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Aseries of Li-based lean-burn NO, trap (LNT) catalysts Pt/Li/TiO,—MOy (M = Al, Zr, Si, Sn) were prepared by
sequential impregnation with the supports TiO,-MOy synthesized by co-precipitation. The support effect
on the NOy storage and sulfur-resisting performance of Pt/Li/TiO,-MOy catalysts was investigated care-
fully. The NOy storage capacity of fresh Pt/Li/TiO; is greatly improved by doping with Al,03 or ZrO, due
to the remarkably increased specific surface area and the oxidation ability of the catalysts. HR-TEM and
H,-chemisorption results reveal that the oxidation ability of Pt/Li/TiO,—MOj is mainly determined by Pt
crystallite size. Larger Pt crystallites correspond to stronger oxidation ability. The regeneration of sulfated
Pt/Li/TiO,-MOy strongly depends on the total acidity of the supports, including Brensted and Lewis acid;
the supports with larger acidity possess higher ability of sulfur-resistance and regeneration. The results
of in situ DRIFTS show that over Pt/Li/TiO,-MOy (M =Al, Zr, Si, Sn) NOy is mainly stored as ionic nitrate
species at 350°C. Taking the NSC and regeneration ability into account, the catalyst Pt/Li/TiO,-Al,05 is
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the most promising one for practical application.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Lean-burn combustion is a promising technology to increase
fuel efficiency and decrease the emission of hydrocarbons and car-
bon monoxide. However, under lean-burn condition more nitrogen
oxides (NOy) are formed, which cannot be effectively removed by
conventional three-way catalysts (TWCs). Many techniques have
been explored to reduce lean-burn NOyx [1-3]. Among them, lean-
burn NOy trap (LNT) technique is considered as the most promising
one for the purification of lean-burn NOy [4].

A typical LNT catalyst often consists of precious metals (e.g., Pt
or Rh) as the active components for the capture and oxidation of
gaseous NO, alkali or alkaline earth metal oxides as NOy storage
materials (e.g., potassium or barium compounds), and the sup-
port with large specific surface area such as alumina. Since sulfur
dioxide (SO;) in the exhaust can readily react with the basic stor-
age materials to form sulfates, LNT catalysts often deactivate very
quickly. In addition, the agglomeration of the support and precious
metals can also result in the thermal deterioration of LNT cata-
lysts [5]. Therefore, new kinds of LNT catalysts which possess both
high sulfur-resisting performance and high thermal stability are
required.
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The choice of storage medium in LNT catalysts is important.
Breen et al. [6] have ever performed thermodynamic calculation
to evaluate the effects of gas composition and reaction tempera-
ture on the stability of the sulfates and carbonates of alkali metals
and alkaline earth metals under oxidizing and reducing conditions.
They found that lithium as NOy storage medium possesses suffi-
cient NOy storage capacity and higher sulfur tolerance than the
others. Moreover, Yamamoto et al. also [7] found that Li,O addi-
tive is favorable to improving the NO sorption capacity of Pt/TiO,
under both SO,-free and SO,-containing atmosphere. Based on
these analyses, lithium is selected as the NOx storage component
in this work. Another important component in LNT catalysts is
the support. Recent studies have shown that TiO, can remarkably
improve the sulfur tolerance of LNT catalysts, due to its high acid-
ity/low basicity [8-10]. However, TiO, often shows poor thermal
stability and low specific surface area [11]. The addition of other
metal oxides to TiO,, such as Al,03 [12], ZrO, [5], SiO; [13], SnO,
[14], can effectively modify the surface properties of TiO, including
specific surface area, pore structure and surface acidity. Up to now,
noresearch hasyet been performed to investigate the support effect
of TiO,-based binary oxides on the NOy storage-reduction behavior
of Li-based LNT catalysts. In present work, a series of Li-based LNT
catalysts Pt/Li/TiO,-MOy using binary oxides TiO,—~MOy (M = Al, Zr,
Si, Sn) as supports were prepared by sequential impregnation. The
support effect on the performance of fresh and regenerated cata-
lysts is investigated carefully. The support properties, Pt dispersion
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and catalytic performance of the catalysts are well correlated. The
NOy storage and sulfur poisoning mechanisms over these catalysts
are also revealed.

