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Potassium doped titanium oxide (KTiO,) nanowires were prepared by the wet corrosion process
(WCP) and their photocatalytic effects were systematically characterized. For the synthesis of
KTiO,, the potassium hydroxide concentration of the WCP was varied in order to obtain nano-
structures with different surface area and surface charge. Structural and crystalline properties of
KTiO, were studied by means of X-ray diffraction, scanning and transmission electron microscopy.
Chemical composition was determined by X-ray fluorescence and energy-dispersive X-ray analysis.
Photocatalytic performance was investigated as a function of the surface area, pH, and crystalline
structures by studying the degradation of methylene blue, cardiogreen, and azorubine red dyes
upon UV irradiation. The negatively charged crystalline KTiO, nanostructures with high surface area
showed significantly higher photocatalytic degradation compared to their TiO, counterpart. They
also showed high efficiency for recovery and re-use. Annealing KTiO, nanostructures improved
structural properties leading to well-ordered layered structures and improved photocatalysis. How-
ever, annealing at temperatures higher than 600 °C yielded formation of rutile grains at the surface
of nanowires, significantly affecting the photocatalytic performance. We believe that KTiO, nano-
structures produced by WCP are very promising for photocatalysis, especially due to their high
photocatalytic efficiency as well as their potential for re-use and durability.
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1. INTRODUCTION

Titanium (Ti)-based materials have widely been stud-
ied because of its abundance, low cost, excellent chemi-
cal stability, environmental benignity, high photocatalytic
activity and antimicrobial properties. Especially, titanium
oxide (TiO,) materials have attracted considerable inter-
ests in many fields of research including photovoltaics
and photocatalysis.'® Generally, when TiO, is exposed
to adequate photon energy of <400 nm, electron—hole
pairs are generated on the surface.” For the photocatalytic
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application, these electron—hole pairs react with target
molecules and degrade them. Commonly, monodispersed
TiO, nanoparticles and nanowires have extensively been
studied because of their large surface area'®!* and strong
light absorption.'*'® In addition, the photocatalytic effi-
ciency could be enhanced by controlling adsorption—
desorption process via surface charges by changing pH or
by applying alkaline doping.'”™" In particular, for K-doped
KTiO,, the K doping promoted the stabilization of the
anatase phase and also yielded higher efficacy of photo-
catalytic activity.?’?> Recently, the wet corrosion process
(WCP) was applied to Ti metal substrates and a net-
work of KTiO, nanowires could be obtained on the metal
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surface.!”?*2* The WCP relies on potassium hydroxide
(KOH) treatment of Ti metal and has demonstrated high
efficiency and high reproducibility in producing nanos-
tructured surface with a high surface area and with vary-
ing potassium doping. The produced KTiO, nanostructures
showed high photocatalytic performances'*? and could
also successfully be used in dye-sensitized solar cells.?

The WCP is a simple one-step synthesis method
at room-temperature  without any supplementary
treatments.'® 22427 The formation of KTiO, nanowires
is directly affected by the solution concentration,'® which
also changes the K content in the nanostructures formed
on the surface. Simultaneously, the surface area as well
as the photocatalytic activity scales with the KOH con-
centration. Thus, the WCP is a promising method for
the efficient and well-tunable production of KTiO, nano-
structures. So far, the basic principle of WCP was studied
and a few applications of KTiO, nanostructures have
been reported, while a more detailed characterization is
missing.

In this work, we synthesized KTiO, nanowires on Ti
microspheres by the WCP. The influence of the surface
area and the effect of the surface charge were investigated.
Structural and chemical evolution of KTiO, were studied
as a function of the annealing temperature. Additionally,
the photocatalytic performance was derived from degra-
dation of three organic dyes: methylene blue (MB), car-
diogreen (CG) and azorubine red (AR), which represent
potential pollutants in colored waste water. The negatively
charged KTiO, annealed at 600 °C showed the highest cat-
alytic activity in all three tested dyes. These nanostructures
are also highly suitable for recycling and re-use, especially
for MB dyes a high recovery performance of about 97%
was measured.

