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ABSTRACT

A UV/Oxone advanced oxidation process was proposed to degrade and mineralize a
synthesized Acid Blue 113 (AB113) dyeing wastewater. Various operating parameters which
affected the removal efficiencies of AB113 and total organic carbon (TOC) such as reaction
time, Oxone dosage, initial AB113 concentration, initial pH, and UV intensity were studied.
Results presented effective removal of AB113 azo dye by UV/Oxone process based on both
AB113 and TOC indicators. The reaction kinetics was shown to be pseudo-second-order
reaction. In UV/Oxone process, the higher the Oxone dosage applied, the higher the AB113
and TOC removal efficiencies can be obtained up to 6.3 mM Oxone concentration. The
AB113 removal efficiency and pseudo-second-order rate constant decreased with increase in
the initial dye concentration. However, the proposed UV/Oxone process was proved to be
able to degrade high AB113 concentration up to 400 mg l−1. The initial pH showed no
significant effect on AB113 removal efficiency. UV intensity affected TOC mineralization
efficiency significantly. In contrast, UV intensity presented less important factors on
degradation of AB113.

Keywords: Azo dye; Peroxymonosulfate; Oxone; UV irradiation; Sulfate radicals;
Decolorization; Mineralization

1. Introduction

In Taiwan, textile industry is a traditional but very
important industrial category which utilizes about 250
textile dyeing and processing factories and contributes
3.8% of Taiwan total export revenue (11,702 million
USD, reported for the year 2013) [1]. However, serious
environmental threat caused by huge discharge flow

rate and barely complied water quality is a major
concern of this industry. Since dye stuffs used in tex-
tile industry are designed to be refractory and hard to
destroy by different environmental conditions and
biological activities, thus, this effluent is very difficult
to be decolorized and mineralized. In order to respond
the concerns of public and environmental organiza-
tions, Taiwan Environmental Protection Agency
enforced the National Effluent Standard of textile
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industry to meet the 550 true color units of American
Dye Manufactures Institute (ADMI) by the year 2003
[2]. This regulation enforcement gives textile industry
the motivation to take action on more efficient
pre-treatment or polishing processes to solve wastewa-
ter discharge problems. At the same time, textile
industries around the world encounter more or less
the same environmental regulation enforcement issues.
Therefore, research communities and industries
around the world urgently contribute to develop new
treatment technologies to resolve dyeing related
industrial wastewater problems [3–7]. The target
compound Acid Blue 113 (AB113) is categorized as
azo dye (with nitrogen double bond, –N=N–) which is
the largest category of commercial dyes used in textile
industry. Furthermore, many researchers are inter-
ested in this category azo dye and reported many
successful approaches to degrade and decolorize azo
dye compounds by various novel technologies [8–11].

In general, wastewater discharged from dyeing
process contains certain amount of residual dyestuffs
causing high chemical oxygen demand, high color,
and low biodegradability. And this wastewater is
usually discharged to the traditional treatment facility
utilizing coagulation and activated sludge processes.
The coagulation process can hardly remove dyestuff
caused color but produces coagulation sludge which
needs further disposal. Recently, the disposal cost of
sludge raises high which suffers textile industries.
Furthermore, dyestuffs are made to be refractory and
non-biodegradable. Thus, activated sludge process
performs low treatment efficiency caused by dyestuff’s
complicate property and toxicity which cause recalci-
trant to the microorganisms. To increase the color
treatment efficiency, some wastewater treatment
operators add perchlorate to decolorize dyeing
wastewater. However, use of perchlorate causes the
formation of carcinogenic chlorinated organic com-
pounds [2]. Thus, to proper treat dyeing wastewater,
more advanced and novel technologies are needed.

Advanced oxidation processes (AOPs) are widely
studied technologies to decompose all kinds of
refractory pollutants. In general, AOPs exercise UV
irradiation, ozone, hydrogen peroxide, Fenton
reagents and TiO2, ZnO photocatalysts combinations
to form hydroxyl radicals for degradation of recalci-
trant pollutants. By formation of the most powerful
oxidant, hydroxyl radicals, AOPs present the capabil-
ity to mineralize most of the organic pollutants into
carbon dioxide and water. The applications of AOPs
for dyestuffs treatment have revealed successfully to
decolorize and mineralize azo dye wastewater by
UV/H2O2 [12–14], UV/O3 [15] and Fenton reaction

[4,16]. Photocatalytic processes employing TiO2 and
ZnO catalysts with UV irradiation are also presented
to be effective in decolorizing azo dye wastewater
[17–20].

