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a b s t r a c t

Pd-modified TiO2 prepared by thermal impregnation method was used in this study for photocatalytic
oxidation of NO in gas phase. The physico-chemical properties of Pd/TiO2 catalysts were characterized
by X-ray diffraction analysis (XRD), Brunauer-Emmett-Teller measurements (BET), X-ray photoelectron
spectrum analysis (XPS), transmission electron microscopy (TEM), high resolution-transmission electron
microscopy (HR-TEM), UV–vis diffuse reflectance spectra (UV–vis DRS) and photoluminescence spectra
(PL). It was found that Pd dopant existed as PdO particles in as-prepared photocatalysts. The results
hotocatalytic oxidation
O
iO2

alladium doping
ydroxyl groups

of PL spectra indicated that the photogenerated electrons and holes were efficiently separated after Pd
doping. During in situ XPS study, it was found that the content of hydroxyl groups on the surface of
Pd/TiO2 increased when the catalyst was irradiated by UV light, which could result in the improvement of
photocatalytic activity. The activity test showed that the optimum Pd dopant content was 0.05 wt.%. And
the maximum conversion of NO was about 72% higher than that of P25 when the initial concentration
of NO was 200 ppm, which showed that Pd/TiO2 photocatalysts could be potentially applied to oxidize

O.
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. Introduction

Nitrogen oxides (NOx) exhausted from stationary sources and
obile sources can cause ozone depletion, photochemical smog

nd the acid deposition [1,2]. With the development of society and
ndustry, increasing consumption of fossil fuels has resulted in large
missions of NOx. Among the NOx emitted from stationary com-
ustion sources, more than 90% of NOx is nitric oxide (NO). Wet
crubbing method, which is widely used for sulfur dioxide (SO2)
emoval, promises to be less expensive than other methods for
Ox removal, such as combustion modification, selective catalytic

eduction (SCR) and selective noncatalytic reduction (SNCR) [3–6].
n order to remove NOx by wet scrubbing methods, it is necessary
o oxidize NO to more soluble nitrogen dioxide (NO2) or dinitrogen
entoxide (N2O5) in either gas or liquid phase [7,8].

The photocatalytic oxidation using titanium dioxide (TiO2) as
hotocatalyst has been shown to be a relatively cheap and effective

rocess to convert NO to NO2 in gas phase [9–11]. When irradiated
y wavelengths less than 380 nm on TiO2, electrons will be excited
rom the valence to the conduction band, generating electron–hole
airs that can recombine or initiate redox reactions. Holes are
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rapped by water (H2O) or hydroxyl groups (OH−) adsorbed on
he surface to generate hydroxyl radicals (OH•). Electrons reduce
dsorbed oxygen to yield superoxide ions (O2

•−). It is well known
hat OH• and O2

•− groups on TiO2 surface play important roles in
O adsorption and oxidation process [12]. Eqs. (1)–(8) in the fol-

owing could reveal the formation of OH• and O2
•− groups and NO

xidation mechanism.

iO2 + h� → eCB
− + hVB

+ (1)

VB
+ + H2Oads → HOads

• + H+ (2)

VB
+ + HOads

− → HOads
• (3)

CB
− + O2ads → O2ads

•− (4)

O + HOads
• → HNO2 (5)

NO2 + HOads
• → NO2 + H2O (6)

O2 + HOads
• → HNO3 (7)

O + O2ads
•− → NO3

− (8)
t is reported that there are three states during photocatalytic oxida-
ion process of NO [13,14]. At the initial state, the oxidation product
s HNO2. And then in the transient state, oxidation of HNO2 to NO2
nd subsequent oxidation of NO2 to HNO3 occur. Once the catalyst
s saturated with HNO3, the steady state reaches and the oxidation

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:yueliu@zju.edu.cn
dx.doi.org/10.1016/j.jhazmat.2008.08.028
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eaction can only go as far as NO2. The nitrogen mass balance about
O and NO2 is established at the steady state.

