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Abstract

Developing a low cost and high efficiency synthetic pathway is essential for the large-scale application of supported noble
metal catalysts in many important environmental catalytic reactions, especially for volatile organic compounds (VOCs)
catalytic oxidation. In this study, we report a facile chemical wet ball-milling method to control the metal-support interactions
and platinum (Pt) nanoclusters (1.12 + 0.23 nm) supported cordierite honeycomb ceramic (CHC) catalysts with enhanced
toluene oxidation performance is obtained. The optimized Pt/CHC catalyst with Pt loading as low as 1.0 wt.% could convert
90% toluene (1000 ppm) to CO, at about 160 °C under a space velocity of 40000 mL g™ h™. The catalyst also exhibits a low
apparent activation energy of 44.1 kJ mol?, high stability for more than 60 h and moisture resistance properties under
reaction condition. It is concluded that the high adsorbed oxygen species concentration, better low-temperature reducibility,
and synergistic effect between Pt nanoclusters and CHC support is responsible for enhanced catalytic performance.
Furthermore, the present wet ball-milling synthetic strategy paves a new avenue for mass production of highly efficient
supported noble metal catalysts for environmental applications.
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severe adverse influence on human health and ecological
environment, e.g., photochemical smog and ozone pollution.®

1. Introduction
In recent years, increasing levels of air pollution has been

universally recognized as a global environmental and social
concern. Being a major source of gaseous pollutants,
volatile organic compounds (VOCs) are widely used in
industrial processes including painting, pharmaceuticals,
dyeing, and petrochemicals as solvent or reagent, causing
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8 Among various techniques utilized to control VOCs
emission, catalytic oxidation was demonstrated as an efficient
and cost-effective technology due to lower energy
consumption and lack of secondary pollution compared to
conventional thermal methods.**d Tremendous efforts have
been devoted on developing catalysts with superior
performance and stability, while their cost and controllable
preparation methods at large scale have drawn limited
attention.

Represented by cordierite honeycomb ceramics (CHC),
porous ceramic materials have emerged as a promising
candidate for applications in filtration and separation, catalyst
substrates and pollution prevention/control.l**1% It is also a
secondary support of monolithic catalysts commonly used in
practical VOCs emissions to facilitate the mass transfer and
reaction processes. Though offering advantages such as
resistance to high temperature, chemical corrosion and
excellent porosity, there still remains concerns on
homogeneity, reliability and durability of coating catalytic
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components, hindering its further large-scale applications.[6:17]
It can be determined from an abundance of researches that the
irreducible oxides of elements contained in cordierite (e.g.,
Si0,, Al,0O3, MgO) are also favorable substrate materials for
catalysts toward environmental purification and have been
widely applied in the fabrication of supported noble metal
catalysts, which is considered as the most promising advanced
catalyst because of unique physical and chemical properties
and extremely high specific activities at low temperatures.[*®
211 For example, nanoscale particles and clusters of platinum
(Pt) have been proved to facilitate the complete oxidation of
VOC:s such as ethyl acetate and toluene, and a loading amount
of up to 1.0 wt.% is optimal for the synthesis of such catalysts
in a cost-effective method.???1 Meanwhile, despite of the
structural design and performance optimization of catalysts
which directly associated with energy consumption, their
controllable preparation process and economic limitations are
also the key-points to be considered in their scalable
applications.?*?1  Recently, mechanochemical treatment
containing ball-milling and related techniques has recently
grown in interest for nanomaterials synthesis in fields like
environmental treatment, electrocatalysis, renewable energy
and industrial production.??! Compared to the traditional
synthesis like impregnation, calcination and co-precipitation,
mechanochemical pathways can be performed to avoid local
concentrations or agglomerations under mechanical forces
with minimal solvent usage and fabrication cost.%32 Such
economical preparation with controlled morphology and
properties by easy scale-up procedures facilitates the practical
application of heterogeneous catalysts. Furthermore, the
effective reduction into desired nanostructures and
immobilization on substrates of noble-metal precursors, as
well precisely modulate the metal-support interactions make it
a novel and feasible choice for synthesis of supported noble
metal catalysts.[®33 Therefore, it is imperative and fascinating
to investigate the mechanically assisted preparation method
and potential application of Pt nanostructure immobilized on
cordierite honeycomb ceramics with low cost and ready
availability to meet the requirements for advanced catalytic
performance in VOCs oxidation.

