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Abstract

This work studied the effect of the nature of the metal on the performance of Co/@elCeQ and Pt/Ce@ catalysts in the partial
oxidation of ethanol. Infrared spectroscopy of adsorbed ethanol and temperature programmed desorption of ethanol were performed in ord
to establish the reaction mechanism. Catalytic experiments revealed that the product distribution is strongly affected by the nature of the meta
Acetaldehyde was practically the only product formed on a CojQeffalyst while methane was also produced on Pt/Cat@ Pd/Ce®
catalysts. These results were explained through a reaction mechanism proposed by the characterization techniques.

Co/CeQ and Pt/Ce@catalysts show mainly ethoxy species at room temperature whereas acetate species is mainly formed on the Pd/CeO
catalyst. The ethoxy species can undergo further dehydrogenation and desorb as acetaldehyde. This effect is more significant with the Co/Ce!
catalyst and could explain the higher selectivity to acetaldehyde observed on supported Co and Pt catalysts.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Hydrogen can be derived from a variety of energy sources
such as biomass, oil, coal and natural (s It has many
The main energy carrier used today is based on carbonapplications, including fuel for automobiles and distributed
fuels. However, burning of hydrocarbon fuels increases the and central electricity and thermal generation. But, the ex-
emissions of greenhouse gases, such ag @Bich has pro- isting hydrogen production and distribution infrastructure is
duced a sharp climate change. Furthermore, the economidnsufficient to support widespread use of hydrogen for en-
growth of America and China and instability on the Middle ergy productiorf3]. The current hydrogen industry does not
Eastregion has caused a steeprise in oil prices. Clean forms oproduce hydrogen as an energy carrier or as a fuel for en-
energy are needed to support global economic growth while ergy generation. Therefore, to make a successful transition
reducing the impact on air quality and the potential effects of to the so-called “hydrogen economy”, significant technical
greenhouse emissions. challenges must be addressed. The mostimportant challenges
Recently, hydrogen has been proposed as a major energynvolve: (i) production, delivery and storage of hydrogen; (ii)
source that could contribute to the reduction of global depen- end-use energy applications and (iii) conversion of hydrogen
dence on fossil fuels, greenhouse gas emissions and atmoto useful energy through fuel cells.
spheric pollutioq1]. Hydrogen-powered fuel cells represent a radically differ-
ent approach to energy conversion. These systems directly
convert chemical energy into electric power, without the in-
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and storage of hydrogen. Several technologies can be used tperatures and this is converted t@,HCO and CQ as the
produce hydrogen from fuels such as steam reforming (SR),temperature is increased. The production of methane is very
partial oxidation (POX) and autothermal reforming (ATR) low on all catalysts. On the other hand, for ceria/zirconia-
[5]. The choice of fuel and fuel processing technology de- supported catalysts, all catalysts did not produce ethene and

pend on both the type of fuel cell and its application. the main products obtained were KLO, CGQ and CH; even
Methanol and gasoline are the preferred fuels for auto- at lower temperatures.
motive applicationg6]. While lower temperatures are nec- The deactivation of the catalysts is also a problem in

essary to produce hydrogen from methanol, gasoline has arthe steam reforming of ethanfl5]. Cavallaro et al[15]
established infrastructure. On the other hand, natural gas iscompared the performance of supported Co and Rh cata-

considered a promising fuel for stationary poigr The dis- lysts on steam reforming of ethanol. Regarding Co catalysts,
advantage of the use of this fuel is related to infrastructure, the decrease of Hyield was followed by an increase of ac-
which does not extend to all areas. etaldehyde production and a reduction of selectivity toward

