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ABSTRACT MZrO3 (M = Pb, Cu and Cd)  photocatalyst have been successfully synthesized by mechanochemical –
solid state method with green chemistry approach. The synthesized photocatalysts were characterized for 

microstructural properties by various analytical investigative techniques like, Fourier transform infra red spectroscopy 
(FTIR), UV-visible diffused reflectance spectroscopy (UV-DRS), Barret, Joyner and Halenda (BJS-BET) surface area, Scanning 
electron microscopy (SEM), Energy dispersive spectrometer (EDS), Tunneling Electron microscopy (TEM) with Selective 
area electron diffraction (SAED) Electrical conductivity  and Thermogravimetric analysis (TGA). The photocatalytic power 
of the sample was investigated systematically using direct black dye under different irradiation wavelengths. Solar light 
was employed as irradiation source showing that this type of structures could drive to plausible strategy for developing 
photocatalyst to degrade waste-water. The synthesized PbZrO3, CdZrO3 and CuZrO3 shows orthorhombic pervoskite phase 
with BET surface area, surface area 49.49 m2/g, 13.60 m2/g, 20.22 m2/g, respectively   Photodegradation of direct black dye 
follows pseudo first order kinetic.

1. Introduction
Environmental contamination, which is growing around world 
or in our daily life, is serious social problem. Synthetic dyes 
manufactured each year mainly used in the textile, lather 
products, industrial painting, food, plastic, cosmetics, and 
consumer electronic structures. Dye stuffs used all over the 
places are one of the main classes of contaminants in waste-
water, especially those from the textile industry and the pho-
tographic industry. A fraction of this dyes are lost during the 
dying process and released into effluent water streams form 
the above industries [S. Tsuda et al. 2001). The discharge of 
colored waste–water in the eco system is a source of non 
aesthetic pollution and perturbs an aquatic life by increas-
ing serious health-risk factor. Being released into the environ-
ment, these dyes not only impart colors to water sources but 
also damage living organisms by stopping the reoxygenation 
capacity of water by blocking sunlight, and therefore disturb-
ing the natural growth activity of aquatic life. Therefore, seri-
ous efforts to the decolorization and detoxification of dyes 
effluent must be given before discharge into various water 
bodies.

Various approaches have suggested for the removal of dye 
pollutants like, physical, biological, and chemical methods. 
Garg has removed dyestuff efficiently by adsorption tech-
nique [V. K. Garg et al 2003) ultra filtration [Bohdziewicz et al 
2003), Gholami and Ohnishi demonstrated reverse osmosis 
and membrane techniques for removal of dyes from waste-
warter [Gholami and Nasser 2001, Ohnishi and Okuno 1998) 
Moghaddam adopted coagulation technique for removal of 
dye [Moghaddam et al 2010). In biological method, Slots 
have removed pollutants by application of special fungi [Stolz 
2001). The Chu and Wai used chemical treatment such as 
chlorination and ozonation (Chu, and Wai 2000). These treat-
ment technologies have proven to be markedly ineffective 
for handling waste water because of the moderately stability 
of these pollutants. 

Mineralization of pollutants using interaction between ul-
traviolet - visible radiation and semi-conductor metal-oxide 
catalysts has a strong potential in the industrial destruction of 
toxic as it has been widely demonstrated by Manilal (Manilal 

et al 1992). This technique has fascinated for decontamina-
tion of polluted water, for its efficiency and promising econ-
omy. The heterogeneous solar degradation process consists 
of making use of solar spectrum to photo-excite a semicon-
ductor catalyst in contact with water in presence of oxygen. 
The most important feature of this process to treatment of 
contaminated water are; the process takes place at ambient 
temperature, oxidation of substance into CO2 and other inor-
ganic process is complete. The oxygen required directly ob-
tained from the atmosphere. The energy for photo-excitation 
of catalyst directly obtained from the sun. The catalyst is low 
cost, long-term stability, and safe to the environment.

