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Cover: Prof. He and his coworkers in their Article on pages 1438-1445
reported the laboratory study of catalyst formulation and washcoating technolo-
gy for the V,05-WO,/TiO, system, and also the establishment of an NH3-SCR
(selective catalytic reduction of NO, with NHj) catalyst production line of
which the product can make the heavy duty diesel vehicles meet the China IV

emission standard.
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Chinese Journal of Catalysis is an international journal published monthly by Chinese Chemical Society, Dalian Institute of Chemical
Physics, Chinese Academy of Sciences, and Elsevier. The journal publishes original, rigorous, and scholarly contributions in the fields of
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chemicals, and fine chemicals;
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related to catalysis.
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Highlight
Chin. J. Catal,, 2014, 35: 1431-1432  doi: 10.1016/S1872-2067(14)60183-2

Recent progress on photocatalysts with wide visible light range
absorption for heterogeneous water splitting

Shanshan Chen, Fuxiang Zhang * O
Dalian Institute of Chemical Physics, Chinese Academy of Sciences o

Recent progress on wide visible light range photocatalysts for heter-

ogeneous water splitting was summarized, and the next challenge of 2 H O hy
—
developing an efficient 600 nm class photocatalytic water splitting 2 photocatalyst

system was highlighted.

Communication

Chin.J. Catal, 2014, 35: 1433-1437  doi: 10.1016/S1872-2067(14)60194-7

2H, + O,

Oxidation of dibenzothiophene using oxygen and a vanadophosphate catalyst for ultra-deep desulfurization of diesels

Nanfang Tang, Xiaoping Zhao, Zongxuan Jiang *, Can Li*
Dalian Institute of Chemical Physics, Chinese Academy of Sciences; University of Chinese Academy of Sciences;

Shaanxi Yanchang Petroleum (Group) Co., Ltd.
[CgH|7N(CH3)3]sH4PV 14Oy

AN\

[CgH7;N(CH3)3]sH4PV 404
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Oxygen was by interaction with a vanadophosphate, and it oxidized dibenzothiophene to sulfone.

O,
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Articles
Chin. J. Catal,, 2014, 35: 1438-1445  doi: 10.1016/51872-2067(14)60048-6

Selective catalytic reduction of NOx by NHs for heavy-duty diesel vehicles

Fudong Liu, Wenpo Shan, Dawei Pan, Tengying Li, Hong He *
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences;
China National Heavy Duty Truck Group Jinan Rubber and Plastic Co., Ltd.

Comparison of NO, emissions in ESC tests
9.38

China IV limits

Original

2.9 2.56

Commercial ~ SINOTRUK
product product

NH3s-SCR catalysts manufactured by SINOTRUK efficiently reduced NOx emission from diesel engines to meet the China IV standard.

Chin. . Catal, 2014, 35: 1446-1455  doi: 10.1016/S1872-2067(14)60064-4

Chiral Mn!/(Salen) supported on tunable phenoxyl group modified
zirconium poly (styrene-phenylvinylphosphonate)-phosphate as an
efficient catalyst for epoxidation of unfunctionalized olefins

Xiaochuan Zou *, Kaiyun Shi, Cun Wang
Chongqing Education College; Southwest University

>:< + Oxidant

R{ Rs

We have reported for the first time that the use of tuneable rigid phenox-
yl linkers bearing ortho substituents imposing different steric hindrance
effects has a critical effect on the catalytic activity of the supported sys-
tems towards the epoxidation of olefins, especially heterogeneous epox-
idation systems.

O

0
o
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Chin.J. Catal, 2014, 35: 1456-1464  doi: 10.1016/S1872-2067(14)60068-1

Rh catalysts supported on knitting aryl network polymers
for the hydroformylation of higher olefins

Miao Jiang, Yunjie Ding*, Li Yan, Xiangen Song, Ronghe Lin
Dalian Institute of Chemical Physics, Chinese Academy of Sciences;

University of Chinese Academy of Sciences \(\/)/\
n

Rh catalysts supported on knitting aryl network polymers
(KAPs) showed high activity for the hydroformylation of higher
olefins.
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Chin. J. Catal., 2014, 35: 1465-1474  doi: 10.1016/51872-2067(14)60070-X

Ozone catalytic oxidation of benzene over AgMn/HZSM-5 catalysts at room temperature: Effects of Mn loading and water
content

Yang Liu, Xiaosong Li, Jinglin Liu, Chuan Shi, Aimin Zhu*
Dalian University of Technology

Effect of Mn loading on OZCOindry gas

Effect of water contentover AgMn/HZ(2.4)
Benzene
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AgMn/HZSM-5 catalyst with Mn loading of 2.4 wt% has the best activity and stability. Os decomposition is crucial for AgMn/HZSM-5 (Mn

loading < 2.4 wt%), whereas benzene activation is important for AgMn/HZSM-5 (Mn loading > 2.4 wt%). Water vapor greatly enhances
the OZCO reactivity and stability.

