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ABSTRACT

The interaction between Pt and its various supports can regulate the intrinsic electronic structure of Pt
particles and their catalytic performance. Herein, Pt/CeO, and Pt/SiC catalysts were successfully prepared
via a facile Pt colloidal particle deposition method, and their catalytic performance in CO oxidation was
investigated. XRD, TEM, XPS and H,-TPR were used to identify the states of Pt particles on the support
surface, as well as their effect on the performance of the catalysts. Formation of the Pt—O—Ce
interaction is one of the factors controlling catalyst activity. Under the oxidative treatment at low
temperature, the Pt—O—Ce interaction plays an important role in improving the catalytic activity. After
calcining at high temperature, enhanced Pt—O—Ce interaction results in the absence of metallic Pt° on
the support surface, as evidenced by the appearance of Pt2* species. It is consistent with the XPS data of
Pt/Ce0,, and is the main reason behind the deactivation of the catalyst. By contrast, either no interaction
is formed between Pt and SiC or Pt nanoparticles remain in the metallic Pt° state on the SiC surface even
after aging at 800 °C in an oxidizing atmosphere. Thus, the Pt/SiC shows better thermal stability than Pt/
CeO,. The interaction between Pt and the active support may be concluded to be essential for CO
oxidation at low temperature, but strong interactions may induce serious deactivation of catalytic

activity.

© 2020 Published by Elsevier B.V. on behalf of Chinese Society of Rare Earths.

1. Introduction

Supported noble metals, especially Pt-based materials, have
been widely used in a variety of catalytic applications, especially
three-way catalytic systems, water gas shift reactions, and VOC
oxidation. ® Therefore, interest in the development of more
economically competitive catalysts for catalytic oxidation of pol-
lutants at ambient temperatures has grown. Over the last several
decades, research focus has shifted toward the effects of Pt size and
shape, the chemical nature of the support, and the interaction be-
tween the support and the metal.”~!! In this regard, the interaction
between Pt and its support has become a popular research
topic.!>1°
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The conventional approach to prepare Pt-based catalysts is wet
impregnation, which presents the advantages of technical
simplicity and reproducible metal ion loading; this technique is
widely used in industrial manufacturing.*!” Unfortunately, some
defects of the process have been reported. For example, the Pt
precursor is difficult to adsorb on “inert” support surfaces, resulting
in low Pt dispersion and catalyst activity. The adsorption phe-
nomena of the Pt precursor are significantly affected by three
important parameters: the isoelectric point of the oxide, the pH of
the aqueous solution and the nature of the metal complex.'$2!
Brunelle studied the possible adsorption between several Pt com-
plexes and silica or alumina.”® For silica, two conditions are
required: a solution pH higher than 1, preferably 6, and the use of a
metal cationic precursor. For alumina, two conditions are also
required: an anionic precursor solution with a pH lower than 8 and
a cationic precursor solution with a pH higher than 8. Chen et al.
also claimed that the nature of the support could significantly affect
the adsorption of the Pt precursor.* Based on conventional incipient
impregnation methods, the interaction between Pt and its support
cannot be easily distinguished from the composite system. The Pt
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particle size, microstructure of the support, and interaction be-
tween Pt and the support vary during thermal or redox treatment,
thereby increasing the complexity of influencing factors.?? 2>

Organic-phase synthesis is an important method used to pre-
cisely control the size and morphology of the Pt nanoparticles.?®2°
Mankin et al. reported the one-pot solution-phase synthesis of Pt
nanocubes and nanopods by adjusting the reaction time between 1
and 15 min.?® Huang et al. reported a general approach to obtain 2-
thick Rh-doped Pt nanowires via organic-phase synthesis.>’ Based
on this method, a novel strategy to promote the selective adsorp-
tion of the Pt precursor on the support surface was proposed; here,
the Pt precursor was first synthesized into mono-dispersed Pt
nanoparticles and then painted on the support.”’ The Pt loading
amount and dispersion of Pt nanoparticles can be effectively
controlled in this process. However, whether the nature of the
support has any effect on the catalytic activity of Pt nanoparticles
and how the interaction between these nanoparticles and the
support functions in this method remain unclear.