2. Experimental
2.1. Catalyst preparation

Support preparation: mixed oxides gel of TiO,-MOx (atomic
ratio: Ti/M=1/1,M = Al, Zr, Si, Sn) was prepared by co-precipitation.
Appropriate amounts of TiCly, AlCl3-6H,0, ZrOCl,, SnCl4-5H,0,
(C3H50)4Si (Guangfu Chemical Reagents Factory of Tianjin) were
dissolved in distilled water, then ammonia was added dropwise
until the pH arrived at ca. 10. After continuous stirring for 2 h, the
formed materials were aged at the synthesis temperature for 24 h
without stirring. The obtained precipitate was thoroughly washed
with deionized water until no chloride ions in the filtrate could
be detected by the AgNO; solution. Then the obtained cake was
dried at 120°C overnight and calcined in air at 500 °C for 4 h. For
comparison, pure TiO, was also prepared by the same method.

Catalyst preparation: the catalysts were prepared by sequen-
tial impregnation. At first, Pt was loaded onto the supports by
impregnating the supports into H,PtClg-6H,0 solution. Then the
wet precursor was dried at 120 °C overnight and calcined in air at
250°C for 1 h, in the next, the dried Pt/TiO,-MOx was impregnated
into an aqueous solution of LiNO3. After dried at the same con-
dition and calcined in air at 500°C for 2 h, the final catalyst was
obtained, which is denoted as Pt/Li/TiO,-MOx (M =Al, Zr, Si, Sn).
The atomic weight loadings of Pt and Li in the final catalysts are
1% and 4%, respectively. Before experiments, the catalysts with an
average size of 40-60 mesh were reduced at 500°C for 1hin a gas
flow of N, + H, mixture which contains 10 vol.% H,. For comparison,
the sample Pt/Li/TiO, was also prepared by the same method.

2.2. Catalyst characterization

The measurement of the specific surface area (Sggr) was car-
ried out at —196°C on Quantachrome QuadraSorb SI instrument
by using the nitrogen adsorption method. The samples were pre-
treated in vacuum at 300°C for 8 h before experiments. The Sggr
was determined from the linear part of the BET curve. The pore
diameter distribution was calculated from the desorption branch
using the BJH formula.

X-ray diffraction measurement was carried out on an X'pert Pro
rotatory diffractometer (PANAlytical) operating at 40 mA and 40 kV
using Co Ka as radiation source (A=0.17890nm). The data of 26
from 10 to 90° were collected with the step size of 0.017°.

The acidity of different supports was measured by NHj3
temperature-programmed desorption (NH3-TPD). It was con-
ducted in a home-made conventional flow apparatus equipped
with a thermal conductivity detector (TCD). Each time, 300 mg
of the support were pretreated at 500°C under a helium flow
(50 mL/min) for 0.5 h and then exposed to a gas mixture of 5vol.%
NH3 /N, at 100 °C until the outlet concentration reached the same
level as the inlet gas. Thereafter, the inlet gas was switched to flow-
ing helium at 100°C until no NH3 was detected in the outlet gas,
and then the sample was heated to 600 °Cat arate of 10 °C/min with
the TCD signal simultaneously recorded to get the TPD profile.

