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Abstract

Gas-phase photocatalytic oxidation (PCO) of nitric oxide (NO) with immobilized TiO; films was studied in this paper. The immobilized TiO, films
were synthesized by hydrothermal method. The characterization for the physicochemical properties of catalysts prepared under different hydrother-
mal conditions were carried out by X-ray diffraction analysis (XRD), transmission electron microscopy (TEM), high resolution-transmission
electron microscopy (HR-TEM), Brunauer—-Emmett-Teller measurements (BET) and scanning electron micrograph (SEM). It was found that
the PCO efficiency of the catalyst was mainly depended on the hydrothermal conditions. The optimal values of hydrothermal temperature and
hydrothermal time were 200 °C and 24 h, respectively. Furthermore, it was also known that the photocatalytic efficiency would decrease remark-
ably when the calcination temperature was over than 450 °C. Under the optimal conditions (hydrothermal condition: 200 °C for 24 h; calcination
temperature: 450 °C), the photocatalytic efficiency of catalyst could reach 60% higher than that of Degussa P25.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Nitrogen oxides (NOx) emissions to the air have direct impact
on the global environment and human health through the forma-
tion of photochemical smog and the acid deposition. Various
processes, including combustion modifications, dry processes
and wet processes have been developed to remove NO from flue
gas [1-6].

Traditional wet processes are very efficient to remove NO»
from flue gas, but cannot remove NO because of its low solubility
in aqueous solution [7—-10]. One promising approach to improve
the absorption efficiency of wet processes is the transformation
of NO to NO; by the gas-phase oxidation.

The photocatalytic oxidation (PCO) may be an environmen-
tally friendly and cost-effective process to convert NO to NO,
in gas-phase [11,12]. The PCO of NOx in the ambient atmo-
sphere, using TiO, as the photocatalyst, was firstly reported in
1994 [13]. Ichiura et al. studied the PCO of nitrogen oxides over
titanium dioxide sheets that contained metal compounds [14].
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Dalton et al. investigated the NOx adsorbate reaction at the TiO»
substrate surface in the PCO [15]. Hashimoto et al. reported the
PCO of NO with Hycom TiO; and zeolite to remove NOX in the
atmosphere [16]. Devahasdin et al. [17] studied the mechanism
for the PCO of NO. It was found in his study that the PCO behav-
ior consisted of a series of oxidation steps by the OH® radical
and O, .

Unfortunately, the mentioned investigations were mostly
focused on the removal of NO from ambient environment (either
indoor or outdoor air). Comparing with NOx from flue gas,
the concentration of NO from ambient environment is much
lower. Therefore, it is necessary to develop more effective ways
to enhance the photocatalytic efficiency at high concentration
of NO for the treatment of NO from flue gas. In general, a
large surface area and good crystallinity of catalysts are ben-
eficial to the TiOy-based photocatalysis in air phase [11,16,17].
The hydrothermal method has been found to be one of the best
techniques to prepare TiO, particles of desired size and shape
with homogeneity in composition as well as a high degree of
crystallinity [18-21]. Its most important feature is that it favors
a decrease in agglomeration among particles, narrow particle
size distributions, phase homogeneity and controlled particle
morphology.
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In this study, several TiO,-based catalysts were prepared by
hydrothermal method and NO conversion was investigated in the
presence of air under light irradiation. The effect of hydrother-
mal conditions on the NO conversion efficiency was studied.
The physicochemical properties of the prepared TiO; catalysts
were characterized and the relationship between physicochem-
ical properties and NO conversion efficiency were discussed.

2. Experimental
2.1. Material

NO gas from a compressed gas cylinder with a nitrogen
balance was used for the NO oxidation experiments (concentra-
tion: 10,000 ppm). The Degussa P25 TiO, powder was obtained
from Degussa (crystal size: 20-50 nm, surface area: 50 + 5 m?/g,
crystal distribution: 70% anatase and 30% rutile). Tetrabutyl
titanate, ethanol and distilled water were all analytical grade.
The woven glass fabric was supplied by Hangzhou woven glass
fabric factory (thickness: 0.5 mm; filament diameter: 9 wm).

