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Abstract

Electrocatalytic conversion of methane over Ag-, Pt-, Ni- and Pt+CeO,-based electrode-catalysts in a cell with a solid

oxygen conducting electrolyte:

CHya, electrode-catalyst|0.9ZrO; + 0.1Y,03|Pt + PrO,, air

was studied at 660-850°C and the ratio of methane and electrochemically pumped oxygen flows of 0.8-2.0. Unlike Ag and
Pt+CeO, electrodes, the Ni and Pt electrodes were found to be active electrode-catalysts for partial oxidation of methane to
syngas with the concentration ratio of [H,]/[COJ~2. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

This paper is a brief review of our current research
activity on electrocatalytic oxidation of methane to
synthesis gas over Ag-, Pt-, Ni-, and Pt4-CeO,-based
electrode-catalysts in an electrochemical reactor with
an yttria stabilized zirconia (YSZ) electrolyte-mem-
brane. Schematically, such a reactor is similar to the
solid oxide fuel cell (SOFC):

CH, + Ny, metal electrode-catalyst|YSZ|Pt, air.

At electrocatalytic oxidation of methane in the
SOFC system, the methane flow did not contain
oxygen. It was fed directly into the reaction zone
by passing anodic current through the cell. In this
case oxygen ions O are formed at the air electrode
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(cathode). Then, these ions transfer to the electrode-
catalyst (anode) through the YSZ electrolyte-mem-
brane. On the anode they can either discharge to
produce O, or oxidize methane.

The electrocatalytic oxidation of CH, in SOFC
system is a new way for syngas production from
methane. The way provides a number of advantages
over the catalytic oxidation of methane to syngas
[1,2]. The studies in this field are interesting both
for elucidation of a feasibility of electrocatalytic
conversion of methane to syngas and for development
of natural gas fueled SOFC capable of cogenerating
electricity and syngas [3].

2. Experimental

An electrochemical membrane reactor was a YSZ
electrolyte tube with two porous metallic electrodes
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deposited on its inner and outer surfaces. An elec-
trode-catalyst was inside the YSZ tube and the
Pt+PrO; air electrode was outside it. The geometrical
area of the electrodes was 3 cm? and their thickness
was ca. 10-30 um. The cell design was similar to that
used in [2].

Electric current (I) passing through the cell was
controlled by a potentiostate. Oxygen flow through the
electrolyte was calculated by the equation:
Vo, = I/4F, where F is the Faraday constant. Details
of electrochemical measurements are given elsewhere
[4].

Electrocatalytic conversion of methane was studied
at 660-850°C, atmospheric pressure and the rate of
feeding of the CH,—N,(He) mixture of 0.36-2 cm’/s.
The concentration of methane was varied from 3.5 to
12 vol%. The inlet ratio of methane and electroche-
mically supplied oxygen flows (CH4/O,) was varied
from 0.8 to 2. The compositions of the inlet and outlet
gas mixtures were analyzed by on-line gas chromato-
graphy [2].

3. Results and discussion

Electrocatalytic oxidation of methane to syngas was
achieved over Pt [1,2], Fe [5] and Rh [6] electrode-
catalysts. Table 1 presents CH,4 conversions and CO
yields produced by electrocatalytic oxidation of
methane over Ag, Pt—CeO,, Pt, Ni and Fe elec-
trode-catalysts. These values were obtained at the
inlet ratio of the methane and oxygen flows close to
the stoichiometry (CH4/O,/240.2). Methane diluted
with inert gas ([CH4]o<12 vol%) was used in the most
cases, the inlet flow of 100 vol% of methane was
tested only in [1]. Practically complete conversion
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Fig. 1. Effect of temperature on CO yield and electrode potential
at electrocatalytic oxidation of CH, over Pt electrode. [CHylo=
6.5 vol%; I=0.3 A; flow rate=0.43 cm3/s; CH4/0,=1.5. Solid lines
— experiment; dashed line — calculated thermodynamic equilibrium
values of CO yield.

of electrochemically pumped oxygen was observed on
all the electrodes except Ag.

Table 1 indicates low yields of CO on Ag and Pt—
CeO, electrodes and considerable yields of CO on Pt,
Ni and Fe electrodes. The high electrocatalytic activ-
ity of Pt, Ni and Fe electrodes in formation of syngas is
quite natural since those metals are known as good
catalysts for regular catalytic oxidation of methane to
syngas.

