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In this study, we evaluated the effect of ceria-zirconia content on the performance of Pt/x%CeZrO,/Al,03
(x=0-40wt.%) during partial oxidation of methane. X-ray diffraction results indicated that, for sam-
ples containing 10 and 20wt.% of CeZrO,, there was the formation of a homogeneous solid solution
between ceria and zirconia. On the other hand, for Pt/30%CeZrO,/Al,03, there was the formation of a
ceria rich phase and a zirconia rich phase whereas a ceria rich phase and an isolated zirconia phase
were detected for Pt/40%CeZrO,/Al,0s. Catalytic tests showed that Pt/Al, 03 exhibited a significant deac-
tivation, while Pt/10%CeZrO,/Al,03 and Pt/20%CeZrO,/Al,03 practically did not loose their activity after
24 h. A deactivation was detected for Pt/30%CeZrO,/Al,03 and Pt/40%CeZrO,/Al,0s. The higher stability
of the Pt/10%CeZr0,/Al, 03 and Pt/20%CeZr0,/Al, 03 catalysts was attributed to the high reducibility and
consequently the high oxygen mobility of the homogeneous solid solution formed, which promoted the
mechanism of carbon removal from the metallic particle.
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1. Introduction

Over the past two decades, a lot of attention has been given to
the study of the production of Hy and syngas through the partial
oxidation of methane (POM) [1]. The renewed interest on POM was
stimulated by the increasing demand of H, and other cleaner fuels,
as well as, some advantages that POM presents. For instance, POM
is a mildly exothermic reaction, unlike steam and dry reforming
of methane and therefore, it is a more energy efficient process. At
temperatures above 1000 K, the reaction can lead to 100% methane
conversions with high selectivities to hydrogen and CO formation.
In addition, for process integration, POM provides a H, /CO ratio of 2,
which is the ratio ideal for Fischer-Tropsch synthesis and methanol
synthesis [2].

One of the main problems that have to be overcome in order
to produce H, and syngas from POM commercially is the sta-
bility of the catalyst. Usually, the formation of carbon deposits
on the catalysts surface leads to the deactivation and low H,
selectivity. In order to inhibit carbon deposition, the use of a
noble metal, such as Pt, has been investigated with a great deal
of interest [3-5]. In particular, zirconia and ceria-zirconia sup-

* Corresponding author. Tel.: +55 34 3239 4292; fax: +55 34 3239 4249.
E-mail address: cehori@ufu.br (C.E. Hori).

0920-5861/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.cattod.2011.07.035

ported Pt catalysts have shown high activity and stability for the
POM reaction [5-11]. The improved performance was attributed
to the higher reducibility and oxygen storage/release capacity of
Pt/CeZrO, catalysts, which promotes the mechanism of carbon
removal from the active sites, favoring the stability of the catalysts.
Metal dispersion also plays an important role on the performance
of catalyst for POM [4]. Pt/CexZr1_x0, catalysts presented higher
stability than Pt/CeO, and Pt/ZrO, catalysts. These results were
attributed to a proper balance between oxygen transfer ability
of the support and metal dispersion. However, when calcined at
high temperatures, ceria-zirconia supports exhibit very low sur-
face area, which provides poor metal dispersion. To improve metal
dispersion, ceria-zirconia may be deposited over a high surface
area oxide such as alumina. The preparation method and the Ce/Zr
ratio significantly affected the redox properties of these materials
and consequently their catalytic performances. We have studied
the effect of the preparation method and the Ce/Zr ratio on the
performance of Pt/CexZr;_x0,/Al, 03 catalysts for the POM [9-11].
These studies showed that impregnation of ceria or ceria-zirconia
on alumina provided a higher coverage degree of alumina than
precipitation technique. This resulted on higher metal and ceria
interaction for these samples, which was responsible for the higher
stability and better CO and H; selectivities on the methane partial
oxidation observed for these catalysts [9]. The Ce/Zr ratio signifi-
cantly affects the oxygen storage capacity, which is fundamental for
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keeping the metal surface free of carbon deposits and thus catalyst
stability. We have reported that Pt/Ceq 50Zrg 500, /Al,03 exhibited
the highest activity and stability due to the appropriated balance
between the high oxygen storage capacity and degree of alumina
coverage [10].