Photocatalyst have been widely applied in various areas such 
as, antibacterial materials (Diana 2007), degradation of pesti-
cides (Ioannis 2003), degradation of insecticides (Kitsiou and 
Filippidis 2003), anticancer (Weisburger 2002), degradation 
of dyes (Borhade and Baste 2012) and Fabiola degraded 
medicine ibuprofen by photocatalysis (Fabiola 2010). Dog-
gan and Vulliet used TiO2 degraded organic material by pho-
tocatalysis. (Doggan et al 2007, Vulliet and Emmelin 2010) 
after TiO2, ZnO is other most studied material for its pho-
tocatalytic application (Behnajady 2010). Some reports are 
available on the studies related to the photocatalytic activity 
of coupled semiconductor photocatalyst, such as TiO2-SnO2 
(Tada and Hattori 2000) and ZnO-SnO2 (C. Wang 2004, W. 
Wang 2007), Celik used doped metal oxide like, Cu-doped 
TiO2 (Celik and Gokcen 2006) and Borhade used Fe doped 
MgO (Borhade 2012), mixed metal oxide for photocatalysis 
purpose. Subramanian used mixed metal oxide like SrTiO3 
for photocatalysis (Subramanian 2006). Various methods are 
available for the synthesis of metal oxide photocatalyst such 
as; hydrothermal sol-gel synthesis (M. Aramendía 2005, Song 
and Wang 2004), co-precipitation (Zoltan 2008) thin films by 
spray Pyrolysis (Natarajan et al 1998) and thin film vapor 
deposition method (Sun, and Akpan 2008). These methods 
are complicated, cost effective and main disadvantage is that 
they cause environmental pollution.

In this sense, an interesting approach to deal with pollution 
is carried out by a green chemistry, solid-state method with 
mechanochemical synthesis has adopted for preparation of 
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metal oxide photocatalyst. There are certain advantages of 
the solid-state, mechanochemical synthesis method like; it is 
an environmentally friendly, easy, and low cost method. Also, 
no additives are required for the synthesis of the compound. 
It is fast and ecologically pure. The chemical stability of the 
photocatalyst produced is moderately high.

2. Materials and Methods: 
2.1 Synthesis of photocatalyst
The aim of this study is to optimize the preparation for MZrO3 
(M= Pb, Cd and Cu) photocatalyst. For that purpose, a sol-
id state-mechanochemical synthesis method, with a green 
chemistry approach was employed for the synthesis photo-
catalyst. Starting reagents were of MO (Metal oxide) includes, 
PbO (Merck, Batch No MD6M561095 CAS No 1314-13-2, 
99.9 % pure), CuO (Analytical Reagent, Batch No 92730804, 
CAS No 1317-38-0, 99.9 % pure). CdO (Sr. no.-361 Batch No 
600220109, 99.9 % pure) and ZrO2 (Sigma Aldrich, Lot no 
BCBF3242V CAS No 1314-23-4). For the synthesis of MZrO3, 
equimolar mixture of MO and ZrO2 was grinded with mortar 
and pestle to acquire fine powder for 25 min. and calcinated 
at 500 oC for 3 h. Again, the obtained powder was further 
calcinated at 800 oC following milling after each interval of 
three-hour of time. The calcination was continued for next 
twenty hours with milling. Afterwards, at the end mixture 
was heated up to the terminal temperature. The furnace was 
programmed as 10 oC per min from one temperature to sub-
sequent higher temperature. The product PbZrO3, CuZrO3, 
and CdZrO3 thus obtained, were characterized and utilized 
to evaluate photocatalytic activity against direct black dye. 

2.2. Photodegradation of Direct Black dye
The photocatalytic properties of synthesized photocatalyst 
were evaluated by photodegradation of the direct black dye 
on exposure to the sunlight. The experiment was performed 
in three cases, in case one, to evaluate effect of photocatalyst 
in presence of sunlight, 0.250 g of PbZrO3 photocatalyst was 
suspended in 100 mL of 50 mg/L dye solution and exposed 
to the sunlight. In case two, to evaluate effect of sunlight in 
absence of photocatalyst, only dye solution was exposed to 
the sunlight. In third case, to evaluate effect of photocatalyst 
in absence of light, dye solution containing same amount of 
photocatalyst was kept in dark. The effect of light/or photo-
catalyst on dye solution was studied by analyzing aliquots 
on UV-visible spectrophotometer (950-Perkin-Elmer) at after 
every 30 min. The change in the sunlight intensity during pro-
gress of decolorization with time was monitored on Lux me-
ter. The same procedure was implemented for CuZrO3 and 
CdZrO3 to evaluated photocatalytic property.

