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Abstract

The mechanism of partial oxidation of methane was studied onf§\Pt/ZrG, and Pt/Ce—Zr@catalysts. The reducibility
and oxygen transfer capacity were evaluated by temperature programmed reduction (TPR) and oxygen storage capacity (OSC).
The effect of the support on the cleaning mechanism of the catalyst surface was investigated by the sequef©g philSes.
Moreover, temperature programmed surface reaction (TPSR) measurements were performed to evaluate the reaction mecha
nism. Pt/Ce-ZrQcatalysts proved to be more active, stable and selective than®yahd Pt/ZrQ catalysts. The results were
explained by the higher reducibility and oxygen storage/release capacity of Pt/Gesalaysts, which allowed a continuous
removal of carbonaceous deposits from the active sites, favoring the stability and activity of the catalysts, as revealed by the
CH4/O5 pulses. TPSR experiments showed that the partial oxidation of methane proceeded through a two-step mechanism.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction monoxide that results is too high for fuel synthesis
[2]. Methane partial oxidation is an alternative route
The large known reserves of natural gas and the that may reduce the costs of synthesis gas produc-
need to reduce the dependence on petroleum as feedtion. It is energy efficient, produces theA€O ratio
stock have led to intense research on natural gasnecessary to GTL process and if associated to a com-
conversion into transportation fuel such as gasoline petitive way for separating oxygen from air (such as
and diesel. The classical gas to liquids technology selective membranes), it will probably be the choice
(GTL) includes the conversion of natural gas to syn- for producing synthesis g43-9].
thesis gas followed by Fischer—Tropsch synthgkjis A two-step mechanism has been proposed for the
The economical feasibility of this route is highly de- partial oxidation of methang10-12} According
pendent on the costs of synthesis gas manufacture.to this mechanism, in the first step, combustion of
Steam-reforming is the leading technology for syn- methane takes place, producing £@nd HO. In
thesis gas production, but it requires a large amount the second one, synthesis gas is produced via carbon
of heat addition, and the ratio of hydrogen to carbon dioxide and steam-reforming reaction of unreacted
methane.
e Ce-ZrQ supported Pt catalysts have been inves-
* Corresponding author. Fax:55-21-2717-4446. tigated previously in the C®reforming of methane
E-mail addressesfabiobel@int.gov.br (F.B. Noronha), Y P y 9 .
fbpassos@engenharia.uff.br (F.B. Passos). [13-15] The Pt catalysts supported on ceria-doped
1 Fax: +55-21-2206-1051. zirconia exhibited higher activity and stability than
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Pt/Al,O3 catalysts[13]. The enhancement of the ac-
tivity and the stability on the C@reforming reaction
has been attributed to the high amount of oxygen va-
cancies near the metal particles. The reducibility and
oxygen transfer capacity of Ce—Zs®ave shown to
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2.2. X-ray diffraction (XRD)

XRD measurements were made using a RIGAKU
diffractometer with a Cu K radiation. After calcina-
tion at 1073 K of ZrQ and C@ 75Zrp 2502 supports,

be fundamental in keeping the active phase surfacethe XRD data were collected at 00per step with

free of carbonaceous depodiis].

Then, the aim of this work is to study the mechanism
of the partial oxidation of methane on the Pt/Ce—ZrO
catalysts, evaluating the effect of support reducibility

and oxygen transfer capacity on the progress of partial

oxidation, comparing with C&reforming of methane

integration times of 1s per step.
2.3. Temperature programmed reduction (TPR)

TPR measurements were carried out in a micro-
reactor coupled to a quadrupole mass spectrome-

on the same catalysts. Temperature programmed re-ter (Balzers, Omnistar). The samples (300 mg) were

duction (TPR) and oxygen storage capacity (OSC)

dehydrated at 423K for 30min in a He flow prior

measurements were performed to characterize theto reduction. After cooling to room temperature, a

reducibility and the oxygen transfer capacity of the
samples. A series of C{#0, pulses were used to
study the effect of the support on the cleaning mecha-

nism of the catalyst surface. Furthermore, temperature

mixture of 5% H in Ar flowed through the sample at
30 cré/min, raising the temperature at a heating rate
of 10 K/min up to 1273 K.

programmed surface reaction (TPSR) experiments 2. 4. OSC

provided insights on the reaction mechanism.

