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 Abstract: Synthesis and characterization of Cu-doped zirconium titanate as a potential 
visible-light responsive photocatalyst had been conducted. Titanium tetraisopropoxide 
(TTIP) was used as a precursor of Ti source, reacted to ZrO2 powder and CuSO4·5H2O 
with various Cu concentrations of 0, 1, 3, 5, 7 and 9% (w/w) by sol-gel method. Zirconium 
titanate with Cu concentration of 5% was calcined at various temperatures of 500, 700 
and 900 °C. All materials were characterized by using XRD, FTIR, SRUV, and SEM-EDX. 
The characterization proved that the materials were potential as a model of visible-light 
responsive photocatalyst. Composite with optimum bandgap energy (Eg) was obtained at 
5% Cu content after 500 °C with an absorption edge wavelength of 431.93 nm and the 
bandgap of 2.87 eV. 
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■ INTRODUCTION 

Lately, there has been an increasing number of 
developments in photocatalyst technology. One example 
of photocatalyst technology usage is to decompose such 
as textile industrial waste. That waste contains methylene 
blue that is difficult to decompose naturally [1]. Titania 
(TiO2) is a metal oxide semiconductor that has been 
widely studied as a photocatalyst. TiO2 has relatively high 
redox potential, relatively high chemical stability, photo-
corrosion resistance, strong oxidizing agent, economical 
price, and non-toxic properties. The bandgap energy of 
TiO2 (anatase) is 3.2 eV with a UV light wavelength that is 
approximately λ < 385 nm [2-4]. This is the major 
problem of TiO2 based photocatalyst under sunlight 
application. Only 4–5% of sunlight is in the ultraviolet 
region while 45% is in the visible-light region [5]. Efforts 
to optimize the use of sunlight are carried out by shifting 
TiO2 uptake to the visible-light region, minimizing the Eg 
value so that it has higher photocatalytic activity with 
better performance. The modification process to shift the 
absorption of TiO2 to longer wavelength can be carried 
out through doping method. Doping metal ion can be 
transition metal cations such as Cu2+. High recombination 

rate of electrons and holes in TiO2 can be inhibited by 
the dopants as electron-trapper [6]. The reduction 
potential of transition metal Cu2+ is as high as 0.34 V and 
Cu electronegativity being higher than Ti makes it easier 
to attract electrons [7]. 

Low Eg of TiO2 makes itself responsive towards the 
visible-light. In addition to TiO2, the ZrO2 
semiconductor can also be used as an effective 
photocatalyst with a bandgap energy of 3.2–5.1 eV. ZrO2 
has high thermal stability, resistant to corrosion, non-
toxic and eco-friendly [8-9]. But the recombination 
process decreases ZrO2 photocatalytic efficiency. Efforts 
made to overcome this involves doping it with metal or 
coupling it with another semiconductor that has small Eg 
so that it can prevent electron-hole recombination [10-
11]. 

In this research, Cu-doped ZrTiO4 material will be 
synthesized by sol-gel method. The advantages of this 
method are high purity of the products, low process 
temperature, the ability to control the resulted crystal 
phase, high resistance of the composites towards solvent 
as well as high thermal and mechanical stability [12-13]. 
Modification through sol-gel method has resulted in the 
formation of homogenous composites with smooth 
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surface [14]. The parameters that would be investigated in 
this study were the Cu concentration and the calcination 
temperature. 

■ EXPERIMENTAL SECTION 

Materials 

Titanium(IV) isopropoxide (TTIP) (97%, Sigma-
Aldrich) and zirconia powder (ZrO2) (Jiaozuo Huasu) 
were used as precursors for synthesizing the photocatalyst 
material, copper(II) sulfate pentahydrate (CuSO4·5H2O) 
(Merck), absolute ethanol (PA, Merck) and demineralized 
water (Jaya Sentosa) were used in sol-gel method. 

Instrumentation 

X-ray powder diffraction (XRD) PANalytical X’Pert 
PRO MRD instrument with CuKα radiation was used to 
analyze the crystal structure. Fourier-Transform Infrared 
spectrophotometer (FT-IR) analysis was conducted using 
Thermo Nicolet iS10. Specular Reflectance UV-Vis 
spectrophotometer UV1700 Pharmaspec (SR-UV) was 
used to analyze the absorption of the materials. The 
morphology and the composition of elements in Cu-
doped ZrTiO4 were measured using Scanning Electron 
Microscope-Energy Dispersive X-Ray spectrometer 
(SEM-EDX) JSM-6510LA with an accelerating voltage of 
2000 kV. 