2.2. Preparation of TiO; catalysts

Nano-sized TiO, was prepared by hydrothermally treating
the sol-gel derived hydrous oxides [19]. 0.1 mol tetrabutyl
titanate was dissolved in 1.5 mol anhydrous ethanol and the
prepared solution was then added dropwise to a water—ethanol
solution containing 1 mol ethanol until the ratio of water to tetra-
butyl titanate reach 50. A white precipitate of amorphous oxide
was produced and the mixture was stirred by a magnetic stirrer at
room temperature for 1 h. Then the precipitate and mother-liquid
were transferred to a Teflon-covered stainless steel autoclave
(volume: 100 ml). The autoclave was then placed in a furnace
for the hydrothermal treatment (temperature: 120-240 °C, time:
1-24h). After hydrothermal crystallization, the precipitate was
washed by ethanol three times followed by centrifugation. Then
the collected particles were diffused into anhydrous ethanol to
make 5% (w/w) suspension for the next dip-coating process.

Immobilization was carried out by the dip-coating method.
The TiO;, suspension was gradually dropped and the catalyst
was coated on the woven glass fabric (pretreatment: 500 °C for
1 h) over an area of 4 cm x 80 cm. The coated woven glass fabric
was treated with a desiccation process in a convection oven at
80 °C overnight. Finally, the woven glass fabric was calcined at
different temperatures ranged from 200 to 750 °C for 3 h. The
amount of TiO; coated was determined as the mass increase of
the woven glass fabric after the coating. In all experiments, the
weight of TiO; coated was determined to be 0.5 g 4 10%.

2.3. Characterization of TiO; catalysts

X-ray diffraction analysis (XRD) of the catalysts was per-
formed on a Rigaku diffractometer (D/Max RA) at 40kV
and 150mA, at an angle of 26 from 20° to 80°. The scan
speed was 1°/min. The strongest TiO, peaks, corresponding
to anatase (101) and rutile (110), were selected to evaluate
the crystallinity of the samples. The mean crystallite size was

determined by the Scherrer equation. Brunauer—Emmett—Teller
measurements (BET), with nitrogen as the adsorption molecule
(ASAP 2020, Micromeritics Com.), were used to determine
the surface area of the samples. The morphology, structure
and grain size of TiO, particle were examined by transmission
electron microscopy (TEM) and high resolution-transmission
electron microscopy (HR-TEM) using a JEM-2010 instrument.
Microstructures of the prepared samples, after being coated with
platinum, were observed with a scanning electron micrograph
(SEM) in Phillips XL-30-ESEM system at a voltage of 20kV.

2.4. Experimental set-up

A set of experiments for the removal of NO from a gaseous
phase was carried out in the continuous-flow reactor using the
catalysts prepared under different conditions. The experimental
set-up consisted of the gas supply, PCO reactor and analytical
system [22]. The air, NO and N, gas streams were mixed to
obtain the desired concentration (NOx: 90 ppm; NO: 80 ppm;
relative humidity: 80%). The flow rate of the gas was 2.0 L/min
and the empty bed retention time (EBRT) was 10s.

The immobilized catalyst was set into a Pyrex reactor with
“Z” type. The Pyrex reactor was irradiated with one Hg-arc lamp
(125'W, Philips) outside, with a volume of 340 ml. The wave-
length of the Hg-arc lamp varied in the range from 300 to 400 nm
with the maximum light intensity at 365 nm. The Pyrex reactor
and light source were set in a hollow chamber that was coated
with tinfoil. The temperature of the reactor and lamp were con-
trolled by the fan. The reaction temperature in the reactor was
80+£5°C, heated by the irradiation of the Hg-arc lamp. NO,
NO;, and O, were measured with a Kane International Lim-
ited Model KM-9106 flue gas analyzer. The relative humidity
was measured with a relative humidity analyzer (Testo Co. Ltd.,
Model 605-H1).

The blank test consisted of a gas stream of ca. 90 ppm NOx
(ca. 80 ppm NO) that was irradiated by the Hg-arc lamp, without
the TiO, photocatalyst, at 80 £ 5 °C. The variation of the NO
concentration could not be observed within 120 min irradiation.
Moreover, there was also no change of the NO concentration
in the inlet or the outlet when the Hg-arc lamp was turned off
and the catalyst was present in the reactor. Therefore, it was
concluded that the absence of the TiO, or the Hg-arc lamp does
not cause the oxidation of NO.