However, to our knowledge, the literature still does not
report the effect of the CeZrO, content on the properties of
Pt/CeZrO,[Al, 05 catalysts. Therefore, in this work we decide to
examine the use of different ceria-zirconia loadings (0-40 wt.%)
on Pt/CeZr0,/Al;03 and to evaluate the effect on the physical and
chemical properties and on the catalytic performance during POM.

2. Experimental
2.1. Catalysts preparation

Alumina supports were prepared by calcination of bohemite
(Catapal-A - Sasol) at 1173 K for 6 h in a muffle. The alumina sup-
ported ceria-zirconia samples were prepared by co-impregnation
of the alumina with an aqueous solution of cerium (IV) ammonium
nitrate (Aldrich) and zirconium nitrate (MEL Chemicals) as precur-
sors of cerium and of zirconium, respectively. For each sample, the
aqueous solution was prepared to obtain CeZrO, loadings of 10, 20,
30 and 40 wt.% and a Ce/Zr ratio of 1 in one impregnation proce-
dure. The samples were dried at 373K for 12 h and then calcined
in a muffle furnace at 1073 K for 4 h. Then, the catalysts were pre-
pared by incipient wetness impregnation of the supports with an
aqueous solution of H,PtClg (Aldrich) in order to obtain 1.5 wt.% of
Pt. The samples were dried at 393 K for 12 h and calcined under air
(50 mL/min) at 673 K for 2 h.

2.2. Textural characterization

The texture of all samples was characterized by nitrogen adsorp-
tion, using a Quantasorb Jr. (Quantachrome) equipment endowed
with a thermal conductivity detector. This equipment uses the
dynamic method and each experiment was performed with 5 dif-
ferent nitrogen concentrations. The catalyst was dried under N,
flow at 423 K for 16 h. The adsorption isotherms were determined
by nitrogen adsorption at 77 K.

2.3. X-ray fluorescence (XRF)

The cerium, platinum, and zirconium contents of each catalyst
were determined on a Rigaku RIX 3100 X-ray spectrometer with
a rhodium tube operated at 4 KW. The measurement technique
applied was a semi-quantitative analysis. Calcined samples (~0.5 g)
were analyzed as self-supported wafers.

2.4. X-ray diffraction (XRD)

The catalysts were analyzed by powder X-ray diffraction (Philips
PW3710), using Cu Ko radiation (A =1.5406 A). XRD patterns were
collected through two different procedures: (i) in the range of 20
from 25 to 90°, at a scan speed of 0.04°/step and counting times of
1 s/step and (ii) 26 from 27 to 32°, at a scan speed of 0.02°/step and
counting times of 10 s/step.

2.5. Temperature programmed reduction (TPR)

TPR measurements were carried out in a multipurpose unit con-
nected to a quadrupole mass spectrometer (Balzers, Omnistar). The
samples (300 mg) were dehydrated at 423 K for 30 min in a He flow
prior to reduction. After cooling to room temperature under He, a
mixture of 2% H, in Ar flowed through the sample at 30 mL/min,
raising the temperature at a heating rate of 10 K/min up to 1273 K.

The hydrogen consumption was monitored by the quadrupole mass
spectrometer. In order to determine the H, consumption, a cali-
brated volume of pure H, was injected into the mass spectrometer
at the end of each experiment. This procedure was performed at
least 3 times and an average was obtained.

2.6. Metal dispersion

The dehydrogenation of cyclohexane was used as an insensitive
structure reaction in order to determine the apparent metallic dis-
persion of ceria-zirconia supported Pt catalysts. In this case, more
traditional techniques such as H, or CO chemisorption are not rec-
ommended for these catalysts due to the possibility of adsorption
of both gases on ceria [5,12]. The dispersions of different Pt/Al,03
samples were determined by H, chemisorption and the rate of
cyclohexane dehydrogenation was also measured for each one.
Such correlation was used successfully before to estimate the cat-
alyst dispersion values [8,10].