Pyridine-IR was used to differentiate the kinds of acidic sites
on the surface of the supports. Each time, 20 mg of the sample
were grounded into fine powder and pressed into very thin self-
supporting wafers with a diameter of 13 mm. The disc was mounted
in a quartz IR cell equipped with a CaF, window and a vacuum
system. Prior to adsorption, the samples were pretreated in situ
at 350°C for 1h under evacuation with the residual pressure of
1.0 x 1073 Pa; after cooled to 250 °C, the background spectrum was

collected by a Nicolet Nexus spectrometer. Pyridine adsorption was
performed at 150 °C until the intensity of the spectra was no longer
changing. The physically adsorbed pyridine was removed by evac-
uation for 0.5 h. After the sample was heated to 250°C in vacuum,
the pyridine-IR spectra were recorded.

Temperature-programmed reduction (TPR) was conducted on
a TPDRO 1100 apparatus supplied by Thermo-Finnigan Company.
Before detection by the TCD, the gas was purified by a trap con-
taining CaO + NaOH materials in order to remove the H,0 and CO,.
Each time, 25 mg of the sample was heated from room tempera-
ture to 900°C at a rate of 10°C/min. A gaseous mixture of H, and
N, containing 5vol.% H, was used as reductant at a flow rate of
20 mL/min.

Hy-pulse chemisorption was conducted on the same
TPDRO1100 apparatus. 200mg of the sample were heated in
pure H, from room temperature to 350°C and held for 30 min.
After a subsequent purge in pure helium for 1.5 h, the sample was
cooled to room temperature. The H, adsorption was performed at
room temperature by injection of same dose of H, per time until
no change in TCD signal was found.

The surface morphology was determined with a Philips XL-30 M
scanning electron microscope (SEM) instrument operating at 20 kV.
TEM and HR-TEM images were obtained using a Philips Tecnai
G2F20 system operating at 200 kV.

In situ diffuse reflectance infrared spectroscopy (in situ DRIFTS)
was measured on a Nicolet Nexus spectrometer equipped with
a MCT detector cooled by liquid nitrogen, and an in situ cham-
ber allowing the sample heated up to 600°C. The NOy sorption
experiments over different samples were carried out at 350°C.
The powder sample (15 mg) was firstly pretreated in helium at
350°Cfor 30 min torecord the background spectrum, then 400 ppm
NO +5vol.% 0, in N, with a flow rate of 50 mL/min was introduced
into the sample cell. At different exposure times (up to 30 min),
the spectra were recorded. By replacing the adsorption gas with
200 ppm SO; + 05, the SO, sorption was also carried out. Due to the
low concentration of SO,, the holding time at each temperature is
prolonged to 60 min to get stronger signal.

2.3. Sulfur-aging treatment and NOy storage capacity (NSC)
measurement

The sulfur-aging of the fresh catalysts was carried out in a
quartz-tubular continuous flow reactor (i.d.=8 mm). Each time,
400 mg catalyst was exposed to a gas flow (150 mL/min) containing
400 ppm SO,, 5vol.% O, and the balance N, at 400°C for 3 h. The
regeneration of sulfur-aged catalysts (400 mg) was performed in a
gas flow of 10 vol.% H, /N, (100 mL/min) in at 500 °C for 60 min.

NSC measurements for both the fresh and regenerated cata-
lysts were carried out in the quartz-tubular continuous flow reactor
loaded with 400 mg of each catalyst. After the temperature reached
350°C, a mixture gas containing 400 ppm NO, 5vol.% O, and bal-
ance N, was introduced to the reactor at a rate of 400 mL/min,
corresponding to a space velocity of 60,000mLh~1g~1, The con-
centrations of NO, NO, and total NOy at the reactor outlet were
monitored by an online Chemiluminescence NO-NO,-NOy Ana-
lyzer (Model 42i-HL, Thermo Scientific). NSC was calculated by
integrating the concentration curves of NOy as reported elsewhere
[15].

