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Abstract High plasma power is beneficial for the deposi-
tion efficiency and adhesive strength of suspension-sprayed
photocatalytic TiO, coatings, but it confronts two chal-
lenges: one is the reduced activity due to the critical phase
transformation of anatase into rutile, and the other is
fragmented droplets which cannot be easily injected into
the plasma core. Here, TiO, coatings were deposited at
high plasma power and the position of suspension injection
was varied with the guidance of numerical simulation. The
simulation was based on a realistic three-dimensional time-
dependent numerical model that included the inside and
outside of torch regions. Scanning electron microscopy was
performed to study the microstructure of the TiO, coatings,
whereas x-ray diffraction was adopted to analyze phase
composition. Meanwhile, photocatalytic activities of the
manufactured TiO, coatings were evaluated by the degra-
dation of an aqueous solution of methylene blue dye.
Fragmented droplets were uniformly injected into the
plasma jet, and the solidification pathway of melting par-
ticles was modified by varying the position of suspension
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injection. A nanostructured TiO, coating with 93.9% ana-
tase content was obtained at high plasma power (48.1 kW),
and the adhesive coating bonding to stainless steel exhib-
ited the desired photocatalytic activity.
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Introduction

Titanium dioxide (TiO,) is a semiconducting material
sensitive to photons, which has potential applications in
solar energy conversion, gas sensors, and organic degra-
dation of polluted air and wastewater (Ref 1-3). The
properties of photocatalytic TiO, are strongly correlated
with phase composition, crystal size and specific surface
area. Due to quantum effects of nanometer crystallites and
augmented surface area, nanostructured TiO, is an optimal
choice as the photocatalyst. Anatase and rutile are two
important phases of titanium dioxide, which have out-
standing stability and photoactivity. Recently, some
researchers reported that a mixed crystal of anatase and a
certain amount of rutile phase exhibited better photocat-
alytic performance than that of neat anatase (Ref 4, 5).
However, TiO, nanoparticles with high content of anatase
phase are still deemed to present high photocatalytic
activity.

Suspension plasma spraying (SPS) is a novel method to
deposit nanostructured coatings. It can inject a liquid sus-
pension of submicron powders or nanoparticles into a
plasma jet rather than agglomerated micro-powders. Much
interest has been expressed to immobilize TiO, particles in
coatings by this method (Ref 6, 7).
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By dispersing TiO, nanoparticles in deionized water,
Toma et al. (Ref 6) deposited dense coatings by SPS, and
degradation of air pollutants was achieved by the coating
with an anatase phase content higher than 16 vol.%. Later,
TiO, coatings with high porosity were deposited by plasma
spraying of aqueous titanium isopropoxide. However, with
the increase of plasma power, the anatase content
decreased (Ref 4). In addition, the stand-off distance
imposed great effects on the phase composition and
microstructure, and the anatase content increased with the
increasing of the stand-off distance (Ref 8). Kozerski et al.
(Ref 5) compared TiO, coatings deposited by using dif-
ferent injectors. The anatase content in the coatings
deposited by the internal continuous-stream injector varied
from 1.6 to 8.8 vol.%. However, the anatase content using
an external atomizing injector varied in the range of 9.4-
15.4 vol.%.

Moreover, Daram et al. (Ref 9) prepared a titanium
dioxide/carbon nanotubes composite coating, which pre-
sented a higher photocatalytic performance than a TiO,
coating containing the rutile phase. In the view of ther-
modynamics, the anatase phase presents low Gibbs free
energy and is more stable than the rutile phase when the
granular size is below 15 nm. Thus, Robinson et al. (Ref
10) utilized dilute suspensions of TiO, nanoparticles (av-
erage size > 12 nm) synthetized by hydrothermal flow as a
feedstock. After suspension plasma spraying, nanostruc-
tured TiO, coatings predominantly containing the anatase
phase were obtained.

