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KEYWORDS Abstract The environmental effects of characteristic pollutants arsenite (AsO5) and ammonium
AsO,™; (NH;") produced in the process of tungsten smelting cannot be ignored. Through the ozonation
NH,*; experiment of AsO> and NH, , it is confirmed that AsO5 with lower redox potential (-0.560 V)
Ce0,-MnO»; is more readily oxidized than NH; (-0.283 V), leading to the coexistent AsO5 inhibiting the ozona-

tion of NH; . In order to improve the oxidation efficiency of NH;", prepared CeO,-MnO, compos-
ite metal oxide catalysts before and after reaction were characterized by SEM, EDS, FT-IR
technics, and investigated for the catalytic ozonation of wastewater containing AsO> and NH, .
When the initial AsO3 concentration is maintained at 2 mg/L and the NH; concentration increases
from 25 to 150 mg/L, the conversion of AsO; to AsO3  remains above 97%, while the NH,
removal rate decreases from 94.38% to 47.01%, in which confirms the competitive effect of AsO3z
oxidation prior to NH, . Moreover, the test of catalyst dosage reconfirms the result of AsO5 oxi-
dation superior to NH, , and the optimum catalyst dosage is 1.5 g/L. After the test of terz-butyl
alcohol (TBA), the possible oxidation mechanism is proposed that AsO3 is oxidized primarily by
O3, whereas the oxidation of NH; is mainly ascribed to the hydroxyl radical (-OH) obtained from
catalytic decomposition of O3 by CeO,-MnO, composite metal oxide catalysts.
© 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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As an important rare metal, tungsten is widely used in elec-
tronic optical materials, special alloys, new functional materi-
als and other fields (Jing et al., 2017; Plattes et al., 2007;
Saepurahman et al., 2010). Arsenic, as a companion element
of tungsten, often appears in wastewater as sodium arsenate
impurity in the process of secondary ammonium paratungstate
(APT) production due to alkali impregnation and decomposi-
tion. In the subsequent washing of the exchange column after
desorbing tungstate from the resin with a desorbent (NH;-H,-
O + NH4Cl mixed solution), a large amount of wastewater

1878-5352 © 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
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containing-ammonium (NH, ) is generated, which has a seri-
ous impact on the surrounding environment (Jing et al.,
2018; Shen et al., 2018). Since AsO5 is more toxic and mobile
than arsenate (AsO3 ), and traditional treatments such as
coagulation/flocculation (Wan et al.,, 2011), ion exchange
(An et al., 2005) and oxidation-filtration (Chen and Xiong,
2016) are less efficient for AsO5 than AsO3~, it is necessary
to first oxidize AsO; to AsO3~ (Chen and Xiong, 2016;
Nickson et al., 1998).

In contrast, among many methods for degrading low concen-
tration NH, from water such as ion exchange (Malekian et al.,
2011; Zheng et al., 2012) and biological denitrification method
(He et al., 2020; Sri Shalini and Joseph, 2018), catalytic ozona-
tion process (COP) (Chen et al., 2018; Ichikawa et al., 2014)
occupies a certain advantages to some extent. As reported,
Cheng et al. (Cheng et al., 2019) purchased iron-manganese
(Fe-Mn) oxides filter media from a pilot-scale groundwater used
as catalysts to simultaneously degrade the wastewater contain-
ing iron, manganese, AsO> and NH, , achieving a good effi-
ciency in application. Meanwhile, various catalysts in the last
few decades, including TiO,@Fe;04, ZnO, and Pd/TiO,, have
been studied for the removal of different pollutants during
COP (Ahmadi et al., 2017; Majid, 2018; Rao et al., 2009;
Taguchi and Okuhara, 2000; Xun et al., 2017). But, to the best
of our knowledge, there are few reports on the simultaneously
catalytic ozonation degradation of AsO5 and NH, in water uti-
lizing CeO,-MnO, composite metal oxide catalysts. And, inter-
esting, in the same oxidation system, whether there is
competition oxidation between AsO3 and NH, in the wastew-
ater? Who is the first to be oxidation? Does their coexistence
affect each other’s oxidation efficiency? At present, these issues
have not answer and we believe they are worth researching.