Procedure 

Synthesis of Cu-doped ZrTiO4 through sol-gel 
method was done by adding 25 mL of absolute ethanol 
dropwise in 2.5 mL of TTIP and then stirred for 30 min. 
Next, CuSO4∙5H2O salts (concentration of Cu dopant: 0, 
1, 3, 5, 7, 9% (w/w)) and 1 g of ZrO2 powder were 
dissolved together in 25 mL of demineralized water, then 
dropped slowly into the Ti precursor until the gel was 
formed [15]. It was then stirred again for 30 min. 
Afterward, the mixture was centrifuged for 1 h at 2000 
rpm to separate the solid. The obtained solid was dried in 
the open air for 24 h and then heated at 80 °C for 24 h. 
Finally, the material was calcined at 500, 700 and 900 °C 
for 4 h. All materials were characterized by using XRD, 
FTIR, SRUV, and SEM-EDX. 

■ RESULTS AND DISCUSSION 

Fig. 1 shows the diffraction pattern of the Cu-doped 
ZrTiO4 with various Cu concentrations after calcination 
at 500 °C. Characteristic peak of TiO2 anatase (JCPDS: 
01-084-1286) appeared at 25° (d101) and 48° (d200). On the 
other hand, ZrO2 monoclinic (JCPDS: 01-088-2390) 
appeared in ZrO2 reference at 28° (d-111), 31° (d111), 34° 
(d002) and 51° (d220). The anatase peak at 25° (d101) 
showed a change in intensity along with Cu dopant 
concentration. The intensity of anatase decreased as 
copper concentration increased up to 5%, and became 
stagnant at above 5%. The copper dopant as impurity 
inhibits anatase transformation of TiO2 from the 
amorphous sol-gel product. 

Fig. 2 shows the diffraction pattern of 5% Cu-
doped ZrTiO4 calcined at various temperatures with the 
reference materials of TiO2 and ZrO2 after 500 °C 
calcination. The diffraction pattern of TiO2 and ZrO2 
calcined at 500 °C indicates the presence of anatase and 
monoclinic phase. Cu-doped ZrTiO4 after 900 °C 
calcination showed characteristic rutile pattern (JCPDS: 
01-076-1938) at 27° (d110), 36° (d101), 41° (d111) and 54° 
(d211), while intensity of anatase pattern at 25° (d101) and 
48° (d200) decreased. At 900 °C calcination, the Cu-doped 
ZrTiO4 had an anatase peak intensity that decreased 
significantly in comparison at 700 °C; and the dominant  

 
Fig 1. Diffraction pattern of (a) TiO2, (b) ZrO2, and Cu-
doped ZrTiO4 with (c) 1, (d) 3, (e) 5, (f) 7 and (g) 9% 
(w/w) of Cu concentration at 500 °C calcination 
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Fig 2. Diffraction pattern of (a) TiO2 500 °C, (b) ZrO2 
500 °C and 5% Cu-doped ZrTiO4 with (c) 500, (d) 700 and 
(e) 900 °C of calcination temperature 

rutile phase at 900 °C. This proved that the existence of 
ZrO2, which was dominant as supporting material, can 
inhibit anatase transformation to rutile [16]. 

Fig. 3 shows the FTIR spectra of materials with a 
various Cu dopant concentration in Cu-doped ZrTiO4 
along with TiO2 and ZrO2 as references. The characteristic 
peaks around 660 and 581 cm–1 which are the vibrations 
of Zr−O and Ti−O bonds [17] tend to change as the Cu2+ 
dopant concentration increased. This indicates that Cu 
metal was successfully doped on the photocatalyst surface. 

Absorption at wavenumber 1635 and 3400 cm–1 are the 
bending and stretching vibrations of H2O molecules. 
There is a vibrational bond that appeared around 1200 
cm–1 which shows the vibration of Cu−O−Zr via 
Ti−O−Zr bridge on the surface of ZrO2. The peak 
intensity decreased from 3 to 5% Cu-doped ZrTiO4. The 
peak intensity of Cu−O−Zr vibration increased as Cu 
concentration increased until 5% and stayed stagnant 
above 5%. It is believed that the excess Cu (above 5%) 
doped the ZrTiO4 system at the interstitial position or 
possibly aggregating. 