Briefly, the challenge of depositing photocatalytic TiO,
coatings with suspension plasma spraying is the achieving
of adherent coatings with plenty of anatase phase (Ref 11).
Low plasma power is favored to deposit nanostructured
TiO, coatings with high content during suspension plasma
spraying, but the deposition efficiency and cohesive
strength of TiO, coatings are generally poor. High plasma
power is beneficial for the deposition efficiency and
cohesive strength of TiO, coatings, but it produces two
challenges: the decreased coating activity due to critical
transformation of anatase into rutile, and the fragmented
droplets of the suspension cannot be injected into the
plasma core. It seems difficult to deal with the dilemma by
spray parameters alone.

In this paper, TiO, coatings deposited by SPS with
different injection positions were studied under the guid-
ance of numerical simulation, which was derived from a
realistic three-dimensional (3D) time-dependent numerical
model that included the inside and outside of the torch
regions. Moreover, detailed research about the
microstructure, phase composition, and photocatalytic
performance of TiO, coatings was conducted.
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Experimental
Materials

Coatings were sprayed from a stable TiO, suspension with
particle size about 30 nm (anatase > 99 wt.%). Distilled
water was used as a solvent, and solid loading in the sus-
pension was fixed at 15 wt.%. Stainless steel disks
(@30 x 5 mm) were used as substrates. Prior to coating
deposition, the substrates were polished with a fine grade of
sandpaper and consequently cleaned with ethanol to
remove contaminants.

Suspension Plasma Spraying

Suspensions plasma spraying were carried out using an F6
torch (GTV Verschleilschutz) with a 6-mm internal
diameter anode. The flow rate of Ar gas was set as 40 slpm,
whereas the flow rate of hydrogen was 10 slpm. Though
the position of the suspension injection was addressed
according to simulation results, the distance between the
substrate and the outlet of the plasma gun was fixed at
90 mm throughout the experiments. The TiO, suspension
was radially injected into the plasma jet through a nozzle
with average diameter 0.3 mm by a suspension feeder
(GTV Verschlei3schutz). For all coatings, the feed rate of

the suspension was fixed at 30 ml min~".

Coating Characterization

Scanning electron microscopy (FE-SEM; Nova-Nona-430;
FEI) was conducted to investigate the morphology and
microstructure. X-ray diffraction (XRD; Smartlab 9 kW;
Rigaku) was adopted to analyze the phase composition.
Raman spectroscopy (LabRAM HR800; HORIBA Jobin—
Yvon) and UV-Vis spectroscopy (HP8453; Keysight) were
used to characterize the coatings.

Photocatalytic Activity

Photocatalytic activity was evaluated by decomposing a
5-ppm methylene blue (MB) solution. Samples were
immersed in the MB solution (50 ml), then placed in a
home-made set-up and irradiated using a UV-lamp. The
wavelength was 370 nm and the intensity was 2.5 mW/
cm’. A 6-ml volume of MB solution was withdrawn after a
certain period of irradiation, and the absorbance was
measured to determine the MB concentration using a
spectrometer. The measurement wavelength was set at
664 nm, referencing the distinctness of the absorption peak
of MB. Meanwhile, a blank sample without a TiO, coating
was also tested.
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Results and Discussion
Injection Positions

The plasma jet without a suspension injection was first
measured by the Enthalpy Probe System (Tekna Plasma
Systems, Canada) at a stand-off distance of 90 mm. The
results of the plasma temperature and velocity with dif-
ferent arc currents are shown in Fig. 1. The temperature
was obtained by calculating the energy balance of the
circulating cooling water in the enthalpy probe, while the
plasma velocity (low Mach number of gas flow) was
directly calculated by the Bernoulli equation. As seen in
Fig. 1, the plasma temperature increases from 2730 to
2880 K with the arc current raising from 450 to 650 A (the
corresponded plasma power increases from 324 to
48.1 kW). As some publications have reported (Ref 8, 11),
it was difficult to avoid the metastable anatase phase con-
verting to rutile under the condition of high plasma power.
In fact, the transformation temperature of anatase TiO, to
rutile is about 400-900 K. Once it was deposited onto the
substrate, the transformation of sprayed TiO, anatase to
rutile can be induced subsequently by heating of a
sequential scan of the plasma jet (Ref 12).