2. Experimental
2.1. Catalyst preparation

Al,03 and ZrQ supports were prepared by calcina-
tion of a-y-alumina (Engelhard Corporation Catalyst)
and zirconium hydroxide (MEL Chemicals) at 1073 K
for 1 hin a muffle. The Gg75Zr0.2502 support was ob-
tained by a co-precipitation meth¢t6]. An aqueous
solution of cerium(IV) ammonium nitrate and zirco-
nium nitrate (Aldrich) was prepared with 75 and 25%
(mol%) of CeQ and ZrQ, respectively. Then, the
ceria and zirconium hydroxides were co-precipitated
by the addition of an excess of ammonium hydroxide.
Finally, the precipitate was washed with distillated
water and calcined at 1073 K for 1 h in a muffle. Then,
the catalysts were prepared by incipient wetness im-
pregnation of the supports with an aqueous solution
of HoPtCk (Aldrich) and were dried at 393 K. The
samples Pt/Zr@and Pt/Cg75Zrg.2502 were calcined
under air (50 criymin) at 673K for 2h. The sam-
ple Pt/ALO3 was calcined under air (50 &imin)
at 673K (Pt/AbO3 (673)) or 973K (Pt/A}O3
(973)) for 2h. All samples contained 1.5wt.% of
platinum.

OSC measurements were carried out in a micro-
reactor coupled to a quadrupole mass spectrometer
(Balzers, Omnistar). The samples were reduced under
H, at 773K for 1 h and heated to 1073K in flowing
He. Then, the samples were cooled to 723K and a
5% Op/He mixture was passed through the catalyst
until the oxygen uptake was finished. The reactor was
purged with He and the dead volume was obtained by
switching the gas to the 5%MHe mixture. Finally, N
pulses were injected in order to calculate the amount of
oxygen consumed on the catalysts taking into account
a previous calibration of the mass spectrometer.

2.5. CO chemisorption

The dispersion was calculated from CO chemisorp-
tion by using pulses of a mixture containing 5%
COJ/Ar at room temperature. This experiment was
performed on the same apparatus described to the
TPR measurements and the samples were submitted
to the same pretreatment used in OSC experiments.

2.6. TPSR

TPSR experiments were performed in the same
apparatus used for TPR. After reduction at 773K
under H for 1 h, the sample (300 mg) was purged in
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He at 1073 K for 30 min, and cooled to room tem-
perature. Then the sample was submitted to a flow
of CHa/Oo/He (2:1:27) at 30 ciimin while the tem-
perature was raised up to 1073 K at a heating rate of
20 K/min.

2.7. Reaction conditions

Reaction was performed in a quartz reactor at at-
mospheric pressure. Prior to reaction, the catalyst was
reduced under Hat 773K for 1 h and then heated to
1073 K under N. The reaction was carried out: (i) at
673K and WHSV= 520 b1 over Pt/Cg 75Zrg 2502
catalyst and (i) at 1073 K and WHS¥ 520 b1 over
all catalysts. At both temperatures, a reactant mixture
with CH4/O; ratio of 2:1 was used with a flow rate
of 100 cn¥/min. The exit gases were analyzed using
a gas chromatograph (Agilent 6890) equipped with
a thermal conductivity detector and a CP-carboplot
column (Chrompack).

2.8. CH; and G pulse experiments

Pulses experiments using ghtor O, were per-
formed in a micro-reactor coupled to a quadrupole
mass spectrometer (Balzers, Omnistar) using 50 mg
of catalyst. The samples were reduced underaiti
773K for 1h. After reduction, the samples were
heated to 1073K in flowing He and then were ex-
posed to sequences of @>/CH4 pulses (50Qul
pulses). Finally, the N pulses were injected in order
to calculate the Cil CO and H moles using a con-
version factor that was determined from a previous
calibration of the mass spectrometer.