Alternatively, another sulfate radicals (SO�
4 �)-based

AOPs (SR-AOPs) are also developed for degradation
of organic pollutants. SR-AOPs are increasingly
extending importance as in situ chemical oxidation
(ISCO) technologies for soil and groundwater
remediation of contaminants [21–24]. In SR-AOPs,
peroxymonosulfate (PMS) or persulfate (PS) is the
major oxidant which can be transformed into sulfate
radicals with more powerful oxidation potential to
degrade refractory pollutants in groundwater or soil
through thermal or chemical activation, that is, by UV
irradiation, transition metal [23,25–27]. With success of
ISCO soil and groundwater remediation, SR-AOPs are
emerging applied to the wastewater treatment
purpose, recently.

The sulfate radicals are relatively more stable and
selective than hydroxyl radicals in aqueous [28]. PMS
or PS will produce sulfate radicals with very high
redox potential through UV, ultrasound, thermal, and
transition metal activation [29–31]. Sulfate radical and
hydroxyl radical are both strong oxidants with similar
oxidation power presented by redox potential of 2.6 V
and 2.8 V, respectively. Studies of SR-AOPs utilizing
PMS are mainly focused on transition metal activation
processes, recently. Among transition metal, cobalt ion
is recognized to be best activator [29,31]. However,
cobalt ion after AOPs treatment will be released to the
environment and may cause human and environment
threat. On the other hand, UV irradiation adds no
chemical into the environment and is capable to
activate PMS to form sulfate radicals which may be a
better and environmental friendly approach as
SR-AOPs. PMS anion can be UV photo-activated to
form sulfate radicals as presented as follows:

HSO�
5 =SO

2�
5 þ hv ! SO�

4 � þOH� (1)

In this study, the degradation of azo dye C.I.
AB113 using a recirculated annular cylindrical
photoreactor in which the UV 254 lamp irradiation on
commercial available PMS, that is, Oxone, to produce
sulfate radicals was investigated. Operating parame-
ters such as Oxone dosage, initial dye concentration,
initial pH, and UV intensity that may affect the degree
of the dye degradation and mineralization were
studied. Changes in AB113 concentration, ADMI color
unit, total organic carbon (TOC), pH, oxidation
reduction potential (ORP) were monitored.
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2. Materials and methods

2.1. Materials and apparatus

C.I. AB113, a dis-azo dye, was tested as model
compound for this UV/Oxone decolorization study.
AB113 was purchased from Sigma-Aldrich, Inc. and
used without further purification. Its chemical proper-
ties were summarized as molecular formula of
C32H21N5Na2O6S2, C.I. 26360, characterized wave-
length at 566 nm, molecular weight of 681.66 g mole−1,
and 50% purity. In general, AB113 is applied widely
in various textile dyeing industries to dye wool, silk,
and polyamide fiber from a neutral or acid bath. On
the other hand, the chemical structure of AB113 can
be obtained from our previous study [10]. Reagent
grade PMS (2KHSO5·KHSO4·K2SO4, molecular weight
of 614.78 g mole−1), commercial name of Oxone, was
purchased from Sigma-Aldrich, Inc. as well.

A recirculated annular cylindrical photoreactor
equipped with a low-pressure mercury arc UV lamp
(Philipmade, wavelength 253.7 nm, input power of
30 W, 85 cm length) was conducted in the experi-
ments. The photoreactor setup was also presented in
our previous work [32]. In this reactor, at center, a UV
lamp was protected by central inner quartz tube. And
AB113 wastewater was pumped through the thin gap
between quartz tube and outer stainless shell. The
inside diameter of stainless shell was designed to be
3.20 cm. And the outside diameter of the quartz tube
was 2.2 cm. Thus, the annular gap size was 0.5 cm.
While AB113 wastewater flowed through the reactor
from its inlet to outlet, the effluent was then recircu-
lated back to the stirred storage tank, then, again
pumped back to the photoreactor continuously. The
UV 254 nm intensity was measured by a UVP made
UV radiometer. The UV light intensity of 30 W yielded
a surface light energy of 5.6 mW cm−2 measured at the
outer surface of quartz tube. A 1,000 ml dye solution
was introduced to the photoreactor and recirculated
during the reaction. The temperature was monitored
to be slightly increased around room temperature
(21.4–25.8˚C) which can influence the reaction kinetics
insignificantly.