Because the measurement distance by the Enthalpy
Probe System to the nozzle exit must be longer than 60 mm
to avoid thermal overload, it cannot directly diagnose the
plasma jet at the exact locality of the suspension injection.
Thus, a realistic 3D LTE (Local Thermal Equilibrium)
numerical model without suspension injection, where the
computational domain included the inside and outside
regions of the torch, was developed to investigate the
plasma jet (Ref 13-15). We found that there is a coexis-
tence of multiple arc roots. The particular plasma arc
attachment location leads to a significant asymmetry in the
distributions of temperature and velocity as well as the
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Fig. 1 Plasma temperature and velocity with different arc currents
measured by the Enthalpy Probe System at a stand-off distance of
90 mm (Ar/H,: 40.0/10.0 slpm)

electric potential and field strength. The continuous
movement of the plasma arc not only causes fluctuation in
the arc voltage drop but also results in temporal variations
of the plasma temperature and velocity. Figure 2(a) and
(b) illustrates the typical simulation results, which corre-
sponded to the distributions of the plasma temperature and
velocity in the vertical plane (X-Z), respectively. Inside the
torch, the maximum temperature in front of the cathode is
nearly 31,000 K, while the largest velocity of more than
2700 m/s is located in the channel of the anode nozzle.
After entering the ambient environment, the plasma jet
experiences an expansion process, and both the plasma
temperature and velocity gradually decrease with the
increasing of the stand-off distance.

The radial temperatures of the plasma jet at three rep-
resentative injection positions are shown in Fig. 2(c).
Injections 1, 2 and 3 indicate the positions of suspension
injection away from the outlet of the plasma gun with
distances of 8, 18 and 28 mm, respectively. At a traditional
injection position (Injection 1), the profile shows the tem-
perature of the plasma core to be 12683 K. When the
injection position is changed to Injection 2, the temperature
decreases to 10,999 K. A lower temperature of 7640 K is
obtained when the distance between the injection position
and the outlet of the plasma gun further increases to 28 mm
(Injection 3).

Further, the temperature gradients of the corresponding
injection positions are calculated and presented in
Fig. 2(d). As seen in Fig. 2(d), there is a primary maximum
value at the radial position of 2.99 mm and a second
maximum at 5.28 mm for Injection 1. This implies that
there is a tremendous thermophoretic force, which is cal-
culated by the following formula (Ref 16):

Fr = —4nr? i VT

Y15 \/27rkBT0/m
where r,, VT, Ty and m correspond to the radius of a
particle, the temperature gradient of the plasma flow, the
surface temperature and the mass of a particle, respec-
tively. As shown in Eq 1, the thermophoretic force is
proportional to the temperature gradient.

The numerical results clarify why fragmented droplets
of the suspension cannot be easily injected into the plasma
core at high plasma power. For the existence of a ther-
mophoretic force, the fragmented droplets must have a
momentum to overcome the obstruction. It must be noted
that the velocity of the fragmented droplets cannot be too
high so as to disturb the stability of the flow field, otherwise
this results in decreased deposition (Ref 17). Meanwhile,
when the fragmented droplets present a large distribution in
size, the thermophoretic force will cause uneven injection
and produce a porous coating, since fine fragmented

(Eq 1)
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Fig. 2 Simulation results of a more realistic 3D time-dependent LTE
numerical model without suspension injection, where the computa-
tional domain included the inside and outside region of the torch (I:
650 A, P: 48.1 kW, Ar/H,: 40.0/10.0 slpm): (a) the distributions of

droplets are prevented from taking part in coating deposi-
tion (Ref 6).