Chin. . Catal., 2014, 35: 1475-1481  doi: 10.1016/5S1872-2067(14)60072-3

Nanoplate-aggregate Co304 microspheres for toluene
combustion

Fang Wang, Hongxing Dai*, Jiguang Deng, Shaohua Xie,
Huanggen Yang, Wen Han
Beijing University of Technology

Nanoplate-aggregate microspherical Co304 prepared by the
ethylenediamine-assisted hydrothermal route exhibits good
catalytic performance for toluene oxidation because of its
high surface area and concentration of adsorbed oxygen and
good low-temperature reducibility.

Chin.J. Catal., 2014, 35: 1482-1491  doi: 10.1016/S1872-2067(14)60092-9

A new monolithic Pt-Pd-Rh motorcycle exhaust catalyst to meet future emission standards

Suning Wang, Yajuan Cui, Li Lan, Zhonghua Shi, Ming Zhao, Maochu Gong, Ruimei Fang, Sijie Chen, Yaoqiang Chen *
Sichuan University

200 250 300 350
Temperature (°C)

..........................................................................

A new composite oxide, CeO2-ZrO2-La203-Pr0O2-Al203, was successfully synthesized by co-precipitation, and the supported monolith
Pd-Rh, Pt-Rh, and Pt-Pd-Rh catalysts were obtained through an impregnation route. The Pt-Pd-Rh catalyst delivers outstanding perfor-
mance and is suitable as a motorcycle exhaust gas catalyst that can meet future emission standards.
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Chin. . Catal., 2014, 35: 1492-1496  doi: 10.1016/S1872-2067(14)60085-1

Synthesis of novel hierarchical ZSM-5 monoliths and their
application in trichloroethylene removal

Jodo Pires*, Ana C. Fernandes, Divakar Duraiswami
Universidade de Lisboa, Portugal;
PSG College of Technology, India

b

An open-cell polyurethane foam template is combined with a
zeolite synthesis process to produce ZSM-5 zeolite monoliths
that are catalytically active towards the oxidation of trichloro-
ethylene.

Chin.J. Catal., 2014, 35: 1497-1503  doi: 10.1016/S1872-2067(14)60087-5

One-pot multicomponent synthesis of unsymmetrical polyhydroquinoline derivatives with 1,1'-butylenebispyridinium
hydrogen sulfate as an efficient, halogen-free and reusable Bronsted ionic liquid catalyst

Nader Ghaffari Khaligh *
Research House of Professor Reza, Education Guilan, Iran

N I o ®) 1,50, 08%), dry Cl,cly  HSOL ®
Dry acetonitrile N LS04 (98%), dry CH,Cly 4
O . Cl/\/\/cl > N YN N/\/\/N

N Reflux, 48h | (D c1® 0 °C-reflux, 48 h

©
HSO,
(Bbpy)Cl, (Bbpy)(HSO,),

< 3
o] 1o ¢} ¢}
o NH4OAc, (Bbpy)(HSO,), (2.4 mol%) 0" > CH.
H;C + + HyC | ?
0 Q Solvent-free, r.t., 7-20 min N CH,4
CH; CH; CH; H

3

Ethyl-4-aryl/heteryl-hexahydro-trimehtyl-5-oxoquinoline-3-carboxylates were synthesized by the one-pot condensation of dimedone,
aryl/heteryl aldehydes, ethyl acetoacetate, and ammonium acetate with 1,1'-butylenebispyridinium hydrogen sulfate (Bbpy)(HSO4)2 as
an efficient, halogen-free, and reusable Brénsted ionic liquid catalyst under solvent-free conditions. High yield, clean reaction, simple
methodology, short reaction time, and recyclability of the ionic liquid are the advantages of the method.

