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Article
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Using Rh Catalysts Supported on O* Conducting
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Abstract: Electrochemical Promotion was used to modify the activity and selectivity of a Rh catalyst-
electrode in the CO:2 hydrogenation reaction. The experiments were carried out in a temperature
range of 350-430°C at ambient pressure and at different CO: to Hz gas feeding ratios (1:2 to 4:1). The
only reaction products observed were CO and CHs, both under open and closed-circuit conditions.
The CHsformation rate was found to increase with both positive and negative potential or current
application. The CO formation rate followed the opposite trend. The selectivity to CH4 increased
under high values of hydrogen partial pressure and decreased at high pressures of COz. The results
demonstrate how Electrochemical Promotion can be used to finely tune activity and selectivity for
a reaction of high technical and environmental importance.

Keywords: Electrochemical Promotion of Catalysis (EPOC); non-Faradaic electrochemical
modification of catalytic activity (NEMCA); CO:z hydrogenation; Rh; Rhodium; YSZ; XPS

1. Introduction

Carbon dioxide (CO2) is the most abundant greenhouse gas in our atmosphere with its
concentration drastically increasing over time due to anthropogenic activities, most crucially the
extensive use of fossil fuels for transport and power generation purposes. The ever-increasing CO:
emissions in the atmosphere has led gradually to climate change, which is strongly associated with
global warming, extreme weather conditions and other major environmental threats [1-4]. In this
regard, it is of foremost importance to minimise globally the use of fossil fuels and to develop
accordingly the necessary technologies for capturing and utilizing CO: to produce fuels, bulk
chemicals, and value-added products. It is widely accepted that CO: hydrogenation may offer a
relatively economic and effective way of controlling and making use of the COz excess atmospheric
levels [5-7].

Most studies of the catalytic hydrogenation of CO: have been performed in fixed-bed reactors
using mainly metal catalysts (e.g., Rh, Pd, Ru, Cu, Fe, Co, Ni, Au, Ag) supported over a wide range
of metal oxides (e.g., Nb20s, ZrOz, Al2Os, SiO2) [8-37] and utilizing high pressures (5-70 atm) [12—
15,17,24-28,30], which shifts the thermodynamic equilibrium towards methanol and light
hydrocarbon production. Under atmospheric pressure, CO: can be reduced by hydrogen to form
methane (Sabatier reaction) and/or carbon monoxide (reverse water gas shift, RWGS, reaction),
according to the following equations:

CO, + H, » CO + H,0, 4H = 41.5 kJmol™* (RWGS reaction) (1)

CO, + 4H, - CH, + 2H,0,4H = —165 kJmol~*(Sabatier reaction) (2)

The RWGS reaction is endothermic and is thermodynamically favoured at high operating
temperatures. Contrary to this, the Sabatier reaction leads to the formation of methane, which is an
exothermic reaction and is favoured at low operation temperatures. However, the low operation
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temperatures limit the activity and the kinetics of the reactions as well. It is therefore essential to
develop active and selective low temperature catalytic processes, operating at high CO: to H: feed
ratios and atmospheric pressure.

The Electrochemical Promotion of CO2 hydrogenation has been studied in recent years over
different catalytic films including noble and non-noble metals (Ru [7,38-49] and Rh [50,51], and Ni,
Co, Fe [52-57], respectively) supported on a variety of solid electrolytes including yttria-stabilized-
zirconia (YSZ, an O* conductor [7,38,39,43,48-52,56,57]), H* conductors [40,46,53,54] and alkali ion
conductors like Na-B"-ALOs [39,41]. Under open circuit conditions, the non-promoted catalytic
reaction takes place on the catalyst-working electrode. Application of a potential or current, between
the catalyst film (working electrode) and a counter electrode leads to changes of the conversion rate
and product selectivity [58-66]. These non-Faradaic changes are evoked by the formation of an
effective double layer due to the migration of promoting species (e.g., O% in the case of YSZ)
migrating from the solid electrolyte to the metal-gas interface [58,67,68].

