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FeTiO3 with band gap of 2.85 eV was added into TiO2 powder to improve the visible light responsivity of TiO2 in this study. The 
compositions and photocatalytic activity of plasma sprayed TiO2, TiO2-30%FeTiO3, TiO2-50%FeTiO3 and FeTiO3 coatings were 
investigated. The influence of FeTiO3 compound on the charge carrier separation and recombination in the TiO2-FeTiO3 coating was 
discussed. The FeTiO3 coating plasma sprayed under the arc current of 400 A consisted of rutile TiO2, FeTiO3, Fe2TiO5, and 
thermally metastable Fe2Ti3O9 and γ-Fe2O3. TiO2-30%FeTiO3 coating sprayed under the arc current of 400 A, which contained 
anatase TiO2, rutile TiO2 and FeTiO3, had good photocatalytic activity. The relative deposition rate of TiO2-30%FeTiO3 powder 
under the arc current of 400 A was approximate to 4 μm/pass. For the low band gap of pure FeTiO3 compound, the existence of 
FeTiO3 could improve the photocatalytic activity of anatase TiO2 when FeTiO3 contacts coherently with it, which was explained 
using a proposed two-steps electron transfer model.
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1. Introduction

To solve the environmental problems related to the hazardous 

wastes, contaminated groundwater and toxic air contaminants, 

extensive research is underway to develop commercial 

photocatalysts, which include TiO2, CdS, SnO2, WO3, SiO2, ZrO2, 

ZnO, Nb2O5, Fe2O3, SrTiO3 etc 1-11). Among all the oxide 

semiconductors that have been reported, titanium dioxide is an 

excellent photocatalyst due to its optical and electronic properties, 

chemical stability, non-toxicity and low cost 12-17).

However, it has been also realized that the band gap of anatase 

TiO2 (about 3.2 eV) means that the electron can only be excited 

from the valence to the conduction band by the high power light 

irradiation with a wavelength less than 387 nm. This limits the 

application of sunlight as an energy source for the photocatalysis. 

Recently, visible light responsive photocatalysts are studied 

intensively. For example, Anpo have synthesized iron-ion-doped 

anatase TiO2 by the hydrothermal method from Titanium (IV) 

tetra-tert-butoxide and FeCl3 or FeCl2 solution18). The amount of 

doped iron ion plays a significant role in affecting its 

photocatalytic activity and iron doped with optimum content can 

enhance photocatalytic activity, especially under visible light 

irradiation. Anpo also reported that the Fe ion-implanted TiO2 

catalysts enable the absorption of visible light up to a wavelength 

of 400-600 nm19). 

The trigonal crystal FeTiO3 is widespread in nature, and it is 

found as a fundamental component of ilmenite and as one of the 

main materials showing remnant magnetic properties. The 

structure of FeTiO3 is derived from that of α-Fe2O3 by replacing 

every other layer of Fe atoms in (0001) planes by a layer of Ti 

atoms20, 21). The band gap of bulk FeTiO3 is 2.85 eV 22), which 

means it can absorb visible light. Ilmenite is an incongruent 

melting material with the melting point of approximately 

1683K 23). Although high temperature electrical conductivity and 

magnetic properties of ilmenite FeTiO3 have been investigated in 

detail 20-25), very little work has been done as a chemical catalyst 

and photocatalyst 26). The characterization of photocatalytic 

performance of TiO2-FeTiO3 composite cannot be found until 

now.

Recently, plasma spraying technique is widely applied to 

fabricate coating using feedstock powders such as ZrO2, Al2O3 

and TiO2 to improve surface wear resistance. The coating 

formation speed is very high and it is easy to form composite 

coatings. A plasma sprayed coating is formed by a stream of 

molten or half molten droplets impacting on the substrate 

followed by flattening, rapid solidification, and cooling processes. 

The individual molten droplets spread to thin lamellae, the 

stacking of which constitutes the coating 27). In this study, plasma 
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spraying technique was applied to deposit photocatalytic coating.