Accordingly, aiming for the removal of NH, and conver-
sion rate of AsO5 to AsO3~, the competition effect between
AsO5 and NH, in the same ozonation system was studied.
The effect of variously initial NH, concentration / catalyst
dosage (initial AsO; concentration 2 mg/L) on the catalytic
ozonation of NH; over the CeO,-MnO, composite metal oxi-
des catalysts was researched. Based on the experimental
results, the possible oxidation mechanism of AsO; and
NH, was also discussed. It should be noted that this work
would not discuss the reusability of the prepared catalyst since
it had been confirmed in another work of our research group,
which is also being published now, and all experiment condi-
tions used on the CeO,-MnO, composite metal oxide catalysts
are optimum.

2. Experiment

2.1. Materials

Analytical grade chemicals of MnCl,, CeCl;-7H,0O, NH,CI,
and Na,COs;, et al. from Shantou Xiqgiao Science Co., Ltd.,
Guangdong, China were used without further treatment. The
NaAsO, was purchased from Iron & Steel Research Institute
of China. All solvents were deionized water.

2.2. Catalysts preparation and characterization

In this study, CeO,-MnO, composite metal oxide catalysts
were prepared according to co-precipitation method (Zeng

et al., 2020). Typically, mixed solution of MnCl, and CeCl;-
“TH,O with the molar ratio of 1:2 was prepared through dis-
solving their solid chemicals by deionized water. The
precipitation solution of 15 wt% Na,CO; was successively
added dropwise into the metal salt solution over a six-link con-
stant temperature agitator until the pH value of the solution
was about 10.50, stirred for 2 h and then aged for 24 h at
25°C. The precipitate was separated by suction filtration and
washed several times with deionized water and ethanol. Then
the precipitate was dried in oven at 90°C for 24 h, crushed
and calcined in muffle furnace at 400°C for 3 h to obtain the
catalyst of CeO,-MnO,.

The micrographs of the precipitate before and after reac-
tion were measured with a Scanning Electron Microscope
(SEM, MLAG650F, FEI, Hillsboro, USA). Acceleration voltage
of 15 kV was utilized.

The composition of chemical elements was recorded using
Energy Dispersive X-ray Spectroscopy on a QUANTAX
instrument (EDS, QUANTAX, Bruker, Germany).

Fourier Translation Infrared spectrum (FT-IR) was deter-
mined on a NEXUS-670 FT-IR spectrometer (FT-IR,
NEXUS-670, Thermo Nicolet, USA) from 400 to 4000 em™ L
The dried samples and KBr chemicals were mixed and pressed
into altablet. The patterns were taken with a resolution of
4cm .

2.3. Ozonation of AsO5 and NH; in wastewater

Three kinds of simulated wastewater (all of them are 100 ml)
were treated by ozonation (without catalyst): AsO5 solution
with concentration of 2 mg/L, NH, solution with concentra-
tion of 50 mg/L, mixture solution of 2 mg/L AsO; and 50 mg/
L NH, (Li et al., 2017; Yao and Chen, 2007; Zhong et al.,
2014). The effects of ozonation time on the oxidation of AsO3
and NH, were investigated.

2.4. Catalytic ozonation of AsO7 and NH in wastewater

The catalytic ozonation of simulated wastewater containing
2 mg/L AsO5 and 50 mg/L NH,4CI was carried out. Effect of
initial concentration of NH; on catalytic ozonation of AsO5
and NH, at the initial concentration of AsO; 2 mg/L was
studied.