The CO2 hydrogenation reaction on Rh catalyst-electrodes deposited on YSZ has been rarely
investigated and mainly under conditions of excess of hydrogen (regarding eq. (1)) and cathodic
polarizations. The study of the reaction in a single chamber reactor by Bebelis et al. [50] led to CO
and CHs formation at temperatures of 346-477°C. It was found that the rate of CHs formation is
enhanced with positive potentials (electrophobic behaviour) while the rate of CO formation is
enhanced with negative potentials (electrophilic behaviour). The maximum selectivity to CHs was up
to 35%. Using a monolithic electropromoted reactor (MEPR) [51], the reaction of CO:hydrogenation
was studied on 22 thin Rh/YSZ/Pt plate cells at temperatures between 220-380°C. The only products
observed were again CO and CHa. The rates of both reactions were significantly affected during
polarization, while the selectivity to CHs remained always below 12%.

The pronounced catalytic activity of Rh-based catalysts, supported on O* conductors, under
electropromoted conditions has been associated in earlier studies with the decomposition of the
rhodium oxide to metallic rhodium which is more active especially under oxidation reaction
conditions [67,69]

In the present study, the electrochemical promotion of CO: hydrogenation reaction was studied
over a Rh catalyst-electrode deposited on an O* solid electrolyte conductor, YSZ, at atmospheric

pressure, and for the first time in a continuous single pellet flow reactor. The main scopes were in
contrast to earlier studies, to perform COz hydrogenation at a lower temperature range of 350 to 430°C
and at different CO: to Hz cofeeding ratios.

2. Results and Discussion
2.1. Hydrogenation Activity Measurements

The steady state COz conversion as a function of temperature for different CO2 to Ha ratios was
first investigated. The results displayed in Figure 1 show that the conversion of CO: increases with
increasing temperature reaching a maximum of 17.6% under reaction conditions of CO2 to Hz feeding
ratio of 1:2. Under conditions of CO: to Hz20f 1:1 the conversion drops to 12 % and is smallest with 6
% and 2 % at CO2 to Hzratios of 2:1 and 4:1, respectively.

Figure 2 shows the CHsand CO production rates at steady state as a function of temperature.
The rate of the methanation reaction was found to be highest for a gas feed ratio of CO2to Hz of 1:2.
With increasing CO: partial pressure in the reaction mixture, i.e., a COz to Hz ratio of 1:1, 2:1 and 4:1
the observed CHs formation rate is very low and almost independent of temperature. Figure 2b
suggests that the RWGS reaction prevails over the Sabatier reaction. Moreover, as shown in Figure 3,
CO appears to be the main product under all feeding CO: to Hz ratios of this study and its selectivity
is higher than 96%, while CHas selectivity is smaller than 4%. The reaction rate values of the RWGS
reaction are more than one order of magnitude higher than those of the methanation one.
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Figure 1. Steady state effect of temperature on CO:z conversion. Different gas feeding ratios of CO2to
Ha. Fr=50 cm®min.
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Figure 2. Steady state effect of temperature on (a) CHs formation rate and (b) CO formation rate.
Different gas feeding ratios of COzto Ha. Fr=50 cm®min-'.
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Figure 3. Steady state effect of temperature on the selectivity to CO and CHs formation under open
circuit conditions and at different gas feeding ratios of CO2 to Hz. Fr= 50 cm®min-.