Chin. . Catal, 2014, 35: 1504-1510  doi: 10.1016/S1872-2067(14)60088-7

Effect of sulfur poisoning on Co304/Ce0z composite oxide catalyst for soot combustion

Xiaoyan Shi, Yunbo Yu, Li Xue, Hong He *
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences; Shandong University of Technology

sulfation Ced+ Ce3*
SO,+0,
s Ce0,/Co,0,
Ce0,/Co050, Large amount of surface and

bulk Ce,(SO,),/ little amount
of Coz0, SO;

Co304/Ce02 composite oxides showed better SOz tolerance and higher activity than CeOz but was more easily poisoned by SOz than Co304
during soot combustion in NO/Oz.
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Chin.J. Catal., 2014, 35:1511-1519  doi: 10.1016/S1872-2067(14)60093-0

Ti3* and carbon co-doped TiO: with improved visible light

photocatalytic activity o
2
Yunchang Liu, Mingyang Xing*, Jinlong Zhang* E
East China University of Science and Technology e_CB
A
0, [Tio* 0, Ti%[:
Ti oz<x ,
c Graphite
OH- h+* h+*
The synergistic effect between Ti3+ self-doping and graphite surface cover- Evs
age is responsible for the improvement of the visible light photocatalytic
activity of Ti3* and carbon co-doped TiO> catalyst. H,0

Chin.J. Catal., 2014, 35: 1520-1528  doi: 10.1016/S1872-2067(14)60095-4

Effects of Nd, Ce, and La modification on catalytic
performance of Ni/SBA-15 catalyst in CO2

reforming of CHa
Huimin Liu, Yuming Li, Hao Wu, Weiwei Yang, Dehua He *
Tsinghua University 2CO
+
2H,

Rare-earth (RE) metals acted as promoters by connecting
NiO and SBA-15 through Ni-RE-O species, which facilitated
NiO reduction and improved the performance of modified
Ni/SBA-15 catalysts in COz reforming of CHa.

Chin.J. Catal., 2014, 35: 1529-1533  doi: 10.1016/5S1872-2067(14)60096-6
Selective oxidation of alcohols over copper zirconium phosphate

Abdol R. Hajipour*, Hirbod Karimi
Isfahan University of Technology, Iran; University of Wisconsin, USA

ZPCu (5mol%),

Ry R,

R,=aryl, alkyl
R,=aryl, alkyl, H

H,O
Copper zirconium phosphate was prepared and used as an efficient catalyst for the selective oxidation of various alcohols to the corre-
sponding aldehydes and ketones, in good yields and with excellent selectivities.
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Chin.J. Catal., 2014, 35: 1534-1546  doi: 10.1016/S1872-2067(14)60134-0

Biotransformation of geniposide in Gardenia jasminoides to genipin by Trichoderma harzianum CGMCC 2979

Yuesheng Dong*, Leping Liu, Yongming Bao, Aiyu Hao, Ying Qin, Zujia Wen, Zhilong Xiu
Dalian University of Technology; Dalian Institute for Drug Control

T. harzianum CGMCC 2979

G. jasminoides O+ _OCH3

-
74.4 kDa B-glucosidase I

97.8% conversion rate 62.3 % recovery

64.1 mg geniposide /g herb

98.3% purity

We described a simple and effective method for preparing genipin based on the biotransformation of geniposide in Gardenia jasminoides
by Trichoderma harzianum. The mechanism of biotransformation was also discussed.

Chin. . Catal, 2014, 35: 1547-1554  doi: 10.1016/S1872-2067(14)60109-1

- . . . . . X X 2 (O Tri R
Immobilized Pd nanoparticles on Tris-modified SiO2: Synthesis, | R.__ SiOpTris-PdNPs
characterization, and catalytic activity in Heck cross-coupling reactions Vo NaHCO,, DMF S F

R! 140°C R!
Abdol R. Hajipour *, Ghobad Azizi

Isfahan University of Technology, Iran;
University of Wisconsin, USA

The preparation of palladium nanoparticles supported on tris(hydroxymethyl)-

aminomethane-modified silica gel and its catalytic application in Heck coupling
are investigated.

Pd nanoparticles

SiO,-Tris-PdNPs

Chin.J. Catal., 2014, 35: 1555-1564  doi: 10.1016/51872-2067(14)60111-X

Covalent immobilization of Candida antarctica lipase B on nanopolystyrene and its application to microwave-assisted
esterification

Attaullah Bukhari, Ani Idris *, Madiha Atta, Teo Chee Loong
Universiti Teknologi Malaysia, Malaysia

Immobilized-CalB

Yield
—° _ — ’
+ Yield .

time

calB Activated
nanopolystyrene

. . Reaction
Oleic acid +  Methanol time
Microwave heating

/Conventional heating

Conventional ~ Microwave
heating heating

CalB was covalently immobilized on FNAB-activated nanopolystyrene to improve its stability, activity and reusability in applications such

as esterification. The esterification time was significantly reduced and the yield was increased when using immobilized CalB and micro-
wave heating.
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Chin. J. Catal., 2014, 35: 1565-1570  doi: 10.1016/S1872-2067(14)60115-7