The reaction was performed at 10° Pa in a flow micro-reactor.
The sample (10 mg) was previously dried in situ under N, flow
(30 mL/min) at 393 K during 30 min. Then, the sample was cooled to
room temperature and heated under pure hydrogen flow to 733 K
at a heating rate of 10 K/min. This temperature was held for 1 h. The
sample was cooled in hydrogen flow to 543 K. The reaction mixture
was obtained by bubbling hydrogen through a saturator containing
cyclohexane (99.9%) at 285 K (H,/CgH12 =13.2). The space velocity
was (WHSV) 170h~! and the reaction temperatures varied from
520 to 570K. At these conditions, no mass transfer or equilibrium
limitations were observed. The conversions were kept below 10%.
The composition of effluent gas phase was measured by online
gas chromatograph (Shimatzu GC 17-A) equipped with a thermal
conductivity detector and a Chrompack CP-WAX 57 CB column.

2.7. Catalytic test

Partial oxidation (POX) of methane was performed in a quartz
reactor at atmospheric pressure. Catalyst samples (20 mg) were
diluted with SiC (SiC/catalyst ratio =3.0). Prior to the reaction, the
catalyst was reduced under H, at 773K for 1 h and then heated to
1073 K under N,. The reactions were carried out at 1073 K over all
catalysts. POX was performed with a reactant mixture containing
a CHy4:0,, ratio of 2:1 and a flow rate of 100 mL/min. The exit gases
were analyzed using a gas chromatograph (Agilent 6890) equipped
with a thermal conductivity detector and a Carboxen 1010 column
(Supelco).

3. Results and discussion
3.1. Catalyst characterization
3.1.1. BET surface area and chemical composition
Table 1 presents the values of BET surface areas and chemi-

cal composition obtained for all catalysts. Increasing ceria-zirconia
content continuously decreased the BET surface area. All the sam-

Table 1
BET surface area and chemical composition obtained by X-ray fluorescence.

Samples BET surface Composition (wt.%)
area (m?/g)
Pt CeO, Zr0, Al,03 Cl

Pt/Al, 03 114 1.5 0.0 0.0 96.8 1.5
Pt/10%CeZr0, /Al, 03 99 1.6 5.4 4.6 86.9 13
Pt/20%CeZr0;/Al; 03 90 1.7 12.2 9.9 74.7 1.2
Pt/30%CeZr0;/Al;03 79 1.5 16.6 123 68.2 1.1
Pt/40%CeZr0,/Al, 03 72 1.6 23.8 194 539 1.1




F.A. Silva et al. / Catalysis Today 180 (2012) 111-116 113

J\;Ww\««w%a
e N M AL
| . i
£ MMWWMWK\MBW

i
E

I
'
* I
I
I
I
I

R P S— P

1 1 1 I N U S N [
50 55 60 65 70 75
20(%)

25

9]
(=)
%)
[vY
S
(=)
~
o)

Fig. 1. X-ray diffraction patterns obtained between 25 and 75° for: (a) Pt/Al,O3;
(b) Pt/10%CeZr0O/Al,03; (c) Pt/20%CeZrO,/Al,03; (d) Pt/30%CeZrO,/Al,03; (e),
Pt/40%CeZr0O,/Al;03. The symbols (x) and (#) are the characteristics lines of y-
alumina and 0-alumina, respectively. The solid vertical lines are characteristic of
the cubic ceria structure and the broken vertical lines correspond to the tetragonal
zirconia phase.

ples presented chemical composition close to the nominal values.
We also could detect the presence of chloride, which is somewhat
common when using H,PtClg as a Pt precursor, despite the calci-
nation in air flow.