Figures 4 and 5 depict the transient effect of constant applied positive (Figure 4) and negative
(Figure 5) current on the catalytic rate and turnover frequency (TOF) for the formation of CH4 and
CO at a CO2 to Hz ratio of 1:2 at 380°C. Initially, as presented in Figure 4, at t <0, the circuit is open
and the steady-state formation rates of CHs and of CO are equal to 0.38 x10 mols™ and 9.2 x10-° mols-
! respectively. At t =0, a constant anodic current (I =+ 0.8 mA) is applied between the catalyst and
counter electrode, which causes an applied potential of Uwr=+1.2 V. Oxygen ions, O%, are transferred
from the YSZ support to the Rh catalyst-electrode at a rate of I/2F equal to approximately 10 s?. The
rate of CHsincreases and approaches a new steady state value (rcus= 0.62 x10-° mols?). This increase
of the CHa catalytic rate (Ar=0.24 x 10 mols) is 1.7 times greater than the initial rate achieved under
open circuit conditions. The CO formation rate decreases under anodic current application to 8.0 x
10 mols, resulting in a rate enhancement value of o = 0.84. After current interruption, the CHarate
of formation returns to its initial open circuit value (reversible behaviour), while the CO formation
rate returns only to a value above the initial open circuit rate (non-reversible behaviour). A very
similar trend is observed under cathodic current application, as shown in Figure 5. The decrease in
CO formation rate is less pronounced with a rate enhancement ratio, o, (see Equation (5) in Section
3.3) equal to 0.94. After current interruption, the rate does not return to its initial open circuit value.
Under cathodic current application, CH4 formation rate is increased and a rate enhancement g-value
of 2.7 is estimated.

The time constant, 1, given in both Figures 4 and 5, is defined as the time required for the rate
increase Ar to reach 63% of its new steady state value during a galvanostatic transient [70]. When an
O% ion conductor is used, the magnitude of t can be generally predicted by

2FNg
T
where Nc (mol) is the reactive oxygen uptake on the metal catalyst. The time constant T expresses the
time required to form a monolayer of O on the metal surface, while Nc expresses, approximately,

the surface mols of metal, here Rh. The average active catalyst surface area, Nc, which is equal to 7.62
x 107 mol Rh, has been calculated based on 6 galvanostatic transients. The estimated value of Ng

®)
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agrees well with the values found in previous studies of Rh catalyst-electrodes supported on YSZ
[50,51,67,71]. The average Nc value obtained was used to calculate turnover frequencies (TOFs) for
CHz4 and CO formation. TOFs for CHs formation are found to be small and in the order of 104 s,
which is in good agreement with literature data [21].
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Figure 4. Transient effect of constant applied current (I =+ 0.8 mA), on the formation rate of CHs and
CO at T =380°C and CO: to Hz ratio of 1:2. Fr= 50 cm3®min-.
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Figure 5. Transient effect of constant applied current (I = - 0.8 mA) on the formation rate of CHs and
CO at T =380°C and COz2 to Hz ratio of 1:2.

The non-reversible behaviour of CO formation has been further investigated by repeated current
and/or potential application, which have generally shown, that upon current an/or potential
interruption the rate of CO formation does not return to its initial open circuit value. Figure 6
summarises the results for potentiostatic transient operation at different CO: to Hz feed ratios. The
bottom part of the figure shows that the increase in CH4 formation rate under anodic and cathodic
polarization (+ and -1.5 V), which is more pronounced at high H2 to CO:2 feeding ratios, is reversible.
However, the CO formation rate, as shown in the top part of Figure 6, exhibits a “permanent”, non-
reversible NEMCA behaviour [69,70]. The guide (dotted) lines, clearly show, that this non-reversible
effect of current and/or potential application is more pronounced at higher CO2 to Hz feed ratios.
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Figure 6. Transient effect of constant applied potential (left +1.5 V, right -1.5 V) on the formation rates
of CHs and CO at T = 380°C and at different ratios of CO: to Hz. Dotted lines in the sketch for the CO
formation rates point guidance for the non-reversible behaviour of the open circuit rate after potential
interruption, for details see text. Fr=50 cm®min-'. rois the formation rate under open circuit conditions,
r is the formation rate under potentiostatic polarization, and rp corresponds to the formation rate after

potential interruption.

