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Abstract: Synthesis of nanoparticles by using plant have sparked interest among researchers
due to environmentally safe, inexpensive and simple method to compare with chemical
method. Use of plant in synthesis zinc oxide nanoparticles (ZnO NPs) that act as reducing
and capping agent are more recommended, due to high production of product and rate of
synthesis is faster than using microorganism. This study focus on the synthesis of ZnO
NPs by using leaf extract of aloe vera (4loe bardenisis miller) with different concentration
(30%, 40% and 50%) and various calcination temperature which are 500 °C, 700 °C and
900 °C for 4 hours. Fourier — transform infrared spectroscopy (FTIR), Thermogravimetric
Analysis (TGA), scanning electron microscopy (SEM), X-ray Diffraction (XRD) and
Brunauer-Emmet and Teller (BET) were used to characterize the prepared samples. FTIR
spectra showed present wavenumber in between 400-500 cm indicated the presence of
Zn-0 stretch. Powder XRD pattern confirmed the hexagonal wurtzite structure with average
particles size from 24.19 nm to 67.69 nm for all concentration and temperature by using
Scherer’s equation. For SEM analysis the images show irregular shape for concentrations
30% and 50% with size range from 500 nm to 900 nm while for concentration 40% cubic
shape was observe with size range from 140 nm to 900 nm. All characterize show that
formation of ZnO NPs depend on the concentration and calcination temperature. Sample
30% and 50% ZnO NPs was applied in lithium battery at voltage from 0.01 to 3. 1.2 mAhg"
'was recorded for sample 30% ZnO NPs while 100 mAhg'.
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Introduction and chemical processes are currently widely
used to synthesize metal nanoparticles, which
allow one to obtain particles with the desired
characteristics. However, the chemical methods
require numerous dangerous and perilous
synthetic substances that are costly and unsafe
to living being. Therefore, nowadays many
researchers attracted to green and biological
method due to the cost-effective, feasibility,
less toxic nature process and environmental

Green synthesis of zinc oxide nanoparticles
(ZnO NPs) have triggered interest among
researcher due to unique chemical and physical
properties and high demand due to variety of
applications in industry production. ZnO NPs
known as atom- like behavior due to high and
huge explicit surface area, high division of
surface molecules and conduction band when
divided to near atomic size (Jacobsson et al., ;
2014). Most of ZnO NPs are synthesize by frleqdly. .Pl.ants extract seem to b.e the begt
using chemical method. Nevertheless, chemical media. This is because, large scale biosynthesis

synthesis methods require different physical gglnla)noparticles would produce (Iravani et al.,
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Recently synthesis ZnO NPs by using green
synthesis had been performs in previous studies.
However their several properties of ZnO NPs
that need to discover. In this study, focusing
in synthesis ZnO NPs by using green method
with different concentration (30%, 40% and
50% of aloe vera leaf extract) and temperature
(500 °C, 600 °C and 700 °C). From the previous
study, synthesis of ZNO NPs by using aloe vera
leaf extract are mostly applied in biological
application such as UV protection (Smijs &
Paula et al., 2011), antibacterial (Ali et al.,
2016) and food packaging (Espitia et al., 2016),
but not in reserving energy application such as
potential anode material in lithium ion battery
(LIBs).

LIBs had been choose due to their superior
performance characteristics, namely, long cycle
life, high energy and power densities and no
memory effect (Yang et al., 2016). Therefore,
lithium ion battery mostly apply in laptop and
mobile phone as power storage technology (Qi
et al., 2017). LIBs also certainly plays a central
role, as it allows energy savings in terms of fossil
fuels by powering electric vehicles and might
promote the expansion of renewable energy (Liu
etal.,2011). ZnO was choose as potential anode
in lithium ion battery due to higher theoretical
capacity (978 mAhg™) rather than graphite (372
mAhg") (Xu et al., 2014). In addition due to
their abundant, non-hazardous, and low cost that
contribute ZnO as an active material for LIBs
anodes (Wan et al., 2018). Unfortunately, during
lithium/delithium process, poor electronic
conductivity was produce resulting to poor
application (Huang et al., 2011). Therefore,
to improve the cyclic performance of LIBs, by
applying ZnO NPs as active would produce
desirable goal, in terms of safety as well as
energy and power density (Bresser ef al., 2013).

