvent is evaporated under reduced pressure. The solid residue is
introduced into a quartz reactor and heated at 600 °C in a stream of nitrogen for 2
h. Pt content =0.55 wt % (ICP-AES).

Example 5

PREPARATION OF PLATINUM-NICKEL CATHODIC CATALYST

To a suspension of 2 g of POLIMER in 200 mL of water is added 0.4 g of
hexachloroplatinic acid (H2PtCls) dissolved in 30 mL of water and 0.1 g of nickel
acetate tetrahydrate [Ni(CHzCO32)2,4H20] dissolved in 20 mL of water. The pH of
the resulting mixture is fixed at 9 by adding 100 mL of NaOH 1M and the mixture is
vigorously stirred at room temperature for 10 h. A dark red product is formed,
which is filtered off, washed several times with distilled water and dried under
reduced pressure at 70 °C until constant weight. Yield 1.8 g. Pt content = 6 wt.%,
Ni content = 0.6 wt.% (ICP-AES).

To a suspension of 0.5 g of the previously obtained product in 100 mL of acetone
(finely dispersed by sonication for 30 min.) is added 5 g Vulcan XC-72R
(previously activated and purified by reflux in 100 mL of HNO; 1N, filtered off,
washed with water several times and heated at 800 °C for 2 h in a stream of an
inert gas). This suspension is vigorously stirred at room temperature for 3 h and
then the solvent is evaporated under reduced pressure. The solid residue is
introduced into a quartz reactor and heated at 600 °C in a stream of nitrogen for 2
h. Pt content =0.55 wt %, Ni content = 0.06 wt.% (ACP-AES). Atomic ratio (%) =
PtaoNiso.

Example 6

PREPARATION OF PLATINUM-COBALT CATHODIC CATALYST
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To a suspension of 2 g of POLIMER in 200 mL of water is added 0.4 g of
hexachloroplatinic acid (H,PtCls) dissolved in 30 mL of water and 0.1 g of cobalt
acetate tetrahydrate [Co(CH3CO2)24H,0] dissolved in 20 mL of water. The pH of
the resulting mixture is fixed at 9 by adding 100 mL of NaOH 1M and the mixture is
vigorously stirred at room temperature for 10 h. A dark red product is formed,
which is filtered off, washed several times with distilled water and dried under
reduced pressure at 70 °C until constant weight. Yield 1.8 g. Pt content = 6 wt.%,
Co content = 0.7 wt.% (ICP-AES).

To a suspension of 0.5 g of the previously obtained product in 100 mL of acetone .
(finely dispersed by soﬁication “for 30 min.) is added 5 g Vulcan XC-72R
(previously activated and purified by reflux in 100 mL of HNO; 1N, filtered off,
washed with water several times and heated at 800 °C for 2 h in a stream of an
inert gas). This suspension is vigorously stirred at room temperature for 3 h and
then the solvent is evaporated under reduced pressure. The solid residue is
introduced into a quartz reactor and heated at 600 °C in a stream of nitrogen for 2
h. Pt content =0.55 wt %, Co content = 0.07 wt.% (ACP-AES). Atomic ratio (%) =
PtgoCors. |

Example 7

PREPARATION OF AN ANODE FOR A FUEL CELL

10 g of a compound obtained with the procedure described in examples 1, 2 and
3 is suspended in 100 mL of a water/ethanol mixture (1:1, v:v). To this suspension,
vigorously stirred, is added 3.5 g of PTFE (polytetrafluroethylene) dispersed in
water (60 wt %). After 20 min., a flocculous product (FC) is formed which is
separated by decantation.

In alternative to Vulcan, all the conductive carbonaceous materials of the state of
the art can be used, such as active carbon RDBA, R-5000, NSN-III or graphite
Keiten black, Raven, just to say but a few.

Method (a): 200 mg of the product FC are uniformly spread on a carbon paper disc
(Teflon®-treated carbon paper, Fuel Cell Scientific) which is then pressed at 80
Kg/cm?. The electrode so formed is sintered by heating in an oven ata 350 °C in a
stream of inert gas (N2 o Ar) for some minutes.

