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Nanocrystalline titanium (IV) dioxide powders with particle size in the range 30 to 45 nm and surface area in the range
Sfrom 150 to 600 m’/g were prepared by hydrothermal treatment of aqueous TiO,.xH,O suspension which was synthesized from
aqueous solutions of TiOSO,, TiOCl,, TiCl4 and TiCl;, respectively, by chemical reaction with 1M ammonium hydroxide. The
structure of prepared samples was determined by X-ray powder diffraction (XRD) and selected area electron diffraction
(SAED). The morphology and microstucture characteristics were also obtained by scanning electron microscopy (SEM) and
high resolution electron microscopy (HRTEM). The nitrogen adsorption-desorption was used for determination of surface
area (BET) and porosity. The photocatalytic activity of the prepared titania samples were assessed by photocatalytic decom-
position of Orange Il dye in an aqueous slurry under UV irradiation at 365 nm wavelength. The best photocatalytic activity
showed the samples of gel precursors prepared from TiCl, and TiCl;. The result suggests that the photocatalytic activity on
the decomposition of Orange Il dye depends on the particle size of samples prepared by hydrothermal synthesis.

INTRODUCTION

Titanium dioxide, also known as titania is the natu-
rally occurring oxide of titanium. We will find TiO, in
all kinds of paint, printing ink, plastics, paper, synthetic
fibers, rubber, condensers, painting colours and
crayons, ceramics, electronic components along with
food and cosmetics. Many studies have been published
on the use of TiO, as a photocatalyst for the decomposi-
tion of organic compounds. Photocatalytic activity
(PCA) is the ability of a material to create an electron
hole pair as a result of exposure to ultraviolet radiation.
The resulting free-radicals are very efficient oxidizers
of organic matter. Photocatalytic activity in TiO, has
been extensively studied because its potential use in
sterilization, sanitation, and remediation applications.
The ability to control PCA is important in many other
applications utilizing TiO, including paint pigments and
cosmetics that require low PCA. The photocatalytic
activity of titania results in thin coatings of the material
exhibiting self cleaning and disinfecting properties
under exposure to UV radiation. These properties make
the material a candidate for applications such as med-
ical devices, food preparation surfaces, air conditioning
filters, and sanitaryware surfaces.

Nanocrystalline anatase [1] powders with particle
sizes from 8 to 38 nm have been synthesized by
hydrothermal treatment of aqueous TiOSO, solutions
and TiO,.xH,O amorphous gel. In the next work [2],