In this study, we reported a facile chemical wet ball-milling
strategy for preparation of Pt nanoclusters immobilized on
cordierite substrate (Pt/CHC) as efficient catalysts for the
catalytic oxidation of toluene. To understand and
systematically evaluate the catalytic performance, Pt/CHC
catalysts with various Pt loading amounts (0.2, 0.5 and 1.0
wt.%) under the same parameter of ball-milling treatment. The
morphology, structure and catalytic activity for toluene
catalytic degradation were investigated in detail by a series of
characterizations, and the enhancement mechanism of Pt
nanoclusters  immobilization to catalytic  oxidation
performance was refined. The metal-support interaction as
well as oxygen vacancy at the interface between Pt species and
cordierite substrate were optimized by mechanochemical
treatment, offering better adsorption and activation of
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reactants, thus leading to excellent catalytic activity and
stability for toluene combustion. This work presents a
promising strategy for the scalable development of high-
performance supported noble metal catalysts for
environmental treatment.

2. Experimental section

2.1 Materials

Cordierite honeycomb ceramic (CHC, 2Mg0O-4A1,03-5S510,,
supplied by Hyperion Co., Ltd.), absolute ethanol (C;HsOH,
99.8%, Aladdin), Tetraammineplatinum dinitrate
([Pt(NH3)4](NO3)2, Aladdin) and deionized water were used as
received without further purification except for special
declaration in this work.

2.2 Synthesis of Pt nanoclusters supported CHC catalysts
In a typical synthesis, 500 mg pristine bulk CHC substrate was
firstly ground into powder by a mechanical ball milling
method at a speed of 300 rpm and then sonicated in a high-
power sonic bath (100 W) into 30 mL of ethanol solvent for
40 min to form a homogeneous suspension. 30 mg [Pt (NH3)4]
(NO3), was immersed into 500 pL deionized water and
sonicated to achieve a uniformly suspension as Pt precursor
solution. The as-obtained suspensions of CHC substrate and
Pt precursor was then continuously stirred for 2h to ensure the
sufficient adsorption and reducing of Pt species. The post-
reaction solution was transferred into a corundum tank and
ball-milled at a speed of 150 rpm for 30 minutes. Finally, the
Pt nanoclusters supported CHC catalyst with a Pt loading
amount of 1.0% (denoted as 1.0% Pt/CHC) was obtained by
vacuum filtration and drying the solution afterward. The Pt
nanoclusters supported CHC samples with different Pt loading
amounts of 0.5 wt.% and 0.2 wt.% were obtained under the
same ball-milling parameters by changing the volume of Pt
precursor solution added into the reaction system (denoted as
0.5% Pt/CHC and 0.2% Pt/CHC, respectively).

2.3 Characterization

The microstructure and energy dispersion spectroscopy (EDS)
elemental mapping images of samples were characterized by
aberration-corrected high-resolution transmission electron
microscopy (HRTEM, JEOL JEM-ARM200F). The
morphology of samples was also characterized by field
emission scanning electron microscope (FE-SEM, LEO-1530,
Zeiss, Germany). The concentration of Pt element was
determined by inductively coupled plasma atomic emission
spectrometry (ICP-AES) analysis performed on a Thermo
ICAP-6300 instrument. The structural characterizations of
phase and chemical bonds were performed by powder X-ray
diffractometry (XRD, D/max 2500 V, Rigaku) using a Cu Ka
as radiation source, and X-ray photoelectron spectroscopy
(XPS, ESCALAB 250Xi, Thermo Fisher Scientific). To
investigate the reducibility of as-prepared catalysts, the Ho-
TPR characterization was carried on a Micromeritics Auto
Chem II 2920 from 50 °C to 800 °C, with a heating rate of
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10 °C min!. In-situ diffuse reflectance infrared Fourier
transform spectroscopy (DRIFTS) for toluene oxidation is
carried out on Bruker Tensor-1II instrument, equipped with a
mercury cadmium telluride (MCT) detector cooled by liquid
nitrogen. The samples were firstly pretreated at 250 °C for 40
min in Oy flow and then cooled to 100 °C. The spectrum is
recorded and used as the background. Toluene was introduced
into the sample by carrier gas. The spectra were collected
under steady state with a heating rate of 5 °C min™".

