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The hydrogenation of CO, to oxygenates and hydrocarbons is of significant
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Introduction

Experimental

The catalyst Ru was deposited on a proton conductor, and served also as the working

technological and environmental interest. In this study the effect of Electrochemical electrode. Gold counter and reference electrodes were deposited on the other side of the

Promotion of Catalysis (EPOC), or non-Faradaic Electrochemical Modification of Catalytic
Activity (NEMCA effect), was used to reversibly promote the rate and selectivity of CO,
hydrogenation reaction on Ru catalyst electrodes deposited on a BZY proton conductor.
EPOC is due to electrochemically controlled migration of promoting or poisoning ionic
species (H* in case of BZY) between the 1onic or mixed ionic-electronic conductor and the
gas exposed catalytic surface [1].
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pellet. The catalyst-working electrodes were deposited by wet impregnation of metal
chloride solutions. All samples were reduced at 450 °C in H,, for 1hr.

The Ru/BZY/Au element was placed in a quartz reactor, (Figure 1) operating at
temperatures 350 to 450 °C and atmospheric pressure. Constant currents/potentials were
applied using a galvanostat-potensiostat. Feed reactant partial pressures were varied

between 0.25 and 2.3 kPa for CO, and 1 to 15 kPa for H,.

Results and Discussion

0 2 4 6 8 10 12 14 16 18
time / min

[ Mgy = 1 mg __ 3

| F+ =400 cm3/min 155

— T =350 °C - _

[ 1, =
—4 1.5 LWL
. @)
11 F
-1 0.5
i 0]

= H0.8 o
1 D ]
o > | 40.8 -
196 » S 0.8 ]| 9 =
1., W T 06 L do6 T
104 0O =T ) S
- — 04 {0.4 F
| =0.c. o ]
- H0.2 8 ) g
Tosy  Pco,=1lkPa 0.2 1 Py, =7 kPa 0.2
\ | | \ | \ 0 0 . o 0
4 8 12 16 0 0.5 1 1.5 2 2.5
P, / kPa Peo, / kPa

Figure 1: Single chamber reactor FEigure 2: Transient effect of constant applied Figure 3 Steady state effect of the Py, and of the Pco,, ON

used in EPOC studies [1].
CO formation catalytic rates.

Rate enhancement ratio:

r
P proton removal
Apparent Faradaic efficiency:
L Ar-catalytic
| /nF proton supply

positive and negative potential on the CH, and the rates of CO and CH, formation under open CII’CUIt
positive and negative potentlal application.

enhances the hydrogenation to CH,
suppresses the formation of CO |
with large p and A values!

has minimal effect on both rates

The observed electrophobic behavior (or/oU,,z>0) for the methanation reaction and electrophilic behavior (or/0U,,x<0) for the RWGS reaction Is consistent with previous studies [2,3] and
with the rules of chemical and electrochemical promotion [4].
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Figure 4: Steady state effect of the metal loading on the rate Figure 5: Steady state effect of the catalyst potential on the
and apparent Faradaic efficiency rate enhancement ratio, p, of CO and CH,, and on the metal

enhancement ratio, p,
values, A, of CO and CH,.
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Figure 7. Schematic of anionic
promoter generation mechanism at the

Ru/BZY Interface.

loading.
Conclusions

* The observed kinetic and electropromoted kinetic behavior suggests that a promoting
anionic species Is generated at the metal/support, i.e. Ru/BZY, Interface upon positive
current application, 1.e. upon proton removal from the catalyst into the BZY proton-
conducting support.

* The importance of these interfacial adsorbed species Is also manifested In the present
system by the observed strong dependence of catalyst activity and selectivity not only on
catalyst potential but also on catalyst loading and film thickness which strongly suggests
the diffusion of a promoting species formed at the metal/support/gas three-phase-
boundaries over the entire catalytically active metal/gas interface.

* |t appears likely that this promoting anionic species Is adsorbed formate anion obtained
via electrochemically assisted deprototonation of formic acid adsorbed at the Ru/BZY
Interface, as shown schematically in Figure 7.

30
7 kPa H, 7 kPa H,
60
1 kPa CO, - 1 kPa CO,
- FT:ZOOCm?’/min 20 B FT=200cm3/min
40 | T =400°C T = 450 °C

o—o—C—T Y

N . . N

=1 mg
- =13 Mg
=4.2 mg
M)_gﬁinm

-1 -05 O 0.5 1
Uy ! V

Figure 6: Steady state effect of the catalyst potential on the

selectivity of CO and CH,, and on the metal loading.
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