2.2. Experimental procedure and analysis

AB113 solution at various concentrations (mainly
50 mg l−1) was prepared with deionized water. The
experimental variables studied included reaction time,
Oxone dosage, initial dye concentration, initial pH,
and UV intensity. At a predetermined reaction time,
an aliquot of the solution was withdrawn and ana-
lyzed for residual AB113 concentration, TOC and

ADMI index, pH and redox potential (ORP). In the
case of pH effect study, the experiments were con-
ducted by adjusting the initial pH value of 5.8 to the
range of 2–10 using HCl and/or NaOH with initial
AB113 concentration of 50 mg l−1 and Oxone dosage
6.3 mM. AB113 concentration was measured by deter-
mining the absorbance at characterized wavelength of
566 nm using a Hitachi U-2000 spectrophotometer.
TOC was determined with a TOC Analyzer from O.I.
Analytical Aurora, model 1030. Color intensity was
determined based on the ADMI standard color
measurement by applying the Adams–Nickerson color
difference formula following method 2120E of the
standard methods. The pH and ORP were monitored
by a Ea Eutech PH5500 dual channel pH/ion meter
with specific probes.

3. Results and discussion

3.1. Fundamental of UV/Oxone process for degradation of
AB113

Oxone is known as a strong oxidant that upon UV
irradiation can generate sulfate radicals, very strong
oxidant, which can oxidize and decompose a wide
group of organic pollutants non-specifically. In this
work, the results from Fig. 1(a) indicate that the
UV/Oxone system is able to remove AB113 with a
superior performance. The results show that about
80% AB113 removal can be reached in 2 min and
almost 100% removal is obtained in 30 min of reaction
time. From same figure, ADMI color index changes
from original 22,179 color units to 2,106 color units in
2 min and further decolorizes to only 70 color units in
60 min. The TOC is an indicator of mineralization.
Because of complicated structure and large molecular
weight, AB113 resists to be oxidized by sulfate
radicals. Thus, at beginning of the oxidation reaction,
solution TOC cannot be destroyed easily. At this time
region, large molecules were degraded into lower
molecule weight intermediates which still contributed
to TOC measurement. Therefore, at first 20 min, TOC
removal may remain almost unchanged. After this lag
phase (20 min), TOC can be removed significantly.
The mineralization of AB113 solution by sulfate radi-
cals is rather difficult than that of AB113 degradation,
which takes 90 min to obtain 3.48 mg l−1 residual TOC
in comparison with the original TOC of 19.55 mg l−1

(82.21% TOC removal).
It is interesting to observe that the pH decreases

toward acidic condition during the UV/Oxone
oxidation. As shown in Fig. 1(b), the pH value of UV/
Oxone system drops significantly from initially pH
5.8–3.0 in first 2 min, then, continuously decreases to
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2.6 at the end of the reaction. This is due to the forma-
tion of organic acid byproducts and sulfate ions.

ORP is an important parameter which should be
monitored during AOP reaction. High positive values
of solution OPR can be obtained for UV/Oxone pro-
cess as shown in Fig. 1(b). From the figure, the origi-
nal ORP is 392.8 mV and it increases sharply after UV
irradiation to 740.0 mV in first 2 min. This observation
explicates that UV/Oxone process is a very powerful
oxidative decolorization approach due to the forma-
tion of sulfate radicals. During the reaction, the ORP
increases to the highest 754.8 mV, then, sharply

decreases to 629.4 mV at 30 min. After 30 min of
reaction, the Oxone concentration is exhausted and
ORP drops gradually down to 454.2 mV to express the
loss of reactivity.