3. Results and discussion
3.1. XRD and BET results

The XRD patterns of the fresh samples are shown in Fig. 1. It can
be seen that Li, TiO3 phase can be detected in all the samples except
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Fig. 1. XRD patterns of the fresh catalysts: (1) Pt/Li/TiO,; (2) Pt/Li/TiO,-Al,03; (3)
Pt/Li/TiO2-ZrO;; (4) Pt/Li/TiO-SiO2; (5) Pt/Li/TiO2-SnO,.

Pt/Li/TiO5-SiO,. The Zr oxide can react with the Ti oxide to form
ZrTiOg4, as reported in Pt/Li/TiO,-ZrO, [16]. In Pt/Li/TiO2-Sn0,,
rutile TiO, appears, indicating that TiO,-Sn0O, possesses poor ther-
mal stability [17]. Since the catalysts were pretreated at 500 °C for
1hin a gas flow of 10 vol.% H, /N5, the appearance of metallic Sn is
natural. No any Pt phases can be observed for all the samples, due
to its low content and high dispersion.

The nitrogen adsorption/desorption isotherms and BJH pore
diameter distribution of the catalysts are shown in the support-
ing materials (Fig. S1). All the catalysts exhibit typical IV shape
isotherms [18], with the diameter in the mesoporous range. The
texture data of the catalysts and the supports are listed in Table 1.
It can be seen that pure TiO, exhibits the lowest BET surface area of
76 m? g~! among all the supports. After doped with Li and Pt, the
BET surface area and the total pore volume decrease obviously but
the average pore diameter increases, which are mainly induced by
pore blocking and the disappearance of small pores.

3.2. In situ DRIFTS of NO and O, co-adsorption

The NOy storage mechanism over these Li-based LNT catalysts
was characterized by in situ DRIFTS technique. Since Al,03 has
shown a great effect on the NOy storage performance of Pt/Li/TiO5,
the catalyst Pt/Li/TiO,—Al,03 was selected as a representative for
in situ DRIFTS study. The spectra are shown in the supporting mate-
rials (Fig. S2). It is clear that at the low temperature of 200°C,
only a very weak band of nitrite species is detected (1255cm™1)
[19]. At higher temperature of 250°C, nitrite species transform
to ionic nitrates (1410cm~1). With the increase of the temper-
ature to 300°C, other two bands (1364 and 1470cm™1) appear,
also attributed to ionic nitrates [7]. These bands reach the maxi-
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Fig. 2. In situ DRIFT spectra of the catalysts after exposure to 400 ppm NO +5 vol.%
0O, (balanced by N;) at 350°C for 30 min: (1) Pt/Li/TiO2; (2) Pt/Li/TiO,-Sn0O; (3)
Pt/Li/TiO2-Al,03; (4) Pt/Li/TiO2~ZrOy; (5) Pt/Li/TiO2-SiO,.

mum upon heating to 400 °C, then gradually disappear due to the
decomposition of nitrates. The optimal temperature region for NOy
trapping as nitrate should be 350-400°C, which is similar to that
for K-based LNT catalysts [20,21].

Fig. 2 displays the in situ DRIFT spectra of different catalysts after
30 min co-adsorption in NO and O, at 350°C. For Pt/Li/TiO, and
Pt/Li/TiO5-Sn0,, they show similar spectra with a broad and weak
band of ionic nitrates, appearing at 1410 cm~. For Pt/Li/TiO,-MOx
(M= Al, Zr, Si), other two bands at 1364 and 1470 cm~! also assigned
to ionic nitrates appear. Over Pt/Li/TiO,-MOy (M=Al, Zr, Si, Sn)
catalysts these nitrate species should be mainly transformed from
Li; TiO3 phase, which is the main existing species of Li and has been
confirmed by XRD results (see Fig. 1).

