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Abstract

Titanate nanorod synthesis method is extremely important due to their large application in electronic, catalysis, and
biological areas. However, works reporting the influence of synthesis parameters on the structure, morphology, and
properties of titanate nanorods are still rare. Therefore, this work aims to analyze the preparation of titanate nanorods
from TiO, nanoparticles via hydrothermal reaction. The microstructure and morphological properties were evaluated
as a function of time, temperature and precursor nature (anatase or anatase/rutile mixture) by X-ray powder diffraction,
Raman spectroscopy, transmission electron microscopy and field-emission scanning electron microscopy. The crystal-
linity of the precursor was the main parameter for the titanate nanorods formation. Besides, temperature has also a
direct influence in the fibril morphology. The use of low temperature and anatase/rutile mixture was not able to produce
titanate nanorods. Only the use of higher temperatures and pure anatase resulted in rod-like titanates, which showed
higher methylene blue photodegradation efficiency than TiO, nanoparticles.
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1 Introduction number of TiO, applications are due to the TiO, unique
properties, such as biocompatibility, chemical stability,
low cost, photocatalytic activity [13], and a wide-bandgap

semiconductor (approximately 3.3 eV) [14]. Studies related

Manny efforts have been invested in the development of
nanometer scale materials to improve their performance

and, consequently, expand their applications. Titanium
dioxide (TiO,) is a semiconductor with three different
crystal structures: anatase, rutile, and brookite. Rutile is
the most stable form of TiO, under ambient conditions.
However, anatase phase becomes more stable in nanom-
eter size (under 15 nm) [1]. TiO, is often used in solar cells
[2-4], gas-sensors [5], cosmetics [6], antimicrobial agents
[7], food additives [8], textiles [9], paints [10], aerogels
[11], and scaffolds for tissue regeneration [12]. The great

to TiO, synthesis routes are extremely necessary, especially
for production of nanometer-sized particles, due to the
increasing demand of TiO,-based materials. The intrinsic
relation of particle size with physical and chemical prop-
erties broaden the use of TiO, in nanometric scale. In this
way, optimizing the synthesis process to obtain TiO, in
nanometric scale with better structural quality, repeatabil-
ity, reproducibility and with appropriate yield is required.
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Nanoparticles of TiO, can be synthesized using sev-
eral techniques, including sol-gel, electrochemistry, and
hydrothermal method [15]. In the hydrothermal method,
an aqueous solution is submitted to pressure and temper-
ature, using an autoclave. In this technique, the structure,
morphology, and properties of the products will be deter-
mined by the solution volume and reaction temperature.
The hydrothermal method is extensively used to obtain
anatase structure, but also can be used to obtain titanate
in tubular and fibrillar morphologies from TiO, nanopar-
ticles. The reagents, temperature and pressure will define
the final structures and morphologies of tubular titanates
[16].

During the hydrothermal process, TiO, nanoparticles
reacts with concentrated sodium hydroxide or diluted
acid solution, disrupting their structures. The recrystalli-
zation will occur by the formation of titanate sheets. Due
to the hydrogen deficiency on the surface of the titanate
sheets, the layers fold themselves, forming the nanorods.
Reactive groups on the surfaces of titanate sheets are
eliminated when the surface tension is reduced, result-
ing in an arrangement with less surface energy and more
stable structures [17]. Therefore, the formation of titan-
ate nanorods occur after the recrystallization as titanate
sheets, followed by their rolling [18].

Titanate nanorods show great relevance due to their
elevated surface area [19], ability to influence cellular
response [20], high refractive index [21], catalytic activ-
ity, and strong metal support interaction [22]. Also, the
higher number of reactive groups, such as hydroxyl, on
titanate nanorod surfaces facilitates the surface modifi-
cation, increasing their range of application [23]. Titanate
nanorods have several applications, including photovol-
taic cells, batteries [24], polymer nanocomposites [25],
supercapacitors [26], dental cements [21], implant sur-
faces [27], catalysts, sensors, fuel cells, and energy stor-
age devices [22].