3. Results and discussion
3.1. Catalyst characterization

The XRD data obtained for Zroand Ce 75Zrg 2502
supports are presented kig. 1 After calcination
at 1073K, essentially the presence of monoclinic
phase (JCPDS 13-307) was observed for Z=Dp-
port. Noronha et al[13] observed the same result in
a Pt/ZrQ catalyst calcined at 1073 K. The addition
of 75% of CeQ led to the appearance of peaks at
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Fig. 1. XRD patterns of Zr@ and Ce 75Zrp 2502 supports.

20 = 29.0° and 33.5, which indicates that zirco-
nia was incorporated into CeQattice and formed a
solid solution with a cubic symmetry. Noronha et al.
[13] also obtained a cubic Ce—Zr solid solution for
Pt/Ce 752102502 catalyst calcined at 1073 K. Hori
et al.[16] studied the effect of Zr@addition to CeQ

on the phase composition of Pt/Ce—Z4r@atalysts,
using XRD experiments. Their discussion was based
on the peaks at® = 286° and 33.1 for cubic
CeQ and 30.2, 34.5 and 35.3or tetragonal ZrQ.
They observed that the addition of 25% of 2r@id

not result in a separate zirconia phase, but the ceria
peaks shifted from 2 = 28.6° to 29.0 and from

20 = 331° to 33.5. According to these authors,
this shift is indicative of change in lattice parameter,
and it is evident that Cefand ZrQ formed a solid
solution.

The dispersion of the catalysts calculated from
CO chemisorption experiments is listed Table 1
Pt/Al,03 (973) and Pt/Cgrs5Zrg 2502 catalysts exhib-
ited approximately the same dispersion (around 10%)
whereas the Pt/AD3; (673) and Pt/Zr@ catalysts
showed higher dispersions.
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Table 1
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Dispersion calculated from the CO chemisorption at 298 K,ugtakes during TPR experiments angd Gptakes measured at 723K

Catalyst Dispersion (%) FHuptake (Lmol/Qeatalys) O2 uptake (umol/geatalys)
Pt/Al,O3 (673) 48 153.1 0.0

Pt/Al,03 (973) 10 - 0.0

Pt/ZrG, 26 166.7 (30.7 8.5

Pt/Ce 75Zr0.2502 9 1467.9 (1103.5) 625.6

aH, uptake of the corresponding support (without Pt).

3.2. Catalyst reducibility

The reducibility of the catalysts was measured by
TPR and OSC experiments.

The TPR profiles of the Zr@and Ceg 752rp.2502
supports are shown iRig. 2 For the ZrQ support,

a slight reduction around 931K was observed. The
Cey.75Zr0.2502 support presented a strong Hon-
sumption at 854 K and a slight consumption at 1150 K.
Furthermore, the Huptake Table 1) was higher for
Cep 752102502 support.

Fig. 2 also shows the TPR profiles of the Pt/2rO
and Pt/Cg75Zrg 2502 catalysts. The Pt/Zr@catalyst
showed H uptakes at 477K related to Pi@educ-
tion, according to stoichiometric calculation, and to
ZrO5 reduction at 659 K. This is attributed to the BtO

spillover of hydrogen specid47]. Pt/Ce 75Zrp.2502
catalyst exhibited a dominant low temperature reduc-
tion feature and it was no more observed theddn-
sumption at high temperature due to the reduction of
support. This peak is ascribed to reduction of £tO
and Ce 75Zrg.2502 support. Moreover, the Hcon-
sumption was higher for Pt/@esZrg 250, catalyst
(Table 3. Comparing these results with that obtained
for Cey.752r0.2502 support, we may conclude the ad-
dition of Pt promotes the reduction of suppfi7].
Table 1 presents the oxygen uptakes measured
for the catalysts. The £consumption obtained for
Pt/Ce) 75Zr0 2502 catalyst is similar to those reported
in the literature[18—20] The amount of C& esti-
mated from @ uptake was around 53%. This result
is consistent with K uptakes during TPR that indi-

reduction and the promoted support reduction through cated 47% of C&", after reduction. The OSC of the
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Ce Zr O
0.75 0252
[
= 931 Zr0,
<
N 489
)
p—
<
=)
.20
n
n
E Pt/Ce Zr O
0.75 0.25 2
477
659 PY/ZrO,
1 1 1 1 L
473 673 873 1073 1273 —
isothermal

temperature ( K )