3.3. In situ DRIFTS of SO, and O, co-adsorption

Fig. 3 shows the in situ DRIFT spectra of Pt/Li/TiO,-MOy (M = Al,
Zr, Si, Sn) after exposure to SO, +0, at 350°C for 60 min. For
Pt/Li/TiO,, an adsorption band around 1160cm~! is detected,
which corresponds to S-O asymmetric stretching mode in bulk
sulfate species [7]. After doped with SnO,, this band shifts to
1146 cm~1. For Pt/Li/TiO,-SiO; only a very weak band at 1285 cm~!
assigned to S=O vibration is observed, suggesting the small-
est amount of sulfur species deposited on this catalyst. As for
Pt/Li/TiO,-MOy (M=Al, Zr), there are two bands appearing at
1210cm~! and 1160cm™!, which could be assigned to S=0 and
S-Ovibrations in bulk sulfate species [7]. In a summary, more sulfur
species can be deposited in the form of bulk sulfates on Pt/Li/TiO;
and Pt/Li/TiO,-MOy (M =Al, Zr); while on Pt/Li/TiO,-MOy (M =Si,
Sn), much less sulfate species are formed, which mainly exist as
surface sulfate species.

Specific surface area (Sggr), pore volume (PV) and average pore diameter (APD) of the supports and the corresponding catalysts, and the NO, storage capacity (NSC) of the

fresh and regenerated catalysts.

Sample Sper (M2 g 1) PV (cm?g1) APD (nm) NSC (pmolg1) RE (%)
Fresh Regenerated

Pt/Li/TiO, 25.9 (76.3)° 0.110 (0.160) 12.4 (6.6)° 50 44 88

Pt/Li/TiO2-AL, 05 103.6 (250.7) 0.274 (0.336) 9.4 (4.9) 246 235 95

Pt/Li/TiO2-ZrO, 58.6 (262.0) 0.253 (0.393) 12.6 (4.3) 145 138 95

Pt/Li/Ti0;-SiO, 116.9 (254.7) 0.475 (0.660) 12.4(9.7) 120 112 93

Pt/Li/TiO2-Sn0 52.5(112.8) 0.170(0.211) 9.7 (6.6) 66 59 89

RE, recovery efficiency, which is the NSC ratio of the regenerated catalysts to the fresh ones.

2 The data in the parentheses correspond to the supports.
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Fig. 3. In situ DRIFT spectra of the catalysts after exposure to 200 ppm SO, + 5 vol.%
0, (balanced by N;) at 350°C for 60 min: (1) Pt/Li/TiO,; (2) Pt/Li/TiO2-Sn0, (3)
Pt/Li/TiO2—-AL>03; (4) Pt/Li/TiO2~ZrO>; (5) Pt/Li/TiO2-SiO>.

3.4. Desulfation

Toinvestigate the catalyst regeneration behavior, H,-TPR exper-
iments were performed on the sulfur-aged catalysts. The results are
presented in Fig. 4. For the sulfated catalyst Pt/Li/TiO, and those
promoted by Al,03 or ZrO,, the main reduction peak appears at
515°C. For sulfur-aged Pt/Li/TiO,-Sn0O,, the reduction peak shifts
to much higher temperature region (400-700 °C) which includes
not only the reduction of sulfates such as Li; SO4 but also the reduc-
tion of the support SnO,. As seen in Fig. 1, the metallic Sn can
be detected in Pt/Li/TiO,-SnO, after reduction pretreatment [22].
As for Pt/Li/TiO,-SiO,, only a small reduction peak at 555°C is
detected, indicating the much less amount of sulfates in this sam-
ple, which is consistent with the results of in situ DRIFTS. Compared
with the sulfates in conventional Ba-based [23,24] and K-based sys-
tems [7], lithium sulfate in Pt/Li/TiO, and Pt/Li/TiO,-MOy (M =Al,
Zr) is much easier to be reduced. For the Li-based LNT catalyst, the
regeneration of sulfur aged catalyst is via the formation of H,S [7],
resulting from the reaction between sulfate and hydrogen (reac-
tion (1)) and subsequent hydrolysis reaction between Li,S and H,0
(reaction (2)). It should be mentioned that the presence of H,O
in real automobile atmosphere will promote the hydrolysis reac-
tion and lower the desorption temperature during the reduction