Silver nanoparticle decorated poly(2-aminodiphenylamine) modified carbon paste electrode as a simple and efficient
electrocatalyst for oxidation of formaldehyde

Reza Ojani*, Saeid Safshekan, Jahan-Bakhsh Raoof
University of Mazandaran, Iran
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Formaldehyde concentration (mol/L)
800 017
Electropolymerization ,§600 L 0,004
Z400¢ 0.067
. 0.04
AR g0 0.027
Lo, N 3 ol 0013

200 -

06 -04 02 00 02 04
E/V vs. AglAGCIIKCI (3 mol/L)

Ag nanoparticles were incorporated on poly-2ADPA modified carbon paste electrode and their electrochemical behavior in alkaline me-
dia was investigated. The Ag nanoparticles exhibited promising electrocatalytic activity for formaldehyde oxidation.

Chin.J. Catal., 2014, 35: 1571-1577  doi: 10.1016/5S1872-2067(14)60125-X

Kinetics and efficiency displayed by supported and suspended TiO: catalysts applied to the disinfection of Escherichia coli
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The photocatalytic inactivation of E. coli was investigated using different catalysts. The efficiency of a supported titanium dioxide was
highlighted with comparison to suspended catalysts considered so far as references in terms of photocatalytic water disinfection.

Chin. J. Catal, 2014, 35: 1578-1589  doi: 10.1016/51872-2067(14)60124-8
Preparation of Bi-doped TiOz nanoparticles and their visible light photocatalytic performance
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Bi-doped TiO2 photocatalysts showed high visible light photocatalytic activity for the degradation of methyl orange and 4-chlorophenol.
The high photoactivity was co-determined by single-electron-trapped oxygen vacancies (SETOVs) and the formation of a BiOCl/TiO2
composite. The formation of SETOVs during the process of NTA hydrothermal treatment accounts for the visible light sensitization, while
the formed BiOCl/TiO2 composite improves the separation of photogenerated electrons and holes and prevents them from recombining.
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Ce02, Co304, and a series of Co304/Ce02 composite oxides prepared by co-precipitation were ex-
posed to SOz under an oxidizing environment at 400 °C. These fresh and SO2-poisoned samples
were characterized by in situ diffuse reflectance infrared Fourier transform spectroscopy, X-ray
diffraction, temperature-programmed desorption, and X-ray photoelectron spectroscopy. Sulfates

were formed on the oxides, with more sulfates on CeO2 than on Co304. On the Co304/Ce02composite
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oxides, both cobalt sulphate and ceria sulfate were formed. Fresh and sulfated samples were tested
for soot combustion in a NO/Ozgas flow. The Co304/Ce0zcomposite oxides showed better SO tol-
erance and higher activity than CeOz but were more easily poisoned by SOz than Co30a.

© 2014, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.

Published by Elsevier B.V. All rights reserved.

1. Introduction

A diesel particulate filter is applied for the removal of soot
from diesel engine exhaust. The use of an oxidation catalyst
coated on the filter is the preferred way to accelerate the com-
bustion of accumulated soot and has been widely studied. Var-
ious soot oxidation catalysts have been developed, and many
metal oxides can lower the soot oxidation temperature [1-5].
Ceria-supported cobalt oxides prepared by different routes
exhibited good performance for soot combustion [6-12]. Har-
rison et al. [6] deduced that the high catalytic activity of
Co/Ce02zin soot combustion was due to the presence of cobalt
in the catalyst as Co30s and the redox properties of CeO2. A
spillover mechanism at the cobalt oxide-ceria interface was
postulated to drive the soot oxidation. Methane oxidation ex-
periments are sometimes performed as a test of soot oxidation

[13]. Co304/Ce02 composite oxides prepared by a co-precipita-
tion method showed a superior activity for methane oxidation
and CO oxidation and have good resistance to water vapor poi-
soning [13,14].

From a practical point of view, studying the effect of SO2on
Co304/Ce02 composite oxides is of importance because SOz is
present in the exhaust gases. In the present study, a series of
Co304/Ce02 composite oxide catalysts were prepared by the
co-precipitation method. The sulfation of the Co304/CeO2 cata-
lysts was investigated using X-ray diffraction (XRD), X-ray
photoelectron spectroscopy (XPS), temperature-programmed
desorption (TPD), and diffuse reflectance infrared Fourier
transform spectroscopy (DRIFTS). The soot oxidation activity
of the fresh and SOz-poisoned Co304/CeO2 composite oxides
was investigated and compared using temperature-pro-
grammed oxidation (TPO).