The “permanent” rate enhancement ratio y, was defined for the first time by Comninellis et al.
[70] as
YyY=mn /To 4)

where 7, is the “permanent” promoted catalytic rate after current or potential interruption, and 7,
is the unpromoted rate (i.e., the open-circuit catalytic rate). Figure 7 displays the non-reversibility
magnitude of CO formation for different gas feed ratios. Under reaction conditions of a COz to Hz
ratio of 1:2, the y/p ratio is higher than 1, expressing, that the CO formation rate observed under
potential application partially returns to its initial open circuit value. However, y/o ratio equals to 1
for a reaction mixture with a COz to Hz ratio of 4:1 and a significant “permanent” NEMCA behaviour

is observed.
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Figure 7. Ratio of “permanent” rate enhancement y to rate enhancement ¢ for CO formation at
different gas feeding ratios, T=380°C.

In the general case of an oxidation reaction on catalysts deposited on O* conductors, like YSZ,
the ionic species migrating in the solid electrolyte is participating in the electrochemical reaction
leading to distinct values of apparent Faradaic efficiency, | Al >1 (see Equations (6)—(8), Section 3.3).
In the present case however, in which oxygen is not a reactant, any positive current or positive
potential-induced catalytic rate change denotes electrochemical promotion, even when | Al <1 [38]

Figure 8 summarizes the results of steady state potential application on the rate of CHa formation
at T = 430°C, for which the highest rate enhancement ratio, o has been found. The observed currents
(not shown in Figure 5) do not depend on gas feed conditions, that means they are almost equal at a
given potential and do not depend on the CO: to Hz ratios. This observation is one of the very first
hints that the overall oxidation state of the film, remains relatively unchanged during the course of
the reaction. The rate of CH: production displays an inverted volcano type behavior i.e., it increases
with increasing and decreasing catalyst potential as shown in Figure 8a. Maximum changes in the
CHas rate are observed under reaction conditions of a CO: to Hzratio of 1:2, but the highest rate
enhancement ratios are achieved at conditions of CO2:Hz>=1:1 with g reaching values of up to 11. If the
partial pressure of CO:z is further increased, i.e., CO:z to Hz ratios of 2:1 and 4:1, methane formation is
found to be small with values below 0.6 10 mols™. Despite this, however, methane formation can be
electrochemically promoted with o-values of up to 5. Product selectivity towards CHa is
electrochemically promoted under anodic and cathodic polarization; and it is highest under reaction
conditions of a CO: to Hzratio of 1:2, but does not exceed 10%, as seen in Figure 9.
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Figure 8. Steady state effect of potential on (a) CH4 formation rate and (b) the corresponding rate
enhancement ratio, T = 430°C, different gas feeding ratios, Fr=50 cm®min-'.
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Figure 9. Steady state effect of gas feeding ratios of CO:z to H2 on the selectivity to CO and CHa
formation on Rh catalyst under open and closed-circuit conditions, T=380°C.

2.2. Catalyst Characterization

The morphology and chemical state of the Rh/YSZ film was assessed with XRD (X-ray
diffraction), SEM (Scanning Electron Microscopy) and XPS (X-ray Photoelectron Spectroscopy). The
characterization studies were carried out on two different samples, designated as fresh and used,
which correspond to the freshly reduced (i.e., after treatment in 15% Hz in He) and a post experiment
(i.e., after exposure to different CO2 H: gas feed compositions) Rh/YSZ catalyst-electrode,
respectively.
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The diffractograms displayed in Figure 10 and show no major differences in the phase
distribution of the fresh and used sample. More specifically both diffractograms show clear
reflections at 20 = 30.3°, 35.0°, 50.4°, 59.9°, 62.9°,74.1° and 81.9° which correspond to the (111), (200),
(220), (311), (222), (400), (331) planes of YSZ [74,75]. In addition, both diffractograms show clear
reflections at 41.5° 48.4°, and 70.7° which correspond to the (111), (200), and (220) phases Rh particles
in their metallic (Rh°) state [73]. No reflections corresponding to RhO: or Rh20s were detected in the
XRD measurements suggesting that the chemical state of the Rh film is mostly metallic before and
after use.