To elucidate the influence of FeTiO3 on the photocatalytic 

activity of plasma sprayed TiO2-FeTiO3 coatings, TiO2, FeTiO3 

and TiO2-FeTiO3 powders were designed in this study. The phase 

composition, microstructure and photocatalytic activity of plasma 

sprayed FeTiO3, TiO2-30%FeTiO3 and TiO2-50%FeTiO3 coatings 

were discussed in detail.

2. Materials and experimental procedure

2.1 Feedstock powders and substrate
FeTiO3 par t ic les  with average s ize of  1 .4μm were 

agglomerated to FeTiO3 feedstock powder with average size of 

32.5μm. To manufacture TiO2-30%FeTiO3 and TiO2-50%FeTiO3 

feedstock powders, TiO2 particle with average size of 0.2μm was 

mechanically and uniformly mixed with 1.4μm FeTiO3 particles 

with corresponding weight ratio. The average size of TiO2, 

TiO2-30%FeTiO3 and TiO2-50%FeTiO3 feedstock powders was 

33.7μm, 30.4μm and 28.9μm, respectively. The x-ray 

diffraction patterns of the TiO2, FeTiO3, TiO2-30%FeTiO3 and 

TiO2-50%FeTiO3 feedstock powders are shown in Fig.1. The 

morphology of TiO2-30%FeTiO3 powder was spheric as given in 

Fig .2 ,  and  i t  was  very  s imi la r  to  T iO 2,  FeTiO 3 and  

TiO2-50%FeTiO3 powder. The substrate was stainless steel (JIS 

SUS304), which was washed by acetone and sandblasted before 

thermal spray. The dimensions of the substrate were 50× 60×
3 mm.

2.2 Plasma spraying equipment
The thermal spraying equipment was a plasma spraying system 

(Plasmadyne-Mach1, Miller Thermal, USA). Argon was applied 

as primary gas, and helium was applied as secondary gas. The 

powder was fed from the inner hole of the anode. The thermal 

spraying parameters are given in Table 1. 

2.3 Characterization of powders and sprayed coatings

Electron probe surface roughness analyzer (ERA-8800FE, 

Elionix Co. Ltd., Japan) and energy dispersive analysis of x-ray 

(EDAX) were used to examine the structure characteristics of the 

feedstock powders and the sprayed coatings. The phase 

composition of the feedstock powders and the sprayed coatings 

was investigated by x-ray diffraction using Cu-Kα radiation (λ
=1.5406 Å) and graphite crystal monochromator (M03XHF, 

MAC Science Co. Ltd.).

In this experiment, the photocatalytic activity of the sprayed 

coatings was evaluated through the photo decomposition of 

acetaldehyde. The ultraviolet light (peak wavelength was 352 nm) 

intensity on the sample surface was set in 1.0 mW/cm2. In the 

experimental procedure, the concentration (ppm) of the foul gas 

with time (s) was measured with a Kitakawa type gas detector at 

a certain time interval.

Fig.1.  X-ray diffraction patterns of the TiO2 (a),  FeTiO3 (b),  
TiO2-30%FeTiO3 (c) and TiO2-50%FeTiO3 (d) feedstock powders.

Argon gas pressure (MPa) /flow (slpm) 0.42/58

Helium gas pressure (MPa) /flow (slpm) 0.21/9

Arc current (A) 400, 600, 800

Arc voltage (V) 28~30

Spraying distance (mm) 70

Table1 Plasma spraying parameters.

Fig.2. The morphology of TiO2-30%FeTiO3 powder.
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The reported results for photocatalytic efficiency of titanium 

dioxide indicated that the destruction rates of various 

contaminants by photocatalyst fit the Langmuir-Hinshelwood 

kinetic equation28, 29). Langmuir-Hinshelwood explains the kinetics 

of heterogeneous catalytic processes and Langmuir adsorption 

isotherm is valid for the surface reaction. It is a first order kinetic 

equation. The Langmuir-Hinshelwood rate form is

(1)

where C is the concentration of the reactant (ppm), C0 the 

initial concentration of the reactant (ppm), t the irradiation time (s), 

τ the constant of photocatalytic activity. According to equation 

(1), the smaller of theτvalue the better of the photocatalytic 

activity of the coating.