Ce0O,, which is known as an excellent “active support” due to its
superior physicochemical properties, has been widely used to build
the interaction between Pt and its support; the material features a
large number of oxygen vacancies owing to the facile Ce**/Ce>*
redox transition, which presents significant oxygen mobility and
storage capacity.’>>%3! SiC cannot activate oxygen but shows
several advantages, including high thermal conductivity, stability,
chemical inertness, resistance towards oxidation and mechanical
strength; as such, this material can be used as an excellent “inert”
support.>>=34 In the present paper, we employed these two
representative materials as supports to prepare Pt-based catalysts
using the Pt colloidal particle deposition method and investigated
the intrinsic catalytic activity of the resulting Pt nanoparticles. The
results of this work provide new insights into the preparation of Pt-
based catalysts with high activity and thermal stability, as well as a
better understanding of the role of Pt nanoparticles in enhancing
catalyst performance.

2. Experimental
2.1. Chemical agents

All chemical reagents were obtained from commercial sources
and used without further purification. Analytical grade cerium ni-
trate hexahydrate (Ce(NOs3)3-6H0; 99.5%) was purchased from
Sinopharm Chemical Reagent Co., Ltd. Silicon carbide (SiC; 99%),
oleylamine (OAm; >80%), oleic acid (OA; 99.5%), 1-octadecene
(ODE; >90%) and dinitrodiammineplatinum ammoniacal
(Pt(NH3)2(NO); 59%) were purchased from Shanghai Aladdin
Biochemical Technology Co., Ltd.

2.2. Catalyst preparation

2.2.1. Preparation of CeO, support

The CeO, support was synthesized through ammonia copreci-
pitation. Briefly, the required amount of Ce(NO3)3-6H,0 was dis-
solved in deionized water, and a suspension was achieved by
dropwise addition of 1 mol/L NH3-H0 until pH = 9—10. The pre-
cipitate obtained was isolated by filtration, washed thrice with
deionized water, and dried at 110 °C for 12 h. Finally, the sample
was calcined at 500 °C for 3 h. The sintered CeO, was calcined at
800 °C for 5 h.

2.2.2. Synthesis of Pt colloidal nanoparticles

In a typical synthesis of Pt colloidal particles, 20 mg of
Pt(NH3)(NO),, 10 mL of 1-octadecene, 5 mL of oleylamine and 5 of
oleic acid were mixed together in a three-necked round-bottomed

flask with a capacity of 50 ml and then heated at 70 °C for 5 min to
form a homogeneous yellow solution. The solution was then heated
at 200 °C for 2 h under the protection of Nj. After the solution was
cooled to room temperature, the product was precipitated by
ethanol, washed thrice with hexane, and re-dispersed in hexane.
Finally, black Pt colloidal particles were obtained.

2.2.3. Preparation of Pt/CeO, and Pt/SiC catalysts

In a typical synthesis, the appropriate amount of as-prepared Pt
colloidal nanoparticle solution was poured directly onto 1 g of
either CeO, or SiC at room temperature and stirred for 10 min. The
resultant mixture was then slowly heated under constant stirring
until complete evaporation of hexane. The solid product was
further dried at 110 °C overnight. Subsequently, the dried sample
was calcined at T (T = 200, 400, 600 or 800 °C) for 3 h in flowing air
to obtain the Pt-based catalysts. The loading of Pt on the supports
was fixed at 0.2 wt%, and the final samples prepared using CeO; and
SiC as supports were respectively denoted as Pt/CeO,-T and Pt/SiC-T
(T = 200, 400, 600, or 800 °C, representing the calcination
temperature).