Biomass-derived materials are an interesting alternative methane, C@ and CO. The deactivation was attributed to
for hydrogen production since they do not contribute t,CO coke deposition.
emissions and provide a high energy density and ease of Hence, the economical viability for the use of ethanol as a
handling. They can be used for hydrogen production for source of hydrogen for fuel cells depends on the development
automotive and distributed power generation. Among the of new catalysts and the determination of the appropriate
compounds available from renewable sources, ethanol isreaction conditions.
very attractive. Ethanol used in fuel cell vehicles or for sta- In spite of the large number of studies on hydrogen pro-
tionary power plants generates far fewer greenhouse gasesluction from the steam reforming of ethanol, there are few
than conventional fuels such as gasoline or natural gas andeports dealing with the use of supported metallic catalysts
it is less toxic[7]. Furthermore, the infrastructure needed on the partial oxidation of ethanf23—25] Partial oxidation
for ethanol production and distribution is already estab- is very interesting, since it has a fast start up and response
lished in countries like Brazil and USA, since ethanol is time, which makes it attractive for rapidly following varying
currently distributed and used as an octane enhancer oroads. Moreover, the POX reactor is more compact than a
oxygenate blended with gasoline. According to automobile steam reformer, since it does not need the indirect addition
manufacturers, fuel infrastructure is one of the most crit- of heat via a heat exchanger.
ical issues in determining the choice of fuel for fuel cell Recently, we have investigated the performance of
powered vehicle$7]. Ethanol may also play an important Pt/CeQ catalysts on partial oxidation of ethan@3]. The
role in distributed generation as a fuel source that is avail- product distribution strongly depended on the reaction con-
able in remote areas where natural gas infrastructure is notditions. Increasing both the reaction temperature and the res-
present. idence time decreased the selectivity to acetaldehyde. The
Steam reforming of ethanol has been proposed for the Pt/CeQ catalyst was quite stable for partial oxidation of
production of hydrogen for fuel cel[8—20]. However, this ethanol. The high stability of this catalyst was due to the
process presents some disadvantages such as formation atdox properties of cerium oxide.
byproducts and catalyst deactivation. In this work, the aim is to study the effect of the metal na-
The nature of the metal plays an important role in prod- ture on the performance of Co/Ce@d/CeQ and Pt/Ce®@
uct distribution and on catalyst activity and deactivation catalysts on partial oxidation of ethanol. A reaction mecha-
in the steam reforming of ethanol. Supported Cu cata- nism was proposed in order to explain the selectivities ob-
lysts exhibit a significant formation of by-products such served.
as acid acetic, acetaldehyde ang $pecies on steam re-
forming of ethanol8]. Supported Ni and Co catalysts also
produce a high production of byproducts (CO, £kihd 2. Experimental
acetaldehyde) on steam reforming of ethajdl]. The ef-
fect of the acid acetic and acetaldehyde on fuel cell effi- 2.1. Caralyst preparation
ciency has not been studied yet. Regarding the presence
of methane, this compound does not cause damage to the The CeQ support was prepared by calcination of
fuel cell systems and it can be used as a fuel for a reformercerium(lV) ammonium nitrate (Aldrich) at 1073K for
[22]. 1h in a muffle furnace. Platinum (1.5wt.%), palladium
Breen et al.[17] studied the behavior of alumina and (1.0wt.%) and cobalt (1.0 wt.%) were added to Gty
ceria/zirconia-supported Rh, Pd and Pt catalysts on the steanincipient wetness impregnation with an aqueous solution
reforming of ethanol at different temperatures. On alumina containing HPtCk-6H,0, Pd(NG)2 and Co(NQ)2, respec-
supports, the order of activity of the metals was Rh > Pd > Pt. tively. After impregnation, the samples were dried at 393 K
On the other hand, on ceria/zirconia supports, the catalyticand calcined under air (50 émin—1) at 673K, for 2h.
activity follows the order Pt Rh>Pd. For all alumina-  Then, three catalysts were obtained: Pt/gei/CeQ and
supported catalysts, ethene is the main product at low tem-Co/CeQ.
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2.2. Infrared spectroscopy of adsorbed ethanol (IR) lectivity to HC (S,) was calculated from