2.4 Definition of relative deposition rate of feedstock powder

In thermal spray technology, many parameters are applied to 

evaluate the properties of sprayed coatings, such as cohesion 

strength, hardness, wear resistance, powder deposition efficiency 

and so on. The mechanical properties of sprayed coatings are very 

important in mechanical applications. However, great attention 

should be paid on not only the functional performance but also 

the powder deposition rate in the developments of functional 

coatings.

Therefore, to evaluate the fabrication characteristics of the 

feedstock powder at various plasma spraying conditions, the 

powder deposition rate was defined as Equation (2). The 

calculated result was applied to compare the powder deposition 

efficiency in this study.

(2)

where RDRP is Relative Deposition Rate of Powder, VRotation 

relative rotation speed of powder feeder, VTraverse relative traverse 

speed of plasma gun, WStep relative step width of up-down 

moving equipment, TThickness thickness of sprayed coating, n spray 

pass of the coating.

3. Results and discussion

3.1 Typical microstructure of FeTiO3 and TiO2-FeTiO3 coatings

Figure 3  shows the effect of the arc current on the 

microstructure of TiO2-30%FeTiO3 sprayed coatings. It indicates 

that the coating became denser with the increasing of arc current 

for the higher plasma power. As clearly shown in Fig.4, many 

primary particles with average size of about 200 nm remained in 

the coating sprayed under the arc current of 400 A for the low 

energy transferred from plasma jet. The relative deposition rate of 

TiO2-30%FeTiO3 powder, which was approximate to 4μm/pass, 

did not differ significantly from that of TiO2 powder as shown in 

Fig. 5. With the increase of arc current to 600 A or 800 A, the 

relative deposition rate of TiO2-30%FeTiO3 powder (RDRP) 

increased obviously.

3.2 Compositions of FeTiO3 and TiO2-FeTiO3 coatings

The x-ray diffraction pattern of plasma sprayed FeTiO3 coating 

under the arc current of 400 A is illustrated in Fig.6(a). The 

FeTiO3 coating consisted of rutile TiO2, FeTiO3, Fe2TiO5, 

Fe2Ti3O9 and γ-Fe2O3 (maghemite). Y. Chen et al.30, 31) reported 

that the thermal oxidation process of FeTiO3 by high energy ball 

milling in air consists reactions (3)~(5). The Fe2Ti3O9 and γ
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Fig.3. Cross sections of TiO2-30%FeTiO3 coatings sprayed under the arc 
current of 400 A(a), 600 A(b) and 800 A(c).
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-Fe2O3 are thermally metastable products which are normally 

difficult or impossible to be produced by conventional thermal 

equilibrium processes. These metastable phases were also 

observed in plasma sprayed FeTiO3 coatings. Thus it can also be 

inferred that plasma spraying technique is a method to form 

metastable substance.

(3)

(4)

(5)

The TiO2-30%FeTiO3 coating sprayed under the arc current of 

400 A consisted of anatase TiO2, rutile TiO2 and FeTiO3 as 

illustrated in Fig. 6(b). Under the arc current of 400 A, large part 

of anatase TiO2 and FeTiO3 still remained in it, and Fe2TiO5 and 

Fe2Ti3O9 phase were undetectable. With the increasing of arc 

current to 600 A or 800 A, Fe2TiO5, Fe2Ti3O9 and Fe2O3 phases 

appeared in the sprayed TiO2-30%FeTiO3 coatings.

As illustrated in Fig. 6(c), with the increase of the weight 

content of FeTiO3 from 30% to 50% in the TiO2-FeTiO3 feedstock 

powder, Fe2Ti3O9 and Fe2TiO5 phases appeared under the low arc 

current of 400 A for the large content of FeTiO3 in the powder.