Our previous study showed that TiO2 coated on the woven glass
abric was effective for the oxidation of NO at low concentration
14,15]. However, in order to oxidize higher concentration of NO,
urther improvement of the characteristics of the photocatalysts is
equired. The recombination probability between photogenerated
lectrons and holes is a major factor limiting the photocatalytic
ctivity [16,17]. Several approaches have been adopted to enhance
he photocatalytic activity of TiO2 such as its preparation as nano-
ized particles [15,18], doping and coating with metals [19–21] or
odifying with other semiconductors [22,23].
Among these above-mentioned methods, it has been shown

hat modification of the TiO2 surface with noble metals will be
ne of the most successful ways to improve the photocatalytic
fficiency. Doped-Pd on TiO2 has been applied in the photocat-
lytic oxidation of organic pollutants [24,25]. It is proposed that
d species facilitate the photoexcited electrons transfer and hence
etard recombination of photogenerated electron and hole. Due to
hese good properties, Pd-modified TiO2 was used for the gas-phase
hotocatalytic oxidation of NO in our previous study [26]. It was
ound that NO oxidation on Pd-modified TiO2 showed very different
ehaviors from that on pure TiO2.

As an extension work of our previous study, full character-
zations of Pd/TiO2 prepared by thermal impregnation method

ere carried out by X-ray diffraction analysis (XRD), Brunauer-
mmett-Teller measurements (BET), X-ray photoelectron spectrum
nalysis (XPS), transmission electron microscopy (TEM), high
esolution-transmission electron microscopy (HR-TEM), UV–vis
iffuse reflectance spectra (UV–vis DRS) and photoluminescence
pectra (PL). An in situ XPS experiment was conducted to exam-
ne the changes in valance states of Pd and content of hydroxyl
roups on the surface of Pd/TiO2 under UV irradiation, which could
e related to the photocatalytic oxidation performance during the
eaction process. Finally, the photocatalytic activity of Pd/TiO2 for
he oxidation of NO at high concentrations (80–310 ppm) was inves-
igated.

. Materials and methods

.1. Catalyst preparation

Commercial TiO2 Degussa P25 was used as the photocatalyst
nd the precursor. The photocatalysts were prepared by dispersal of
.0 g TiO2 powder into 100 ml Pd2+/HCl solution (4–160 mg/100 ml)
o obtain Pd loading of 0.02–1 wt.%. The slurry was then stirred for
8 h. After that, it was heated at 373 K for 12 h followed by calcina-
ion at 673 K for 1 h in air.

.2. Catalyst characterization

XRD patterns were obtained by a Rigaku D/Max RA diffractome-
er with Cu K� radiation at 40 kV and 150 mA, at an angle of 2�
rom 20◦ to 80◦. BET surface areas (SBET) were determined using N2
hysisorption at 77 K, with a Micromeritics ASSP 2020 equipment.
urface element analysis was carried out by XPS using a Thermo
SCALAB 250 instrument with Al K� radiation (h� = 1486.6 eV)
t 150 W. The signal of adventitious carbon (a binding energy of
84.8 eV) has been used to calibrate the binding energy scale for
PS measurements. The morphology, structure and grain size of

d-modified TiO2 were examined by TEM and HR-TEM with a
EM-2010 instrument. The crystal UV–vis diffuse reflectance spec-
ra of the samples in the wavelength range of 200–800 nm were

easured by a Purkinje TV-1901 spectrophotometer with an inte-
rating sphere, and BaSO4 was used as a reference sample. PL
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pectra were measured at room temperature using a Fluorolog-3-
au fluorospectrophotometer with a Xe lamp as the excitation light
ource.