* Corresponding author. Tel/Fax: +86-10-62849123; E-mail: honghe@rcees.ac.cn

This work was supported by the National Basic Research Program of China (973 Program, 2010CB732304) and the State Environmental Protection
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2. Experimental

2.1. Catalyst preparation

Co0304/Ce02 composite oxides with increasing Co304loading
corresponding to Co/Ce atomic ratios of 0.05-5 (denoted by
C00.05Ce, Co0.2Ce, Co1.0Ce, Co2.0Ce, and Co5.0Ce), CeOz, and
Co304 were prepared by a co-precipitation method with a
K2COs solution (15 wt%). In a typical preparation, K2COs solu-
tion was added dropwise to an aqueous solution of
Co(NO3)2:6H20 and Ce(NOs3)3-6H20 in appropriate amounts
until the pH was 9.10. The mixture solution was stirred for 1 h
and was aged at room temperature for 3 h. Then the resulting
precipitate was filtered and washed with distilled water until
the filtrate pH was neutral. The precipitate was dried overnight
at 110 °C and calcined for 2 h at 400 °C in air.

To sulfate the catalysts, 40-60 mesh catalysts were treated
with 300 ppm SOz and 10% Oz in Nz at a flow rate of 400
ml/min at 400 °C for different times. The SOz-poisoned cata-
lysts were denoted according to the treatment time, for in-
stance, Co1.0Ce-S-10h was the Co1.0Ce catalyst sulfated at 400
°Cfor 10 h.

2.2. Catalytic activity measurements

The soot used in this work was Printex-U (Degussa), which
is a model soot reported elsewhere. The catalyst-soot mixture
(9:1 w/w) for the TPO reaction was obtained by careful grind-
ing in an agate mortar for 10 min (tight contact). It is known
that the contact between the soot and catalyst influences the
oxidation reaction significantly [3,15]. Although the soot/cata-
lyst contact obtained by the current mixing procedure did not
reflect the actual contact conditions in a catalytic soot trap,
nevertheless it permitted reproducible results under the pre-
sent experimental conditions [16,17]. A catalyst-soot mixture
diluted with 1.00 g quartz pellets was carefully mixed and put
into the quartz tube reactor (internal diameter 6 mm). The TPO
test was carried out by heating the soot/catalyst mixture from
200 to 600 °C (heating rate 2 °C/min) under a total flow rate of
100 ml/min (NO 1000 ppm, Oz 5%, Ar as balance). COz analysis
was performed by GC/TCD (Porapak Q, Agilent) at intervals of
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5 min.
2.3. Catalyst characterization

The samples were characterized by XRD using a computer-
ized Rigaku D/max-RB diffractometer (Japan, Cu K, radiation).
Data were recorded in the 20 range of 10°-90° with an angle
step size of 0.02° and a scanning speed of 4°/min.

XPS analysis was performed with an EASY ESCA instrument.
The spectra were excited by an Al K« source (1486.6 eV), and
the analyzer was operated in the constant analyzer energy
(CAE) mode. Survey spectra were measured at 50 eV pass en-
ergy. Charging of the samples was corrected for by referencing
all the energy to the C 1s peak energy (set at 285.0 eV).

TPD was performed in a system equipped with a quadru-
pole mass spectrometer (Hiden HPR20). In the SO2-TPD, the
SO2-poisoned sample was placed in a quartz tube reactor (in-
ternal diameter 4 mm). Pure He was used as the carrier, and
the total flow of carrier was held at 30 ml/min with the tem-
perature increase rate of 30 °C/min. All the samples used in the
TPD experiments were the same weight of 300 mg and the
same size of 40-60 mesh.

DRIFTS spectra were recorded in situ with a Nexus 670
FT-IR spectrometer (Thermo Nicolet) equipped with a diffuse
reflection chamber and a high sensitivity MCT/A detector
cooled by liquid nitrogen. The catalysts for the DRIFTS study
was finely ground and placed in a ceramic crucible. All spectra
were measured with a resolution of 4 cm-1and with an accu-
mulation of 100 scans. Sulfate accumulation on test catalysts
was investigated by DRIFTS in a flow of SOz 300 ppm, 02 20%,
and Nz as balance for 60 min at 400 °C.