Fig. 2. TPR profile of supports (ZrOand Cg 75Zr0.2502) and catalysts (Pt/Zrand Pt/Cg75Zrg 2507).
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Pt/Ce 75Zr0 2502 catalyst is considerably higher than
the one of the Pt/Zr@pand Pt/AbO3 (973) catalysts
(Table 1. Several studies reported that cerium oxide
have a very high oxygen exchange capagity,21]
This capacity is associated to the ability of cerium to
act as an oxygen buffer by storing/releasingdbe to
the Cé+/Ce*+ redox coupld21]. The incorporation
of ZrO, into CeQ lattice promoted the Cefredox
properties. The presence of Zr@trongly increased
the oxygen vacancies of the support due to the high
oxygen mobility of the solid solution formed, which
was identified by our XRD data.

3.3. Partial oxidation of methane

3.3.1. Particle size effect

The catalytic activity of the Pt/AlO3 catalysts cal-
cined at different temperatures on the partial oxidation
of methane at 1073K is presentedhigs. 3 and 4
The evolution of CH conversion and H selectiv-
ity as a function of time on stream (TOS) is shown
in Fig. 3 while the CO and C@ selectivities are
reported inFig. 4.

100 - CH,, conversion (%) H, selectivity ~ 100
o PYALO, (673) O PYALO, (673)
® PyALO,(973) B PYALO,(973)

CH, conversion (%)
(%) A1ar9[0s °H

—
16 20
time on stream (h)

Fig. 3. CH; conversion and bl selectivity over Pt/AJOs cata-
lyst calcined at 673 (open symbols) and 973K (closed symbols);
Treaction= 1073 K and WHSV= 520 2.
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> 60 No
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2 =
o 40 2
~ 8
20 -
0 T T T T T T T T T T T T 0
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Fig. 4. CO and CQ selectivities over Pt/AlO3 (673) (open
symbols) and Pt/AlOs (973) (closed symbols) -catalysts;
Treaction= 1073 K and WHSV= 520,

These results show that initial conversion was
higher for Pt/AbO3 (673) catalyst, indicating that the
CH4 conversion increases as the dispersion of the
catalyst increases. Moreover, the selectivity toand
CO was higher over Pt/ADs (673) catalyst. Ruck-
enstein and Wanf22] also observed a positive effect
of dispersion on partial oxidation of methane for Rh
supported catalysts.

Both Al,O3 supported catalysts were not stable
and the deactivation was stronger for PH®4 (673).
However, Pt/A}Os (673) exhibited a higher final
activity than Pt/AbOs (973) catalyst. The B and
CO selectivities decreased during the run for both
catalysts Fig. 4). The decrease of CO selectivity
was accompanied by the increase of Cs2lectivity.
These results can be attributed to coke deposition on
the catalyst surface, which was more significant on
catalysts that have higher activity.

3.3.2. Reaction mechanism and role of the support

It has been proposed that the partial oxidation of
methane proceeds through a two-step mechanism
[9-12]. In the first stage, combustion of methane oc-
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Fig. 5. TPSR profiles for Pt/@gsZrp 250, catalyst.

curs producing C® and HO. In the second step, formation of CO and K even at this temperature. At

synthesis gas is produced via carbon dioxide and 673K, the equilibrium composition calculated for the

steam-reforming reaction of the unreacted methane. partial oxidation reaction using ay@CH, ratio of 0.5

TPSR experiments and partial oxidation of methane does not predict the CO producti¢?3,24]

at low and high temperature were carried out in order The CQ-reforming of methane is strongly influ-

to confirm this mechanism. enced by the reverse water gas-shift (RWGS) reaction
(Eg. (1) [25]. This is reflected on the #CO ratio