.3. Photocatalytic reaction

The method of photocatalyst immobilization was carried out by
he dip-coating method [14]. The modified TiO2 (8 g) was carefully
rinded and added to 100 ml deionized water under vigorous stir-
ing. Then the woven glass fabric (pretreatment: 500 ◦C for 1 h) with
n area of 4 cm × 80 cm was dipped into the TiO2 suspension and
he catalyst was coated on. In all experiments, the weight of catalyst
oated was kept to be 0.5 g ± 10%.

The experiment setup and operating conditions for photocat-
lytic activity tests were the same as that in our previous reports
14,15]. All the photocatalytic activity experiments were carried
ut in a continuous setup. The setup consisted of a gas supply,
eactor and analytical system. An air compressor, a NO cylinder
10,000 ppm, diluted by N2) and a N2 cylinder (99.9%) were supplied
s gas sources. By varying the flow rate of one stream air bubbled
hrough a gas wash bottle, the humidity could be adjusted. The air,
O, and N2 streams were mixed to obtain the desired concentration

NO: 80–310 ppm, relative humidity: 75%). The flow rate of the gas
as 2.0 l/min and the space time was 10 s. Photocatalytic experi-
ents were carried out in a 340 ml cylindrical Pyrex glass reactor.

he immobilized catalyst was set into the reactor with a “Z” type.
he irradiation source was an Hg-arc lamp (125 W, Philips) located
utside the reactor. The wavelength of the Hg-arc lamp varied in
he range from 300 to 400 nm with the maximum light intensity at
65 nm. The reaction temperature in the reactor was 80 ± 5 ◦C, from
he irradiation of the lamp. NO, NO2 and O2 were analyzed with a
ue gas analyzer (Kane International Ltd., Model KM-9106). The
elative humidity was measured with a relative humidity analyzer
Testo Co. Ltd., Model 605-H1).

Blank tests were conducted with the Hg-arc turned on but with-
ut the photocatalyst using 80–310 ppm inlet NO, at 80 ± 5 ◦C. The
ariation of the NO concentration could not be observed within
20 min irradiation. Furthermore, there was no change of the NO
oncentration when the Hg-arc lamp was turned off and the catalyst
as present in the reactor.

. Results and discussion

.1. Crystal phase and surface composition

The XRD spectra of photocatalysts with increasing Pd content
rom 0 to 1 wt.% are shown in Fig. 1. Peaks marked “A” and “R”
orrespond to anatase and rutile phases, respectively. From Fig. 1,
ll photocatalysts displayed a mixture of anatase and rutile, and
o Pd containing species were observed. The average crystalline
izes of anatase and rutile were obtained from XRD data with the
cherrer equation [27]. The phase contents of the samples could be
alculated with the following equation [28]:

R =
[

1 + 0.79
(

IA
IR

)]−1
(9)

here fR is the weight fraction of rutile phase in the sample, and IA,
R are the X-ray intensities of the anatase (1 0 1) and rutile (1 1 0)
iffraction peaks, respectively. It was found that there were lit-
le changes in the crystalline phase composition, phase size and

pecific surface area for TiO2 after Pd doping (Table 1).

The element compositions on the surface of Pd/TiO2 were deter-
ined by XPS high-resolution scans over C 1s, O 1s, Cl 2p, Ti 2P

nd Pd 3d spectra regions as shown in Fig. 2. High-resolution scan
ver Pd 3d peaks showed that the binding energy of Pd 3d5/2 was



544 Z. Wu et al. / Journal of Hazardous Materials 164 (2009) 542–548

Fig. 1. XRD patters of catalysts with P25 (A) and different Pd dopant content of
0.02 wt.% (B), 0.05 wt.% (C), 0.1 wt.% (D), and 1 wt.% (E).