anatase-type TiO,, which was stable up to 800°C, was
successfully synthesized from TiOSO, under hydrother-
mal condition at 180°C and its photocatalytic activity
through the decomposition of methylene blue in aque-
ous solution as a function of calcination conditions was
studied. Photocatalytic activity of anatase [3] powders
was discussed in the relation to their crystallinity.
Anatase powders were synthesized under hydrothermal
condition at 180°C from TiOSO, aqueous solution with
0.1-3.0 mol/l concentration and then annealed at high
temperatures above 700°C. Titania samples rich in
brookite [4] were prepared under hydrothermal condi-
tions by starting from TiCl; as titanium precursor.
Nanocrystalline titania with particle size 20-50 nm and
specific surface area 20-80 m?*g was prepared by
hydrothermal treatment of aqueous solution TiOSO,,
H,TiO(C,0,), and TiO(NO3), solutions[ ]. The photo-
catalytic behavior of synthesized TiO2 powders was
studied in the reaction of phenol photodegradation in
water and optimal characteristics of these materials are
explored. The best photocatalytic activity was observed
for a mixture of rutile (15 %) and anatase (85 %)
prepared by high-temperature hydrolysis of aqueous
TiOSO, solution. Nanocrystalline zirconia and titania
[6] were synthesized by hydrothermal treatment of zir-
conyl ZrO(NO:s), and titanyl TiO(NO:s), nitrates aqueous
solutions and amorphous gels of the corresponding
hydroxides, the hydrothermal synthesis was performed
in the range of temperatures 150-250°C. Nanocrys-
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talline powders of anatase and rutile type of titania with
different morphology and particle size 13-50 nm (XRD)
were prepared by a hydrothermal treatment of complex
titanyl oxalate acid H,TiO(C,0.), aqueous solutions [7].
A titanium hydroxide nanogel was neutrally precipita-
ted from a TiCl, aqueous solution and then used as the
precursor in the hydrothermal process [8]. The applica-
tion of microwave irradiation to the hydrothermal syn-
thesis of rutile from aqueous TiOCl, solution is presen-
ted in paper [9]. Mesoporous nanocrystalline TiO,
powders were synthesized by a hydrothermal method
using tetrabutylorthotitanate as precursor in ethanol-
water mixed solutions [10]. Nanosized TiO, particles
were prepared by hydrothermal method of the amor-
phous powders which were precipitated in an aqueous
peroxotitanate solution using different amine group-
containing organics [11]. Well-defined spherical meso-
porous TiO, was prepared from a poly(ethylene glycol)-
poly(propylene glycol)-based triblock copolymer and
titanium isopropoxide mixed with 2,4-pentanedione by
using a simple sol-gel approach in aqueous solution.
Hydrothermal treatment was performed to increase the
crystallinity, thermal stability, surface area, and photo-
catalytic activity of the mesoporous TiO, [12]. TiO,
nanoparticles were prepared using the hydrolysis of tita-
nium tetraisopropoxide using tetracthyl ammonium
hydroxide as a peptizing agent in the hydrothermal
method [13]. Industrial TiOSO, solution was used as
inorganic precursor to prepare mesoporous titania via
composite template route, using cetyltrimethylam-
monium bromide (CTAB) and tri-block copolymer
EO20PO70EO20 (P-123) as structure-directing agents
(SDA) under high acidity conditions [14]. Trimodally
sponge-like macro-mesoporous titania was prepared by
hydrothermal treatment of precipitates of tetrabutyl
titanate (Ti(OC,H,),) in pure water [15]. Bimodal
nanocrystalline mesoporous TiO, powders with high
photocatalytic activity were prepared by a hydrothermal
method using tetrabutylorthotitanate TiO(C,Hy), as pre-
cursor [16]. Highly photoactive nano-sized TiO, powder
photocatalyst was prepared by a hydrothermal method
at 180°C for 5 h using tetrabutyl titanite (TBOT) as the

precursor. The pH values of the starting suspensions
were adjusted from 1 to 11 usinga 1.0 M HCl or 1.0 M
NH; H,O0 solution [17]. TiO, powder (Degussa P25) was
hydrothermally treated in pure water at 150°C for dif-
ferent times. The results showed that a small amount of
anatase was transformed into rutile phase and more
aggregates of the TiO, crystallites formed after hydro-
thermal treatment, resulting in the decrease of specific
surface area of the TiO, powders [18].

In this work the formation process of titania during
hydrothermal synthesis starting from an amorphous
Ti0,.xH,O gel has been investigated. The UV photoca-
talytic activities of the as-prepared samples were tested
by the degradation of 0.02M Orange 2 dye solutions.
Under the same conditions, the photocatalytic activity
of the commercially available photocatalyst (Degussa
P25) was examined.

EXPERIMENTAL
Preparation of titania precursors

All used chemicals, TiOSO,, TiOCl,, TiCl,, NH,OH
and metal titanium were supplied by Fluka Munich Ger-
many. Amorphous titania precursor (P1-P4) was pre-
pared by five different routes. The titanium salts were
precipitated at temperature 0°C in cooling bath with ice.
The white amorphous precipitates were washed with
distilled water and decanted.

Precursor P1: By-product of titania amorphous gel
from production of titania white by Precheza Prerov
Ltd., Czech Republic. End samples are denoted as
AUT 4, AUT 10 and AUT 12.

Precursor P2: 15 g of TIOSO, was diluted in 500 ml
of distilled water and precipitated with 1M solution of
ammonium hydroxide. End sample is denoted as
AUT 13.