3.3.2.1. TPSR experimentsFig. 5 shows the TPSR
profile obtained for Pt/GgrsZrg 2502 catalyst. The

other samples showed similar profiles. The TPSR pro- 100+ 100

file is consistent to the partial oxidation of methane ] 4 CH, conversion

proceeding through this two-step mechanism, as we g & H,selectivity 50

first observe the combustion of methane followed by _

CO; and O methane-reforming. g -
§ 601 60

3.3.2.2. Partial oxidation of methane at low temper- g %

ature. The partial oxidation was carried at 673K on = . -
) -M g

Pt/Ce 752102502 catalyst to confirm the results ob-
tained in TPSR experimentbig. 6 shows CH con-
version and H selectivity on Pt/Cg75Zrp 2502 cata-
lyst, whileFig. 7 presents CO and CQelectivities on 0 : : . . : : : 0
this catalyst. The results showed that the main prod- ] 2
ucts were CQ@ and HO (Figs. 6 and Yin agreement
V_Vlth TPSR eXpe_”mem_s' which indicates t_hat C(_)mb_us' Fig. 6. CH; conversion (closed symbols) ang idelectivity (open
tion of methane is the first step of the partial oxidation symnols) over Pt/Ggrszro250, catalyst; Treaction = 673K and
of methane. Howevelkigs. 6 and 7also reveal the ~ WHSV =520h"1.

Vo3
<
1
)’
T
353
(=]

time on stream (h)
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The thermodynamic calculations of the RWGS equi-

librium for the CH;/CO, = 1/1 at 1atm show that

CO can be formed at 673K through this reaction. Frig. 8. cH, conversion (closed symbols) and, Hselectivity

Therefore, the CO production could be attributed to (open symbols) over PtiZgdand Pt/Cg7sZro2s0, catalysts;

the RWGS reaction, in parallel to the first step of the Treacion= 1073K and WHSV= 520 .

partial oxidation of methane. Besides, examining the

TPSR profile shown iifrig. 5, we may notice the for-  (Fig. 9). The production of C@ increased and the

mation of CO around 650K, which can be attributed selectivity to CO decreased as the £Ebnversion

to the RWGS reaction. decreased. Thus the deactivation of these catalysts
was followed by the increase of GQelectivity. This

3.3.2.3. Partial oxidation of methane at high temper- effect s less significant for Pt/GesZrg 250, catalyst.

ature. Fig. 8 presents the methane conversion and The Pt/ZrQ catalyst presented the same catalytic

H, selectivity on the partial oxidation of methane at behavior of Pt/A}O3 (973) catalystFigs. 3 and

1073 K over Pt/ZrQ and Pt/Cg75Zr¢ 2502 catalysts. These results could be explained taking into account

The initial CH; conversions were similar for both cat- the two-step mechanism of the partial oxidation of

alysts. Comparing these results with those obtained methane. Since the production of carbon anc@©

for Pt/Al,O3 (973) catalyst Kig. 3), it is clear that ~ creased on the Pt/ADs (973) and Pt/Zr@ catalysts

Pt/Zr0, and Pt/Cg75Zrp250, showed higher activ-  during the reaction, the second step of the mechanism

ities. Moreover, Pt/Zr@ strongly deactivated, while ~ was inhibited.

Pt/Ce 75Zr0 2502 catalyst practically has not lost the

activity after 24 h TOS. 3.3.2.4. The role of support on the reaction mech-

The H, selectivity followed the same trend as anism. The CQ-reforming of methane over sup-

CH4 conversion and strongly decreased with time for ported transition metals involves the methane activa-

Pt/ZzrO, catalyst whereas it remained unchanged for tion and the CQ@ dissociation26,27] When the rate

Pt/Ce 75Zr0 2502 catalyst. Furthermore, a significant of methane decomposition and the £@issociation

change in the selectivity towards CO and £®as are unbalanced, carbon builds up over the surface.

observed for the Pt/Zrcatalyst during the reaction  The carbon deposition under G@eforming of CH,

time on stream (h)
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Fig. 9. CO (closed symbols) and @@Qopen symbols) selectivities
over Pt/ZrQ and Pt/Cg7sZrp 250, catalysts; Treaction= 1073 K
and WHSV=520H1.

is strongly related to the activity of the metals for £O
dissociation[28,29] Ru and Rh are very active for

first reaction path comprehends the decomposition of
CHg4 on the metal particle, resulting in the formation
of carbon and hydrogen. Carbon formed can patrtially
reduce the support near the metal particles. The sec-
ond path is the dissociation of GQn the support
followed by the formation of CO and O, which can
reoxidize the support.