2.3. Catalyst characterization

The structural features of all catalysts were characterized by
powder XRD. XRD patterns were recorded on a diffractometer
(ARLSCINTAG X'TRA) operated at 45 and 30 mA using nickel-
filtered Cu-Ka radiation. Diffractograms were registered between
20° and 80° (260) with a 0.02° step.

The specific surface areas of samples were determined by N;
adsorption measurements at —196 °C using the Brunauer-Emmett-
Teller (BET) method and a micropore porosity analyzer (3Flex,
Micromeritics, USA). Samples were pretreated under vacuum at
200 °C for 8 h prior to measurement.

The reducibility of the catalysts was studied by Hy-TPR experi-
ments on a chemisorption analyzer (FINESORB-3010E, Fantai,
China). Catalysts (100 mg) were pretreated in a U-shaped quartz
reactor at 200 °C for 1 h and subsequently cooled to 100 °C under an
air flow (30 mL/min). Then, the catalyst bed was subjected to a flow
(30 mL/min, 5% H; in Ar) at 100 °C for 20 min, followed by heating
at a constant rate (10 °C/min) up to 750 °C. Finally, the catalyst was
cooled under an Ar flow (30 mL/min). Hydrogen consumption was
monitored using a thermal conductivity detector operating at 60 °C
and 60 mA.

A Kratos AXIS Ultra DLD photoelectron spectrometer with a
monochromatized microfocused Al X-ray source was used for XPS
measurements (Shimadzu Scientific Instruments, Japan). The
charging of the samples was corrected by setting the binding en-
ergy of adventitious carbon (C 1s) to 284.6 eV. Prior to measure-
ment, the powdered samples were pressed into self-supporting
disks, loaded into a sub chamber, and then evacuated at 25 °C for
4 h.

The micromorphology and actual composition of the samples
were determined with a HRTEM (Tecnai G2 F30 S-Twin 300 kV,
Philips-FEI, Netherlands) microscope coupled to an EDS analyzer.

2.4. Catalytic test

The activity of the catalysts for oxidation of CO was measured
using a continuous-flow fixed-bed reactor system. In a typical
reaction, 100 mg of the as prepared Pt/CeO, sample (mixed with
200 mg of silicon) was directly placed in a U-shaped, quartz
microreactor with an internal diameter of 4 mm. The feed flow
through the reactor was 1% CO and 21% O, balanced with Ny. The
CO oxidation reaction was performed under a total gas flow rate of
42 mL/min to maintain a weight hourly space velocity of
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25000 mL/(g-h). Kinetic data were taken after 10 min of stream-
ing at each reaction temperature. The concentration of CO was
analyzed on-line by a gas chromatograph (GC-2014, Shimadzu,
Japan) equipped with a TCD at a given temperature for 5 times
after stabilization for 10 min.

The turnover frequency (TOF) of CO oxidation was calculated on
the basis of the dispersion of Pt nanoparticles on the catalyst sur-
face and conversion rate of CO is

TOF =Xco - Fco - Mpt / (Mcat - Xpt - Dpt) (1)

where Xco is the CO conversion at a certain temperature, Fco the
flow rate of CO in units of mol/s, mc,: the amount of catalyst, Xp; the
mass fraction of Pt in catalysts and Dp¢ the dispersion of Pt. TOF
represents the conventional calculation of CO frequency based on
metal dispersion.

3. Results and discussion
3.1. Characterization of the Pt colloidal particles

To obtain a stable Pt colloid, preparing monodispersed Pt
nanoparticles of the proper size is key. The size and morphology
of the Pt nanoparticles were examined by TEM and HRTEM, as
shown in Fig. 1. From Fig. 1(a) and (b), the Pt nanoparticles in the
parent solution are monodispersed and spheroidal in shape. A
lattice spacing of 0.23 nm corresponding to the (111) plane of Pt
could be observed on HRTEM images, thereby suggesting the
existence of Pt cubes. The distribution of cracked product
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fractions are depicted in the HRTEM image in Fig. 1(e). The
average size of the Pt nanoparticles is 5.1 nm, and the particles
show low aggregation and a narrow size distribution. The mon-
odispersed structure of the Pt nanoparticles promotes their
dispersal in liquid. Fig. 1(d) reveals that the Pt colloidal particles
are extremely stable and could be stored for 2 months without
delamination or sol destruction.

