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Abstract: The crystallinity, surface morphology, optical property and photocatalytic performance 
of ZrTiO4 nanostructured powders synthesized by sol-gel method at various calcining temperatures 
were investigated by XRD, FE-SEM, and absorption measurements, respectively. XRD analysis 
showed that ZrTiO4 began crystallizing at about 600 °C. The crystallinity increased with 
increasing calcining temperature. According to FE-SEM images, amorphous particles of nearly 10 
nm in size with relatively sphere morphology were formed after a heat treatment of the ZrTiO4 gel 
at 450 °C for 3 hours. The crystalline particle size increased gradually to 20, 50, and 100 nm when 
the calcining temperature increased to 800, 900, and 1000 °C, respectively. The UV-Vis 
absorption spectra indicated a slight broadening of optical band gap with increasing calcining 
temperature. Photodegradation performance of Rhodamine B (RhB) in aqueous solution via 
ZrTiO4 nanopowders which occurred under the illumination of a Xenon lamp have showed that the 
ZrTiO4 sample treated at 800 °C exhibited the largest efficiency of the photocatalytic performance.   
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1. Introduction
∗∗∗∗ 

Zirconium titanate ZrTiO4 recently attracted a huge consideration of researchers because it 
exhibits promising characteristics for many applications such as optics, photocatalysis, ceramic 
pigment and biomedicine [1-4]. With a high resistivity, a large dielectric constant, and an excellent 
thermal stability, ZrTiO4 is particularly suitable for producing large storage capacitors and dielectric 
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resonators in telecommunication system. Many studies have shown that ZrO2/TiO2 binary oxides 
exhibited a high photocatalytic activity due to its high surface area and acidity (i.e. large surface 
hydroxyl groups) and also due to the large number of defects resulting from the substitution of 
zirconium into the TiO2 lattice [5]. In addition, ZrTiO4 also exhibited many advantages for a ceramic 
pigment base on its high melting point (Tm~1840 ºC), very high refractive index (nx=2.33, ny=2.38, 
nz=2.41) and especially the existence of a distorted octahedral site which easily results in the intense 
chromatic effects [6, 7]. However, these applications demand high quality materials with high purity 
and homogeneity.  

Sol-gel method is now well-known as a promising approach to synthesize homogenous ZrTiO4 
ceramic powders [8-10]. In this method, the crystallization temperature is much lower than that of the 
traditional route, such as melting and solid state reaction [11]. Additionally, the crystalline particle 
size could be easily controlled through calcining temperature and heat-treatment conditions to obtain 
the highest specific surface area of the samples.  

In this work, an aqueous sol-gel method, as an environmentally friendly processing, was used to 
produce zirconium titanate nanopowders. The crystalline formation process was investigated by XRD 
method. Crystalline particle size and surface morphology were characterized by FE-SEM 
measurements. The absorption property and the photocatalytic performance of ZrTiO4 nanopowders 
were characterized by UV-Vis spectra measurements.   

2. Experimental  

ZrTiO4 nanopowders were synthesized by sol-gel process using titanium tetraisopropoxide TTIP 
(Ti[OCH(CH3)2]4 Aldrich 97%) and zirconium (IV) oxychloride octahydrate (ZrOCl2·8H2O Aldrich 
99%) as starting materials. Firstly, TTIP was gradually added to a solution containing deionized water 
and citric acid and magnetically stirred for 2 hours to get a transparent solution. An aqueous solution 
of zirconium (IV) oxychloride octahydrate was added dropwise into above Ti4+-containing solution 
under magnetic stirring condition. Subsequently, ethylene glycol was used as a surface activation with 
the mole ratio between citric acid and ethylene glycol is about 6:4. The achieved solution was then 
continuously magnetic stirred at 90 ºC for about 2 hours to release water until a wet-gel was obtained. 
This gel was dried in 5 hours using a 150 °C oven to get a dry-gel. The final nanopowder products can 
be achieved by calcining the dry-gel at different temperatures from 350 to 1200 ºC for 3 hours.  

Photocatalytic performance of the prepared ZrTiO4 nanopowders was evaluated by the degradation 
of RhB. Photocatalytic processes were conducted in a glass cup (diameter is 6.5 cm) containing 100 
ml of 10 ppm RhB solution under the illumination of a 300 W Xenon lamp. The illumination distance 
from the Xenon lamp to the solution surface is 8 cm. The absorbance of the RhB solution was 
investigated on a Jasco V670 UV-Vis spectrophotometer.  

XRD patterns of ZrTiO4 nanoparticles were recorded by a diffractometer (D8 Advance, Bruker) 
with Cu-Kα radiation. In order to determine the surface morphology by scanning electron microscopes 
FE-SEM, a Hitachi microscope (model S-4800) was used. The UV-Vis absorption spectra of the 
samples were recorded using Jasco V670 UV-Vis spectrophotometer.  
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Table 1. The abbreviation of ZrTiO4 samples with different calcining temperatures. 

Calcining 
temperature 

350 °C 450 °C 500 °C 600 °C 700 °C 800 °C 1000 °C 1200 °C 

Abbreviation ZT350 ZT450 ZT500 ZT600 ZT700 ZT800 ZT1000 ZT1200 

3. Results and discussion 
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Figure 1. XRD patterns of ZrTiO4 powders heat treated at different temperatures of 350, 450, 500, 600, 700, 800, 
1000, and 1200 °C. 