In this work, for the Pt/A}O3 (973) and Pt/Zr@
catalysts, the increase of carbon deposits around or
near the particle metal affects the g@issociation
and inhibits methane conversion, and consequently
the CQ-reforming step of the partial oxidation of
methane reaction. On the Pt#G8Zrg2s02 cata-
lyst, the selectivity towards CO practically have not
changed during reaction due to the redox mechanism
of carbon removal promoted by the support.

3.3.2.5. Pulses of either Ctbr O,.  Pulses of either
CHy or O; were performed on the catalysts to investi-
gate their capacity to remove the carbon of the catalyst
surface.Figs. 10-13show the consumption of Cfl

the H, the CO and the C@production, respectively,
over Pt/AbOs (973), Pt/ZrQ and Pt/Cg75Zrg.2502
catalysts.

During the first set of Cllpulses, only H and CO
were produced over all catalysts. The Was formed
from methane dissociation. Since there is no oxy-
gen gas-phase species on the system, CO should be
formed by the reaction between carbon from methane

CO, dissociation and consequently no carbon deposi- dissociation and oxygen from the supports Zré&hd
tion is observed. On the other hand, Pt is less effective Cep 75210 2502. Fathi et al.[32] observed, during
in activating CQ and severe carbon formation takes CHy pulses on Pt/Ce®and Pt/Ce@/Al,O3 catalysts
place. Therefore, the support plays an important role at 973K, that a fraction of KHproduced was trapped
on the CQ-reforming of methane over supported Pt on the support, forming hydroxyls on the surface.

catalysts.
Pt/ZrO, catalysts exhibit a very high stability on

Then, in this work, the CO produced over P8k
could be attributed to the reaction between carbon

the dry-reforming reaction whereas a strong deacti- from methane dissociation and the hydroxyls formed

vation is observed on Pt/ADs and Pt/SiQ catalysts
[28-31] The stable behavior of the Pt/Zs@atalyst
has been associated with the low carbon formation.

on the AbO3 surface.
The consumption of CiJ the H, and the CO
production were higher for Pt/@esZrg2s02 cata-

Several studies have been reported concerning thelyst. This result suggests that the higher activity of

COp-reforming of methane over Pt/ZpD Pt/CeQ,
Pt/La—ZrQ and PyCe,Zr1_,O, catalysts[13-15]
A rapid deactivation of the Pt/AD3; catalyst was

Pt/Ce 75Zr0 2502 catalyst is related to the capacity of
this support to remove the carbon of the catalyst sur-
face. During Q pulses, no K was produced. CO and

observed whereas doped zirconia and ceria supportedCO, were formed only during the firstQpulses over
Pt catalysts were remarkably stable. A two-step mech- all catalysts. The amount of CO produced was higher
anism was proposed to explain the promotional effect over Pt/C@ 75Zrg 2502 catalyst, while the Pt/AlOs

of the support on the Cf&reforming of methane. The

(973) displayed the highest G@roduction.
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Fig. 10. Consumption of CHduring pulses of Cll at 1073 K over PY/AIOz (973), Pt/ZrQ and Pt/Cg7sZr 250, catalysts.

The effects of the removal of carbon were observed observed on Pt/Zr@ and Pt/AbOs (973) catalysts

in the second set of Cfpulses. During this set of CH
pulses, the Pt/GersZrg 250, catalyst had significantly
higher activity than Pt/Zr@and Pt/AbO3 (973) cata-
lysts. Furthermore, pHland CO were the only products

CH, pulses O, pulses

600

and these selectivities sharply decreased as the num-
ber of pulses increased. On the other hand, in the first
few pulses, C@ and HO were also formed in addi-
tion to CO and H on the Pt/Cg75Zrp.2502 catalyst.

