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Abstract

This study aims to investigate the physical characteristics and photocatalyst activity of biosynthesized ZnO with pineapple (Ananas comosus)
peel extract under microwave irradiation. The ZnO powder was prepared in two different concentrations of zinc nitrate hexahydrate (ZNH) at
200mM (Z-200) and 500 mM (Z-500). The optical, structural, and morphological properties of ZnO were analyzed using UV-Vis spectroscopy,
X-Ray Diffraction (XRD), and Scanning Electron Microscopy (SEM), respectively. The UV-Vis absorption spectrum showed a wide absorbance
peak of ZnO at the wavelength of 300-360 nm with a bandgap energy of 3.22 and 3.25 eV. The XRD result confirmed the wurtzite structure of
ZnO with high crystallinity. SEM morphology showed spherical particles with an average particle size of 190-220 nm. For photocatalytic
application, ZnO film was fabricated via the doctor blade method from microwave-assisted biosynthesized ZnO powder. ZnO films were then
applied under UV-irradiation to examine the photocatalytic degradation of methylene blue. It was found that the catalytic behavior of ZnO film
was affected by the starting ZNH concentration with maximum effectiveness of 46% degradation after 2 h.
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1. Introduction

Synthetic dyes containing organic compounds have been
frequently used in the textiles, paper, printing, food, and
cosmetics industries to make their products. They are difficult
to decompose and may cause environmental problems [1].
Methylene blue (MB) dye is one of the liquid wastes that are
most commonly found. This material can irritate the digestive
tract if swallowed, cause cyanosis if inhaled, and irritate the
skin if touched [2]. Here, photodegradation, which obeys the
principle of the photocatalyst, is an effective method to degrade
such synthetic dye. This method has a nhumber of advantages,
such as requiring a simple reactor, no secondary pollution left
by the degraded organic substances, and able to be reprocessed
in an ecofriendly approach [3].

Commonly, the photodegradation uses a number of
semiconductor materials such as TiO, [4], Fe,O3[5], and
ZnQO[6]. Of these compounds, ZnO's photocatalytic properties
have been extensively studied in view of its excellent oxidation
capabilities, non-toxicity, chemical stability, and affordability.

There are several methods to synthesize ZnO, for instance
chemical, physical and biological methods. However, chemical
and physical methods require toxic material usage and high
energy consumption [7]. The biosynthetic method can reduce
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hazardous chemicals in nanoparticle synthesis. It uses natural
products such as plants extracts or microorganisms as reducing
agents. This method does not require more energy or high
pressure, so it is relatively inexpensive, eco-friendly, and able
to be massively produced [8]. Plant extracts contain the high
level of antioxidant which can reduce and stabilize
nanoparticles. Watermelon peel extract [9], lemon peel extract
[10], and sea buckthorn fruit [11] have been used as ZnO
bioreductor and bio-stabilizers.

Pineapple is one of the main agricultural commodities in Riau
Province, Indonesia. The peels of this plant are frequently
discarded without being used. In fact, they can be applied either
as the carbon source for chemical adsorbent [12] or as bio-
stabilizer in nanoparticle synthesis [13]. Using conventional
heating, pineapple peels have successfully produced ZnO
nanoparticles [13]. Conventional heating, however, has some
problems such as regarding inhomogeneity, which leads to poor
crystallization and time consuming [14]. Microwave irradiation
heating can overcome this problem due to its short reaction
time, less excessive energy consumption, and excellent
synthesis products [15].

In this study, the ZnO powder was prepared using pineapple
peel extract (PPE) as bio-stabilizing agent with two different
precursor concentrations via the microwave irradiation
technique. The UV-Vis absorption, bandgap energy,
morphology, crystal structure, and photocatalytic activity were
then analyzed. The doctor blade technique was used to prepare
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ZnO film for photocatalytic application. The photocatalytic
activities of ZnO films were evaluated through the MB
degradation process initiated by UV-C light irradiation.

2. Materials and Methods
2.1. Materials

The materials used in this study were Zn(NO3)2-6H,0 (zinc
nitrate hexahydrate), Pineapple Peel Extract (PPE), NaOH
(Sodium Hydroxide), Polyethylene Glycol (PEG), (C2HsOH)
ethanol, CisH1sCIN3S (Methylene Blue), and demineralized
water (Aqua DM).