For Injection 2, the primary maximum value of the
temperature gradient is decreased to half that of Injection 1,
and the second maximum value is also diminished. Thus,
the fragmented droplets can be easily injected into the
plasma core at this position and a uniform injection can be
achieved. As seen in Fig. 2(d), the temperature gradient of
Injection 3 further decreases, and the profile becomes much
flatter compared with Injection 2. Obviously, Injection 3 is
the most favorable one for equably injecting fragmented
droplets into the plasma core.

TiO, Coating
Coating Microstructure

TiO, coatings of Injections 1, 2 and 3 were deposited on
stainless steel substrates at a plasma power of 48.1 kW
(650 A, Ar/H,: 40.0/10.0 slpm), and the corresponding
samples are presented in Fig. 3. It can be seen that the as-
sprayed coatings are mainly light gray-blue in color. The
change from the white color of the initial TiO,
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nanoparticles implies that Ti*" formed in the coatings. This
can be ascribed to the high temperature reached by the
plasma jet and the existence of hydrogen, causing the loss
of oxygen. Interestingly, the coating deposited in Injection
3 is dappled; the areas of white spots are comprised of
loose TiO, nanoparticles. After photocatalytic testing, they
peel off from the coating. It seems that the short inflight
time leads to insufficient interaction of TiO, particles with
the plasma jet. The plasma jet vaporizes the fragmented
droplets, but does not transfer enough thermal and kinetic
energy to the TiO, nanoparticles to form a uniform coating.
Given the dispirited deposition in Injection 3, we aban-
doned it for the following investigation.

The coating microstructure was further investigated by
SEM. As seen in Fig. 4, both coatings are composed of
undulate conglomerations and melted regions, where these
conglomerations are piled up by molten and non-molten
particles. The featured surface provides a large specific
surface area. Thus, it can increase the reaction area
between the catalyzer and degradation agent, and enhance
the photocatalytic performance. In addition, many pores
are observed in the TiO, coating of Injection 1.
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Fig. 3 SPS TiO, coatings with
different injection positions:
(a) Injectionl, (b) Injection 2
and (c) Injection 3
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Fig. 4 Surface SEM images of TiO, coatings: (a) Injection 1 and
(b) Injection 2

Figure 5 shows the cross-section SEM images of the
TiO, coatings. There are no horizontal cracks in either
coating, suggesting low cooling stresses. Meanwhile, the
coatings are free from vertical cracks. In comparison, the
coating microstructure is strongly related to the position of
the suspension injection. For Injection 1, the coating is
highly porous, and consists of melted and non-melted
areas. Furthermore, these melted regions are lamellar, with
a length of about 20 um. This reveals that the melted
phases impinge into the substrate with high kinetic energy
and make the non-melted particles stick together (Ref
8, 11). Meanwhile, the non-melted area is composed of
agglomerated nanoparticles (see inset of Fig. 5(b)).

When a suspension is injected into the plasma jet, it will
experience a series of complicated processes such as
fragmentation, evaporation and melting. Consequently, two
typical phenomena emerge, as follows (Ref 17). For these
fine particles or agglomerates, they cannot be flattened as
they impact the substrate with a low momentum. Thus,
they pile up, with small lamellae or ultrafine lamellae. For
large aggregates, they can impact the substrate with a high
inertia and the lamellae melt. Based on the above analysis,
the large melted regions and a large number of pores in the
coating of Injection 1 reveal a nonuniform injection (Ref
6, 17). Large fragmented droplets are injected into the
plasma jet, whereas fine ones are impeded from penetrating
into the enthalpy source and take part in coating deposition
due to thermophoretic force.

