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Abstract. Zinc oxide (ZnO) has been gaining a lot of attention compared to the other
semiconductor metal oxide. This is due to their favourable properties such as chemical stability,
high electrochemical coupling coefficient, broad range of absorption radiation and high
photostability. It also has wide band gap energy (3.37 eV), large exciton-binding energy (60
meV) and high thermal and mechanical stability at room temperature. Besides these desirable
properties, the synthesis of ZnO has been widely studied as it is easy to synthesized and its
properties such as band gap, shape and size can be controlled through synthesis parameters and
methods. In this study, zinc oxide microparticles (ZnO-MCs) is produced with pullulan as
mediator via precipitation method. The effect of synthesis temperature on the properties of
synthesized ZnO-MCs were also studied. Based on the result obtained, all synthesized ZnO-MCs
exhibited hexagonal wurtzite structure. As the synthesis temperature increases, the particles
morphology changes from large spherical shape to flower-like morphology. Furthermore, the
particle size also decreases with increasing temperature. This result is supported by surface area
and pore analysis where the surface area ranging from 6.22 to 22.78 m? g** was obtained as the
synthesis temperature increases. All these results indicate that synthesis method and parameters
will affect the properties of synthesized ZnO-MCs.

1. Introduction
Zinc oxide (ZnO) is an important 11-1V compound semiconductor and it has been widely studied within
the context of nanoscience and nanotechnology [1]. The interest on ZnO is due to their unique physical
and chemical properties such as chemical stability, high electrochemical coupling coefficient, broad
range of absorption radiation and high photostability. Furthermore, it also has wide band gap energy
(3.37 eV), large exciton-binding energy (60 meV) and high thermal and mechanical stability at room
temperature. All these properties can be tuned according to desire by controlling the synthesis process
and parameters. [2].

In these recent years, green synthesis has been the main focus in synthesized ZnO. Green synthesis
is defined as synthesis process that utilized natural products such as plant extracts, microorganisms and
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biopolymers to produce the materials. Biopolymers such as carbohydrate has been used as one of the
green materials to produce ZnO. Taghavi et al reported the production of ZnO nanoparticles using arabic
gum via sol-gel method [3]. Soraya et al also reported the usage of Tragacanth gum as reducing and
stabilizing agent in production of urchin-like ZnO nanorods array. To produce urchin-like ZnO, they
utilized combination method of precipitation and ultrasound method [4].

Pullulan is a biopolymer that is produced from starch by growing yeast like fungus Aureobasidium
pullulans. The advantage of pullulan is it is water soluble. It is made out of maltotriose which consist of
three glucose units linked by an a-(1,4) glycosidic bond and the maltotriose units are linked by an a-
(1,6) glycosidic bond. Pullulan is non-toxic, non-mutagenic, odourless, biocompatible and
biodegradable [5]. It also has wide range of commercial and industrial applications across various fields.
Previous study shows that pullulan has been used as stabilizer to produce gold nanoparticles [6]. In a
much recent works, pullulan has been used to produce ceria nanoparticles [7]. Currently, there is no
works that reported on the usage of pullulan in production of ZnO.

In this study, pullulan is used as stabilizer to produce ZnO microparticles (ZnO-MCs) via
precipitation method. The effect of synthesis temperature on the properties of ZnO-MCs were studied.

2. Materials and methodology

2.1 Materials

Pullulan powder (99%) was purchased from China. Chemicals of analytical grade, zinc nitrate
hexahydrate (Zn(NOs)2-6H20, 98 %) and ammonia solution (30 % NH; in water) were purchased from
R & M Chemicals, Malaysia.

2.2 Synthesis of ZnO microparticles by precipitation method

4 sets of experiments for the ZnO-MCs were performed by varying the synthesis temperature (room
temperature, 40 °C, 60 °C and 80 °C). In a typical run, 5 g of pullulan was dissolved in 150 mL water.
2.97 g of Zn(NO3)2-6H,0 was added to the solution and the mixture was stirred at 60 °C for 5 minutes.
Then 3 mL of ammonia solution was added to the mixture and stirred for another 30 minutes. The
resulting precipitate was centrifuged, washed with water and dried overnight in an over at 50 °C. Then,
the obtained powders were calcined at 500 °C for 1 hour. The samples were named RTZ, 4TZ, 6TZ and
8TZ according to synthesis temperature of room temperature, 40 °C, 60 °C and 80 °C respectively.