Method (b): 200 mg of the product FC are uniformly spread on a stainless steel
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grid which is then pressed at 100 Kg/cm?. The electrode so formed is sintered by
heating in an oven at a 350 °C in a stream of inert gas (N, o Ar) for some minutes.

Method (c): 0.5 mL of a suspension in acetone (50 mL) of 200 mg of the POLIMER
containing the metal compounds described in examples 1, 2 and 3, before they
are reduced with the methods describe, are deposited on various supports
differing for the shape and dimensions of a conductive material, for instance silver
or nickel powders pressed and sintered. The supports containing the catalyst are
then immersed into an aqueous solution (100 mL) of 1 g of NaBH4 for 10 min. at
room temperature.

The reduction of the metal salts can also be achieved by introducing the supports
impregnated with the metal(s)-containing POLIMER into a quartz reactor and then
heated in a flow of hydrogen gas (1 bar) at 365 °C for 2 h. Other conductive
substrates can be powdered ceramic materials such as Wec, Mog, etc..

Example 8

PREPARATION OF A CATHODE FOR A FUEL CELL

10 g of the compound obtained with the methods described in examples 4, 5 and 6
is suspended in 100 mL of a 1:1 (v/v) water/ethanol mixture. To this suspension,
vigorously stirred, is added 3,5 g of PTFE (polytetrafluoroethylene) dispersed in
water (60 wt.%). After 20 min. a flocculous product (CF) is which is separated by
decantation. In the place of Vulcan, active carbon RDBA, R-5000, NSN-Ili, or
graphite Keiten black, Raven and other materials may be used as conductive
support.

Method (a). 100 mg of CF are uniformly spread onto a stainless-steel net which is
then pressed at 100 Kg/cm®. The electrode so formed is sintered by heating in an
oven at 350 °C under a stream of an inert gas (N2 o Ar) for some min.

Method (b): 0.5 mL of a suspension of 200 mg of the POLIMER containing the
metals described in examples 4, 5 and 6, in 50 mL of acetone is deposited on a
support obtained by preséing conductive metals such as powdered Silver or nickel.
The support is heated at 500 °C in a stream of an inert gas (N2 o Ar) for some
minutes. Other conductive substrates may be powdered ceramic materials such as
We, Mog, just to say but a few.

Method (c): This method can involve the waterproof supports known in the state of
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the art. 0.5 mL of an acetone suspension (50 mL) of 200 mg of the POLIMER
containing the metals described in the examples 4, 5 and 6 is suspended in water
(50 mL) together with a powder of a porous and conductive material (3 g) and in
the presence of 2 g of PTFE or of high density polyethylene. The solvent is
evaporated under reduced pressure and the solid residue is pressed at 100 Kg to
give thin plates or discs with various dimensions. These thin plates or discs are
heated at 150 °C under an inert gas (N or Ar) for some minutes.
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CLAIMS

1. Anode and cathode catalysts for fuel cells having a low content in platinum,
obtained by treatment of metal complexes formed by salts of platinum, alone or in
combination with other metals, and polymers obtained by condensation of a 4-{1-
[(phenyl-2,4-disubstituted)-hydrazine}-alkyl}-benzene-1,3-diol with a 3,5
disubstituted phenol and formaldehyde or para-formaldehyde in the presence of
an acid or basic catalysts in water/alcohol mixtures and at a temperature
cbmprised between 20 — 150°C and having a molecular weight comprised
between 1000 and 50000.

2. Catalysts according to claim 1 wherein the 4-{1-[(phenyl -2,4-disubstituted)-

hydrazinel-alkyl}-benzene-1,3-diol is a compound of formula (A)

oH @

wherein Ry is chosen in the group consisting of: H, hydrocarbon radical having 1 —
10 carbon atoms, possibly halogenated;

Rz and Rz independently from each other represent an electron-attractive group
chosen in the group consisting of: H, halogen, acyl, ester, carboxylic acid, formil,
nitrile, sulphonic acid, aryl groups or linear or branched alkyl having 1 — 15 carbon
atoms, possibly functionalised with halogens or joined to each other in order to
form one or more cycles condensed with the phenyl ring, and nitro groups;

and

the 3,5 disubstituted phenol is a compound of formula (B)
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OH

R4 R5

®)

wherein R4 and Rs independently from each other represent and electro-donating
group chosen among H, OH, ether, amine, aryl and linear or branched alkyl
groups having 1 — 15 carbon atoms.