Yx
YM + YC, + YMOH + Yacetalt Yacetate

Infrared spectroscopy analyses of adsorbed ethanol wereSx = x 100 (1)
performed using a Fourier transform infrared spectrometer
(Nicolet, Magna 560). Before the analysis, the samples werewhere y, is the weight fraction of the methane<M),
reduced with H at 773K, for 1 h. Then, the samples were ethane + ethenea € C;), methanol = MOH), acetaldehyde
evacuated at the reduction temperature for 1h and cooled(x = acetal) or ethyl acetate £ acetate).
down to room temperature. The catalysts were then exposed
to 2 Torr of ethanol for 1 h, at room temperature and the spec-
tra were collected after vacuum treatment at 298, 373, 423,3. Results and discussion
473,573 and 673 K.
3.1. PFartial oxidation of ethanol
2.3. Temperature programmed desorption of ethanol
(TPD) Fig. 1shows the ethanol conversion obtained for all cata-
lysts as a function of time on stream (TOS) on partial oxida-

The temperature programmed desorption experiments oftion of ethanol. Pt/Ce@and Co/Ce@catalysts produced the
adsorbed ethanol were carried out in a micro-reactor cou- higher and the lower values of initial activity, respectively. A
pled to a quadrupole mass spectrometer (Omnistar, Balzers)deactivation was observed for all samples in the beginning
Prior to TPD analyses, the samples were reduced under flow-of the reaction, but the catalysts became stable after about
ing Ho (30 cn® min~1) up to 773 K (5 Kmim1), maintaining 200 min TOS. This deactivation was stronger on the Pd/CeO
thattemperature for 1 h. Then, the system was purged with he-catalyst.
lium at 773 K for 30 min and cooled to roomtemperature. The ~ All catalysts produced a low formation of2HCO and
adsorption of ethanol was made at room temperature throughCO> (not shown). Furthermore, the CO production obtained
pulses of an ethanol/He mixture, which was obtained by flow- for Co/CeQ catalyst was much lower than that observed for
ing He through a saturator containing ethanol at 298 K. Af- Pd/CeQ and Pt/Ce@ catalysts. Concerning the selectivity
ter adsorption, the catalyst was heated at a 20 Kate to hydrocarbons and oxygenated produ€ig (2), acetalde-
up to 823K in flowing helium (50 cfmin~1). The prod-  hyde was practically the only product formed on Co/GeO
ucts were monitored using a quadrupole mass spectrometecatalyst. On the other hand, acetaldehyde as well as methane
(Balzers, PRISMA). A Quadstar analytical system was used were observed on Pd/Ce@nd Pt/CeQ catalysts. However,
for recording the different signals of masses as a function of the acetaldehyde production was lower on the Pd/Qe®a-

the temperature. lyst. Only trace amounts of C2 were detected for all samples.
Moreover, a small quantity of ethyl acetate was observed
2.4. Reaction conditions on the Pd/Ce@ catalyst. The nature of the metal strongly

affected the selectivity to products. In order to explain the
Ethanol partial oxidation was performed in a fixed-bed re- selectivities observed, a reaction mechanism was proposed,
actor at atmospheric pressure. Prior to reaction, the catalystdising infrared spectroscopy analyses of adsorbed ethanol,
were reduced at 773K, for 1 h, and then purged undeatN  temperature programmed desorption of ethanol and temper-
the same temperature for 30 min. The reaction was carriedature programmed surface reaction.
out at 573K and¥/F=0.16 g s crm? (for all catalysts) and

0.04 g s cm? (for Pt/CeQ catalyst). This reaction tempera- ®* Co/Ce0,
ture was chosen due to the negligible ethanol conversioninthe 1007 ® PdiCeO,
absence of catalyst under these condit{@3$. The reactants 4 PUCeO;
were fed to the reactor by bubbling air (30&min—1) and s Waa,,

N> (30 cn® min—1) through two saturators containing ethanol E ‘e , s R
at 319K, in order to obtain the desired ethanelf@tio (2:1). z 9 .