Fig. 4 shows the FTIR spectra of various 
calcination temperatures Cu-doped ZrTiO4 together 
with TiO2 and ZrO2 as references. The peak showed the 
different intensity of Cu−O−Ti or Cu−O−Zr at the 
wavenumber of 400–700 and 1200 cm–1 at different 
temperatures. The intensity decreased when the 
calcination temperature was 500 °C. The lowest intensity 
indicates that the material had been doped optimally. 
The characteristic peak of Ti−O−Ti bond changed at 
temperature 700 and 900 °C. This is caused by the 
transformation of anatase to rutile phase. The bond 
length between the anatase Ti−O phases is shorter than 
the rutile phase Ti−O, resulting in different vibrational 
energy. 

 

 
Fig 3. FTIR spectra of (a) TiO2, (b) ZrO2, and Cu-doped 
ZrTiO4 with (c) 1, (d) 3, (e) 5, (f) 7 and (g) 9% (w/w) of 
Cu concentration at 500 °C calcination 

 
Fig 4. FTIR spectra of (a) TiO2 500 °C, (b) ZrO2 500 °C, 
and 5% Cu-doped ZrTiO4 with (c) 500, (d) 700 and (e) 
900 °C of calcination temperature 
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Table 1. Bandgap data of Cu-doped ZrTiO4 with ZrO2 
and TiO2 

Sample Eg (eV) 
ZrO2 500 °C 3.23 
TiO2 500 °C 3.02 
Cu-ZrTiO4 1% 500 °C 3.07 
Cu-ZrTiO4 3% 500 °C 3.06 
Cu-ZrTiO4 5% 500 °C 2.87 
Cu-ZrTiO4 5% 700 °C 2.99 
Cu-ZrTiO4 5% 900 °C 2.93 
Cu-ZrTiO4 7% 500 °C 2.95 
Cu-ZrTiO4 9% 500 °C 2.97 

 
Fig 5. UV-Vis absorption spectra of various Cu-doped 
ZrTiO4 

Bandgap value of Cu-doped ZrTiO4 with ZrO2 and 
TiO2 is shown in Table 1. Fig. 5 shows the absorption 
spectra of Cu-doped ZrTiO4 together with the 
references. There is a shift in absorption from the 
wavelength of UV-light to the visible-light region. The 
Eg value decreased as Cu concentration increased until 
the optimum condition of 5% with the lowest bandgap in 
which 2.87 eV. It is believed that the composite will have 
more responsivity towards solar irradiation. Higher the 
dopant concentration of Cu, greater the shift in absorption 
in comparison to the undoped TiO2 and ZrO2 [18]. While 
at Cu concentrations of 7 and 9%, the absorption returned 
to the lower wavelength. Thus the Eg value increased 
because of the heterojunction effect. Higher calcination 
temperatures of 5% Cu increased the bandgap value due 
to sintering effect on the surface crystal of photocatalyst, 
so the dopant was not homogenously distributed and 
reduced the doping effect. 

Fig. 6 presents SEM images and EDX spectra for 
5% Cu-doped ZrO2 and ZrTiO4 at calcination temperature 
of 500 °C. The presence of Cu, Ti, Zr, and O are shown 
in Table 2. The mass percentage of Cu on ZrTiO4 surface 
was higher than on ZrO2 surface. The average particles 
diameter was around 2–5 µm. The Cu-doped ZrTiO4 
photocatalyst looked more homogenously distributed 
than Cu-doped ZrO2. 

 
Fig 6. SEM images and EDX spectra of 5% Cu-doped (a) ZrO2 and (b) ZrTiO4 after calcination at 500 °C 
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Table 2. EDX analysis of 5% Cu-doped ZrO2 and ZrTiO4 after calcination at 500 °C 

Materials 
% Mass 

Zr O Ti Cu Total 
5% Cu-doped ZrO2 69.34 28.20 - 2.46 100 
5% Cu-doped ZrTiO4 35.22 38.44 23.02 3.31 100 

 
■ CONCLUSION 

Cu-doped ZrTiO4 photocatalyst had been 
successfully synthesized by the sol-gel method. Cu metal 
dopants can affect the absorption shift of Cu-doped 
ZrTiO4 to visible-light region if the added concentration 
does not exceed the optimum limit. The optimum 
concentration obtained at 5% of Cu concentration with Eg 
value of 2.87 eV after calcination temperature of 500 °C 
with an absorption edge of 431.93 nm. Cu dopant inhibits 
the anatase formation at 500 °C calcination temperature. 
The presence of ZrO2 can inhibit crystal transformation at 
high temperatures. The materials have better visible-light 
responsivity as a potential photocatalyst. 
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