The solution ORP is a measure of the oxidizing or
reduction power of the solution. In an oxidizing envi-
ronment with presence of an oxidizing reagent, such
as sulfate radicals, a higher positive ORP value will be
observed [33]. Kim et al. reported the use of ORP mea-
surement and control to ensure the wastewater treat-
ment efficiency by Fenton process. They demonstrated
an increase of ORP from 560 to 640 mV by addition of
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Fig. 1. Indicators monitored during UV/Oxone degradation of AB113 wastewater. (a) AB113, TOC, and ADMI color
index, (b) pH and ORP, and (c) first- and second-order kinetics fittings. The conditions were initial dye concentration of
50 mg l−1, sodium persulfate dosage 4.2 mM, UV dosage 30 W l−1, and reaction time during 120 min.
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Fenton’s reagent. After the reaction, the ORP
decreased due to the depletion of Fenton’s reagent to
produce OH radicals [34].

Fig. 1(c) change and curve fitting for the pseudo-
first-order and pseudo-second-order rate expression
by using –ln(C/C0) and 1/C vs. time curves. Because
the AB113 concentration drops sharply at first 2 min,
thus, pseudo-first-order curve fitting shows two seg-
ments of linear lines before and after 2-min time. It
makes the AB113 degradation data not agree well
with pseudo-first-order kinetics (r2 = 0.758). In most of
AOPs study, the reaction kinetics can be simplified as
pseudo-first-order. However, in this study, it is not
suitable to assume first order. On the other hand, the
curve fitting for pseudo-second-order presents very
good fitting, implies the reaction kinetics is more
consistent with second order kinetics (r2 = 0.995).

3.2. Effect of Oxone dosage

The experimental conditions were prepared at
AB113 initial concentrations of 50 mg l−1, Oxone
dosage of 0.21–6.3 mM and 30 W l−1 UV light dosage
for a period of 120 min to evaluate the effect of Oxone
dosage on this UV/Oxone system.

Fig. 2(a) shows the removal of AB113 as a function
of Oxone dosage under 30 W l−1 of UV irradiation.
Results indicate that the AB113 removal efficiency
increases from 80.3 to 99.6% when the Oxone dosage
increases from 0.21 to 6.3 mM for 30 min of reaction
time. From the results, the higher the Oxone dosage
applies to the system, the higher AB113 removal
efficiency can be approached. From Eq. (1), the more
PMS is applied to a photoreactor with UV irradiation,
the higher sulfate radical concentration will be
produced. And sulfate radicals further react with
AB113 to degrade AB113 structure. Similar observations
for UV/PS system were obtained by Yang et al. for Acid
Orange 7 at 200–2,000 mg l−1 (0.84–8.4 mM) PS dosage
and Kamel et al. for Congo red dye at 1.0–2.0 mM PS
dosage [26,35].

In order to evaluate the effect of Oxone dosage on
the AB113 degradation, two indicators are applied,
that is, initial rate for first 2 min (mg l−1 min−1) and
removal efficiency at 30 min (%) which are summa-
rized in Fig. 2(b). As shown in the figure, the initial
rate increases exponentially with increase of Oxone
dosage. And for Oxone dosage higher than 3.0 mM,
the initial rate remains barely changed. Thus, an
empirical equation as follows can be used to predict
the initial rate (r0, in mg l−1 min−1) with known Oxone
dosage (D, in mM).

r0 ¼ 5:569þ 14:105� ð1� e�1:0567 � DÞ (2)

where r0 denotes the initial rate (mg l−1 min−1) of
AB113 degradation, and D is the Oxone dosage (mM).

Similarly, removal efficiency at 30 min also
increases exponentially while Oxone dosage increas-
ing. Another equation (Eq. (3)) is derived to express
the effect of Oxone dosage on removal efficiency as
follows:

R%30min ¼ 77:346þ 22:828� ð1� e�0:6644 � DÞ (3)

where R%30min denotes the B113 removal efficiency
(%) at 30-min reaction time. D is the Oxone dosage
(mM).