3.1.2. Effect of ceria-zirconia content on the formation of a solid
solution

XRD patterns of Pt/Al,03 and Pt/x%CeZrO,/Al, 03 are presented
in Fig. 1. The XRD pattern of Pt/Al,03 catalyst (curve A) exhibited
the lines characteristics of y and 6-alumina phases. In the case
of Pt/x%CeZrO,[Al,03 samples containing different CeZrO, load-
ings, in addition to the lines characteristic of y and 6-alumina
phases, the diffratograms (curves B-E) also revealed the presence
of the lines corresponding to cerium oxide with cubic structure.
However, all the lines related to the ceria phase were shifted to
higher 26 positions. For example, the diffraction lines of Ce (111)
were shifted from 20 =28.6° (CeO,, JCPDS-4-0593) to 29.2°, 29.04°,
28.96° and 28.68° for Pt/10%CeZr0O,/Al,03, Pt/20%CeZr0,/Al,03,
Pt/30%CeZrO,/Al;03 and Pt/40%CeZrO,/Al,03 catalysts, respec-
tively. This shift indicates the formation of a solid solution between
the cerium and zirconium oxides [13-16]. It is important to stress
that increasing the ceria-zirconia content decreased the extent of
this shift, which was no longer observed for the sample containing
40 wt.% CeZrO,. Furthermore, it is clearly observed the appearance
of a shoulder on the diffraction lines of Pt/30%CeZrO,/Al,03 and
Pt/40%CeZr0O,/Al;03 samples. In order to evaluate in greater detail
the position and the shape of Ce (11 1) reflection, data collection
with a slow scanning speed was performed for Pt/CeZrO,/Al,;03
samples and the results were presented in Fig. 2. The XRD pattern
showed that the peak at 20 =29.4° is symmetrical only for the sam-
ples containing 10 and 20 wt.% CeZrO,, indicating the formation
of a homogeneous solid solution with the expected composition
(Cep.50Zro.5007). For the Pt/30%CeZr0O,/Al, 03 sample, the shoulder
at around 26 =29.5° suggested that not all the zirconium was incor-
porated into the ceria lattice, leading to the formation of a solid
solution with different composition. In fact, the diffratogram of
Pt/40%CeZr0,/Al,03 sample revealed the presence of a shoulder
at 30.1°, indicating the segregation of an isolated zirconia phase.

There are several studies in the literature reporting the
effect of preparation method and Ce/Zr ratio on the forma-
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Fig. 2. X-ray diffraction patterns obtained between 26 = 27 and 32° for (a) Pt/Al,0s3;
(b) Pt/10%CeZrO,/Al;03; (c) Pt/20%CeZrO,/Al,03; (d) Pt/30%CeZr0O,/Al,03; (e)
Pt/40%CeZr0O;/Al,05. The solid vertical lines are characteristic of the cubic ceria
peaks and the broken vertical lines correspond to the tetragonal zirconia phase.

tion of a ceria-zirconia solid solution. Kozlov et al. [13] studied
ceria-zirconia supported on alumina samples (Ce/Zr ratio of
1) prepared by co-impregnation and sol-gel method. For the
samples prepared by impregnation, a ceria rich mixed oxide
(Ceq.7Zrp307) and a zirconia rich phase were formed instead of
the expected nominal composition (Cegs¢Zrgs002). Silva et al.
[9] reported the formation of CeggyZrg180, solid solution for
Pt/Ceq.75Z19250,/Al;03 samples prepared by impregnation and
precipitation, whereas a zirconia rich phase was not detected.
Silva et al. [10] also investigated the effect of the Ce/Zr ratio on
Pt/CexZr;_x0,/Al, 03 catalysts prepared by impregnation. Depend-
ing on the Ce/Zr ratio, a ceria-zirconia solid solution with different
composition was formed. For the Pt/Ceq 50Zrg5002/Al;03 catalyst,
there was the formation of a ceria-zirconia solid solution with a
composition of Cey g1Zrp 3902 and an isolated zirconia phase.