2.2. Preparation of ZnO powder and ZnO film

ZnO was prepared by reacting 50 mL of pineapple peel
extract (10g/L) and 50 mL of zinc nitrate hexahydrate solution
(200 mM and 500 mM) in an Erlenmeyer flask. The solution
pH was adjusted to pH level of 11 using NaOH 0.1 M. The
synthesis solution was subsequently irradiated using a
microwave oven with a power of 360 W for 2 min. Once
irradiated, the solution was taken out from the oven and cooled
at room temperature. The ZnO powder was then separated by
centrifugation and dried at 60°C for 12 h.

For photocatalytic application, ZnO film was prepared via
the doctor blade method in which 1 g of ZnO powder was
mixed with 0.1 mL of Polyethylene Glycol (PEG) and 2.5 mL
of ethanol to obtain a ZnO paste [16]. The paste was then
deposited on a 1 cm x 1.5 cm glass slide. Afterward, the ZnO
film was dried at 100°C and annealed at 275°C for 1 h.

2.3 Characterization

The optical, structural, and morphological properties of
ZnO were characterized using a Cary 60 spectrophotometer
with the wavelength range of 300-600 nm, Rigaku MiniFlex
diffractometer using CuKo radiation (1.541 A), and Hitachi
Flexsem 1000 at a magnification of up to 20,000 times,
respectively.

2.4 Photocatalytic activity study

The photocatalytic activity of ZnO film was examined for
MB photodegradation under UV-C light irradiation (253.7 nm).
The ZnO film was previously immersed in 1 ppm MB solution
and left in the dark for 1 hour until achieving the adsorption-
desorption equilibrium. The MB solution was then irradiated
using a UV lamp of 40 W. Before irradiation, 3 ml of solution
were taken out as the control. After the irradiation process
started, the same amount of solution was taken out in every 30
minutes for quantitative analysis. A Cary 60 spectrophotometer
was used to monitor the residue concentration of MB. MB
concentration reduction was evaluated from the characteristic
absorbance peak of MB at 664 nm. The degradation reaction
rate and photodegradation efficiency were calculated by the
formula (1) and (2), respectively:

A
lnA—0 = —kt (€D
Aop—
Ao

%D = 2272 % 100% )

where A is the absorbance of the dye after treatment, Ao is the
absorbance of the initial dye, k is the reaction rate constant, and
tis the time[17].

3. Results and Discussion
3.1. UV-Vis absorption properties

Figure 1 shows the UV-Vis absorbance spectrum of ZnO
samples. The higher ZNH concentration resulted in an
improvement in the absorption ability of the ZnO sample. The
optical properties of the sample showed a ZnO typical broad
absorbance in the wavelength range of 300-360 nm and at 360-
600 nm.
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Fig. 1. UV-Vis absorbance spectrum of ZnO
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Fig. 2. Bandgap energy (a) (hv) vs (ahv)? Z-200 dan (b) Z-500
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Fig. 3. SEM Images and histogram diagram of ZnO (a,c) Z-200 and (b,d) Z-500

It also showed that the increasing concentration of Zinc
nitrate could cause the widening ZnO maximum absorbance at
the wavelength from 360 nm (sample Z-200) to 380 nm (Z-
500). The shift in the absorbance peak was most probably
attributed to the increase in particle size [18].

Optical absorption indicated the minimum photon energy
required for electrons to be excited from the valence band to
the conduction band [19]. The bandgap energy of the ZnO
sample was obtained from the Tauc plot equation through the
intersection of the line between (hv) vs (ahv)?. The bandgap
energy of samples Z-200 and Z-500 included 3.25 eV and 3.22
eV, respectively. The Z-500 sample had the lower bandgap
energy compared to the Z-200. This was because the high light
absorption had caused the energy bandgap of the material to
decrease [20]. The bandgap energy obtained from the
biosynthesis method was found less compared to the bandgap
energy of ZnO using the chemical method (precipitation), i.e.
3.38 eV [21]. The bandgap energy value was also determined
by particle size, carrier concentration, stress state in the
material, and oxygen vacancies, later on affecting the carrier
concentration in the conduction band [22].