The experimental setup is shown in Fig. 1. O3 was gener-
ated from ozone generator (FL-815ET, FeilLi, Shengzhen,
China). Moreover, the ozonation system in schematic illus-
tration that was including an air pump with control valve,
valves, KI solution, tubing, airflow meter and exhaust gas
absorption bottles was applied for performing the experi-
ments. The corresponding ozone concentration in reactor
was obtained by adjusted the flow rate of feed air. What’s
more, the residual ozone concentration was determined by
iodometric approach with potassium iodide solution
(Flamm, 1977). KI solution was utilized for absorbing the
residual ozone in the off-gas. In this research, when the
decomposition rate of ozone in reactor was calculated, a
mass balance of ozone in system was applied according to
Eq. (1) (Ahmadi et al., 2017). Furthermore, the consumption
rate of ozone (Wt%) was computed as a ratio of decomposed
ozone to total fed ozone, as illustrated in Eq. (2) (Majid,
2018).
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Fig. 1
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Schematic diagram of reaction for catalytic ozonation of AsO> and NH, . (I-Ozonator, 2-Silicone tube, 3-Six-hole water

distributor, 4-Conical flask, 5-Six thermostatic stirrer, 6-Ozone absorption bottle (KI liquid)).

Ozonedecomposited|Os] . = [Os]; — [O3]x — (053], (1)
: _ [03}(:

Ozone cosumption(%) = x 100 (2)
[0s]7

where, [Os]c, [O3]7, [Os]r and [Os]p represent the concentra-
tions of consumed, total fed, residual and off-gas, respectively.

2.5. Analysis

The concentrations of AsO5, total arsenic, ammonium
(NH,"), nitrate (NO3), nitrite (NO5) in solution were deter-
mined after reaction. After catalytic ozonation process, solu-
tion samples (supernatant sealed in bottle) were transferred
into a High Performance Liquid Chromatography (iChrom
5100, YiLit, China) equipped with a conductivity detector
for measuring the concentrations of nitrate (NOj3) and nitrite
(NOy). It is worth to mention that the used samples all were
quenched quickly with 0.2 M Na,S,0j; to eliminate further side
reactions prior to next operation. Meanwhile, the content of
experiment samples containing Nitrate (NOj) and Nitrite
(NO>) were also further confirmed by ultraviolet spectropho-
tometer (SP-756PC, Shanghai Spectrum Instrument Co. Ltd.,
Shanghai, China) according to Ultraviolet (UV) spectropho-
tometry (HJ/T 346-2007) (Liu et al., 2019) and spectropho-
tometer (722 N, INESA, Shanghai, China) based on
spectrophotometry (GB 7493-87) (Ichikawa et al., 2014),
respectively. On the one hand, the concentration of AsO3
was detected by using an inductively coupled plasma-atomic
emission spectrometry (ICP-AES) instrument (ICPS-7000, Shi-
madzu, Japan) according to some previous references (Chen
and Xiong, 2016; Nie et al., 2015; Zhou et al., 2018). On the
other hand, Hydride Generation-Atomic Fluorescence Spec-
trometry (HG-AFS) was utilized to confirmed the concentra-
tion of AsO; on account of Water Quality - Determination
of Mercury, Arsenic, Selenium, Bismuth and Antimony -
Atomic Fluorescence Spectrometry (HJ694-2014) (Yao et al.,
2020). Furthermore, the concentration of total arsenic as initial
AsO; concentration was measured by spectrophotometer (722

N, INESA, Shanghai, China) based on Water quality - Deter-
mination of total arsenic - Silver diethyldithiocarbamate spec-
trophotometric method (GB7485-87) (Merry and Zarcinas,
1980). The concentration of NH;  in solution was determined
by visible spectrophotometer (722 N, INESA, China) with a
wavelength of 420 nm using Nessler’s reagent spectrophotom-
etry method (HJ 535-2009) (Liu et al., 2019).

After catalytic ozonation / ozonation reaction in water con-
taining AsO; or/and NH,, the conversion rate of AsO; was
calculated with Eq. (3). According to the principle of nitrogen
balance, the percentages of NH, (Pnuy), NO™ (Pnoy), NO3
(Pnos), gaseous nitrogen (Pgascous nitrogen) Were calculated by
using Eqgs. (4)—(8).

Ay — A
PAsO;cnnvers[on =2 ! x 100% (3)
0
Ci
Pyy; = e 100% (4)
C
Pyo- = — x 100% (5)
3 CO
Pro: = 9 x 100% (6)
2 Co
Pgaswus nitrogen = 100% - PNHI - f)/\/()3 —_ PNOZ (7)
Removal rate of NH; = 100% — PNH: (8)

where Ay, A; are the initial and residual AsO5 concentration
(mg/L), respectively. C;, C,, C; are the residual NH,", formed
NO3 and NO3 in reactor after the reaction, respectively. Cy is
the initial NH, concentration (mg/L) and its total N amount
represents the percentage of 100 wt%.