For Injection 2, the coating is relatively dense, and the
cross-section presents a wave-like structure. By observa-
tion, the coating mainly consists of nanoparticles. Mean-
while, the size of the melted regions is decreased to 5 pm
and they are evenly distributed throughout the coating.
Thus, it shows that an efficient and uniform injection is
obtained for Injection 2, which is consistent with the
numerical analysis (Fig. 2d). In addition, the gravity force
may also cause the structural difference of the coatings
because the nanometer-sized particles lose their extremely
fast velocity during suspension plasma spraying. In Injec-
tion 1, the particles have a longer flight and therefore get
“lost” faster than in Injection 2, resulting in a porous
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Fig. 5 Cross-section SEM
images of TiO, coatings:

(a) Injection 1 and (b) Injection
2, in which the inset is a SEM
image with high magnification

coating. We will evaluate the influence of the gravity force
in future work.

Phase Compositions

X-ray diffraction was performed to assess the phase com-
positions of the TiO, coatings with different injection
positions, and the results are illustrated in Fig. 6. The
anatase content in the coatings, 1, was calculated through
the equation provided in Berger-Keller et al. (Ref 18):

ﬂZSIA/[SIA+13IR] (Eq 2)

where I, and Iy are the diffraction intensities of anatase
and rutile, respectively. Furthermore, crystal size, t was
determined using the Scherrer formula:

t =K2/Bcos0 (Eq 3)

where K is the shape factor, 4 is the wavelength of the
x-ray, 0 is the Bragg angle, and B is the full width of half
maximum (FWHM) of the peak intensity. All FWHMs are
calibrated to the instrumental errors (Ref 19). It must be
pointed out that the Scherrer formula for powders is more
favorable in view of the error. Thus we tend to interpret the
calculated data between coatings.
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Fig. 6 XRD patterns of TiO, coatings: (a) initial TiO, powder,
(b) TiO; coating of Injection 1, and (c) TiO, coating of Injection 2

Table 1 shows the phase compositions and the crys-
talline sizes of the different samples. It can be clearly seen
that the anatase content depends significantly on the posi-
tion of the suspension injection. The initial particles con-
taining 99.8% anatase phase has a crystalline average size
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Table 1 Phases and crystallites sizes of TiO,

Anatase crystallites average size, nm

Rutile crystallites average size, nm

Samples Anatase, vol.%
TiO, powders 99.80
Injection 1 61.24
Injection 2 93.90

of 29.87 nm. For the TiO, coating deposited in Injection 1,
the anatase content decreases to 61.24%, and the anatase
and rutile crystallites sizes are 52.10 and 125.15 nm,
respectively. In contrast, the anatase content of the TiO,
coating deposited in Injection 2 is 93.9%. The crystal size
of the anatase is 34.18 nm, whereas that of rutile is
86.85 nm. In brief, the XRD results coincide with the SEM
analysis. The TiO, coating deposited in Injection 1 has
larger molten regions consisting entirely of rutile phase,
whereas the TiO, coating deposited in injection 2 presents
a fine nanostructure, in which the anatase content and
crystal size are comparable with those of the initial
feedstock.

The diversified phase structure of the TiO, coatings can
be further explained by the solidification pathway of the
molten titanium, which is modified by the position of the
suspension injection. After injection into the plasma jet, the
solution in the droplets instantly volatilizes due to the high
enthalpy of the plasma jet. Then, agglomerates begin to
melt with the heating of the plasma jet, and resolidify to
rutile or anatase depending on the crystallization condi-
tions. With a high quenching rate, the molten mass can
nucleate into anatase at a temperature lower than 2057 K
due to the lower surface energy compared to rutile
(VAnatase = 0.38J m—Z’ YRutile = 0.93 ] m—2) (Ref 10).
When the temperature is close to the melting point of TiO,,
it will solidify stably into rutile (Ref 12, 20). The research
work of Bannier et al. (Ref 11) verified that inflight par-
ticles in SPS deposition with a moderate arc current
(400 A) displayed a higher anatase content than the coat-
ings, and most of the phase transformation from anatase to
rutile occurred after the particles imposition onto the
substrate.