2. EXPERIMENTAL DETAILS
Ti  microspheres (purity >99.8%, diameter of
125-250 pum) were purchased from ChemPUR in
Germany." Ti particles were soaked in 5 mL KOH solu-
tion with concentration of 1, 5, 10, 15, 20, and 25 mol/L
at room temperature for 24 hours. After this WCP step
of the KOH treatment, all particles were washed with
deionized water and dried. These particles contained a Ti
core and a shell of KTiO, nanowire forming a network.
Subsequently, the particles were annealed at 300, 450,
600 and 750 °C for 2 hours in an oxygen-rich furnace
(Carbolite GSM furnace 3216) to study their crystalline
structure as a function of the annealing temperature.
Scanning electron microscope (SEM) combined with
a focused ion beam (FIB, Dual Beam FEI Nova 600
NanoLab) was used to measure the surface structure, shape
and size of KTiO,. For identification and visualization of
the KTiO, shell and Ti core structure, the WCP treated
particles were sliced by FIB with 30 kV Ga-ions, and
cross-sectional parts were analyzed by energy-dispersive
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X-ray (EDX, EDAX) spectroscopy. X-ray fluorescence
(XREF, Philips PW2400, source: 50 kV, 40 mA) was mea-
sured for the quantitative elemental analysis. Transmission
electron microscopy (TEM) and scanning transmission
electron microscopy (STEM) were carried out using
a probe-lens aberration-corrected microscope ARM200F
(JEOL) equipped with a cold-field emission gun and the
large-angle EDX spectrometer (Centurio, JEOL). For these
measurements, a few spheres were glued directly on a half
Cu grid (100 mesh, Agar Scientific).

Surface area analysis was performed by using NOVA
300E (Quantachrome), which estimates the surface area by
nitrogen adsorption behaviors. The surface area was cal-
culated based on the Brunauer-Emmett and Teller (BET)
theory. Zeta potentials were measured by using an elec-
trophoretic light scattering spectrophotometer in order to
analyze the surface charge of the KTiO, shell after treat-
ing at various conditions of pH. A quartz cell was used to
measure the electrophoretic mobility of polystylene latex
reference particles. The pH value was adjusted using aque-
ous solution of NaOH and HCIL.

In order to evaluate the photocatalytic activity of the
KTiO,, 0.1 g of particles was taken and mixed with 2 ml
of MB (10 mg/L), CG (10 mg/L) and AR (10 mg/L) dye
solutions separately under UV irradiation (320~390 nm,
159 x 229 mm lamp) with 10 cm working distance. During
the UV exposure, the solutions were stirred continuously.
However, experiments performed without stirring didn’t
show any significant difference. After UV irradiation, the
photocatalytic activity was evaluated by collecting the
UV-Vis absorption spectra (Tecan, Model infinite M2000
PRO) of the solution. The recycle and re-use potential
of KTiO, nanostructures were evaluated by collecting
a series of repeated photocatalytic reaction experiments
under the same condition as described above. Deionized
water, ethanol and iso-propanol were used for rinsing the
KTiO, after each treatment. The degradation efficiency
was recorded after each cycle.

3. RESULTS AND DISCUSSION

3.1. Morphology of the Synthesized KTiO,

The resulting surface morphology strongly depended on
the concentration of the treating KOH solution. Repre-
sentative surface images of pristine Ti particles and KOH
treated Ti particles are shown in Figure 1. The 1 mol/L and
15 mol/L KOH treated Ti particles showed the smallest
and the largest surface areas, respectively. For concentra-
tions below 20 mol/L, elongated nanowires with diameter
of 10~100 nm and length of several tens of microme-
ters were observed. This result is very comparable with
our previous results obtained on Ti plates.'* Thus, WCP
enables nanostructures fabrication starting from various Ti-
containing materials regardless of the shape of the mate-
rial. In the cross-sectional image of Figure 1(d), the Ti core
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Figure 1. SEM images of (a) a Ti particle, (b) a 1 mol/L. KOH treated
Ti particle, and (c) a 15 mol/L. KOH treated Ti particle at RT for 24 hours.
The respective insets present enlarged images of the surface structures.
(d) The cross-section image of a 15 mol/L. KOH treated Ti particle reveals
the interface area between the KTiO, shell and the Ti core. The vertical
striations originate from the FIB etching due to the curtaining effect.

and porous KTiO, shell can clearly be seen. The total shell
thickness was approximately 5 um.