3.3 Photocatalytic activity of FeTiO3 and TiO2-FeTiO3 coatings

Figure 7  shows theτvalues of plasma sprayed TiO2, 

TiO2-30%FeTiO3, TiO2-50%FeTiO3 and FeTiO3 coatings under 

the arc current of 400A and 600A. The results revealed that the 

photocatalytic activity of TiO2-30%FeTiO3 coating was better 

than that of the other three coatings plasma sprayed under the 

same arc current. As mentioned above, the TiO2-30%FeTiO3 

coating sprayed under the arc current of 400 A consisted of TiO2 

and FeTiO3 only. The band gap of bulk FeTiO3, which is 2.85 

eV 26), is lower than that of TiO2. Scaife32) summarized the 

findings of some oxide semiconductors including FeTiO3 on the 

flat band potential, band gaps and stabilities, and the findings 

indicate the valence band edge of FeTiO3 is about in the same 

level with that of TiO2. Therefore, as a possible phenomenon 

shown in Fig. 8, when the semiconductor was irradiated, the 

electron possibly transferred (moved) to conduction band in two 

steps in composite TiO2-FeTiO3. First step: the electron was 

initiated from the valence band to the conduction band of TiO2, 

and second step: the electron in the conduction band of TiO2 

injected to the conduction band of FeTiO3. For this two-steps 

mechanism, the lifetime of excited hole and electron pair was 

prolonged. Perhaps the improved efficiency of the photon was a 

reason for the good photocatalytic activity of the TiO2-30%FeTiO3 

coating sprayed under the arc current of 400 A.

It was reported that the recombination rate of the excited 

electron-hole in the rutile TiO2 and Fe2TiO5 is higher than that in 

anatase TiO2
33). As for the sprayed TiO2-50%FeTiO3 coatings, the 
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Fig.4. Surface morphologies of TiO2-30%FeTiO3 coating sprayed 
under the arc current of 400A ((a) low magnification, (b) high 
magnification.).

Fig .5 .  Re la t ive  depos i t ion  ra te  o f  TiO 2,  TiO 2-30%FeTiO 3,  
TiO2-50%FeTiO3 and FeTiO3 powder (RDRP) under the arc 
current of 400 A, 600 A and 800 A.
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anatase content of TiO2 was very low and the content of Fe2TiO5 

was very high for the more addition of FeTiO3. This resulted in 

the low photocatalytic activity of the TiO2-50%FeTiO3 coatings 

comparing to that of the sprayed TiO2-30%FeTiO3 coating

As a result, the compositions of the sprayed coatings had great 

influence on the photocatalytic activity. For the low band gap of 

Fig.6. X-ray diffraction patterns of FeTiO3 (a), TiO2-30%FeTiO3 (b) and 
TiO2-50%FeTiO3 (c) coatings plasma sprayed under the arc current 
of 400A and spraying distance of 70 mm.

pure FeTiO3 compound, the existence of FeTiO3 could improve 

the photocatalytic activity of anatase TiO2 when FeTiO3 contacts 

coherently with it.

4. Conclusions

To improve the visible light responsibility of TiO2, FeTiO3 

with band gap of 2.85eV was added into TiO2 powder to fabricate 

high photocatalytic coating by plasma spraying technique. The 

compositions and photocatalytic activity of plasma sprayed 

FeTiO3, TiO2-30%FeTiO3 and TiO2-50%FeTiO3 coatings were 

investigated. The influence of FeTiO3 compound on the charge 

Fig .7 .  τ  va lues  of  p lasma sprayed  TiO 2,  TiO 2-30%FeTiO 3,  
TiO2-50%FeTiO3 and FeTiO3 coatings under the arc current of 
400A and 600A.

Fig.8. A proposed two-steps electron transfer model for the good 
photocatalytic activity of TiO2-30%FeTiO3 coating.
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carrier separation and recombination in the TiO2-FeTiO3 coating 

was discussed. The FeTiO3 coating plasma sprayed under the arc 

current of 400 A consisted of rutile TiO2, FeTiO3, Fe2TiO5, and 

thermally metastable Fe2Ti3O9 and γ-Fe2O3. TiO2-30%FeTiO3 

coating sprayed under the arc current of 400 A, which contained 

anatase TiO2, rutile TiO2 and FeTiO3, had good photocatalytic 

character because the coating did not contain the unfavorable 

Fe2TiO5 phase. A two-steps electron transfer model was proposed 

to explain this character according to the level of valence band 

edge and band gap of the two substances of FeTiO3 and TiO2. The 

relative deposition rate of TiO2-30%FeTiO3 powder under the arc 

current of 400 A was approximate to 4μm/pass.
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