3. Result and discussion
3.1. Crystal structure and size of TiO; catalysts

A series of TiOj catalysts with different hydrothermal tem-
peratures at 120, 160, 200 and 240 °C was prepared and named
as HT-120, HT-160, HT-200 and HT-240, respectively. The
hydrothermal time of the mentioned catalysts was 12h and the
calcination temperature was 450 °C. The XRD patterns of cat-
alysts with different hydrothermal temperature were shown in
Fig. 1. The results of XRD analysis indicated that the catalysts
were anatase structure. The crystal size of these catalysts was
determined by the Scherrer equation to be in the range between
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Fig. 1. XRD patterns of catalysts with different hydrothermal temperatures ((a)
HT-120; (b) HT-160; (c) HT-200 and (d) HT-240).

7.4 and 8.4 nm as listed in Table 1. The amounts of rutile phase
formed in the heated samples were calculated from the follow-
ing equation [23]: Fr=1/{1+0.79 [Ia(10 1)/Ir(110)]}. Here
FR is the mass fraction of rutile in the samples; /o (10 1) and Ir
(1 10) are the integrated 10 1 intensities of anatase and 1 10 of
rutile, respectively.

These results showed that the hydrothermal temperature did
not have significant influence on the crystal size. The crys-
tallinity of TiO; nanoparticles could be evaluated via the relative
intensity of the (10 1) diffraction peak of the anatase [24,25].
Further observation with XRD patterns revealed that with an
increase in hydrothermal temperatures (range: 120-240°C),
XRD peak intensities of anatase became stronger and the
width of XRD diffraction peaks of anatase became slightly nar-
rower, indicating the formation of more TiO; crystallites and an
enhancement of crystallization.

The catalysts with different hydrothermal times at 1, 6, 12
and 24 h were prepared and named as HH-1, HH-6, HH-12 and
HH-24, respectively. The hydrothermal temperature of the men-
tioned catalysts was 200 °C and the calcination temperature was
450 °C. The XRD patterns of catalysts with different hydrother-
mal time were presented in Fig. 2. The results of XRD analysis
indicated that the catalysts were anatase structure.

The crystal size of these catalysts was determined by the
Scherrer equation to be between 8.9 and 7.6nm as listed in
Table 1. From Table 1, it was shown that the hydrothermal time
had little influence to the crystal size of TiO,. Further observa-
tion revealed that the crystal size had a slight decrease at the
initial stage of hydrothermal treatment. This could be attributed
to the growth rules of TiO; crystallites under hydrothermal con-
ditions [26]. At low temperature (up to around 300 °C) a solid
state epitaxial growth mechanism dominated, and a dissolu-
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Fig. 2. XRD patterns of catalysts with different hydrothermal times ((a) HH-1;
(b) HH-6; (c) HH-12 and (d) HH-24).
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Fig. 3. XRD patterns of catalysts with different calcination temperatures ((a)
HC-200; (b) HC-350; (¢) HC-450; (d) HC-550; (e) HC-650 and (f) HC-750).

tion/precipitation mechanism dominated above this temperature.
When the solid state epitaxial growth mechanism dominated, the
crystal size would not increase rapidly. Thus, the crystal sizes
had negligible variations with lower hydrothermal temperatures.

The catalysts with different calcination temperatures at 200,
350, 450, 550, 650 and 750°C were prepared and named
as HC-200, HC-350, HC-450, HC-550, HC-650 and HC-750,
respectively. The hydrothermal temperature of the mentioned
catalysts was 200 °C and the hydrothermal time was 12 h. The
XRD patterns of catalysts with different calcination tempera-
tures were presented in Fig. 3. The crystal size of these catalysts
was determined by the Scherrer equation to be between 6.4 and
81.1 nm as list in Table 2.

Table 1

Physical properties of TiO;, with different hydrothermal temperatures and times

Catalyst code HT-120 HT-160 HT-200 HT-240 HH-1 HH-6 HH-12 HT-24
Crystal phase Anatase Anatase Anatase Anatase Anatase Anatase Anatase Anatase
Crystal size (nm) 7.4 7.7 7.6 8.4 8.9 8.3 7.6 7.6
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Table 2
Physical properties of TiO, with different calcination temperatures
Items Catalyst

HC-200 HC-350 HC-450 HC-550 HC-650 HC-750
Calcination temperature (°C) 200 350 450 550 650 750
Anatase (%) 100 100 100 100 100 61.8
Crystallite size (nm) 6.4 7.9 7.6 159 28.5 51.3
Rutile (%) - - - - - 38.2
Crystallite size (nm) - - - - - 81.1
One point BET surface area (m?/g) (Ps/Py=0.3) 140.97 116.51 127.44 60.28 26.84 12.68
BET surface area (m?/g) 148.50 119.23 131.25 62.46 27.57 13.13
Single point adsorption total pore volume of pores (Ps/Py=0.3) (1072 cm?/g) 7.16 5.92 6.47 3.08 1.36 0.64