2.3 Characterization

The X-ray diffraction (XRD) analysis of synthesized ZnO-MCs were carried out by using the
PANalytical X pert Pro MPD diffractometer with Cu K, radiation (A = 1.5406) in the 26 range from 20°
to 80°. The surface morphology of ZnO-MCs were analysed using field emission electron microscope
(FESEM) model Carl Zeiss GeminiSEM 500. The surface area and pore analysis was conducted using
Quantachrome Instrument Novatouch. The samples were degas at 150 °C for 4 hours before analysis.
Fourier Transform Infrared (FTIR) spectra were recorded over the range of 400-4000 cm™ by using
Shimadzu IRTracer-100 with potassium bromide (KBr) pellet method. Diffuse reflectance spectra
(DRS) were collected on Shimadzu UV-2600 spectrophotometer with an integrating sphere accessory.

3. Results and discussion

The XRD patterns of synthesized ZnO-MCs at different synthesis temperature are shown in figure 1.
The XRD spectra for all synthesizde ZnO-MCs were very similar, all exhibiting characteristic
diffraction peaks at 20 = 31.8°, 34.4°, 36.3°, 47.6°, 56.6° and 62.8° corresponding well to the (100),
(002), (101), (102), (110) and (103) crystal planes of hexagonal wurtzite ZnO (JCPDS No. 36-1451) [8,
9]. Besides that, no characteristic peaks for impurities were observed and this indicate that the prepared
ZnO-MCs samples have high purity. Furthermore, strong and sharp diffraction peaks indicate that the
materials have high crystallinity. It is observed that as the synthesis temperature increases, the peak
intensities decrease. This indicates that the particle size decreases with increasing synthesis temperature
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as reported by Olieveira et al [10]. The crystallite size of ZnO-MCs can be calculated from the full width
at half maximum (FWHM) of XRD patterns using Scherer formula as shown in equation (1):

0.94
- Bcosb (1)

Where A is the wavelength of the Cu Ka radiation, B is the FWHM of the peak and 0 is the Bragg
angle [3, 11]. Using the formula, the average size of ZnO-MCs were 22.76, 24.39, 22.76 and 18.98 nm
for RTZ, 4TZ, 6TZ and 8TZ respectively.
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Figure 1. The XRD of synthesized ZnO-MCs. (a) RTZ, (b) 4TZ, (c) 6TZ and (d) 8TZ.

The particles morphology was then further studied using FESEM and Figure 2 shows that all the
FESEM images of synthesized ZnO-MCs. RTZ exhibited various morphologies which consist of
mixture of spherical and large flower-like structures. As the reaction temperature increases, it can be
seen that the particles start to more define flower-like morphology. Besides that, as the temperature
increases, the overall size of ZnO-MCs decreases. At higher synthesis temperature, nucleation process
is conducive and this leads to lower particles growth rate. This will then lead to smaller particles size.
This observation is similar to previous reports [12, 13]. Another unique property of synthesized ZnO-
MCs that can be observed through FESEM is the presence of pores within the particles.
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"Figure 2. FESEM images of ZnO-MCs. (a) RTZ, (b) 4TZ, (c) 6TZ and (d) 8TZ.

Based on FESEM analysis, it was found that all synthesized ZnO-MCs exhibited some porosity.
Therefore, to confirm the presence of pores within the ZnO-MCs, the compounds were analysed through
surface area and pore analysis. The nitrogen adsorption-desorption isotherm of all synthesized ZnO-
MCs and its respective pore size distribution are shown in Figure 3. It can be seen that all ZnO-MCs
exhibit type 1V isotherm which indicate the presence of mesopore [11]. This result is in agreement with
the FESEM images obtained where there was porosity observed in all synthesize ZnO-MCs. Besides
that, from the isotherm, it is also observe that there were hysteresis loops at relatively high pressure and
this might be due to presence of large pores of interparticle spaces [11, 14]. From the nitrogen sorption
analysis, the BET surface areas were obtained for RTZ, 4TZ, 6TZ and 8TZ where surface area of 20.93,
19.05, 22.78 and 22.60 m? g were observed respectively. The general trend of increasing BET surface
area with increasing synthesis temperature was observed. The is due to the decrease of particles size as
smaller particles size have higher surface area value [15].
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Figure 3. Nitrogen adsorption-desorption isotherm and pore distribution plot of ZnO-MCs. (a) RTZ,
(b) 4TZ, (c) 6TZ and (d) 8TZ

