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Abstract In recent years, pollution by persistent organic pollutants (POPs) is becoming one of
the severe environmental issues which cause damage to human health. Currently, although ozone
treatment has been employed for POPs removal as an advanced treatment, it has disadvantages
of high costs and production of harmful byproducts. Photocatalysts have been attracting atten-
tion as one of the innovative POPs removal methods. The photocatalyst is a semiconductor that
triggers an oxidation-reduction reaction by light exposure on the particle surface and can achieve
mineralization of pollutants. Although TiO, is a typical photocatalyst, ZnO has also attracted
attention because of its low costs. Many researchers reported synthesis and characterization of
various ZnO particles with different particle shapes and morphologies using different synthesis
methods. However, comparison of their photocatalytic activity under the same experimental con-
dition is very limited.

Therefore, in this study, we synthesized three different ZnO particles with different particle
shapes and morphologies, such as flower-like, multi-shell and rod-like, and compared their par-
ticle properties and photocatalytic activities for the same degradation target compound under
the same degradation condition. Samples were synthesized by a solvothermal method using
Zn(NO;), 6H,0 as raw material. The particle shape was controlled by adding appropriate struc-
ture-directing agents. The flower-like, multi-shell and rod-like samples were synthesized by
adding hexamethylenetetramine, L(-)-proline and ethanolamine, respectively. The photocatalytic
activity was evaluated by degrading 2 4-dinitrophenol (DNP) as a model POPs.

Morphologies of the resulting samples were observed by a scanning electron microscope.
Based on the SEM observation, it was confirmed that flowerlike, multi-shell and rodlike sam-
ples were obtained as expected. The result of X-ray diffraction (XRD) shows that the peaks at 2
6 =31°,34°,36°,48°,57°,63°,68° , and 69° can be attributed to ZnO. This result indicates
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that ZnO is successfully obtained by all the synthesis methods. The results also showed that the
intensity of the strongest diffraction peak of the three samples varies depending on the ZnO sam-
ples in the following order: flower-like < multi-shell < rod-like, and the rod-like sample showed
a significantly strong peak intensity among the samples (approximately 15 times larger than that
of the flowerlike).

On the other hand, the BET specific surface area exhibited a different order: rod-like < multi-
shell < flower-like, and the surface area of the flower-like ZnO was more than 5 times larger than
that of the other two samples. These results showed that the strongest peak intensity in XRD
measurement and the specific surface area for the three samples are in a trade-off relationship.
Finally, photocatalytic activity tests were carried out using 10 ppm DNP under UV light irradia-
tion. The DNP is widely used as an indicator of the photocatalytic activity. The treated water was
sampled periodically, and the DNP concentration change as a function of time was determined
by measuring the absorption at 357 nm with a UV-vis spectrophotometer. It was found that the
DNP degradation fitted the first-order kinetics well for all the samples and the degradation rate
was in the following order: rod-like < multi-shell < flower-like. This order is similar to the order
for the specific surface area and opposite to that of the strongest peak intensity. The results sug-
gest that the highest photocatalytic activity for DNP degradati on was in the flower-like shape

where ZnO contributes a very high specific surface area and not by crystallinity of ZnO.
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Figure 1. Mechanism of organic compounds degradation by photocatalyst.
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Figure 2. Reactor diagram for evaluation of photo-
catalytic activity.
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Figure 3. X-ray diffraction pattern of ZnO samples
with difference morphologies.
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Table 1. Crystallinity, crystallite diameter and crystal face of the strongest peak for ZnO samples with dif-

ference morphologies.

Samples Crystallinity (%) CryStaH(i;‘:n‘;iameter (s:t?(;i[;sftaf)z:lf R(100)/(101)
Flower-like 71.1 30.2 (101) 0.74
Multi-shell 77.1 417 (101) 0.59
Rod-like 90.6 79.4 (100) 1145
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Figure 4. SEM images of (a) flower-like, (b) multi-shell and (c) rod-like ZnO particles.
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Figure 5. (a)The concentration changes and (b) the
first order kinetic constants for DNP degradation
by each sample.
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Table 2. Comparison of DNP degradation rate for

various photocatalysts.

Reaction rate

Sample Light source constant Reference
(10°min™")
Flower-like ZnO UV (6W Black light blue 62.4 This study
fluorescent lamp X 9)
Multi-shell ZnO UV (6W Black light blue 25.9 This study
fluorescent lamp X 9)
Rod-like ZnO UV (6W Black light blue 5.1 This study
fluorescent lamp X 9)
. UV (500W tungsten Vora et al.,
1)
Commercial ZnO halogen lamp) 2.12 2009
Suetal.,
Y,0;-ZnO UV (500W xenon lamp) 16.4 2014
Alturiqi et
2) e
Ag/rGO UV (11W mercury lamp X 6) 45 al.. 2021
. Wang et al.
3) )
MWCNTSs/TiO, Solar 62.1 2009
. . . Al-Arjan et
Si0,/Fe;0, Visible light (SOW LED lamp) 8.19 al.. 2022
1) Purchased from Merck.

2) rGO: Reduced graphene oxide.
3) MWCNTs: Multi-walled carbon nanotubes.
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SNZENL, RIS RO REh )
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T 2 O Y il #12 &L A DNP 43 BOe O 3 & 52 $a &
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HELT, R0 GEE V22535 30 5 (v
e EE A TN G oTze 72 Zn0 DLAE
T, DNP 73 I B1F 2 E A 55 BETERE D IR L D728
2. BRI A AL 72 Y,0,-Zn0 (Su
etal. 2014) X, &BN—7 W0 — THs Ag/
rGO (Alturigi et al. 2021) 2SFHIESN T D, EHIZ,
R S5720, TiO, 2% B —KRoF ) Fa—
7" (MWCNTs: Multi-walled carbon nanotubes) % #2
A3 (Wang et al. 2009) %, AVKR—F A
JHaRRE L CTHIFL 72 Si0,/Fe;0, (Al-Arjan et al.
2022) ASFHFESAL. DNP SHEHWHILTNDDS, A
WEDF /757 =8 ZnO 13§ o FfilliE LodEe
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