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Abstract: A BICOVOX dense membrane covered with BICOVOX/Aarmmet was investigated at 700°C in the
partial oxidation of propane under OCV and undectical bias. The propane conversion remainedtaatig
equal to 12% whatever the conditions of polarisatldydrogen was the main product with a selectioit$0%.
At OCV, no product of oxidation was detected exagater which could not be quantified. Under anodic
polarisation, traces of CO were observed as wall srpall increase of propylene content which caexpdained
by partial oxidation and oxidative dehydrogenatidpropane, respectively. An anodic polarisatiahtie a
decrease of hydrogen due to its oxidation into wétecontrast, an increase of the hydrogen contaist
observed under cathodic polarisation. However @mnot exclude some thermal cracking of propane tlzend

role of the BIMEVOX membrane in the catalytic preseemains to be clarified.
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Introduction

BIMEVOX materials derive from the parent compourigMBO;; and are known for their high oxide ion conduction
properties at intermediate temperatures, 400-7(@}CIn the past decade, they were tentatively pesl as
membranes for the electrically driven separatioroxfgen from air. Current density up to 2 Afcmith 100%
efficiency (LA/cn corresponds to an oxygen flow of 3.5%min) could be applied without the need of any tetete
material. The membrane was simply made up of aedBHREVOX electrolyte sandwiched between two galidig)
which were stuck on the surface by means of a gdeyer of BIMEVOX [2, 3]. Under Open Circuit Vojia (OCV),
80/*0 isotope exchange combined with Secondary lon Nbgsstroscopy revealed that the rate of exchange of
molecular oxygen at the membrane surface is veny [#]. In contrast, the kinetics of oxygen transfeas
considerably increased when an electrical biasapatied to the membrane [5]. By in-situ X-ray difftion under
electrical bias, the transfer at the surface wadiraoed to be due to the partial reduction of vamead (V) into
vanadium (1V) under current polarisation [6].

Because bismuth and vanadium are a priori actitiensafor the catalytic oxidation of hydrocarboB$SMEVOX
were investigated as dense membranes in the GatBlghse Membrane Reactor (CDMR) for the oxidatidn
hydrocarbons. The principle of a CDMR is based dfix@d lonic Electronic Conductive dense ceramienieane.

The latter separates two compartments, one camig&ii or oxygen (High Oxygen partial Pressure; @ other



containing the (diluted) hydrocarbon (Low Oxygentiph Pressure; LOP). Because of the differencevben the
oxygen chemical potentials in HOP and in LOP, tkide@ions & migrate from HOP to LOP and may react with
hydrocarbons in LOP to yield oxidised products.

The BICOVOX.10 composition (BV(d¢Cy 105 354) has been chosen to study the oxidation of propa@CV and
under an electrical polarisation. In previous gsdthe oxidation of propylene and propane has ineestigated on
BIMEVOX membranes with low surface roughness [7-1B&cause of a low oxygen transfer coefficienthat t
surface, BIMEVOX membranes exhibit very low semimpeability to oxygen [11]. Therefore, a BICOVOX/dol
cermet has been deposited on both faces of the rapento enhance the surface exchange and to &léopossibility

of application of an electrical bias.

Experimental

Membrane preparation

Bi,VodCoy 1055 powders were prepared by solid state route as ibesicin [12, 13]. The powder was then
shaped into a disk pressed in a 20 mm diameteatdi®0 bars with an isostatic press. The membrasetiaen
pre-sintered at 650°C for 30 minutes with heatind aooling rates of 5°C/min. The cermets were preghdy
mixing an attrited powder with a gold paste (90 wg#id) in ethanol and 1% of cellulose using anasémnic
bath, before evaporation of the ethanol at 40°Co Tempositions were prepared, one containing 68#4ol

of BICOVOX/gold, the other 30/70 vol/vol BICOVOX/otd. An ink for serigraphy was then prepared by
mixing 75% of cermet with 25% of EC3 binder (miduof terpenic alcohols and ethylcellulose terpineol
content > 83%). A layer of each cermet compositi@s deposited on both membrane faces as showgumer-i

1, an intermediate drying step being carried out68fC between each deposition. The pre-sintered
membrane/cermet was finally annealed at the silgggmperature of BICOVOX, following a protocolefided

in a previous study [13]. Successive heating stepdo 140°C at 1°C/min, up to 440°C at 0.25°C/naing up to
750°C at 5°C/min heating rate) were applied, ardlbdieed by cooling down to room temperature at 5°@/m
after a dwell at 750°C for 1 hour. After sinteringe diameter and thickness of the membrane werarhéand

1.5 mm, respectively. A cross section of the membigermet obtained by SEM is shown on Figure 2 and

reveals that the two porous cermet layers wergr@@hick each.