3.2. Chemical Analysis of the KTiO, Nanostructures
EDX measurements performed on the cross-sectioned
interface between the Ti core and the KTiO, shell clearly
confirmed the K doping (Fig. 2). The shell area (Fig. 2(a))
with the nanowire networks resulted in clear EDX peaks
of K (3.31 keV and 0.26 keV) and O (0.52 keV) whereas
these peaks significantly decreased when moving the elec-
tron beam towards the Ti core (Fig. 2(b)), and completely
disappeared in the core area. The color-coded EDX map
presented in the inset of Figure 2(a) illustrates that the
interface is not abrupt and that a transition area exists
in the range of several micrometers. Figure 2(c) shows a
TEM image of the KTiO, nanowires with a diameter in
the range of 10-30 nm. The presence of K in the individ-
ual KTiO, nanowires was confirmed by STEM-based EDX
mapping. Quantitative analysis yielded a K-concentration
of about 4.5+ 1.1 wt%.

Figure 3 shows the result of XRF measurements for the
KOH treated Ti particles as a function of the K content.
With increasing KOH concentration from 0 to 15 mol/L,
the incorporated amount of K increased linearly, whereas
above the critical concentration (>15 mol/L), the slope
slightly flattens indicating that the incorporation of K in
KTiO, surface structure reaches a first saturation point
and further incorporation of K becomes more difficult
during the WCP. The K content measured in the sample
of 15 mol/L KOH treated Ti was about 4.4 +0.1 wt%,
which is in agreement with the STEM-EDX result of 4.5+
1.1 wt%.
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3.3. Analysis of the Surface Area of
KTiO, Nanostructures

BET analysis was performed in order to measure the
increase of the surface area. The surface area profile is
presented in Figure 4 as a function of concentration of
the KOH solutions. The surface area gradually increased
with the KOH concentration in agreement with the SEM
results (Fig. 1), where the structural evolution from indi-
vidual thick and short nanostructures to three-dimensional
network of thin and elongated nanowires was observed.
Accordingly, we can conclude that the WCP induced
strong morphology changes with the KOH concentration.
These changes effectively go together with an enlargement
of the surface area.

3.4. Analysis of Surface Charge of
KTiO, Nanostructures

Figure 5 shows the zeta potential measured for the
15 mol/L KOH treated Ti particles in various pH levels.
For TiO, particles, previous studies reported that the iso-
electric point (IEP) ranged from 5.1 to 6.7, and the surface
potential was rather positive.?! In contrast, the surface
potential of the KTiO, is negative and the IEP for 15 mol/L
KOH treated Ti particles is about 4.0. This is attributed
to the formation of OH groups on the surface during the
WCP. These OH groups can be a source of the nega-
tive charge observed and influence the electronegativity of
the materials ions.*>33 It has to be noted that the KTiO,
nanowires show a large pH region of negatively charged
surface, which is a valuable characteristic to conjugate the
organic dyes without additional treatments.