Pt/SiC and Pt/CeO; catalysts with 0.2 wt% Pt were prepared by
the Pt colloidal particle deposition method, and Fig. 2(al—a7)
show the TEM and HRTEM images and EDS mappings of Pt/SiC-
200. A homogeneous Pt nanoparticle distribution can be clearly
observed over Pt/SiC, and the metal presents a particle size of
5 nm (Fig. 2(a1—a3)). The EDS mappings (Fig. 2(a4—a7)) confirm
the observed homogeneous Pt distribution. These findings indi-
cate that high dispersion of Pt nanoparticles on the “inert” sup-
port can be effectively achieved and the particle size can be easily
controlled by the selected preparation process. After Pt loading,
the number of Pt nanoparticles significantly decreases, and the
grain size of Pt increases, as shown in Fig. 2(b1—b3), probably as a
result of the heating treatment. The EDS mappings (Fig. 2(b7))
further confirm the agglomeration of Pt nanoparticles. Conse-
quently, the Pt nanoparticles are unstable on the SiC surface, and
their size increases to 10 nm under the high heating treatment
(Fig. 2(b3)).

TEM and HRTEM images and the EDS mapping of the Pt/Ce0O,
catalysts calcined at 200 and 800 °C are shown in Fig. 3.
Discriminating the Pt nanoparticles between Fig. 3(a1) and (b1) is
difficult because the atomic number of Ce is 58 whereas that of Si
is 14, and the contrast of the CeO, support hinders identification of

Mean size = 5.1 nm
200 counts

30 35 40 45 50 55 60 65 7.0

Particle diameter / nm

Fig. 1. Photographs of the nano platinum colloid (c) and the sample after two months storage (d). TEM image (a), HRTEM image (b) and size histograms (e) of the Pt nanoparticles.
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Fig. 2. TEM images and EDS mapping of Pt/SiC-200 (a1—a3, a4—a7) and Pt/SiC-800 (b1—b3, b4—b7).

large Pt particles in these images.®>>% The HRTEM images in
Fig. 3(a2,a3) as well as the EDS mapping in Fig. 3(a7), clearly show
the presence of Pt. This observation agrees with the extraordi-
narily high dispersion of Pt nanoparticles on the surface of CeO,
during the preparation of the catalyst.”>3*”% Compared with Pt/

P 500 NN

SiC-800, Pt/Ce0,-800 shows no agglomeration of Pt nano-
particles. CeO, could play an important role in stabilizing in Pt
nanoparticles against sintering under an oxidative atmosphere at
high temperature, according to results published in
literature,>®~4!

O+CetPt

O+CetPt

Fig. 3. TEM images and EDS mapping of Pt/Ce0,-200 (al—a3, a4—a7) and Pt/Ce0,-800 (b1—b3, b4—b7).



380 K. Xi et al. / Journal of Rare Earths 38 (2020) 376—383

3.2. Characterization of the catalysts

Fig. 4 shows the XRD patterns of the Pt/CeO, and Pt/SiC samples
after treatment at various temperatures. The crystallite sizes as
calculated from the Scherrer equation are summarized in Table 1.
While the Pt/CeO, catalysts obtained after treatment at various
temperatures display a typical cubic fluoride CeO; crystal phase
(JCPDS Card No. 34-0394), the Pt/SiC catalysts display a hexagonal
SiC crystal phase (JCPDS Card No. 74-1302). No diffraction peak
related to Pt or PtOy phases (at 40°) could be observed in the XRD
patterns, which could be attributed to the low metal loading con-
tent.>?242 When Pt/Ce0, is oxidized at 800 °C, its pore structure
collapses, and the mean pore size increases from 13.3 to 18.3 nm. By
comparison, Pt/SiC maintains its structure even upon oxidation at
800 °C. This finding is supported by the BET surface area data in
Table 1, which shows that the surface area of Pt/CeO; steadily de-
creases from 63 to 15 m?/g as the calcination temperature increases
from 200 to 800 °C. The change in textural property of Pt/SiC is
completely different from that of Pt/CeO,; the BET surface area of
the former remains fairly stable even after treatment at 800 °C.
Thus, the physical structure of Pt/SiC is more stable than that of Pt/
Ce0Os.