So, the electrodes made of catalytically active
metals for syngas production possess high electroca-
talytic activity, too. Let us discuss the effects of
temperature and current on electrocatalytic oxidation
of methane to syngas over Pt and Ni electrodes.

In Figs. 1 and 2 the CO yield are plotted against
temperature at electrocatalytic oxidation of CH4 over
Pt and Ni electrodes. Practically complete conversion

Different electrode-catalyst performance in the electrocatalytic oxidation of methane

Electrode T (°C) CH, conversion (%) CO yield (%) Ref.

Ag 800 19 ~0 This work

Pt-2 wt% CeO, 800 28 ~1 This work

Pt 800 75 69 [2] and this work
1100 ~100 97 [1]

Ni 800-850 93 82-88 This work

Fe 950 74.5 73 [5]

The table does not show the data on Rh electrode [6]. They indicate formation of syngas at as low temperature as 500°C, only.
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Fig. 2. Effect of temperature on CO yield and concentrations of H,
and CO at electrocatalytic oxidation of CH, over Ni electrode.
[CH4]0=3.5 vol%; I=0.11 A; flow rate=0.36 cm®/s; CH4/0,=1.8.
Solid lines — experiment; dashed line — calculated thermodynamic
equilibrium values of CO yield.

of electrochemically pumped oxygen was observed.
Elevation of temperature is seen to cause an increase
in CO yield. In particular, CO yield of 65% and 85%
were reached over Pt and Ni electrode, respectively.
The ratio of the outlet concentrations of H, and CO
([H,]/[CQO]) was close to 2 for Ni electrode (Fig. 2)
and the same for Pt electrode [2]. The experimental
values of CO yields are lower than those expected
from the thermodynamic equilibrium (Figs. 1 and 2),
calculated assuming that the equilibrium composition
is determined by the reactions:

CHy4 + 20, = CO, + 2H,0
CH4 + H,O = CO + 3H,
CO +H,O0=CO;, +H,

Figs. 3 and 4 show CO yield versus anodic current
at CH4 electrocatalytic oxidation over Pt and Ni
electrodes. The inlet concentration of methane was
kept constant, so that an increase in current was
equivalent to a decrease in the inlet ratio of the
methane and oxygen flows (CH4/O;). Variations in
this ratio are plotted in Figs. 3 and 4. The conversion
of oxygen was close to 100% at all values of current.

Increasing current or decreasing the CH,/O, ratio
are seen to cause a decrease in CO yields (Figs. 3 and
4), and a slight increase in CH,4 conversions (Fig. 3).
The experimental dependencies of Yo on current are
seen to run somewhat below than their thermodynamic
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Fig. 3. Effect of current on CO yield and CH4 conversion at
electrocatalytic oxidation of CH4 over Pt electrode. 7=800°C;
[CH4]0=06.5 vol%; flow rate=0.43 cm’/s. Solid lines — experiment;
dashed line — calculated thermodynamic equilibrium values of CO
yield.
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Fig. 4. Effect of current on CO yield and electrode potential at
electrocatalytic oxidation of CH, over Ni electrode. 7=800°C;
[CH4]0=5.4 vol%; flow rate=0.36 cm’/s. Solid lines — experiment;
dashed line — calculated thermodynamic equilibrium values of CO
yield.

equilibrium ones, however they behave in the same
manner as those expected from thermodynamic equi-
librium consideration.

The electrocatalytic way of production of syngas
from methane in SOFC system is able to cogenerate
electricity and chemicals (CO+H,). The results pre-
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sented in Figs. 1 and 4 support this conclusion. One
can see that under the conditions of syngas formation
Pt and Ni electrode potentials versus air electrode are
negative values.

Finally, it should be mentioned, that no change in
the electrocatalytic activity of Pt and Ni electrodes,
no imbalance with respect to carbon (with +5%
accuracy) and current—voltage characteristics of the
SOFC systems were observed during electrocatalytic
oxidation of methane (ca. 100 h, 700-850°C, inlet
ratio of methane and electrochemically pumped
oxygen flows (CH4/O,) ranging between 1.2 and
1.9). The observations allow us to conclude that the
Pt and Ni electrodes are stable under conditions
of syngas formation.

Based on the results obtained SOFC systems with
Pt- and Ni-based electrode-catalysts seem rather pro-
mising to electrocatalytic syngas formation from
methane.
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