Precursor P3: 15 ml of TiOCl, hydrochloric acid
solution (Ti 15 %, HCI 38-42 %) was dissolved in
250 ml of distilled water and precipitated with 1 M solu-
tion of ammonium hydroxide. End sample is denoted as
AUT 14.

Table 1. Experimental conditions, BET, pore size distribution and rate constant of prepared samples.

Reaction XRD Ccrystallite Surface Average Total pore Rate

Time Analysis size area pore radius volume constant k
Sample Precursor (days) (nm) (m?/g) (nm) (cm’/g) (min)
Aut 4 Pl 3 Anatase 38.1 178.0 1.535 0.09 0.0208
Aut_10 Pl 5 Anatase 34.5 149.7 1.529 0.06 0.0185
Aut 12 Pl 7 Anatase 31.6 182.1 1.529 0.07 0.0154
Aut 13 P2 3 Anatase 19.1 450.4 1.528 0.17 0.0049
Aut_14 P3 3 Anatase 11.2 599.5 6.230 0.28 0.0158
Aut 15 P4 3 Anatase 23.8 273.3 1.528 0.08 0.0245
Aut 26 P5 3 Rutile 69.3 54.5 6.190 0.16 0.0236
P25 - - A/R 20.8/33.1 50.5 1.54 0.09 0.0416
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Precursor P4: 10 ml of TiCl, solution (0,1M in
20% HCI) was dissolved in 250 ml of distilled ice water
and precipitated with 1 M solution of ammonium
hydroxide. End sample is denoted as AUT _15.

Precursor P5: 2 g of metal Ti was dissolved in 5 ml
conc. HCI and diluted with 250 ml of distilled water.
The purple solution of TiCl; was precipitated with 1M
ammonium hydroxide solution. End sample is denoted
as AUT 26.

Hydrothermal synthesis of titania powders

The amorphous gel precursor TiO,.xH,O (see Tab-
le 1) obtained by reaction with ammonium hydroxide
was transferred into 100 ml quartz cartouche held in
stainless steel autoclave. After flush with flow of nitro-
gen, the autoclave was slowly heated from room tem-
perature to the temperature of 250°C at the rate of
5°C/min by the PID controller. Then the reaction was
maintained at this temperature for 3-7 days. The auto-
clave was removed from the oven and free cooled to
room temperature. The product was removed from the
quartz cartouche, washing with decantation, filtered off
and dried at the oven at the temperature of 105°C.

Characterization methods

Specific surface areas of the samples were deter-
mined by nitrogen adsorption-desorption isotherms at
liquid nitrogen temperature using a Quantachrome
Nova 2000 instrument with NovaWin2 version 2.1. soft-
ware. In each case, prior to measurement the samples
were degassed in a flowing nitrogen atmosphere at
150°C for 5 h in a separate degassing unit. Specific sur-
face area was calculated by the BET method [19], while
the pore size distribution (pore diameter and pore volu-
me) was determined by the BJH method [20].

Transmission electron microscopy was carried out
by two instruments: Philips EM 201 at 80 kV and JEOL
JEM 3010 at 300 kV (LaBs cathode). Copper grid
coated with a holey carbon support film was used
to prepare samples for TEM observation. Powder was
dispersed in ethanol and the suspension was treated
in ultrasonic bath for 10 minutes.

SEM studies were performed using a Philips XL30
CP microscope equipped with EDX, Robinson, SE and
BSE detectors. The sample was placed on an adhesive C
slice and coated with 10-nm-thick Au-Pd alloy layer.

X-ray powder diffraction patterns were obtained
on a Siemens D5005 instrument using Cu Ko radiation
(40 kV, 30 mA) and diffracted beam monochromator.

Crystallite size of the samples was calculated from the
Scherrer [21] equation using the X-ray diffraction peak
at 20 = 25.3° (anatase) and 20 = 27.4° (rutile). Quali-
tative analysis was performed with the Eva Application
and the Xpert HighScore using the JCPDS PDF-2 data-
base [22].

