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ABSTRACT: Photocatalytic is one of the technological developments of renewable
materials in overcoming water pollution due to industrial waste treatment. In this study,
photocatalytic observations were carried out with a methylene blue (MB) degradation
approachusing zinc oxide and silver (ZnO/Ag) nanocomposites (NCs) which were enhanced
by a new green synthesis in the form of pineapple peel extract (Ananas comosus) as a
bio-stabiliser. The amount of Ag was varied by 5%, 10% and 15%. UV-Vis spectroscopy
(UV-Vis), X-ray diffrection (XRD) and scanning electron microscopy-energy dispersive
X-ray analysis (SEM-EDX) spectroscopy were analysed to study the optical properties,
structure, morphology and composition of the samples. The characterisation results show
that the absorption peak occurs in the 359 nm to 368 nm region with a band gap energy
of 2.96 eV to 3.00 eV. Based on the XRD pattern, a hexagonal wurtzite structure was
obtained with a crystal size of 18.37 nm. The particle morphology shows a flower-like
shape with an average diameter of 60 nm. The EDX spectrum confirmed the elemental
content of Zn, oxygen (O) and Ag. The photocatalytic activity showed that 10% ZnO/Ag
was able to optimally degrade MB (10 ppm) with a reaction rate constant of 0.0091 min™".
Therefore, ZnO/Ag NCs were proven to be able to degrade dyes faster than pure ZnO.

Keywords: methylene blue, nanocomposites, pineapple (4nanas comosus), photocatalytic,
ZnO/Ag
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1. INTRODUCTION

The increasing demand for clothing and food has affected large-scale industrial
development. In addition, it also causes environmental pollution, especially due to
dye waste. These substances are often the main cause of declining water quality,
causing damage to the ecosystem.! The use of photocatalysts is an effective way to
overcome these problems. Photocatalysts utilise light energy into chemical energy
which in the process occurs a redox reaction with organic compounds so that
the liquid waste can become clear water again.? In general, photocatalyst activity
testing is carried out by utilising the wide band gap energy in the semiconductor
material. Several types of inorganic metal oxides have been researched and
investigated in recent years such as zinc oxide (ZnO), titanium dioxide (TiO,)
and copper (IT) oxide (CuO).? ZnO is a nanomaterial that is often studied because
it has chemical stability and the ability to absorb UV radiation is very high, can
survive at room temperature and is sensitive to light. In addition, ZnO is non-
toxic, relatively inexpensive, not easily damaged, resistant to high temperatures
and transparent in the visible light area.*

Pure ZnO semiconductors without doping or other composite materials have
poor electrical characteristics i.e., a low conductivity value of 6.24 x 1077 S/m.’
Silver (Ag), manganese (Mn), gallium (Ga), aluminum (Al) and copper (Cu)
are commonly used as impurities to ZnO. Nanocomposites (NCs) between
semiconductor and Ag has strong potential to overcome the weakness of ZnO
conductivity. It is known that Ag proved to be effective for p-type ZnO synthesis
because it can increase the conductivity as a result of its congenital defects such
as oxygen (O) deficiency and Zn interstitial.® In addition, Ag is a promising
material in health and environmental applications, such as antiseptic additives in
packaging or textiles, antibacterial in medical devices, tile coating materials and
water purification systems.! The addition of Ag can increase the photocatalytic
activity of ZnO because it inhibits the electron-hole recombination process due to
a large number of trapped electrons.” Therefore, these ZnO and Ag nanoparticles
(NPs) can be regarded as NCs that can be applied as efficient photocatalysts
against pollutants polluting liquid waste.

Nanoparticles are produced by several methods i.e., physically (top-down): laser
light irradiation and evaporation or condensation and chemically (bottom-up): sol-
gel, metal ion reduction and metal agglomeration.® These methods can damage the
environment because of the use of toxic solvents, high energy consumption and
emitting hazardous waste.” Therefore, it is necessary to develop methods that are
more environmentally friendly. The green synthesis of NPs using plant extracts
has been widely studied. The utilisation of this plant acts as a reducing agent
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because of the content of secondary metabolites or antioxidants.!’ Flavonoids are
phenolic compounds that have antioxidant properties that can reduce metal ions
and prevent free radicals that damage cells.!!

In this study, ZnO/Ag NCs were prepared using the green-synthesis method.
Pineapple rind was chosen as a reductant because it has higher total phenolic
and flavonoid content compared to other parts.'> The utilisation of pineapple peel
is also an alternative solution to reducing waste in the environment, which is
mostly found in the market. The effect of Ag composition on ZnO was studied
on its physical properties and applied as a photocatalyst to degrade the pollutant
methylene blue.