4

C. He et al.

3. Results and discussion

3.1. Comparison of redox potential

It is well known that the redox potential represents the macro-
scopic redox capacity of a substance. The higher the redox
potential, the stronger the oxidation strength is and the easier
it is to be reduced. On the contrary, the lower the redox poten-
tial, the stronger the reduction strength is and the easier it is to
be oxidized.

From Table 1 can be seen that the redox potential of AsO5 -
AsO3~ (-0.560 V) lower than that of NHS -NO5, NH; -NO5,
NH, —-N,, indicating that AsO5 is most easily oxidized.

3.2. Effect of ozonation time on the oxidation of AsO5 and
NH{

The effects of ozonation time on the oxidation of AsO5 and
NH, in the solution containing AsO5, solution containing
NH,, solution containing both AsO; and NH,", respectively
were investigated, as shown in Fig. 2 (a), (b), (c). It can be seen
from Fig. 2 (a) that the efficiency of AsO5 oxidation to AsO3~
can reach 78.22% after ozonation for 10 min. When the ozona-
tion time is extended to 20 min, the oxidation efficiency of
AsO5 is as high as 96.93%. In Fig. 2 (b), the ozonation reac-
tion of NH, reaches equilibrium at about 30 min, and the
removal rate of NH, is 18.41%.

As shown in Fig. 2 (¢), the ozonation efficiency of AsO5
remains stable under the coexistence of NH, , indicating that
the presence of NH,™ does not affect the ozonation of AsO5.
On the contrary, the coexistence of AsO, in the solution
reduced the removal rate of NH,, that is, the presence of AsO-
~ inhibited the ozonation of NH, .

Fig. 2 (a), (b), (c) indicates that AsO, is more easily oxi-
dized by ozone than NH, in the ozonation system, which is
consistent with the result of the redox potential (Table 1).
Fig. 2 also shows that ozone has a greater oxidation effect
on AsO5 and a smaller oxidation effect on NH, .

As for the products of NH; ozonation, the components of
NH, solution are similar to mixed solution of NH,; and AsO,
~. That is, the removal rate of NH, is low and the content of
nitrites (NO3) is almost negligible value, but also the gaseous
nitrogen is not high except for the nitrates (NOj3) relatively
high. Besides, hydroxyl ions (OH") that are performed with
high concentrations in alkaline solution play a critical role in

Table 1 Comparison of redox potential.

Reduced Oxidation Redox potential References

state state V)

AsO> AsO;~ —0.560 (Chen and Chai,
2008)

NH, N, —0.092 (Eisenmann et al.,
1995)

NH,; NO; —0.283 (Eisenmann et al.,
1995)

NH, NO, —0.095 (Eisenmann et al.,
1995)

conversion of O3 molecules into -OH referring to Eqs. (10)
and (11) (Chen et al., 2018; LI You-ming et al., 2016).

NH; + OH™ < NH; + H,0 (9)
O; +OH™ — -HO, + O3 (10)

The degradation process of NH, -N in reactive system via
ozone oxidation is carried out by O3 (Eq. (12)) or -OH (Eq.
(13)) (Lee, 2003). Furthermore, -OH oxidizes molecular
ammonia (NH3) in ozonation reaction system to the interme-
diate product nitrite, which is oxidized rapidly to nitrate
(Egs. (14) and (15)) (Khuntia et al., 2013a, 2013b). It reveals
that the reason why nitrite nitrogen in reactive solution could
hardly be measured.

4NH; + O3 — 2N, + 3H,0 + 6H" (12)
2NH; + -OH — N, + H,0 + SH* (13)
NH; + 6 - OH — NO, ™~ + 4H,0 + 3H* (14)
NO; +2-OH — NO;~ + H,0 (15)

Based on the low efficiency of NH, ozonation, the cat-
alytic ozonation technology was used to improve the oxidation
efficiency of NH, .