3.5. Analysis of the Crystalline Structure of KTiO,

For TiO,, the anatase phase is known to be more photo-
catalytically active compared with the rutile phase.** Espe-
cially for nanoscale TiO,, the formation of the anatase
phase seems to be promoted due to the lower surface free
energy.® The transition from anatase to rutile phase is
within the range of 400-1200 °C.3® In order to study the
effect of crystalline structure, the samples were annealed
at temperatures between 300 to 750 °C. The annealing
didn’t lead to any significant change in the particles size
or shape. Also in terms of dispersion, the annealed parti-
cles didn’t show any difference. Figure 6(a) shows surface
morphologies of KTiO, nanowires after annealing at dif-
ferent temperatures observed by SEM. As can be seen,
the annealing has no significant effect below 600 °C, and
KTiO, nanostructures showed similar diameters of about
30 nm. In contrast, the nanowires annealed at 750 °C
yielded much larger diameter of approximately 100 nm.
Figure 6(b) shows XRD spectra obtained from the Ti
spheres containing KTiO, nanowires annealed at differ-
ent temperatures. For all spectra, the most predominant
peaks originate from the Ti core. The peaks corresponding
to KTiO, are hardly visible in the WCP material as well
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Figure 2. SEM-EDX spectra taken from the cross-sectional interface between (a) the KTiO, shell and (b) the Ti core. The corresponding SEM image
can be seen in the inset of (b) whereas the inset of (a) shows the EDX map of the interface area marked by white rectangle in the SEM image. The
color-code matches with the color of the EDX spectra: K-rich and K-poor areas are colored blue and red, respectively. (c) TEM image of KTiO,
nanowires present in the outer shell-area of the Ti particle. The dark-field STEM image (DF) and the EDX-maps (O-, K- and Ti-maps) taken from the

nanowires evidence the presence of KTiO,.

as in the samples annealed below 600 °C. For the sam-
ple annealed at 600 °C small peaks appear. Finally after
annealing at 750 °C, peaks corresponding to the anatase
and the rutile phases can clearly be identified, as indicated
in Figure 6(b). In a detailed analysis, the peaks observed
at 27.8°, 41.75° and 48.24° could be correlated with (110)
and (111) peaks of the rutile phase and (200) peak of the
anatase phase, respectively.

KTiO, nanowires annealed at different temperatures
were investigated by high-resolution TEM. In Figure 7,

Figure 3. XRF measurements revealing the potassium content in the
nanostructured KTiO, obtained after KOH treatments of Ti particles with
different concentrations.

4

those annealed at 600 °C and 750 °C are presented.
As can be seen in Figure 7(b), the nanowires annealed
at 600 °C contain well-crystallized structure with lattice
fringes appearing parallel with the nanowire axis. The
spacing of the fringes was about 0.85 nm as also con-
firmed by the Fast-Fourier-Transform (FFT) pattern in
Figure 7(c). Perpendicular to the nanowire axis, a lattice
spacing of 0.36 nm was measured, which is in agreement
with d o,y of the TiO, anatase phase. The large d spacing

Figure 4. Surface areas of KOH treated Ti particles derived from BET
analysis. By increasing KOH concentration, the surface area of KTiO,
increased. A maximum surface area was achieved at 15 mol/L with a
specific surface area of about 6.1 m?/g.

J. Nanosci. Nanotechnol. 18, 1-9, 2018
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Figure 5. Zeta potential measured for the 15 mol/L KOH treated Ti
particles as a function of pH.

of about 0.85 nm does not correspond to any plane in
the anatase or rutile crystal structures. However, potas-
sium titanates are well known to form a layered or tunnel
structure by zig-zag layers of titanium-oxygen octahedra
separated by K,0.%7 The obtained value is close to that
previously reported for K, o TiO, (0.72 nm)* or K, TigO,,
(0.78 nm).*

For samples annealed at lower temperatures, similar
high-resolution TEM images were obtained but the lat-
tice fringes were less well pronounced indicating that
the crystallinity improved with the annealing temperature.
However, annealing at 750 °C leads to the formation of
crystallites with a diameter of a few nm on the nanowire
surface. In the core-region, the wide-spaced lattice fringes
remain. In the FFT pattern (Fig. 7(f)), a series of diffraction
spots arranged in concentric rings can be seen. They could

Figure 6.

be matched with d ;) and d,;;, of the rutile phase. EDX
analysis revealed a slightly reduced K-concentration. The
structural transformation from the layered structure to rutile
structure may be promoted by the loss of K atoms.