675

280 13
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Fig. 4. H,-TPR profiles of the sulfur-aged catalysts: (1) Pt/Li/TiOy; (2)
Pt/Li/TiO2-Al,03; (3) Pt/Li/TiO2-ZrO>; (4) Pt/Li/TiO,-SiO2; (5) Pt/Li/TiO2-SnO;.
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Fig. 5. NOy storage curves over the fresh (a) and regenerated (b) catalysts at 350°C
(condition: the inlet gas contains 400 ppm NO and 5% O, balanced by N,).

process.
Li;SO4 +Hy — LisS + H,0 (1)
L12$ + H,O — L120 + HjS (2)

The small reduction peaks below 200°C for Pt/Li/TiO, and
Pt/Li/TiO,—-MOy (M =Al, Zr) can be attributed to the reduction of
Pt oxides, which is formed during the oxygen-rich sulfation atmo-
sphere. For SnO,-promoted sample, this peak shifts to higher
temperature (~280°C), which is resulted from the interaction
between the Pt oxide and Sn oxide. The absence of this peak in
SiO,-promoted catalyst suggests that after sulfation the Pt in this
catalyst is still in metallic state. For ZrO,-promoted catalyst there
is a very small reduction peak at 635 °C, which can be attributed to
the reduction of TiO,-ZrO, support [21].

3.5. NOy storage behaviors

Isothermal experiments of NOy storage over all the fresh and
regenerated catalysts were carried out at 350°C, the results of
which are shown in Fig. 5(a) and (b), respectively. From Fig. 5(a),
it can be seen that at the beginning the NOy storage is very fast,
quickly reaching the lowest point of NOx concentration; after this
the storage rate decreases gradually, with the NOy concentration
increasing slowly until to a steady-state. Similar to the K-based LNT
catalysts in previous study [20], the Li species on the catalyst surface
are divided into two categories: one adjacent to Pt (I), and another
away from Pt (IT). The close contact of Pt sites with Li sites (I) can
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effectively promote the storage process via oxygen spillover from
Pt sites to Li sites, leading to rapid NOy storage. On the contrary, the
transfer of active oxygen species as well as the NO, species from
Pt sites to Li sites (II) is much slower, leading to the remarkable
decrease of NOy storage rate. Additionally, the NOy storage perfor-
mance is also related to the dispersion of Li species. High dispersion
of Li species is favorable to rapid NOy storage. Highly dispersed Li
species such as Li;O and -OLi groups are hard to be detected by
XRD, however, their existence cannot be ruled out. On the bulk
Li species such as Li,TiO3, as confirmed by XRD, the NOy storage
should be much slower due to the surface to bulk diffusion limita-
tion. In a summary, the highly dispersed Li species adjacent to Pt
species are more favorable to NOy storage.

The NOy storage amounts, calculated by integrating the concen-
tration curves of NOy, are listed in Table 1. From Table 1, it can be
seen that the addition of oxides MOy (M = Al, Zr, Si, Sn) to Pt/Li/TiO,
can increase its NSC, especially the Al addition, which makes the
NSC of Pt/Li/TiO, increase nearly 4 times. After sulfation and regen-
eration, the NSC recovery efficiency for this catalyst can reach 95%
as seen in Table 1 and Fig. 5(b). For other catalysts Pt/Li/TiO;-MOy
(M=Zr, Si), the NSC recovery efficiency is also higher than 90%.
Compared with the Ba-based LNT system [25], the Li-based LNT
catalyst possesses better sulfur-resisting and regeneration perfor-
mance.