Although the value of ethanolADatio of 0.67 is theoretically g *

the best for hydrogen production, Cavallaro ef28] showed = 401, e "

that ethanol conversion is around 100% andgtoduction § e REETTTEEXEY
reaches a maximum when using an ethangtédio between 5 201 '

1.7 and 2.5 on Rh/AlO3 catalysts. The exit gases were ana-

lyzed using two gas chromatographs equipped with a flame f—_——
ionization and a thermal conductivity detectors, respectively. AT e e

Selectivity to hydrocarbons and oxygenated products (se- fime on stream (min)

IeCt'VIty to HC) values repor'Fed for each run were eval- Fig. 1. Ethanol conversion obtained for all catalysts as a function of time
uated at the same conversion (Pd/Geénhd Co/Ce@ on stream (TOS) on partial oxidation of ethan@leheion=573 K and
WIF=0.16 gscm?; P/CeQ: W/F=0.04gscm?). These-  wiF=0.16gscm?).



L.V. Mattos, F.B. Noronha / Journal of Power Sources 152 (2005) 50-59 53

3.2. Infrared spectroscopy of adsorbed ethanol

[ | methane

1007 Bl acetaldehyde Figs. 3 and 4show the IR spectra of adsorbed ethanol

] I el acetate at different temperatures between 1800 and 1000 and 3000
and 2500cm?, respectively, on Co/CeQ Pd/CeQ and
Pt/CeQ catalysts. For the Co/CeCratalyst, the IR spec-
trum after ethanol adsorption and evacuation at room tem-

404 perature exhibited bands at 1049, 1100, 1115, 1383, 1429,

| 1552, 2862, 2928 and 2962 cth For the Pd/Ce® cata-
20 lyst, the IR spectrum presented bands at 1018, 1049, 1092,
1 1116, 1340, 1439, 1545, 2868, 2931 and 2964tnOn

0 UCeO PCe0 the Pt/CeQ@ catalyst, we observed bands at 1040, 1082,

T T2 R 1315, 1340, 1400, 1425, 1525, 1574, 1600, 1687, 2933 and

Fig. 2. Selectivity to hydrocarbons and oxygenated products (selectiv- 2978 ¢ Inthe literature, alcohols such as etha{ﬁdl—ZQJ

ity to HC) obtained for all catalysts on partial oxidation of ethanol at and methandl30-33]adsorb on the surface of metal oxides

the same conversion (around 40%). Reaction conditiBision= 573 K; through an alkoxide species formed from the scission of the

WIF=0.16 g s cm (for Co/CeQ and Pd/Ce@catalysts) and 04g s cnm3 O—H bond. The bands at 1040, 1082, 1092, 1100, 1115, 1116

(for PUCeQ catalyst). and 1383, 1400, 2868, 2862, 2928, 2931, 2933, 2962, 2964

and 2978 cm? can be attributed to ethoxy specj@g—29]

The bands at 1018, 1049, 1302, 1315, 1340, 1425, 1429
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Fig. 3. Infrared spectra of the surface species formed by ethanol adsorption between 1800 and $@@0reduced Co/Cef)Pd/CeQ and Pt/Ce@catalysts
at different temperatures.



54

L.V. Mattos, F.B. Noronha / Journal of Power Sources 152 (2005) 50-59

Co/Ce0, Pd/CeO,
2962 2964
2931
2928
2862 2868
Tt‘“\“
Troom e
@ 373K 2
g 2 u[(
< o
¢ 1 e NS L I,
2 2
fl=} =
” 573K “ ——  5BK
o~ SBK
673K 63K
3000 2900 2800 2700 2600 2500 3000 2900 2800 2700 2600 2500
wavenumber (cm™) wavenumber (cm™)
PY/CeO,

absorbance (a.u.)
§

3000 2900 2800 2700 2600 2500
wavenumber (cm™)

Fig. 4. Infrared spectra of the surface species formed by ethanol adsorption between 3000 and2%00reduced Co/Ce)Pd/CeQ and Pt/Ce@ catalysts
at different temperatures.