The study of synthesis methods of TiO, nanoparticles
and titanate nanorods are extremely important due to
their vast number of applications. Understanding the
synthesis routes will allow the preparation of materials
with better structures and properties, adapting them to
their applications. In this work, different conditions (time
and temperatures) of hydrothermal synthesis of titanate
nanorods were studied. Two different precursors with dif-
ferent crystalline phases were used as titanate nanorod
precursors, allowing to verify how the presence of anatase
or rutile nanocrystals influence the morphology of the
titanate nanorod. According to the results, the precur-
sor phase and temperature of hydrothermal synthesis
were the most important parameters in the preparations
of titanate nanorods. Photodegradation tests showed
that photodegradation efficiency is higher for titanates
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nanorods when compared to TiO, nanoparticles. Notably,
the photodegradation efficiency increased with the titan-
ate nanorod content in each sample.

2 Methodology
2.1 Synthesis of TiO, nanoparticles

TiO, nanoparticles were synthesized using hydrothermal
method. Initially, 0.18 g of sodium dodecyl sulfate (Synth,
90%) was dissolved into 3 mL of deionized water at ambi-
ent temperature. After complete dissolution, 40 mL of
ethanol (Neon, 99.8%) and 2.5 mL of acetic acid (Synth,
99.7%) were added to the mixture and maintained under
stirring until complete homogenization. Then, 5 mL of tita-
nium (IV) isopropoxide (Sigma-Aldrich, 97%) was added
to the reaction vessel, stirring for 20 min. Finally, the mix-
ture was transferred to a Teflon-lined stainless autoclave
to carry out the hydrothermal treatment at 160 °C for 8 h.
The resulting powder was centrifuged and thoroughly
washed with water. Finally, the sample was dried at 80 °C
for 24 h and calcinated at 600 °C for 1 h. The hydrothermal
synthesized TiO, was labeled H-TiO,,.

2.2 Synthesis of titanate nanorods

TiO, nanorods were also synthesized using hydrothermal
method, following the procedure of Kasuga et al. (1998)
[28]. Two different TiO, nanoparticles were used as pre-
cursors: (1) the hydrothermal synthesized TiO, (H-TiO,)
and (2) commercial TiO, (Aeroxide® P25, Evonik, 99.5%)
denoted as C-TiO,. About 0.5 g of TiO, nanoparticles was
dispersed in sodium hydroxide (NaOH, Synth, 98%) aque-
ous solution (10 mol L") and transferred to a Teflon-lined
stainless autoclave. The autoclave was heated at two dif-
ferent temperatures (100 and 150 °C) and two different
times (24 and 48 h). The resulting powder was centrifuged
and thoroughly washed with water until reach the neutral
pH. Then, the material was washed with hydrochloric acid
(HCl, Neon, 37%) aqueous solution (0.1 mol L™") until reach
pH 4 and subsequently, washed with deionized water to
remove excess of chlorides. Finally, the sample was dried at
80 °C for 24 h. Figure 1 presents a diagram of the synthesis
parameters used in the production of titanate nanorods,
where HNF and CNF refers to TiO, nanorods obtained from
H-TiO, and C-TiO,, respectively.

2.3 Microstructural characterization of TiO,
nanoparticles and titanate nanorods

Both TiO, nanoparticles and titanate nanorods were char-
acterized by X-ray powder diffraction (XRD). XRD analysis
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Fig. 1 Synthesis parameters used in the production of titanate
nanorods

were performed using a PANalytical Philips X'Pert with
CuKa radiation (\=1.5406 A) in the 20 range of 10°-100° at
a scan speed rate of 1°/min and step size of 0.02°. Rietveld
[29] refinements were performed using the TOPAS Aca-
demic V5 [30]. Raman spectroscopy measurements were
carried out for TiO, nanoparticles and titanate nanorods
using a Horiba LabRam HR Evolution, operating at 532 nm.
The spectra were measured in the 50-800 cm™' range.
The morphology of TiO, nanoparticles were examined by
transmission electron microscopy (TEM) FEI TECNAI G’ at
200 kV. Size distributions were determined from TEM pic-
tures by measuring the size of 10 particles using image
analysis software Image J. Titanate nanorod morphologies
were analyzed by Field-emission scanning electron micros-
copy (FE-SEM) Jeol JSM-5310 operated at 30 kV.