The mean Rh crystallite size of the fresh and used samples were calculated by means of the
Scherrer equation [74] by assuming a spherical crystallite shape and averaging the crystalline domain
diameter obtained for the (111), (200) and (220) reflections. The size of the Rh crystallites in the fresh
sample (19.9 £ 0.8 nm) was found to be slightly smaller as compared to the used sample (24 + 1 nm)
which suggests that some degree of crystallite size increase during the course of the electrocatalytic
reaction due to agglomeration.

Previous XRD studies on Rh/YSZ systems have shown that after reduction and prior to
experimental measurements the metallic phase of Rh is mainly present in the sample with only tracers
of metal oxides being detectable [75]. Using metalorganic paste (Engelhard 8826) as a precursor,
Jimenez et al. reported rhodium crystallite sizes equal to 58.5 + 0.3 nm, calculated by the XRD patterns
of the reduced sample [75]. The observed size variation and the Rh®: Rh oxide ratio was attributed to
the different conditions of calcination and reduction conditions of the working Rh-catalyst electrode.

B : Yttrium Zirconium Oxide
O : Rhodium

used sample
[

JJUA . g

fresh sample

intensity (a.u)

;| o -
8 )X

J L A
20 30 40 50 60 70 80
Angle 20/ degree

Figure 10. XRD patterns of the freshly reduced and used (after exposing to experimental operating
conditions) sample.
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Top view and cross section SEM images of the fresh and used catalyst-film are shown in Figures
11 and 12, respectively. Overall, the sample preparation method followed in this work has led to a
continuous rhodium film, sufficiently porous which facilitates the efficient access of both reactants
and products on the Rh active sites, and well attached to the YSZ support to ensure an
electrochemically active interface. The apparent average particle size is estimated to be 40 nm, which
is roughly twice the crystallite size calculated from the XRD spectra. It is worth mentioning here that
particle size estimation from the SEM images is limited by the resolution of the instrument. Both the
morphology and structure of the Rh film appears to be unchanged comparing the images from the
sample prior experiment and after exposing it to reaction conditions. The thickness of the catalyst
film was estimated from the cross section micrograph and was found to be in the range of 6.5-10 um,
which is a common thickness for films prepared by applying metalorganic pastes [59].
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E i Wo= 34 mm Mag= 5202KX Time :10:05.50
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Figure 12. SEM micrographs of Rh/YSZ from cross section (a) fresh sample and (b) used sample.

Figure 13a shows the Rh 3d spectra of the freshly reduced and post reaction (used) sample. The
Rh 3ds peak of the fresh sample is centred at approximately 307.2 eV which indicates that the Rh
catalyst film is mostly in the metallic state, without excluding of course the possibility of some minor
Rh oxide quantities being also present [76]. The post reaction data suggest that the surface chemical
state of the Rh electrocatalyst film has not changed significantly. A rather small shift of ~0.2 eV
towards lower binding energy is observed suggesting that a minor oxide component may be present
in the fresh sample which has been reduced after reaction leading to the apparent shift. To clarify this
point the raw Rh3d spectra were deconvoluted using an asymmetric peak shape for the metallic state
and Gaussian-Lorentzian peak shape for the oxidized state. Figure 13a shows that the metallic Rh3ds
component (solid line) is centred at ~307 eV while the oxidized Rh3ds2 component (dashed line) is
centred at ~308 eV. The ratio of metallic Rh to oxidised Rh is 1:9 confirming that Rh film is nearly
metallic both before and after reaction. It is worth noting here that the post reaction spectra have been
acquired after testing the catalyst under reaction conditions of CO:z to Hz of 1:4. The XPS results are
in close agreement with the XRD data presented above (Figure 10) with the two techniques
suggesting the absence of any substantial quantity of Rh oxide on the surface or bulk of the Rh film.
Minor quantities of carbon was present on both the fresh and used samples (Figure 13b). More
crucially, the amount of carbon was not found to increase in the post reaction sample, which indicates
that there is no carbon deposition on the catalyst surface during the reaction, especially under feed
conditions of Pcoz:Pr2 ratios of 4:1.
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Figure 13. XPS measurements of the freshly reduced and post reaction used catalyst sample. (a) Rh
3d and (b) C 1s regions.