1439, 1545, 1552, 1564, 1574 and 1600 ¢oan be assigned ~ after treatment at higher temperatuf8g,38] This means
to acetate species, which were produced by oxidation of that a large amount of mobile oxygen is still available af-
ethoxy specief28,29] The formation of ethoxy species de- ter reduction at 773 K. Unfortunately, Idriss and co work-
creased in the order Co/Ce® Pt/CeQ > Pd/CeQ, while ers[28,29,34]measured neither the oxygen storage capacity
the acetate species production follows the opposite trendof their catalysts nor the extent of support reduction. So, a
(Pd/CeQ > Pt/CeQ > Co/CeQ). comparison between both works is difficult to be established.
Idriss and co workerf28,29,34]suggest that the ethanol ~ The redox properties of their materials could possibly ex-
adsorbs dissociatively to form ethoxy species on 8], plain the differences observed. Nevertheless, it seems that
Pd/CeQ [28], Pt/CeQ [29] and Rh/Ce@[34] at room tem- their Pd/Ce@, Pt/CeQ and Rh/CeQ@ catalysts have a lower
perature, using IR spectroscopy. At this temperature, acetatecapacity to exchange oxygen than the catalysts studied in this
species were only observed on unreduced £é@cording work.
to these authors, the absence of acetate species on reduced Moreover, Finacchio et a[31] proposed that the oxida-
CeQ and supported catalysts (unreduced and reduced) wagion of ethoxy to acetate species occurs in parallel to the
due to partial reduction of support. Cé** — Ce* reduction. According to the authors, the ad-
In this work, the presence of acetate species on supportecsorption of methanol on G¢ sites led to the production of
Ce( catalysts at room temperature could be attributed to the formate species (HCOQ and H, which was accompanied
redox properties of ceria. Several studies reported that ceriumby Cé* — Ce** reduction.
oxide has a very high oxygen exchange capd8By36] This At 373K, the bands corresponding to ethoxy and acetate
capacity is associated with the ability of cerium to act as an species did not undergo significant changes on CofGed
oxygen buffer by storing/releasing.@ue to the C&/Ce** Pd/CeQ catalysts. However, on the Pt/Cg@atalyst, the
redox couplg36]. The OSC measurement of our Pt/GeO bands corresponding to ethoxy species almost completely
catalyst corresponds to around 13% ofCen the support  disappeared at 373 K, while the intensity of the bands associ-
[23]. Deeper reduction of CeGsamples have been reported ated with acetate species remained unchanged. After heating
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Fig. 5. Infrared spectra of the surface species formed by ethanol adsorption between 2200 and 1 threduced Co/Cef)Pd/CeQ and Pt/Ce@ catalysts
at different temperatures.

Co/CeQ and Pd/CeQcatalysts at 473 K, the intensity of the  Pt/CeQ catalysts, the intensity of the bands related to car-
bands corresponding to ethoxy species was reduced, wherealsonate species were strongly reduced at 673 K.

the bands associated with acetate species remained practi- The bands observed between 2200 and 1700'dnave
cally unchanged. For the Pt/Cg@atalyst, in the IR spec- been attributed to CO adsorption on metal partickgg.(5)
trum, significant changes were not seen when the sample[39—-44] These bands can be divided into two regions. The
was heated to 473 K. Therefore, the reduction of intensity of first region corresponds to the absorption bands between
the bands of ethoxy species was not followed by the forma- 2200 and 1900 cmt, which have been assigned to linearly
tion of acetate species on all catalysts. When the CofCeO adsorbed CO. The second region corresponds to the bands
catalyst was heated to 573 K, the bands related to the ethoxybetween 1900 and 1700 crh which are due to bridged or
species were no longer detected, while the bands characterismulti-coordinated adsorbed CJ@5-47}