3. Results and discussion

3.1.  Activity test

The TPO results of soot combustion in a NO/O2 mixture over
the various Co304/Ce0: oxides, pure CeOz, and Co304 are shown
in Fig. 1(a). Clearly, the presence of cobalt greatly improved the
soot oxidation activity of CeO2 even at as low a content as
Co/Ce = 0.05. The catalytic activity for soot combustion showed
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Fig. 1. TPO profiles of soot-catalyst mixtures (soot:catalyst = 1:9 by weight). (a) Fesh catalysts; (b) 6 h SO2-poisoned catalysts; (c) Various
SO2z-poisoned catalysts. Reactant gas: 1000 ppm NO + 5% O2 in Ar. Heating rate: 2 °C/min. SOz poison conditions: 300 ppm SOz and 5% O: in Nz at

400 °C.
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little dependence on the Co/Ce ratio of the Co304/Ce02 compo-
site oxide when the Co/Ce atomic ratio was higher than 0.2.
Co304/Ce0z composite oxides with Co/Ce atomic ratios ranging
from 0.2 to 5.0 showed a similar activity with a maximum in the
temperature range 330-350 °C. In the studies of Dhakad et al.
[7] and Liu et al. [8], Co304-CeOz oxides or CeO2z supported Co
showed significantly improvement for soot combustion com-
pared to CeOz and Co304. There was a synergistic effect be-
tween ceria and cobalt. For studying the effect of SOz on the
activity of soot oxidation over Co304/Ce0O2, C00.2Ce, Co1.0Ce,
and Co5.0Ce were treated in a flow of a SOz + Oz mixture at 400
°C for 6 h. Then the TPO experiments were carried out. As seen
in Fig. 1(b), the treatment by SOz caused some loss of activity
for the tested samples. The Co1.0Ce catalyst displayed the best
SO2 resistance among the three tested samples. Based on these
results, the Co1.0Ce catalyst was selected for further studies.
Figure 1(c) shows the TPO profiles of the Co1.0Ce catalysts
with different SOz exposure time, the TPO profile for CeO2 after
sulfation for 20 h and for Co30O4 after sulfation for 40 h. The
activity of the Co1.0Ce catalyst decreased with increasing sulfur
poisoning time. With increasing sulfur poisoning time, soot
oxidation by the Co1.0Ce catalyst started at a slower rate, and it
was completed at a higher temperature. The TPO profile of
Co01.0Ce-S-40h consisted of a double peak, which showed bet-
ter catalytic activity than CeOz sulfated for 20 h. Co304showed
the best sulfur resistance in soot oxidation under tight contact.

3.2. Characterization analysis

Figure 2 shows the XRD patterns of the CeOz, Co304, and
Co1.0Ce catalysts (fresh, 15 h sulfated, and 40 h sulfated). All
the reflections of pure cobalt oxide and pure cerium oxide were
assignable to the cobalt spinel structure (JCPDS 80-1541) and
fluorite oxide structure (JCPDS 34-0394), respectively. There
was no other phase on the Cel.0Co catalysts except for these
two phases. The broad Cos0s+ peaks observed in the fresh
Co1.0Ce indicated that the Co30s was well dispread on the
CeO2. The XRD patterns of the sulfated Cel.0Co catalysts were
almost the same as the fresh sample, which indicated that no
crystalline sulfate species was formed on the Ce1.0Co catalysts
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Fig. 2. XRD patterns of CeO;, Co1.0Ce, Co1.0Ce-S-15h, Co1.0Ce-S-40h,
and Co304.
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Fig. 3. SO; TPD results using a He carrier gas for the various samples.

from the sulfation.

The SO2-TPD results of the sulfated samples are illustrated
in Fig. 3. These showed that the decomposition of the sulfate
species to SOz was at 800 °C for Ce02-S-20h and at 840 °C for
Co304-S-40h. The TPD curves of Ce1.0Co-S-15h and Ce1.0Co-S-
40h showed two SOz desorption peaks: a large low-tempera-
ture peak at 845 °C and a minor high-temperature peak at 890
°C. In addition, the low-temperature desorption peaks in-
creased significantly with increased SOz treatment time, while
the high-temperature peaks were independent of SOz treat-
ment time. More interestingly, the Ce1.0Co-S-10h sample only
showed the high-temperature peak at around 890 °C. It has
been reported that sulfation of the CeO: resulted in both sur-
face and bulk sulfates [18,19]. After exposure to 1% SOz in ex-
cess Oz at 400 °C, the TPD in He of Pd/CeO2 gave a SOz peak at
750 °C assigned to Ce#* sulfate, and the peak of the decomposi-
tion of Ce3* sulfate to SOz was at a higher temperature of 850 °C
[18]. Only one peak of SOz decomposition on CeOz was ob-
served at 800 °C here. In this study, the exposure of the samples
to SOz in excess Oz at 400 °C was carried out for a long time (up
to 40 h). It has been shown that the stable sulfate formed at 400
°C in the presence of excess 02 is Cez(S04)3 and not Ce(S04)2
[18,19]. This suggested that the high intensity peak at 840 °C
observed for Co1.0Ce-S-15h and Co1.0Ce-S-40h should be as-
sociated with Ce3* sulfate. The small sulfate decomposition
peaks at 890 °C observed in the Co1.0Ce-S-10h, Co1.0Ce-S-15h,
and Co1.0Ce-S-40h were associated with the same sulfate spe-
cies, and the amount of SO from the decomposition at 890 °C
was the same for Co1.0Ce-S-15h and Co1.0Ce-S-40h.