2.3. Characterization of MZrO3 (M= Pb, Cd and Cu) pho-
tocatalyst 
The vibrational frequency of the synthesized catalyst was 
studied by FTIR-8400S (Shimadzu) in the range of 400– 4000 
cm-1. The optical property of the synthesized product was 
studied by using UV–visible spectrophotometer-k-950 (Per-
kin-Elmer) over range of 200-800nm. The structural proper-
ties of the material was studied using X-ray diffractometer- 
DMAX-2500 (Rigaku) with Cu-Kα radiation, with λ = 1.5406 
Ao. The surface morphology and chemical compositions of 
synthesized catalyst was analyzed using a Scanning tlectron 
microscope-JSM-6300 (JEOL) coupled with an Energy dis-
persive spectrometer-JED-2300LA (JEOL). The TEM images 
were recorded on Philips model no. CM200. The Surface 
area (SBET), Pore volume(Vp) and Pore diameter (Dp) was 
evaluated on Quntachrome autosorb automated gas sorp-
tion system, Autosorb-1 NOVA-1200 and Mercury porositym-
eter autosoeb-IC. Electrical conductivities were measured by 
using thick films of the synthesized photocatalysts static gas 
sensing system. For measurement of electrical properties, 
thick film of the synthesized photocatalyst was used. The ef-
fect of temperature on stability of the catalyst was evaluated 
by thermogravimetric analysis on thermogravimetric analyzer 
(Perkin Elmer-TG) using Xenon arc lamp. The variation in the 
sunlight intensity during the experiment was measured by 

Lux-meter (Kusam-meko, KMLUX).

3. Results and discussion
3.1 Characterization of MZrO3 (M= Pb, Cd and Cu) pho-
tocatalyst
Figure 1 shows Infra-red spectra of synthesized PbZrO3, CdZ-
rO3and CuZrO3 photocatalyst. The frequency bands at 420 
cm-1, vibrational frequency range at 730 to 760 cm-1 and 1104 
cm-1 indicate Zr-O vibrational frequency, while vibrational fre-
quency band 516 cm-1, 569 cm-1 indicates the presence of 
Pb-O. The vibrational frequency bands at 509, 518 and 1178 
cm-1 indicates the presence of the Cu–O and 501 cm-1, 995 
cm-1 confirm presence of Cd-O vibrations. 

Fig. 1 IR spectra of synthesized photocatalyst a) PbZrO3, b) 
CdZrO3, and CuZrO3

Figure 2 depicts UV-visible diffused reflectance spectrum of 
synthesized photocatalyst. The band gap energy for PbZrO3 
(a), CdZrO3 (b) and CuZrO3 (c) are 4.66, 5.12 and 3.28 eV 
respectively. 

Fig. 2 UV-DRS spectra of synthesized photocatalyst a) 
PbZrO3, b) CdZrO3, and CuZrO3

Figure 3 reveals XRD spectra of the synthesized photocata-
lyst. Figure 3(a) indicate XRD spectrum of PbZrO3, the peaks 
in the spectrum at 2 theta matches well with the peaks in the 
JCPDS data card no. 35-0739. The peaks at an angle 21.3, 
30.5, 37.6, 43.5, 54.1 angles indicate [021], [221], [240], and 
[261] planes confirming orthorhombic phase. Figure 3(b) 
shows XRD spectrum of CuZrO3, The spectrum well matches 
with JCPDS data card no- 43-0953. The peaks in the spec-
trum at an angle of 24.19, 28.15, 34, 21, 40.84, 57.24 indi-
cates [020], [112], [013], [023] and [400] planes confirming or-
thorhombic phase of the CuZrO3. Figure 3(c) represent XRD 
spectrum of CdZrO3. The spectra matches with the JCPDS 
data card no 84-0549. The plane at an angle 30.13, 34.91, 
50.20, 59.66 etc are matches with the [111], [200], [220], and 
[311] planes. Grain size was calculated by Scherer’s method 
and found to be 35.68 nm for PbZrO3, 28.54 nm for CdZrO3 
and 26.54 for CuZrO3.
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Fig. 3 XRD pattern of synthesized photocatalyst a) PbZ-
rO3, b) CdZrO3, and CuZrO3