2.4 Photodegradation

The methylene blue (MB) photodegradation by each
sample from HNF group and H-TiO, was evaluated by
preparing nanoparticles suspension in type | water at the
concentration of 0.6 mg/mL. Then, 156 uL of an aque-
ous solution of MB (0.385 mM) were added to 4 mL of
each nanoparticle suspension. Therefore, the MB con-
centration in the mixture was of 15 uM. The nanopar-
ticles suspensions with MB were stirred in the dark by
using a tube agitator (home produced by robotic group
of UNIFESP-Forgers) for 2 h in order to promote MB
adsorption on nanoparticles. The UV-Vis spectra (FS5,
Edinburgh Instruments) of each sample were measured
after stirring (t0) and after 30 min (t30) under UV irradia-
tion (365 nm; 36 W). Samples of each type of nanoparti-
cle without MB were also irradiated in order to evaluate
the photo stability of the nanoparticles. A solution of

MB was also irradiated in the absence of nanoparticles
in order to confirm that the photodegradation was due
to the activity of nanoparticles and not only due to irra-
diation. In addition, samples of HNF-Ill were irradiated
for 60 and 120 min. Since the photodegradation of MB
by HNF-IV was too fast, the assay was repeated by using
these nanoparticles and a higher concentration of MB
(30 uM). The UV-Vis spectra of the samples were meas-
ured after 5, 10, 20 and 30 min of UV irradiation. The
efficiency of photodegradation was calculated by using
the following equation:

C
Ep=<1—c—o>*1oo

where C, is the initial concentration of MB at time t, and C
is the concentration of MB after the irradiation under UV
light. The absorbance signal due to light scattering of all
nanoparticles was subtracted from the absorbance value
of MB by measuring UV-Vis spectra of nanoparticles sus-
pension without MB.

3 Results and discussion

3.1 Microstructural characterization of TiO,
nanoparticles

Figure 2 shows TEM micrographs of samples C-TiO, and
H-TiO,. The average particle size was estimated from TEM
micrographs as ~20+3 nm for C-TiO, and ~10+ 1 nm
for H-TiO,. Several techniques can be used to produce
TiO, nanoparticles, resulting in different crystallographic
structure and properties. The C-TiO, particles here used
were produced by vapor-fed flame pyrolysis in an indus-
trial process [31]. In this case, the synthesis parameters
are optimized to produce the highest amount of mate-
rial. On the other hand, hydrothermal method here used
is a known a process to obtain small particles without
great concerns about the production yield [14]. Despite
of the correct morphology of each particle is difficult to
define using TEM, since the particles are shown as simple
projection [32], one can conclude that C-TiO, and H-TiO,
presented irregular shape, similar to distorted squares,
rectangles, and circles [31]. Both samples appear to be
highly crystalline and no remarkable difference in the
particle shapes can be observed.

Figure 3 shows XRD patterns of samples C-TiO, and
H-TiO,. Both samples exhibit similar peaks in the XRD
patterns, which can be indexed to the tetragonal phase
(space group /4,/amd) of anatase, identified mainly by
the peak with higher intensity at (101) plane (JCPDS
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Fig.2 TEM micrograph of a
sample C-TiO, and b sample
H-TiO,

Intensity (a.u.)
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Fig.3 XRD patterns of samples C-TiO, and H-TiO, (Letter “A” refers
to anatase phase and “R" refers to rutile)

21-1272) [33]. For C-TiO, sample, less intense peaks of
tetragonal rutile phase at (110), (011), (111), and (220)
were also observed (JCPDS 21-1276) [34].