The interaction of SOz with the chosen Co1.0Ce catalyst was
also studied by XPS. In Fig. 4, the experimental and fitted Ce 3d
spectra of fresh Cel.0Co and Col.0Ce-S-40h are shown. The
spectra in the Ce 3d region were fitted with eight peaks corre-
sponding to four pairs of spin-orbit doublets [19]. The labeling
of the peaks followed the convention adopted by Teterin et al.
[20]. According to the literature [13,19,20], three pairs of peaks
(v, U; V", U"; V", U""") are the characteristic of the Ce#+ oxida-
tion state while the couple (V’', U") corresponds to Ce 3+ ions. An
obvious increase in the intensity of the couple (V', U") peaks
was observed in the Ce 3d spectra of Col.0Ce-S-40h, which
suggested that Ce3* species on the Col1.0Ce catalyst increased
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Fig. 4. Experimental and fitted Ce 3d XPS spectra for Co1.0Ce (a) and
Co1.0Ce-S-40h (b).

during the reaction with SOz in an excess of O2. This indicated
that during the sulfation of Co1.0Ce at 400 °C, Ce** ions were
gradually reduced to Ce3+. This result was in accordance with
those reported by Smirnov et al. [19]. The atomic ratio Ce3+/
(Cet++Ce3+) was estimated from the ratio of the intensity of V'
and U’ components to the total intensity of the entire Ce 3d
curve [19]. The calculation showed that the fraction of Ce 3+
ions in the fresh Col.0Ce and Co1.0Ce-S-40h was 14% and
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22%, respectively. This suggested 8% increase in Ce3*species
of Co1.0Ce related to the 40 h exposure to SOz in excess Oz.

Figure 5 illustrates the experimental XPS spectra of the Co
2p3/2, 0 1s, and S 2p regions for fresh Co1.0Ce and Co1.0Ce-S-
40h. The Co 2ps/2 peak binding energy (BE) for Col.0Ce ap-
peared at 781.2 eV, in agreement with the reference data
[13,14,21]. There was no change in the BE for Co 2ps;2 of
Co01.0Ce-S-40h, which was observed at 781.1 eV. A high inten-
sity S 2p feature appeared from Co1.0Ce-S-40h at 169.2 eV and
can be assigned to cerium sulfate species [19]. The O 1s feature
recorded from fresh Ce1.0Co was at 529.6 eV while that from
Co01.0Ce-S-40h was sifted to a higher BE (~532 eV) and had
increased intensity. The oxygen in the large amount of sulfate
species caused the shift and increased intensity of the O 1s BE
and peak.

Figure 6 shows the DRIFTS spectra with time of CeOz, Co304,
and Co1.0Ce after exposure to a flow of SO2+02 at 400 °C. Sev-
eral bands in the 1400-900 cm-! region appeared after the
exposure to the SO2+02 gas. The broad band at 1130 cm-! with
the highest intensity was due to the sulfates in the bulk [22,23].
The small bands at 1334 cm-! can be assigned to surface sul-
fate. The species responsible for the peak at 1001 cm-! (970
cm-! in the spectrum from Co304) can be assigned to sulfites
[22].

From the comparison of the changes of the DRIFTS spectra
of Ce02, Co304, and Co1.0Ce with time, it was deduced that both
cobalt sulfate and ceria sulfate were formed during the expo-
sure of the catalysts to the SO2+02 flow. The spectra recorded
from CeO2with time were essentially identical (Fig. 6(a)). The
shift of the band at 1100 cm-! to higher vibration was caused
by the accumulation of sulfate species. This strong and broad
band at 1138 cm-1was due to the formation of bulk Ce(S04)2
[23,24]. The IR bands from Co1.0Ce are shown in Fig. 6(b).
Surface and bulk sulfates species, which were attributed to
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Fig. 6. DRIFTS spectra with time of the different catalysts at 400 °C in a flow of SO2+0:. (a) CeOz; (b) Co1.0Ce; (c) Co30a.