However, we could not find studies in the literature about the
effect of ceria-zirconia content on the formation of a solid solu-
tion. Based on the methodology proposed by Kozlov et al. [13],
we estimated the real composition of our supported ceria-zirconia
samples (the nominal Ce/Zr ratio for all different CeZrO, loadings
was 1, or a Ceys5Zrg50, mixed oxide). Pt/10%CeZrO,/Al,03 and
Pt/20%CeZr0O,/Al,03 samples exhibited solid solutions with com-
positions close to the expected nominal one (Ceg45Zrg550, and
Ceg.54Zr0 4602, respectively). On the other hand, a Cegg7Zrg330;
solid solution was formed for the sample containing 30wt.%CeZrO,,
while there was the formation of a ceria-zirconia solid solution
with a composition of Ceg g5Zrg 150, and an isolated zirconia phase
for Pt/40%CeZr0O,/Al, 03 sample.

Therefore, in our work, the results revealed that low CeZrO,
loading favored the incorporation of zirconium into the ceria lattice,
leading to the formation of a homogeneous solid solution. Above
30wt.% of CeZrO,, the segregation of an isolated zirconia phase
occurred.

3.1.3. Catalysts reducibility

TPR profiles of Pt/Al,03, Pt/10%CeZrO,/Al,03, Pt/20%CeZrO,/
Al,03, Pt/30%CeZr0,/Al,03 and Pt/40%CeZrO,/Al, 05 catalysts are
presented in Fig. 3. For Pt/Al,03 sample (profile A), only a low tem-
perature reduction peak at 509 K is observed. Usually this reduction
peak is attributed to the reduction of PtClO, (oxychloride plat-
inum) species on the alumina surface [17].

Pt/10%CeZr0O,/Al,03 and Pt/20%CeZr0O,/Al,03 catalysts (pro-
files B and C) exhibited a single hydrogen consumption peak
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Fig. 3. Temperature programmed reduction profiles for (a) Pt/Al,0s3; (b)
Pt/10%CeZrO,/Al,03; (c) Pt/20%CeZrO,/Al,03; (d) Pt/30%CeZrO,/Al,03; (e)
Pt/40%CeZr0, /AL, 05.

at low temperature region around 515K. This peak is generally
attributed to the reduction of platinum oxide and to the pro-
moted reduction of surface ceria by metallic platinum formed [4,8].
For Pt/30%CeZrO,/Al,03 and Pt/40%CeZrO,/Al,03 samples (pro-
files D and E, respectively), besides the H, consumption at low
temperatures, around 505K for both samples, there is also a high
temperature peak at 1246 K in profile D and at 1273 K in profile
E. These high temperature peaks can be attributed to the reduc-
tion of CeO; in the bulk phase [18]. The comparison between TPR
profiles of Pt/x%CeZrO,/Al,03 catalysts reveals that only the cat-
alysts containing a high CeZrO, content exhibits a H, uptake at
high temperature region. According to XRD results, only a small
amount of zirconium entered in the cerium oxide lattice in these
samples. In fact, the addition of zirconium oxide to ceria struc-
ture favors the redox properties, increasing the number of oxygen
vacancies. Consequently, this higher oxygen mobility increases the
cerium-zirconium mixed oxide reducibility, which explains the
absence of hydrogen consumption at high temperature for the
Pt/10%CeZr0,/Al;03 and Pt/20%CeZr0,/Al, 03 samples [13,14,16].
Hydrogen consumption uptakes for catalysts are presented in
Table 2. As the CeZrO, content increases, the H, consumption dur-
ing TPR also increased, as one could expect.

3.1.4. Metal dispersion

The reaction rates of dehydrogenation of cyclohexane for all cat-
alysts, as well as the apparent metallic dispersion are presented in
Table 2. The samples presented similar Pt dispersions around 65%,
which are in agreement with previous results reported by our group
for this kind of catalysts [11].

Table 2
H, consumptions during TPR and apparent metal dispersions calculated by dehy-
drogenation of cyclohexane.