3. Experimental
3.1. Catalyst Preparation

A disc of 8% mol Y:0s-stabilized ZrO: (YSZ), with 17 mm diameter and 1.5 mm thickness,
respectively was utilized as solid electrolyte. Gold (Au) reference and counter electrodes were
deposited on one side of the electrolyte, using Au paste (Metalor A1118) and calcination at 450°C for
30 minutes following a sintering at 700°C for 1 h, with a heating rate of 10 °Cmin-'.

The working electrode (Rh catalyst-electrode) was deposited on the opposite side of the YSZ
solid electrolyte by application of thin coatings of Engelhard 8826 Rh paste. Calcination was carried
out in air at 550°C for 3 h with a heating rate of 10 °Cmin'. Prior electrochemical experiments, the Rh
catalyst-electrode was reduced at 440°C for 2 h under a flow of 15% H: in He. The total mass of the
Rh catalyst-electrode was 1.8 mg.

3.2. Reactor Operation

The electrocatalytic experiments were carried out in a continuous single pellet flow reactor,
which has been discussed previously [59]. The feed gas composition and total flow rates were
controlled by a set of electronic flow meters (Brooks). Reactants were certified standards of 5% CO:
in He and 15% H: in He. Pure He (99.999%) was fed to further adjust the total flow rate and the inlet
gas composition at the desired values. Electrochemical experiments were performed at ambient
pressure. Feed reactant partial pressure was varied between 1 to 4 kPa COz and 1 to 7 kPa Ho.

The concentrations of reactants and products were analysed with an IR CO2-CO-CHas gas
analyser (Futzi Electric ZRE). Constant currents and potentials were applied using an AMEL 2053
galvanostat-potensiostat. CO2, CO and CHs were further analyzed by gas chromatography (Gas
Chromatographer, Shimadzu 2014) with TCD and FID detectors, using a Porapak QS packed column.

Blank experiments have been carried out to confirm the non-catalytic behaviour of the Au
counter and reference electrodes under open and closed-circuit conditions. For this purpose, an
electrochemical cell of the type Au/YSZ/Au (replacing the Rh working electrode with Au) was
investigated under reaction conditions of this study (T = 400°C, Fr =100 cm*min™ and different Hz to
CO2 gas feeding ratios). The obtained CO formation rate on Au was small with values of rco < 10?
mols and it was not affected by potential application. CHa formation on Au was not observed.

3.3. Electrochemical Promotion Parameters Computation

Figure 14 shows a schematic representation of the (Rh1YSZ|Au) electrochemical cell under (a)
open circuit and (b) closed circuit conditions. WE corresponds to the working electrode (Rh deposited
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catalytic active film), CE to the counter and RE to the reference electrodes both made out of Au in
order to be catalytically inactive. All three electrodes are deposited on yttria-stabilized zirconia (YSZ)
which serves as a solid O* ion conductor at operating temperatures of 380 to 430°C. Under open
circuit conditions (i.e., no current passing through the cell), H2 and CO2 are co-fed over the conductive
catalyst film leading to the formation of CO and CHys, expressed by the unpromoted catalytic rate, ro.
Under, for example, anodic polarization, the application of a positive potential between the counter
and working electrode, O ions from the solid electrolyte are migrating to the catalyst-film forming
at the metal gas interface an effective double layer, that alters the catalytic activity, and leading to the
electropromoted rate, r.

(a) unpromoted catalytic (b) electropromoted catalytic
rate, r, rate, r
CO,H, CO,CH, . CO,H, CO,CH,
e L Lo ] (D L e
2- 2- 2-
o* o* o YSZ o T o T o I YSZ
02 0r O 02- 102 102
CE RE CE RE
| c

Figure 14. Schematic presentation of the electrochemical cell under (a) open and (b) closed circuit
conditions, WE corresponds to the working electrode, CE to counter, and RE to reference electrode.