Table 1
Physical and morphological properties of the photocatalysts

Catalyst SBET (m2 g−1) Rutile fraction (%) Diametera of TiO2 (nm)

P25 46 7.75 20.3 (A); 31.2 (R)
0.02 wt.% Pd/TiO2 53 7.60 20.6 (A); 31.9 (R)
0.05 wt.% Pd/TiO2 46.4 9.37 24.0 (A); 33.6 (R)
0
1

3
a

i
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f
d
p
i
m
p
t
A

F
i

.1 wt.% Pd/TiO2 52.3 10.05 21.3 (A); 33.5 (R)
wt.% Pd/TiO2 50.1 9.99 21.3 (A); 33.6 (R)

a (A) stands for anatase and (R) for rutile.

36.06 eV, which indicated that Pd loaded on the catalysts existed
s Pd2+.

The morphology of Pd-modified TiO2 powders was further
nvestigated by TEM and HR-TEM images as shown in Fig. 3. TEM
mage (Fig. 3a) confirmed the presence of Pd deposits on the sur-
ace of Degussa P25. As shown in Fig. 3a, Pd deposits were well
ispersed on many of the TiO2 particles and had the diameters
redominantly ranged from 3 to 5 nm. From the HR-TEM image

llustrated in Fig. 3b, clear lattice fringes could be observed for Pd-

odified TiO2 particles. The observed spacing between the lattice

lanes of the sample was obtained as 0.352 nm for (1 0 1) plane of
he anatase crystal (Fig. 3b as shown by the left arrowhead) [29].
nother observed spacing between the lattice planes was observed

ig. 2. XPS scan over the surface of 1 wt.% Pd/TiO2. The Pd 3d line is plotted in the
nset.
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Fig. 3. TEM (a) and HR-TEM (b) images of 1 wt.% Pd/TiO2.

s about 0.262 nm, matching the (1 0 1) plane of PdO crystal, which
onfirmed that Pd dopant exists as PdO [30].

.2. Optical absorption and PL characteristics

Fig. 4 shows the UV–vis diffuse reflectance spectra for the pho-
ocatalysts prepared from P25 with different Pd deposited amount.
he spectra of P25 consisted of a single and broad intense absorp-
ion around 400 nm due to a charge-transfer transition between
he lattice oxygen ligands (O2−) and a central titanium ion (Ti4+)
ith octahedral coordination. In the spectra of Pd/TiO2, almost

imilar absorption intensity was shown at wavelength shorter
han 385 nm, which could be accounted for the intrinsic band gap
bsorption of pure anatase TiO2 (3.2 eV). A broad band between 450
nd 550 nm centered at 470 nm could be observed in the absorp-

ion spectra of Pd/TiO2 owing to a d–d transition of PdO particles
31]. And the background absorption intensity at wavelength longer
han 400 nm was enhanced with the increasing amount of Pd.

Photoluminescence (PL) emission spectra have been used to
tudy the transfer behavior of the photogenerated electrons and
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ig. 4. UV–vis diffuse reflectance spectra of the catalysts with P25 (A) and different
d dopant content of 0.02 wt.% (B), 0.05 wt.% (C), 0.1 wt.% (D), and 1 wt.% (E).

oles and understand the separation and recombination of pho-
ogenerated charge carriers [32]. In order to investigate the
hotoelectric properties of Pd/TiO2, the PL spectra were detected
or the different samples exited at 300 nm at room temperature as
hown in Fig. 5. The PL intensity greatly decreased with the increase
f the Pd dopant content. It is known that the intensity of the emis-
ion from the TiO2 particles is strongly dependent on the surface
reatment of the TiO2 particles [33]. PdO particles deposited on the
urface could act as trapping sites to capture photogenerated elec-
rons from TiO2 conduction band, separating the photogenerated
lectron-hole pairs. Therefore, the recombination rate of photogen-
rated electrons and holes was retarded, leading to the reduction
f PL signal decrease.

.3. In situ XPS study

An in situ XPS study was conducted to examine the changes
n the compositions of chemical species on the surface of Pd/TiO2
nder UV irradiation. 1 wt.% Pd/TiO2 was firstly placed in the dark

vernight before XPS scans. Then, the sample was irradiated by UV
ight. XPS scans were performed after 0.5 and 3 h irradiation.