3.2 Morphological analysis

The particle size of the Z-200 sample is in the range of
221.57 £ 73.93 nm, while the one in Z-500 sample is 194.87 +
75.52 nm. The higher the concentration of Zinc nitrate, the
smaller the particle size. In addition, higher Zinc nitrate
concentration produce more uniform (homogeneous) particles.
The uniformity of particle size is known from the standard
deviation value. It is because, during the microwave irradiation
process, high concentrations will accelerate the reaction rate
that reduces the particle size [23]. The smaller particle size is
also due to the presence of phenolic compounds contained in

PPE, which act not only as a stabilizing agent but also as a
reducing agent [18].

Figure 3 shows the SEM image of the ZnO sample using
PPE with a magnification of 20,000 times. The morphology of
the ZnO sample is spherical. This morphology is similar to ZnO
film synthesized using watermelon rind extract [9].

3.3 Crystal structure
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Fig. 4. XRD pattern of ZnO

Figure 4 shows the X-ray diffraction pattern of ZnO sample.
The diffraction peaks were at the Bragg angle of 26 = 31,84°;
34,50 °; 36,35°; 47,63° ; 56,77°; 63,03°; 66,40°; 67,96°; 69,2°;
72,67°; 76,89° which corresponded to ZnO wurtzite hkl plane
of (100), (002), (101), (102), (110), (103), (200), (112), (201),
(004), (202), respectively[24]. Sharp diffraction peaks with
high intensity indicated the high crystallinity of ZnO. In
addition, there were no impurities in the ZnO sample evidenced
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by no diffraction peaks other than the ZnO phase. The crystal
size was measured using the Scherrer formula:

kA
LcosO

D(nm) = (3)

For a hexagonal structure, the lattice parameters a and ¢ were
1 4h2+hk + k? 1
= e =) @
where D is the crystal size, § is the width of half the maximum
diffraction peak (FWHM), A is the wavelength, k is a constant
whose value varies, and 6 is the diffraction angle. The FWHM
value was 0.0078° so that the crystal size obtained was 17.55
nm. The calculated values of the lattice constants of the ZnO
particles included a =b =3.1173 A and ¢ = 5.1931 A.

3.4 Photocatalytic activity

Figure 5 shows the absorption spectrum of MB solution
sampled in every 30 min. It represents the photodegradation of
MB by ZnO sample from time to time. Photodegradation using
Z-200 and Z-500 samples showed a change in the colour of MB
and became clear at 120 minutes, especially the Z-200 sample.
This color change was quantitatively analyzed from the
methylene blue absorption peak.
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Fig. 5. The degradation process of MB by (a) Z-200 and (b) Z-500 samples

Figure 6(a) is the curve of absorption of degradation
product of ZnO sample at A = 662 nm versus time. The
degradation of MB occurred on the ZnO surface. This reduction
process was attributed to the hydroxyl radical OH- from the
oxidation of water and the oxygen, which prevented the
recombination of electron-hole pairs[25]. Figure 6(b) shows the
InA/A, vs. time curve indicating the photocatalytic
degradation rate of MB dye where ZnO acted as a catalyst. Z-
200 sample had a reaction rate constant of 0.1552 min* greater
than that of Z-500 i.e. 0.1114 min-t. Z-200 sample had a higher
reaction rate because the sample had a large bandgap energy

value to prevent the charge recombination. The reaction rate
constant implied an increase in the number of dye molecules
and a reduction of photon path length so that fewer photons
reached the catalyst surface. It may cause a decrease in the
generation of hydroxyl radicals and reactive superoxides [19].
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The degradation efficiency of the Z-200 and Z-500 samples
after 120 min was 46% and 35%, respectively (Figure 7).
Photocatalyst activity was closely related to particle size, where
decreasing particle size could increase the surface area where
the photodegradation took place. The photodegradation
efficiency was also improved by increasing the bandgap energy
[26]. Therefore, Z-200 and Z-500 samples with particle sizes of
221.57 nm and 194.87 nm, respectively, were effective in
degrading MB dye.

Conclusion

In this research, the ZnO sample has been successfully
synthesized using pineapple peel extract via the microwave
irradiation method. It was found that the concentration affected
the UV-Vis absorption peak and the ZnO particle size of ZnO
samples. Biosynthesized ZnO assisted by MW exhibited high
purity and crystallinity. The photocatalytic activity test showed
that ZnO film prepared from biosynthesis product was effective
in the degradation of MB dye. ZnO sample can be potentially
used as a photocatalyst material for wastewater treatment
applications.
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