The Rietveld refinements and the quantitative phase
analysis of C-TiO, and H-TiO, samples were performed
to achieve the lattice parameters, weight fraction for
each phase and the average crystallite size. The Crystal-
lographic Information Files (CIFs) used for the refine-
ments were obtained at the ICSD database, under the
code 172914 (Anatase) and 257864 (Rutile). The Riet-
veld plots and structural results are shown in Fig. 4 and
Table 1, respectively. The agreement factors (R, Rgragqs
and GOF) indicated a good agreement between calcu-
lated and observed diffractograms.
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The lattice parameters obtained by Rietveld refinement
is in good agreement with those published in the litera-
ture, as showed in Table 1. A fraction of 15.6 wt% of rutile
phase was observed in sample C-TiO,. According to Bick-
ley et al. [32] the rutile phase can be present as individual
particles or mixed with the anatase phase, producing het-
erojunction structures. This mixed material can be found
as rutile clusters mixture to anatase nanoparticles or thin
layer of rutile covering the anatase nanoparticles [31, 32].
For the hydrothermal TiO, sample, only anatase phase was
observed, indicating high phase purity. This result agrees
with literature that showed the presence of rutile in sam-
ple C-TiO,.

The average crystallite size was calculated during the
Rietveld refinement routine and compared with parti-
cles size measured by TEM images and are presented in
Table 2. Rietveld refinement provides crystallite sizes for
each phase. So, for the sample C-TiO,, two crystallite sizes
are observed, one for anatase and one for rutile. On the
other hand, particles sizes measured by TEM does not take
into account the different phases. The results showed that
the particles sizes obtained by TEM are similar to the aver-
age crystallite sizes calculated using Rietveld refinement.

Figure 5 presents the Raman spectra of sample H-TiO,
and sample C-TiO,. The sample H-TiO, showed Raman
bands at around 150, 200, 400, 518, and 641 cm~', which
can be assigned to Eg, Eg, B1g, A1g, and Eg modes of tetrag-
onal anatase phase, respectively. The sample C-TiO, pre-
sented bands related to anatase phase, but also showed
a weak band at around 450 cm™ (Fig. 4b), correspond-
ing to E; mode of rutile phase [35]. This result is in agree-
ment with XRD results, confirming the presence of rutile
in C-TiO,.

The Raman spectra also gives information about the
crystallinity and the microstructure of the studied mate-
rials [35]. In order to give a clearly understanding about
the difference between the C-TiO, and H-TiO, samples, the
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Table 1 Results obtained from
Rietveld refinements of sample

C-TiO, and sample H-TiO, o,
powders. Letter “A” refers to

anatase phase and “R" to rutile

phase H-TiO,

26 () 20 0)
Sample  Phases  a(A) a* () c(d) c* (A Rwp (%) Rgrge (%) GOF
(A) 3.7852 3.78465 9.5066 9.5123 6.3 24 1.8
(R) 4.5936 4.6012 2.9569 2.9637 6.3 3.1 1.8
(A) 3.7899 3.78465 9.4971 9.5123 5.7 1.1 1.7

a*, c*=theoretical lattice parameters from CIF files

Table2 Average crystallite size (nm) calculated from Rietveld full-widths at half-maximum (FWHM) and Raman shift of

refinement and particle size (hm) measured in TEM images anatase most intense bands are given in Table 3.
Samples Phase Rietveld refine-  TEM images (nm) C-TiO, sample presented a decrease in the Raman shift
ment (nm) and the FWHM, indicating that its crystallite size is larger

when compared to sample H-TiO, [35], as it was already

CTio A 21.4+0.2 20+3
2 ER)) 3349 verified by TEM and XRD. The variations in Raman spectra
) N between H-TiO, and C-TiO, can also be related to the pres-
H-TiO, (A) 9.0£0.1 10£1 . . ihe .
ence of rutile phase in addition to anatase one [36] in the
Fig. 5 Raman spectra of sam- (a)
ple H-TiO, and sample C-TiO,: Eg
a full curves and b curve on
the region between 300 and .
800 cm™! C-T102

Intensity (a.u.)