Photocatalytic activity of samples was assessed
from the kinetics of the photocatalytic degradation of
0.02 M Orange II dye (OII) in aqueous slurries. Kine-
tics of the photocatalytic degradation of aqueous
Orange II dye solution was measured by using the pho-
toreactor [23]. This photoreactor consists of a stainless
steel cover and quartz tube with florescent lamp
(365 nm, 8 W). Orange II dye solution circulated by
means of membrane pump through the flow cuvette.
The concentration of Orange II dye was determined by
measuring absorbance at 480 nm with VIS spectrofo-
tometer ColorQuestXE. The concentrations calculated
the peak areas were plotted as a function of the irradia-
tion time. The software OriginPro 7.5 was used to fit
normalized kinetic curve of first-order kinetics to the
experimental points. For comparison, an analogous
experiment with the standard photocatalyst TiO,—P25
(Degussa) was carried out.

RESULTS AND DISCUSSION
X-Ray Diffraction (XRD)

XRD of the amorphous titania starting materials
(precursors P2-P4) showed that there are no peaks
present. XRD of the precursor P1 (Figure 1a) showed
anatase diffraction peaks with low intensity. The XRD
patterns of the titanium oxide prepared by hydrothermal
reaction of titania precursors (Figure 1b-g) comport
with a single phase of anatase (ICDD PDF 21-1272).
Figure 1h presented the pure rutile phase prepared from
TiCl; solution (ICDD PDF 21-1276). No other poly-
morph of titania was observed. The broadening of dif-
fraction peaks indicates small size of nanocrystals. The
average size t of crystallites was calculated from the
peak half-width B using the Sherrer equation [17]:

kA
t= 1
Bcos® M

where k is a shape factor of the particle (it is 1 if the
spherical shape is assumed), A and © are the wavelength
and the incident angle of the X-rays, respectively. The
peak width was measured at half of the maximum inten-
sity. The crystallite size calculated from diffraction
plane (101) of anatase and diffraction plane (110) of
rutile is summarized in Table 1. The crystallite size
decreased with the reaction time of hydrothermal syn-
thesis and depends on the origin of amorphous gel.
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Figure 1. XRD pattern of presursor P1 (a) and samples AUT 4 (b), AUT 10 (¢), AUT 12 (d), AUT 13 (e), AUT 14 (f), AUT 15
(g), AUT 26 (h).
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Figure 2. Desorption BJH pore area distribution (a) and pore volume distribution (b).
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Surface area and porosity of prepared samples

All prepared samples give an isotherm of type II with an
A hysteresis loop according to the [UPAC classification
[24]. This kind of isotherm is indication of nonporous
powders or powders with pore diameters larger than
micropores. Type A hysteresis is due principally to
cylindrical pores open at both ends. Pore area distribu-
tion and pore volume distribution calculated by BJH
method are presented in Figure 2a and Figure 2b. The
pores with diameters around 8 nm are dominant for all
prepared samples. Specific surface area is presented in
Table 1. The highest value of surface area had sample
prepared from TiOCl, (~ 600 m?/g), the lowest value
of surface area (150 m?*/g) had sample prepared after
five days hydrothermal reaction of Precheza Ltd.
by-product.

Electron microscopy SEM, HRTEM and ED

The morphology of synthesized titania powder
observed by SEM is shown in Figure 3. In this picture,
there are presented, as an example, samples denoted as
AUT 4 and AUT _10. The morphology of the others
prepared samples is analogous. The SEM and HRTEM
(Figure 4 a,b) micrographs show roughly spherical
particles of 40 nm size. At higher magnification in the
TEM micrographs, small subunits forming the agglo-
merates can be observed. HRTEM image shows small
anatase microcrystals forming the clumps.

High-resolution transmission electron microscopy
techniques were used to characterize the fine structure
of titanium dioxide prepared by hydrothermal synthesis.
Image processing analysis of HRTEM micrograph was
used to achieve in refinement of microstructure in the
sense that we can more accurately analyse grains and
grains boundaries. Furthermore, it is possible to deter-
mine and index crystallographic planes from Fourier

AccV.  Spot Magn . Det
250KV 3.0 T0000x SE* AUT 4

transform and find their orientations. The area used for
image processing is region of the original image taken
with mask 512x512 pixels. Microstructure of the pre-
pared samples is determined utilizing Fast Fourier
Transformation analysis techniques (FFT) for quantify
the lattice spacing.