2. MATERIALS AND METHODS

2.1  Green Synthesis of ZnO

Extract preparation was carried out as in our previous study, where all the materials
used were purchased in Indonesia and the synthesis process was carried out at the
Material Physics Laboratory, University of Riau.!* Fifty milliliters of pineapple
peel extract and 50 ml of Zn(NO,),-6H20 (50 mM) were homogenised for 30 min.
NaOH 5 M was added to the solution until pH of 12 was reached for stabilisation.
Then, this solution was heated in a microwave oven for 2 min (360 Watts). The
precipitate obtained was centrifuged at 4,000 rpm for 10 min, washed three times
and dried at 110°C using hotplate.

2.2 Preparation of ZnO/Ag Nanocomposites

One gram of synthesised ZnO was dissolved in 50 ml of demineralised water.
AgNO,; powder and pineapple peel extract were added to the solution successively
and then stirred until homogeneous. The mass percentage of AgNO, was varied,
5%, 10% and 15%. The solution was irradiated in the same way as ZnO using a
microwave oven with a power of 360 Watts for 2 min.

2.3 Measurement

Optical absorption, diffraction pattern, morphology and elemental composition of
ZnO/Ag NCs were characterised using SHIMADZU UV-Vis spectrophotometer
(Agilent Technologies, Malaysia, G68860A), X Pert PRO type diffractometer and
Hitachi Flexsem 100 (SEM-EDX) instrument.



Synthesis and Characterisation of ZnO/Ag Nanocomposites 62

2.4  Evaluation of Photocatalytic

ZnO/Ag NCs 1 g was dispersed into 10 ppm methylene blue (MB) solution. This
solution was stirred using a magnetic stirrer for 1 h in the dark to get adsorption-
desorption equilibrium. Then, it is irradiated by four UV-C lamps (8 Watts)
during the degradation process. The MB concentration at 664 nm was determined
from the absorbance peak of MB at 664 nm using the UV-Vis spectrophotometer
characterisation. The percentage degradation of MB is calculated using the
formula:

)= Cc Cx100% 1)

MB degradation (%
where C, is the initial MB concentration and C, is the MB concentration after
time ¢.

3. RESULTS AND DISCUSSION

3.1  Absorption Properties

The formation of ZnO NPs was confirmed by optical absorption peaks in the UV
and visible light areas. The UV-Vis absorption curve with a wavelength function
can be seen in Figure 1.

The absorption peaks of ZnO, ZnO/Ag 5%, ZnO/Ag 10% and ZnO/Ag 15%
were at 359 nm, 362 nm, 365 nm and 368 nm, respectively. The presence of
the absorption peak is in the UV region which is in accordance with previous
studies at 362 nm.'* The addition of metal Ag affects the optical properties of
ZnO. The absorption intensity of ZnO/Ag NCs is higher than that of pure ZnO.
This is due to the increasing number of constituent atoms thereby increasing the
absorbance ability. The absorption peak shifts towards a larger wavelength as
the mass percentage of Ag increases. This indicates that the band gap is getting
smaller so that the energy required by the molecule is getting lower.'* The band
gap energy is determined by the Tauc plot method seen in Figure 2.
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Figure 1: UV-Vis absorption spectrum.

The band gap energy decreases with the addition of Ag metal to ZnO. The
substitution of Ag metal results in a decrease in the band gap distance so that
the energy required for electron excitation also decreases.!® Therefore, ZnO/Ag is
expected to increase photocatalytic activity by increasing the number of electrons
in the conduction band.
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Figure 2: The bandgap energy in pure ZnO and variation of ZnO/Ag NCs.
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3.2 Structure Properties

The X-ray diffraction (XRD) spectra of ZnO and ZnO/Ag can be seen in
Figure 3. The XRD pattern shows that there are seven diffraction peaks with
different intensities. The diffraction peak is at 20 = 31.75°, 34.40°, 36.23°,47.51°,
56.55°, 62.91° and 67.95° with the orientation planes (101), (002), (101), (012),
(110), (013) and (112), respectively. The analysis of this diffraction peak is in
accordance with the Inorganic Crystal Structure Database (ICSD) data number
98-002-7791."7
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Figure 3: XRD pattern of ZnO/Ag NCs.