Sample TPR H; uptake Cyclohexane dehydrogenation
(mol/gcar)
Rate Pt dispersion
(mol/geac h) (%)
Pt/Al, 03 77 0.2482 65
Pt/10%CeZr0O,/Al, 03 291 0.2479 58
Pt/20%CeZr0O; /Al 03 483 0.3115 64
Pt/30%CeZr0O,/Al, 03 588 0.2248 57
Pt/40%CeZrO,[Al, 03 783 0.2932 68

2 Values calculated using the real Pt content measured by XRF.

3.2. Partial oxidation of methane

Fig. 4 shows the methane conversion and products selectivity
versus time on stream (TOS) for all catalysts on partial oxidation of
methane. The initial methane conversions were similar (65 -70%)
for all samples studied. This result is in agreement with the values
of metallic dispersion obtained, which were similar for all samples
(Table 2).

Pt/Al, 05 catalyst exhibited a significant deactivation during
the reaction, while Pt/10%CeZrO,/Al,03 and Pt/20%CeZrO,/Al,03
catalysts practically did not loose their activity after 24h
TOS. Furthermore, a slight deactivation was detected over
Pt/30%CeZr0O,/Al;03 and Pt/40%CeZrO,/Al;03. The addition of
CeZr0O, to Pt/Al,03 catalyst improved the stability of the samples.
However, this effect is more significant for CeZrO, content lower
than 30%.

Silva et al. [10] reported similar results for
Pt/14%Ceq 5Zry50,/Al; 05 and Pt/Al, O3 catalysts during partial oxi-
dation of methane. They observed that Pt/14%Cey5Zrg50,/Al;03
was quite stable, whereas methane conversion significantly
decreased on Pt/Al,03 during the reaction. The better catalytic
performance of Pt/14%Ce(5Zrg50,/Al,03 was explained by the
appropriate balance between a good degree of alumina coverage
and excellent oxygen storage capacities of this sample. These
characteristics promoted the cleaning mechanism, maintaining
the surface free of carbon deposits.

Regarding selectivity to the products, it was detected the
formation of H,, CO, CO, and H,O for all catalysts. The H
selectivity followed the same trend as methane conversion
(Fig. 4). The production of H, significantly decreased during the
reaction for Pt/Al,03 catalyst, whereas it remained unchanged
for Pt/10%CeZrO,/Al,03 and Pt/20%CeZrO,/Al,03 catalysts. For
Pt/30%CeZrO,/Al;03 and Pt/40%CeZrO,/Al,03 catalysts, the Hy
selectivity slightly decreased during 24 h TOS.

In the case of CO and CO, selectivities (Fig. 4), no important
changes were observed during the reaction for Pt/10%CeZr0O,/Al,03
and Pt/20%CeZrO,/Al,03 catalysts. However, a significant varia-
tion of the selectivity to CO and CO, was observed for the other
catalysts. The production of CO, increased and the selectivity to
CO decreased as the methane conversion decreased. Thus the
deactivation of these catalysts was followed by the increase of
CO, selectivity. This effect is much more significant for Pt/Al;03
catalyst.

These results are likely explained through a two-step mecha-
nism that has been proposed for the partial oxidation of methane
[19-21]. According to this mechanism, in the first stage, CO, and
H,0 were produced by methane combustion. In the second step,
synthesis gas is formed via carbon dioxide and steam reforming
reaction of the unreacted methane.

Recently, we have studied the partial oxidation of methane over
Pt/Al,03 and Pt/CeZrO, using Temperature-Programmed Surface
Reaction (TPSR) experiments [4,22]. The TPSR results are in agree-
ment with this two step mechanism of the partial oxidation of
methane, involving the combustion of methane followed by CO,
and H,0 methane reforming.

Therefore, the increase of CO, production on Pt/Al;03,
Pt/30%CeZrO,/Al,03 and Pt/40%CeZrO,/Al,03 catalysts suggest
that the CO, methane reforming was inhibited during the reac-
tion over these samples. The inhibition of CO, reforming is likely
attributed to the increase of carbon deposits around or near the
metal particle that affects the CO, dissociation on the support.