The effect of Oxone dosage on TOC removal effi-
ciency under UV/Oxone process is demonstrated in
Fig. 2(c). In this figure, the TOC removal efficiency
presents a lag phase. For example, for Oxone dosage
of 6.3 mM, there is a 10-min lag for TOC degradation.
For Oxone dosage of 4.2 mM, a 30-min lag is observed
for TOC mineralization. After this lag phase, the TOC
concentration decreases sharply. As for lower Oxone
dosage of 2.1 mM, the lag phase extends up to 60 min,
then, TOC decreases slowly to about 18% removal.
However, for the lowest Oxone dosage of 0.21 and
1.05 mM, TOC remains almost unchanged during
120 min of reaction time. From the figure, the TOC
removal is 18% for Oxone dosage of 2.1 mM and
increases up to 99.1% for Oxone dosage of 6.3 mM.
Results indicate that the TOC removal is more sensi-
tive to Oxone dosage than that of AB113 removal. To
decolorize and mineralize simultaneously, one should
choose higher Oxone dosage to full fill both AB113
dye and TOC removal requirements.

The reaction kinetics of AB113 degradation under
UV/Oxone process is proved to follow pseudo-sec-
ond-order reaction as shown in Fig. 2(d), and can be
described as follows:

1

C
¼ 1

C0
þ kt (4)

where k denotes the pseudo-second-order reaction rate
constant (l mg−1 min−1), t is the reaction time (min), C0

designates the initial concentration (mg l−1) of AB113
and C is the concentration (mg l−1) of AB113, at time t.

The curve fitting of experimental results by Eq. (4)
can be used to obtain rate constants. The rate
constants follow similar trend as AB113 removal
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efficiency; the curve fitting calculated pseudo-second-
order rate constants are 0.0029, 0.0049, 0.0107, 0.0310,
and 0.0332 l mg−1 min−1 at Oxone dosage of 0.21, 1.05,
2.10, 4.20, and 6.30 mM, respectively. Since most of
the AOPs studies show their reaction kinetics as
pseudo-first-order kinetics, the reference kinetics data
obtained is the first order rate constant of 0.0908 min−1

for Cibacron Brilliant Yellow 3 dye reported by Yeber
et al. [36].

The summarized results are shown in Fig. 2(d).
Under Oxone dosage of 0.21 to 6.3 mM, the pseudo-

second-order rate constant presents increasing with
Oxone dosage increasing. However, there is only very
small improvement obtained for Oxone dosage
increasing from 4.2 to 6.3 mM.

3.3. Effect of initial dye concentration

To present the effect of initial AB113 concentra-
tion on this UV/Oxone system, the operating
parameters were designed for AB113 initial concen-
trations of 50–400 mg l−1, Oxone dosage of 6.3 mM

Time (min)

AB
11

3 
no

rm
al

iz
ed

 c
on

ce
nt

ra
tio

n,
 C

/C
0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Oxone- 0.21 mM
Oxone- 1.05 mM
Oxone- 2.10 mM
Oxone- 4.20 mM
Oxone- 6.30 mM
regression lines

0 10 20 30 40 50 60 70 80 90 100 110 120

TO
C

 n
or

m
al

iz
ed

 c
on

ce
nt

ra
tio

n,
 T

O
C

/T
O

C
0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Oxone- 0.21 mM
Oxone- 1.05 mM
Oxone- 2.10 mM
Oxone- 4.20 mM
Oxone- 6.30 mM

Time (min)
0 10 20 30 40 50 60 70 80 90 100 110 120

Oxone dosage (mM)

In
iti

al
 ra

te
 (m

g 
l-1

 m
in

-1
)

0

5

10

15

20

AB
11

3 
re

m
ov

al
 e

ffi
ci

en
cy

 a
t 3

0 
m

in
 (%

)

75

80

85

90

95

100

105

initial rate
30 min removal efficeincy
regression

20 1 3 4 5 6 7

Time (min)
0 5 10 15 20

1/
C

 (l
 m

g-1
)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Oxone- 0.21 mM
Oxone- 1.05 mM
Oxone- 2.10 mM
Oxone- 4.20 mM
Oxone- 6.30 mM

(a) (b)