2.4 Catalytic activity test

The Catalytic activities of samples were evaluated in a
continuous flow fixed-bed quartz tubular microreactor (i.e. 6.0
mm). 50 mg of the sample sieved to a particle size of 40-60
mesh was diluted with 250 mg of quartz sands (40-60 mesh)
to minimize the influence of hot spots. The N, stream which
passes through liquid toluene in an ice-water isothermal bath
is mixed with another N> and O, gas mixture with a total flow
of 33.3 mL min'"to obtain the toluene vapor concentration of
1000 ppm and the space velocity (SV) was 40000 mL g h™!.
For water vapor introduction, 5.0 vol% H,O was introduced
by passing the feed stream through a water saturator at 34 °C.
Before activity test, each sample was treated in an oxygen flow
of 20 mL min™ at 250 °C for 1 h. The inlet and outlet gases
were analyzed online by a Shimadzu gas chromatography
(GC-14C) equipped with a flame ionization detector (FID) and
a thermal conductivity detector (TCD).

The catalytic oxidation activities for toluene of the samples
were evaluated using the temperatures required for achieving
toluene conversions of 50 and 90, respectively (750 and 7oo).
Toluene conversion was defined as follows:

a= (Cinlet = Coutlet) / Cinlet x 100% (1)

e

Cordierite + Pt precursor
Stirring for absorbtion

Ball milling
150 rpm, 0.5 h

b

where, the Cine and Couter Tepresents the inlet and outlet
toluene concentrations in the feed stream.

The activation energies are calculated using the Arrhenius
relationship as follows:

In i=—E,/ RT+ InA 2)

where, E, represents the apparent activation energy and A
represents the pre-exponential factor.

Furthermore, the values of TOFym and specific reaction
rates were used to compare the catalytic activities of catalysts
and the values were defined as follows:

TOFm = mCo/nm

specific reaction rates = mCo/wm

3)
“
where, m is the toluene conversion at a typical temperature
(e.g., 140 °C), Cp (mol/s) is the initial toluene concentration
per second, nv (mol) is the molar amount of noble metal or
oxide, and w is the weight of noble metal or oxide.

3. Results and discussion

3.1 Synthesis and morphology

In order to achieve the efficient and accurately modifications
of catalytic active components on cordierite honeycomb
ceramic, which has been extensively applied in the field of
monolithic catalysts, we propose a mechanochemical ball
milling strategy for the synthesis of Pt/CHC catalysts. As
illustrated in Fig. la, The bulk lumps of CHC was first
mechanically crushed into powder by ball milling method for
homogeneously dispersion. Then, the post-milled CHC
substrate was immersed into ethanol solvent and adequately
sonicated to achieve a uniformly suspension. A water solution
of [Pt (NH3)4] (NO3)2 was introduced into the CHC suspension
and continuously stirred for 40 min. The solution of Pt
precursor and CHC substrate was further transferred into a
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Pt nanoclustersicordierite catalyst

Fig. 1 (a) Synthetic process of catalysts by chemical wet ball-milling strategy. Optical photographs of (b) the CHC monolith, (c)

pristine bulk CHC and (d) 1.0% Pt/CHC catalyst at large scale.
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corundum tank and ball milling at room temperature. The Pt
precursor was chemically reduced into relatively small-sized
nanoclusters and adequately immobilized on the CHC
substrate under the mechanochemical effects provided by ball-
milling. Small amount of ethanol was introduced into the
reaction system to act as both a weak reducing agent with slow
kinetics and a solvent to improve the homogeneity of
products.®3 Fig. 1b presents an optical photograph of a
commercial cordierite honeycomb ceramic monolith with low
cost and ready availability, which can be flexibly
manufactured corresponding to required specification. The
pristine bulk cordierite substrate and as-synthesized 1.0%
Pt/CHC catalyst are depicted in Figs. 1c-d, demonstrating that
the mechanochemical strategy facilitates the large-scale
preparation of such catalysts.

The morphology and microstructure of Pt immobilized
CHC catalysts were investigated by SEM and HRTEM.
Compared to the SEM images of pristine CHC substrate in
larger sizes in Figs. 2a-c, the Pt/CHC catalyst treated by
mechanochemically ball-milling exhibited the uniformly
distributed island-like structures with an average size
decreased into about 500 nm (Figs. 2d-f), favoring the
subsequently sufficient dispersion and homogenous loading of
Pt nanostructures on surface of CHC substrate. The HRTEM
images of the as-synthesized 1.0% Pt/CHC catalyst at different
magnifications were displayed in Figs. 3a-c, suggesting that
the small-sized Pt nanoclusters are successfully anchored on
the surface of CHC substrate with an average size of 1.12 +
0.23 nm, the size distribution histogram based on a
corresponding typical TEM image of which were shown in Fig.
S1. Furthermore, the homogeneous distribution of Pt
nanoclusters and elements composition of the 1.0% Pt/CHC
catalyst was also revealed by the energy dispersive
spectroscopy (EDS) elemental mapping of O, Si, Mg, Al and
Pt in Figs. 2d-i. The loading amount of Pt in the catalyst is
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totally as low as 0.2, 0.5 and 1.0 wt.%, which is precisely
controlled with the change of Pt precursor solution volume and
determined by ICP-AES (shown in Table S1). Therefore, the
results of morphology characterizations corroborate the
formation of the desired material by design.

