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INTRODUCTION

Dyeing is one of the major processes involved in weaving
silk sarees (an Indian traditional attire) and other clothes. Dyeing
centers located near to the unorganized weaving units. However,
most of the hazardous dyes are disposed directly in open water-
courses and drainages, causing a serious issue of water pollution
in the surrounding the dyeing centers. Colour effluents are
highly dangerous to living health [1]. Therefore, these problems
are taken very seriously and currently handled by ecofriendly
heterogeneous semiconductor photocatalysis methods [2-9].

Among all the photocatalysts ZnO [7,8], TiO2 [10], CeO2

[11,12] are widely used due to their suitable band gap energy.
ZnO [7,8], TiO2 [10], in their pure form and doped with inert
metals like AgZnO [13-15], DyZnO [16], EuZnO [17-19],
PtZnO [20], GdZnO [21], CuZnO [22], AuZnO [23], AgCeO2

[24,25], AgCu2O [26], etc. are also used as photocatalysts.
ZnO is active catalyst in UV light and it is incompetent under
visible light so metal oxides such as Cu2O [27], NiO [9], MnO2

[28,29] are used under visible light. Further improvement is
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observed in clubbed metal oxides catalysts like ZnOCuO [30],
ZnONiO [31-33], ZnOMnO [34], etc. under visible light. To
enhance the photocatalytic activity of binary metal oxide comp-
osites, a metallic connection between them is used as ternary
heterojunction [34-38]. Literature survey reveals that there are
no reports on photocatalysis of ZnO/Ag/NiO. Therefore, the
work is undertaken with the degradation studies of methylene
blue.

EXPERIMENTAL

The chemicals viz. zinc nitrate hexahydrate, nickel
carbonate and silver nitrate were of analytical grade and used
without further purification. Methylene blue dye (SD fine
chemicals, India) solution in distilled water was used as a model
wastewater.

Different analytical tools like X-ray diffraction (Bruker
diffractometer (CuKα (λ = 1.5406 Å) X-ray source), Fourier-
transform infrared (Bruker IFS 66 v/S spectrometer) was used
to characterize the samples. Surface morphology of the synthe-



sized material was studied by taking images with ZEISS Gemini
SEM 500 microscope and structures were examined with trans-
mission electron microscope (JEOL JEM2100 PLUS) operating
at 200 kV accelerating voltage.

Synthesis of ZnO/Ag/NiO: Simple combustion method
was used to synthesize ternary heterostructure ZnO/Ag/NiO
nanoparticles. Stoichiometrically calculated amounts of zinc
nitrate, nickel acetate and silver nitrate were thoroughly dissolved
in 10 mL of distilled water and 6 mL perished curd under
constant stirring for about 20 min. The solution was then taken
to muffle furnace maintained at 400 ºC. A blackish powder
obtained after 10 min was annealed for 3 h at the same tempe-
rature.

Photocatalytic activity: The activity studies were carried
out by using ZnO/Ag/NiO nanoparticles as photocatalyst to
regulate effective degradation of methylene blue under sun-
light. An aliquot samples (5 mL) were withdrawn and their
absorption was recorded. The change in the intensity of methy-
lene blue (λmax = 663 nm) is used to find percentage of decolor-
ization.

In degradation experiment, 5, 10, 25 and 40 mg of ZnO/Ag/
NiO was added to 100 mL of an aqueous solution of methylene
blue at various concentrations viz. 5, 10, 15 and 20 ppm. Equili-
brium attained between methylene blue and photocatalyst due
to adsorption and desorption is achieved by keeping the aerated
solutions in dark for about 30 min. At the time of irradiation
of light, the aqueous mixture (4 mL) was collected at an interval
of 30 min each from the reaction solution and the catalyst in
the mixture was separated by centrifuging the mixture.

The degradation percentage of methylene blue dye can
be determined by substituting initial (Ci) and final (Cf) dye
concentrations as follows:

i f

i

(C C )
Degradation (%) 100

C

−= ×

RESULTS AND DISCUSSION

XRD studies: Fig. 1 shows the XRD patterns of ZnO,
NiO and ZnO/Ag/NiO nanoparticles. All the diffraction peaks
are crystallized in the mixed form of hexagonal and cubic
structures of ZnO, NiO and Ag. Fig. 1b is the reference XRD
pattern of ZnO obtained from ICSD which is hexagonal with
the JCPDS no. 1-1136 and lattice parameters a = 3.242 Å and
c = 5.176 Å while the space group is P63mc (no.186). Similarly,
Fig. 1c show the powder diffraction pattern of NiO with cubic
structures JCPDS no. 4-835 with lattice parameter a = 4.1769
Å with a space group Fm3m (no. 225) and cubic AgNPs are
shown in Fig. 1d with JCPDS no. 4-783, lattice parameter a =
4.0862 and space group Fm3m (no. 225) taken as a reference
from ICSD.

FTIR studies: The FTIR spectrum of ZnO/Ag/NiO nano-
particles was recorded in the range 4000-400 cm-1 (Fig. 2).
The characteristic peaks 565 and 408 cm-1 are due to Zn-O
and Ni-O stretching vibrations, respectively.