The HRTEM micrographs in Figures 4a-d charac-
terize the surface morphology of the sample obtained
after three days of hydrothermal synthesis and denoted
as AUT 4. Figure 5a-d represent sample obtained after
five days of hydrothermal synthesis (AUT 10). The
crystalline areas are firm in all the parts of platelet crys-
tal. The fine fringe spacing is 0.35 nm (Figure 4c,d and
Figure 5c,d) and corresponding to the (011) plane of
anatase, the fine fringe spacing of 0.24 nm corresponds
to the (013) plane of anatase (see Figure 4c).

HRTEM images of titania crystallites (Figure 6)
obtained by hydrothermal synthesis of gels prepared
from TiOSO, (sample denoted as AUT 13) shows type
of domain corresponding to TiO, space-group 141/amd.
The unit cell of anatase has been used to index the ED
pattern (calculated by FFT) inserted in Figure 6¢. The
motive in Figure 6¢ corresponds to (110) plane. The fine
fringe spacing of 0.35 nm (Figure 6d) corresponds to
the (011) anatase plane.

HRTEM images of titania crystallites prepared by
hydrothermal synthesis of gels prepared from TiOCl,
and TiCl,, respectively, are presented in Figures 7 and 8
(samples denoted as AUT 14 and AUT _15). The fine
fringe spacing of 0.35 nm (Figure 7c and 8d) corres-
ponds to the (011) anatase plane and the fine fringe
spacing calculated by FFT method (Figure 7d and 8c)
corresponds to (101) plane of anatase unit cell.

Sample denoted as AUT 26 was prepared by
hydrothermal synthesis of gel precursor prepared from
TiCls. The crystalline areas are firm in all the parts of
narrow crystal. The fine fringe spacing is 0.32 nm
(Figure 9d) and corresponds to the (110) rutile plane.

- AccY Spot Magn Det
30.0'kv 3%, ,100008% SE AW

Figure 3. SEM images of sample AUT_4 (a) and sample AUT_10 (b).
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Diffraction methods are the most important sources
of microstructure information to identify individual
microscopic-sized crystallites, i.e. to identify the crys-
tallographic phase the crystallite corresponds to. Struc-
ture determination is generally based on selected area
electron diffraction (SAED) patterns in the transmission
electron microscope (TEM). A computer program
ProcessDiffraction [25] helps indexing a set of single
crystal selected area electron diffraction (SAED)
patterns by determining which of the presumed struc-
tures can fit all the measured patterns simultaneously.

Distances and angles are measured in the digitalized
patterns with a graphical tool by clicking on the two
shortest non-collinear vectors (spots), using user-sup-
plied calibration data. Next figures depicts the selected
electron diffraction patterns (SAED) analyzed by Pro-
cessDiffraction program. In these images are for exam-
ple presented SAED of sample denoted as AUT 10
(anatase) and AUT 26 (rutile). Figure 10a represents
the structure of anatase (ICDD PDF 21-1272) and
Figure 10b shows the structure of rutile (ICDD PDF
21-1272).

Figure 4. HRTEM micrographs of sample AUT 4 (a). Images (b), (c) and (d) are enlarged parts of the image (a).

Ceramics — Silikaty 52 (4) 278-290 (2008)

283



§tengl V., Bakardjieva S., Murafa N., Houskova V.