3.2 Structural characterizations

XRD and XPS characterizations were further investigated to
get insight into the crystal structure and chemical valence state
of as-prepared catalysts. As shown in Fig. 4a, the characteristic
diffraction peaks corresponding to cordierite phase (JCPDS
PDF#48-1600) can be observed for pristine CHC substrate and
all of the Pt immobilized catalysts with a loading amount
range of 0.2~1 wt.%.5% No obvious Pt phase can be indexed
in the XRD pattern of Pt/CHC samples, demonstrating the
uniformly distribution of small-sized Pt nanoclusters and no
obvious changes were induced to the crystal phase of
cordierite due to the modification of Pt.73l To identify the
chemical state of Pt, O elements and analyze the metal-support
interaction in these Pt/CHC catalysts, 1.0% Pt/CHC sample is
used as a substitute for XPS characterization because the low
Pt signal of 0.2 and 0.5 % Pt/CHC samples cannot be well
measured well due to the detect limit. All of the binding
energies are calibrated by using a C 1s at 284.8 eV as internal
standard. The XPS survey spectrum of both CHC and 1.0%
Pt/CHC was shown in Fig. S3, verifying the presence of
elemental Mg, Al, Si and O. It should be noted that the Pt 4d
spectrum was used in this study because of the Al 2p spectrum
overlaps with that of Pt 4f. As displayed in Fig. 4b, the Pt 4d
XPS spectrum of the 1.0% Pt/CHC sample (310-322 eV) can
be deconvoluted into three peaks corresponding to species
typical for Pt® (~514.1 eV), Pt?* (~316.2 eV) and Pt*" (~318
eV), indicating that the dominate Pt element presents as
oxidation state of Pt*" and Pt*'on the surface of CHC
substrate.’1 O 1s XPS spectrum was performed to obtain an

3 P A
Fig. 2 SEM images of (a-c) bulk lumps of CHC sample; (d-f) CHC sample mechanically crushed by ball milling.
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Fig. 3 (a-c) HRTEM images of the as-synthesized 1.0% Pt/CHC catalyst. (d-i) EDX elements mapping images for 1.0% Pt/CHC of

0, Si, Mg, Al and Pt elements.

in-depth understanding of the migration and transformation
ability of surface oxygen properties in Fig. 4c. The spectra of
both samples can be fitted into two peaks at 530.6 and 531.7
eV, assigned to the lattice oxygen species (Or) and surface
absorbed oxygen species (Oabs), respectively. The ratio of Oaps
in the 1.0% Pt/CHC sample reflecting the content of reactive
oxygen species with stronger migration ability was higher than
that of CHC substrate.[0:41] It can be suggested that the
immobilization of Pt nanoclusters facilitates the formation of
more reactive oxygen species, further promoting the catalytic
oxidation processes. H» TPR experiments were carried out to
investigate the reducibility of the CHC substrate and Pt/CHC
samples (Fig. 4d). Only one reduction peak centered at 282 °C
could be observed for CHC substrate, which was attributed to
the reduction of the bulk cordierite species and almost
irreducible in this temperature range. With the immobilization
of Pt nanoclusters, the reduction peak appeared in the range of
534-544 °C, assigned to the reduction of high-valence Pt
species and the possible reduction of the surface cordierite.
What's more, the reduction peak appeared at 445 °C of 1.0%
Pt/CHC was due to the reduction of large amount of reducible
Pt*". Compared to the temperature (282 °C) at the first
reduction peak of CHC, the temperature for the reduction of