Figure 4 (a), 4 (b) and 4 (c) shows surface morphology SEM 
along with EDAX of the synthesized photocatalysts PbZrO3, 
CdZrO3 and CuZrO3 respectively. The SEM image depicts 
that all photocatalyst are crystalline in nature and particles 
are well agglomerated with each other uniformly distributed. 
The EDAX analysis was employed to determine the composi-
tion of the photocatalyst. The EDAX data furnishes informa-
tion about confirming elemental composition taken for the 
synthesis.

Fig. 4 SEM with EDAX of a) PbZrO3, b) CdZrO3, and CuZrO3

Figure 5 (a-c) represents TEM image along with SAED pattern 
of synthesized photocatalysts. Figure 5 (a) image reveals that 
the particles are well distributed and shows orthorhombic 
structure. The SAED pattern associated with the dark spot 
reveals occurrence of PbZrO3 orthorhombic structure with 
good agreement with XRD pattern. The dark spot at the dis-
tance of 3.42, 4.21 and 4.83 nm-1 indicate [221], [240], and 
[261] plane at 30.56, 37.79 and 43.67 degree respectively. 
Figure 5 (b) indicate the TEM image with SEAD pattern of 

CuZrO3. The figure depicts that the particles are crystalline 
with orthorhombic structure. The SAED pattern associated 
with dark spot reveals occurrence of orthorhombic structure 
with good agreement with XRD pattern of CuZrO3. The dark 
spot at a distance of 4.52 and 5.52 nm-1 indicate [023], and 
[440] planes at an angle 40.84 and 57.24 respectively. Simi-
larly Figure 5 (c) TEM image with SAED pattern of CdZrO3. 
The TEM image reveals that the particles are orthorhombic 
in nature. The SAED pattern associated with dark spot at 
the distance of 3.71 and 5.52 nm-1 indicate [111], and [220] 
planes at an angle of 34.91 and 50.20 respectively.

Fig. 5 TEM with SAED pattern of a) PbZrO3, b) CdZrO3, 
and CuZrO3

Figure 6 (a), 6 (b) and 6 (c) represents the N2 adsorption des-
orption isotherm of synthesized PbZrO3, CdZrO3, and CuZrO3 
respectively. It ravels that, all synthesized photocatalyst have 
typical H1 hysteresis curve, which indicates that, all samples 
have a narrow pore diameter range. From BJS adsorption 
desorption isotherm and BET surface area, for PbZrO3 the 
surface area (SBET) is 49.49 m2/g pore volume (Vp) is 0.05411 
cc/g and pore diameter (Dp) is 24.85 Aº For CdZrO3, the sur-
face area (SBET) is 13.60 m2/g pore volume (Vp) is 0.0298 cc/g 
and pore diameter (Dp) is 24.85 Aº. For CuZrO3, the surface 
area (SBET) is 20.22 m2/g pore volume (Vp) is 0.0811 cc/g, and 
pore diameter (Dp) is 30.39 Aº. Electrical performance hence 
energy of activation of the materials were studied by measur-
ing change in conductance with temperature.
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Fig. 6 BET Surface area a) PbZrO3, b) CdZrO3, and CuZrO3

Fig. 7 (a), 7(b) and 7 (c) shows the dependence of conductiv-
ity of film in air ambience. The conductivity of the film goes 
on increasing with increase in temperature, showing semi-
conducting nature of the film. 

Fig. 7 Electrical conductivity of a) PbZrO3, b) CdZrO3, and 
c) CuZrO3

The activation energy, the energy required to promote pho-
toelectrons from the photo catalyst to be trapped at surface 
by adsorbed oxygen molecules for PbZrO3, CdZrO3 and CuZ-
rO3 were of the synthesized materials were found to be 9.97, 
4.42 and 3.47 KJ/mole respectively. The observed trend in 
activation energies is in reverse order of ionic radii smaller 
ion carries more current and hence shows decrease in ac-
tivation energy. The thermal stability of the photocatalysts 
were evaluated by thermogravimetric study as shown in Fig 
8 curve (a-c). The photocatalyst was found to be very stable 
over wide range of the temperature. 