3.3. Effect of initial NH; concentration on catalytic ozonation
of AsO7 and NH;

Pollutant concentration is an important parameter in the pro-
cess of catalytic ozonation. Fig. 3 shows the effect of initial
concentration of NH; on catalytic ozonation of AsO; and
NH, at the initial concentration of AsO5; 2 mg/L.

As can be seen from Fig. 3, when the initial concentration
of NH, increases from 25 mg/L to 150 mg/L, the conversion
rate of AsO5 to AsO3~ remains above 97%, while the NH,;
removal rate decreases from 94.38% to 47.01%. The results
show that the oxidation of AsO; is hardly affected by the ini-
tial concentration of NH, , which confirms once again the
competitive effect of AsO5 oxidation prior to NH, .

The comparison of Fig. 2 (c) and Fig. 3 shows that when
the initial concentration of NH, is 50 mg/L, the efficiency
of ozonation and catalytic ozonation of NH, are about
20% and 80%, respectively. The catalytic ozonation greatly
improves the removal rate of NH, , indicating the major role
of -OH obtained from the catalytic decomposition of O3 by
Ce0O,-MnO, composite metal oxide catalysts in the oxidation
of NH, .

As for the products of NH, catalytic ozonation, when the
initial NH,; concentration increases, the content of NO3 and
gaseous nitrogen gradually decreases, NO; is almost zero. Ulti-
mately, we choose the initial concentration of NH, 50 mg/L
as the following experiment concentration.

3.4. Effect of catalyst dosage on catalytic ozonation of AsO35
and NH}

In the heterogeneous catalytic ozonation system, the catalyst
can promote the decomposition of ozone to produce -OH.



Competition effect between AsO,~ and NH, " in oxidation system

(a) 100

—e—

]

=3 o ©
a S Y
1 1 1

Conversion rate of AsO™ (%)

%
S
1

75 T T T

T
40

(b) 100 B Gaseous nitrogen [ITTD Nitrite Nitrate [ Ammonium

90

80

70

60 |-

50 F

a0t

30

Percentage of N after reaction (%)

20 |

0 1 1 i 1 1 1

10 20 30 50 60 10 20 30 40 50 60
Ozonation time (min) Ozonation time (min)
(C) NH," B®R Gaseous nitrogen [TT1 Nitrite Il Nitrate Ammonium —— Conversion rate of AsO;
NH,"-As* Gaseous nitrogen Nitrite ] Nitrate Ammonium —@— Conversion rate of AsO.
2
100 —pmmmmmm———— : 100
%
000
90 - | 4 90
S 1
SR \ 180
g N
S i ;
= 70 \ 170 o
2 | 2
o | 7]
2 60 F | 160 <
5] \ S
= | o
5 50 | 450 .2
z | Z
o 40 } 41 40 8
&b \ @
g 30t | | 430 &
19} \ | (=}
o |
5 20} \ | 420 8§
~ } |
10 - } \ | 410
‘ \
o LA\ - 0
2

—_
S

S

Ozonation time (min)

Fig. 2  Effect of ozonation time on oxidation of AsO5 and NH; . (a) the treatment of a solution containing AsO5; (b) the treatment of a
solution containing NH;"; (c) the treatment of a solution containing AsO> and NH . (Initial concentration of AsO> and NH; 2 mg/L
and 50 mg/L, respectively, pH 9, flow rate of ozone 12 mg/min, stirring speed 600 r/min).

Therefore, it is necessary to study the dosage of the catalyst in
the catalytic ozone oxidation of NH, and AsO5 to AsO3 . As
shown in Fig. 4, the effect of the catalyst dosage has a great
influence on the catalytic ozonation of AsO> and NH, at
the initial concentration of AsO; 2 mg/L and NH; 50 mg/L.