The results of XRD analysis indicated that the catalysts
were anatase structure except HC-750. It could be seen that
the peak intensities of anatase increased greatly and the width
of the (101) plane diffraction peak of anatase became nar-
rower with increasing calcination temperature. The crystal size
increased slightly when the calcination temperature was lower
than 450 °C, but it increased rapidly with the higher calcina-
tion temperature. It could be also found that the rutile structure
did not appear in the catalysts until the calcination temperature
reached 750 °C.

3.2. Microstructure and crystallization analysis by TEM
and HR-TEM

TEM and HR-TEM were used to study the microstructures
and crystallization of the hydrothermal treated TiO» powders.
TEM micrographs of HT-200, HT-120, HH-12 and HH-1 were
shown in Fig. 4. From the TEM micrograph of HT-200, shown in
Fig. 4a, it could be seen that the primary particle size was about
7 nm, which was in agreement with the value of the crystallite
size determined by XRD (7.6nm, as shown in Table 1). Fur-
thermore, it could be found that HT-200 had a well crystallinity
of TiO; (shown by the arrowhead). Fig. 4b showed the TEM
image of the TiO; powders prepared at 120 °C for 12 h (HT-120).
The crystal profiles were somewhat unclear and ambiguous; the
crystal size was lack of homogeneity (shown by the arrowhead).
From Fig. 4a and b, it could be known that the crystal profile
of HT-200 was clearer than that of HT-120. It indicated that a
high hydrothermal temperature could enhance the crystallinity
of TiO,, which was in agreement with the result of XRD analy-
sis. Similar results were obtained from Fig. 4c and d that a long
hydrothermal time would enhance the crystallinity of TiO,.

HR-TEM micrographs of HT-200, HT-120, HH-12 and HH-
1 were shown in Fig. 5. From Fig. 5a clear lattice fringes
could be observed, which allowed the identification of crys-
tallographic spacing and indicated the prepared anatase TiO»
powder was well crystalline. The lattice fringes of 0.352 nm were
corresponding to the crystallographic planes (10 1) of anatase
TiO, [27,28]. From Fig. 5a, the lattice fringes of anatase (10 1)
plane were calculated to be 0.350 nm, which matched the men-
tioned value (0.352nm) well. From the HR-TEM photograph
of HT-120 shown in Fig. 5b, it could be found the crystals had
abnormity shape. The crystal profiles and fringes were unclear

and the calculated lattice fringes of anatase (10 1) plane were
0.325 nm. The result confirmed the conclusion gained from the
TEM analysis.

The HR-TEM photograph of HH-12 shown in Fig. 5S¢ showed
better crystallinity compared with those shown in Fig. 5d. In
Fig. 5c the grain boundary and the lattice fringe could be
observed obviously, and the single crystal grain size was about
10 nm. The straight fringes were observed in the grains, and the
lattice fringes corresponding to the anatase (10 1) were mea-
sured as 0.354 nm. Furthermore, the calculated lattices of (10 1)
plane for HH-1 were measured as 0.335nm. All these results
demonstrated that the surface of (101) for HH-12 was more
perfect than HH-1.

3.3. Surface area and pore size of TiO> catalysts

The specific surface area, 7-plot total surface area and total
pore volume (Pg/Py=0.3) of TiO, samples were measured by
the BET method. The analytical results for the TiO, catalysts
prepared at different calcination temperatures were listed in
Table 2.

The results in Table 2 indicated that the TiO, samples pre-
pared by the hydrothermal method had the large total surface area
and total pore volume. It was shown that total surface area and
total pore volume had a little change when the calcination tem-
perature was lower than 450 °C. However, a higher calcination
temperature (>450 °C) would do harm to the surface morphol-
ogy of TiOy, because the total surface and total pore volume
would decrease rapidly when the calcination temperature was
higher than 450 °C.

3.4. Microstructure and morphology of immobilized TiO;
films

SEM studies were conducted to investigate microstructure
and morphology of immobilized TiO; films. Fig. 6 showed SEM
micrographs of sample HC-200 and HC-650.