In the case of Pt/10%CeZrO,/Al, 03 and Pt/20%CeZr0,/Al, 053 cat-
alysts, the selectivity to CO practically did not change during the
reaction due to the formation of a homogeneous solid solution that



FA. Silva et al. / Catalysis Today 180 (2012) 111-116

Pt/A1203 Pt/lO%CleOz/Ale3
100 100 —
" 7.7XCH4 4= S i T Tesee
90 !"'-\ 90 |-
| . —o— SH2 —v— SCO2 L
80 lasdAAMMAAAY ¢ 80 MAMALMAMALAAAAMAMAAMAMAAAAAAAAAAL AMAAAAAAL
\o i ~ B
< \,
E: 70 :\‘n“““ A AMAMAA = 7O-i
T e0f e TN 2 ef
5 1 "\ R
5 Or S 9 0F 7.7XCH4 A= S¢
~ ! r—, s A -
40t . A 40f —e—S, —v—S.,
_— <t -
[ r T
<30t ’WN"'"""" S 30
. J - S
) — 0.'\‘ 20 PIYVYYYVYYVYVYYYYVIVYVYVYVVYVVVVVVVVVVVY vvveve
10 - 10
0 I I 1 L 1 L 1 L 1 L 1 n 1 0 I 1 1 " 1 " 1 1 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (h) Time (h)
Pt/20%CeZrO,/Al, O3 Pt/30%CeZrO,/Al,O;
100 100
90 |- foostoce 90 |-
B0 MMM A A g g psstss s 30 MMM, ., sk
S — S 70 B
2 el 2 I
:; 60 E 60 —
3 . 3 L el x —a
3 50 —m— Xy, —A—S¢, R 50 I " Xen, 4 Sco
n L e v 2! I _—e— Cv—
»f 40 *—Sy, —V 5S¢, = 40 I *— Sy, VS,
O
o 30 S —
20 prvwpwrrRrRTTTTTTTIT 20 fyypyprerrrer T
10 10
0 1 1 1 " 1 1 1 0 I 1 1 1 1 1 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (h) Time (h)
Pt/40%CeZrO,/Al,0O;
100
90
- MMM A s
S 0
> F |
= o1
§ 50 - 7.7XCH4 A4S
< L
SEUNE U SHz v SCOz
<t -
><5 30
20 b —YTYRYITYIVITVIYY
10
O I L 1 L L 1 L 1 L 1 L 1
0 4 12 16 20 24
Time (h)

115

Fig. 4. Methane conversion and product selectivities versus time on stream for partial oxidation of methane over (A) Pt/Al,0s3; (B) Pt/10%CeZrO,/Al,03; (C)
Pt/20%CeZr0; /Al 03; (D) Pt/30%CeZrO, [Al, O3, (E) Pt/40%CeZrO,/Al,05.
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exhibits higher oxygen mobility and promotes the mechanism of
carbon removal.

4. Conclusions

In this study, we investigated the effect of different CeZrO, load-
ings on the catalytic properties and performance for POM reaction
over Pt/x%CeZrO,/Al,03 catalysts (x=0-40wt.%). The characteri-
zation results showed that both BET surface areas and metallic
dispersions did not varied significantly with the increase of the
ceria-zirconia mixed oxide content. However, XRD results indi-
cate that, for samples containing 10 and 20 wt.% of CeZrO,, there
was the formation of a homogeneous solid solution. On the other
hand, for catalysts containing higher ceria-zirconia loadings (30
and 40wt.%), the solid solution formed was not homogeneous,
with evidence of an isolated zirconia phase. During catalytic tests,
initially all the samples presented similar activities. Over the reac-
tion period, Pt/Al;03 and the samples containing 30 and 40 wt.%
of CeZrO, deactivated, with H, and CO selectivities dropping and
CO, formation increasing. On the other hand, the samples with a
homogeneous ceria-zirconia solid solution (Pt/10%CeZrO,/Al,03
and Pt/20%CeZrO,/Al,03) remained quite stable during TOS, which
is likely due to high oxygen mobility in the lattice, which
helped to keep the surface of the catalysts free of carbon
deposits.
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