3.6. Photocatalytic Activity of the
KTiO, Nanostructures

3.6.1. Effect of the Surface Area

Generally, the photocatalytic activity leading to degra-
dation of dyes depends on the catalyst concentration.
The high surface area exerts a synergistic effect on cata-
lyst concentration. Since the higher catalyst concentration
induces an increase of the adsorbed dye molecules, higher
photocatalytic performance can be expected.’® In order
to evaluate the photocatalytic activity, we monitored the
degradation of MB dyes upon UV irradiation. Figure 8(a)
shows the effect of the WCP on photocatalytic degrada-
tion of MB. The Ti particles treated with 15 mol/L KOH
solution, which has the highest surface area (see Fig. 4),
yielded significantly higher photocatalytic efficiency. The
UV-Vis absorption results shown in Figure 8(b) clearly
confirm this trend: The characteristic absorption intensity
of MB dye at 664 nm decreased under UV irradiation,
indicating the dye degradation. The 15 mol/L KOH treated
Ti particles showed remarkable photocatalytic degradation
of MB dye with approximately 90% degradation upon
2 hours of UV light exposure, compared to 50% and 40%
degradation for the 1 mol/LL KOH treated Ti particles and
raw Ti particles, respectively. Taking the BET analysis (see
Fig. 3) into account, where the surface area of 15 mol/L
KOH treated Ti particles was about 8 times higher than
that of the 1 mol/L KOH treated Ti particles, it can be con-
cluded that the enhanced photocatalytic activity directly

(a) SEM images of KTiO, annealed at 300, 450, 600 and 750 °C; (b) XRD spectra of KTiO,/Ti microspheres annealed at different

temperatures. The peaks corresponding to the anatase and the rutile phases are marked with spheres and triangles.

J. Nanosci. Nanotechnol. 18, 1-9, 2018



Characterization and Photocatalytic Performance of KTiO, Nanostructures Prepared via Wet Corrosion

Lee et al.

Figure 7. (a, b) TEM images of KTiO, annealed at 600 °C show that
the nanowires are crystalline with well-defined layered structure with
a spacing of about 0.8 nm. (d, e) TEM images of KTiO, annealed at
750 °C reveal crystallites of a few nanometer in size, which give the
nanowire speckled contrast. The respective FFT patterns (¢ and f) confirm
the crystalline structure. The diffraction spots arranged in concentric rings
in (f) can be matched with lattice spacings of the TiO, rutile structure.

correlates with the increased surface area, in agreement
with previous reports.>*° This photodegradation efficiency
of the produced KTiO, can also be determined quantita-
tively based on the evolution of the peak height at 664 nm,
using the pseudo-first order model as follows:*!

In(C,/C,) = kt

where C, and C, are the concentrations of dye at the
time # = 0 and time ¢, respectively, and k is the pseudo-
first order rate constant. As presented in Table I, the
15 mol/L KOH Ti particles with the highest surface area
revealed a C/C, ratio of 0.09, which is significantly lower
than that of the untreated sample with 0.87, indicating
the high degree of degradation. Also compared with pure
TiO, particles of the same size, the C/C, ratio is about
eight times smaller. This result clearly confirms the role
of the high surface area leading to high photocatalytic
efficiency.

6

Figure 8. (a) Photographs and (b) UV-Vis absorption spectra taken
from the original MB dye, and from the dye exposed to KOH treated
Ti particles after UV light irradiation for 2 hours. UV-Vis spectra of
untreated Ti particles as well as oxidized Ti particles (TiO, particles) are
also included for comparison.

3.6.2. Effect of the Surface Charge

Additionally, the effect of surface charge on the photocat-
alytic activity and the photodegradation of MB dye was
studied by varying the pH values (acidic, neutral and alka-
line solutions). Figure 9 shows the different decolorization
of MB dye after treatment with the 15 mol/L KOH treated
Ti particles of different pH, representatively. As can be
seen in Figure 9(a), the decolorizing is more significant
for pH="7.0 and 10.0 compared with pH = 2.5. In order
to look at this result more into detail, UV-Vis absorption
spectra were taken as a function of pH (see Fig. 9(b)).
In alkaline environment, the degradation was about 95%,
indicating the strong effect of the pH level. In contrast, for
pH = 2.5, the degradation was almost not negligible com-
pared with that of the raw MB dye. In order to exclude
the formation of the colorless leuco-methylene blue, we

Table I.  Values of C/C, with different WCP conditions and TiO, par-
ticles after UV light irradiation for 2 h.