Intensity (a.u.)

! v
T T T T T T T T T T T T T T T
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Raman shift (cm™) Raman shift (cm™)
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Table3 The FWHM and Raman

S | E B A E
shift of anatase phase from ampie - 5 '9 '9 9
sample H-TiO, and sample Shift cm™") FWHM  Shift (cm™) FWHM Shift (cm™) FWHM Shift (cm™") FWHM
C-TiO,
H-TiO, 149 22 400 27 518 29 641 37
C-TiO, 143 13 397 24 518 25 638 30

sample C-TiO,. Raman results are in good agreement with
TEM and XRD analysis.

3.2 Microstructural characterization of TiO,
nanorods

Figure 6a-d shows the SEM images of CNF group samples
obtained from sample C-TiO, by hydrothermal treatment
using the different conditions, as Fig. 1. All samples main-
tained the previous nanoparticle morphology, indicating
that the hydrothermal treatment with concentrated NaOH
was not able to obtain titanate. Only the samples CNF-III
and CNF-IV showed some minimum formation of fibers.
Possibly, the treatment at higher temperatures (150 °C) is

Fig.6 SEM images of samples
a CNF-I, b CNF-II, ¢ CNF-Ill, and
d CNF-IV
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more capable to dissolve and rearrange TiO, nanoparti-
cles, producing titanate fibers.

As mentioned before, C-TiO, nanoparticles consist of
anatase and rutile phases. This rutile phase can be iso-
lated or attached to anatase phase. In some cases, anatase
can be covered by rutile, forming a thin layer [31, 32]. As
showed by Fig. 2, C-TiO, had higher nanoparticles sizes
than H-TiO, nanoparticles, decreasing the surface area
and, consequently, the region of interaction with the
NaOH solution. In this way, to dissolve and rearrange rutile
nanocrystals into titanate nanorods, higher temperatures
and/or more concentrated NaOH solution would be nec-
essary [37].

Figure 7a-d shows the SEM images of HNF group
samples, obtained from hydrothermal process of sample
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Fig.7 SEM images of samples
a HNF-I, b HNF-II, ¢ HNF-IIl, and
d HNF-IV

H-TiO,, according to Fig. 1. In contrast to CNF samples, HNF
presented the formation of nanorods in some conditions.
Only the sample HNF-I (Fig. 7a) did not suffer any morpho-
logical modification after the NaOH hydrothermal treat-
ment. Probably, the set parameter of time (24 h) and tem-
perature (100 °C) were not enough to perform the phase
transition to titanate nanorods. The sample HNF-II, treated
at 100 °C during 48 h (Fig. 7b) presented the formation of
some nanorods. The presence of structures in a form of
plates can also be observed, which can be related to titan-
ate sheets that recrystallized, but did not have enough
energy to fold in nanorods [17]. These resultant structures
appear to be an intermediate phase of incomplete transi-
tion products. In this case, TiO, coexist with titanates, with
different morphologies [37].

The samples HNF-IIl and HNF-IV (Fig. 7c-d) presented
the best results. Both samples were treated at 150 °C and
showed a significative number of nanorods. Although the
nanorods are clustered, their sizes are regular and uniform.
The diameter of the fibers was similar, being ~119+30 nm
for the sample HNF-IIl and ~111+36 nm for sample
HNF-IV. Sample HNF-Ill presented more regular and