tic of the acetate species were still present. For the PdCeO  In this work, the Co/Ce@catalyst did not produce bands
and Pt/Ce@catalysts, heating to 573 K resulted in important corresponding to CO adsorptioRig. 5) at all the tempera-
changes on the spectra. All the bands attributed to acetate andures studied. This result agrees with that obtained by partial
ethoxy species were no longer detected. However, the bandoxidation of ethanol. As previously described, the Co/geO
characteristic of carbonate species (1572, 1523, 1517, 1388&atalyst showed a lower production of CO during this re-
and 1375 cm?) were now present. This result indicates that action. At room temperature, the Pd/Ge€atalyst showed
the Pd/Ce@ and Pt/Ce@ catalysts were more reactive than bands at 2048 and 1853 ¢t Moreover, the intensity of the
the Co/CeQ catalyst. Only at high temperature (673 K), the band at 1853 cm! was stronger than that obtained for the
IR spectra obtained on Co/Ce@atalyst exhibited the band  band at 2048 cmt. The Pt/Ce@ catalyst produce bands at
for carbonate species (1388th) and no bands associated 2118, 2087 and 2054 cm. The bands at 2087, 2054 and
with acetate species were observed. For the PdfCGe@ 2048 cnt! can be attributed to linearly adsorbed CO on Pd
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and Pt particles with different sizes. The band at 1853tm Therefore, in our work, the shift of the CO frequency from
can be assigned to multi-coordinated adsorbed CO on Pd par1853 to 1901 cm* corresponds to the increase of Pd surface
ticles. These results showed that Pd had mainly bridged orcoverage as the temperature increases.
multi-coordinated adsorbed CO, which is in agreement with  Itisimportantto stress thatthe presence of CO adsorbed at
the literaturg43,44} room temperature on Pd/Ce@nd Pt/CeQ catalysts stems
The band at 2118 crt has been related to the CO adsorp- from the ethoxy species decomposition, in agreement with
tion on PE* [41] and on P&* [48]. However, this band has  the TPD analysis, which will be presented next.
also been observed in the IR spectra in the absence of noble
metal. Yee et al[29] detected a band at 2122 thin the 3.3. Temperature programmed desorption of ethanol
IR spectra of reduced Ce@amples (before ethanol adsorp-
tion), which was formed by carbonate decomposition during  The TPD profiles of adsorbed ethanol on Co/Ge(dd
reduction. They attributed this band to CO adsorbed off Ce Pt/CeQ catalysts are shown iRig. 6. Ethanol desorbed at
cations. Furthermore, this band only appeared on the unre-520 and 422 K on Co/Cefand Pt/Ce@ catalysts, respec-
duced and reduced Pt/Cg@atalyst after ethanol adsorption tively. Furthermore, no acetaldehyde formation was detected
and heating at 523 K. The appearance of this band was fol-on both catalysts. The same result was obtained by Yee et al.
lowed by the formation of carbonate species. Therefore, in [28] while studying the adsorption of ethanol on unreduced
our work, the band at 2118 crh could possibly be assigned  CeQ. According to them, dehydrogenation of ethoxy species
to the CO adsorption on Gecations, as previously reported  to acetaldehyde is followed by a very facile oxidation to ac-
[29]. etate species due to the high amount of oxygen available. This
Increasing the temperature to 473 K strongly decreased thecould explain the absence of acetaldehyde species on CeO
absorbance of the bands of CO linearly adsorbed on Pd andsurface and agrees very well with the redox properties of our
Ptwhereas the band at 2118 Thwas practically unaffected.  catalyst.
When the temperature was increased to 573 K, the appearance Co/CeQ catalyst exhibited the formation of CO, Gldnd
of bands at 2116, 2040, 1901 and 1792¢non Pd/CeQ H, at around 600 K. For Pt/CeCratalysts, the production
catalyst was observed. On the other hand, for the Pt#CeO of CO, CH; and H began at lower temperatures (around
catalyst, the band at 2118 crhdisappeared and the intensity 350 K). According to IR analysis, the ethoxy species com-
of the band at 2054 cnit increased at 573 K. pletely disappeared at 573K and 373K, on Co/gethd
Eischens et al[49] and Bradshaw and Hoffmanis0] Pt/CeQ catalysts, respectively. Taking into account the re-
studied the CO adsorption on a Pd catalyst under differ- sults obtained by TPD and IR experiments, the formation of
ent surface coverages. The CO frequency on the Pd surfaceCO, CH, and H could be attributed to the decomposition of
varies from 1834 cm! at low coverages to 1924 crh at adsorbed ethoxy species, which occurred at higher temper-
high coveragef19]. The shift as a function of coverage was atures on Co/Cefcatalyst. Several authors have reported
explained in terms of adsorption on a multiplicity of crys- the appearance of CO, GHind H in the low temperature
tal planeq50]. Bradshaw and Hoffmans0] proposed that  region during TPD analysis of adsorbed ethanol, which was
two-fold co-ordination sites give rise to a band in the range of attributed to the decomposition of ethoxy spe¢&851-53]
1880-2000 cm! atd > 0.4. Atlow surface coveragé € 0.4), Cordi and Falcongb2] suggested that part of the ethanol ad-
aband in the region 18001880 thwas attributed to three-  sorbed on alumina forms ethoxy species that migrates to Pd
fold co-ordination sites. sites where decomposition take places. According to them,
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Fig. 6. TPD profile of ethanol adsorbed on Co/Gefdd Pt/CeQ catalysts.
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the a-carbon produced CO and tlgecarbon formed Chl support (spill over]57]. In this work, the hydrogen produc-
during ethanol decomposition. CO, ¢lnd H were also tion peak agrees very well with our previous results.
produced at 495K during TPD experiment of ethanol on