3. Catalysts according to Claims 1 and 2 wherein said polymers are
repressented by formula (C)

[ R@R&— i IR
R1 N—N
/ H
2 o OH >_
Z
| 7
CHZ - CH2
OH RYNR
. X 4n Yy
- S

©

Wherein y is comprised between 2 and 120, x is comprised between 1 and 2, n is
comprised between 1 and 3 and Ry, Ry, Rs, R4 and Rs are as above defined.

4, Catalysts according to Claims 1 — 3 wherein the metals in combination with
platinum are chosen in the group consisting of: Fe, Ru, Co, Rh, Ir, Ni, Pd, Mo, Sn,
La, V, Mn.

5. Catalysts according to claims 1 — 4 wherein said salts are chosen in the
group consisting of. carboxylates, halogens, alcoholates, acetylacetonates,
formates, oxalates, malonates, and analogous organic salts and their mixtures or
carbonate oxides or bicarbonates and their mixtures.

6. Process for the preparation o a catalyst according to Claims 1 — 5 wherein:

- a platinum salt or a platinum compound is previously complexed by a known
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polymer;

the resultant complex POLIMER-Pt is supported onto conductive and porous
carbonaceous materials and the resulting product is:

treated in the solid state with gaseous hydrogen at a temperature between 50
°C and 900 °C;

treated in solution/suspension with chemical reducing agents known in the
state of the art;

heated in an atmosphere of an inert gas at temperatures as high as 1000 °C.

7. A process for the preparation of a catalyst according to Claims 1 - 5 wherein:

8.

a mixture constituted by a platinum salt or a platinum compound and by one or

more metal salts is firstly complexed by the POLIMER;

supported onto conductive and porous carbonaceous materials known in the

state of the art, finally the resultant product is:

treated in the solid state with hydrogen at a temperature between 50 °C and

900 °C;

treated in solution/suspension with chemical reducing agents known in the

state of the ar; .

heated in an atmosphere of an inert gas at temperatures as high as 1000 °C.
A process for the preparation of a catalyst according to Claims 1 — 5

wherein:

a platinum salt or a platinum compound is previously complexed by the
POLIMER,;

the resultant POLIMER-Pt complex is then treated with one or more metal
salts;

the resultant product, METALLIZED POLIMER-Pt, is supported onto
conductive and porous carbonaceous materials known in the state of the art,
finally the resultant product is:

treated in the solid state with hydrogen at a temperature between 50 °C and
900 °C;

treated in solution/suspension with chemical reducing agents known in the
state of the art;

heated in an atmosphere of an inert gas at temperatures as high as 1000 °C.
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9. Process for the preparation of a catalyst according to claims 6 — 8 for a fuel

cell analogous to the methods described in claims 1-3 wherin the POLIMER-Pt, or

the METALLIZED POLIMER with platinum alone or with platinum in conjunction

with one or more metal is supported on porous metal oxides known in the state of

the art, finally the product so formed is:

- treated in the solid state with hydrogen at a temperature between 50 °C and
900 °C;

- treated in solution/suspension with chemical reducing agents known in the
state of the art; ’

- heated in an atmosphere of an inert gas at temperatures as high as 1000 °C.

10. A platinum-based catalyst according to claims 1 — 5 prepared according to

claims 5 - 8 in which the platinum content varies between 0.1 and 50% in weight

with respect to the subport.

11. A platinum-iron-based catalyst according to claims 1 — 5 prepared

according to claims 6 — 9, in which the overall metal content varies between 0.1

and 50% in weight with respect to the support and the atomic ratio between

platinum and iron varies between 99:1 and 1:99.

12. A platinum-ruthenium-based catalyst according to claims 1 — 5 prepared

according to claims 6 - 9, in which the overall metal content varies between 0.1

and 50% in weight with respect to the support and the atomic ratio between

platinum and ruthenium varies between 99:1 and 1:99.