After thermal treatment at 200 °C and for 3 h, there were lots
of crystals with small size in the films, the surface was very
smooth; and TiO, particles were well-dispersed, the surface of
the film was uniform with free crack (Fig. 6a and b, for HC-
200). As the calcination temperature increased (650 °C), the size
of crystals enlarged and crystals dispersion became disorderly
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Fig. 4. TEM micrographs of TiO, particles ((a) TEM of HT-200; (b) TEM of HT-120; (c) TEM of HH-12 and (d) TEM of HH-1).

in Fig. 6¢ and d, and the evident cracks could be seen in the
TiO, films. Also, it could be seen the visible aggregates of TiO»
particles on the film surface. The results agreed well with the
conclusions from XRD and BET analysis that the high calcina-
tion temperature would lead to the aggregate of TiO, particle
and destroy the surface of catalyst.

3.5. NO conversion

Experimental study to remove NO from a gaseous phase was
carried out in a continuous-flow reactor using different catalysts.
After a stabilized period for about 1 h, outlet NO concentration
became the same as that of inlet gas and then the experiment
started by turning on the UV lamp. The PCO behavior con-
sisted of a series of oxidation steps by the OH® radical and
0,7: NO - HNO; — NO; — HNOj3 [17,22]. At steady-state,
the equilibrium between HNO3 and NO; was reached on the

catalyst surface. NO, was the dominant product at the steady-
state. In this experiment, the steady-state was defined as the
situation after 120 min reaction, since the variation of the outlet
concentration of the NO was less than 5%. The NO conversion
of steady-state was calculated according to the definition as: NO
conversion = (([NOJinlet — [NO]Joutlet)/[NOl]inlet) x 100.

Fig. 7 showed that variation of the NO conversion of cat-
alysts with different hydrothermal temperatures and Degussa
P25. For the catalysts of HT-120, HT-160, HT-200, HT-240
and Degussa P25, the conversion of NO at the steady-state was
50.6, 65.4, 68.7, 71.1 and 48.0%, respectively. From Fig. 7, it
could be found that the catalysts prepared with the different
hydrothermal temperatures had good photocatalytic activities
for NO oxidation except HT-120. HT-240 had the best pho-
tocatalytic activity among the mentioned catalysts, which was
1.5 times higher than Degussa P25. From the result of XRD
analysis (Fig. 1), it was obviously shown that hydrothermal
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Fig. 5. HR-TEM micrographs of TiO; particles ((a) HR-TEM of HT-200; (b) HR-TEM of HT-120; (c) HR-TEM of HH-12 and (d) HR-TEM of HH-1).

temperature had little influence on the crystal size of TiO,. How-
ever, from the TEM and HR-TEM analysis (Figs. 4 and 5) it
indicated that the catalysts with high hydrothermal temperature
(>160°C) had a better degree of crystallinity than others. Previ-
ous studies [19,24,29] also gave the similar conclusions. From
Fig. 7, higher hydrothermal temperature could not give obvious
increase of NO conversion efficiency when hydrothermal tem-
perature was over than 200 °C. In view of the energy cost, the
suitable hydrothermal temperature should be around 200 °C.
Fig. 8 showed that variation of the NO conversion of catalysts
with different hydrothermal times. It could be seen from Fig. 8
that the NO conversion increased with an increase in hydrother-
mal times. For the catalysts of HH-1, HH-6, HH-12 and HH-24,
the conversion of NO at steady-state was 60.7, 70.0, 68.7 and
73.8%, respectively (Fig. 8). From the result of XRD analysis
(Fig. 2), it was shown that hydrothermal time had little influ-
ence on the crystal size of TiO;. However, TEM and HR-TEM

analyses (Figs. 4 and 5) had indicated that the long hydrother-
mal temperature (>12h) led to a high degree of crystallinity.
Therefore, the catalyst had a better photocatalytic activity with
a longer hydrothermal time.

Fig. 9 showed that variation of the NO conversion of cat-
alysts with different calcination temperatures. The conversion
of NO for the catalysts (HC-200, HC-350, HC-450, HC-550,
HC-650 and HC-750) at steady-state was 76.0, 70.7, 68.7, 25.3,
19.5 and 13.8%, respectively (Fig. 9). It could be seen that the
photocatalytic activity of the TiO; decreased fast when the cal-
cination temperature was higher than 450 °C. From the analysis
of XRD, it was observed that the crystal size increased fast with
the high calcination temperature (>450°C). The total surface
and total pore volume decreased greatly for a higher calcina-
tion temperature (see Table 2). Therefore, too higher calcination
temperature (>450 °C) would damage the surface morphology
of TiO;, leading to an obvious reduction of NO conversion.
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Fig. 6. SEM micrographs of TiO; particle films ((a) HC-200, 100x; (b) HC-200, 5000x; (¢) HC-650, 100x and (d) HC-650, 5000 ).