Fig. 8 Thermogravimetric plot of photocatalyst a) PbZrO3, 
b) CdZrO3, and c) CuZrO3

2.2 Photodegradation study
The Figure 9 (a) represents the photocatalytic degradation of 
the direct black dye with 0.250 gm of PbZrO3 photocatalyst. 
The figure shows that the absorption due to the chromo-
phoric peak of dye solution was decreased with time in pres-
ence of the sunlight indicating degradation of dye. Figure 9 
(b) represents the photocatalytic degradation of the direct 
black dye with 0.250 gm of CdZrO3 photocatalyst. Figure 9 
(c) represents the photocatalytic degradation of the direct 
black dye with 0.250 gm of CuZrO3 photocatalyst. Figure 9 
indicate the percentage degradation over time. 

Fig. 9 UV-visible spectra of dye with a) PbZrO3, b) CdZrO3, 
and CuZrO3
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In the figure 10, curve-a, indicate degradation of direct black 
dye solution in presence of CuZrO3 photocatalyst. Curve-b 
indicates degradation of direct black dye solution in pres-
ence of CdZrO3 photocatalyst. The curve-c indicates degra-
dation of dye solution in presence of PbZrO3 In the figure; 
curve-d indicates degradation of dye solution when exposed 
to the sunlight in absence of photocatalyst. The curve-e indi-
cates the effect of photocatalyst when dye solution was kept 
in the dark. The rate of degradation of direct black dye by 
using CuZrO3 is found maximum than other two because of 
activation energy of CuZrO3 is lower than other two.

Fig. 10 Percentage degradation of direct black dye

The photocatalytic degradation of the dye is believed to take 
place according to the following mechanism. When a catalyst 
is exposed to UV radiation, electrons are promoted from the 
valence band to the conduction band. As a result of this, an 
electron–hole pair is produced.

MZrO3 + hν → e– (conduction band) + h+ (Valence band)  
(1)

(Where M= Pb, Cd and Cu)

Where, e− (conduction band) and h+ (valance band) are the 
electrons in the conduction band and the electron vacancy 
in the valence band, respectively. Both of these entities mi-
grate to the catalyst surface, where they can enter in a redox 
reaction. In the most the cases h+ (valance band) react easily 
with surface bound H2O to produce •OH radicals, whereas 
e− (conduction band) react with O2 to produce superoxide, 
O2−• radical anion of the oxygen

H2O + h+ (valance band) → •OH + H+  (2)

O2 + e− (conduction band) → O2−•  (3)

This reaction prevents the combination of the electron and 
the hole, which are produced in the first step. The •OH and 
O2−• produced in the above manner can then react with the 
Dye to form other species and is thus responsible for the 

degradation.

O2−• + H2O → H2O2    (4)

H2O2 → 2•OH     (5)

•OH + Dye → Dye ox   (6)

Dye + e−(conduction band) → Dye red  (7)

It may be noted that, all these reaction in the photocatalysis 
are possible due to the presence of both dissolved oxygen 
and water molecules. The rate of degradation of dye solu-
tion was evaluated and found to follow first order kinetics as 
shown in Fig. 11. Curve-a, b and c indicate rate of degrada-
tion of direct black by using PbZrO3, CdZrO3 and CuZrO3. 
The observed rate constant for PbZrO3, CdZrO3 and CuZrO3 
are 0.0115, 0.0115 and 0.013 min-1 respectively.

Fig. 11 Kinetic study of degradation of direct black dye

4. Conclusions 
The light-driven photocatalyst PbZrO3, CdZrO3 and CuZrO3 
were synthesized by eco-friendly mechanochemical method. 
The photodegradation of direct black dye follows pseudo 
first order kinetics. The band gap energies for PbZrO3, CdZ-
rO3 and CuZrO3 are 4.66, 3.28 and 5.12 respectively. The ac-
tivation energy for the synthesized photocatalyst observed 
to be3.70, 1.987 and 1.51 KJ/mole respectively. The rate of 
degradation of CuZrO3 was found to be higher than CdZrO3 
and PbZrO3. 
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