Samples C/C, (after 2 h)
MB 0.98
Untreated 0.87
TiO, particles 0.75
1 mol/L KOH treated Ti 0.54
15 mol/L KOH treated Ti 0.09

J. Nanosci. Nanotechnol. 18, 1-9, 2018
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Figure 9. (a) Photographs taken from of MB dye solutions treated with
KTiO, of different surface charge and (b) UV-Vis absorption spectra of
MB dye solution and 15 mol/L KOH treated Ti particles at pH 2.5, 7.0,
and 9.0 after 2 hours of UV light exposure.

carefully checked the UV-Vis spectra but its characteristic
absorption peak at around 310 nm (not shown) couldn’t be
observed.

Generally, pH is one of the most important parame-
ters for the photocatalytic activity because pH strongly
determines the adsorption of molecules onto the catalysts
surface.'” Strong adsorption of the degradable molecules
is a prerequisite for the enhancement of the photocatalytic
activity. MB dye molecules are known to be cationic. Con-
sequently, negative sites on the surface of catalyst can pro-
mote the adsorption of molecules owing to electrostatic
interactions. As observed in zeta-potential measurements
(Fig. 5), the surface of KTiO, was charged positively in
acidic media below IEP (<pH 4) and negatively charged
above IEP (>pH 4). Hence, below IEP, the electrostatic
repulsion between MB dye molecules and the positively
charged catalyst surface will retard their adsorption and
hamper the photocatalytic activity. On the other hand, the
strong adsorption between MB dye molecules and nega-
tively charged surface will occur above IEP, resulting in
enhanced photocatalytic effect.

The photocatalytic process is based on the genera-
tion of electron—hole pairs under UV irradiation, which
affects the adsorption—desorption processes and the sep-
aration of the photo-generated electron—hole pairs in the
surface of the catalyst particles.” When a semiconductor
absorbs light of energy greater or equal to its band gap,
electrons are excited into the conduction band and holes
are existed into the valence band. This charge separation

J. Nanosci. Nanotechnol. 18, 1-9, 2018

induces the formation of electron—hole pairs which can
generate free radicals such as hydroxyl (‘OH). Active
species such as "OH are very efficient oxidizers of organic
dyes, leading to dye fading as shown in Figures 8(a)
and 9(a).*»* Above IEP, hydroxide ions (OH") induce
the generation of hydroxyl radicals *OH, which originate
from the photo-induced oxidation of OH™ by holes form-
ing on the KTiO, surface. Overall, pH strongly affects the
adsorption—desorption process and the generation of oxi-
dizer species. Therefore, the degradation efficiency of dyes
increases with the pH value owing to the electrostatic inter-
action between MB dye cations and the negative surface
of KTiO,.

3.6.3. Effect of the Annealing Temperature and
Different Dyes

The photocatalytic degradation of MB, CG and AR dye
solutions was studied as a function of the annealing
temperature. Figure 10(a) shows the photocatalytic perfor-
mance of different KTiO, samples in the MB dye solution.
After 2 hours of UV treatment, the KTiO, annealed at
600 °C showed significantly higher degradation compared
with the reference sample of KTiO, obtained without
annealing. The trend is clearly visible: the photocatalytic
efficiency increases with the annealing temperature. How-
ever, the KTiO, sample annealed at 750 °C does not fol-
low this trend, and the degradation efficiency drops even
below that of pristine KTiO, reference sample. This can
be explained, on the one hand, by the reduced surface area
due to the larger diameter of nanowires as well as due
to the more entangled nanostructures. On the other hand,
annealing at 750 °C promotes the formation of the rutile
phase (see Fig. 7), which is known to have a lower den-
sity of localized states and to lead to faster charge carrier
recombination.*

For the CG dye solution, outstanding degradation effi-
ciency, even higher than that of MB dye, was observed, as
presented in Figure 10(b). All KTiO, showed a degrada-
tion efficiency higher than 95% under 1 hour UV exposure.
The KTiO, annealed at 450 °C showed the best perfor-
mance. In the case of AR dye solution, the photocatalytic
performance is generally rather low. The KTiOx annealed
at 600 °C yielded the highest degradation efficiency of
about 32.9%.