It can be seen from Fig. 4 that the ratio of remaining NH,
in the solution after the reaction gradually decreases with the
increase of the catalyst dosage and then becomes stable. Ozone
oxidation alone, that is, when the catalyst dosage is 0 g/L, the
removal rate of NH; is only 16.51%, and the proportion of
gaseous nitrogen is only 4.68%. The efficiency of AsO, being
oxidized to AsOz is 96.82%. When the catalyst dosage is
1.50 g/L, the proportions of residual NH, , NO3, and gaseous
nitrogen after the reaction are 17.57%, 40.79%, 41.64%,
respectively, and the proportion of NOj in the solution is neg-

ligible, less than 0.05%. Meanwhile, the AsO5 is oxidized to
AsO3~ with 99.18% efficiency. Thus, the dosage of the catalyst
has not a significant effect on the efficiency of AsO5 being oxi-
dized to AsO3~, but the dosage of the catalyst has a remark-
able effect on the conversion rate of NH, . When the
catalyst is insufficient, it cannot fully catalyze ozone to pro-
duce -OH, resulting in poorly catalytic ozone oxidation of
NH, . Increasing the dosage of catalyst has sped up the
decomposition of ozone and produces more -OH, thereby
increasing the conversion rate of NH, (Majid, 2018). This
may be another an example that the oxidation of AsO; is pri-
marily ascribed to ozone effect, while the oxidation of NH, is
depended on the -OH produced from the catalytic ozonation
of ozone. Continuing to increase the dosage of the catalyst,
the NH, conversion rate does not increase significantly. Tak-
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tion 50 mg/L, pH 9, flow rate of ozone 12 mg/min, stirring speed
600 r/min , ozonation time 30 min).

ing into account the cost of preparing the catalyst, the catalyst
dosage in the subsequent tests is 1.50 g/L.

3.5. Comparison of characterized results before and after
reaction

The morphologies of as-prepared CeO,-MnO, composite
metal oxide catalysts before and after reaction were evaluated
by SEM. As observed in Fig. 5, both of image from before
reaction and image from after reaction are mainly spherical
particles and flocs, which are interwoven with each other,
and some flocs are mixed and wrapped on the outer surface
of the spherical particles. Thus, there are few significant
changes in morphology of as-prepared CeO,-MnO, composite
metal oxide catalysts after reaction, which may be one of the

reasons why the as-prepared catalyst can be recycled several
times (at least 5 times) without inactivation.

To identify the components of as-prepared Ce/MnO, com-
posite metal oxide catalysts’ surface elements before and after
reaction, EDS energy spectrums was performed in Fig. 6. As
given in Fig. 6, EDS patterns for the as-prepared catalysts
((a) Before reaction, (b) After reaction), respectively, are
obtained, and display that corresponding elements of their
compounds have a remarkable discrepancy in the patterns of
Fig. 6(a) and Fig. 6(b). It indicates that the reaction of cat-
alytic ozone oxidation have been successfully carried out
(Yanget al., 2017). In Fig. 6(a), four strong and different char-
acterization peaks are obtained, corresponding to the Atomic
percentage (%) of 0O-74.23, Na-8.99, Mn-10.86, Ce-5.92,
respectively. In contrast, six kinds characterization peaks are
observed in Fig. 6(b), including the Atomic percentage (%)
of N-7.06, O-70.58, Na-0.28, Mn-12.85, As-0.27, Ce-8.97,
respectively. Therefore, the results of FT-IR patterns are con-
sistent with the experiment result.

Fourier Transform Infrared spectroscopy (FT-IR), as an
effective alternative and favorable supplement to XRD, is usu-
ally used to identify mainly functional groups of samples,
resulting from the sensitivity of technic to amorphous and
short-range components (Todorova et al., 2011). FT-IR spec-
tra of the as-prepared catalysts ((a) Before reaction, (b) After
reaction) are presented in Fig. 7. As shown in Fig. 7, the broad
and strong bands at 3448 cm ™ 'are ascribed to hydroxyl (OH),
and the bands both 3856 and 3737 cm ™' are attributed to the
stretching vibrations of OH groups and physically adsorbed
waters (Hussain et al., 2001; Ren et al., 2018). Additionally,
as detected in Fig. 7(a), three bands with medium intensity
at 635, 577 and 507 cm™! are assigned to the Ce-Mn, Mn-O
and Ce-O groups, respectively, based on Hussain et al.
(Hussain et al., 2001; Julien et al., 2004; Todorova et al.,
2011). In contrast, the corresponding three positions in
Fig. 7(a) are merged into a relatively broad band at
522 ecm~ ' in Fig. 7(b), indicating that As-O group may success-
fully participate in oxidation reaction and finally retain in
composite catalyst surface and lead to the disappearance of
above other groups (Li et al., 2015). In addition, as illustrated
in Fig. 7, intensity for catalyst structure are observed to be
declined at 1609, 1363, 1022, and 854 cm’l,respectively. This
phenomenon may be ascribed to the oxidation of O3 and cat-
alytic oxidation of hydroxyl radical (-OH) (Dupont et al.,
2007; Pehlivan et al., 2013).