Materials and Methods
Preparation of Aloe Vera Extract (ALE)

About 20 g portions of aloe vera leaves were
washed by using distilled water and finely cut
by using knife that had been rinsed with ethanol.

Then, aloe vera leaf was boil with de-ionized
water in medium flame (60 °C) for 10 min. The
color of extraction changes from watery to light
green. The extract cool at room temperature,
filter by using Whatman filter paper no 1 and
store in refrigerator at 4 °C for future use.

Synthesis of Zinc Oxide nanoparticles (ZNO
NPs) by using ALE

Zinc sulfate heptahydrate (ZnSO, 7H,O) and
aloe vera extract (ALE) that been used in this
method Firstly, ALE were divided into varying
concentrations (30, 40 and 50%), were added
into 100 ml of 0.25 M ZnSO, 7H,O solution in
different glass flask. Then, 0.1 M was NaOH
added until it reach pH 8 and measured by using
pH meter. The reaction mixture was kept under
vigorous stirring at 60 °C for 3 h. The precipitate
obtained was centrifuged at 4500 rpm for 10
minutes, thoroughly washed and dried at 80 °C
for 24 h and calcined at 500 °C, 700 °C and 900
°C. The resultant dried material was in powder
form and stored in an airtight container.

Fabrication of Super capacity Electrode
First, the copper foil wan rinsed in acetone for
15-20 min and dried by using tissue. Then, the
synthesized ZnO NPs act as active material
was mixed with carbon black and PVDF were
weighed: 0.015 g, 0.004 g and 0.001 g and a
drop of 1-methyl-2-pyrrolidone (NMP) was
added and the mixture was grind for 15 min
using pestle and mortar. The homogenous slurry
was pasted on copper foil (1 x 1 cm?) and dry
under vacuum at 100 °C for 6 h. Weight range
for active material must be around 0.5- 1.0 mg
in dried form.

Electrochemical Performance

The preparation of electrochemical performance
was performed in ga love box. The coin cells
contained ZnO NPs electrode as anode, a
lithium foil as reference counter electrode and
1 M LiPF. First, the lithium foil was added in
the coin, then three drop of 1 M of LiPF, was
added in a 1:1 ethyl carbonate (EC): dimethyl
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carbonate (DMC) solvent as electrolyte, using
celgard 2300 PE membrane as separator. A drop
of LiPF, was added in the coin to activate ion
in anode. The copper foil that contain carbon
paste was put on the separator. A 9 mm disk
was compressed by using clapping machine.
NEWARE BTS battery testers was used to
monitor the cycling and rate performance of
the coin cells were tested with cut-off potential
window of 0.01-3.0 V versus the Lit+/Li
electrode was tested to see the electrochemical
performance at different current densities.

Results and Discussion

White powder of ZNO NPs was successfully
synthesized with pH 8. During the synthesis
process, the color of the solution was changed
from yellowish to white precipitate that
indicating the ZnO NPs formation. Not only have
that, yield of ZnO NPs was also influenced by
the concentration of extracted ALE. The higher
concentration of ALE used, the higher product
yield was produced. In this study, sample using
50% ALE produced the highest yield of product.

TGA analysis was used to measures the
weight change of 30%, 40% and 50% ZnO-ALE
before calcination by using temperature range
from 30 °C until 900 °C in N, environment.
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Figure 1: TGA analysis for 30%, 40% and 50% ZnO
NPs

Figure 1 shows the degradation started
from 30 until 140 °C for all samples indicated
detach waste that had been absorb in ZnO. For
second degradation, removed of water absorbed

in ZnO and the final degradation occur due to
decomposition of hydroxyl group. All samples
show seems not fully completely decompose
due to the presence of small amount of organic
material (Hassan et al., 2018). This show that
all sample require higher energy to completely
decompose.
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Figure 2: FTIR spectra of ZnO Nps with 30%
concentration of ALE and calcined at temperature (a)
500 °C, (b) 700 °C and (c) 900 °C