3.3. Reduction behavior and chemical states

The reducibilities of the Pt/CeO, and Pt/SiC samples were
investigated using H,-TPR measurements, and the corresponding
reduction profiles are presented in Fig. 5. For pure CeO,, two broad
peaks could be observed in the range of 300—550 and 650—850 °C,
representing the reduction of surface and bulk oxygen, respectively.
After Pt loading, the Pt/CeO, samples demonstrate a significant
decrease in reduction temperature and increase in H, consumption
at low temperatures. This change is probably caused by the for-
mation of the Pt—O—Ce interaction, which can activate lattice ox-
ygen on the surface of CeO, and promote the low-temperature
reducibility of the catalysts.'**> As the oxidation temperature in-
creases, the Pt—O—Ce interaction becomes stronger and is able to
activate more lattice oxygen on the surface of CeO,, thereby causing
enhanced surface reduction.®*4* As shown in Table 2, compared
with that of Pt/Ce0,-200, the consumption of surface reduction
peaks increases from 76 to 391 umol/g for Pt/Ce0,-600 and
133 pmol/g for Pt/Ce0,-800. Because of the thermal sintering of
CeO3, the H, consumption of Pt/Ce0,-800 is lower than that of Pt/

4CeO
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Fig. 4. XRD patterns of the catalysts. (1) Pt/SiC-200; (2) Pt/SiC-600; (3) Pt/SiC-800; (4)
Pt/Ce0,-200; (5) Pt/Ce0,-600; (6) Pt/Ce0,-800.

Table 1
Textural parameters of various catalysts.

Sample SBET Vpore Pore size Crystallite size
(m?/g) (cm’[g) (nm) (nm)
Pt/Ce0,-200 63 0.21 133 9.2
Pt/Ce0,-600 48 0.17 14.5 124
Pt/Ce0,-800 15 0.07 183 33.2
Pt/SiC-200 12 0.03 11.0 51.5
Pt/SiC-600 10 0.03 11.7 51.2
Pt/SiC-800 11 0.04 14.2 53.8

Ce0,-600. In summary, the Hy-TPR study clearly demonstrates that
the Pt—O—Ce interaction actives the lattice oxygen on the surface of
CeO; and promotes the reducibility of the corresponding catalysts.
Interestingly, the bulk reduction peak of ceria in all samples at
800 °C is not affected by the presence of Pt or the calcination
temperature, which illustrates that the Pt—O—Ce interaction can
only activate the oxygen on the surface of CeO,. Fig. 5 reveals no Hp
consumption peak or PtOy reduction peak for both the SiC support
and Pt/SiC catalysts, likely because SiC cannot supply active oxygen
for H, consumption. This finding indirectly indicates that no
interaction is formed between Pt and SiC and that the Pt nano-
particles on the SiC surface are in the Pt° state, which corresponds
well to the XPS results.