homogeneous tubes, while the sample HNF-IV showed
tubes with rough surfaces and heterogeneous length.
Figure 8a, b presents the XRD patterns of CNF (Fig. 8a)
and HNF (Fig. 8b) samples. As expected, the samples of
CNF group are not constituted of titanate structures.
All samples (CNF-I, CNF-Il, CNF-lll, and CNF-IV) showed
peaks indexed to the tetragonal phase of anatase (JCPDS
21-1272). The hydrothermal treatment of C-TiO, particles
was not able to obtain titanate fibers, it only to rearrange
the rutile/anatase phases to pure anatase. Only the sample
CNF-IIl presented two peaks around 32° and 45° related to
the sodium titanate phase of nanorods formation (JCPDS
35-1009). As mentioned before, the presence of rutile
phase on C-TiO, along with the higher particle size may
difficult the transformation of TiO, into titanate nanorods.
Figure 8b showed the XRD profiles of HNF group
samples. HNF-I is formed by tetragonal anatase phase
(JCPDS 21-1272). The low synthesis temperature
(100 °C) and time (24 h) used in HNF-I synthesis was
not high enough for the formation of titanate tubes. The
sample HNF-II presented the formation sodium titan-
ate Na,Ti,TigO,s (JCPDS 19-1249) and monoclinic TiO,
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Fig.8 XRD patterns nanorods *
powders of samples CNF (a) (@
and HNF(b)

Intensity (a.u.)
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(JCPDS 03-065-1156). Although a longer reaction time
was used (48 h), probably the low temperature (100 °C)
was not high enough to transform all TiO, into titan-
ates. Therefore, HNF-Il is an intermediate phase related
to incomplete transition reaction.

XRD patterns of HNF-IIl showed the presence of
sodium titanate oxide as Na,Ti;O;, (JCPDS 01-075-2497)
and Na,TigO,4 (JCPDS 33-1293). Sample HNF-IV showed
a layered hydrogen titanate structure as H,Ti;O,.xH,0
(JCPDS 47-0561) with monoclinic lattice [37, 38]. Sam-
ples HNF-IlIl and HNF-IV presented fibril morphologies
with different phases, indicating that higher hydrother-
mal treatment temperatures (150 °C) lead to tube for-
mation. Therefore, the hydrothermal temperature has
a significant effect on the morphology and structure of
the resulting sample. The nucleation and crystal growth
of the nanorods are directly influence by temperature
[39]. Besides, the use of anatase as precursor strongly
influenced in the nanorods production. Anatase has a
tendency for continuous growth in a specific direction
during the reaction with NaOH solution, being more
effective than a mixture of anatase/rutile phases [39].
As mentioned before, the TiO, nanoparticles of H-TiO,
sample are formed by highly pure anatase with particle
size under 15 nm. For this reason, the formation of titan-
ate nanorods was more favorable for H-TiO, than for
commercial TiO, samples (C-TiO,), which had a fraction
of rutile along with anatase.
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3.3 Photodegradation

The UV-Vis spectra of nanoparticles suspension after stir-
ring in the presence of MB showed increased absorbance
at 610 nm which corresponds to the dimer absorption
band. This effect was already expected since the dimeri-
zation of MB under adsorption on negatively charged sur-
faces was reported before [40, 41]. Even so, the absorp-
tion band at 660 nm was used in order to monitor the
MB degradation and the absorption band at 292 nm was
used to monitor nanoparticles photo stability. The photo-
degradation efficiency after 30 min of irradiation in each

100 Sample Efficiency (%)
H-TiO2 18
HNF-1 15
80 HNF-II 42
HNF-I11 50

100

HNF-1V

60

40

20

Photodegradation efficiency (%)

HNEF-II

H-TiO, HNF-1 HNF-IIl  HNF-1V

Fig.9 Values of photodegradation efficiency of MB (15uM) after
30 min of UV-irradiation
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nanoparticle suspensions is depicted in Fig. 9. The absence
of MB absorption band after 30 min of UV irradiation of
HNF-IV showed the higher activity of these nanoparticles
in comparison with the others. Notably, the photodegra-
dation efficiency increased with the increase of titanates
nanorods content in the sample. This result was in line
with the observations of Zhang et al. [42]. In their work,
the authors showed enhanced photocatalytic activity in
function of the increased aspect ratio of ZnO nanorods.
Since the photodegradation of MB by HNF-IV nanopar-
ticles was too fast, the MB concentration was doubled, and
the photodegradation was monitored with shorter time
intervals. Figure 10 shows the UV-Vis absorption spectra
of HNF-IV nanoparticles before and after different times
of irradiation. It was possible to note the decrease of MB