13. A platinum-cobalt-based catalyst according to claims 1 — 5 prepared

according to claims 6 - 9, in which the overall metal content varies between 0.1

and 50% in weight with respect to the support and the atomic ratio between

platinum and cobalt varies between 99:1 and 1:99.

14. A platinum-rhodium-based catalyst according to claims 1 — 5 prepared

according to claims 6 - 9, in which the overall metal content varies between 0.1

and 50% in weight with respect to the support and the atomic ratio between

platinum and rhodium varies between 99:1 and 1:99.

15. A platinum-iridium-based catalyst according to claims 1 — 5 prepared

according to claims 6 - 9, in which the overall metal content varies between 0.1

and 50% in weight with respect to the support and the atomic ratio between
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platinum and iridium varies between 99:1 and 1:99.

16. A platinum-nickel-based catalyst according to claims 1 — 5 prepared
according to claims 6 - 9, in which the overall metal content varies between 0.1
and 50% in weight with respect to the support and the atomic ratio between
platinum and nickel varies between 99:1 and 1:99.

17. A platinum-palladium-based catalyst according to claims 1 — 5 prepared
according to claims 6 - 9, in which the overall metal content varies between 0.1
and 50% in weight with respect to the support and the atomic ratio between
pla{inum and palladium varies between 99:1 and 1:99.

18. A platinum-tin-based catalyst according to claims 1 — 5 prepared according
to claims 6 - 9, in which the overall metal content varies between 0.1 and 50% in
weight with respect to the support and the atomic ratio between platinum and tin
varies between 99:1 and 1:99.

19. A platinum-molybdenum-based catalyst according to claims 1 — 5 prepared
according to claims 6 - 9, in which the overall metal content varies between 0.1
and 50% in weight with respect to the support and the atomic ratio between
platinum and molybdenum varies between 99:1 and 1:99.

20. A catalyst according to claims 1 — 5 based on platinum and any other metal
of the Periodic Table of the Elements, prepared according to claims 6 - 9, in which
the total metal content varies between 0.1 and 50% in weight with respect to the
support and the atomic ratio between platinum and the selected metal varies
between 99:1 and 1:99.

21. A catalyst according to claims 1 — 5 based on platinum in conjunction with
two or more metals prepared according to claims 6 — 9, in which the total metal
content varies between 0.1 and 50% in weight with respect to the support and the
atomic ratio of the metals varies in every possible combination.

22.  An electrode for fuel cells consisting of a catalyst prepared according to the
claims 10 - 21.

23.  An electrochemical fuel cell for the production of electrical power comprising
catalyzed electrodes according to 10 —21 and a proton exchange membrane.

24.  An electrochemical fuel cell for the production of electrical power comprising

catalyzed electrodes according to claims 10 — 21 and an anion exchange
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membrane.

25.  An electrochemical fuel cell for the production of electrical power comprising
a catalyzed anode according to claims 10 — 21 and a cathode of the state of the
art.

26. An electrochemical fuel cell for the production of electrical power comprising
a catalyzed anode according to claims 10 — 21 and a cathode known in the state
of the art.

27. An electrochemical fuel cell defined in the claims 20 and 21 comprising a
catalyzed cathode according to claims 10 — 21 and an anode known in the sate of
the art. |

28. An electrochemical fuel cell according to claims 23 and 24 containing a
proton exchange membrane.

29. An electrochemical fuel cell according to claims 23 and 24 containing an
anionic exchange membrane.

30. An electrochemical fuel cell according to claims 23 and 24 containing a
liguid alkaline electrolyte.

31. An electrochemical fuel cell according to claims 23 and 24 containing a
liquid acid electrolyte.

32. An electrochemical fuel cell according to claims 23 - 31 in which the fuel is
hydrogen gas, reformed hydrogen gas; alcohols preferentially methanol, ethanol,
ethylene glycol; hydrazine and hydroxylamine; alkali metal borohydrides with
various metal and non-metal cations; aldehydes; acids; hydrocarbons such as
methane (natural gas), ethane, propane and butane; fossil fuels such as gasoline

and kerosene.
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