To understand the effect of high heat treatment on the Pt
nanoparticles, XPS measurements were employed to probe the
chemical states of the Pt species in the Pt/CeO, and Pt/SiC catalysts.
Fig. 6 presents the XPS spectra of Pt 4f for Pt/SiC and Pt/Ce0O;, and
the data of surface Pt concentrations are listed in Table 3. As seen in
this figure, the Pt/Ce0,-200 catalyst shows four peaks at 70.9, 71.9,
74.2 and 75.2 eV. According to the literature, the BEs for pt° 4f7p2
and 4fs); are 71.1 and 744 eV, respectively.>>>4> The Pt?* peaks
at +1.9 eV relative to the peak position of Pt° are located at 73.0 and
76.3 eV. Thus, the peaks of Pt/Ce02-200 at 70.9 and 74.2 eV can be
assigned to Pt° 4f75 and 4fs;, respectively. The peaks at 71.9 and
75.2 eV shift by +1.0 eV from those of pto 4f7)> and 4fsp (70.9 and
74.2 eV, respectively), instead of shifting by +2.0 eV to form Pt**
species. This result indicates that, because of the Pt—O—Ce inter-
action, Pt nanoparticles not only exist on the CeO; surface as Pt°
species but also partly participate in the formation of the Pt—O—Ce
bond, resulting in the presence of unanticipated Pt** species.>>4°
For the Pt/Ce0,-800 catalyst, two single peaks at 72.8 and 76.1 eV
are observed, and these peaks correspond well to Pt>* species. That
is, all of the Pt nanoparticles participate in the formation of the
Pt—O—Ce bond in the Pt/Ce0,-800 catalyst, resulting in an abun-
dance of Pt** species on the support surface. The presence of
Pt—O—Ce interactions in the Pt/CeO, catalyst can be explained as
follows: If no Pt—O—Ce interaction occurs between Pt and CeO,, the
former decomposes into metallic Pt during oxidative treatment at
high temperatures according to the thermodynamic calculations.
This decomposition phenomenon can also be observed in Pt/Al;03
catalysts.>>*! By contrast, the Pt 4f line profile of all Pt/SiC catalysts
can be fitted to two peaks appearing at 71.2 and 72.6 eV, which, as
previously stated, can be explicitly assigned to Pt° 4f72 and 4fsp,
respectively. Pt° appears to be the dominant species for all Pt/SiC
catalysts, which means no obvious interaction occurs between Pt
and SiC.

3.4. Catalysts activity test

Fig. 7 presents the activities of the catalysts for CO oxidation as a
function of reaction temperature. Table 4 lists the temperatures
required to achieve removal efficiencies of 50% (Ts0%z) and 100%
(Tq00%), as well as the TOFp; values, which are calculated based on
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Table 2
H,-TPR characterization of CeO, and Pt/CeO, samples.

Samples Low-temperature reduction peak (°C) Hydrogen consumption (pumol/g)
CeO, 300—-600 335

Pt/Ce0,-200 120-290 76

Pt/Ce0,-600 170-290 391

Pt/Ce0,-800 290-380 133

0
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Fig. 5. H,-TPR profiles of the catalysts. (1) SiC (2) Pt/SiC-200; (3) Pt/SiC-600; (4) Pt/SiC-
800; (5) CeOs; (6) Pt/Ce0,-200; (7) Pt/Ce0,-600; (8) Pt/CeO,-800.

the Pt dispersion at 100 and 160 °C. The conversion of CO over pure
Ce0; is around 100% at 350 °C; by contrast, SiC shows no activity at
this temperature. Ceria can form active oxygen on its surface to help
catalyze CO oxidation.*> “® Compared with pure CeO,, the Pt/CeO,
catalysts exhibit better catalytic performance. In particular, the Tsqg
and Tigoy of Pt/Ce0,-200 are equal to 125 and 135 °C, respectively,
which are as low as 151 and 225 °C compared with those of pure
CeO,. According to the H,-TPR results, the Pt—O—Ce interaction
between Pt and ceria is beneficial for CO oxidation because it

Intensity (a.u.)

68 70 72 74 76 78 80
Binding energy / eV

Fig. 6. XPS patterns of the catalysts. (1) Pt/SiC-200; (2) Pt/SiC-800; (3) Pt/Ce0,-200;
(4) Pt/Ce0-800.