The diffraction pattern shows that the crystal phase of pure ZnO and ZnO/Ag is a
hexagonal wurtzite structure. The diffraction intensity decreases with the addition
of Ag mass on ZnO. In addition, there is also a shift in the diffraction peak towards
a larger angle. This is due to the substitution of Ag ions that enter and replace Zn
ions without changing the hexagonal structure of ZnO." The lattice parameters
a and ¢ were determined using the diffraction peaks of (100) and (002) planes as
seen in Table 1. The value of a and c decreases with the addition of Ag mass in
ZnO. This is due to the presence of Zn ions which are replaced by Ag ions which
have different atomic radii. Therefore, it affects the length and position of the bond
between the metal and O in the crystal lattice of the NPs.!” The crystallite size is
calculated using the Scheerer equation. Based on Table 1, it can be seen that the
crystallite size of ZnO is smaller than that of ZnO/Ag, 16.35 nm. The increasing
crystallite size indicates a high crystalline level because of the more constructive
interference that occurs and also because more and more ions are substituted along
with the addition of Ag metal.?°
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Table 1: Lattice parameter and crystallite size of ZnO/Ag nanocomposites.

Interplanar ~ Lattice parameter

Sample 20 (°) spacing Crystallite size

(A) a=b(A) c(A) (nm)
Zn0O 31.735 2.607 3.253 5213 16.35
ZnO/Ag 5%  31.809 2.603 3.247 5.206 18.37
ZnO/Ag 10%  31.809 2.603 3.247 5.206 18.12
ZnO/Ag 15%  31.728 2.606 3.258 5212 18.37

3.3  Particles Morphology

Micrographs of pure ZnO and ZnO/Ag at a magnification of 10,000 times were
identified by SEM characterisation presented in Figure 4.

There is not a significant difference in the morphology of ZnO particles and ZnO/
Ag particles. ZnO is spherical and flower-shaped, while ZnO/Ag resembles a
flower with the ends of the cluster increasingly conical. This is because in the
formation of hexagonal ZnO aggregation occurs due to the large surface energy
so that the particles grow in a certain direction.?!

The presence of Ag composites in ZnO NPs has decreased the particle diameter
where ZnO, ZnO/Ag 5%, ZnO/Ag 10% and ZnO/Ag 15% are 254 nm, 60 nm,
126 nm and 122 nm, respectively. On the other hand, increasing the mass
percentage of Ag produces larger particles. This is due to the increased aggregation
of the particles and the high concentration that causes the particles to bond to one
another or stick together.?? In addition, there are small crystals that are thought to
be Ag ions attached to the ZnO surface which are spread unevenly. The results of
this SEM micrograph are similar to the studies conducted by the previous report.?
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Figure 4: Micrographs for pure ZnO and different percentages of ZnO/Ag NCs.

3.4  Elemental Composition

The elemental compositions of pure ZnO and ZnO/Ag NCs were identified from
the EDX Figure 5 spectrum. The elements detected were carbon (C), Zn, O, Cu,
zirconium (Zr), argon (Ar) and Ag with different levels of atomic mass.

The highest percentage of Zn atoms is found in ZnO/Ag 15% at 65.66% and the
lowest is ZnO/Ag 10% at 48.33%. The most detected elemental O content was
found in 15% ZnO/Ag at 16.84% and the least found in ZnO/Ag 10% at 13.19%.
The existence of elemental O comes from lattice O and from water molecules
that are absorbed.* The EDX spectrum shows that the weight percentage of the
element Ag increases with the increase in Ag metal. The highest composition
of the element Ag is in the ZnO/Ag 15% sample at 1.85% and the lowest in the
ZnO/Ag 10% sample at 1.06%. Elements of Ag atoms were not detected in ZnO/
Ag 5% which may be due to the addition of a very small number of Ag atoms.
The percentage of C elements is not much different from the distribution of Zn
elements, where ZnO/Ag 10% contains 33.19% and the lowest is in ZnO/Ag 15%
at 13.83%. The presence of element C is ascribed to the annealing process.?
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Figure 5: EDX spectrum in determining elemental composition.

The highest percentage of Cu, 2.27%, is found in pure ZnO and at least 1.44% in
ZnO/Ag 5%. The elemental Cu is an element that is not present in ZnO/Ag 15%.
The percentage of Zr element of 2.24% has the highest value at ZnO/Ag 10%
and is an element that is not found in pure ZnO. The element Ar atom which is
only found in the ZnO/Ag 5% sample with a percentage value of 0.23%. Elements
other than Zn, O, Ag and C are most probably come from contaminated precursors
of the sample characterisation holder.

3.5 Photocatalytic Activity

The ability of pure ZnO and ZnO/Ag NCs as photocatalyst for MB degradation
was carried out under UV irradiation. The absorption comparison curves at time
¢t and the initial absorption of the MB solution (664 nm) of each sample are
presented in Figure 6(a). The ZnO curve looks higher and the decrease is not
significant than the ZnO/Ag NCs. This shows that the degradation ability of pure
ZnO is slower than of ZnO/Ag NCs. ZnO/Ag 10% showed the most significant
decrease in the curve followed by ZnO/Ag 15% and ZnO/Ag 5%. The addition of
the transition metal Ag has been shown to increase the number of electrons that
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can be absorbed in the conduction band. The photogeneration process of electrons
moving from the ZnO conduction band to Ag particles can increase the efficiency
of the photocatalyst.?