Fig. 6a shows the Pd 3d peaks of Pd/TiO2 in the dark and after 0.5
nd 3 h irradiation. The peak of Pd 3d5/2 was shifted from 336.06 eV
Fig. 6a, A) to 335.12 eV (Fig. 6a, C), which clearly suggested that a

ig. 5. PL spectra of photocatalysts with different Pd deposited amounts of 0 (A),
.05 wt.% (B), 0.1 wt.% (C) and 1 wt.% (D) at room temperature after the excitation at
00 nm.
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ig. 6. Comparison of XPS high-resolution scans over Pd 3d (a) and O 1s (b) peaks on
wt.% Pd/TiO2 in the dark (A) and after 0.5 h (B), 3 h (C) irradiation. UV irradiation

ource: He I (h� = 21.2 eV), vacuum: (2–3) × 10−7 Pa.

ortion of Pd2+ on the surface of Pd/TiO2 was reduced to metallic Pd
peak at 334.9 eV) under the UV irradiation. When irradiated by UV
ight with wavelength less than 380 nm, electron–hole pairs on TiO2

ere generated. PdO particles dispersed on TiO2 surface were pop-
lated with the generated electrons, resulting in the transformation
f Pd2+ to Pd0 (see Eq. (10)).

d2+ + 2eCB
− → Pd (10)

Fig. 6b shows the O 1s peaks of Pd/TiO2 before and after UV irra-
iation. The peak of O 1s could be well fitted as a combination of
i–O (peak at 529.9) and the OH− groups (peak at 531.8) [34]. The
ain contribution was attributed to Ti–O in TiO2 crystal lattice, and

he other minor peak was ascribed to the Ti–OH on the surface of
d/TiO2. Table 2 lists the results of curve fitting of XPS spectra for
d/TiO2 powders before and after UV irradiation. It could be seen
rom Table 2 that the content of oxygen element on the surface
ecreased and the fraction of hydroxyl groups on the surface of
d/TiO2 had an obvious increase after 3 h irradiation. The content
f oxygen element decreased from 70.5% to 68.8% after 3 h irra-
iation, which might be explained by the fact that surface oxygen

toms on TiO2 could be oxidized to oxygen molecules by photogen-
rated holes, leaving oxygen vacancies [35]. After 3 h irradiation,
he fraction of hydroxyl groups on the surface increased from 11.5%
o 17.2%, which may be related to the destruction of Ti–O–Ti and
he formation of Ti–OH on the surface of TiO2 crystallites. It was
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Table 2
Results of curve fitting of high-resolution XPS spectra for the O 1s and Pd 3d5/2 peaks
of 1 wt.% Pd/TiO2 samples in the dark (A) and after 0.5 h (B), 3 h (C) irradiation

Sample O 1s Pd 3d5/2

O 1s O 1s (Ti–O) O 1s (OH)

A
Eb (eV) 529.98 531.8 336.06
ri (%) 70.5 88.5 11.5 0.61

B
Eb (eV) 529.94 531.68 335.49
ri (%) 70.4 85.4 14.6 0.60
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Eb (eV) 529.92 531.49 335.12
ri (%) 68.8 82.8 17.2 0.63

V irradiation source: He I (h� = 21.2 eV), vacuum: (2–3) × 10−7 Pa.

ndicated by Nakamura et al. [36–39] that the bridged Ti–O–Ti site
n the surface could be broken by a nucleophilic attack of an H2O
olecule to a surface-trapped hole at the surface lattice O site (see

qs. (11) and (12)).

i–O–Ti + hVB
+ + H2O → Ti–O·HO–Ti + H+ (11)

i–O·HO–Ti + hVB
+→ Ti–O–O–Ti + H+ (12)

hen the Ti–O–O–Ti site further reacted with water molecular
dsorbed on the surface of TiO2 to form Ti–OH [37] shown as Eq.
13).