1,2
—— HNF-1V = 0 min
—— HNF IV = 10 min
1,0 —— HUNF-1V (= 20 min
———HNF IV ¢= 30 min
0.8 ——— HNF-IV without MB
o —— MB (= 30min
Q
3
£ 0,6
2
=
0,4
0,2
0,0 _/’;'M\'M-»-~\~«MWNmwmvmmﬂf;w/ -

T T T T T It T T T T T T T T 1
300 350 400 450 500 550 600 650 700

A (nm)

Fig. 10 UV-Vis absorption spectra of HNF-IV nanoparticles in the
absence and presence of MB after different times of irradiation

absorption in function of time while absorbance of TiO,
(292 nm) was constant. These results suggested that the
HNF-IV presented high photo stability.

The values of photodegradation efficiency in function
of time for HNF-IV are depicted in Fig. 11. The kinetic curve
showed a fast degradation rate and even if MB concentra-
tion was of 30 puM, more than 70% of MB was degraded
after only 30 min of UV irradiation. For comparative pur-
pose, similar assay was performed with HNF-III. In this case,
MB concentration was lower (15uM) and the degradation
of MB was monitored until 120 min. Figure 11 showed a
fast kinetic of degradation but the nanoparticles were able
to degrade 100% of MB only after 120 min. Therefore, it
was evident the influence of the nanorods content in the
photo catalytic activity of titanates. Even if both HNF-III
and HNF-IV were composed of titanates nanorods, the
presence of nanoparticles with different morphologies
and lower nanorods content in the HNF-IIl samples was
enough to compromise their photodegradation efficiency.

It is important to mention that no changes on the MB
UV-Vis spectra was observed after 120 min of irradiation
in the absence of nanoparticles nor in the UV-Vis spectra
of MB in the presence of nanoparticles kept 120 min in the
dark. These observations confirmed that the degradation
of MB was a result of the photo activity of TiO, nanoparti-
cles under UV irradiation.

4 Conclusion

TEM and XRD results of TiO, nanoparticles showed that
the particle size and average crystallite size are corre-
lated with the phases observed in the samples. Accord-
ing to the literature, rutile structure is more stable under
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ambient conditions, while anatase phase is more stable
in nanometer size under 15 nm. For hydrothermally syn-
thesized TiO, (H-TiO,), only anatase phase was obtained
with particle size of about 10 nm. On the other hand, for
commercial TiO, samples (C-TiO,), a fraction of rutile was
observed, and the particles presented size above 15 nm
(~20 nm). The crystalline structure of the precursor had
a significant effect on the final product of the hydrother-
mal reaction. According to the results, the presence of
rutile on TiO, nanoparticles hinders the phase transition
into titanates. Rutile is the most thermodynamically sta-
ble phase of TiO,, presenting the higher chemical stabil-
ity. In this way, higher temperature or more concentrated
NaOH solution should be necessary to obtain titanates
using a mixture of anatase and rutile as precursor. On the
other hand, by using pure anatase as precursor, different
results were obtained. As showed by SEM micrographs,
the phase transition into titanate nanorods occurred at
higher temperatures (150 °C) regardless of reaction time.
XRD patterns showed the formation of sodium titanates
for samples HNF-1l and HNF-Ill and hydrogen titanates
for the sample HNF-1V, indicating that the time of reac-
tion defined its crystal structure. Photodegradation tests
showed that photodegradation efficiency is higher for
titanates nanorods when compared to TiO, nanoparti-
cles. This study showed that hydrothermal reaction was
able to produce titanate nanorods, and that the synthesis
parameters are extremely important in the final structure,
morphology, and application.
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