Photocatalytic activity

The photocatalytic activity of the prepared samples
was determined by degradation of 0.02 M Orange II dye
aqueous solutions under UV radiation at 365 nm wave-
length. In regions where the Lambert-Beer law is valid,
the concentration of the Orange II dye is proportional to
absorbance. d=ccl @)

where 4 is absorbance, c¢ is concentration of absorbing
component, / is length of absorbing layer and € is molar

absorbing coefficient. The time dependences of Orange
2 dye decomposition can be described by using Equa-
tion (3) for the first-order kinetics reaction:

dloir]

=k-[oI] 3)
dt

where [OII] is concentration of Orange II dye and k is
rate constant. It is visible from Figure 11 that the first
order kinetics curves (plotted as lines) fitted to all
experimental points. For comparison, the photocatalytic

activity of a commercially available photocatalyst

Figure 5. HRTEM micrographs of sample AUT 10 (a). Images (b), (c) and (d) are enlarged parts of the image (a).

284

Ceramics — Silikaty 52 (4) 278-290 (2008)



Hydrothermal synthesis of titania powders and their photocatalytic properties

(Degussa P25) was also tested. The calculated degrada-
tion rate constants are listed in Table 1 and degradation
kinetics of Orange II dye at 365 nm wavelength of the
all prepared samples are presented in Figure 11.

From results in Table 1 follow that titania powders
prepared by hydrothermal synthesis exhibits lower pho-
tocatalytic activity for degradation of aqueous Orange 11
dye than reference sample P25 (Degussa). For pure
TiO,, the e and h* recombination may be grouped into
two categories: volume recombination and surface
recombination. Volume recombination is a dominant

c)
Figure 6. HRTEM micrographs of sample AUT 13 (a). Images (b), (c) and (d) are enlarged parts of the image (a).

process in well-crystallized large TiO, particles [26],
which can be reduced by decreasing particle size. Re-
duction in particle size also leads to larger surface area,
which increases the available surface active sites. Sur-
face recombination becomes an important process when
particle size becomes extremely small, about 1-10 nm
[23].

From the results it is evident that the kind of pre-
cursor has effect on the end product. The samples pre-
pared from commercial product and from precursor pre-
pared from TiOSO, have larger particle size (20-30 nm)

Ceramics — Silikaty 52 (4) 278-290 (2008)
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and lower surface area. In Figure 4a-b is displayed
nucleus from by-product of amorphous gel which
recrystallize into anatase during the hydrothermal
process. This sample was compared with AUT 13 -
with well-developed crystal structure and poor photo-
catalytic activity. Samples prepared from Precursor P1
achieved decreasing activity with increasing reaction
time (3-7 days) in the autoclave (see Tab. 1). These
times have influence on crystallite size and surface area
and pore volume too. It can be said that activities of
samples prepared from precursor P1 increase with

50 nm

increasing crystallite size. Sample AUT 13 prepared
from precursor P2 had very poor activity which was
caused probably by low crystallite size and poor crys-
tallinity (see Figure 13b). Sample AUT 14 and AUT 15
prepared from precursor P3 and P4 represent direct pro-
portion between the crystallite size and the photocat-
alytic activity and inverse proportion between the sur-
face area and the photocatalytic activity. These results
imply that photocatalytic activity increase with crystal-
lite size to the size limit and over this limit is decreased.
The products prepared from chloride precursors

Figure 7. HRTEM micrographs of sample AUT 14 (a). Images (b), (c) and (d) are enlarged parts of the image (a).
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(AUT _14 and AUT _15) have the highest photocatalytic
activity thanks to the high surface area. Fall in photo-
catalytic activity of the sample AUT 14 prepared from
TiOCl, is obviously caused by the fall in crystal size
to 10 nm. Unanticipated high photocatalytic activity
had sample prepared from TiCl; precursor (AUT 26).
In comparison with other samples, it has the largest par-
ticle size and the lowest surface area. Sample AUT 26
was prepared from TiCl;, therefore oxygen vacancies
and trivalent titanium (Ti’*) may be present in the
modified TiO,. The oxygen vacancies and Ti** species

act as hole traps [27]. Once the oxygen vacancies and
Ti** species combined with the holes they turn into
charged species. At the same time, oxygen acts as elec-
tron trap during the reaction. Thereafter, the trapped
holes transfer to the organic substrate leading to a de-
gradation reaction and the charged defects recover
original states of oxygen vacancies and Ti’**. Both the
oxygen vacancies and Ti** were attributed to the enhan-
cement of photocatalytic activity of the sample denoted
as AUT 26. High photocatalytic activity is associated
with small crystallite sizes because small crystallite size