1400-1340 and 1200-1100 cm-! range, were formed and in-
creased with increasing sulfur exposure time [21].

3.3. Discussion

Soot catalytic oxidation has different mechanisms. The
mechanism that dominates depends on the contact between
the catalyst and soot. The preparation procedure of the catalyst
and soot mixture in this study produced the contact that is es-
sentially “tight contact” [1-3]. In the NOx-assisted soot oxida-
tion reaction over CeO3, ‘active oxygen’ generated from both
nitrate and surface oxygen decomposition plays an important
role in the acceleration of soot oxidation [4]. A redox mecha-
nism assisted by oxygen spillover on CeO:z occurs in the
Co/CeO2 catalyzed reaction of soot in a NO/O2 mixture [6]. In
the literature [4,6,7,8,25], a redox mechanism on Co sites and a
spillover mechanism from Ce sites were proposed for the activ-
ity of Co304/Ce02 composite oxides in soot oxidation. The re-
dox properties and the active oxygen generated from surface
nitrate decomposition were proposed to be important factors
for soot combustion in a NO/Oz mixture. The redox mechanism
would be the dominant mechanism for soot oxidation activity
in the contact type used in this work. The slight difference in
soot combustion activity between the Co304/Ce0O2 composite
oxides with different Co/Ce ratios (Co/Ce > 0.2) can be under-
stood with this mechanism.

Sulfur exposure significantly decreased the activity of CeO2
for soot combustion. The temperature of the TPO maximum for
fresh CeO2 was 410 °C and for Ce0O2-S-20h was 525 °C. Peralta
et al. [26] reported that the temperature of the TPO maximum
increased from 523 to 558 °C in loose contact after 31 h SOz
treatment. This suggested that the effect of sulfur exposure on
catalytic activity was more significant for tight contact than for

loose contact, which suggested that the sulfur exposure mainly
influenced the redox property of CeOz, which was important for
soot combustion in tight contact.

A significant sulfur tolerance was observed with Co304/CeO2
compared to CeO2. The TPO maximum for Col.0Ce was in-
creased from 340 to 370 °C. A continuous decrease in activity of
Co1.0Ce was observed with the increase in exposure time. Sul-
fate accumulation on Col.0Ce increased with increasing SO2
treatment time according to the SO2-TPD profiles (Fig. 4). The
FTIR spectra suggested that both cerium sulfate (Ce3+ and Ce#+)
and cobalt sulfate species were formed on Co1.0Ce after expo-
sure to the SO2+02 gas flow at 400 °C. For CeOz, bulk sulfate
Ce(S04)2 was largely formed by exposure to SO2+02 at 400 °C
[19,24]. Ce2(S04)s was the only stable sulfate under the current
sulfur exposure condition [18]. The formation of sulfate species
on ceria was generally accompanied by the reduction of Ce?* to
Ce3+[19]. The sulfation of Co304/Ce02 (Co1.0Ce) showed simi-
lar results to that of CeO2. A significant increase of Ce3* in
Co304/Ce0z was shown by the XPS results. A long exposure
time to SOz + Oz showed no effect on the electronic state of the
cobalt according to the XPS results. Liotta et al. [21] also found
that the Co 2p spectrum did not change upon sulfur poisoning
when they studied the SOz effect on Pd/Co304 catalysts for CH4
oxidation. This suggested that Co304-SO3 was the dominant
sulfate formed on Co304[21]. The double peak in the TPO pro-
file of Co1.0Ce-S-40h can be attributed to the activity of Co304
in the catalyst.

4. Conclusions
The exposure of CeO2, Co30s4, and Co304/Ce0O2 composite

oxides to SOz under oxidizing conditions at 400 °C resulted in
the formation of sulfate. The decomposition of cerium sulfate
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ol 4\35/& 2 fmb o
Ao E A A AITEA K L, 4k 7100085
DA T AN E TSR, L% K 1H255049

fE: RHILDEILT# T CeO,, Coj0, M1 541 C0304/Ce0, K A MM AL, 11400 °C 77 SO M A AU H X EALTIILEAT T
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i BB, T JFA AN . XTI RE T TR BRI XS 286 H - B 1 6 T SRR B R S HEAT TR, g5 AR,
FA B B R A YR B T IR 3R, CeO, b BB IR £ 1 {2 L Co30,4 L1112, Co30,/Ce0, Z A AN MEm T iR B
BT R ER S RIBRER B, X B EERITRALAE S AENO/O SR T AT T b i BRI BE S8, R I C0304/Ce0, & A A MM 3G PEFIHLim 1t
REALT-CeO,, HHHRMEAENE T Cos0,.
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