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biomass-derived alcohols with the evolution of clean hydrogen at low temperature and atmospheric
pressure. The selectivity for the desired chemicals is governied by the nature of the anode catalyst. Here
we report the syrthesis and characterization of a carbon supported nanostructured Rh electrocatalyst.

The Rh rlcles are shown to be
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Introduction

Water electrolysis is the most popular alternative to the
production of hydrogen from fossil fuels as it is the only route
that permits the use of renewable (e.g, photovoltaic, wind,
biomass, geothermal) energy sources combined with the
production of 99.999% pure hydrogen.* Currently, only a small
proportion of the world's hydrogen production (circa 4%)
comes pl

have a significant commercial impact owing to its high-energy
consumption, which, ultimately, makes it cconomically unat-
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eletrical energy input to.an electrolyzer smck should drop fmm
4510 43 kW h kg ' H, by 2020.*

“The three most common low temperature water electrolysis
technologies may be categorized as follows*

h e piano 10, 50019,
Jranesco.vizzagiccom.cn.it

“Onfersia di siena, Diparimento di Biotecnalogie, Chimica ¢ Farmacia via Aldo
Moro 2, siena 53100, Taly

“Consoreio INST, Vo Gisi 9, 30124 Fiesze, Il

YCNRISC, via Madorn del Paro 10, 50015, Sesto Forentino F1),laly

3 50019 sesto

Fiorentin (F1). Haly
# Hlectronic  supplementary  information (ESY)wwaikible. See DO
10.1039/cTra00044h

This joural & © The Royal Sccity of Chemisty 2017

Dipartimento Scienze Chimiche e Tecnologie dei Materiali

alcohals (ethanol, ethylene glycol, glycerol and 1.2-propandiol) shows a selectivity in the formation of
valuable chemicals such as lactate and glycolate.

(i) Alkaline electrolysis with a liquid alkaline electrolyte
(typically aqueous KOH)

(i) Zero gap or advanced alkaline configuration.

(i) Acidic PEM electrolysis with a proton-conducting poly-
mer electrolyte membrane.

In alkali

follows:
Anode reaction: 20H —+ 10: + H:0+ 26 EL = 0.404 ¥
&)
Cathode reaction: 2H0 + 2" —Hy + 20H" £ = -0.826 V
@
n acid electrolyte:

Anode reaction: Hloﬁ;oznuwzf E=123V (3)

Cathode reaction: 2H' +2¢"—H, E'=00V (1)

‘The standard reaction potential for water splitting is 1.23 V,
meaning that the process is thermodynamically a non-
spontancous reaction. In practice, to get electrolysis current
densities in the range of 1-2 A cm * the electrolysis cell
potential usually ranges between 1.6 and 2 V. Using 1.8 V as
a reasonable value, we can calculate that 68.3% of the energy
input is consumed by overcoming. thermodynamics, while
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Abstract: This article describes the development of a high power density Direct Formate Fuel
Cell (DFFQ) fed with potassium formate (KCOOH). The membrane electrode assembly (MEA)
contains no platinum metal. The cathode catalyst is FeCo/C combined with a commercial anion
exchange membrane (AEM). To enhance the power output and energy efficiency we have employed
a nanostructured Pd /C-CeO; anode catalyst. The activity for the formate oxidation reaction (FOR) is
enhanced when compared (o a Pd/C catalyst with the same Pd loading. Fuel cell tests at 60 “C show
a peak power density of almost 250 mW cm v (14 KJ), (89%)
and energy efficiency (46%) were determined for a singl fucl charge (30 mL of 4 M KCOOH and
4 M KOH). Energy analysi that KOH is essential
for the futurc P o} these devices. To we Apply for the fixst time a polymeric

1 by the radical

ionomer in th yst layer of the anode electrode. A i

olymerization of vinyl benzene chloride followed by amination with 1,4—d.amb.cydo[zz 2Joctane
(DABCO) The energy delivered, energy efficiency and fuel consumption efficiency of DFFCs fed
with 4 M KCOOH are doubled with the use of the ionomer.

Keywords: direct alcohol fuel cells; formate; alkaline membrane; palladium; ceria; ionomer;
energy efficiency

1. Introduction

Direct Formate Fuel Cells (DFFCs) are attractive power sources because as a fuel formate salts
have specific advantages compared to alcohols like methanol and ethanol [1]. Formate salts can
be easily stored, transported, and handled in their solid state and can be combined with water
to form a liquid fuel solution [2]. Worldwide production of its precursor formic acid is around
7.2 % 10° t-y 1. Although industrial 1 fuel derived formic acid
can be obtained by renewable means such as the ical reduction
of COy (the energy or hydrogen used in such processes must be derived from renewable energy
sources) [3-7]. DFFCs operate under alkaline conditions, which is advantageous as both the formalte
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