Figure 8. HRTEM micrographs of sample AUT_15 (a). Images (b), (c) and (d) are enlarged parts of the image (a).
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can lead to quantum size effects in semiconductors [28].
This result suggests that the photocatalytic activity on
the decomposition of Orange II depends on the particle
size. It means the activity increases with a decreasing
particle size. It is consistent with the result that the pho-
tocatalytic reaction has a small particle-size effect,
wherein the photocatalytic activity increases with a
decrease of particle size [ ]. Titanium dioxide can take
on any of the following three crystal structures: anatase,
rutile and brookite. Anatase type titanium dioxide pho-
tocatalyst generally exhibits higher photocatalytic acti-
vity than the other types of titanium dioxide as regards

the decomposition of organic pollutants by suppressing
the electron-hole recombination. In the case of AUT 26
sample, the rutile phase prepared from TiCl; shows
higher photocatalytic activity than anatase by reason of
oxygen vacancies and trivalent titanium.

CONCLUSION

In the present work, we successfully synthesized
nanocrystalline titania powders by a hydrothermal
method and investigated their photocatalytic properties

d)
Figure 9. HRTEM micrographs of sample AUT_26 (a). Images (b), (c) and (d) are enlarged parts of the image (a).
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in details. The best photocatalytic activity showed the
samples of gel precursors prepared from TiCl, and
TiCl;, respectively. The result suggests that the photo-
catalytic activity on the decomposition of Orange II dye
depends on the particle size. The photocatalytic activity
of titania powders was found to decrease with increas-
ing reaction time of hydrothermal synthesis. Also effect
of hydrothermal synthesis in autoclave caused that
rutile has had higher photoactivity than anatase even
though in the majority of cases anatase achieve higher
activity.
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and photocatalyst Deggusa P25 at 365 nm wavelength.

Figure 10. Electron diffraction pattern of anatase - sample AUT 10 (a) and rutile (b)- sample AUT 26.

Ceramics — Silikaty 52 (4) 278-290 (2008)

289



Stengl V., Bakardjieva S., Murafa N., Houskovd V.

References

Kolen'ko Y. V., Burukhin A. A., Churagulov B. R.,
Oleynikov N. N.: Materials Letters 57, 1124 (2003).

22. JCPDS PDF-2 release 2001, ICDD Newtown Square, PA,
USA.

23. Monteagudo J. M., Duran A.: Chemosphere 65, 1242
(20006).

24. Lowell S., Shields J. E.: Powder Surface Area and Porosi-
ty, Chapman&Hall, London, 1998.

25. Labar J. L.: Ultramicroscopy 103, 237 (2005).

26. Sermone N. D., Lawless D., Khairutdinov R.: J. Phys.
Chem. 99, 16655 (1995).

27.LiuH., WuH.J.,,SunF. X,,Yao Y. L., WuM,, Li W. Z.: J.
Mol. Catal. 15, 47 (2001).

28. Wang Y., Herron N.: J. Phys. Chem. 95, 525 (1991).

29. Fujishima A., Hashimoto K., Watanabe T.: 7iO, Photocata-
lysis: Fundamentals and Application, p. 124, BKC, Tokyo
1999.