i–O–O–Ti + H2O → [Ti–OOH HO–Ti] + H+ (13)

owever, the changes of hydroxyl groups could not be observed on
iO2 without Pd modification, which indicated that the recombina-
ion rate between photogenerated holes and electrons was fast and
ew holes could be utilized to oxidize surface oxygen atoms. This
esult proved that photogenerated electrons and holes could be effi-
iently separated after Pd doped on TiO2. The increase of hydroxyl
roups on the surface could enhance the photocatalytic activity of
d/TiO2 over the oxidation of NO because of their important roles
n NO adsorption and oxidation process shown as Eqs. (3)–(7).
.4. Behavior of photocatalytic oxidation

Fig. 7 shows the variations of the conversion of NO with
rradiation time over P25 and 0.05 wt.% Pd/TiO2 catalysts in humid-

ig. 7. Variations of NO conversion efficiency with irradiation time for P25 and
.05 wt.% Pd/TiO2. Conditions: 125 W Hg-arc, 80 ◦C, 75% RH, 10 s space time, 21%
2 concentration and 80 ppm initial NO concentration.
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fied environment. The NO conversion over P25 decreased and
pproached a steady state after 300 min of irradiation. Similar
esults could be found in the literatures [13–15]. It is gener-
lly considered that the high initial conversion is the result of
hemisorption [13]. It is indicated from Fig. 7 that the evolution
f the activity vs. irradiation time for Pd/TiO2 is different from
hat for P25. For Pd-modified TiO2 catalysts, the NO conversion
ncreased with irradiation time and tended to be a constant value.

ith 0.05 wt.% Pd/TiO2 catalyst, the minimum conversion (43.9%)
as observed at the beginning of reaction. And after 1200 min
f irradiation, the conversion reached the maximum value of
7.2%.

In our previous report, it had been indicated that the forma-
ion of Pd4+ could be considered as one possible reason of different
ehavior between P25 and Pd/TiO2 [26]. However, the changes in
he compositions of hydroxyl groups on the surface of Pd/TiO2
nder UV irradiation could be another possible reason. Under UV

rradiation, OH• radicals could be produced from OH− groups on the
urface of TiO2 oxidization by photogenerated holes. Eq. (3) reveals
he formation of OH• radicals, which have been detected by ESR
pin trapping [40–42]. Eqs. (5)–(7) indicate that OH• radicals play
mportant roles in NO adsorption and oxidation process. Therefore,
he enhanced photocatalytic oxidation of NO could be promoted
y the increase in the concentration of surface OH− groups. How-
ver, due to lack of the electron trapping sites like Pd species, the
ecombination rate between photogenerated holes and electrons
as fast on P25 without Pd modification and few holes could be
tilized to oxidize surface oxygen atoms. Thus the increase of OH−

roups could not occur on TiO2 without Pd modification. For the
hotocatalytic oxidation of NO on P25, OH• radicals participating

n NO adsorption and reaction were mainly from adsorbed H2O but
ot surface OH− groups.

During the initial state of the reaction, photogenerated electrons
ere transferred from TiO2 conduction band to the Pd2+ and a por-

ion of Pd2+ could be reduced to Pd0 (see Eq. (10)). And the OH−

roups would be formed from TiO2 surface oxygen atoms oxida-
ion by photogenerated holes, which has been indicated by the in
itu XPS study as shown in Fig. 6 and Table 2. OH• was scarily formed
o participate in NO adsorption and oxidation reaction in the ini-
ial state, which resulted in the low conversion as shown in Fig. 7.
s the reaction going on, OH− groups on the surface of TiO2 could
ct as photogenerated holes trapping sites. It would let more OH•

adicals to participate in the photocatalytic reaction, and a rise in
onversion could be observed (see Fig. 7).