It is well known that the NOy storage performance is highly
related to the ability of the catalysts for NO to NO, oxidation[26,27].
In this work, during NOy storage, the concentrations of NO and
NO, in the feed gas are almost invariable, about 250 and 150 ppm,
respectively. Therefore, the change in the concentrations of NO and
NO, after NOy storage saturation can reflect the oxidation ability of
the catalysts. As shown in Table 2, after storage saturation, the NO,
concentrations for the fresh catalysts doped with MOy (M =Al, Zr,
Si) are higher than that for the undoped Pt/Li/TiO,, implying their
higher oxidation ability, which is consistent with their larger NSC
values. After sulfation and regeneration, the oxidation ability of all
the catalysts is well maintained. However, their NSC decreases a
little. It should be noted that the NSC is related not only to the oxi-
dation ability but also to the available storage sites of the catalysts.
The NSC decrease of the regenerated catalysts should be mainly
caused by the reduction of basic storage sites.

3.6. Ptdispersion and crystallite size

It has been reported that platinum dispersion (or crystallite size)
is a key factor for NO to NO, oxidation [27-29]. To make clear
that how the oxides MOy (M=Al, Zr, Si, Sn) affect the oxidation
ability of Pt/Li/TiO,, H,-chemisorption and HR-TEM techniques are
employed to characterize the Pt dispersion and Pt crystallite size,
respectively. The results are presented in Table 2 and the supporting
Fig. S3. Hy-chemisorption results indicate that the addition of pro-
moter oxides to Pt/Li/TiO, decreases the Pt dispersion, which is
consistent with the increase of Pt crystallite size observed from HR-
TEM. For the fresh sample Pt/Li/TiO,-SnO5, the tin exists as metallic
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state (Fig. 1), which can adsorb and dissociate Hy, so, it is inappro-
priate to employ H,-chemisorption to evaluate Pt dispersion in this
sample. By calculation of Pt crystallite size and the HR-TEM results,
it is found that the Pt crystallites in Pt/Li/TiO,—-Sn0O, and Pt/Li/TiO,
have similar size. However, the Pt dispersion can hardly be corre-
lated with the specific surface area of the catalysts. It should be
related to the interactions between Pt and the different supports,
similar phenomena have also been found by Benard et al. [30].

Combining the results of H, chemisportion and HR-TEM, it is
suggested that the decrease of Pt dispersion and the formation of
larger Pt crystallites facilitate the oxidation of NO to NO,. There are
two reasons to explain this. Firstly, based on the calculation results
by density function theory (DFT) [31], the oxidation of NO is energy
preferred on flat Pt{1 1 1} surface than on stepped Pt{2 1 1} surface.
Since Pt{11 1} surface dominates in large platinum crystallites, it
is proposed that large platinum crystallites are more active for NO
oxidation than small crystallites. Secondly, too small Pt crystallites
are more easily oxidized to oxides than big ones in the presence of
0,, resulting in further loss of NO oxidation reactivity [28]. In the
light of availability of Pt, the reaction is possibly structure-sensitive.
Hao et al. also reported that unsupported platinum clusters with ca.
3 nm size are most active for NO oxidation based on a magic cluster
model [29]. In this work, the larger platinum crystallites still less
than 3 nm show higher oxidation ability is in good agreement with
the literature [27-29].

3.7. Acidity of the supports (NH3-TPD and pyridine-IR results)

It is known that the acidity of the support is benefi-
cial to sulfur-resistance of LNT catalysts [32,33]. Therefore,
NH3-TPD tests were performed on TiO, and the promoted
supports, as shown in Fig. 6. It is found that the total
amount of the desorbed NHj increases in the following order:

Table 2

Outlet concentrations of NO, NO, and NOy after NO storage saturation, and the dispersion and crystallite size of Pt.
Sample Fresh/ppm Regenerated/ppm Pt dispersion? Dp/nm