The agglomerates in Injection 2 experienced lower
heating in comparison to Injection 1, and underwent a
homogeneous  nucleation and  recrystallized to
metastable anatase. Thus, a nanostructured TiO, coating
with anatase content 93.9% and crystallites size 34.18 nm
was obtained. For Injection 1, most of the TiO, agglom-
erates subjected to the plasma experienced a higher tem-
perature. They solidified to form a stable rutile with the
drive of Gibbs free energy and the anatase content was
decreased to 61.24%. As there was longer flight distance
for the growth, the rutile crystallites was increased to
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Fig. 7 Raman spectra of TiO, coatings: (a) Injection 1 and (b) Injec-
tion 2

86.85 nm, and the crystallites size of the anatase was
augmented to 34.18 nm.

In addition, cooling the substrate can address the
solidification pathway of TiO, agglomerates and generate
metastable anatase phase. However, it is harmful to the
coating microstructure, and usually results in depressed
binding force and micro-defects, such as cracks (Ref 11).

Raman Spectra

Raman spectroscopy was also performed to characterize
the phase compositions of the TiO, coatings (Fig. 7). It is
used with the XRD technique because the laser focuses on
the sample surface without penetrating into the coating.
Thus, Raman spectroscopy can provide an insight into
phase compositions on the coating surface.

For the coating of Injection 2, a typical spectrum was
obtained. There are sharp peaks at 399, 513 and 639 cm ™!,
which are identified as By,, A, and E,, respectively (Ref
8). These peaks evidently indicate that the coating is
composed entirely of anatase phase. Moreover, for the
coating of Injection 1, two peaks at about 400 and
640 cm ™' become wide. Since the characteristic peaks of
E, and A}, in rutile phase are located at approximately 447
and 612 cm™ ", respectively, the broadening of these two
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peaks indicate the existence of the rutile phase. XRD
analysis shows that the TiO, coating for Injection 2 has an
anatase content of 93.9%, whereas for Injection 2 it is
61.24%. The results of Raman spectra coincide with the
XRD data.

UV-Vis Reflectance Spectra

UV-Vis diffuse reflectance spectra were recorded with the
wavelength in the range of 250-700 nm. Figure 8 shows
the corresponding spectra of the initial powder and the
TiO, coatings. For the starting TiO, powder with more
than 99% anatase, the absorbance begins with the wave-
length lower than 400 nm, which is derived from the
charge transfer from the valence band to the conduction
band (Ref 21). The former is generated by the 2p orbitals of
oxide anions, whereas the latter is caused by the 3d t,, of
Ti**. For the TiO, coatings, both have an absorbance edge
in the range of 390-410 nm which is correlated with a
typical band gap of 3.0-3.2 eV.

By observation, the TiO, coatings display a broad
absorbance compared with the initial powder. Meanwhile,
the maximum reflectance shifts to a higher wavelength.
This could be explained by the presence of a mixture of
anatase and rutile phases in the coatings. The energy band
of the rutile is 3.0 eV (420 nm), whereas the energy band
of the anatase changes to 3.2 eV (390 nm). Thus, the TiO,
coatings show a wide absorbance range. Moreover, the
rutile content for Injection 1 is higher than that of Injection
2. As a result, the absorbance range of the former is
obviously prolonged to a higher wavelength.

In addition, the TiO, coatings demonstrate visible light
absorbance. When the wavelength is longer than 450 nm,
the reflectance distinctly decreases with the increased
wavelengths. The spectra data coincide with the
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Fig. 8 UV-Vis diffuse reflectance of raw TiO, powder and TiO,
coatings
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experimental phenomenon. As shown in Fig. 3, these
samples are light gray-blue in color. Robinson et al. (Ref
10) ascribed the absorbance to the appearance of Ti*" in
the TiO, coatings due to the loss of oxygen.