Pd/Al,O3 catalyst, due to the decomposition of ethanol on Pd 3.4. Reaction mechanism

[51].

The TPD analysis also showed a further formation of CO,  Inthe literature, there are several studies about the reaction
H, and the appearance of G@t higher temperatures for mechanism of steam reforming of ethafk8—61] However,
the Co/CeQ@ catalyst (above 630K) and the Pt/Cetata- scarce information is available about the ethanol partial ox-

lyst (above 550 K). For the Pt/Ce@atalyst, methane was idation reaction mechanism. Sheng et[2#] observed that
also produced above 550 K. As observed in the IR experi- the increase of reaction temperature from 473 to 673K led
ments, the bands related to acetate species vanished and the the decrease of acetaldehyde production and the increase
bands corresponding to carbonate species were detected aif methane formation on partial oxidation of ethanol over
673 and 573K, on Co/Cefand Pt/CeQ catalysts, respec- Rh-Pt/CeQ catalysts. According to them, ethanol adsorbs
tively. These results suggest that the acetate species undetas ethoxy species that further reacts to form acetaldehyde.
went further oxidation, producing carbonate species, as well They suggested that acetaldehyde decomposes producing CO
as decomposition to CO and GHTrhe formation of carbon-  and CH;, at high temperatures, but acetate formation was not
ate species and the decomposition of acetate species werproposed.
observed at higher temperature on the Co/gCe&alyst. We have performed temperature programmed surface re-
CO, formation can be assigned to decomposition of car- action (TPSR) of ethanol with oxygen on Pt/Ce€atalyst
bonate species on both samples. However, the amountf CO in order to study the reaction mechanif2]. Acetaldehyde
formed is low, which could be attributed to G@issociation was formed at around 426 K with the simultaneous produc-
on oxygen vacancies of the support, producing CO. We havetion of CHs, CO and CQ. At 545K, a large production of
previously reported that COcan replenish the oxygen va- CO, and a small formation of methane occurred. Oxygen
cancies of the support, releasing CO as a profg55] consumption was seen at 434 and 548 K.
This agrees very well with the CO evolution detected athigh ~ The comparison of the TPD to TPSR experiments shows
temperature on our TPD analysis. The production of CO, that, in the presence of oxygen, not only does the decomposi-
COy and H at high temperatures on alumina supported cat- tion of ethoxy species take place but also the oxidative dehy-
alyts has also been reportd. ,52] According to Cordi and drogenation to acetaldehyde. This result suggest that ethoxy
Falconer[52], it might be due to the decomposition of a species formed on the surface underwent oxidation by the
more stable carbon species formed during ethanol decom-oxygen from the feed simultaneously to its decomposition.
position at lower temperatures. They further suggested thatThis fact could explain the simultaneous observation of ac-
acetaldehyde or acetic acid could be the precursor for thisetaldehyde desorption and methane formation. At high tem-
more stable carbon species. Baldanza €b4] studied the perature, the acetate species formed at room temperature and
adsorption of ethanol on Pd/AD3; and Pd-Mo/AbOs cat- that remained unreacted are oxidized producing more. CO
alysts, using infrared spectroscopy. The results showed the The participation of acetate species as an intermediate that
formation of acetate species as the temperature was raisediake part of the reaction mechanism was also suggested by
from 523 to 573 K. According to these authors, ethanol is other author$62]. Nagal and Gonzalg$2] studied the ox-
dehydrogenated on Pd sites to form acetaldehyde as well asdation of ethanol and acetaldehyde on Pt/St@talysts us-
more stable acetate species. These species remain adsorbeayg in-situ infrared analyses. According to their observations,
and are the precursors for the CO; #hd CQ production they proposed a reaction mechanism in which the dehydro-
observed at high temperature. A comparison between ceriagenation of an adsorbed ethoxy species would be the limiting
and alumina supports showed that acetate species are formesdtep. These dehydrogenated species could then be oxidized
at higher temperatures on alumina due to the lower ability to form intermediate acetate species that would react origi-
to release/store oxygen of this support. Furthermore, in this nating CQ.