3.6. Discussion on the possible oxidation mechanism

In this research, to confirm if the presence of -OH involved in
COP for the oxidation/degradation of AsO> and NHj , the
test concerning specific scavenger of hydroxyl radical (-OH)
used for the COP, i.e. fert-butyl alcohol (TBA), were con-
ducted (Majid, 2018). As illustrated in Fig. 8, even though
the removal rate of NH, and the selectivity to gaseous nitro-
gen are suppressed significantly under the presence of 50 mg/L
TBA, the conversion rate of AsO, is almost not affected.
When the initial concentration of TBA increases from 0 mg/
L to 50 mg/L, the conversion rate of AsO5 to AsO3~ remains
above 97%, while the removal rate of NH, is declined from
79.08% to 51.73%, and the selectivity to gaseous nitrogen is
decreased from 39.25% to 26.87%. The decrease could be
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(a) Before reaction

Fig. 5 SEM images of as-prepared catalysts before reaction (a) and after reaction (b).
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Fig. 9 Possible oxidation mechanism for NH; and AsO5.

elucidated by the fact that the TBA molecules compete with
ammonium molecules to obtain -OH (Chakma et al., 2017).
Additionally, this result further confirms that the oxidation
of AsO5 is superior to NH;, and ascribed to the oxidation
of ozone. The above result states that -OH plays very impor-
tant roles in the removal of NH4 -N during COP.

Based on the lower redox potential of AsO; than that of
NH,, the shorter ozonation time of AsO; than that of
NH, , the higher removal rate of NH; over catalytic ozonation
than ozonation, and higher stablity for catalytic ozonation effi-
ciency of AsO5 in different NH,; concentration, possible mech-
anisms for competitive effect of AsO> and NH, from water are
proposed, as shown in Fig. 9. Competitive oxidation system
would be mainly composed by two different oxidation path-
ways, including I (ozonation of AsO3) and II (catalytic ozona-
tion of NH; ). In step I that AsO; was mainly oxidized by O
generated from ozonator, while the oxidation of NH,™ (step IT)
was primarily by -OH obtained from the catalytic decomposi-
tion of O3 by CeO,-MnO, composite metal oxide catalysts
(Chen et al., 2018; Khuntia et al., 2013a, 2013b).

4. Conclusions

CeO,-MnO, composite metal oxide catalysts prepared were
investigated for the catalytic ozonation of wastewater contain-
ing AsO5 (2 mg/L) and NH; (50 mg/L). Comparison of redox
potential shows that AsO; with lower redox potential is easily
oxidized. The experimental result of ozonation time reveals
that the oxidation of AsO3 is prior to NH; -N. The presence
of NH, cannot affect the ozonation of AsO5, whereas the
coexisting of AsO5 inhibits the ozonation of NH, . The exper-
iment test of catalyst dosage is consistent with the experiment
essence of initial NH, concentration. The catalytic ozonation
greatly improves the oxidation rate of NH, , indicating the
major role of -OH obtained from the catalytic decomposition
of O3 by CeO,-MnO, composite metal oxide catalysts in the
oxidation of NH; . The possible competitive oxidation mech-
anism of AsO3 and NH, in water is proposed by the test of
specific scavenger (TBA) of -OH. It is considered that the oxi-

dation of AsO5 is mainly by Os, while the removal of NH, in
oxidation system is primarily due to the strong oxidation of
hydroxyl radical (-OH). The treatment of oxidized AsO3~ will
be studied further.
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