As shown in Figure 2, all spectra showed
a broad peak around 3508 cm™ and 3504 c¢cm!
indicate —OH group from phenol that present
in aloe vera leaf extract, while wavenumber at
3334 cm! and 2345 cm that appeared in the
30% ALE ZnO NPs at temperature 500 “C were
assigned to the stretching vibration of amines
(C-N). For wavenumber at 1633 cm’, 1637
cm and 1641 cm™! give the similar band pattern
present in characterize of aloe vera leaf extract
indicated the presence of carboxylic group
(ketone) C=0. Stretching band at 900 cm™ and
1993 cm! represent the C-O and stretching
vibration of aliphatic and aromatic amines (C-N)
( Sangeetha et al., 2015). All ZnO NPs exhibit at
516 cm’, 450 cm! and 507 cm™' wavenumber
show to banding vibration of Zn-O, according to
Sanggetha et al., 2015, the peak region of Zn-O
vibration mode is located between 600 cm!
until 400 cm™. FTIR spectra for 40% and 50%
of ALE also showed similar pattern obtained for
30% ALE.
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Figure 3: XRD diffractograms for 30% ALE
concentration calcined at (a) 500 °C, (b) 700 °C and
(¢) 900 °C

The XRD pattern of 30% ZnO NPs
calcined at 500, 700 and 900 °C are shown in
Figure 3. XRD analysis was used to determine
the crystalline phases of the ZnO NPs. Debye-
Scherrer equation was used to determine
crystallite size. Sample for 30% at 900 °C give
distinctive Bragg reflection at 20 value 31.78°,
34.42°, 36.25°, 47.54°, 56.58°, 62.85 °, 66.33
, 67.92 °, 69.06 °, 72.55° and 76.94° which
are greatly showed the hexagonal wurtzite
structure of ZnO NPs fully match with ZnO
JCPDS 89-511. This shows sample 900 °C have

high purity and crystalline nature of prepared
due to hexagonal wurtzite structure. While for
sample ZnO 30% annealing at temperature 700
°C and 500 °C show some minor impurities
diffraction peaks observed in the XRD pattern
indicated the present of Zinc Oxide sulfate
(Zn,0(S80,),). Similar pattern was also obtained
for concentration of ALE 40% and 50% where
purity only obtained at 900 °C. This shows that
concentration does not influence the purity of
ZnO NPs. This supported by salahuddin et al.,
2015 that give the same result.

Average crystalline size for temperature
500 °C is 24.19 nm while for ZnO NPS at
700 °C and 900 °C is 40.94 nm and 67.69 nm
respectively. This results show that the higher
the calcination temperature used, the larger the
particle size produced. Moreover, increase the
temperature apply to ZnO NPs would cause
decrease value of FHWM as the diffraction
peaks were also observed sharp due to the large
particles sizes produce, the same result was
reported by Salahuddin ef al., 2015. This further
showed that calcination temperature played an
importance role to determine the crystalinity and
purity of ZnO NPs.
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N

Figure 4: SEM images of ZnO NPs for ALE concentra

tion of 30% at (a) 10000X and (b) 5000X, 40% (c)

10,000X and (d) 5000X, 50% (e) 10000X and (f) 5000X at 900 °C

Figure 4 show SEM image of ZnO Nps for
concentration 30%, 40% and 50% at temperature
900 °C with magnification of 5000X and
10000X. Particle size for ZnO NPs with ALE
30% is from 100 nm to 400 nm while ZnO NPs
with 40% ALE ranging from 140 nm to 900
nm and for ZnO NPs sample with 50% ALE is
from 700 nm to 900 nm. This show that ZnO
NPs with 50% ALE have higher particle size
to be compared with 40% and 30% ALE and is
in agreement with XRD results obtained. This
result also showed that higher concentration of
aloe vera extract used in the synthesis would also

affect the particle size of ZnO NPs. According
to Sanggetha et al., (2015) larger particle size
would produce when using higher concentration
of plant extract. For shape conformation,
irregular shape was observed for sample 30%
and 50% ZnO NPs, while for ZnO NPs 40%
show slightly cube shape. Agglomeration was
also observe due to high surface energy in ZnO
NPs occur during synthesis in aqueous medium
and presence of narrow spaces. between particles
(Altaf et al., 2016).
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Figure 5: N, gas adsorption—desorption isotherms of ZnO NPs calcined at 900 °C using concentration of ALE
at (a) 30% and (b) 40%