HYDROTERMALNI PRiIPRAVA TiO, PRASKU
A JEJICH FOTOKATALYTICKE VLASTNOSTI

VACLAV STENGL, SNEJANA BAKARDIJIEVA,
NATALIYA MURAFA, VENDULA HOUSKOVA

Ustav anorganické chemie, AV CR, v.vi., Rez 250 68

Hydrotermalnimi postupy z prekurzoru TiO,.xH,O byl
ptipraven nanokrystalicky oxid titani¢ity majici velikost ¢astic
30 az 45 nm a mérny povrch 150 az 600 m’g’'. Prekurzor byl
ziskan reakci vodnych roztoki TiOSO,, TiOCl,, TiCl, respek-
tive TiCl; s 1M roztokem hydroxidu amonného. Struktura pfi-
pravenych vzorkd byla charakterizovana pomoci rentgenové
difrakce (XRD) a elektronové difrakce (SAED). Morfologie a
mikrostruktura vzorkti byla analyzovana pomoci skenovaci
elektronové mikroskopie (SEM) a vysokorozliSovaci transmis-
ni elektronové mikroskopie (HRTEM). K uréeni mérného
povrchu (BET) a porozity praskt byla pouzita metoda adsorpce
(desorpce) dusiku. Fotokatalyticka aktivita pfipravenych
praskd byla urena pomoci rozkladu barviva Oranz II ve vod-
ném prostiedi a to UV zafenim o vinové délce 365 nm. Nejlepsi
fotokatalytické vlastnosti vykazovaly vzorky pfipravené reakci
s TiCl, a TiCl;. Z vysledkl vyplyva, ze rychlost rozkladu bar-
viva a tim i fokatalytickd aktivita zavisi na velikosti Castic
praska pfipravenych hydrotermalni syntézou.

2. Inagaki M., Nakazawa Y., Hirano M., Kobayashi Y., Toyo-
da M.: J. Inorg. Mater. 3, 809 (2001).

3. Toyoda M., Nanbu Y., Nakazawa Y., Hirano M., Inagaki M.:
Appl. Catal. B: Environ. 49, 227 (2004).

4. Bokhimi X., Pedraza F.: J. Solid State Chem. /77, 2456
(2004).

5. Kolen'ko Y. V., Churagulov B. R., Kunst M., Mazerolles L.,
Colbeau-Justin C.: Appl. Catal. B: Environ. 54, 51 (2004).

6. Kolen'ko Y. V., Maximov V. D., Burukhin A. A., Muhanov
V. A., Churagulov B. R.: Mat. Sci. Eng. C 23, 1033 (2003).

7. Kolen'ko Y. V., Maximov V. D., Garshev A. V., Meskin P.
E., Oleynikov N. N., Churagulov B. R.: Chem. Phys. Lett.
388, 411 (2004).

8. Cho C. H., Han M. H., Kim D. H., Kim D. K.: Mat. Chem.
Phys. 92, 104 (2005).

9. Baldassari S., Komarneni S., Mariani E., Villa C.: Mat. Res.
Bull. 40, 2014 (2005).

10. Wang G.: J. Mol. Catal. A: Chem. 274, 185 (2007).

11. Ryu Y. B,, Sig M. L., Jeong E. D., Kim H. G., Jung W. Y.,
Baek S. H., Lee G. D., Park S. S., Hong S. S.: Catal. Today
124, 88 (2007).

12. Kim D. S., Klak S. Y.: Appl. Catal. A: Gen. 323, 110 (2007).

13. Kim J. H., Jung W. Y., Baek S. H., Lim K. T., Lee G. D.,
Park S. S., Hong S. S.: Chem. Eng. Sci. 62, 5154 (2007).

14. Tian C., Zhang Z., Hou J., Luo N.: Mat. Lett. 62, 77 (2008).

15. Yu J., Zhang L., Cheng B., Su Y.: J. Phys. Chem. C /1,
10582 (2007).

16. Yu J., Wang G., Cheng B., Zhou M.: Appl. Catal. B: Env.
69, 171 (2007).

17. Yu J., Su Y., Cheng B., Zhou M.: J. Mol. Catal. A: Chem.
258, 104 (20006).

18. YuJ., Yu H., Cheng B., Zhou M., Zhao X.: J. Mol. Catal. A:
Chem. 253, 112 (2006).

19. Brunauer S., Emmett P. H., Teller E.: J. Am. Chem. Soc. 60,
309 (1938).

20. Barret E. P, Joyner L. G., Halenda P. P.: J. Am. Chem. Soc.
73 (1951), 373-380.

21. Scherrer P.: Gott. Nachr. 2, 98 (1918).

290

Ceramics — Silikaty 52 (4) 278-290 (2008)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