Photocatalytic Activity

All samples were immersed in MB solution with UV
irradiation, and then the MB concentrations were measured
at regular intervals, and the corresponding results are dis-
played in Fig. 9.

As seen in Fig. 9, the blank substrate exhibits little
change to the MB concentration within 12 h except for a
slight decrease in the first 1.5 h. For both the coated
samples, the rapid declines of MB concentrations with
irradiation time are evident, which verifies the photocat-
alytic activities of the TiO, coatings. In comparison, the
TiO, coating deposited in Injection 2 presents a higher
degradation efficiency than Injection 1 after 2.5 h UV
irradiation. The reason is the TiO, coating of Injection 2
has a higher anatase content and smaller crystalline size
than that of Injection 1. Due to a decreased electron-hole
recombination, the anatase phase is more active than the
rutile. Therefore, the TiO, coating of Injection 2 exhibits
an increased photoactivity during the UV irradiation. In
addition, the degradation efficiency of the TiO, coating
deposited in Injection 1 is comparable to that deposited in
Injection 2 within 2.5 h UV irradiation, though the latter
has a higher anatase content and smaller crystalline size
than the former. The reason is that the TiO, coating of
Injection 1 has many pores (Fig. 4a). The values of surface
roughness are 4.95 and 4.37 pm for the TiO, coating of
Injection 1 and Injection 2, respectively. Those pores
increase the reaction area between the catalyzer and the
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Fig. 9 Variation of MB concentrations with UV irradiation time of
the TiO, coatings and a blank sample
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degradation agent, and enhance the photocatalytic perfor-
mance at the initial stage of UV irradiation.

In all, the results are comparable with the research work
of Bannier et al. (Ref 11). They reported that the photo-
catalytic activity of SPS TiO, coatings fitted well to a first-
order kinetic model, and the values of the kinetic constant
for these coatings were higher than a commercial sol-gel
coating.

Interestingly, there are many literature reports of the
photocatalytic performance of TiO, coatings which were
not linearly correlated with the anatase phase content. Two
reasons could be as follows: first, the phase composition
measured using XRD is distinguished by the nature of
coating surface. Quantitative analysis based on Raman
spectra is needed to characterize the phase composition on
the coating surface because it penetrates a few microme-
ters. Second is that the status of the coating surface com-
plicates the photocatalytic process. The hydroxylation (Ref
22, 23), defects, and adsorption behavior must be consid-
ered. Thus, further work will be focused on the surface
properties of the TiO, coating for Injection 2 to clarify the
photocatalytic behavior, and subsequently maximize its
photocatalytic activity.

Conclusion

With the guidance of numerical simulation derived from a
realistic 3D time-dependent numerical model that included
the inside and outside of torch regions, TiO, coatings
deposited using different injection positions were
reviewed.

For the traditional position (Injection 1), the temperature
of the plasma core reached 12,683 K, which presented a
maximum value of temperature gradient at the radial
position of 2.99 mm. The temperature gradient initated a
tremendous thermophoretic force to impede fragmented
droplets from penetrating the plasma core unequally,
resulting in a porous TiO, coating.

Adopting the modified position (Injection 2), the ther-
mophoretic force was decreased to half of that of Injection
1. Then, fragmented droplets were uniformly injected into
the plasma core, and an adhesive TiO, coating was
deposited onto stainless steel. Meanwhile, as the plasma
temperature was decreased in comparison to Injection 1, it
modified the solidification pathway of the melted TiO,
particles and made them nucleate into anatase. Conse-
quently, a nanostructured TiO, coating with anatase con-
tent of 93.9% was obtained at the plasma power of
48.1 kW, which showed the desired photocatalytic activity
to degrade an aqueous solution of methylene blue.

In all, the study provided a novel idea to limit the heat
and modify the solidification pathway of melted TiO,
particles without decreasing the plasma power.
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