Deng et al. [19] and Kominami et al. [30] reported that
the activity of their hydrothermally produced titania photocata-
lysts improved when they were calcined. The enhancement of
photocatalytic activity might be attributed to the reduction of
organic residues [19] or the decrease in the number of crystal-
lite defects in the powder [30]. In our cases, it was clear that
the catalyst with low calcination temperature had the better effi-
ciency within the investigated range. It might be thought that
low calcination temperature of 200 °C was sufficient to reduce

100
g 80 -
o |
E 4\ jiﬂ\\k f;gngi‘,:j
© 60 g\
57T
& M’“—f T
o .
T 40k —=—HT-120
s | —&— HT-160
B —A— HT-200
S 20} — v HT-240
8 —<«¢— Degussa P25
o L
0 n 1 L | " 1 L 1 L 1 L
0 20 40 60 80 100 120

Irradiation time (min)

Fig. 7. NO conversion efficiency of catalysts with different hydrothermal tem-
peratures (125 W Hg-arc lamp; relative humidity: 80%; O, concentration: 21%;
EBRT: 105).

the organic residues on TiO; particles. Furthermore, the calci-
nation temperature (under 450 °C) would have little influence
on the physical properties of TiO; (Table 2). But the high calci-
nation temperature (>550 °C) had a devastating influence on the
surface areas of catalysts, leading to the reduction of activity.
The similar results could be also found in the literature [26].
Thus, it was confirmed that the calcination temperature under
450 °C was more adequate for the hydrothermal preparation of
TiO5.
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10s).
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Comparing the photocatalytic activity between the TiO, pow-
ders with different hydrothermal treatment and Degussa P25,
it could be seen that the catalysts with hydrothermal treat-
ment had better photocatalytic activity than Degussa P25. Under
the optimal conditions, the photocatalytic activity of catalyst
(HC-200) was 1.6 times as high as Degussa P25. It was well
known that the photocatalytic activity of TiO, depended upon
its crystal structure (anatase, or rutile), surface area, size dis-
tribution, porosity, presence of dopants, and surface hydroxyl
group density, etc. These factors influenced directly on the
production of electron-hole pairs, the surface adsorption and
desorption process and the redox process [11,18]. From the
result of XRD analysis, it was observed that TiO, particles
prepared by hydrothermal method had a small crystal size, nar-
row particle size distribution, pure anatase phase and a high
degree of crystallinity compared to the TiO; particles prepared
by other methods [19,24,31,32]. TEM micrographs, HR-TEM
micrographs and SEM micrographs indicated these excellent
properties of TiO; prepared by hydrothermal treatment. Further-
more, BET analysis indicated that these particles had a large
surface area as three times as Degussa P25. The high photo-
catalytic activity of the particles might be attributed to these
excellent characters.

4. Conclusion

Immobilized TiO, particle films with high photocatalytic
activity for the NO oxidation were prepared by a hydrothermal
method. The effect of hydrothermal conditions (hydrothermal
temperature, hydrothermal time and calcination temperature) on
the TiO, particle characters and NO conversion efficiency was
studied. It could be drawn from this study that:

(1) Compared to other methods, TiO; particle films prepared
by hydrothermal method had a small crystal size (7-10 nm),
narrow particle size distribution, pure anatase phase and a
high degree of crystallinity;

(2) withthe increasing of hydrothermal temperature or time, the
degree of crystallinity could be improved. For the photocat-
alytic oxidation of NO, hydrothermal temperature (around
200 °C) and hydrothermal time (24 h) were favorable for the
synthesis of TiO; particles;

(3) Low calcination temperature (200°C) was sufficient to
reduce the organic residues on TiO, surfaces. High cal-
cination temperature (>450 °C) would damage the surface
morphology and crystal structure of TiO;, which caused the
reduction of NO conversion efficiency;

(4) under the optimal conditions (hydrothermal condition:
200 °C for 24 h, calcination temperature: 200 °C), the pho-
tocatalytic efficiency of catalyst would reach around 60%
higher than that of Degussa P25.
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