UV-Visible studies: Fig. 3 shows the UV-vis absorption
spectrum of as-prepared ZnO/Ag/NiO. The spectrum shows the
absorption range from 800 to 250 with maximum absorption
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Fig. 1. XRD patterns of (a) ZnO/Ag/NiO composite, (b, c & d) ZnO, Ag
and NiO reference
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Fig. 2. FITR spectrum of ZnO/Ag/NiO
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Fig. 3. UV-Vis spectrum of ZnO/Ag/NiO
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at 392 nm, which shows that ZnO/Ag/NiO is more compatible
to absorb wide range of light both from UV and visible regions.
Using Kulbeka-Munk equation, the band gap of the material
is found to be 3.05 eV. Wide range of absorption of light helps
in effective photocatalytic degradation and enhances the effici-
ency.

Morphologies studies: Fig. 4a depicts a low magnification
FESEM image of ZnO/Ag/NiO, which indicated the particle
and flake forms. High magnification FESEM image (Fig. 4b)
shows the part of the material is in the form of flakes (like
plate) in which all the particles are sprayed over it. Fig. 4c shows
another part of high magnification image with spherical particles.
It can be anticipated that ZnO and Ag are formed as particles
and NiO formed as flakes.

Fig. 5a & b show the low and high magnification images,
which demonstrates that the spherical particles are distributed
all over the sample. The sizes of the particles are in the range
between 20-50 nm. Fig. 5c represents the HRTEM image of
ZnO/Ag/NiO, which indicates that lattice fringes width is about
0.24 nm and signifies the presence of silver nanoparticles belong
to (111) reflection plane of Ag as also confirmed by XRD pattern.
In addition, the selected area electron diffraction (SAED) pattern
of the same compound (Fig. 6d) depicts that the material contains
Ag which exists in polycrystalline nature and the reflection
planes are corresponded with XRD pattern.

EDX studies: Fig. 6 shows the EDX spectrum of ZnO/Ag/
NiO which designates that all the expected elements such as
Zn, Ni, Ag, and O with other peaks are not nominated with
any symbols (due to silica used for the sample preparation).

Effect of light source on photodegradation of methylene
blue: All the experiments were carried out under sunlight. To
ensure effective photocatalysis of ZnO/Ag/NiO NPs with sun-
light, other light sources UV and dark conditions were also used
to examine under similar experimental conditions. It is confirmed
that photocatalyst ZnO/Ag/NiO is more efficient under sunlight
(Fig. 7).

Effect of concentration of methylene blue on its photo-
degradation: To examine the effect of methylene blue concen-
tration on its photodegradation with ZnO/Ag/NiO nanoparticles,
dye concentration varied from 5 to 20 ppm by keeping other
experimental variables like catalyst load and pH constant under

Fig. 4. FESEM images of ZnO/Ag/NiO with (a) Low magnification, (b) high magnification showing particles, (c) high magnification showing
flakes

Fig. 5. TEM images of ZnO/Ag/NiO with (a) Low magnification, b) high
magnification showing particles, c) HRTEM showing lattice fringes,
and d) electron diffraction image
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Fig. 6. EDX spectrum of ZnO/Ag/NiO with elements and its composition
(inset Table)

solar light. The results revealed that the increased concentration
of dye required appropriate increment in catalyst load which
means increased dye decreased degradation. Since experiments
were performed between 5 to 20 ppm under solar light, degra-
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Fig. 7. Variation of light source on the degradation of methylene blue

dation of methylene blue decreased from 92% to 25% (Fig. 8).
This may be due to decreased absorption of light on the surface
of photocatalyst with increased dye concentration.

D
eg

ra
d

at
io

n 
(%

)

0 30 60 90 120 150

Time (min)

100

80

60

40

20

0

5 ppm

10 ppm

15 ppm

20 ppm

Fig. 8. Effect of dye concentration on the degradation of methylene blue

Effect of catalyst load: In general, a catalyst is used to
alter the rate of reaction. Same way photocatalyst also increased
the degradation of methylene blue which is demonstrated by
varying the catalyst load from 5-40 mg while kept other para-
meters optimized. It was confirmed that degradation of
methylene blue dye increased from 52% to 95% with increased
load of photocatalyst 5-40 mg (Fig. 9).

Effect of pH: As photocatalytic efficiency of a photo-
catalyst is directly related to availability of hydroxyl radicals
in the solution which is confirmed that rate of photocatalysis
is usually more in alkaline solutions. In lower pH, degradation
capacity of photocatalyst depends only on the rate generated
hydroxyl radicals. This was demonstrated by varying the pH
of a solution from 4-10 by keeping other parameters constant.
Fig. 10 shows that degradation of methylene blue is fast at higher
pH. Reaction conditions below pH 3 affect rate of degradation
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Fig. 9. Effect of catalyst load on the degradation of methylene blue
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Fig. 10. Effect of [H+] on the degradation of methylene blue

and above pH 8 ceases degradation of methylene blue. This is
due to accumulation of hydroxyl radicals on the surface of
catalyst.

Comparison of degradation efficiency of different nano-
composite: The photocatalytic degradation efficiency of ZnO/
Ag/NiO is also compared with few other reported metal oxide
nanocomposite against methylene blue dye (Table-1). It is
observed that synthesized ternary heterostructure ZnO/Ag/NiO
nanoparticles exhibit similar best degradation efficiency as
compared to other reported materials.

Conclusion

In summary, waste curd is used as fuel to synthesize ternary
heterojunction ZnO/Ag/NiO by combustion route. The
prepared material showed enhanced photocatalytic activity
towards methylene blue degradation under visible light illum-
ination compared to their conventional materials reported in
the literature.
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