The Catalytic Dense Membrane Reactor

The membrane was placed in the reactor betweenmuitite tubes and sealed by means of pyrex glassgs-
(see details in [7]). The study was carried out@°C. The gas phase composition in the two comyeanrts was
monitored using a mass spectrometer (OmnistarfefgiPropane (1% in He, F = 50 tmin™, contact timet =
2.4 s) was flowed in LOP and air was flowed in H&tRthe same flowrate (P = 1 atm). Two gold wireseve
connected to the cermet on both surfaces. Theytiathkehaviour of the membrane in the oxidatiorpadpane

was first studied at OCV. The surface polarisati@s in situ determined by measuring the differesfoglectric



potential between the two gold electrodes. In aséctep, the electrodes were connected to annexteircuit

and electric potentials between —100 and +300 nd/camrent up to 100 mA were applied.

Results and Discussion

Catalytic behaviour under propane at OCV

At OCV, a stationary regime was rapidly obtainetj ¢he conversion of propane was X = 12 mol%. Vaithin
HOP (p, = 0.21.1C Pa), and assuming that the equivalent oxygen nbittediluted propane in LOP is less
than 3 ppm, a potential differenééy, = -233 mV was expected between the two facesefhitambrane from
Nernst equation. As the measured valuahs,, = -27 mV only, it means that the LOP face of thenmbrane is
strongly polarised. The same behaviour was formelgerved in the case of propylene oxidation [#isT
strong polarisation is in good agreement with the kinetics of exchange of oxygen molecules atstiméace of
the membrane. All proceeds as if the oxide iorfs) (@ere blocked close to the membrane surface andsaan
oxygen reservoir available for oxidation of hydrdman molecules. However, as shown in Figure 3, only
hydrogen, methane, propylene and ethylene werengdasavith selectivity of 60, 17, 17 and 9 %, respety.

No CO, neither CQwere detected. No coke was visually evidencedhenmiembrane after the reactor was
opened. However, the amount of methane, propyladesthylene only cannot account for the high seliégtof

hydrogen and carbon deposition is likely to occur.

Catalytic behaviour under propane under polarisation

With the aim to increase the amount of oxidatiomdpicts, a polarisation was applied on the membrane.
Whatever the polarisation, the conversion was ragiet at 12% and there was no electrochemical pgromof
catalysis. A cathodic polarisation of -100 mV wiastfapplied, followed by an anodic polarisationr+800 mV. As
Figure 4 shows and compared with Figure 3, theildigion of products is only slightly affected biyet applied
polarisation. The partial pressure of hydrogendases under a cathodic polarisation and decreades an anodic
polarisation. However, traces of CO were observetu+ 300 mV.

A second experiment was performed on galvanostaiae with an anodic polarisation. The current wassased by
step of +20 mA, up to +100 mA. An increase of tltggen content in the gas phase with the currensijewas
observed, the partial pressure of oxygen being&b@tP.00 mA. The propane conversion remained alowrstant
during the whole experiment, X ~ 12%. Figure 4 shole evolution of the selectivity to products wiitle current
polarisation. It confirms that hydrogen decreases @O increases as the current bias increases.al isgrease of
selectivity to propylene and ethylene is also todticed.

The formation of CO and the increase of propytarebe accounted for by partial oxidatiogHg+ 3/2Q —» 3 CO

+ H,0) and by the oxidative dehydrogenation of propg&hikls + O, —» CHg + H,O), respectively. However the CO



amount and the £l increase are very small and one cannot excludméheracking (gHg — CsHg + Hy, GHg —
C,H, + CH,y). The decrease of hydrogen content is easily mqulay its oxidation into water.
The exact role of the membrane is not clear. Dbeskidation of hydrogen, partial oxidation of prop and

ODH occurs in the gas phase or on the surface naere®iThe question remains open at that stage.
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Figure 1: A schematic of the BICOVOX membrane with 2 layefsermet on both faces
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Figure 3: Selectivity to products vs. time using a BICOVOXmbrane covered with BICOVOX/Au cermet at
OCV (700°C, 1% GHg/He in LOP, air in HOP).
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Figure 4: Distribution of products vs. time using a BICOV®émbrane with BICOVOX/Au cermet under
OCV, and with cathodic (-100 mV) and anodic (+30@)molarisation (700°C, 1% lg/He in LOP, air in
HOP).

Conclusions

A BICOVOX membrane with BICOVOX/Au cermet on suréawas investigated for the partial oxidation of
propane under OCV and under an electrical bia®@t@. The propane conversion remained constant émua
12% whatever the conditions of polarisation. Hy@nogvas the main product with a selectivity of 6@%b.
OCV, no product of oxidation was detected excepemwahich could not be quantified. Traces of COaver
observed under an anodic polarisation and a sn@attase of propylene content which can be expldiyed
partial oxidation and oxidative dehydrogenatiompdpane. An anodic polarisation led to a decreésiaeo
hydrogen content in the gas phase due to its agidaito water. In contrast, an increase of therbgdn content
was observed under cathodic polarisation. Howemeraan not exclude some thermal cracking and tleeofo
the BIMEVOX membrane in the catalytic process rammad be clarified. Further experiments will befpened at
lower temperature and the possibility of depositiba catalyst on the membrane surface will beidensd. Effects
are modest, but show the possibility that suctstesy offers for modifying the catalytic properti#snembrane
materials in a CDMR.
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