.5. Photocatalytic activity

Fig. 8 shows the NO conversion efficiency on Pd-modified
iO2 after 1200 min of irradiation with inlet NO concentration of
00 ppm. A series of Pd dopant contents, such as 0.02, 0.05, 0.1, 0.2
nd 1 wt.%, were chosen to investigate the relationship between
he Pd contents and the photocatalytic activities of Pd/TiO2. It
an be seen from Fig. 8 that the photocatalytic oxidation activity
f NO greatly improves with the increase of Pd dopant content
rom 0 to 0.05 wt.%, then decreases with the further increasing
f Pd loading. Therefore, the optimum Pd dopant content was
.05 wt.%. The highest conversion (72.2%) occurred on 0.05 wt.%
d/TiO2, which was about 72% higher than that with P25 (42%).
rom the above-mentioned PL results (see Fig. 5), it was indicated
hat the separation of the photogenerated electrons and holes was

romoted after Pd doping. Moreover, the increase in the concen-
ration of surface OH− groups under UV irradiation on Pd/TiO2
ould result in more OH• radicals to participate in photocatalytic
xidization of NO. However, the enhancement of activity for Pd
odification decreased when the Pd doping content was higher
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ig. 8. Comparison of different Pd deposited content based on P25 in photocatalytic
xidation of NO after 1200 min of irradiation. Conditions: 125 W Hg-arc, 80 ◦C, 75%
H, 10 s space time, 21% O2 concentration and 200 ppm initial NO concentration.

han 0.05 wt.%. It can be explained by the fact that the surface of
iO2 was covered by too much Pd dopant so that it could not be
rradiated efficiently, which reduced the apparent photo-quantum
ield of photocatalytic process.

Fig. 9 shows the NO conversion efficiency on 0.05 wt.% Pd/TiO2
nd P25 with different inlet concentration of NO. It can be shown
n Fig. 9 that the photocatalytic oxidation efficiency of NO both
ecline with the increase of NO concentration. For P25, the con-
ersion of NO was 72.4% when the inlet concentration was 85 ppm,
nd decreased to 25.8% when the inlet concentration reached
10 ppm. It had been reported that the reaction rate which placed
n the Degussa P25 was limited by the Langmuir–Hinshelwood
odel, where the reaction was first-order at low concentrations

nd zero-order at high concentrations [13,14]. However, the pho-
ocatalytic activity of 0.05 wt.% Pd/TiO2 performed well at higher
oncentration of NO. The conversion of NO (87.2%) was about 1.13
imes that of P25 (72.4%) at inlet NO concentration of 85 ppm,

hile the conversion (60.3%) was about 2.34 times that of P25

25.8%) at 310 ppm. The reason could be considered as the increas-
ng adsorption sites of NO on surface of TiO2 after Pd doping
43].

ig. 9. Effect of NO conversion efficiency with initial NO concentration after
200 min irradiation using P25 and 0.05 wt.% Pd/TiO2. Conditions: 125 W Hg-arc,
0 ◦C, 75% RH, 10 s space time and 21% O2 concentration.
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. Conclusions

In this study, Pd-modified TiO2 photocatalysts were prepared
y thermal impregnation method and used for the photocatalytic
xidation of NO. The experimental results showed that the opti-
um Pd dopant content was 0.05 wt.%. With Pd dopant content of

.05 wt.%, the concentration of NO could reach 72.2% with inlet NO
oncentration of 200 ppm, which was 72% higher than that of P25.
ull characterizations of Pd/TiO2 were also conducted to investi-
ate the relationship between the physico-chemical properties and
hotocatalytic activity. PL spectra identified that the doping of Pd
n TiO2 could inhibit the recombination of photogenerated elec-
rons and holes. During in situ XPS study, it was found that metallic
d0 could be formed from the reduction of Pd2+ by photogenerated
lectrons and the content of OH− groups on the surface increased
ecause of the oxygen atoms oxidation by holes. The increase con-
ent of OH− groups could be considered as one of the reasons for its
igh photocatalytic activity and different oxidation behavior from
25.
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