CH, pulses

500
400
300

mg\\\

100 -
° A
\l % “A

H, umoles/g_,

0 10 20

0 | "==saifanm

—— Pt/Al,0, (973)
ah —B— Pt/Zr0,

—A— Pt/Ce) 157150,

I
\
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A, A,
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Fig. 11. K production during pulses of either GHbr O, at 1073 K over Pt/AIO3 (973), Pt/ZrQ and Pt/Cg7sZr 9250, catalysts.
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Fig. 12. CO production during pulses of either £br O, at 1073 K over Pt/AIO3; (973), P/ZrQ and Pt/Cg7s5Zr 0250, catalysts.

The selectivities to CO andachieved a maximum  sion decreased and CO selectivity increased as the
around the third pulse and then sharply decreased.number of CH pulses increased. According to them,
Pantu et al[33] also observed the same results when the reaction results on complete oxidation of methane
CH, pulses experiments were performed on Pt/€eO until a certain degree of reduction has been reached af-
and Pt/Cg50Zrp 5002 catalysts. The methane conver- ter which the selectivity to CO rapidly increases. In our
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Fig. 13. CQ production during pulses of either Gtbr O, at 1073 K over P/AIO3 (973), Pt/ZrQ and Pt/Cg7sZr o250, catalysts.
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work, the Pt/Cg75Zrg 2502 catalyst presents a much
higher reduction degree than Pt/Zr@nd Pt/AbO3
(973) catalysts as revealed by the OSC experiments.
The CH; consumption, the bl production and the
CO formation decreased for all catalysts in compari-
son to the results obtained during the first set of4CH
pulses. However, this effect was more pronounced on
Pt/Al,O3 (973) catalyst, which presented a very low
CH4 consumption, K production and CO formation.
These results agree with those reported by
Stagg-Williams et al[15] for Pt/ZrO, and Pt/Ce—-Zr@
catalysts, during a sequence of £80,/CH, pulses.
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and HO, then, synthesis gas is produced via carbon
dioxide and steam-reforming reaction of unreacted
methane. The reaction is favored for samples with
higher dispersion. Pt/Ce—ZpQvas more active, sta-
ble and selective for partial methane oxidation than
Pt/Al,O3 and Pt/ZrQ catalysts. This result may
be explained by the higher reducibility and oxygen
exchange capacity of Pt/Ce—ZrCatalysts, which
provided a mechanism for removing carbonaceous
deposits from the active sites.

These experiments were done at the same conditionsAcknowledgements

used in this work. They observed that, during the first
set of CH; pulses, the Ce-doped catalyst produced the
highest amount of BHland CO. During CQ pulses,
oxygen support was replenished but the &hd CO
production, on the second set of glpulses, were
higher on Pt/Ce-Zr@catalysts. They concluded that
a higher degree of reduction results in an increase
of the number of oxygen vacancies near the metal
particle and a subsequent increase in the ability to
clean the carbon formed on the metal particles. A
similar mechanism was proposed by Pantu ef33)].
According to these authors, the carbon formed from
methane dissociation is either oxidized by lattice
oxygen at or near the contact perimeter between the
support and platinum particles or produce an inactive
carbon. In this work, the results indicate that the oxy-
gen vacancies of ZrQand C@ 75Zrg 2502 support
were partially replenished duringo(ulses, suggest-
ing that the reduction degree of the support plays an
important role on the reaction mechanism.

These findings are consistent with TPR and OSC
results. As shown inFig. 2 and Table 1 the Pt/
Cey.75Zr0.2502 catalyst exhibited a higher reducibil-
ity. Many studies[13,17-20] showed that the in-
corporation of Zr into the Ceflattice increase the
reducibility of this material. This enhancement of the
reducibility can be attributed to an increase of oxygen
mobility in the bulk of the mixed oxide.

4. Conclusions

Partial oxidation of methane proceeds through a
two-step route on platinum supported catalysts. First,
combustion of methane takes place, producing, CO

The authors wish to acknowledge the financial sup-
port of the CNPg/CTPETRO (462530/00-0), FNDCT/
CTPETRO (65.00.0395.00) program, PADCT-IIl and
FAPERJ. We also thank MEL Chemicals for provid-
ing the zirconium hydroxide.
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