The non-Faradaic behavior is defined by two basic parameters, the rate enhancement ratio, o,

p = ™ )
where r is the electropromoted catalytic rate under polarization and 1. is the unpromoted rate (i.e.,
the open-circuit catalytic rate). The apparent Faradaic efficiency, A, defined from:
Ar

~I/nF ©

where Ar is the current- or potential-induced observed change in catalytic rate (Ar = r-1,), I is
the applied current, n is the number of exchanged electrons and F is Faraday’s constant.

In this study, where CHs and CO were the only products of the CO: hydrogenation reaction, the
Faradaic efficiency for each formation reaction can be defined from the follow equations:

. _mol
ZArCO(mT) %
ACO = I/—F
._mol
3 84rcy, (lnT) ®)

Acn, = I/F

3.4. Catalyst Characterization

Wide-angle X-ray diffraction (XRD) patterns were recorder using a Bruker D8 Advance system
equipped with Cu-Ka radiation (A= 1.5418 A). The voltage and lamp current were adjusted to 40 kV
and 40 mA, respectively. The angle range 20 was 20°-90° and scan speed was 0.3 s/step.

High resolution field-emission scanning electron microscopy (FE-SEM) was employed using a
Zeiss SUPRA 35VP system operating at 10-15 kV voltage range.

Ex situ X-ray Photoelectron Spectroscopy (XPS) measurements of the fresh Rh catalyst sample
(after Ha reduction) and post experiment sample were carried out in an ultrahigh-vacuum (UHV)
system described in detail elsewhere [56]. Measurements were carried out using non-monochromatic
AlKa radiation (1486.6 eV) and a Leybold LH EA11 energy analyzer which was operated at a constant
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pass energy (100 eV). The analyzed sample area was a 2 x 5 mm? rectangle. All spectra were corrected
for charge transfer using the Cls peak at 284.8 eV for adventitious carbon.

4. Conclusions

In this work, the electrochemical promotion of CO2 hydrogenation was studied over a Rh/YSZ
electrode in a continuous single pellet flow reactor for Pco2/Pr2 gas feed mixtures ranging from 1:2 to
4:1. Despite the large body of literature on the use of Rh/YSZ electrodes for other reactions like NO
reduction and ethylene oxidation under various experimental set-ups, CO: hydrogenation has been
rarely investigated on Rh/YSZ using laboratory reactors. There are only a couple of references
discussing data under reaction conditions of a narrow CO: to Hz ratio of 1-1.5 or 1:1.8 and cathodic
polarizations. The results of the present study show that potential or current application can strongly
affect the CO: hydrogenation reaction, both in regard to the catalytic rates obtained but also
selectivity to reactions products. In the temperature range of 350 to 430°C, under atmospheric total
pressure and with a total flowrate of Fr= 50 cm®min-! the only products found were CHs and CO.
Increasing or decreasing the catalyst potential by up to 1.5 V leads to an inverted volcano type
behavior of the methanation rate (the formation rate increases with anodic and cathodic polarization),
while the rate of CO production follows a volcano type behavior (the formation rate decreases with
anodic and cathodic polarization). The observed trends are confirmed by kinetic measurements and
agree with the rules governing the EPOC phenomenon as described in bibliography.

The observed rate changes were non-faradaic and after current interruption, the catalytic rate of
CHs formation returned to its initial open circuit value, demonstrating the reversibility of the
phenomenon. However, the CO formation rate, exhibited a partial non- reversible behaviour which
is more pronounced under a gas feed composition of CO:to Hz ratio of 4:1,, i.e,, in excess of COx.
Permanent EPOC behaviour was discussed in view of the stabilization of the Rh metallic phase under
anodic polarization. Our preliminary XPS studies show, that for pre- and post reaction samples
mainly the Rh metal phase is present, even after exposing the Rh film to higher CO: to Hz ratios. This
confirms, that at a first glance, the partially permanent EPOC behaviour in our case is due to the
electrochemically induced stabilization of the Rh metallic phase.
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