Fig. 1 shows XRD patterns of ZrTiO4 nanopowders calcined at temperatures ranging from 350 to 
1200 °C. From XRD it is obvious that ZrTiO4 still existed in amorphous phase under the calcining 
temperature below 500 °C with the existence of broad halos pattern at about 2θ angle of 30°. The 
appearance of some XRD peaks in ZT600 pattern at 2θ angle of 24.8, 30.6, 32.5, 35.8, 37.3, 42.1, 
44.0, 49.2, 50.5, 51.2, 56.8, and 61.1° indicates that ZrTiO4 powder began crystallizing at the calcining 
temperature of about 600 °C. The increase of XRD peak intensities with the increase of the calcining 
temperature infers the better crystallization of ZrTiO4 samples. The XRD pattern of ZT1200 sample 
corresponds to a best crystallization ZrTiO4 phase showing the lattice parameters a = 4.797 Å, b = 
5.449 Å, and c = 5.020 Å. These parameters are very close to those of ZrTiO4 crystal (JCPDS file No. 
74-1504). No XRD peaks corresponding to TiO2 and ZrO2 phases can be detected in XRD patterns of 
samples calcined in the range of 350 - 1200 °C. The previous studies [12, 13] showed that the direct 
crystallization of ZrTiO4 at low temperature (<600 °C) is due to the high level of homogeneity of the 
xerogel. In the case of low homogeneity, TiO2 crystallization occurs before the crystallization of 
ZrTiO4 phase.  
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Figure 2. FE-SEM images of ZrTiO4 samples:  (a) ZT450, (b) ZT800, (c) ZT1000 and (d) ZT1200. 

The influence of calcining temperature on particle size of ZrTiO4 can be observed in Fig. 2. As 
depicted in Fig. 2a, despite being in amorphous phase, ZT450 sample existed in nanoparticles of about 
10 nm in size with relatively spherical shape and no agglomeration. This small grain size is believed to 
have a large surface area that is suitable for an efficient photocatalytic performance, besides many 
other factors are required. The FE-SEM images exhibit increasing in particle size with the increase of 
calcining temperature, gradually to about of 20, 50 and 100 nm for ZT800, ZT1000 and ZT1200 
samples, respectively. This shows that the calcining temperature was strongly affected to crystalline 
growth of the samples. The FE-SEM image of ZT800 sample shows a high homogeneous particle size. 
When the calcining temperature continuously increases, the particles become much larger and 
different in size. In the SEM of ZT1200 sample (with a high calcining temperature), the particle 
boundaries are not clearly observed. With suitable crystallinity, small particle size and the uniform of 
morphology, ZT800 sample can be considered as the most promising sample for the efficient 
photocatalytic performance.  

To assess the energy band structure evolution in the course of heating, the UV-Vis absorption 
spectra were conducted on amorphous and crystalline samples, as presented in Fig. 3a. The absorption 
spectrum of ZT450 sample exhibits a tail in the wavelength region of 400 - 600 nm, beside an 
exponential optical edge. The nature of these behaviors was assigned to the existence of defect states 
in the band gap [14, 15] which are promoted by the disorder structure of amorphous phase. The 
presence of Ti(Zr)O5 groups in ZrTiO4 amorphous phase can create the new energy states which locate 
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in the energy gap, similarly to Longo’s report [15] on amorphous Ba0.5Sr0.5TiO3. The values of the 
optical band gap corresponding to different calcining temperatures were calculated using Wood and 
Tauc plot [16] and displayed in Fig. 3b. The increase of the optical band gap indicates the narrowing 
of allowed energy bands with the increase of calcining temperature. The value of optical band gap is 
about of 3.34, 3.37, and 3.46 eV for samples ZT450, ZT800, and ZT1000, respectively.  
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Figure 3. a) Absorption spectra of ZrTiO4 samples and b) the dependence of optical band gap Eg  
on calcining temperature. 
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Figure 4. Conversion values for RhB (10 ppm): (a) adsorption process in dark using ZT450 sample and 
photodegradation under Xenon light (300W) using (b) ZT450, (c) ZT700, (d) ZT800, (e) ZT1000, and (f) 

ZT1200 samples. 
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Photocatalytic performance of amorphous and crystaline ZrTiO4 samples was carried out through 
the photodegradation of RhB under the Xenon lamp irradiation which partly contains the UV light. In 
Fig. 4, curve (a) presents the conversion percentage of RhB in ZT450 powder solution without 
irradiation. The efficiency of the photocatalytic performance increases in the first range of calcining 
temperature from 450 to 800 °C, reaches a largest value for ZT800 sample, and gradually decreases 
for the sample calcined at higher temperatures. Despite being in amorphous phase with the strong 
distorted structure, ZT450 sample exhibits a large photocatalytic efficiency, namely about 70 % RhB 
conversion under 6 hours irradiation. This value is the same with that of ZT1200 sample. This 
behavior indicates that the efficient photocatalytic performance is dependent on both the particle size 
and the crystallinities of the samples. The largest efficiency of the photocatalytic performance 
obtained for the ZT800 sample can be assigned to both their small and homogeneous particle size and 
the suitable low crystallinities. The larger particle size of the samples calcined at higher temperatures 
leads to the decrease of the effective surface area, consequently lowering the photocatalytic efficiency.  

4. Conclusion  

The onset of the crystallization of ZrTiO4 from xerogel was found to be nearly 600 °C as observed 
by XRD patterns. FE-SEM micrographs showed that ZrTiO4 samples have relatively spherical particle 
shape with the increase of the particle size as the calcining temperature increases. The largest 
efficiency of photocatalytic performance was found out through RhB degradation under irradiation of 
Xenon lamp for a suitable low crystallinity in ZrTiO4 powder calcined at 800 °C. 
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