In this characterization, ALE concentration
of 30% and 40% calcined at 900 “C was chosen
due to the highest purity obtain in XRD analysis.
Figure 5 shows graph of adsorption — desorption
isotherms of ZnO NPs with ALE concentration
of 30% and 40%. Both samples are type IV
isotherm due to having hysteresis loop that work
as connection with capillary condensation that
indicated sample (a) and (b) are both mesopores.
Reading from 0.6 P/P° to 0.2 P/P° for sample
30% while for sample 40% from 0.8 P/P° to
0.3 P/P° indicated that ZnO NPs are completely
superposition during adsorption and desorption.
At high pressure region (P/P° >0.7) for sample
(a) and (P/P° >0.5) lag loop was observed due
to the particles with internal voids of irregular
shape and broad size distribution (Zhang et al.,
2012).

Even though, both sample show group IV
pattern which indicate mesoporous structure
(<50 nm), however both samples also have high
relative pressure of P/P°~ 1, that indicated the
presence of large pores which are more than
(>50 nm) (Yu et al., 2007). BET surface area
for sample with 30% ZnO NPs 3.7038 m?/g was
recorded while sample 40% ZnO NPs is slightly
lower with value of 2.0135 m?/g. This shows
that ZnO NPs 30% ALE have high surface area
from ZnO NPs using 40% ALE. This finding is
related with SEM images obtained that show
ZnO NPs with 40% ALE have large particles
size than ZnO NPs with 30% ALE.
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Figure 6: Cyclic performance for sample ZNO NPs
using 30% and 50% ALE, calcined at 900°C

The cyclic performances of ZnO NPs
electrodes are shown in figure 6. The initial
discharge capacity for ZnO NPs with 30%
ALE is 1580 mAhg"' while for ZnO NPs with
50% ALE is 3.4 mAhg' were recorded. For
ZnO NPs exhibit the theoretical value of ZnO
capacity is 978 mAhg! and according to Zhang
et al., (2006) the excess capacity caused during
discharge process, where the formation of solid
electrolyte interphase (SEI) film on the particles
occurs. SEI is important in lithium ion battery,
this is because the function is to maintain cycling
ability and prevent for further decomposition.
Irreversible capacity occur due to the formation
of Li,O that show in equation (1).The initial
irreversible capacity of ZnO NPs 30% and 50%
ALE is 1.2 mAhg' and 100 mAhg ' respectively.
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ZnO + 2Li — Zn + Li20 (1)
Zn+Li «—» LiZn 2)

For stable reversible capacities | mAhg
' was recorded for ZnO Nps with 30% ALE
while for sample of ZnO NPs with 50% ALE is
at 80 mAhg'. Figure 6 show that sample ZnO
NPs with 30% ALE have poorer capacity, this
is due to the morphological of ZnO change
during the formation LiZn that is shown in
equation (2), resulting in the week performance
of the electrode. Besides, weak performance
of charge-transfer process between ZnO NPs
and electrolyte might due to large band gap
semiconductor that can contribute to poor
capacity (Xiang ef al., 2000).