Table 3

XPS results of various samples.
Samples Pt loading (wt%) Species
Pt/SiC-200 0.21 pt°
Pt/SiC-800 0.20 pt°
Pt/Ce0,-200 0.22 Pt® + P+
Pt/Ce0,-800 0.21 pt?*

promotes activation of oxygen on the CeO; surface, which provides
ideally synergistic condition for CO oxidation.>>8

The activity of the Pt/CeO, catalysts decreases slightly when the
temperature is raised from 200 to 800 °C. Catalyst activity shows
the order: Pt/Ce0,-200 > Pt/Ce02-400 > Pt/Ce0,-600 > Pt/Ce0O;-
800, and CO conversion over these catalysts reveals large differ-
ences. The Tspyz and Tigoy of Pt/Ce0,-200 are 125 and 135 °C
respectively, while those of Pt/Ce0,-600 and Pt/Ce0,-800 are 225
and 255 °C and 240 and 360 °C, respectively. The calcination
temperature can thus be concluded to be a critical parameter
influencing the Pt/CeO, catalysts. Excessively high temperatures
may bring about deactivation of the catalyst, especially in Pt/CeO--
600 and Pt/Ce0,-800. To reveal the mechanism of deactivation of
the Pt/CeO; catalysts, detailed analysis was carried out. According
to published findings, sintering of ultrafine Pt crystallites dispersed
on SiO, and Al,03 supports under high calcination temperatures
may result in drastic decrease in catalytic activity.*>*° In the Pt/
CeO, catalysts, however, no sintering phenomenon occurs in the
agglomerated powder and nanoparticle's size, according to Fig. 3.
Thus, sintering of Pt nanoparticles is not the main reason behind
the deactivation of the Pt/CeO, catalysts. Besides, we proved that
the structure of the Pt/CeO, catalysts is unstable according to XRD
and BET results, and their specific surface area decreased rapidly
with increasing heat treatment temperature.

To avoid the influence caused by structural changes, compara-
tive experiments were conducted. In this case, the CeO, support
was first calcined at 800 °C, after which the Pt supported catalysts
were prepared via the same procedure described in the previous
section. The final catalysts were denoted as Pt/Ce02(800)-T
(T = 200, 400, 600, 800 °C). The performance of the catalysts is
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Fig. 7. Conversion of CO over SiC, CeO,, Pt/SiC and Pt/CeO, catalysts (Feed gas: 1% CO,
21% O,, balance N,, WHSV = 25000 ml/(g-h)).
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Table 4
Catalytic performances for various catalysts.

Sample Catalytic activity TOFp¢ (s71) TOFp” (s 1)
Tsox (°C) T100% (°C)

Pt/SiC-200 195 200 — 0.11
Pt/SiC-400 182 200 — 0.14
Pt/SiC-600 173 190 — 0.15
Pt/SiC-800 215 230 — 0.08

CeO, 276 360 — —
Pt/Ce0,-200 125 135 0.15 -
Pt/Ce0,-400 123 140 0.06 -
Pt/Ce0,-600 225 240 — 0.75 x 102
Pt/Ce0,-800 255 360 - 0.17 x 102