case, an important desorption of g&t high temperature is Based on our results obtained by infrared spectroscopy
observed because alumina does not have oxygen vacanciesf adsorbed ethanol, temperature programmed desorption
as cerium oxide. of ethanol and temperature programmed surface reaction

Finally, the large H production detected on the TPD pro- (TPSR), the following reaction mechanism could be proposed
file for Co/CeQ and Pt/CeQ catalysts at high temperatures for the partial oxidation of ethanol on Co/Cg®d/CeQ and
could be attributed to the desorption of previously formed Pt/CeQ catalysts:
hydrogen. We have carried out TPD studies gfddsorbed At first, ethanol adsorbs on ceria producing an ethoxy
on this Pt/Ce@ catalyst[56] and the H signal exhibited species (Eq(2)). In the absence of oxygen in the feed, a
two peaks at 353 and 613K. The low temperature peak wasfraction of the ethoxy species can be dehydrogenated and
assigned to the hydrogen desorption from the metal surfaceimmediately react with oxygen from the support to form ac-
whereas the other one was due to the hydrogen from the supetate species (E)), which is followed by the C& — Ce**
port, which was previously transferred from the metal to the reduction. Increasing the temperature, another fraction of



58 L.V. Mattos, F.B. Noronha / Journal of Power Sources 152 (2005) 50-59

the ethoxy species can be decomposed on Pt sites, formingoxygen from the support producing acetate species and/or
CHg4, Hz and CO (Eq(4)). At high temperature, the acetate may desorb as acetaldehyde. On the Co/Cgfninly) and
species previously formed can be decomposed tg (&4. the Pt/CeQ catalysts, the dehydrogenated species preferen-
(5)) and/or oxidized to CQvia carbonate species (E)). tially desorbs, producing acetaldehyde. On the PdAe(ta-
Under oxygen atmosphere, the intermediate dehydrogenatedyst, the dehydrogenated species is further oxidized to acetate
species formed as indicated above in the first part of Eq. species. At high conversions, another fraction of the ethoxy
(5) may desorb as acetaldehyde while théC® site is re- species can be decomposed on the metal sites, forming CH
covered (Eq(7)). This is evidenced by comparing the TPD Hy and CO while the acetate species can be decomposed to
results, where no acetaldehyde was observed, with the TPSRCH,4 and/or oxidized to C@via carbonate species.
results, where acetaldehyde formation occurred. The other
steps are similar to the ones described in the absence of oxy-
gen in the feed. Acknowledgements
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