Conclusion

In this project, white powdered ZnO NPs has
been successfully synthesized using different
concentration of ALE (30%, 40% and 50%) and
various temperatures (500 °C, 700 °C and 900
°C) calcined for 4 hours. The prepared ZnO NPs
was successfully characterized by using Fourier
— transform infrared spectroscopy (FTIR),
Thermogravimetric Analysis (TGA), scanning
electron microscopy (SEM), X-ray Diffraction
(XRD) and Brunauer-Emmet and Teller (BET).
Wavenumber from 400 cm™ until 500 cm™ was
showed in FTIR spectra indicated the presence
of Zn-O stretch. For TGA analysis only ZnO
NPs 30% show a constant reading at 790 °C
that indicated the loss of active components.
The particle size of synthesis ZnO NPS for all
concentration at 900 in the range between 100
nm until 900 nm. Irregular shape was observed
in all three ALE concentration of ZnO NPs in
SEM analysis. The shape was further proven
by using XRD analysis that show hexagonal
wutize structure was confirmed by matching
and comparing JCPDS 89-511 and average
particles size from 24.19 nm to 67.69 nm for
all concentration and temperature by using
Scherer’s equation. ZnO NPs with 30% ALE
showed large surface area and better volume
(adsorption/desorption) in BET analysis. In
cyclic performance study in lithium ion battery

showed ZnO NPs 50% ALE have a good charge-
transfer process to be compared with other
samples.
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Abstract: Semiconductor oxides such as titanium dioxide (TiO,) and zinc oxide (ZnO)
are used as the photocatalyst for removing contaminants. In addition, TiO, and ZnO
nanoparticles in the suspension form makes it difficult to be recovered and recycled.
This study was conducted to investigate the efficiency of immobilizing TiO, and ZnO
nanoparticles in epoxy beads. The immobilization process using different ratios of
photocatalysts TiO,/ZnO (1:0, 3:1, 1:1, 1:3 and 0:1) fixed on epoxy material. These epoxy
beads were used for dye removal in photocatalysis using methylene blue (MB) solution at a
concentration of 10mg/L. Besides, epoxy beads also characterized using scanning electron
microscope (SEM), attenuated total reflection Fourier-transform infrared (ATR-FTIR)
spectroscopy and thermogravimetric analysis (TGA). The results showed that the highly
recommended epoxy bead is 3:1 ratio of TiO,/ZnO because it has good performance in dye
degradation that proved from reducing concentration of MB to 2.4mg/L (76%). However,
TiO,/ZnO characterization of 3:1 by SEM show on the surface the particle are found to be
spherical in shape which is relatively high efficiency for the degradation, ATR-FTIR pattern
in broad band 4000 cm™! - 400cm™! which correspond to hydroxyl stretching to be adsorbed
at peak (474.49 cm™ - 3722.61cm™) respectively to the optimum for the degradation and
TGA rate of change are Smg to 2.5mg that residue (49.78%) due to decomposition or
oxidation from mass loss. These findings are very effective and economical technique to

be cost saving and highly efficient photocatalyst.

Keywords: Photocatalysis, titanium dioxide, zinc oxide, immobilization, Epoxy beads

Introduction

Photocatalyst is a process where light and
catalyst were concurrently used to support and
speed up a chemical reaction. So, photocatalyst
was defined as the acceleration of photoreaction
by the present of catalyst. Photocatalyst
was divided into two categories which are a
homogeneous and heterogeneous photocatalytic
process (Rehman et al., 2009). Homogeneous
photocatalytic process mostly used with metal
complete as the catalyst like iron, chromium
and copper. In this process under the photon and
thermal condition, the higher oxidation stated
of metal ion complexes generated hydroxyl
radicals. These hydroxyl radicals reacted with
organic matter which leads destruction of toxic
matters. While the heterogeneous photocatalytic

process is a technically gifted method that used
for degradation of various organic pollutants
in wastewater (Rajeshwar et al., 2008). This
process has a few advantages over competing
processes which are complete mineralization, no
waste disposal problem, low cost and necessity
of mild temperature and pressure condition only.

Heterogeneous photocatalysis employing
semiconductor catalysts has demonstrated
its efficiency in degrading a wide range of
organics into readily biodegradable compounds.
The ideal photocatalyst should possess the
following properties such as nontoxic, costless,
photoactive, sustainable towards visible or near
UV light and biologically and chemically inert
(Khan et al., 2015).
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