(c) (d)
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and 30 W l−1 UV dosage for a period of 120 min in
the photoreactor. Fig. 3(a) presents results of AB113
photo-degradation as a function of reaction time at
various initial dye concentrations. The second-order
kinetics curves are presented in Fig. 3(b). Results
indicate that the pseudo-second-order rate constant
of dye removal decreases from 0.024 to 4.0 × 10−4

(l mg−1 min−1) when the initial dye concentration
increases from 50 to 400 mg l−1 as calculated by

linear regression from Fig. 3(b). As shown in
Fig. 3(c), the TOC removal efficiencies are 99.98,
25.35, and 8.27% in 120 min for initial AB113 concen-
tration of 50, 100, and 200 mg l−1, respectively. For
AB113 initial concentration higher than 300 mg l−1,
almost no TOC degradation was observed. Results
indicate that the TOC removal is more sensitive to
initial AB113 concentration in comparison with
AB113 removal.
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In Fig. 4(a), it is interesting to find that pseudo-
second-order rate constant, k, declines exponentially
by raising initial dye concentration while UV intensity
of 30 W l−1. An empirical equation can be obtained
from this figure to present the effect of AB113 initial
concentration on second-order rate constant.

k2nd ¼ 0:149� e�0:0352C0 (5)

where k2nd denotes the second-order rate constant
(l mg−1 min−1) at 30-min reaction time. C0 is the
AB113 initial concentration (mg l−1).

The results are similar to the observations by other
investigators that the declining pseudo-first-order rate
constants with respect to increasing initial dye concen-
trations [10].

Similar to the effect of Oxone dosage treatment,
initial rate (mg l−1 min−1) and removal efficiency at
30 min (%) are summarized in Fig. 4(b). As shown in
the figure, the initial rate increases almost linearly to
99.86 mg l−1 min−1 with increasing of AB113 initial
concentration up to 300 mg l−1. Then, slightly drops
down to 95.02 mg l−1 min−1 for 400 mg l−1 initial con-
centration. At higher initial AB113 concentration of
400 mg l−1, there are abundant amount of AB113 dye
molecules to react with sulfate radicals at initial stage
of first 2 min and result in higher initial rate. Removal
efficiency at 30 min decreases exponentially while
AB113 initial concentration increases. However, the

range of removal efficiency at 30 min is fairly narrow
from 84.2 to 100%. An equation can be derived to
express the effect of AB113 initial concentration on
removal efficiency at these operating conditions as
follows.

R%30min ¼ 54:068þ 18:176� ð1� e�0:0108C0Þ (6)

where R%30min denotes the AB113 removal efficiency
(%) at 30-min reaction time. C0 is the AB113 initial
concentration (mg l−1).

3.4. Effect of pH

Fig. 5(a) shows AB 113 removal as a function of
time at various pH values. Results indicate that at
original pH of 5.8 the color removal reached 92.7% in
10 min of UV/Oxone reaction. At acidic pH of 2, the
AB113 removal efficiency of 93.2% is obtained. This
implies that acidic pH provides no benefit for AB113
degradation under UV/Oxone system. On the other
hand, at alkaline pH of 10, the color removal efficiency
slightly increased to 94.8%. However, the solution ini-
tial pH presents insignificant effect on AB113 degrada-
tion under UV/Oxone system. As shown in Fig. 5(b),
results demonstrate that the best TOC removal at
original pH 5.8 reaches 99.97% in 120 min of UV/Ox-
one reaction. At acidic pH of 2, the TOC removal effi-
ciency of 0% at 30 min increases to 37.4% at 120-min
reaction time. The pH 2, 7, and 10 conditions show
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similar TOC removal behavior. The results imply
various pH conditions resulting almost same AB113
decolorization. In contrast, the TOC removal efficiency
is more influenced by various pH conditions. The
original pH of 5.8 presents best TOC mineralization
effect for UV/Oxone system to decompose AB113.