© Engineered Science Publisher LLC 2022

samples with increasing Pt contents were shifted to a lower
temperature. Above results suggested that there was presence
of a strong interaction between Pt and CHC substrate, giving
rise to the improvement in low-temperature reducibility of the
Pt/CHC samples and beneficial influence for the catalytic
activity enhancement. It can be evidenced that the total H»
consumption (0.203 mmol/g ca) of 1.0% Pt/CHC was much
higher than those of 0.5, 0.2% Pt/CHC and CHC substrate
(0.104, 0.085 and 0.0026 mmol/g ca). The higher total H»
consumption demonstrated more amounts of adsorbed oxygen,
which was in good agreement with XPS results.*2# The in-
situ DRIFTS spectra of the as-prepared 1.0% Pt/CHC catalyst
and CHC substrate at different temperatures were carried out
to detect the oxidation of toluene reactant. The bands in the
range of 2880-3088 cm! were ascribed to the vibrations of C-
H bands of toluene molecules, while the bands between 2300-
2350 cm! could be assigned to the vibration of CO production
from the catalytic oxidation.*+*! As for 1.0% Pt/CHC sample
(Fig. 4e), the conversion of toluene could be observed clearly
when the temperature increased, which also accompanied with
an obvious increase of signals corresponded to CO». It can be
confirmed that the oxidation of toluene to CO; could be
proceed on the surface of 1.0% Pt/CHC catalyst at lower

Eng. Sci., 2022, 19, 215-224 | 219



Research article

Engineered Science

a
1.0% Pt/CHC
4-:\ 0,
S 0.5% Pt/ICHC
S
g 0.2% Pt/CHC
=
7]
c
)
)
= Pt PDF#04-0802 |
2MgO-4Al,0,-5Si0, PDF#48-1600
| [ JI | P BRI | T I Ly 1 1 | T
20 30 40 50 60 70 80
20 (°)
b C
o raw curve 0 &b O raw curve .
1.0% Pt/CHC Pt 4 1.0% PtICHC ¢
- o £/ A\ - '
=- o 3’ ’ (8] =-
s ez /0 ) L] ,
> Pto / o > s
:': o ] / Do po :.:
(72} o, o 5 n o raw curve
c o BOD “ c CHC
Q =] 8] 0o g Q
b= g <ie / a” -
E B o o { 9 o E
@ /
s [m
o u] [a]
o
[a]a]
310 312 314 316 318 320 322 528 530 532 534
Binding energy (eV) Binding energy (eV)
d e
—— 1.0% Pt/CHC \ 445 °C 1.0% Pt/CHC
—— 0.5% PH/CHC !
— 0 I o —_
3 0.2%PUCHC |1l s34°C 5 w
. |——cHc ! .
© | ©
— I i S 180 °C
= n 544 °C -'?
() ' i169°C J\_f\_ 7] 160 °C
c L . c
2 . |256°C 1534°C 3
' 282°C ' 120 °C
— rndpurd AN
! 100 °C

100 200 300 400 500 600 700 800
Temperature (°C)

Fig. 4 (a) XRD patterns of Pt/CHC catalysts with different Pt loading amounts and CHC substrate. High-resolution XPS spectra of
(b) O 1s and (C) Pt 4d for CHC and 1.0% Pt/CHC catalysts. (d) H,-TPR profiles of Pt/CHC catalysts with different Pt loading

4000 3500 3000 2500 2000

Wave number (cm-1)

amounts and CHC substrate. (e) In-situ DRIFTS spectra of toluene oxidation over 1.0% Pt/CHC catalyst.

temperatures. In contrast, the in-situ DRIFTS spectra of CHC
substrate was presented in Fig. S2, nearly no change could be
observed over the bands of toluene and few signals assigned
to CO, were observed in the temperature range from 100 to
200 °C, showing that oxidation of toluene could hardly occur
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over the pristine CHC substrate.
3.3 Catalytic performance
The catalytic performance of toluene oxidation over the

Pt/CHC catalysts was demonstrated by a continuous-flow
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fixed-bed reactor and analyzed by GC, the schematic diagram
of which was shown in Fig. 5. As presented in Fig. 6a, the
pristine CHC exhibited poor activity for toluene oxidation and
the toluene conversion increased with the rise of reaction
temperature, suggesting that small loading amounts of Pt
nanoclusters onto CHC surface could significantly enhance
the catalytic performance. The high conversion rate from
toluene to CO» production could be experimentally proved by
GC images in Fig. S4 and changes of corresponding peak areas