Figure 6(b) shows the relationship between In(A/A,) with respect to time ¢ with
variations in the addition of Ag metal. The In(A/A,) curves of pure ZnO and
ZnO/Ag 5% showed only slight differences and did not decrease significantly
compared to the Ag 10% and Ag 15% composites. The reaction rates of pure ZnO
and ZnO/Ag 5% were —1.4 x 103 min! and 1.7 x 107 min!, respectively. The
degradation process using ZnO/Ag 10% shows fluctuations in the absorbance vs
time curve. The In(A/A,) curve of ZnO/Ag 10% significantly decreased after 120
min of irradiation indicating that the degradation occurred faster with the highest
reaction rate constant of —9.1 x 107 min~!. The decrease in the In(A/A,) curve
for ZnO/Ag 15% is quite significant without any increase. ZnO/Ag 15% has a
reaction rate constant of —4.3 x 10~ min™'. The increase in the curve indicates
the oxidation reaction in MB is faster than the reduction reaction (decreasing the
curve) which caused by the unstable reaction.?” The addition of Ag metal to ZnO
improve the photocatalyst activity to be faster than pure ZnO. This is due to a
decrease in the band gap energy where electrons are easily excited to the covalent
band towards the surface of the semiconductor material so as to produce more
hydroxyl radicals.?®
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Figure 6: (a) Absorbance of MB solution at A = 664 nm and (b) the reaction rate of the first
order kinetic mode.
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The degradation of MB is indicated by a change in the colour of the solution
becoming clearer (Figure 7[a]). This degradation process was confirmed by a
significant decrease in the curves (Figures 6[a] and 6[b]) by the catalyst. MB
degradation occurs because electrons in the sample are excited from the valence
band to the conduction band, resulting in a vacancy or hole in the valence band.
These electrons react with dissolved O to form superoxide radical anions (O2)
which then react with H,O molecules to form hydroxyl radicals and at the same
time the unrecombined holes will react with H,O to form hydroxyl radicals (OH")
which are oxidising agents that MB.?

The degradation efficiency by pure ZnO catalyst and ZnO/Ag NCs can be seen
in Figure 7(b). The highest percentage of MB degradation was 41.29% by ZnO/
Ag 10% followed by ZnO/Ag 15%, ZnO/Ag 5% and pure ZnO samples at
24.41%, 17.64% and 12.69%, respectively. The ZnO/Ag 10% NCs was proven
the optimum conditions for degrading MB which was more effective than other
samples. Its condition due to this material has the highest reaction rate. The highest
reaction rate of ZnO/Ag 10% is related to the metalic state of Ag disperse on the
ZnO surfaces. Eventhough, there is no clear evidence to show the correlations
between its activity to the structural, morphological and optical properties. The
degradation at 15% Ag mass percentage decreased due to the large amount of Ag
metal composition that covered the ZnO surface so that it inhibited the interaction
between ZnO and incident light.? In addition, it may be due to light scattering and
the appearance of bulk defects so that photocatalytic activity is diminished.*® The
addition of less Ag at 5% also experienced a lower degradation power due to the
lack of Ag. This results in the inhibition of the process of excitation of electrons
in the valence band and therefore the recombination of electron-hole occurs.?!
Overall, Ag NPs have succeeded in increasing the photocatalytic activity of ZnO
semiconductors.
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Figure 7: (a) MB degradation process image and (b) photocatalytic efficiency of MB
degradation.
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In comparison, the ratio of reaction rate ZnO/Ag 10% on pure ZnO by microwave
synthesis previously reported is twice, whereas in this work is six times.*
Furthermore, the performance of Ag/ZnO recently published using hydrothermal
microwave heating synthesis exhibit MB degradation efficiency of 40% for 5 h.*
Compared to current work, it shows a shorter degradation time for MB degradation
over 2 h.

4. CONCLUSION

The composite Ag metal has succeeded in increasing the photocatalytic activity
of ZnO. The optical absorption increases and the band gap energy decreases of
ZnO after the addition of Ag metal. Hexagonal structure was found in ZnO/Ag
NCs with decreased diffraction intensity. In addition, the ZnO particle diameter
was also reduced in the presence of Ag metal inserted in the ZnO structure. The
distribution of elements in the ZnO/Ag NCs confirms the presence of Zn, O and
Ag atoms. The degradation efficiency of ZnO/Ag NCs of 41.29% was higher than
that of pure ZnO of 12.69%.
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