2 The TOF values were calculated at 100 °C.
b The TOF values were calculated at 160 °C.

shown in Fig. 8. The activity of the Pt/CeO(800) catalysts demon-
strates the same change trend as the Pt/CeO; catalysts under high
heat treatment temperatures, and obvious deactivation could also
be observed. Therefore, the structural instability of the Pt/CeO;
catalysts is not the main reason behind their deactivation. The
Pt—O—Ce interaction is formed between Pt and CeO, according to
H,-TPR results, and the interaction becomes stronger as the
oxidation temperature increases from 200 to 800 °C, as evidenced
by the shift in surface reduction peak of Pt/CeO, in the H,-TPR plots.
The XPS patterns show that the Pt—O—Ce interaction exerts an
obvious influence on the state of the Pt nanoparticles. For Pt/CeO,-
200, a relatively weak Pt—O—Ce interaction is formed between Pt
and CeO,; thus, the Pt nanoparticles not only participate in the
formation of the Pt—O—Ce bond, which provides the active oxygen
for CO oxidation, but also exists on the CeO, surface as Pt° species,
which provide the main sites for CO adsorption. Given these char-
acteristics, the Pt/CeO, catalysts show good activity under low
thermal treatment. After calcination at high temperature, however,
stronger Pt—O—Ce interactions result in the absence of Pt species,
and all of the Pt nanoparticles participate in the formation of the
Pt—O—Ce bond. Abundant surface Pt is essential to provide suit-
able active sites for facile oxidation of CO.?* Thus, the absence of
surface Pt® induces the obvious deactivation of Pt/Ce0,-800.

Fig. 7 illustrates that the Pt/CeO- catalysts have higher activity
than the Pt/SiC catalysts calcined at low temperature (200 and
400 °C), thereby suggesting the promoting effect of the Pt—O—Ce
interaction. The T5py and Tygoy% of Pt/Ce0,-200 are equal to 125 °C
and 135 °C, respectively, which are low as 70 and 65 °C compared
with those of Pt/SiC-200. After calcination at 800 °C, however, the
opposite activity is observed, and the Ts5gy and T1goy of Pt/SiC-800
are equal to 215 and 230 °C, respectively, while those of Pt/CeO»-
800 are 255 and 360 °C. The Pt/SiC catalysts are seemingly more
thermodynamically stable than the Pt/CeO; catalysts, even under

100} —=—Pt/ CeO,(800) - 200
—A—Pt/ Ce0,(800) - 400
g0k —v—Pt/Ce0,(800) - 600

—&—Pt/ CeO,(800) - 800

—=—Pt/SiC 200
60 —a—pt/siC - 400
—v—Pt/SiC - 600
40} ——Pt/SiC - 800
—e—Ce0,(800)
20F —*siC

Conversion of CO /%

bl K

50 100 150 200 250 300 350 400
Temperature / 'C

Fig. 8. Conversion of CO over SiC, CeO, (800), Pt/SiC and Pt/Ce0, (800) catalysts (Feed
gas: 1% CO, 21% O, balance N,, WHSV = 25000 ml/(g-h)).

high-temperature heat treatment. The slight decrease in activity
compared with that of Pt/SiC-200 is due to the agglomeration of Pt
nanoparticles (Fig. 3). No interaction appears to be formed between
Pt and SiC, and Pt nanoparticles remain in the Pt° state on the SiC
surface even after aging at 800 °C in an oxidizing atmosphere. This
abundance of surface Pt° allows Pt/SiC to show better thermal
stability than the Pt/CeO; catalysts.

4. Conclusions

In this study, Pt/CeO, and Pt/SiC catalysts were successfully
synthesized via a simple Pt colloidal particle deposition method.
Formation of the Pt—O—Ce interaction can be observed from the
H,-TPR and XPS results, and findings reveal that this interaction
does not always increase catalyst activity. Under low thermal
treatment (200 and 400 °C), the Pt—O—Ce interaction plays an
important role in improving catalytic activity by activating the
surface oxygen of CeO,. After calcining at high temperature (600
and 800 °C), intensification of the Pt—0O—Ce interaction results in
the absence of surface Pt°, which provides the main sites for CO
adsorption, and the Pt/Ce0,-800 catalyst is obviously deactivated.
While no interaction is formed between Pt and SiC, Pt/SiC-200
shows lower activity than the Pt/Ce0,-200 catalyst. After calcina-
tion at 800 °C in an oxidizing atmosphere, however, an abundance
of surface Pt endows Pt/SiC-800 with better thermal stability than
Pt/Ce0,-800. These results demonstrate that the interaction be-
tween Pt and its active support presents a double-edged sword for
CO oxidation, and strong interactions may induce serious deacti-
vation of Pt-based catalysts.
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