-
=

Toluene

Ice bath

in Table S2. The temperatures required for 10%, 50% and 90%
conversion of toluene (denoted as T'o, 750 and Too) over 1.0%
Pt/CHC catalyst were 122, 148 and 160 °C, while the 759 and
Too values for 0.5% Pt/CHC (145, 173 and 190 °C) and 0.2%
Pt/CHC (165, 195 and 208 °C) were obviously higher than
those of the 1.0 % Pt/CHC sample (Fig. 6b). Additionally, the
apparent activation energies (F£,) are evaluated by using the
Arrhenius relationship in Fig. 6¢c. The E, over 1.0% Pt/CHC
was 44.1 kJ mol™!, followed by 0.5% (49.3 kJ mol ™), 0.2%
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Tolueng l
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Fig. 5 Schematic diagram of the experimental setup for testing catalytic performance of synthesized catalysts for toluene oxidation.
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Arrhenius plots for the oxidation of toluene over different cataly

sts. (d) Toluene conversion activity of 1.0% Pt/CHC catalyst at

various flow rates. (¢) Stability test of 1.0% Pt/CHC catalyst for toluene conversion. (f) Water effect on toluene conversion over 1.0%

Pt/CHC catalyst.
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(53.7 kJ mol™") Pt/CHC and CHC (69.8 kJ mol™), kinetically
confirming the fact that the enhanced metal-support
interaction due to Pt immobilization had significant influence
on intrinsic activities of catalysts.®l In addition, TOFp; and
specific reaction rates were calculated at 140 °C to compare
the catalytic activities of samples.*’%81 As displayed in Table
S3, 1.0% Pt/CHC sample exhibited much higher TOFp; and
specific reaction rates than those of comparative samples with
different loading amounts, showing that the introduction of Pt
nanoclusters of higher amounts had a greater enhancement on
the catalytic activity. It is important to investigate the toluene
oxidation over the catalysts at higher SV values for the
practical application consideration. The effect of SV from
40000 to 80000 mL g h™! on toluene conversion over the 1.0%
Pt/CHC catalyst were probed in Fig. 6d and the conversion
dropped with a rise of SV at the same reaction temperature, as
a result of the of the shortened contact between the reactants
and the catalytic active sites.*l Fig. S5 showed the effect of
toluene concentration on the catalytic activity and the catalytic
activity of 1.0% Pt/CHC decreased with the increasing
concentration. The 799 was only about 20 °C higher when the
concentration increased from 500 to 1500 ppm, further
indicating the superior catalytic activity. The excellent
stability of the as-synthesized 1.0% Pt/CHC was demonstrated
in Fig. 6e through the long-term test at 180 °C and SV of
40000 mL g h'!l. The catalyst maintained a high and stable
conversion rate of nearly 100% for up to 60 h and almost no
fluctuation could be observed during the reaction process. The
morphology stability of the 1.0% Pt/CHC was demonstrated
by a distribution histogram with an average size of 1.18 + 0.11
nm based on the typical TEM image in Fig. S6, where almost
no obvious agglomeration could be observed. In addition,
water is known to exist as a typical factor causing activity
decrease in catalytic combustion of VOCs, so it is necessary
to investigate the water resistance property of catalysts.[% As
shown in Fig. 6f, when 5.0% water vapor was introduced into
the reactor system at the temperature of 180 °C, only a small
activity decline could be observed in the toluene conversion
profile. The catalytic performance could be recovered in a
short period of time after the removal of water vapor, proving
the desirable resistance to water vapor in reaction atmosphere
of the 1.0% Pt/CHC -catalyst. A comparation with other
catalysts on toluene oxidation performance over 750 and Too
values as well as reaction conditions were tabulated in Table
S4, demonstrating that the 1.0% Pt/CHC displays competitive
performance among recent reported results.

4. Conclusions

In summary, an efficient chemical wet ball-milling strategy
was successfully developed to synthesis of Pt nanoclusters
supported cordierite honeycomb ceramic catalysts with
various Pt loading amounts with enhanced toluene oxidation
performance. The as-synthesized 1.0% Pt/CHC catalyst
achieved a 90% conversion rate toward 1000 ppm toluene at
160 °C under the SV of 40000 mL g ' h™!. The superior
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intrinsic kinetic of the 1.0% Pt/CHC sample was indicated by
the E. of 44.1 kJ mol', much lower than those of other
comparative samples. A distinguished long-term stability for
more than 60 h and resistance properties to water vapor during
reaction process were also experimentally demonstrated. The
optimized performance can be ascribed to high adsorbed
oxygen species, excellent low-temperature reducibility and
enhanced metal-supported interaction between Pt nanoclusters
and CHC substrate. Thus, the novel mechanochemical
synthetic strategy paves a promising avenue to the large-scale
production of supported noble metal catalysts with superior
performance for practical environmental applications.
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