NO NO, NOy NO NO, NOy

Pt/Li/TiO; 260 131 391 251 140 391 76% 1.5
Pt/Li/TiO2-Al, 03 176 205 381 173 215 388 35% 2.5
Pt/Li/TiO2-ZrO, 187 200 387 182 202 384 40% 2.5
Pt/Li/TiO2-SiO; 226 170 396 210 178 388 67% 2.0
Pt/Li/TiO2-Sn0, 257 123 380 248 140 388 - 1.5

Dp: crystallite size of Pt determined by HR-TEM.
2 Assume H/Pt=1.
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Fig. 7. FT-IR spectra of pyridine adsorption on different supports calcined at 500°C.
(1 ) TiOy; (2) TiO,-Al,03; (3) TiO2-Zr0;; (4) TiO,-Si0y; (5) TiO,-Sn0,.

TiO, ~ Ti02-Sn0; < TiO3-Al; 03 ~ TiO2-Zr0, < Ti0,-Si0,, indicat-
ing that the addition of Al, Zr and Si significantly increases the
surface acidic sites on the support, which should be caused by the
increase of the specific surface area (Table 1) and the interaction
between TiO, and the promoter oxides MOy. For example, after
the addition of ZrO, to TiO,, a new NH;3 desorption peak above
500°C can be clearly identified, which is absent for pure TiO,. So,
it is deduced that this peak is related to the interaction between
TiO, and ZrO,. Actually, in TiO,-ZrO, supported catalyst a new
interaction phase, namely ZrTiOy4, has been clearly detected by XRD
technique (see Fig. 1).

To distinguish the Brgnsted (B) and Lewis (L) acid sites, pyridine
IR experiments were performed on the supports. The spectra are
presented in Fig. 7. According to literature [34,35], the IR absorp-
tion peak at ~1450 cm~! arising from the C-C stretching vibration
of a coordinative bonded pyridine complex indicates the presence
of L acid sites, while the one at ~1540 cm~! corresponding to the
C-C stretching vibration of the pyridine ion suggests the pres-
ence of B acid sites. The other one at ~1490cm~! is contributed
by the pyridine species interacting with both B and L acid sites.
From Fig. 7, it can be seen that the main acid type on TiO, is L
acid, giving L and L+B bands at 1450 and 1490cm~!; while on
TiO,-Al,03, TiO,-ZrO, and TiO,-SiO,, B acid sites at 1540 cm™!
can also be identified. For TiO,-Sn0O, support, two very weak bands
at 1450 and 1490 cm~! are found, indicating the least surface acid
sites in this support. Combined with the acidity of the supports,
it is concluded that the NSC and the regeneration performance of
the corresponding catalysts Pt/Li/TiO,-MOyx (M =Al, Zr, Si, Sn) are
related to the total acidity of the supports. Larger amount of acidity
corresponds to better sulfur resistance.

4. Conclusions

The addition of promoter oxides MOy (M =Al, Zr, Si, Sn) to TiO,
canincrease the NOy storage capacity of Pt/Li/TiO,, especially the Al
and Zr addition. The optimal NOy storage temperature range over
Pt/Li/TiO,—MOy is 350-400°C. The main NOy storage species are
ionic nitrates. In situ DRIFTS results reveal that the sulfur poison-
ing of the catalysts is mainly due to the formation of bulk sulfate
species.

The MOy (M=Al, Zr, Si) addition can remarkably increase the
surface area and acidity of the support TiO,. The NOy storage
capacity of the TiO,-based LNT catalysts strongly depends on their

specific surface area and their ability for NO to NO, oxidation, which
is mainly determined by the size of Pt crystallites. Too small size of
Pt crystallites is unfavorable to NO oxidation. The sulfur resistance
and regeneration ability of the TiO,-based LNT catalysts is related to
the total acidity of the corresponding supports. The supports MOy
(M=Al, Zr, Si) with more surface acidic sites show better sulfur-
resisting performance. In view of both NOy storage capacity and
sulfur resistance, the Al;03 modified LNT catalyst Pt/Li/TiO,-Al;03
possesses a great application potential.
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