3.5. Effect of UV light intensity

Theoretically, the higher the UV light intensity
applies to a photocatalytic system, the faster the SO�

4 �
free radical formation to obtain the higher dye decol-
orization and mineralization rate. Therefore, the rate
constant increases by UV intensity increasing, while
the same Oxone dosage applied. Because the photoly-
sis of Oxone is enhanced by higher UV intensity,
therefore, abundant SO�

4 � free radicals in the dye
solution are produced to degrade AB113 molecular
structure. From the above theory, it implies that the
more UV intensity employs to the UV/Oxone system,
the faster is the dye decomposed. To verify this
hypothesis, a voltage regulator was employed to
adjust the 30 W UV lamp output to various intensities
of 2.0–5.6 mW cm−2. The UV 254 nm intensities were
measured at the surface of quartz shell with a UV
radiometer. Furthermore, another 14 W UV lamp was
also conducted into this UV/Oxone experiments to
evaluate UV effectiveness. Fig. 6(a) presents the
removal of AB113 as a function of UV intensity for

6.3 mM Oxone dosage. Results demonstrate that at
designated 6.3 mM Oxone dosage, the AB113 removal
increases from 93.5 to 100% in 30 min when the UV
intensity increases from 2.0 to 5.6 mW cm−2. As reac-
tion time increased up to 120 min, the AB113 removal
efficiencies for various UV intensities are closer from
98 to 100% range. The results conclude that UV inten-
sity contributes nearly no effect on AB113 degrada-
tion, the AB113 removal efficiencies are very close
during whole reaction period as shown in the figure.
In contrast, the mineralization of TOC depends on UV
intensity significantly. As shown in Fig. 6(b), the
mineralization of AB113 is thoroughly when Oxone
dosage of 6.3 mM is applied for both 4.0 and
5.6 mW cm−2 UV intensities can reach 100% mineral-
ization in 120 min. However, for the lowest UV inten-
sity (2.0 mW cm−2), the final TOC removal reaches
only 9.9%. The results indicate that UV intensity factor
is more important to the TOC mineralization than that
of AB113 degradation. To verify this effect, a smaller
UV lamp of 14 W was equipped into the UV/Oxone
system to replace the original 30-W lamp. In this set
of experiments, 1.0 l of 50 mg l−1 AB113 solution was
pumped and recirculated through two different
powered UV lamps to remain two different UV
dosages of 14 and 30 W l−1. From summarized Fig. 7,
it is easy to observe that different UV dosages make
litter differences between AB113 removal curves. In
another word, UV dosage is not an important
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operating parameter for AB113 removal. As for TOC
mineralization, different outcomes are obtained. The
higher UV dosage (30 W l−1) reaches the higher TOC

mineralization efficiency. On the other hand, for the
lower dosage (14 W l−1), the TOC mineralization was
barely happened.

Due to the limitation of experimental setup, few
previous works reported the effect of UV intensity on
the decolorization of azo dye by UV/PS process. Salari
et al. used an annular photoreactor with constant
volumetric flow of 500 ml min−1 and adjustable UV
intensity from 5.5 to 40 W m−1 to treat basic yellow 2
dye with a PS dosage of 5 mM. They reported that the
decolorization rate increased with increasing light
intensity. This outcome is consistent with the mineral-
ization behavior of TOC in this work, but different
from AB113 degradation results [37].

4. Conclusions

UV/Oxone system, one of the SR-AOPs is demon-
strated to be a powerful treatment technology for
degradation and mineralization of AB113 wastewater.
The Oxone dosage is presented to be most effective
parameter to influence the AB113 and TOC removal
efficiencies among all operating parameters studied.
This proposed system can degrade AB113 with very
high concentration up to 400 mg l−1. However, the
TOC mineralization for high AB113 concentration is so
poor which needs longer reaction time and higher
Oxone addition. For Oxone dosage from 0.21 to
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6.3 mM, the higher the Oxone dosage applies, the
higher the AB113 and TOC removal efficiencies can be
obtained. For Oxone dosage less than 2.1 mM, no
significant TOC mineralization is observed. The UV
intensity affects TOC mineralization more demonstra-
bly than degradation of AB113. UV intensity larger
than 3.0 mW cm−2 presents significant TOC mineral-
ization. The initial pH is demonstrated to be less effec-
tive on the AB113 degradation. However, the original
pH of 5.8 shows best TOC mineralization. The
degradation of AB113 presents pseudo-second-order
kinetics. This result shows very different conclusion in
comparison with other AOPs applications of pseudo-
first-order kinetics.
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