3.6.4. Recovery and Re-Use of KTiO,
For TiO, nanostructures, their separation from aque-
ous suspension is a major constraint in photocatalytic
waste water treatment. The separation is generally energy-
intensive as well as cumbersome, and it also does not reach
the high recovery efficiency. This aspect remains a serious
drawback for potential practical applications.*

To analyze the recovery and re-use performance of
KTiO,, those particles annealed at 600 °C were stud-
ied as their all-round performances in MB, CG, and AR
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Figure 10. Photocatalytic degradation behaviors of (a) MB dye, (b) CG dye, and (c) AR dye solution treated with KTiO /Ti particles annealed at

different temperatures.

dye solutions were high. The recovered KTiO, was re-
used for photocatalysis up to four times. Figure 11 dis-
plays the evolution of the degradation efficiency as a
function of the number of cycles. In the case of MB
dye, the KTiO, could easily be cleaned by only deion-
ized water and organic solvents (ethanol and isopropanol)
without any other additional processes, especially without
additional UV treatment for several hours as reported by

Figure 11. The degradation efficiency variation after UV irradiation
cycles in repeated experiments.

8

Kumar et al.** The photocatalytic performance remained
almost constant up to about 97% after several cycles. Com-
parable repeatability has been reported for TiO, nanotubes
fixed on Ti substrate.*®

The reusability of TiO, in CG and AR dye has not
been reported much in literature. In our cycled experi-
ments, the photocatalytic performance in the CG dye was
reduced to about 71% after 3 cycles. In the AR dye
solution, the recycle performance was further weakened
to about 67% degradation efficiency in the last cycle,
even when additional cleaning via UV irradiation was per-
formed. A possible explanation for this observation is that
the organic residues remain attached inside the nanowire
network structure and cannot easily be washed out. Why
CG and AR dyes are more sensitive to the entrapment is
not yet clear and requires more detailed analysis.

It has to be mentioned that the KTiO, nanostructures
produced by the WCP of Ti microspheres enable immobi-
lization of the catalyst directly from the synthesis step. For
supported TiO,, the photochemical reactivity is normally
reduced due to the reduction of active surface area and the
inactive support hindrance in light harvesting. These impli-
cations do not occur for the KTiO, nanostructures on Ti
microspheres. Moreover, the attachment of KTiO, on Ti is
mechanical strong in order to ensure a long term operation.

J. Nanosci. Nanotechnol. 18, 1-9, 2018
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Together with the simple cleaning procedure (using only
water and organic solvents without additional UV irradi-
ation) and the remarkably efficient recycling performance
in MB, KTiO, produced by the WCP has a high potential
for re-usable photocatalyst.

4. CONCLUSIONS

We performed a detailed structural and chemical analy-
sis of KTiO, nanostructures produced by the WCP of Ti
microspheres. Their photocatalytic activity was studied as
a function of the surface area as well as the surface charge.
The KTiO, nanowires obtained from 15 mol/L KOH solu-
tion yielded the highest surface area and also the highest
photocatalytic performance. The negatively charged KTiO,
nanostructures which were annealed at 600 °C showed the
highest photocatalytic degradation of 92% for MB dye,
99% for CG dye, and 33% for AR dye. This result was
attributed to the enhanced active surface area and sur-
face charge as well as the presence of the crystalline lay-
ered structure based on the anatase phase. In addition, the
KTiO, nanostructures immobilized on Ti particles offer
great advantages for separation from the liquid. Indeed,
remarkable recycling performance of 97% for MB dye,
71% for CG dye, and 67% AR dye was obtained after
simply washing with deionized water and with organic sol-
vents. We believe that the KTiO, nanostructures produced
by the WCP has a great potential for photocatalysis but
also for photovoltaics, bio-and eco-friendly devices, where
high catalytic activity and easy cleaning are required.
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