The formation of ZnO-MCs was further investigated using FTIR analysis. Figure 4 shows the FTIR
spectra of pullulan, synthesized ZnO-MCs before calcination and ZnO-MCs after calcination. In
pullulan spectrum, there were two strong absorption bands at 3300 and 2916 cm™ and this is due to OH
stretching vibration and sp® C-H bond respectively. Single band at 1631 cm* was assigned to stretching
vibration of O-C-O in pullulan. Other features bands of pullulan were also observed around 1358 and
1147 cm™ which correspond to C-O-H bend and C-O-C stretch respectively. Besides that, the typical
pullulan band, o-configuration of a-p-glucopyranose units was also observed around 840 cm™.
Furthermore, two bands representing the linkages of pullulan were also found around 925 and
752 cm’™. All the bands observed in the pullulan spectrum are similar to the previously reported works
[16, 17].

Through comparison of pullulan’s FTIR spectrum with ZnO-MCs before calcination FTIR spectrum,
characteristic bands of pullulan could be observed in sample before calcination. It was found that the
band at around 840 and 925 cm™ which represent pullulan bands present although at low intensity. This
might be due to low presence of pullulan as the sample was washed with water before the analysis.
These bands completely disappear in calcined ZnO-MCs spectrum which indicate that the pullulan has
been completely removed through calcination. Presence of new peak around 400 cm™ for both before
calcination and calcined ZnO-MCs spectra was assigned to Zn-O.



8th Conference on Emerging Energy & Process Technology 2019 (CONCEPT 2019) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 808 (2020) 012032 doi:10.1088/1757-899X/808/1/012032

@ 006 15|31 |
|
3300 1358 1117 9\258\407\25
(b) P !
: 925 840
(¢)
Fl@
o
Q
b=
=
E
§ (e) Zn-0 f
= 400-600
(H
3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm™)

Figure 4. FTIR spectra of (a) pullulan, (b) ZnO-MCs before calcination, (c) RTZ, (d) 4TZ, (e) 6TZ
and (f) 8TZ.

The optical properties of synthesized ZnO-MCs were determined through UV-Vis diffuse
reflectance. Figure 5 shows the UV-Vis diffuse reflectance spectra of the ZnO-MCs generated at
different synthesis temperatures. It can be seen that the reflectance increases at wavelength above 370
nm and this is can be assigned to the direct band gap of ZnO. This is due to electron transitions from the
valence band to the conduction band [18]. As ZnO is a direct band gap semiconductor, its band gap
energy (Eg) can be determined from equation (2):

(ahv)? = A(hv — E,) 2)

where a, h, v, Eg and A are the absorption coefficient, Planck’s constant light frequency, band hap
energy and a constant respectively. The Eq values of the ZnO-MCs samples can be obtained by plotting
a graph of (ahv)? against hv [9]. Through extrapolating the linear portion of the curves to zero, it was
found that the Eq4 values of all the synthesized ZnO were ~3.2 eV.
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Figure 5. UV-VIS diffuse reflectance spectra of all synthesized ZnO-MCs at different synthesis
temperatures. Inset: The corresponding plots of (ahv)? versus energy (hv) for the band gap energy of
ZnO-MCs.

4. Conclusion

In this study, ZnO-MCs were successfully synthesized with pullulan as mediator. The effect of synthesis
temperature on the properties of ZnO-MCs were determined. All synthesized ZnO-MCs exhibited
hexagonal wurtzite structure. Based on FESEM analysis, it was observed that the particles evolved from
large spherical microparticles to flower-like microparticles. Furthermore, as the synthesis temperature
increases, the ZnO-MCs particle size decreases which also lead to increase of surface area value. The
optical properties of synthesized ZnO-MCs were determined through UV-VIS diffuse reflectance and
all the synthesized ZnO-MCs exhibited similar band gap value of ~3.2 eV.
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